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LISTING PROGRAM 

mov 
mov 

pO,#Offh 
pl,#Offh 

;inisialisasi PORT 0 dengan OOh sebagai output 
;inisialisasi PORT I dengan FFh sebagai input digit pertama ;pH 
meter 

mov 
mov 

p2,#Offh 
p3,#Offh 

;inisialisasi PORT 2 dengan FFh 
;inisialisasi PORT 3dengan FFh sebagai input digit kedua pH ;meter 

isi air: 
setb 
setb 
setb 
clr 
setb 
clr 
clr 
Ijmp 

cek_pH: 
setb 
setb 
setb 
Ijmp 

nol: 

pO.O 
pO. I 
pO.2 
pO.3 
pOA 
pO.S 
pO.6 
timerlOs 

pO.3 
pO.S 
pO.6 
timerlSs 

;mematikan LED hijau 
;mematikan LED merah 
;mematikan LED kuning 
;menyalakan solenoid valve I (pengisian air) 
;mematikan solenoid valve 2 
;menyalakan pompa air 
;mematikan pH meter 
;menunggu lOs 

;mematikan solenoid valve I 
;mematikan pompa air 
;menyalakan pH meter 

mov a,p3 ;data pada PORT 1 dipindahkan ke ACCUMULATOR (a) 
orl a,#80h ;data pada A di OR dengan 80h 
cjne a,#OcOh,satu ;pengecekan data A (PORT I) sarna atau tidak dengan cOh 
jmp error 

satu: 
cjne a,#Of9h,dua ;pengecekan data A (PORT I) sarna atau tidak dengan f9h 
jmp error 

dua: 
cJne a,#Oa4h,tiga ;pengecekan data A (PORT I) sarna atau tidak dengan a4h 
jmp error 

tiga: 
cjne a,#ObOh,empat ;pengecekan data A (PORT I) sarna atau tidak dengan bOh 
jmp error 

empat: 
cjne a,#99h,lima ;pengecekan data A (PORT I )sama atau tidak dengan 99h 
jmp error 

lima: 
cJne a,#92h,enam ;pengecekan data A (PORT I) sarna atau tidak dengan 92h 



jmp error 

enarn: 
cJne a,#82h,tujuh ;pengecekan data A (PORT I) sarna atau tidak dengan 82h 
jmp enam nol 

enarn nol: 
mov a,pI 
orl a,#80h 
cjne a,#8Ih,enarn_satu 
jmp error 

enarn satu: 

;data pada PORT 3 dipindahkan ke A 
;data pada A di OR dengan 80h 
;pengecekan data A (PORT 3) sarna atau tidak dengan 8Ih 

cjne a,#Octh,enarn_dua ;pengecekan data A (PORT 3) sarna atau tidak dengan Octh 
jmp asarn 

enam dua: 
cjne a,#92h,enarn_tiga ;pengecekan data A (PORT 3) sarna atau tidak dengan 92h 
jmp asarn 

enam_tiga: 
cjne a,#86h,enarn_empat ;pengecekan data A (PORT 3) sarna atau tidak dengan 86h 
Jmp asarn 

enam _ empat: 
cjne a,#Occh,enarn_lima ;pengecekan data A (PORT 3) sarna atau tidak dengan Occh 
jmp asarn 

enam lima: 
cJne a,#Oa4h,enarn_enarn pengecekan data A (PORT 3) sarna atau tidak dengan Oa4h 
jmp asarn 

enam 
cjne 
jmp 

enarn: 
a,#OaOh,enam_tujuh ;pengecekan data A (PORT 3) sarna atau tidak dengan OaOh 
normal 

enarn_tujuh: 
cjne a,#8th,enarn _ delapan ;pengecekan data A (PORT 3) sarna atau tidak dengan 8th 
jmp normal 

enarn _ delapan: 
cJne a,#80h,enarn_sembilan ;pengecekan data A (PORT 3) sarna atau tidak dengan 80h 
Jmp normal 



enam sembilan: 
cjne a,#84h,enarn _ nol 
jmp normal 

tujuh: 
cJne 
Jmp 

a,#Of8h,delapan 
normal 

delapan: 
cjne a,#80h,semhilan 
Jmp delapan _ nol 

delapan_nol: 

;pengecekan data A (PORT 3) sarna atau tidak dengan 84h 

;pengecekan data A (PORT 3) sarna atau tidak dengan f8h 

;pengecekan data A (PORT I) sarna atau tidak dengan 80h 

mov a,pl ;data pada PORT 3 dipindahkan ke A 
or! a,#80h ;data pada A di OR dengan 80h 
cjne a,#8Ih,delapan_satu ;pengecekan data A (PORT 3) sarna atau tidak dengan 81h 
jmp normal 

delapan _satu: 
cjne a,#Ocfh,delapan_dua ;pengecekan data A (PORT 3) sarna atau tidak dengan Octh 
Jmp normal 

delapan _ dua: 
cjne a,#92h,delapan_tiga ;pengecekan data A (PORT 3) sarna atau tidak dengan 92h 
Jmp normal 

delapan _ tiga: 
cjne a,#86h,delapan_empat;pengecekan data A (PORT 3) sarna atau tidak dengan 86h 
jmp normal 

delapan _ empat: 
cJne a,#Occh,delapan _lima ;pengecekan data A (PORT 3) sarna atau tidak dengan Occh 
jmp normal 

delapan _lima: 
cjne a,#Oa4h,delapan _ enarn ;pengecekan data A (PORT 3) sarna atau tidak dengan Oa4h 
jmp basa 

delapan _ enarn: 
cjne a,#OaOh,delapan _ tujuh ;pengecekan data A (PORT 3) sarna atau tidak dengan OaOh 
jmp basa 

delapan _ tujuh: 
cJne a,#8fh,delapan_delapan ;pengecekan data A (PORT 3) sarna atau tidak dengan 8th 
Jmp basa 



delapan _ delapan: 
cjne a,#80h,delapan_sembilan ;pengecekan data A (PORT 3) sarna atau tidak dengan 80h 
Jmp basa 

delapan _ sembilan: 
cjne a,#84h,delapan_nol ;pengecekan data A (PORT 3) sarna atau tidak dengan 84h 
Jmp basa 

sembilan: 
cjne a,#90h,cek _lagi ;pengecekan data A (pORT 1) sarna atau tidak dengan 84h 
jmp error 

cek_Iagi: 
jmp nol 

timerlOs: 
mov r7,#204 
acall delay lOs 
Jmp cek~h 

timerlSs: 
mov r6,#210 
acall delay IS s 
jmp nol 

timer30s: 
mov rS,#210 
mov r4,#210 
acall delay30s1 
Jmp lSI air 

delay lOs: 
mov tmod,#Olh 
mov tlO,#6Sh 
mov thO,#4fh; 
setb trO 
jnb tfO,$ 
clr trO 
clr tfO 
djnz r7 ,delay I Os 
ret 

