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allhe veo IIlfltII as lhe cenler of lhe.lracking range. The 
minimum and maximum locking range settings of tt.a yeo 
in",,1 s_lhen be2.25V and3.2SV,-,.ively. 

The circuit's transient response, when the input shifted 'rom 
IlIiOHz 10 lS4(tlz and when an R, C passive loop filler was used,.- in fioure( Thecuiotf frequency of the R, C 
passive, Figure 38, .... set at 53Hz. The VCO ou1pIJt jhler; 
Figure.4B, was 41= ~ and .... measureif'ci'ier--.per;o;.iQd"'si-. ---;CfocII=sWoIpabft PseUdo -BliidjiassiNOich Fiite ..... --­
ThIS yields a AII5T .100% =0.32% lotal phase jIlter of the 
oulpol hquency, foor = 1400 .126 = 119.2kHz. If the leedbacll capaehor from pins 110 7 is replaced wilh 
F~ures 4C and 40 show lhe Ioop's performance when an a resistor, Floure 5, lhe circuh me. fts Iowpass charac· 
LTCI062 replaces lhe R, C passive filler. The LTCI062 was lerist,cs and lhe response of lhe filler ber:omes seleel"" 
sell .. a cutolf frequency 01 fe = 250Hz or 115 of lhe 11I~1"lNf I,ke a bandpass. Also. '.lnee the Iwo exlemal componenls 
The inlernal oscilla ... 01 lhe LTCI062 was sel al43l<Hz or tR2. RI) are frequency IndependenL tile LTCI062 can be 
112 limes hs culolf frequency. The veo oul",,1 jiller was lully swept With an extemalclock. 
II = 30ns (or 0.09%) and was measure<! ~r 6 periods. Figure 6 shows lhe lrequency response 01 Figure 5, for a 
Note the excellent tranSIent response of the CircUlI. clock frequency of 100kHz. FlOure 7 shows the variation of 
Figu,e 4C. when compared 10 lhe underdamped response. lhe peak gain, Hop, and Ihe peak frequency. f~ 01 Figure 6 
Figure ~A. versus different values of the (Rl/R2) resistor ratio. 

These two Pll cases demonstrale the advantages of As can be seen 'rom Figure 7, the resistor ratio (Rl, R2) al· 
using the l TC1062 is a loop lilter in conjunction with the lers mainly the peak gain of.lhe filler and nas very littleef· 
C040468 phase locked loop. For a variety of low frequency fect on the value ollhe peak frequency of Figures 5 or 6. 
inputs and high ... N numbers. the LTCI062 allows Ihe toop Because of this, two lTC1062s can now be stagger·tuned 
to simultaneously achieve good transient response and with a common clock, as shown in Figures 8 and 9, to pro-
mmimum output jillel, for best results. use the lTCt062 ducearespectablebandpassresponse 
lor Pll In1)\;1 Ire<:UenCleS belo. )1.Hz ind ItOhen the In F'9u1e 6, the - 180c phase shift occurs just belore the 
Co.:OtcS oce'i1eS •• 111 a s,~le 5V SIJ~PI)'. set 2.15V Olas freQuency ollne peak. USing thIs oroperty and summing 
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FiguI! 5 
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tno output of I.,. bandpass lin ... F~"'.lO. wilh the input . 
• onage. a clocl. lunable nolch response is realized. 
F'!i",e 11. The clock 10 notch frequency ralio is 19.301 and 
iI ~ p'ediclabft anc! repealabft from part 10 part. The 
notch frequency response 01 Fi9ure II ~ oblained by sel· 
I'ng lhe ralio (RltR2) equal 10 1.24 and by telling alllh, 
gain resistors be equal. Standard 1 'It yahle resistors will 
produce a 40dB deep nolch. Addilional notch deplh can be 
obIiine<t by luning fesi$tOl R1. 

Unique applications for the LTCl062 low-pass filter 

I "' I '. ~~I ~r 

Fogon to. ct,eHIIOIbIe Notch FItter 
For tlmpIiciIyUH R3=1W =R! = tot; 

!!! ,-' .!ru.._~ R2 = oU't, IIIOIdI - 1 

. Accommodaling High Inpul Vollages 

High input voltages outside the input common-mode 
range of the lTC1002 can be divided down through a sim· 
pIe resislor divider, FlgUfe 12. The DC gain 01 Ihe Iowpass 
filter is R21(RI + R2) and (Of malimum passband flatness. 
Ihe paralleled combination of RI. R2 should be chosen as: 

I = ICUTOFF'RII1R1>5k!l 
2>(RlItR2) x C 1.63' -

Note, in Figure 12.lhece is no need lor an ekternalop amp 
10 buffer the divided down input YOltage. The internal 
buffer input, pin 7, perfOfmS Ihls funcHon 
An obvious and often encountered apptiC1lion is to use 
this technique to interlace the l TC1062 with op amps pow· 
ered from ;t 15V SUpplfes, Figure 13. Two inexpensive TV 
zeners limillhe LTCI062 power supply ¥OIlage 10 t8V; 
meanwhile, the output of the op amp A is divided by 2. The 
DC accurale out",,1 of the l TCI062 ~ then amplified by 2. 
For this application, an lT1013 precision dual op amp is 
recommended. The maximum DC output \'Oltage will be 
'JYJ,V if lhe A grade of lhe l TlOl3 is used 
Programming Various CUtoff Frequencies 

To obtain several cutoff IreGuencies With a single 
lTC1062, the clock frequency altd lhe eltternal R x C prOd· 
uct should be simultaneously varied such as 

I _ Ie _ Ia.OCK 
2,RC - 1.64 - 164 

For instaoce, to double the hiler's cutoff frequency. 
we should double the clock frequency anC. at the same 
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F'lgUrl11. lTC1062 Notch Response 

lime, divide by two the R x C product of the ekternal 
resistor-eapacilor combination. With a dual four channel 
multiplexer, we can easily obtain four different cutoff fre· 
quencies by selecting foor input resistors and lour clock 
frequencies. In Figure I., the clock frequencies, aU 01 
them being s5OkHz, wllere derived through a simple R, C 
oscillator. 

Applying an External Clod Before the Power Supplies 
are ON 

If the clock al pin 5 is edernally applied belore the power 
supplies turn ON. the device will latch. To aVOid this. insert 
a 5OO!J resistor or in series with pin 5. ThiS will prevent 
latch up over temperature. If the power supplies ekceed 
± 6V. the input protection resistor should be increased to 
Ik. 
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Thermocouple Measurement 
Jim WUhoms 

Introduction 

In' 1822, Tnomas Seebec~, an Esto"",'t QIIySIC1att ac, 
cidentally joined semcircutar pieces of bismuth al'ld cop­
pet' (Faoure 1) while studying thermal eHeets on o,alyaniC 
ananoements. A I'INrby compass .l'Id<ated 10 magr.elic 
disturbance. Seebeck elptfimenled repeatedly *ith aiffer. 
ent metal combinatiOns al variOus lem~alures. notln, 
,~aIlYl! magrtetiC ftefd st:en;tnso. Cunous1y. f'Ie dO<: no! ~ 
IieYf Il'Ia.t tlectriC (untnt .IS llooAoinQ. a"oC p'efeneC! Ie oe­
scribe the etlect as 'tIef1nCHnaGnetism." He pybhs/'ItC 1'11$ 

results tn a paper, "M~netiSChe PoIari~tl()t"l der "eUIIe 
und E~edurtil Temperalur.l)i«.,.",.· 1 ..... t.,enc .. 1 

Subsequent investigation has sno.n tnf "Seeoeck 
Effect" 10 be tvndJmental'y electrical .n nature, reoeal· 
able, Ind quite useful. Thermocouples. by fa, the most 
common transduce!. are Seebeck's descrndinlS 

~in PtnpocIite 

TempefatUfe is easily the most commoftIy me,asUf~ 
physical parameter. A numbtf 01 trionSdUCffS ~ I~ 
pe!'alure measuring needs and elet! has ,,,,",an.5 al'lC 
constder.hOns. Before 4fSCUUi"G thermocouple bl5eO 
mea ... ement H is WOttItwftife puI101Q 1_ ........ in 
peI"'"'I .... Figu .. 2"s cha" silo .. some common COlI' 
tact temperature sensors .nd tists chirlcteriShCS. Study 
r .... I' lhermocouple sUeng111s and ... k ...... c0m­

pared 10 ot ...... n~. in _". II1ermocouple, .re 
inexpensi'tt. wide fange stnSOfS. Thetr small silt makes 
lhem I.stand lheir low outptd impe<Unce'$ a benefit The 
inherent voItaoe ou1put eliminltes the netd for elcit,ahon. 

-'0-'" "'S.OOu'" 

o N'IIC1o-

-" 
,..,.. 1. TIM ~ lot 01'. 5MbKl', AccicMntII i);scooo<y".-......... 

SiijNI Condilionirtg Is .... 

-90ftnllal problems a'ttfllhermocouOIeS include low level 
outputs, pool' sensihvlt.y Ind non·llntJfily {see FIQUfeS 3 
Inci Cj. lite lOw ..... outtM requires Slable signal cond.· 
ttoning components and makes system accuracy difficult 
10 ach;"e. Cortne<liorl.(see Appendi' AI in lhermocouple 
systems must be made with greal care 10 get good accu· 
racy. Uninlended IherrnocoIIple e«eeI. (e.g .• solder and 
copper cre.'. I 3,VI'C thermocouple) in .yslem connec· 
tions make "encJ.to.end" system accuracies better than 
o.S'C "'"Ocuft 10 acIt ..... 
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lorical practice of maintaining lhe reference junction al 
O'C in aIlk:e batl\. tee baths, white inhetenUy aecurat, ore 
Impractlcalln.most applications. AnotherI\llllOlCl1 _ 
controls a Peltier caoJer.-usuaIIy- at cre to electroojcally 
~mutat' the k:e bath (FlQure 6). This approach' etiminates 
k:e bath maintenance, but is too comptex and bulky f()( 
most oppIications. 
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o-C-4Or'c. Enor Iftctt.ses Ottf W-'" Te .... .",. RangeL 

CcIcI J_ion CompotIution 

The unintended. unwanted and u~rotda!>1e parasi1ic 
tl'lem'lOCOIJPIeS require some form of lemperalure reter 
enee for .tlsoMe accuraqlSee Appe!\Cll A. tor a CISCUS· 
SIOn on minimizing these elfeclSl. In i typtcal system. a 
""cold junction" is used to provide I 1empefature reference 

-,. 
' .. Of .. • ... W_ 

.'::; ~ \, ':ld ::.o-.... ,~ '" '~.' 