;pengecekkan ulang nilai pH 

;IOdetik 

; ISdetik 

; ISdetik x 2 
; = 30detik 

;membuat timer 
SOms 



delayl5s: 
mov tmod,#Olh 
mov tlO,#Obfh 
mov thO,#Olh 
setb trO 
jnb tfO,$ 
elr trO 
elr tfO 
djnz r6,delayl5s 
ret 

delay30sl: 
mov tmod,#Olh 
mov tlO,#Obfh 
mov thO,#Olh 
setb trO 
jnb tfO,$ 
elr trO 
elr tfO 
djnz r5,delay30s I 

delay30s2: 
mov tmod,#Olh 
mov tlO,#Obfh 
mov thO,#Olh 
setb trO 
jnb tfO,$ 
elr trO 
elr tfO 
djnz r4,delay30s2 
ret 

;membuat timer 
72ms 

;membuat timer 
72ms 

;membuat timer 
72ms 

error: ;menunjukkan 6 < pH dan pH > 8 
elr pO.6 ;mematikan pH meter 
elr pO.O ;menyalakan LED hijau 
elr pO. I ;menyalakan LED merah 
elr pO.2 ;menyalakan LED kuning 
setb pO.3 ;mematikan solenoid I 
setb pO.4 ;mematikan solenoid 2 
setb pO.5 ;mematikan pompa air 
acall timer30s ;menunggu selama 30s 



normal: ;menunjukkan 6.5 < pH < 8.5 
elr pO.6 ;mematikan pH meter 
elr pO.O ;menyalakan LED hijau (normal) 
setb pO.l ;mematikan LED merah (asam) 
setb pO.2 ;mematikan LED kuning (basa) 
elr pO.3 ;menyalakan solenoid valve I (normal) 
setb pOA ;mematikan solenoid valve 2 (tdk normal) 
elr pO.5 ;menyalakan pompa air 
aeall timer30s ;menunggu selama 30s 

asam: 
elr 
setb 
elr 
setb 
setb 
elr 
elr 
aeall 

basa: 
elr 
setb 
setb 
elr 
setb 
elr 
elr 
aeall 

end 

;menunjukkan 6.1 <= pH <= 6.5 
pO.6 ;mematikan pH meter 
pO.O ;mematikan LED hijau (normal) 
pO.l ;menyalakan LED merah (asam) 
pO.2 ;mematikan LED kuning (basa) 
pO.3 ;mematikan solenoid valve 1 (normal) 
pOA ;menyalakan solenoid valve 2 (tdk normal) 
pO.5 ;menyalakan pompa air 
timer30s ;menunggu selama 30s 

;menunjukkan 8.5 <= pH <= 8.9 
pO.6 ;mematikan pH meter 
pO.O ;mematikan LED hijau (normal) 
pO.l ;mematikan LED merah (asam) 
pO.2 ;menyalakan LED kuning (basa) 
pO.3 ;mematikan solenoid valve I (normal) 
pOA ;menyalakan solenoid valve 2 (tdk normal) 
pO.5 ;menyalakan pompa air 
timer30s ;menunggu selama 30s 
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~~I~JXI~~I 
Low Power, 3" Digit A/D CDnverte, 

o.".r./o..cr'ptlon 
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 
ICL7126 directly drives a non-multipfexed liquid crystal 
(LCD) display, requiring no external display drive 
Circuitry. Significantly reduced power consumption 
makes the I CL 7126 a superior device, especially for 
portable systerns. 

versatility and accuracy are inherent features of this 
converter. The dual-slope conversion technique auto­
matically rejects interference signals common in indus­
trlat environments. The true differential input and 
reference are particularly useful when making ratio­
metric measurements (ohms or bridge transducers), 
and the zero-integrator phase in Maxim's ICL7126 
eliminates overrange hangover end hysteresis effects. 
The Zero Integrator phase also allows the use of larger 
auto zero capacitors reducing noise further. Finally, this 
device olfers high accuracy by lowering rollover error 
to less than one count and zero reading drift to less 
than II'VI"C. 

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 
Voltage 
Resistance 
Temperature 

Conductance 
Current 
Speed 
Material Thickness 

_Pin Conflgur.tlon 

v" ,......." OSC I 
101 05CZ 
I Cl OSC3 

'~~ ~,1 i)b 
I:. """".,_ C;'tr 
DZ 1CL7126 COWIltON 

10'S ~" :~ 

~!L ;r 
'OOL'S ~E~ ~~) 

.:I "'3 100'S 
1000'S-A'" G3.-J 

POL BP (N .. U ...... ,) ..... ___ ...l-

SH ICL110810t .... lNd PLCC Pin Con',;uration 
~---

Faatu,." 
• Improved 2nd Source! (See 3nI page lor 

"Maxim Advllfllage'"j. 

• Po_, d'UlpaIIon gu .... nlMd I ... Ih.n 1mW-9V 
battery Mf9 3000 hours typlc8l 

• GUiranleed first reaclng recovery from 
....,."ge 

• Zero Input Gtws Z8ro Aelding 

• Drives LCD Displays DirecUy 

• Low NoIse (151'V p-pl wlthoul hysteresis or 0_­
range hIIngo ... , 

• 1tue Diff ... nUal Reference .nd Input 

• Monoilihic. Low Po_r CMOS 

Orderillfllnfonrtatlon 
PART TEMR RANGE PACKAGE 

ICL7126CPL O"C to .70°C 40 lead Aastic DIP 
ICL7126CJL O'Cto+70"C 40 Lead CERDIP . 

44 lead Plastic 
ICL7126CQH aOCto+70°C Chip Carrier 
ICL7126C1D aoc to +7a a c Dice --

__ ~pical Oper.tlllfl Circuit 
I 

~----------------- I 
Thfl "Maxim Advantage ..... signifieS lin upgradtKJ quality 191161. At no additionsl cost WI offer a second-source dflv;ce that is subject to the 
'ollowing; guarantOftd performance oW'Sr temperature along with Ugh/sr test specifiCIJtions on many key parameters: and device 
9nhancem9nls, when needed, that ffil,llt in improved performance without changing lhe functionslity . 

..MA X I..M ________ _ 



Low Power, 3~ Digit A/D Converter 

ABSOLUTE MAXIMUM RATINGS Power Dissipation iNote 2) 

SuppIyYoHage(Y+ to Y-) ..................... , .. 15Y 
Analog Input Yoltage ieither input)(Note 1) . , ,Y+ to Y . 

Cerdip Package ..•.....••...•.•....... l000mW 
Plastic Package ....•......•......•••..• 800mW 

Reference Input lIoltage ieilherinput) ..... " .... Y+ to Y-
Operating Temperature Range ......... O'C to HO'C 
Storage Temperature Range ..•..... -65°C to +160°C 

Clock Input ... TESTto Y + Lead Temperature (Soldering, 605ec.~ ........ +300°C 
Mofe f! Input YOItages may exceed the supplY voltages. provided lne Input current is wted 10 .! 100f,1A 
Not. 2: DISSIpatIOn rating assumes devICe IS mounted with all leads sotdered 10 pnnted cirCUlI board 

StreSSO's abo¥o thoae listed undet" "Absolute Maximum Ralir.gs" ma)' cause permanent aamag41 to the devtCEI These are Sl1ess ratings only and tunctlonal 
~abon Of the devICe. at these or any other condtlons above those indlca,1ed in 'Ihe operalional sections of the sp8cit.catio~ is nollmplied. Exposure to absolute 
maximum ratln9 COndlbon$ lor ew1ended periode may affect dovIce re~ablity 

ELECTRICAL CHARACTERISTICS INot. J, 7) 

PAAAN£'I'ER CONDITIONS III'N TYP MAX 

Zero Input Pleading 'V1N =O.OV -000.0 .OOOD +000.0 
FutJ.Scate:: 2OO,OmV 

R.tiometnc Reading VIN '" YRE "" V"EI'" = 100mV 999 999/1000 

RolI·Over ErrOr{Difference in - VIN = + VIN = 2()().OmV -1 %0,2 

reading fOf equal positive and 

negative reading neaf full-scale) 

linearity (Max. deviation from Full·Scafe = 200mV -1 :!:O.O2 
be$t S!raight nne ht) or Full·Sc.le;= 2.oooV 

Common-Mode Reject iOn Ratio VCM= ±1V, VIN:OV ~ 

(Note") Full-Scale"" 2OO.0mv 

Noise (PI<·Pk value not exceeded VIN ... OV, Full·Scale = 2OO.0mV 15 

95% Of time) 

leakage Current @ Input VI"I=OV 1 

ZerO R@adlng Drill VlfIlcOY,O·C<T .. < +10~C 02 

Scale Factor Temperature VI'" "" 199 OmV. O~C<T .. < + 70·C 1 

Coefficient (Ext. Ref. OpQml·C) 

Supply Current (Does not VII>I ,.OV jNole6) 50 
InClude COMMON current) 

AnalOg COMMON vonage (With 2~ between Common and 2' 2.8 

resp.ct to positive supply~ Positi..,. Supply 

Temp. Coetl. of AnalOQ COMMON 250kn between Common and 60 
(WIth rupeet to positive St.!i)pIYl posltl"ote Suppl'1 

Pk.-~ Segmel'1t Drive Voltage v+ to V- ... W • 5 
,Note 5t 

P,<·Pk BaCkplane Orive VOltage v+toV-=9V • 5 
iNoteS) 

I)ower Dissipation Capacitance vS Clock Frequency '" 
Nate 3: Unl9flS otherwise rIOl~, specifications apply al TA"'?5"'C, 'CLOCK = 16kHz and are lested In Ihe ClrCfJlt of Ftgure , 

Nate 4: Reier to "Diffefentaallnput" dilCul8ion. 

1000 

+1 

+1 

10 

1 

5 

100 

32 

6 

6 

UNITS 

Digitaf Reading 

Digital ReaQing 

Counts 

Counts 

",VN 

.v 

pA 

I'V/"C 

ppmf-c 

.A 

V 

pPmI-C 

V 

V 

pF 

Hete 5: Backplane drive '3 ,n phase with segment dove for "off' segment 180" out of phase for 'on" Mgment. Fre<JJE!llCY f,; 20 bmes converSIon rate. Average DC 
componef'lt is less tN;n 50mV 

Nole 6: 48kHz osc~lator, FiglJr. 2, increases cumin! by ;?O~A (typ). 

Kow7: EIClra capecitance cf CERDIP paekage cn.fl98S osc~l.a!or resistor value to 470kfl Of 15C*ll (1 teadng/sec or 3 rea(l.ngs/SQC] 

The eJoctricai c/larsctsrislicB atx:>vB II~" rtIP~ Of II pcr1ion ollnftKsj/'g oopyrighffld ('9831/984) datil book. ThIS ImotmatlOn does net COf'Istftute any 
represt3nt8#on by Mexim thallntBrSll"s prO(icJCts wfII perform Ir1 lfCCOId.illlOB WJth Ihe3e !ipt!Qlu/iul5. The '"Elflcbical ChMactsMtcs TMJIe" dkng w;e, the 
descflpIiWl tllfCfNPlS !rom the origIn6l ~nuf(ICturor's datil Meelltaw; been fnCIudtK1 in IN$ "'111 sI/H( soI9ly lor ~Iive purposes 

2 
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Low Poweli3~ Digit A/D Converter 

• Low NOise • ~lIlble Hyoteresis 
• Key Parameters Guaranteed over Temperature • lnereaoed Maximum Raqlor Input Current (Note 10) 

• Guaranteed Overload Recovery Time • Maxim aualill and RellablUty 
• Significantly Improved ESD Protection (Note 9) 

ABSOLUTE MAXIMUM RATINGS: Thi, _ce conl~' '0 the Ab,oM_ "ax~' Rat""" 0" adjacent page. 