FiVon 7. T,pcoI Cold J_ c..nponut;on_. 
Co6d Junctioft .nd Compensation c:mctry fnUSt be IIoChtnn.II 

FI~!.jre 7 conveniently deals wittl the cold junction ~uire­
ment. Here. the cofd junction compensator ciltuitry does 
not m.intain a stable lemperatUt'e but triCks the cold 
junction. This temper.t"re lIacking. subtractive tenn has 
the s.me eNed as maintaining the cokl junction at con· 
slant tempetature, but is "",pier 10 implement. h is de­
signed 10 produce f1I output .t O'C .1Id ".... I slope equal 
to lhe Ihe<_~ output iSeet>eck C4eflicienQ "'" the 
er.pecled range 01 cold junctiOn temperatures. For proper 
operation. the compe~tor must be at the wne tempera· 
h •• as'he coIcI fUOCIion. 

Figur, 8 shows I monotithic coIcI junc.ion compensal()( 
IC, the lTI025. This de<ice meUVttS _ (e.g., coIcI 
junclioni tempetalul, and puIS out • IOIIJQO SClIed !of 
use wiIIIlhe desired them1ocoupIe. The low supply _ 
minimizes self-heating, ensuring isoIhennaI opeqIion 
with the coIcI junction. tt liso pennils ban.,., or Iow_ 
OI)efltion. The O.s'C OCCUfIC\' is compalible with ..... " 
IChievabie .he_" syslem pert .... ra. VariOus 

Flguto l let Balli BaNd Cold "-1100 ~I" 

.~:!..:,,:~; ,,,._-----
firgute6_ ArC~I.MdOflF .... ctConbolot. 
........ ~($MIofd Typcalty. "-,,,,,,,,, "TO) 

;';.::c...-..:' 
..... QO( ... :"" 

-~.~ ..... ~' 

Ito .... ''''C 

J ~, ,_" "( 

.,_ ..... -·c 

:,_· ... I .. ·~· .... f ••• ~_I·oot~n 
••. ~ .. ~ (x· ... • 

,_~ Ul02STIIonooocooPoColdJ_CompIftu'Ot 

compensated outputs al~ one part to be used with INny 
tnennocoupie types. Ftgure 9 uses an LT1025 and an am· 
phfiff to Pfowtde a scaled. COld junclion compensated oul· 
put. The lIII!>'dier..- go .. t()( the dillerence bel .... 
the LT1025 oatpuI and IIIe type J tI1e~ Cl and C2 
p!O¥ide fillering, Ind 115 trims goin. A6 is I typieal .. Iue, 
Ind may requite setectlon to accomrnocII" R5's trim 
range. Alternately, A6 may be ...... tecI. and 115 _god, 
at some penalty in trim resotution. FIQUf.'0 is simi,"" ex· 
cept that the type K IhermocotIpIe subtracts 110m the 
LT 1025 In serieS<llJllOSOd fashion, willi the residue led to 
the .,.itler. The ",,11ona1 pull cfown resis'()( allows r .. d· 
ings below O'c. 
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fiIon I. LTl02S Cold JurocIloo~I ... Typtl 
_pie. TheOpAmp-'Iho ArnptIIIod_ 
Bo_1ht _pie "'" Iho LTI02S Cold _ 0uIpuI. 
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F9Ht 10. l Tl02S CompIft ...... T~ K T1Ifrmocoot>Io. Tho 
Afnpfifier Ptoftdn G.illiof tlIt LT1Q2S.T1Ifrmocoot>Io Oiffmnce. 

Amptifier Selection 

The operahon of these circuits is fairly straightforward, al· 
though ampIiher se6ection requires care. 

Thermocoupte amplifiers need ..,., low offset voltage and 
drift. and 'aiffy low bias current if an input filler is used. The 
be" orecision bipolar amplHiers should be used f()( type J, 
K. E, and T thermocouples whief> ha .. Seebeck C4eflieients 
of ~VI'C In part~ularly critical """lCation', ()( !of R 
and S thennoeOCJptes j6-15,.VI'C), a chopper·sta_ am· 
ptifier is required. linear Teetoootogy oilers two amplifiers 
specillCally tailored !of thermocouple appIlCalions. The 
LTKAIlx is a bipolar design with e .. rernety low ollset (JO,V), 
iowdrih (t.s,yl'q,..,., low bias cUlTt!lll (InA), and almost 
negligible _drift (supply _ is~ . 

FIX.he most clemanding "",,!cations. the LTCll152 CMOS 
chopper·stabilized amplitler offers 5,.V ollset and O.os,VI'C 
drift. Input bias currenl is llpA, and gain is Iyf>icaIIy l) mi!­
lion. This amplifier stooukf be used !of RandS therm0cou­
ples. espeeiIlly it no ohset acfjusIments can be tolerll"', or 
wher' I forge ambient I_", .. swing is e_led. AI· 
temal;,ely,.he LTC105O, wIIicII has SImilar drih and sllQllily 
higher noise can be used. « board "*" is II • premium. 
the LTC105Otoas thecopacitors inlematty. 

Rega,dIess of amptifler type, I()( beS1 possible per. 
lormance lfual.ioHthe (DIP) pockages stooukf be used to 
avoid thermocoupfe effects ill the _ Ieacfs of TQ.S 
metal can packages. This Is partiaJlarty true If amptifier 
SWy .... ent exceeds 5OO,A. These Ieacfs can generlle 
both DC and AC offset terms in the presence of thennal 
gradients in the paetage and/or external air motion. 

;~~~t;:·;d·~·;.;rtOt·~-fUt;~ req~ired. To 
reject alIiz pick-up with reasonable copacit()( vatues, i~· 
pol resistors In the IOk~ lOOk range we .-d. Under 
thesecondHIon&, biasconenll .. the ampIHier_ to be -~­
tess than InA to avoid offset and drill ,1Ieets. 

To avoid gain error, high open loot> gain Is necessart I()( 
slngte-stage t/oermOCO<JpIe amptif"" with lOmVI'C or 
highel' outputs. A type K amptifoer, f()( instance, with 
l00mVI'C output, needs a closed loop goin of 2,500. An ()( . 
dinary op amp with a minimum loot> of 50,000 _Id have 
an Initial gain err()( of (2,5OO)I(5O,m=5%! Although 
closed loop gain is commonly trimmed, temperature drift 
01 open loot> goin witl have a deleterious effect on oulput 
occuracy. Minimum suggested loop gain I()( type E, J, K, 
and T thermocouples is 250,000. This gain is adequate for 
type R and 5 H output scaling is lOmVl'C ()( less. 

Additional Circuit Conskterations 

Other circuit considerations involve protection and 
common-mode voUage and noise. Thermocouple lines are 
often exposed to static and accidental high voltages. 
necessitating circuit protection. Figure 11 shows Iwo sug· 
gested approaches. These examples are designed to pre· 
vent excessive overloads f,om damaging circuitry. The 
added series resistance can seM as part 01 a liller. EI· 
fects of the added components on overall accuracy should 
be evaluated. DIOde clamping to supply lines is effective. 
but leakage should be noted. partJcularly wtlen large cur· 
rent {imiting resistors are used. Similarly,lC bias currents 
combined with high value protect;oo resistors can gener· 
ale apparent measurement errors. Usually, a favorable 
compromise is possible, bot sometimes the circuit con· 
figuration will be dictated by protection or noise rejection 
requirements. 

Di" ... nt~ Thermoc&rpie Amplifoers 

ttgUfe 12A shows a way to combine lihering and full dif· 
ferenlial sensing. Ttlis cKcuil features 12()dS DC common· 
mode rejection if all signals remain within the LTC1043 
supply voltage range. The LTC104~ • switched capacitor 
buikfing btoel<, translers charge between the input "ttying" 
capae~()( and the output capacit()(. The LTCt043's commu· 
tating frequency. which is seltabfe, conltols rate of charge 
transfer, and hence overall bandwidlh. The differential in­
puiS reject noise Ind common-morle voIIIges insilfe lhe 
LTC1043's supPly rails. Elcursions outside these limits re­
quite protection networks, IS orO'liously discussed. As in 
Figure 9, In optional resist()( pun<lown permits nogati .. 
reocfings. The 1M resislor ..- I bias palh I()( the 
LTC1043's floating '""",s. FIQUf' t18, I()( use with 
groundecl thermocouple,>,_ subtracts sensO< output trom 
theLT1025. . 

IsoIatecl noem-upIo AmpIIIiers 

In many cases, pmlectlon networks and diff .... tilt opera­
lion are inadequate. Some applications require continu­
ous operation II high commorH11OIfe voltageS willi ...... 
noise problems. This is particularly true .. industrial en .. 
rorvnents. where ground potentill differences ot l00v are 
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common. Under these conditions the Ihet11lOCOUple and I~" ;.: .... , 1~,'" - ". signal conditioning circuitry must be cOfYl)letely galvan· 
icaUy isolated from ground. This requires a fully isolated 
power soo«:e and an isolated signal transmission path to 
!he ground referred output. Thermocouple wort allows 
ba.'l<!oo<!lh 10 be traded !of DC accuracy. Wilh cillelul de-
~I'I, a slO~'e path can Iranstet' floating power and i~ 
lite<! SlQnlls. The output may be e,tl\ef ana~ or digital. 
depenal~ OC'I requlfemenls. 