EL.ECTRICAL CHARACTERISTICS: Spoc.ca"""' ""'ow sa'.1y '" e,""'" ,I'tested' .. """""'" on '*"""' page 
IV t 9\1" Til.. = 2S"C- fc OCK = 16kl-tz: 19$1 crcott· FiQL6e 1: unless noted) 

CHARACTERISTICS CONDITIONS MIN TYP MAX I UNITS __ 

I Zoro Input Reading V,N - O.OV, Full Sea. - 2OO.0mV I T A - 25"C (Note 8) 000.0 ±OOO.O HOO.O Digital 
0" < T& < +70"C(NoteI2) -000.0 ±ooo.O +000.0 Readrng 

i, RaUometric Reading V1N - VRE'F. VREF - 100mV 
TA - 25"C (Note 8) 999 99911000 tooo Digital 
0" < TA ' +70"C (Note 12) 998 911911000 1001 Reeding 

Rollover Error (Difference in V'N VIN200.0mV 
reading for equal positive and T A - 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 Scal. - 200.0mV -1 1:..2 +1 Counts 
best s11aight line fit) orfuU scale = 2.000\1 

i Common Mode Rejection Aatio VCM ---' = 1 V. VIN - OV 5 ~VIV Full Scale ~ 2OO.0mV 

NOise (Pk.Pk value not excaed9d VIN - OV 10 ~V 95% of time) Full Scale = 200.0mV , 

Input Leakage Current V'N - 0 

i 
T A ~ 25"C (Note 8) 1 10 pA 
cr ~ TA" +70"C . 200 

Zero Reading Drift V,N - 0 
00.-; TA s: +700C(Note8) 0.2 1 "vrc 

Scale Factor Temperature V,N = 199.0mV 
Coefficient 00 '5': TA:;; + 70°C 1 S 

i 
ppml"C 

(Ext Ref. Oppml"C) (Note 8) 

y + Supply Current V'N 0 \ 

T. ~ 2S"C 60 100 "A cr < TA ~ +70"C 120 
, 

AnalOG Common Valt.go (wtllt 250kn be .... " Common. 2.1 2JI 3.2 V 
.. _t t. P ... S.""". P ... llupply I 
Temp. Coeff. of Analog Common 250kU between Common & 75 ppml"C 
Iwith respect to Po •. Supply) Pos. Supply 
Pk-Pk Segment Drive Vol1age V+ toV 9V I 4 5 6 V 
Pk-Pk Backelano Drive Voltage 

I Teo' Pin Volloge With rHPRIto V ' 4 5 8 V 
, O.,.rl08d Reeoftry Tim. V tN changing ""m ± 10V 0 1 MeaslXement 
I INole "! I loOV Cycles 

Note 8; Tell (;ofldlllOn IS VIN applied between pm. IN-HI arwj IN-LO through s 1Mn aeries re~u.lor" shown In Figure 1 

Note 9; All pins afe d85lgneO to wilhstafld e4ectroltatic discharQe (ESc) levels in excess of 2OOOV. (Test ClrClJlt per Md SId 883, Uelt'od 3015_1) 

Not. 10: I~ut vottages may axc"" the iiutJPly \'OItaoe Pf<Mded the InpUt CUTMt is limited to + 1mA (This I'8Ifises Note 1 on adjllcaflt page). 

No~ 11= Numbef Of m9IWJrftrTWInt cyeles for display to ~ accurale reading. 

Note 12: 1M!! resistor is removed from cirr::uitl in Figura 1 

A'I/JXI/..,I ________ ~--- 3 
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Low Power, 3~ Digit A/D Converter 

L_~ ___ ~ 
Figure 1. Max;m ICU'126 Typlc.1 Oper.ting Cj'feui, 
Cfoe/t. FreQulIflcy 'BkH2 (1 ',,~ding/soc) 

_________ Ana'DfI SectiDn 
Figure 3 shows the Block Diagram of the Analog Section 
for the ICL7126. Each measurement cycle Is divided Into 
four phases: 

1. Auto~Zero (A~Z) 

2 Signal Integrate (INT) 

3. Reference De·lntegrate (01) 

4. Zero Integrator (ZI) 

Auto-Zero Phase 
Three events occur during auto·zero. The inputs, IN·HI 
and IN-LO, are disconnected from the pins and internally 
shorted to analog common. The reference capacitor is 
charged to the reference voltage. And lastly, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor CAZ to compensate for offset voltages in the 
comparator, buffer amplifier and integrator. The inherent 
noise of the system determines the A-Z accuracy. 

Signa/Integrate Phase 
The internal input high (IN·HI) and input low (lN~LO) are 
connected to the external pins, the internal short is re­
moved and the auto-zero loop is opened. The converter 
then integrates the differential vo~age between IN-HI 
and IN-LO for a fixed time, Th'IS 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 to 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. 

""" .. _.­
lCL'n2fJ 

ll". 

FULL SCAlf 
IMPUT 

200 U mV 100.0 ,," 

FlfjlJre 2. MtlJllfn ICL7f2(J TYPICill OpfIrating CirCUli 
Clock F,.qusncy 48kHz (3 readings/sec) 

~I 

Reference tJe.lntegrate 
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 output to re­
tum 10 zero, The digital reading displayed is: 

1000 >: VIN 
VAEF 

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 systern to input high, 
causing the integrator output to return to zero. This 
phase normally lasts between 1 1 and 140 cicci< pulses 
but is extended to 740 clock pulses after a "heavy" over 
range conversion. 

DifftH'tmlial Reference 
The reference voltage can be generated anywhere Within 
the power supply voRage of the converter. The main 
source of common-mode error is a roll~over Voltage. This 
is caused by the reference capacitor losing or gaining 
charge to stray 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 re1erence ca­
pacitor will lose charge (decrease '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 101' the worst-case condition by selecting a refer­
ence capac'ltor that is large enough in comparison to the 
stray capacitance. (See component value sl?lection.) 

4 
__________________ ~ ______ ... IfI ... JXINl 



Low Power, 3~ Digit A/D Converter 

'0 
-'J . .J'~l.J'.,-~~T~~ 

F,'gu(~ 3. Analog S.ction ICL7126 

Olfferentlaf Input 
Differential voltages anywhere within the common­
mode range of the input amplifier can be accepted by 
the input (specifically from 1V below the positive 
supply to 1.5V above the negative supply). The 
system has a CMRR of86dB (typ) in this range. Care 
must be exercised. however. to ensure that the 
integrator output does not saturate, since the in­
tegrator lollows the common-mode voltage. A large 
pOSitive common-mode voltage with a near full-scale 
negative differential Input voltage is a worst-case 
condition. When most of the integrator output swing 
has been used up by the positive common-mode 
voltage. the nagativs input Signal drives the inte­
grator more positive. The i ntegrstor swing can be re­
duced to less than the recommended 2V full-scale 
swing with no loSS 01 accuracy in these critical appli­
cations. The integrator output can swing withinO.3V 
of either supply without loss of linearity. 

Af7II/og Common 
The primary purpose of this pin is to set the common­
mode voltage for battery operation. This is useful for any 
system where the input signals are floating with respect 
to the power supply. A voltage of approximately 2.BV less 
than the positive supply is set by this pin. The Analog 
Common has some of \he attributes of a reference volt­
age. If the total supply vonaga Is large enough to cause 
the zener to regulate (> 7V). the common voltage will 
have a low output impedance (approximately 1511). a 
temperalure coefficient of typically 80 ppm'"C and a low 
vo~age coefficient (.0010/0). 

During auta-zero and reference Integrate the internal in­
put low is connected to Analog Common. If IN-LO is dif­
ferent from Analog-Common. a common-mode voltage 
exists in \he system and is taken care of by the excellent 
CMRR of the converter. In some applicatIOnS. however, 
IN-LO will be Bet 8t 8 fixed known voltage <e.g .• power 
supply common). Whenever possible Analog Common 
should be tied to the same point. thus removing \he com­
mon-mode voltage from the converter. ThE> same holds 
true for the reference vottage. If convenient, the refer­
ence should be referenced to analog common as shown 
in Figure 4B. This will remove the common-mode voltage 
from the reference system. 

Figtn 4. u~ 6n External FfeleffJflCf! 

Analog common is internally tied to an N-channel FET 
that can sink 500 ,.t\ or more of cunent This wilt hoki the 
analog common voltage 2.8V below the positive supply 
(when a source is trying to pull the common line positive). 
There is only 1 "A of source current. however. so com­
mon may easily be tied to a more negative Voltage. thus 
over~riding the internal reference 

T •• t 
Two functions are performed by the test pin The first IS 
using this pin as the negative supply on the 7126. ThiS is 
useful for externally generated segment drivers or any 
other annunciators the user may want to include on the 
LCD. This pin is coupled to \he internally generated digi· 
tal supply through a soon resistor. This application IS 
illustrated in Figures S & 6. 

A lamp test is the second funcbon. All segments will be 
turned on and \he display should read - 1888. when 
TEST IS putled high (V +). 

Caution: In the lamp test mode. the segments have a 
constant de voltage (no square wave). This can burn the 
LCD (display) ij left in this mode for several minutes. 

, -' , 
ICLmlifS t 

: . 

/~I/JXI/~ __________________ . __________________________ __ 
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Low Power, 3111 Digit A/D Converter 

~ 
..... ,,~,,: 

, ~.'''W 

, .. 

_~~_ __D'glt., Section 
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" large P channel 
source follower. This supply is made .tiff in effort to 
absorb the large capacitive current. when the back 
plane (BP) voltage is switched, The BP frequency i. 
calculated by dividing the clock frequency by 600, For 
example, with a cloci< frequency of 46kHz (3 readings 
per second), the backplane will be a 60Hz square wave 
with a nominal amplitude of 51/. The segments are 
driven at the same frequency and amplitude. Note that 
these are out-of-phase when the BP is On and in-phase 
when OFF. Negligible dc voltage exists acrOSS the 
segments in either case, 
The polarity indication is "on" tor negative analog 
inputs, for the ICL7126.lfdeslred IN-HI and IN·~Ocan 
be reversed giving a "on" for positive analog inputs, 

Sys"m Timing 
The clocking circuitry lor the ICl7126 ,s ,llustrated ,n 
Figure Z Three approaches can be used: 

1, A crystal between pins 39 and 40. 

2. An external oscillator connected to pin 40. 

3. An RC oscillator using all three pins. 

6 

_t, 
f' 

,-, 
(I 

,-, 
(I ", .,-, -

_ ... , .... 
/CL7T2ti 

LCD 
OIspla'1 

The decade counters are driven 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), auto-zero (260 to 2969 counts) and 
zero integrator (11 to 740). 
The signal integmtion should be • multiple of 60Hz to 
achieve a maximum rejection of 60Hz pickup. Os­
cillator frequenCies of 331/3kHz. 40kHz, 46kHz, 60kHz, 
60khZ, 120kHz. 240kHz, etc" should be selected. Simi­
larly, for 50Hz rejection, oscillator frequencies 01 200kHz, 
100kHz, 662131<Hz, 50kHz, 40kHz, etc, are appropriate, 
Note that 40kHz (2.5 readings/second) will reject both 
50 and 60Hz (also 400 and 440Hz) 

Auto-zaro receives the unused portion of reference 
deintegrate for signals less than lull-scale. A complete 
measurement cycle is 4.000 counts (t6,000) clock 
pulses), independent of input voltage. As an example, 
an oscillator frequency Of 16kHz would be used to 
obtain one reading per second, 



Low POWtJli 3~ Digit A/D Converter 

~~_Component ""ue Selection 
Auto-ZtNO Capacitor 

The noise of the system is influenced by the auto-zero 
capacitor. For a 2V scale, a O.1I'F capacitor is adequate. 
While the Maxim ICL7126 will operate with a O.33"F 
capacitor, a 0.47"F capacitor is recommended for the 
200mV full scale where noise rejection is very impor­
t.nt. Due to the ZI phase, noise can be reduced by 
using a larger auto-zero capaCitor without causing 
hysteresis or overrange hangover problems. 

Reference Capacitor 
For most applications, a 0.11lF 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 roll over error will be held 
to half a count by using a 1.01lF capacitor. 

Intflgnll'ng Capacllor 
To ensure that the integrator will not saturate (approxi­
mately O.3Vfrom either supply), an appropriate integrat­
ing capacitor must be selected. A nominal "!:2V lull­
scale integrator swing is acceptable when the analog 
common is used as a reference. The nominal value for 
CINT is O.lSI'F at one reading per second. (16kHz 
clock). This value should be changed in inverse pro­
portion to 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 lor this application. 