Figure 13 sno*s an isolated thermocouple 5i,nal tondl­
ltoner which provtdeS 0.25% accuracy at 175V common· 
mode. A single transformer transmits iso\ateCl power and 
dala, 1«:11 im!r1e< I1lonns a CloCk "race A, FiglJl. UI 
12. 13 and associated components deli'ttf a stretchc<l 
pulse to the 2.2ft resistor (trace B). The amplitude 01 this 
pulse is stabil;z.d be<ause AI's fi.ed oulput supplieS 
I«:U power. The rtsUllant COOefItlhrouslh \11e 2,21< r.sis­
tor "" ... Ll's ptinWy prace fl. A pul .. appears ItLl's 
secondary (tfact F. Q2's emittel). #.2 ccmpares this ampti· 
tude wltn ASs siOnal conditioned thermocouple voltagt. 
10 CloSt rts loop, A2's outpul "race GI drivts 02's base to 
force Ll's sec:oocIiIIy fpinS 3-E)to climl> at AS's output 
vllue. Q2 operltes in inYtfted mode, permitting Climpi~ 
act"'" ",.!of ve<y loW AS outputs. WIlen Ll's seeOlldary 
prace f) claml>~ it> ptinWy prate fI alSO clomp$. Ahe< Al 
"UIe>. \11e Clamp ,a1ue is stable, This 'lable clamp value 
_nts AS's ~ related Information. In­
werle< ~ generales I cfQci delayed putse "race CI which is 
fed 10 A3. I __ amplifier, A3 samples Ll's prima­
ry wrincling ClamP nlue. M provide$ Olin scalino and the 
LT1OO1 ancIlSSOCiiled compooents adjust oNset, _ 
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lhe clock pulse "race Alqoes loW, sampling cea .... Whe. 
trace S's strel<:fIed ctocI< put .. qoes 1oW.lhe tS-16 im!r1er 
chain output prace Dl is forted loW by the 41t1k-15pF 
ddferentiitor's action. This turns on 01, forcing substan­
tial energy into Ll's primary prace fI, LI', secondary 
"race f) .... large ma9netic 11u., Al's output ",ace G) 
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too grea~ howeve~ and A2 rails. The excess energy is 
dumped into the pin 1-4 Winding, placing a large current 
pulse (trace HI inlo the 22,F CfPIcH.OI,Thi' current pul .. 
occurs with each clock pulse. and \11e capacilor ~s 
to a DC ",Ha9". fumi.hing \11e circuil', isolated suppl~ 
When the 41t1k-I5t>F differentiilor times out fhe 15-16 out, 
put 900' hi9h. shulling off at. At the nexl cloCk pul .. lhe 
entire cycle repeats . 
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' .. "'" .... ~ ,.,. 
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Ptopet' operation 01 this Circuit relies on several considera· 
tions. Achievable acturacy is ptimarity limited by trans­
Ionnet' characlerishc:s. Current during the clamp interval 
is kepi extremely tow relative to transformer core ca· 
PIClty. Additionally. the clamp pertod must also be short 
relative to core capacity. The clamPlRCJ scheme relies on 
avoiding COfe saturahon. This is why the power refresh 
pulse occurs immediately after data transfer, and not be· 
lore. The t.ansfonner must comptetely reset before the 
next data ('anstet'. A low ctock frequency {35OHZl ensures 
ideQuate transformer reset time. This low ckd. freQuency 
limits bandwidth, but the thermocouple data doeS not re· 
Quirt any speed. 

Glin slof>e is trimmed It AS, and will YiII1 depending upon 
the deSired maximum temperatu,e and thermocouple 
Iype. The "5OmV"lrim _ be adjusted wilh A5 's outpul 
it 5OmV. The circuit cannot read A5 outputs below 2()nV 
(0,5\\ of stalel due to 02's "Mation lim.ations, 

Drift is primarily due to the temperature dependence of 
L I's primary winding COf>per. This effect is swamped by 
the 22k series ,alue with t1Ie 60p0rn/"e residue partiilly 

compensated 0} In salUTatIOn resistance tempco. Over· 
all lempco including lhe LTfOOl, is al>ouI lOOppm/'e, 
Increased isolation wolla9<s are possible wHh higher 
transformer breakdo*n rati~s. 

Figure lS's thermocouple lsotation amplifier is somewhat 
more Complel. but offers 0.01 % accuracy and typical drift 
01 'Oppm"C. Tn .. IMI 01 performance is uselul in se"" 
systems or higII resolution appticI\ions. As in F'9lJ1e 13, a 
single translormer proyiCIes isolafed data and _Iran .. 
I,r. In tIIis case \11e ~ IIII ..... lion is width 
modulated ICf()$S the translOtmet and tf'tetI demodulated 
back to DC 11_,teucloCkpulsefllac.A. F'9"" '61 
This pulse selS \11e 74e74 flip,ltoll flIace SI aher , small 
Ge~ _lied by 12, t3 and associated componenlS, So, 
mu1tlneously. ~, 15 Ind a' dme Ln primary flIace C1, 
Thisener9~ receMd by L I's secondary "rac. H~ is Slored 
in the .7,1 ~itor and ~ as the citcuifs i~aled 
supply, LI's secondary pul ...... clocks I closed loop 
pulse width modulllor composeG of e" C2, A3 and A4. 
A4's positi .. input roc ..... AS's U\02S based \11ermo­
couple signal. A4 _ ... C2 to produce • pulse 
wtdth each lime C1 allows the O.OO3,F capacitor {trace EI 
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to feetl¥! chiroe via ttlt 4JOkQ resistCt'. e2's output width 
is inytrttd by 16 ~riCe fl. inleQriltd 10 DC by the l7k · 
O.66,..F filter and led back 10 ",fs negall¥! input. The 
O.68,J capacilOf compenSiles "'.'s feedbick lOOp. AI. ser· 
'0 controls C2 to produce I pulse width 1h.J! is 1 fl.:l'IChOn 
of .aSs thennocouple relaled output 96's ~w loss MOS 
SwitctllllQ characteristics combu'\e'CI .1111 "3's supply 51a· 
bifiUtaon ensure PleciSt conlrot of pulse width by A.t 
Oper.ling lrequency, .. I by lhe It oscm.lo< on L 1's p,i, 
mary side. is norfNlly I stlbility concern, but ralios out 
because ~ is common 10 lhedemodullt~n sche~. asw!1I 
beSOOw~ 

16', ""'pot width" ~rlCt F) neg.I;""9O'''II td9t ~ d,It .. , 
enlialed .nd ltd 10 17, IT, ""'pul ~rlCt GI dr .... 01 03 
pot, a last ..... inlo Lt'. stCOndar)' ~rac. HI, "S,"II 
arOOlnd" _ by CI is g.led oul by lhe d_ .1 cn 
po$Itl\le in9ul Q3"s spike is rectMCI allfs pmNry. pIns 
1 and 3. 02 serrt515 a ckxted synd'lronous OemodutalOt 

. puNinO its coIItct .. Iow(lractlll only""" ,IS 1>1 .. "n'g' 
and ft' emllltf is toW !e,g .. whtrI L1 is .... , .... ing clal., 
not".,..". 02'. coIItclo< ..... ,eselS I .. ICCI. II~IIOO 
Tho MOS tIip-llop is _!rom. _ source IA 11.nd ,I 
is al.$O ctocked at the same frequency IS the putse widttl 
modulal«, Because 01 this, !tit DC .... 190 01 ft. 0 ""'pul 
depends on ISs ""'put. V.rialions ~h supply, Itmptr., 
ture and 11 oscil$,tOf frequency hone no effect. A2 and Its 
l$SOClolod _IS •• tract lhe DC .... 190 by ,impIe 
fil1ering. The llXl potentiometer pefmtlS desired gain 

scating. Because Ihis scheme depends on tI10e timino at 
the flip-flop. the delay In reset1ing the O.tllJ,;F QpacilOf' 
UiuseS a small oUstt enOf'. This ltm'1 is etlmiNted by 
matChing Ihis cIe:Iay in the ](C74 -set" line with the pt'evt­
OO51y mentioned 12-13 delay nelWOft. ThiS delay is set $0 

IhIl the rising edQf 01 the flip-flop output (tflce Bl 
correspondS 1016', ns.ng edQe. No such compensation is 
required for limn; edge 4ata beciuse circuit tlements in 
llli, palh PI, 01 L1 .nd 02) .,. _nd, Wfth drift 
NtChed l T1001s and the specified resistors, OY'tfall drift 
is typically l(1ppmiOC with 0.01 % linearitr. 

t./C'O:Oo'II 

( .... '''"' 
~ . :'!lW"" 
I. :OW " 

' . '"Io lh , ..... ' .. 
oi.lUor .... 

----.~=.:... 
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Digital Outpul Tho.-ouplt lsoialor 

Figure 11 shows another isolated thennocouple 51g(;al 
conditK>ner. This circuit his 0.25% aCCUfiCy and futures 
• digil., (put .. width) output It prod<lcts • clock pulse 
Orace A. figure 18}.12-15 bull.,.lhi, pulse and bi .... 01 
10 d,ive Lt, Concurrenlly, lhe 680pf,11* ,.'ues provide. 
diflere.Ii.led Sjlik. Orace B). .. lIinglhe ICCl4 flip-liop 
Orace C). L 1'$ primary drive is received .1 !tit secondary. 

.. * .... 
'.IOOi''''' 
t·""".,. 

D ... W .... 10,..,,.. 
'.,..ICW 

' .. WWICW OI.,.., .... 

-'-- --:.--

.~-::~ ~--
_._--­
---------------------_.--.-

F'_'~ W_"~TIIorIoocoorpIobolo" 

The lo,F capacH .. cfWges 10 DC, supplying isoIaled pow· 
er. The put .. received .1 L1'. IeC4ftdary also rtset, lhe 
O,os,.F capacilOr ~rlCt Dlrialhe irwert.,. (16.11, l1li"" lhe 
"~open dr ... bufftf, _!tit received pulse ends, 
lhe O,05,F capacftor charges hom lhe 02-03 cUfTenl 
source. When the rtSuIWll 'ImP crosses Cl's threshokl 
IA1'. ~ IttaIOd-_ voitaget CI oWiiches 
high, lrWnglhe !9-1t1 irwerttfcflain.ltt ~roce El­
L t'$ seoondaty ria !tit O,OI,f capacitOf (lrace F). Tho 331<. 
l00pf lilter ,....."IS _live "Sing l/OUnd", Tho re­
sultanl _I~ ..... al U's primaJy bioses OC, 
causing Hs coIlecto< Orilct G) 10 go low, OC and 05 loon. 
clocked synclvonous democIuIal .. _ can pull lhe 
7CC" reset pin low onfy whtrI!tItclocf< is low, Thisc:oodi­
lion occurs ckIring cia .. " ... ,." but not during power 

transfer. The dtmodulaled output (trace H) contaIns a sm­
gte neoati'l't sp~t SynGhronous with Ct"i le.G_.III 'S) 001· 
put transition. This spike ,esels the fI~llop. providing the 
circuit outpul The I.C1.'s width outpvt thus ,aries with 
thennocoopte temperature. 

linurizllion Ttdlniqllts 

h is often desirable to IineMi.ze I IhennOcou~ Nsed 
signal. T~es' signiliunt nonlinear response 
requites desiQrl effort to get good accuracy. Four tech- .. 
RiQues are useful. ,.hey inClude offset addit;on, break­
points, atlak>g COIT\()IJtatlOft, and digilal cooection. Offset 
aOdilion sctlemes rely on biasing the nonlinear "bow" 
with a constant term. this rf$ults ~ the output bting high 
.1 low scale .nd low .1 high scale with dec! .. sed .... 01$ 

bet....,. lhese .,,' .... , !Figur. 19). This CO<n9fOIIlise re­
duces O'f'trlll MOf. Typically, this appfoadl ts Imile<llo 
sligh"y nor>tinw behavior _ wide r.nges 0< ""got non­
~ity O'ttf Nrrow ranoes. 

Figure 20 shows a circuit utiluing offset linuriUlion lor a 
type S Iherrnoc:oople, Tho L 11025 provides cold junclion 
compensalion .,., lhe LTCI0S2 ~ stabilized am, 
plilier is used tor low drift. The type S thermocouple M 
put s10pt ,arcs gruUy With temperlture. AI 25-c It is 
6,V,.C, with an 11,Vr-c $k)pe at lcxxr'C. ThiS circuit gl\les 
J-C accuracy O'ttf the indICated output range. The circuit, 
sjm;far to FigIn 10, Is not ~ ......,., .xuptl .. 
!tit o«set term derived !rom 1tIe LT1009 .,., applied 
through II .. To calilnt., trim lIS tor VOUI = 1.669 ., 
V,,=O,(lX)mV, Then, trim R2 I .. VOUI =9,996'/ .1 
T = lroJ'C odor V" I + inpul) = 9.585mV, 

fig ... 21, '" adapIion 01 • COIIligur.lion shown by Sheil> 
gold 1",1.,.".. 31. ......... kpoinlS 10 cflange cirtuit gain 
as input Yaries. This method relies on selling of the il'lQ01 
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and feedback resistors associated with A2,-A6 and Ats 
refereoce outpul. Current summation at AS is linear with 
the thermocouple's lemoeralure. Al-AS are tile break· 
points, with the diodes prorj(jmg Stl'lt'~m~ "tlen the re 
spective summing point requires positive bias. As shown, 
typical accurac~ 01 l;C is -possible OY!f .1' O::C·65QCC 
sensed ranse 

Figure 22, also oeflwed Irom Shtt~90IO lIel~rence J\. y1e1cs 
similar performance but uses conl1nuous funcllon a'lal~ 
computing to replace breakpoints, minimizing amplifiers 
and resistors. The A0538 cGfT1bineS with a single break· 
point and appropriate scaling to linearize response. The 
causality of this circuit is similar to Figure 22; the curve lit 
mechanism (breakpoint ts. continuous 'unctionl is tne 
primary difference. 

Digital techntques lor thermocouple lineari.lation have be­
come quile popular Figur. 23. developed by Guy M. Hoover 
and William C. Remofer. uses a mcrOQrOCessot fed from a 
digitized thermocouple output to achieve linearization. The 
great advantage of CI.gllil technl((utS is eliminatiOn 01 
trimming. In this scheme a large numtler ot breakpoints are 
implemented in .. the.,.. 
The 1~ILTCll11IA AID 9"" O.SOC rO$Ol.,ion ..... O'C 
to 500'C range. The LTCI052 ,mplihes and lilters lhe 
thermocouple signal. lhe LTI025A prow"" cokl iunet;"n 
compensalton and the LT1019A prOVides an accurate reler· 
ence. The J type I1'1ennOC00pje chafaClettShC is linearized 
digitally inside the~. linear inlerpol,'iOn between 
known temper.ture point. spaced m apart introduces 
less th.an O.I'C enor. The t02' 51.". provided by the 
LTCI091 12' more lhan the requ.ed l000i en .... O.S'C 
rtsolution even with the thermocouplt curvature. 

on .. , error is_ted by lhe 1 Tl025C01<1/l1ncliOncom· 
pensalor which introduces O.5~C tTliIimum. Gain ei'fOC is 
o.7S'C max because of I,.. 0.11\ gaon re~$Ior •• nd. to. 
1esSet .. tent, the output ",".ge tOler.nce ot the LTlOI9A 
and the gain error ollhe LTCI09tA. n may be reduced by 
!rimming the LTt019A or gain resistors. The LTCI09I. 
keeps li ..... ty beUer th.an O. WC. The LTC1052·s S,V off· 
set contributes negligible ert'Of ~.l°C or less). CombineCl 
errors are typically insfde; O.SOC. TheSe ert'ors don't in· 
clude the tl'lennocouolt itself .In pt'acllCe, connectiOn and 

~ -.. 

FigUf1 20. OffSff Based lint.riution 

'­IOIIW/'C 
1OO"t'llOO't 

.,:e ~fors of O.S:c~: ·'C a'~ -iY ,,"·:~"'-~O~. "I'll'," ':.'i: 

Ifleseerrors can be kept Delo", O.5~C. 

The 2Qk·1Ok divider 01"1 CHI of Ine lTC1G'91 pro_ides lOw 

supply voltage dejection ithe 111019A ref~rence reGuires 
Ii minimum supply 01 6.5V la mam:ai,'l a:tu:acyj. Remele 
location is pOssib'e wilh data tra~sferred !rom the MCU to 
the lTC1091 via lhe 3 wire serial port 

Figure 24 is a complele softllllare JiSlll'1f ollne cOde reo 
(lu.rec tor the 68HC05 procesSo~. ?repaMg the c,rcult In· 

vO!w!S loading Itle SOIt*ilrf and ap~:YII'l9 po~e;. Nc 
:~:mml~~ is required. 

"1,-,: .. '00" !)I • 1QfI __ OI.WC ",""..vol _IS 1101 .'t'Iou: Ittr.CW"1 con 
$Cof""(, MMtllotlQ II'CI NII'I 0II1hI ~'$ ~"_ l'looefull, t"oe • ...,1".. 

".t!'I!", _." toler", 11'14 traft'Orfl3lOt1 r"" SO") "'~f "I t~S: 
~i!OC.tII' 
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WRITTEN BY GuY HOOV£R LINEAR TECHNOLOGy CORPORATION 
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'" IS Nt)toI8EAOJ SEGUEfIITS 'MAr TIoIERIoIOCOOPlE RESPONSf IS DIVIOED'NrO 
T[W!>ERATU"f reI: M- •• B 
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"" 8ft. 
S08TRCT COUPARE8ATTVOUAGEwmt ........... 
NOPAOe FIlAnOltGOlOIlJPA08 

"" ADD8 U!A ISO' 
ITA ~_S55 ... ........... UWffiHI 

NOI'II08 "" ctR 
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"""'. 
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'008 
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STA 
m 
8Pl 
IS£T 
co. 
STA 
RTS 

U!A 
SUB 
STA 
L1" sse 
'" 'JS 
LO' 
ADO 

'lA UM 
<DC 

'lA .!S 
Cl' 
ClR 
ClR 
ctR 
'TX 
LSL 
ROl 
U>I. 
LOX 
1M 
STA 
'TX 
UM 
lJ)J( .... 
AOO 
STA 
hA 
ADC 

'" CO< 
LOX 

"" lOA 
ISO 
2.toz 
soc 
lOS 

ClEAR LOW IATTEIIV FlAG 

~11ON DAtAFOR$PCR 

..... """"""'" tIArA 

IIT,PORr CGOES LOWa GOES lOW! 
lOADD.,IfTOSl'1 DATAREG.SJAATTRAHSF£R. 
TfST SWU$OF SP\F 

"""" soc 
lOOPTO PREVIOUS INSTRUCnOH IF NOY DOH( 
LOAa(X)HT'£HfS OFSPI DATA REG.lHTO ACC 
SYARTNEXTCYQ.£ soc 

IS03 
SO. 
lOS 
0ACK12 
2.toz 
soc 

'" 
'" ISS 

'" 16. ... 
SO. 

'" '" '" ", ... 
'" ... ... ... ... ... 
'" SO, 

'" ISS ... ... 
'" ... 
.... ... 
... ... 
16, 
ISS 

ClEAR, MS8s OF FIRSJ Dean 
STOftE Msas IN III 
JEST STATUs OF SPIF 
I.OOf' TO PREVIOUS INS11IUCTION IF NOT DONE 
SET 81T 0 PORT cltS GOEs HIGH) 
LOADCCWTEN1SOF Sl'l'OAI'A MO ACe 
SlORE l$8s 1ft I6l 

lOl.DLSes 
SUBTRACT lS81 
STORE REMAINDER 
UIAD_ 
SUBTRACT WlCAAAY MS8s 
STORE RE ..... IHDER 

L04OLS8s 

""' ..... STD."", 
lO-'01oI$81 
~wo.AAYIoI$8' 
STOAESUt.t 

$TOA£COYrENBOfXIN~ 
WUl,.JllLY lS8s IY 2 
MlJLJl'\Y MS8a IY 2 
I.OolOlShOF LTC10tl INTO ACe 
lOAD lS8s OF M INTO X 
MULTlPLYLSes 
STOltE L58& IN $&8 
STOAE"S6.A 
L040 LS8s (II: 1 TCIO$llNTO Ace 
LOMMS8aQFMIHTOX 

ADO HEIJ BYT£ 
STOfIIYT£ 
1'FU.HSFOI x TO N:J; 

""'-am SfOA(IYT( 
LOAOMSasOflTC1O!IIINTOACC 
lOADLSatOfMINTOll: 

.... 
AOO ... AOONEXTI'fTE 
51A ... ST0A£8YT( 
hA nwtSFtR lI: TO ACt 
ADC ... ADONDTIYT£ 
sr • ... STOfI!BYTl 
U>I. . .. lOAOMSasOFLlClOll INTO 4CC 
lJ)J( 

'" LOAD MSa. Of MINTO .I: 
1M 
ADO ... ADO NUT IYTE 
sr. ... STQR(8YT( 

"" ~RXTOACC 
IOC ... ADONOOlm 
Sf< ... STOAE8TTt 
U!A ... lOADCOt«(JlTSOfl6.t.lHTO 4CC .... . ... 

loAo COJmftTs Of "INTO A.CC co. ... 
AOO .... ADO I YOACC 
51A ... STOft( .... 
CO< ... lOAOCON1EHTSOf MlIHTOACC 
IOC - flOWfHAOuGHCARA'I' ,U ... ITOR( .... .... U>I. ... LOAOCONTEHTS OF SIIINTO N;J; 51A '" STOFIE MSe. ... , 
U>I. ... lOoU)COHfENTSOF "INTO ACe 

'" '" STOAE""'IU 
LOx ... RESTORE X flEGlST~ AT, /IETIJIIN 

HOUsE" IS£I .... SET 10 POftT c 
• IS£T ..... SET 12 PORT C 

RI' 

"..,.24. Codtfar __ U--
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fnor Sour ... in 1bennocoup/f Syslems 

Obtaining good accuracy in thermocouple systems-man· 
dates caf!. The small tllermocouple signal voltages re­
Quire eJrelul consideration to avoid error terms when 
signal processjng.ln general. thermocouple system accu­
racy better than O.5'C is difficuft to achieve. MajOr error 
sources incllidt -connection wires. cold juncfion un· 
certainties, amplifier error and sensor placement, 

Connecting wires between the thermocouple and condi­
tioning circuitry introduce undesired junctions. These 
junctions form unintended thermocouples. The number 01 
junctions and their effects should be minimized, and kept 
isothermal. A variety of connecting wires and accessories 
are available from manufacturers arld their literature 
shouJd be consulted Ire/elene! .. ,. 