Integraffng Reslslor 
The integrator and the buffer amplifier both have a 
class A output stage with 6"A of quiescent current and 
can supply 1,.A of drive current with negligible non­
linearity. The integrating resistor should be large 

TO PIN' 

Vose \ " 180) ~ n SET V!l(r 
CSc 2 1.000" 
05C ~ 5C, pi /z.401({). T£ST 
F1U,",1 

" REf LO 
~; R[f pO"J.'r 1 Z50kl:. 
;:-QU ,u. . co~ ... o~ 

MIIXI ...... 1'1 HI " ICL7I26 I" lO 010,.r - Y~.Ol ... F 
-H 

1.~ lot BurF 
,,~ 

,~ 0_0",7 .. - y-

~2 ! TO DISPLAY -, 
" I c, 
~ ~ TO 84CO(PL .... "[ 

" 
Figuffi 8. RQ;;ommflfTd«/ Compommt V/JIu@ for 2. OOOV FuII.sc~IB. 3 R~_ 
IngsJ.Sec. ror , f86dmglscc, chBnge GIN!. ROSe to vafU9s of FIgUT8 1 

enough to keep the amplifiers 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 180kO resistor is recommended: (2V 
scale/l.BMEGO). 

Reference IobItage 
An analog input voltage of V,N equal to 2 (V REF) 's 
required to generate full scale output of 2000 counts 
Thus, for 2V and 200mV scales, VAEF should equal 1V 
and l00mV respectively. However, there will exist a 
scale factor other than the unity between the input 
VOltage and the digital reading in many applications 
where the AID 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 
from the transducer is 0.682'1. The designer should use 
the input voltage directly and select VAEF at O.341V 
instead of dividing the input down to 200m V. A suitable 
value of the integrating resistor would be 3301<11. This 
provides for a slightly quieter system and avoids a 
divider network on the input. Another advantage of this 
system occurs when the digital reading of zero is 
desired for V,N '¢ zero. Examples are temperature aoo 
weighing systems with variable tare. By connecting the 
voltage transducer between VIN positive and common, 
and the variable (or fixed) offset voltage between 
common and V,,,, negative, the offset rating can be 
conveniently generated 

OsclYalor Componenhl 
A SOpF capaCitor is recommended for all ranges of 
frequency and the resistor is selected from the equa­
tion' ~ O.4S/Re. For 48kHz clock (3 readings/second). 
R = 18Okll, for 16kHz, R = 560kfl. 

TO PHi 1 

......., o')c 1 " IBO k.Q SET VR£f 
osc :.' 10-J_0 '"" , osc ~ 50 p~ II 
i(5~ 

RET HI /'OO<A :<7~A 
R(f LO ." 
C~f p: 0,1 IJ.f 129kn ;':lI 
:::RH " '1.2V 

COt.lIolO~ , .. . 
...... AX' ...... 

1'If-1 

" fCLn2fl HU o.,(7 .. r 
yrt.ol;.r -A-I. 

Burr , 
'"' ,~ LCl6S ... r 
G, 

~ 10 OI'iPLH 
~ C, 

" c, 
~ 10 B"CKPLAN[ ~ 
" 

F'9U"' 9. 7126 OpoflJted from Sing'~ T5V Supply. An external reference 
must be used in thIS applicallon. Sinc9 the vollage between V' ;md V' IS 
msulllCltlflr tot correcf O~'IQ(I of the int,mal refor.nCfl 

..;"'IAXI..; .... ___ ~ ________________ . ___ _ 7 



Low Power, 3~ Digit A/D Converter 

" TO PI"I 1 

" 
so j:tr 

• V4lUeS depend on clock /requenc;y. See FIQW"8 1 & 2. 

Figura TO. 7126 Measuring Rariome'nc VlIIues of Quad Load Cell. Tile 
rssi~lor_~lues wjlhm IIIe bridge are a.t.rmin~ by the ciOsiff1c1 s.nsir"llflly. 

TO PIN 1 

......... osc 1 " . 
osc 2 SiliCON r.PN 
OS" 5Op; W"S 1704 

't" 0:g I{EF HI l00ka , .. toO ~D. RE'- L:l 
C '!(r poo, .. r 1001<11.70 ~4 
C R'!:F r-tl, I CCMMON 

''" IN '..0 0.47 F \ ,-, 
80" " "0 0itR~\ 9V...:L ". ADJUST - T 

~AXI""" ,-
a.m. " ( fO DlSP,-"Y C, 

" " " ~ TO BAC"(PLIl'<[ , . 
• Values depend 01'\ clock ffeqLlency. See FIllUr9 1 & 2 . 

Figure 11. 7126 used as II Digital CrJllti9fllde Thermometer. A silicon diode­
connected transistor has SI tempera/ufe coefficient of about -2mV!" C; 
Cillibra/lon ~ achieveO by piecing the sensing rrllnsislor in ICfJ waler and 
adju:>fjng the Z8roing potentiometer lor/! 000.0 (fHJding. Thesen$orshou/d 
th9n be pillcl#d In bOiling w.ter Illd th6 scaJe-flu:torpottlflliotneler Rdlusred 
[Or a 100.0 rsadmg. 

" ;, 

c, 

". 
i 

.t< 

~~ .' °0 

G·. 

" c. ,. 

Chip TO/IOtI,..phy 
ICLna 

" c, 
o , 

JSt 

3SC 
noS] 
~H )1' 

MUtO 

MaJ;lm cannOl Nlume tWp(J"';bin". 'or ~ Of_tTY circu;frr other fhlm circuitry ."tir.ly tlmbodiH in • Al6(Ilim product No cwcuft ~t-.nt lie.,.,.., .,.. implied. 
M'ltim r • ..rY.' t,.,. right to cn'fIg_ III. cIrcuitry .nd $pfJC"it:.1iOnI "'lftOur 1'JOl~.t any M ... 

8 



® MOTOROLA 

OCTAL BUS TRANSCEIVER 

The SN54/74LS245 is an Octal Bus Transmitter/Receiver designed for 
8-line asynchronous 2-way data communication between data buses. 
Direction Input (DR) controls transmission of Data from bus AJp bus B or bus 
B to bus A depending upon its logic level. The Enable input (E) can be used 
to Isolate the buses. 