Thermocouple voltages are generated whe:1e~er dissimIlar 
materials are joined. This includes the leacs of Ie pack· 
ages. wt\tc:h may be kovar in. TO·S cans. alloy 42 Of COpper 

in dual·in·line packages, and a yariet~ of o~ner materialS in 
pla:ing hnislles and solders Tne net elit'(: cf these tner· 
mocouplesiS "ltt'o" if all are al e.ac::~ tnt sa:TIe ttmpera· 
tUfe. but temperalure gradients elist ... ·,lft1:'! Ie pac~a~s 
and across PC boards .!':ene.er ~.e ,!!; ,:,ssi;a:e>: F~~ 
InlS reason, ellreme care mus::tE \,1st':::: e~51>'~ :!'a~ ~,c 
temperature ~ra,:l'Ienrs flfSI fn !:-.e ~1':~::', ~, ~~~ ~1'It"~".,.:­

couple terminations, the cold ,unctIOn comoensalof Ie e 
lTl025) or the thermocouple amplifier, If a ~radjent can· 
not be eliminated, leads should be poslliOned lsother· 
mally, especially the ll1025 R- and appropriate output 
pins, the amplifit1 input pins. and the gaf'" seIlinG resistor 
leads. An effect to watch for is ampllf1er ollset vonage 
warm.up drilt caused by mismatched It\frmocouple mao 
Iffials in the wlre-boOO!lead system 01 ,fie tC package 
This effect can be as high as tens 01 m1c~0y01!S In TO·5 
cans With kavar leads. It ~s nothi~ to do *Ith the actual 
offset drift specification of ttle am;)hflet a",C ca:-: oc::.,;~ I!: 

amplifiers with measured "zero" dnh, Wa!m·t+ crill is 
directly proportmallo ampliftet po",e' clSSloal1On 1: ca~· 
be minimiZed by avoiding T()'5 cans, uSing la'll supply cur· 
rent amplifierS, and by using the Jo,.,est possible suPOly 
.oJlages. FiMJy, it can be accctrJr'outed toy callbr.1l,.~ 
ancl specifying the system afler a hve rt\il\U!e warm·up 

pe<iod. 

A significant enor source is the cold JunctIOn. Tne ellor 
takes two fofms. The SUbtractive \'Oflage orodvced by lhe 
cold junction must be COfrect. In a If\1e :C!C II,It\CllOn Ie ; 
ce paint r.e'erence) thiS voltage .m vary _itn i~bll;!)' to 
mainllm,the desifed ltInperature. intrOOl.!Clng enor· In a 
cold junction compensator like 1!'1f l T1~. effor occurs 
wfttI. inatlmfY to sense and (fact arnOte1l1 lemperalure 
MinimizinO sensino enOf is the manulaciurer'S resoonSI' 
bility (VIe do our besl!~ but tracking reQuires user tare, Ev· 
ert ello<l sIIOOId be made 10 keep lhe LT102S iSOlherm,l 
wilh lhe C<lId junclion. Thermal .hrM •. high Iherm,l 
topaCily \lIocU and Olber mel~ a .. commonly em· 
ptoyed 10 ensure that the cofd juncHon and the compensa· 
tor are at the same temperature 

Amplifier oUset uncertainties and, to a lesser deg1ee, bias 
currents IInd.open loop gain should be considered. Ani· 
plifier selection criteria is discussed in the text under 
"Amplilier Selection." 

A final SOUrCe of errOf is thermocouple placement. Re· 
member l!\it the thermocouple measures its own tempera' 
ture. In flowing Of ffuid systems, remarkably targe errors 
can be generated due to elfects of laminar lIow Of' eddy 
currents around the thermocouple. Even a "simple" sur· 
face measurement can be w1ldly inaccurate due 10 thermal 
conductivity problems. Sijicone thermal grease can reo 
duce this, but attention to sensor mounting is usually reo 
Quired. As much of the sensor surface as possible should 
be mated to the measured surface. Ideally, the sensor 
should be tightly mounted in a drilled recess 1ft the 
surface. Keep in mind Ihallhe thermocouple leads act as 
heal pipes. providing a direct thermal path 10 the sensor. 
WIth high thermal capacity surfaces thiS may no! De a 
problem, but other situations may require some thoughl. 
Oftell. thermally mating the lead Wife 10 the surlace or 
CGII.n~ 1M ""'Ire m !~e e~v!rO:'l(T\e'11 Of HltereS! ~,.I 
ml(umtle flea! JiCln~ elleets 

~5 a g~r;f'a:' IJI~ s\e.ol'C',s!T'·:s .arri~,:E:. e~~~ ,~. '.~e 

'C05: ;;,:,-.,01..5.', 5,;-:",;!e" 5'~ .. a:':~'! ~l;'t?~ -~:". •• .'~ 5"­

.:'a1 s~"~c.r ~5;:·C~5 a~C ~~.,;".::~.; op! :"'5 I' -d~.·,:: 
'es.;':~ a;'ft y::. ... -~ :I::a: ~ :~ '''t . ~~'. ': a<:o ., ~ ...... 

t".I!l\ inC try aean 
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New Developments in RS232 Interfaces 

Robett Dobkin 

New RS232 inlerface cIIips ...... been cfoWIoped lhal offer 
significanl advanlages ..., older -. SCI<h u !he 1488 
and 1_ The new RS232 inl"'... ICs improve Speed. 
power, ""'age SIJIIIlIy requifemenl., and proreclion .... 
ofder derices. Further, the new chips are easier to use, requir­
ing I ..... exlernal componenl. and may be lurned off 10 a 
"zero" power supjl~ eu"enl condilion for use in baHery /lOW. 
ered systems. 

The new RS232 dri .... are fmplemenled in a monolilhic bit» 
lar lechnology. A unique OUIput.rage was designed Ihal pro­
vides large oulput .wing •• minimizing power supply vo!lage 
requirements, white retaining outstanding overtoad protec· 
lion fearures. The OUIpur. can be drl'len beyond lhe /lOWer 
supply dage without drawing excessive current or forcing 
current back into the power supplies. Of course, currentlimil· 
ing is included to proted against short Circuit conditions. 

InitIal consideration 01 technologies for implementing RS232 
interfacing mighl include CUQS as, POSSible lechr1ologylor 
ltIis Iypt 01 appIicalion. Power supjlly requitemenl. a .. low. 
output YOItage swing is high. and higner voltage CMOS 1Pf;n. 
nolegies are available to allow operatiOn up to ~ 15V. Con· 
s,oeratlOn of some of the problems associate<! with CMOS 
eecreases Its atlracti~ness lor RS232 drivers. 

Inherent in the CMOS structure, are diodes between the drain 
and source of the CMOS devices and the powet' supplies as is 
shOwn in Figure 1. A requirement of RS232 interlaces is lhe 
abi"y 10 wilhsland YOitage applied 10 III< OOIpur pins. Wil~ a 
CMOS output stage tlUs is achieved with the inclusion of a 
3000 resistor in series with the output. (The resistor is similar 
to the resistOfS included in Q&der drivers.) It protects the inter· 
lace chip, but stiN allows damage to other deviceS powered 
by the ...... supply. 

A prOblem occurs when the output of a driver which is pow, 
ered from the 5V logic supply is CQI'In8Cted 10 an eliemall2V 
or 15V ....,. u is allowed by !he RS232 .pecificalion. E,· 
ternal current flows through the JOOQ limiting resistor, 
IhrOUgh !he diodes, wI1~h are a pan 01 lhe CMOS slnr.lur •. 
and iniOlhe _ supjlty. This lorees the power supply 10 
12V or 15V damaging lhe 5V logic lhal ~ connecled to III< 
suoobes, This problem can evtn cause latchup il the logic 
supply is of! when external RS232 ~Is leed voHage inlo 
lhe SuWIr. TIIis pro/JI<rn (/i(J nor usually ek'" in lhe paSI. be­
cause tnt RS232' mterfaces were powered by separate!: 12V 
""'ClotS 

ESO a.,",,~e ~ pral>al>~ 1".mosI (r~""'" ""se oll.ilure 01 
>'Ilerf ... dIips. SipoIar _ .re rel'I"~ ruggec1 bur sliH 
can be damOged by ESO. SY'lern requiremenl$ lor.SO may 
be IS high IS 2OkV. No !C can withsland INI muclI wltage 
wilhoul exlernol pr01ec1ion. 

A requiremenl of !he RS232 specilicalion ~ !he abilily 10 
wilhsrand ! 25V ifIpuI Signals. The CMOS l TC1045 wIli<h i. 
used as an RS232 receiVer has been desiOned to_ate with 
ertemal f!SiS10($ in series with the input. These resrstors 
allow 'Itfy large votlige swings at the input pins and prO'ride 

ESO proleclion 10 lhe !C. U~"9 _hip resiSlor. precludes 
lite use of lhe oplimum ESO proleclion .lruelu .... 50 CMOS 
de'IiceS may be more sen~li .. 10 ESO deslruclion al !heir 
inputs. ~ 

,-

Fi;wll. CMOS lint Orittf Showing Parasitic Oiodts 10 tfIt POWIt 
SuppIits 

The OUlput slage of the bipolar drivers IS she",n m F.gure 2. 
Opposed collector NPN and PNP tranSIstors owe t!'le _Idest 
j)OS$ible outPUt swings. The PNP tranSIstor will SWing to 
within 200mV 01 the poslIIYt SUpply wh.1t 1!'It NPN f'JI15'sfor 
with its associated SctIQltky diOde WIll S ... lno W1ttll:'! a!>Out 
9IXlrnV of the negatlve suppfy.1f the output vol1age IS lorced 
above lhe positive supply the emitter base junclion of lhe 
PNP transislOf reverse biaseS, and no cutTent flowS into the 
supPlY. The device is unaflecled by external tOItage up 10 the "''''d""" ","age 0( !he Iran~slor. If lhe culpullS Icreed 
below lhe nogal .. supply.lhe SdIoHky diode "",se 1>0 .... 

and prevents extemal current flow into the chip. Capac11orC1 
is used to control the OOIput slew rate so thai no frequency 
compensation tomponents at! required to meet the RS232 
speclficatton of 4V/,d 10 l'NJ,s 

"" 
.... I( 

()(it'IJf .. 

r .... t ........ _Outpuf ..... 