• Hysteresis Inputs to Improve Noise Immunity 
• 2-Way Asynchronous Data Bus Communication 
• Input Diodes Limit High-Speed Term',nation Effects 
• ESD > 3500 Volts 

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW) 

E B1 B2 B3 B4 B5 B6 B7 B8 

OIR A1 A2 A3 A4 A5 A6 A7 A8 GNO 

TRUTH TABLE 

INPUTS 
OUTPUT 

E OIR 

l l Bus 8 Data to Bus A 
l H Bus A Data to Bus B 
H X Isolation 

-1 '" HIGH Voltage Level 
· ::: LOW Voltage Level 
~ = Immaterial 

;UARANTEED OPERATING RANGES 

Symbol Parameter 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

'Ol Output Current - Low 

54 
74 

54 
74 

54,74 

54 
74 

54 
74 

FAST AND LS TTL DATA 

5-1 

SN54/74LS245 

OCTAL BUS TRANSCEIVER 

LOW POWER SCHOTTKY 

~-
J SUFFIX 
CERAMIC 

CASE 732-03 

1 

J,r'ffftn N SUFFIX 
PLASTIC 

CASE 738-03 

Min 

4.5 
4.75 

-55 
0 

OW SUFFIX 
SOIC 

CASE 751 D-03 

ORDERING INFORMATION 

SN54lSXXXJ Ceramic 
SN74lSXXXN Plastic 
SN74lSXXXDW SOIC 

Typ Max Unit 

5.0 5.5 V 
5.0 5.25 

25 125 C 
25 70 

-3.0 mA 

-12 mA 
-15 

12 mA 
24 



SN54/74LS245 

:: CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

Limits 

Symbol Parameter Min Typ Max Unit 

IH Input HIGH Voltage 2.0 V 

54 0.7 
IL Input LOW Voltage V 

74 0.8 

T+-VT- Hysteresis 0.2 0.4 V 

IK Input Clamp Diode Voltage -0.65 -1.5 V 

54.74 2.4 3.4 V 
OH Output HIGH Voltage 

54.74 2.0 V 

54,74 0.25 0.4 V 
OL Output LOW Voltage 

74 0.35 0.5 V 

)ZH Output Off Current HIGH 20 ~ 

)ZL Output Off Current LOW -200 ~ 

A or B. DR or E 20 ~ 

-i Input HIGH Current DR or E 0.1 mA 

A or8 0.1 rnA 

- Input LOW Current -0.2 mA 

)S Output Short Circuit Current (Note 1) -40 -225 mA 

Power Supply Current 
Total, Output HIGH 70 

:C Total. Output LOW 90 
mA 

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 (TA = 25C Vec - 5 0 V TRISEITFALL <6 0 ns) - -

Symbol Parameter 

LH Propagation Delay, Data to Output 
HL 

'ZH Output Enable Time to HIGH Level 

ZL Output Enable Time to LOW Level 

LZ Output Disable Time from LOW Level 

HZ Output Disable Time from HIGH Level 

Limits 

Min Typ Max Unit 

8.0 12 
8.0 12 

25 40 

27 40 

15 25 

15 25 

FAST AND LS TTL DATA 

5-2 

ns 

ns 

ns 

ns 

ns 

Test Conditions 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

Vee=MIN 

Vec = MIN. 'IN=-18mA 

Vec = MIN. 'OH = -3.0 mA 

Vce = MIN, IOH = MAX 

IOL = 12 mA Vce=Vce MIN . 
Y,N = V,L or V,H 

'OL =24 mA per Truth Table 

VCC = MAX, VOUT = 2.7 V 

VCC = MAX, VOUT = 0.4 V 

VCC = MAX, Y,N = 2.7 V 

VCC = MAX. Y,N = 7.0 V 

VCC = MAX. Y,N = 5.5 V 

VCC = MAX. Y,N = 0.4 V 

VCC= MAX 

VCC = MAX 

Test Conditions 

eL = 45 pF. 
RL = 667 n 

eL = 5.0 pF. 
RL = 667 II 



t!lNational Semiconductor 

54LS14/DM74LS14 Hex Inverters 
with Schmitt Trigger Inputs 

General Description 
This device contains six independent gates each of which 
performs 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 

Function Table 

Order Number 54lS14DMQB, 54LS14FMQS, 
54LS14LMQB, DM74LS14M or DM74LS14N 

See NS Package Number E20A, J14A, M14A, N14A or W14B 
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Absolute Maximum Ratings (Note) 
If Military/Aerospace specified devices are required. Note: The "Absolute Maximum Ratings" are those values 
please contact the National Semiconductor Sales beyond which the safety of the device cannot be guaran-
Office/Distributors for availability and specifications. teed. The device should not be operated at these limits. The 

Supp,ly Voltage 7V parametric values defined In the "Electrical Characteristics" 

Input Voltage 7V 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" fable will define 

Operating Free Air Temperature Range the conditionS for actual device operation. 
54LS -55~C to + 125"C 
DM74LS O"C to t-70"C 

Storage Temperature Range - 65"C to t 150°C 

Recommended Operating Conditions 

Symbol Parameter 
54LS14 OM74lS14 

Units 
Min Nom Max Min Nom Max 

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 V 

VT· Positive-Going Input 
1.5 1.6 2.0 1.4 1.6 1.9 V 

Threshold Voltage (Note 1) 

VT - Negative-Going Input 
0.6 0.8 1.1 0.5 0.8 1 V 

Threshold Voltage (Note 1) 

HYS Input Hysteresis (Note 1) 0.4 0.8 0.4 ! 0.8 V 

10H High Level Output Current -0.4 . 0.4 mA 

10L Low Level Output Current 4 8 mA 

TA Free Air Operating Temperature -55 125 0 I 70 'c 

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

Symbol Parameter Conditions Min 
Typ 

(Note 2) 
Max Units 

I 
V, Input Clamp Voltage Vee = Min, 'I = -18 mA 1.5 V 

VOH Hfgh Level Output Vee - Min, IOH = Max 54LS 2.5 3.4 
V 

Voltage Vil = Max DM74 2.7 3.4 

VOL Low Level Output Vee = Min, IOl = Max 54LS 0.25 0.4 

Voltage V1H - Min 
DM74 0.35 0.5 V 

Vee - Min, IOl = 4 mA DM74 0.25 OA 

'T _ Input Current at Vee ~ 5V, V, = VT- DM74 
mA 

Positive-Going Threshold 
-0.14 

IT Input Current at Vee =- 5V, VI - VT-- DM74 
mA 

Negative-Going Threshold 
-0.18 

I, Input Current @ Max Vee = Max, VI = 7V DM74 
mA 

Input Voltage 
0.1 

Vee - Max, VI = 1D.OV 54lS 

"H High Level Input Current Vcc = Max, VI ....., 2.7V 20 ."A 

'll Low Level Input Current Vee = Max, VI = 0.4 V 0.4 rnA 

los Short Circuit Vec = Max 54LS -20 100 
mA 

Output Current (Note 3) OM74 -20 -100 

ICCH Supply Currentwith Vee = Max 
8.6 16 mA 

Outputs High 

leel Supply Current with Vee = Max 
12 21 mA 

Outputs Low 

Note 1: vee ,v 
Note 2: All typlcals are at Vee = 5V, T 1\ = 25-C 

Note 3: Not more thar ore output sl--ould be srortod at a time. ard Ire duratlor sl--ould rot exceed ore secof"'d 