Typical~ lhe slew "Ieol rttese dr .... is""""" lOY: .... T,., _!hem 10 be used ....... fuIIy up 10 _ 64t baud. 
The OUIput slew IIle 01 Ute bipoIat -. ~ well controlled 
by an internal "pador and reiolively independenI oIloa<Ire­
~srance or capacilance. The b/poIIr ....... is rei .. 
lively srraighllorward ur"/zing , 1M! deI«lor willl hyst .... 
sis 10 set !he lrip poinl. Nominally !he lrip poinl ~ set ,I 
_ 15V with 2IlOmV of hySleresis. The __ go "'10 a 
high OUIpuI slale with an open input. The recti"" CUI""I, 
, .. bolh TIL ,nd CMOS compalible. 
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For an applicatioa with. 12·bit AJD coaVetter with I 10V tun 
IOle to a 1I2LSB error aauinlum: 

2-(11"'1) 
F_ • , (0.\ x 10-') • n.7kHl 

lhat • sampled dau .)·Slem m.ust sample. eonvcQ, 2nd kquire ., 
the out POdu' at a tate II lent twice the sirna! !rtquo:ncJ. Thul' 
the awtimum input rreqUCrtcy is equal to 

I - I. .~ 2(T ACQ +- T cosv +- TAt) 

\Vbtn: T ACQ is the: acquisiuOQ tirr-.e: 0{ the umflk-tf>hofJ: Trx:k.to-hCIld. ol&et is awed by the tnmfer of chartC to lbc 
~, apacitor ria dK' pte apKitaDce: 0( the .. wiech .. tr.a. 
sor.tdlin, iD;,u bo!4. SiDa the pte capKitlDcc C'OOpks lht 
switd,,-coamX YOltaae applied to the pte: Oft 10 the bold cap.ciloc'. 
II>< rcsul .... tnd ... o-bold o/fJct Is a huIcUoo 01 the loP< !cod 
applied to the pte: and the ~batlF in Ihc pte: caplltiWlCt owu 

ICftlpentw'C. 

. amptif.a-o TAl' is the muimWll'pC':'tW'C time (smaD coouth 10 
tK lpomf) and T COfoN is the COQ"tCt»on time of the AID 
cuavencr. 

HOLD MODE 
In the tdd. mode: the:re Ir: twO imporunt .pcci.6cations that 
rRlm be COft:tidC'fCd. (,,:cdthrou,h lnd tbe drgop Dlt. Fccdthrou,h 
eno" apput as .ft lue:rtuatcd Yentoll of tbe taput ., the output 
wrule ~ the hold mode:. Hold-Mode frtdthroup nries trith 
frequC":\c'Y. ir.crcUlft, at ~Ihcf rr.:q~nci". fccdlhtOUlh it an 
imfurtlttt lp.o:cific:ui()ft wb.::n a tnell ae.1 hold r~ III azWot 
muhis:-Icxcr dlJI ~wia.:be, amon, rna.ny tljf{crenl 
dUl'Ind". 

Ho!J.rr.oo.: droop nit; is the change in OUlput "oha,e per unit 
of time '4hi!e in the' h~ld mc.Je. Hold ml'de droop oOr\nltCS as 
k.d,~,e (rom Ihe hold eapacimr, of which the' major lenallt' 
t;urrenl C(lnuibutnn. arc s .... ;I·:h lewre C--lrrenl and bin CtltUll!. 

Th~ rale or ",(lIt:if1:' ('h.tn!;c on the C3pl~itor d\,,'.it ;s the ratio of 
th:~ (()ullcl\(.lgo:: cut!"ent II.. 10 the holl:! capaciunce CH· 

• iVoC'l ILrpA\ 
Dr'-"lp R.ue '* -'-Ji-- (Volls'So::c) .. Ct~~pf) 

FM the '\[)lbS in j>uticu!:lr; 

100len . Droop P.lt.: • IOOpF ... IV:$<"': m:l:umum 

"dJirJonl.lly .he lev:'iliO:: current double, (or eve!"." 1O"'C incrtaSC 
i.n tc:nP'C~l[ure ab.~v-= 2S'C; therefore. the hoM·mode droop rate 
cl'u:'J..::enstic ..... ill Also JO\lble in the ~c fashion. 

Since a In..:k and hold n used typic;ally in eombuution .... it.h an 
A:D ..:on· • .:r1o::r. thc~ the Il.)tal droop in the output volt,),o:: has to 
be ku OUt) )!2LSB during the periOoJ of a cnnversior.. The 

.lXinu.:m allo ..... able sign:t1 change on the input of an AJD convener 

.,.: 

J. V Full Scal~ Vohaie 
max - iX-I) 

On..:o: the ,""l'I::r.~o:imum .1 V is dCI'!rmined then the cooffftioo cUne­
o( lho: .'1.,0 ':lln ... uter ('co","",) i, requieel! to caL.:ulate the: rna."timu.m 
illI\lw3:bl.: aJ·. 

dV m:u. '1;', -d-,-· • -
. dV m.a 

The I: .. ·:":.utn --d-,-

tho: tiltU' not on1, 11 ~S·C but al 
tempcrllUro: rtnge. Therefore, 0\ 

range the (allowing ~rittril musl b­

- .\T. 
(.lore· 

~)l2~'s~ 
dl dt 

'.he previous equation is 

'lamum exr«tc:d opentinl 
··.e ope~tina temperature 
::et (T QPEJVmON - HOC) 

HOLD-TQ-Tll.-\CK TRANSlTIOS 
Tho: SNuist theorem st.e .. "'$. cha( • band·lli 
umpl«l al a ntt at I~nt twict the muim ~ 
un b.: tn;l)r.sltucted wllhuut inss of in{';m\J. 

: fnal .. hicb is 
.:a.I frequency 
Thh means 

DATA ACQUISITION SYSTL'lS 
The. fast: Kquisition time of the AOl6S when usN with a hi.h 
SpeN AID conyener allows IttU~le Ji;,itiDtiun ofhi,h rrequcncy 
sienals:and hip throulhput "In ill: multichanncl41la acq,uis.ition 
sysccms.. The AD16S nil be mcd with • number of different 
.VO cutI.'¥enC'n to achieve hi~h throu,hput noles. FilUm l) 

and 24 show lhc: llSC or an AO)6S wilh the Aonl and 
ADs7'A. 

.... ¥w ..... ' V 

Fi9U'~ 23. A 0 Conv~,sion Systttm, 1 11.6l:Hr Throug"lJur 
53.8l:H~ MJ:< 5;gfU/ Inpur 

F,gu'~ 14. ,]·9it A 0 Conv~rs;on 5ysr~m. 16.3kl-ir 
Th'ough .. ~ut R.;Jre, 13. JkHI M,J)( Signal Input 

~ ANALOG ..- Integrated Circiiit 
Wfj DEVICES Precision Instrumentation Amplifier 

[ AD52(j 
fEATURES 
Pro,nmmab4t C.fns from 0.1 to 1000 
Oitftftntlal Inpuu 
HIth CMRR: tlOdS min 
Low D<ih: 'ljlvtc ma. III 
eo...." .. t. lnpvt Protectfon. Po,", ON and ltDwet' OF F 
Funedontlly Cornpt.te with the Additton of Two RuistOfS 
Irrumtlly CofnHnutect 
G.in Bandwidtl\ Prod,",,: 40MHI 
Outout Curr.nt Limited: 25mA 
V.rylow Nol .. : 05,JV Pll.0.1HI to 10Hz, RTI • G • 1000 
ChIps .ra Avall.bl. 

PRODUCT DESCRIPTION 
The ADH 1 is a second len~ration. low COSt. monolithic Ie 
instNmentlt;on lmplifler developed by An.iol Dev;c". AJ a 
tNe instNmc:ntation amplifier. the ADS 21 is a ,aiR block ~ilh 
differentlu Inputs and an accurately programmablc inputl 
O\Itput lain rc!ationship. 

The ADS21IC inmumenu.tion amplifier should not be can­
tukd with an opc:nrional amplifier. dehou,h .everal manu' 
"eNrers (indudinJ Analot Dtviccs) offer op amps wbich can 
bot uscd as build in, blocks in nriable ,loin iMCTUmenution 
&.mptifier circuits. Op amp' U'e ,enenl-putpose eomponenes 
.... ich •• hen used with pr«ision-matched Clttemal resiston. 
un perfonn the instrumentation amplifier function. 

A.zt instrumentation amplifier is. a predsion differential volt· 
ale ,ain device optimized for operation in a real world envi­
tonment, lnd is intended to b~ u$Cd whercv~ acquisition of a 
useful slanal is difficult. It is ehuaeteriud by hich input im­
pt'danee. balanced di((e~ntial inputs. tow biu currents and 
h.h eMil. 

As a complet~ ittstNm~nDtion. amplifier, the ADS11 requires 
only (WO fesutors fO SC't its lain II) any value bcr""C"en 0.1 lnd 
1000. Tho: tatk> much in. of th"e resinon docs not d(ect the 
hlJlh C.'UtR (up to I2OJB) or the hiCh input impedalKe () X 
10'!l) or the ADHI. Furthcnnore, unlike mon opera-bond 
amplifier·L.ued instrUmentation amplifK:D. the inpurs a~ 
~rotC"CteJ :lgainst overvo1tsgcs up to tI, volts beyond the 
supplies. 

the ADS21 Ie instrumentation amplifier is aV1.ilable in fwr 
di((eitnt venil>ns 1>( accuracy a.nd open tin, temptt1t'Jrt nnge. 
lne economical "1" (tade. the low drift 'OK" (tade. and the 
t"wer drift. ~itncr linearity "L"crade afe spt:C"ifled from 0 to 

ADSU PIN CONFIGURATION 

• ICAO.' 
SINSI 

." 
• lUU 

1If. tat. 

+70·C. The "5" grade guarUltees performance f() specifiCltion 
oyer the extended t("mperarufe range: _SS"C to ' ... 25"C . 

PRODUCT HIGHLtGHTS 
1. T~e AD5 21 is a tNe ;nnrumef\urjo.>n amplifier in inteJfated 

circuit form, offering the user performance compuable to 
nuny modulu instrumtntatioll amplifiers at a fraction of 
rne cost. 

2. The ADSII has fow ruan.nte~J input of(S("t Yolt"e drift 
(2JJvfc for L ,ndcl iIIId low nois.c: for prc:eiaion. hitb lain 
applications. 

). Tho: AOS21 is functionally complC1.e with the addition of 
two resinors. G .. in can be preset from 0.1 to more than 
1000. 

4. The ADS2I is fully proccned (or input levds up to BY 
beyond the supply yoltages and lOV differential .. t the 
inputs. 

S. Intcrn&1ly compensated (or IU pins. the ADS2t lIso offen 
the user the provision for limitinl bandwidth. 

6. Qfhet nullin, can be achieved with an oiaiooai trim poco 

7. The ADS!l offen superior dynamic performance with a 
pin·b .. nJ .... idth product or -tO~t1b. fuU peak response of 
100kHz (indcpendtnt of lain) and a \etditll time of 'J.l1 
to O.I~ of a lOV Slep. 
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[ . --.. Applying the AD521 ... , 
/IOTES. 
1. Cain' below 1 and tbd\oe 1000 art milled by amply ad­
;asacc .~ ,aiD letOna: miston. For kst reales. Y"olta,e at 
ei.cr iDp, IhcNld be rnaict:m to !:lOV for pin. cqwal 'CO 

orlesllbual. 

J. r-!o:nHaarity is defmed as dte ndo of th~ dC'riarioA from 
ob<""" ........ Iine .............. "'D scoIc ............. of 
.,...a ... WI .... __ binaDoG of kith p&o &ad 010...a ........ . 
twiftI. diRonion may increuc to as modi as 0.'''' 
,. F.a Puk Responsc is rIlc frcq.mc:y below .... ich • rypical 
... plif.ct wiU prochacc haU "CPU' swint. 
4. DiffcrcntW Ortuto.d Reco<t'C1'Y is thc time it taka the ampti~ 
(wr to IftO'ftf from I: pulted JOY diffttC'ntial inlN' with UV 
01 common mode YOIuJc. t., withi" 10mV of final nlvc_ Thc 
lac inpoul'" JOY. Ia,n. ~e It a lktb ran. (When. diffe-f' 
cet'" lienal of ,mler th&n t 1 V is applied betw«n the inp.au, 
Innsistor damps are activued which drop the exC"C'Sf input 
YOItaJC across antcmaJ inpvt n:sinors. Jr a continuous overload 
is maintained. power dissipattd in these miston causes tempc~ 
aNrc pclicna and a corrnpondin, chansc in offset yoftase. 
&I wen u added thermal time constant. bu t will not damale 
lhedmcc.) 

,. Common Mode Step Recovery is the time it takes the amp­
lificr to recover from a JOY common. mode input with lCTO 
votu or differential liBnal to withtn 10mV of final .. I~. The 
tat input is JOV. lo,u putse at. lkHt nte. (When a com-

DESIGN PRINCIPLE 
fiprt 1 is. simpluacd SChenuDC of d'te AOn 1. A diffen:nda1 
input voltaiC. VIN. appurs acrou Rc c&usin, an imbalance in 
!hc eurrcnn lhrou,h Q, and~. o,l-V ... IRc. That imbalance 
is forced 10 now in Its Mcausc the COU«lor cu.rrena of Q) 
and Q,.. are connraintd to be c:qu&l by their bwin, «("\IITe-nt 
mirror). These condition' can only be satisfied if thc diffe-fe-n' 
rial voltaiC laoss Its (and heMe thc O\ItpUI volure of the­
AD'll) is equal to 0.1 X Rs. The feedback amplifier. An 

, VL"I 
pcrfonns mIt funcuon. There-fore-. VO\.'T - "'RG x Rs or 
VOVT Rs 
VrN-RC' 

monmodt..,wira ... _ V. ~.SVis·.pp&coI'O .... ·:·· : 
in,..a. IhIIIiR« dam,. an .ctiYarrd Which drop the aCUsiw 
"pu ................ iI"emaJ iop'" miston. POWtt dloo;p ... d 
ill thac·raiRon a ... ccmpcn.NrC padiaiu' &Ad a CCM'I'CpOft" 

dint chaaJo" -""'_" _ .. &II _col dImoaI .... 
co ............. wiJI_ ....... d1cdcricc.) 

6. 0...,.. 0f!JCt Vol_ .............. S.pply CIIant< Is. 
..",...... O.oos dales die ..... 1Ied _. off ... per ........ 
chaoa< ia eidIcr power _pply.lf ............ off ... is .. tied. 
the OItfP'lr oIflCt cbanp YCmIS supply cha. is JllabttanUaDy 
rcdvccd • 

1. Diffenn.tiallnput Impedance is the impedancc bawttn tbC" 
rwo "'PUts.. 

I. Comcnoft, MCHk Input ImpedaJtCC' is the impcdUt" from n 
titlkr in,..t to d\c power .. "Iin. 11 
9. Muimam Input VoltaJC (diffCl'Cftoal Of< II either input) is 
JOV when uslnl tlSV IUpplia. A ~ ~ncnJ .pc-cification is 
thll nellhcr input may nettd cit."Ict "'ppty (even when 
V 5 • 0) by more than UV and that the diffcrmce between the­
twO inpua lIN" not exettd JOV. (Sec altoO NotcS4 and ,.) 

10. 0.1"1 to 10Hz Pnk-cC)oPe-ak Volu.JC NoLsc it defined as 
the ma.x.imum pcak-to-peak vohalC noise obKt'Yed duri ' 
of J .cpente 10 second periods with lhe ten circuit of FiJ­
urc I. 

I-

Figu,. t. Simplifi«J AD52t Sche",.tk 
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Use the LM158!LM258! 
LM358 Dual, Single Supply 
OpAmp 

INTRODUCTION 

Use "'" lMtS8flM258/lM358 duo! op""" _ l oIngIo 
wppiy In place 01 the LMt 458/1oM1 Sst wah _I supply aN 
'eap the pro6ts In terms of: 
L Input and output _age ,._ down to "'" oogaw. 

ig<OUfldl ,. 

t.. Singte supply _abOn 
c. Lower standb't pow_ dis.:sipatbn 

d. Higher output VOltage swing 

•. Lower input offset current 
t G.".,any .miI1I pertormance othwMM 

The nwn adYanlaQe. of eoutM. Jt. thaI I"OUCM ,.."..,.,.Iha 
n&gative suppty in many applications and stia ,.tain equiva· 
lent OP Imp pertOl'fT\anc •. Addttionally, and in tom. cases 
mote importantly, Ihe input and oulpu1levals art permined 
to swing down 10 ground (negative rail) potential "table I 
show, the retalive perfo"nancl 01 ~ two in !lfms 0' ova'· 
.t"'eed and/Of tyPICal sp8Ci"cafion •. 

NaUona! SerniconduCIor 
Application Note 116 
Jim Sherwin ~ 
In IftMJ'I JPPk.ationt tn. LMt58/tM2S8/lM358 c:art 1110 
be","" dirocUy in plaCe of LMtSS810r IpOlIUpllly opera. 
lion. 

SlHGU! SUPPL Y OPERATION 
T~ LM145aJLM1Sse or simiIaI' op arnpt ad'IibiI sew.ral Wn­
pMaM lmitadons Mten operated from a single poMIve (01 

nogativa! kJIIIIIy. CNet among "", .. 10 INt Input and """'"' 
oionoI twIt'O 10 _ely _011 lot I gII<on supply IS """'" 
in F_ t. FOt 1M., __ IN input _age must not 
,IIC" wittin ) .,ona 01 QfOlW'd or Of 1hI 1Uppfy. and outDIA 
'''''VI Is JImiatty limited 10 witrlin l-S VOlt, 01 grout'ICI 06 
1UPPf1. This ~ tJ\a1 operltlon wtth I + 12V suppty 
cOUld belNrited a, low as 2 Vp..p output awing. Th. LM358 
however, allows. 10.5 Vp.p output swing tOt the same flY 
soPpty. Admittedly these ata wotst case apecihcetion "mits. 
but they ..,..... 10 It!t..tst,afa !he problem.. 

TABLE t. complrt"n of Dual Op Amp. LMt4S! and LM35! 

Isc 

PSlllle DC 

IFr_Iabor.1ory IM.~ 

·SaNd on Vs - 301,1 onlM3S1 ontr. CIt"'s" : 15V 

··F1?'fI"-'.~~~ 

8SdB Typ. DC 

tOOk Typ 

20mA Typ 

100 dB Typ 

... ~--",,-~-. ,.:1i~~~~~:...'tti· 

.... "IV 

a 

-= 
tvW1Q4-t 

TVH/7.tZt.J 

FIGURE 1. Wort' ea •• !tonal L • .,.ta wtth + UV Suppty 

.-o-j~ 
~'I •• tt.,., ".0 It ~ • ., 

.", o-"Nv , , I ..... <>-"0.... , , I 
':' 

':' ':' 

TI.Ml7'lol-' TVHl7"'-. 

FIGURE 2. O~tatln9 with AC ~go.l. 

ACGAIN 
For Ae s5gnals rhe ~ can be capacitOt coupled. The in­
put common mod. and qu;escenl output voltages are fIlled 
It on.haIf the tuppiy ¥Chaoe by I resistive dMdet al the 
~ input .s shown in F1fJUfII2. This QUiflCent out­
put eoutd be HI at I low., 'tOItlge to minlmize power disst­
pllion In the LM3S8, If dlsired, 10 tong ISVo ~ VJN pk. For 
"'tM1458 1M qu;e,c::ent output must be highIr. Va 2: 3V 
+ VIM pk thus. 'or aman Slgnllt, power dissipation is much 
greater with the It.Jj1458. ElIampte:Aequired Vo - Vo t tV 
pIc;,to 211:, VsuPP\.y - .s required. Find quiescent dtss1pa· 
tion In loa:1 ar.d ampIifi., 101 lM1458 and lM358. 

LM3S1 
VQ- +1V 

V!luPPt.v- +3.SV 

E,' I 
I\oAQ- R, - 2'k- O.Smw 

PO-V.I': + (Ys-Voll, 
tV 

-3.5V)(O.7 rnA +(3.5-1>zk 

PO. 2.4S+ 1.25 ... 3.7 mW 

P-rOTAL -3.7+0.5-4.2 mW 

·froM I)'piceI dW.a.riIIeI 

LMUSI 

VO-4V 

VSUPPty-8V 

" PLOAD-a -BmW 

Po-Pd+(Ys-Vo)l, 
,V 

-22mW+(8- 4>zk 
Po-22+8-30mW 

PTOTAL - 30 + 8 - 38 mW 

'From ~ d'IW.a.Mtic.a 

The lMUS8 reqWes over twice the supply voftage Anet 
neatty to tim.s the suppty power of thelM3S81n VIi' a~ 
catiOn. 

INVERTING DC GAIN 
Connections and biasing 'or DC inverting gain are essential. 
Iy th. same as lor the AC coupled case. Nol •• of cour,.. 
ltIatN output cannot s~ negative when operated from a 
singl. positivi suppty. F~ 3 shOws the connections and 

s)gnll timitations. 

NOH-INVERTING OC GAIN 

The f'IO("toinvert1OO gain connectkM1 does not require the Va 
biasing as before; the inverting Input can be re!Urned to 
ground In me usual manner 'or gainS greater than unity, (see 
F'9U'- 4'). A tremendous advantage 0' the lM3S8 in thi, 
connection IS fhat input signal' and output may .xtMd all 
the way to ground; therefore DC .als In Ihe low·rniIIiYOn 
rang. can be handled.. Thl LM1458 SbIl requites that 
VIIi - 3-11V. Therefor. maximum gain is limited 10 Ay -
(Vo - 3)/3. or Av max - 5.4 for a 20V supply". 