2 



,-
Switching Characteristics at Vee ~ 5V and T A ~ 25·C (See Section 1 for Test Waveforms and Output Load) 

RL =- 2 kn 

Symbol Parameter CL ~ 15pF CL ~ 50 pF Units 

Min Max Min Max 

tpLH Propagation Delay Time 
Low to High Level Output 

5 22 8 25 ns 

tpHL Propagation Delay Time 

High to Low Level Output 
5 22 10 33 ns 

~--- ~--- ~-------~ - --~------- ~--~-

3 



Physical Dimensions inches (millimelers) 
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NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL 
SEMICONDUCTOR CORPORATION. As used herein: 

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. and whose 
failure to perform, when properly used in accordance 
with instructions for use provided in the labeling, can 

be reasonably expected to result in a Significant injury 
to the user. 

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

National Semiconductor 
COI"lJoratlon 
1111 West ,,;o.rclin '"load 
Arlington. TX leOI? 
Tel: 1 (OOO) 272-9959 
;:CalC 1(800) ?'l7-7018 

National Semiconductor 
El,I"ope 

F(lx: (-49) 0-'80-530 85 86 
::('"'cll; cn{wgc0 tevr>2.m'c.C<)r""": 

Jcutsch Tel (+':9) 0·180-530 85 85 
~nglsh Tel (.,..49) 0-180-532 78 32 
"'ranr,..s;'" Tel ( .... 49) 0-180_532 93 58 
ltalmno Tel: (·49\ 0·180-534 1680 

National Semiconductor 
Hong Kong Ltd. 
13th ;::IQ()<. Straight Rlock. 
Oc£CI1 L'-cntr€. 5 ('",11100 "ld 
T>lIr-~t1atst..i. Kowl0Oll 
"ioogKong 
Td: (852) 2737-1600 
""ax: (852) 2736-9960 

National Semiconductor 
Japarl Ltd. 
Tel: 8'·043-299-2300 
."',,1(; 81-O.t,3·2fJ9-2<108 



F=AIRCHILC 

SEMICONDUCTOR '" 

80135/137/139 

Medium Power Linear and Switching 
Applications 
• Complement to B0136, B0138 and B0140 respectively 

1 TO-126 

1. Emitter 2.Collector 3.Sase 

NPN Epitaxial Silicon Transistor 

Absolute Maximum Ratings T c=25"C unless otherwise noted 

Symbol Parameter Value Units 

V CBO Collector-Base Voltage . B0135 45 V 
: B0137 60 V 
. B0139 80 V 

VCEO Collector-Emitter Voltage . B0135 45 V 
. B0137 60 V 
: B0139 80 V 

VEBO Emitter-Base Voltage 5 V 

Ic Collector Current (OC) 1.5 A 

Icp Collector Current (Pulse) 3.0 A 

18 Base Current 0.5 A 

Pc Collector Oissipation (T c=25-C) 12.5 W 

Pe Collector Dissipation (Ta=25~C) 1.25 W 

TJ Junction Temperature 150 -C 

TSTG Storage Temperature -55-150 'c 

Electrical Characteristics T e=25'C unless otherwise noted 

Symbol Parameter Test Condition Min. Typ. Max. Units 

VCEO(sus) Collector-Emitter Sustaining Voltage 
. B0135 Ic= 30mA, IB= 0 45 V 
: B0137 60 V 
: B0139 80 V 

ICBO Collector Cut-off Current VCB - 3011, IE= 0 0.1 ~ 

lEBO Emitter Cut-off Current VEB - 5V, Ic = 0 10 ~ 

hFEl DC Current Gain : ALL OEVICE VCE = 2V, Ie = 5mA 25 

hFE2 : ALL OEVICE VCE = 2V, Ie = O.SA 25 

hFE3 : B0135 VeE = 2V, Ic = lSOmA 40 250 
: 80137,80139 40 160 

VCE(sat) Collector-Emitter Saturation Voltage Ie - 500mA, 18 - SOmA 0.5 V 

VBE(on) Base-Emitter ON Vottage VeE - 2V, Ie = 0.5A 1 V 

hFE Classification 
Classification 6 10 16 

40-100 63 - 160 100 - 250 

~2000 Fairchild Semiconductor International Rev. A February 2000 
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i Typical Characteristics 
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Package Demensions 
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TRADEMARKS 

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is 
not intended to be an exhaustive list of all such trademarks. 

ACEx™ 
Bottomless ™ 
CoolFEpM 
CROSSVOL pM 
E2CMOSTM 
FACpM 
FACT Quiet Series™ 
FAST® 
FASTr™ 
GTOTM 

DISCLAIMER 

HiSeCTM 
ISOPLANARTM 
MICROWIRETM 
POpTM 
PowerTrench® 
QFEpM 
QSTM 
Quiet Series™ 
SuperSOpM-3 
SuperSOpM-6 

SuperSOpM-B 
SyncFEPM 
TinyLogic™ 
UHCTM 
VCXTM 

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 OR 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 

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR 
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 (c) whose failure to perform 
when property used in accordance with instructions for use 
provided in the labeling, can be reasonably expected to 
result in significant injury to the user. 

PRODUCT STATUS DEFINITIONS 

Definition of Terms 

Datasheet Identification Product Status 

Advance Information Formative or In 
Design 

Preliminary First Production 

No Identification Needed Full Production 

Obsolete Not In Production 

::2000 Falr~h,!d Semiconductor International 

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

Definition 

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

This data sheet 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. 

This datasheet contains final specifications. Fairchild 
Semiconductor reserves the right to make changes at 
any time INithout notice in order to improve design. 

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