Theta is no similar limitation for Ihe lM3S8. 
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An ....... 1Ing and ......... _ .... 1Ie 10 !hal Iw .... • _ LM358'" _Ole IOIisIacIotIIy In balonCod """"" <>e>-
1"0 temperatura ~nt This means that tnaIcNd ,. erabon 10 long as a load ;s maintain.cf rrom output to the 
slslanc. ~ not Mquirld at Ihe input. ~ omissiott of neg_live supply. 
one r.s.istOf' pat op amp from .... cWQJit In mo •• C8Sfl.. 

.,,,.J-'J'V()~ , I 

..",-r-v't •• ,..'" 

·tt'tO .. " , I .... C>-'Y'.'" , I 

T 
~ r ~ 

~ 
f\IttIJ.,.·t 

FIGuRE l. Typlc.' DC Coupted 1".,.rUng 0.11'1 

Y •• J411V~ 

·A._ -fOrAv- .. 1 

A.,~S.b2'OV~ 

..",-r-v'lI).l-I1'1 

TVI1rr.u-, 

V ..... -IUV~ 

·'U--fOrA..,-+1 

",,1'104 '""'tod 

FIGURE 4. Typlca' C: Coupl." Hon-Invertln~ Oaln 

A, 

A, 
Ctouo."{cil,IOI1Iot\)OCQQ" '10" "",4 ~ .. A" 

A, 

~v. 

A, 

Yo 

FIGURE 5. Spilt Supply Operation 0' lM3S1 

318 

TlIl1/ht.-1 

't.· ...... w 

~ 

rvw,., •.• 

VI)· t-tt IV 

Tt/lol,f.,t-, 

.. ~ :.flIt~r.~~,~: ';;"~t.~2 __ -.. .--.."""""_ .... _10 
- - __ .,,, --oImInaIing """""* - 0-__ INa load 
- be ___ ........... oxpectW _ IIIe nannal 

op _ - IIIe IIngIo """'" deoIgn lOok _ 01 INa 
normoIload _ .. ground, ...... AS ......... 
wunotlndudocl. _ground,., ......... _r ..... 
_ are used .. In ~ S. IIIe '*""" load ..... _ 
live """'" doportdI _ IIIe PHI< ~1Ive ....... IIgnoI .... _ad - nt-.g __ ......-. Rt.1O 
IIIe ~ ... _ be __ ...... onougIt_1IIe 

_ - -by A,. and Rl wit permit V.IO swing 
_live 10 IIIe _ad point ICCCrdInV 10 ......... 1Ion: 

v.-V" 
Rt.-R,~. 

• 
Rt. COUld ..... be .-nod 10 ... .....,..,.. """'" ...... IIIe 
Idvon.lltttl V ..... ____ rls+ -- 1.5V). 
Than ...... ±15V euppIoo Rl __ be 0.12 R,. TIIa 
dlNCtwantaoe would be that Ihe lM3S1 can ICUetl twIc •• t muctt.-- ... can sink. _._ RL .. _1Ive_ 
con be .................. '" Rt. 10.....,..,.. ouppIy. 

Th. nHd for ~ or IpIt suppty .. based on Iyslem r. 
quit.ment. whk::h may be other than op amp oriented. How. 
..... er if lhe onty need fOt balanced suppKe, ., 10 sImpfity the 
biasing of op amps, there are many systems which can find 
• cost ,rteehe, ~ n operadng LM358', from ling •• 
lUPPfies ratner Iha" standlld op amps from balanced lUI> 
plies. Of the usu.f op ampdtct.oits. TabJe If Jhows those few 
which have Iitr"Mted functiOn with lingle supply operation. 
Most are based on U\e premise that to operata 'rom I sIngfe 
suppty,. r.rerence YO at about one-hatr the suppty be 'Vatl­
.~ for bias or (zero) signa' r.terence. Th. basic circuits 
are those &Sleet In AN·20. 

TABLE n. Connn_ Op Amp CIrcuI1a 
Suitable I", SIngI. Supply ap.rallon 

Appllcallon 

AC CoupIOd amp* 
"-1Ing amp 

Hcn-Invor1ln9 amp 
UnI1y gain buller 
SurnrrtIng amp 
DiIIerottc:e amp 
ONf-.ntlator 
lntegralOr 
LP FIIot 
~V Cortnee!or 
PECoiAInp 
ISouou 
I sink 
voft Ael 
FWRecttflet 

Sine wave OK. 

Trfangle genet"11or 
Thr.,hofd detector 

Tricking. roovta'or PS 
Programmable PS 
Peak Delector 

:s..AN1Otor~~ 

1JmIto1ktn. 
Vo" 
Vo 
OK" 
OK 

Vo 
Vo 
Vo 
Vo 
Vo 
Vo 
OK 1.5 
10 ...... -­
OK AI 

OK 
Vo or modined cWcutt 
Vo 
Vo 
OK 
Not practical 
OK 
OKtoV1N-O 

"Vo dwIaI .. ~ tor. ref .. woe. ~ •. utoAlty It abouI ~ 
()I("...,. no ,".ere. 'IOII~ '.quIr'" 

>-
~ --'" 



CA3161E 
BCD-TO-SEVEN-SEGMENI..D£CODEIi/ORIVER 

F •• turn: 

• T Tt-eomlNl,bJe Inpul logIC ,.""$ 
• 2S-tnA f')"P I const.nt-clJ"e,,' 

519""'-'( outPuts 
• E/,m,,,,'.$ "'.0 '01 output current· 

"""""9 'eS-SlOtS 
• Pm COMpatlbl. wit" 0''''' If)(/UStry 

st,lId.td c:JfJCOderJ 
• lOw Slan<lOy DOW" QIUIp.lhon -

r8 mW(ryp.) 

PIN CONNECTION 

0< ~\<O" , ..... DY1, I.. r' • .. . 'I(: • w __ 

10( , DOl'''':' .::: .. -l.£ J ~,~,. 

0<. .. t" ........ 's ~ (i 

~~-~ q ,-, 
tt ..... _ .... 

·rf. -L. 

'j f ... ..,_t .. , 
,."n"c ... r_ 

JA3162 
-------VD-CONVERTER .. .FOB 3-LllG IT DISPLAY 

"lures: 'J fOU.I·slope AID com',f,slon 
• ItIuIIfpM.ed BCD dfsplay 

• ., .... Ju''' •. SI.b.le. .lntem., band'gap 
• __ ,rOIf.g. re/ertvtee "oj 

• CM~~.ble 01 reading 99 mV befow 
: : 1tound w"h smgle supply 

~{)'".rentl" ",put 
<llnt.,,,,1 (immg - no •• f.m,1 Clock 

.-equ"ed 

• ChOICe 01 Iow·sPHd '4·Hl"1 or ,."glt· 
speed t96-H'l"1 con ... tS'on f,ra 

• -H()Id~ mhibits C~f$1on txJt 
m,lntalns delay 

• O~",,"ga md,c.'ron - "EEE" lor 
,a.drng gre.t.,- th." + IJ99. mY . .••.. 
lor raMJing more rHtg."ve than 
-99 mV w"'en used with CA376rE 

8CD-to-Sev.n S~ment Oecotl.rI 
Dri.,., 

PIN CONNECTION 

0 ........ ' ,0 " ou· ... u 

o"~,, .. '0 ... lIHe,)_ Ci.'" .0. 
OV' ..... 'J 

''''" ... , .. Ff,#tCIOONII block (Jlegram at,,.. CA3"tE 

'" /"O"! '" 
~'o ""(~""~ 'U 

toOI.O' ...... " e .............. . 
T~ RCA.·CAJ161E IS • monohUuc .nll!'rO'a!eo CUCUlllt't.1 

~tO""1 f"'I. BCo.IO-!MY~·M'9I'1'1e ... t ~Ooc:!'no ':",n.cI'()I'I 
-an(! tNt",," eO"Stant-i;",,,en! Mg""l'f'I., ..... 'S w"""..,M(f 
w,tTI l"t C.t.3152E ...... 0 Convert.,' tne C"-l161 E pIO~oes. 
complete digit.1 ,..adout system with. milt.mum number of 
ext.r~1 parts 

MAXIMUM ~ATt""OI. AtuoJut •. M.I,,,.,,,,m V"~s 

DC SvPPt.Y 11'0\. T-.GE lbel ...... t.,mor,." 1 ."<1 10) 

INPuT VOl. TAGE Iter"',"aI., 2.8.1) 

OUTPUT VOll"GE 

OU,,,,-,,··O""- . 

Ou'Pu' ·0 .. • ,s.. 1\Ot. , I 

DEVICE DISSIPATION 

Up 10 To.;;: ·SS·C 

A~T.'"' ·~·C 

AM8101T TEloIP(RA lURE RANGJ: 

ODcr.tftlg 

, ... -
lEAO n ... ptRA lURE (DURING SOLDERING) 

AI G,.lane. I", :t 1/32 It\Ch II !Ii :: 0 " ...... ",om CaM '01' 10 MC<Md. INI. 

-7. 
*SS V 

.7. 
.,0 V 

.. IW 

. ~~.,. Itn.arty .f 105 mWI"C 

.Olo*1S"C 

-65to"'ISO-C 

... m-C 

NOli: 1: n"." the "".unum OUlQul .-011_;. tOf ."Y "1'\Q"output Tt..-outp'-'t .. ot~multbe'conSl.'."1 "Mthme ~._mumct.u'~I.(Il'I.fId 
oe •• tlt14J (ut".,.,~ ~I~'" conCh"on. E •• IIIM 41' HQ~t, .. 0f'I~ 100 .... (,,·t., c-,cte 

ELECTRICAL CHA.RACTERISTICS.t TA • 25·C 

CHARACTERISTIC LIMITS UNITS 
Min. TYD. Max. 

Suppty Voft. Opeutl1"l9 P:ange. v+ 4.5 5 5.5 V 

Supply Current. ,+ (.u ,nputt. ha,h1 - 3.5 8 mA 

OutPU' Curfef1t low (VO· 2 VI 18 2S 32 rnA -
OutPlolt Cutref1t H9' evO· S:SVI - - 250 "A 

1"PIIt Vo'l. Hith (logiC ·'I··Ievcf) 2 - - V 

Input Voh. low IlogIc ·'0" "'"" - - 0.8 V 

Input Cur'ent Hligh ftogtc "1·', 2V -30 - - .A 

It"lQUf Cu""" Low (I •• '0", OV - - - .A 

Pr~lton 0..", T.me tpHL - 2.6 -
'" tpLH - 1.' -

- - , -
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' .. 0 \.0- ........ . 

!Ioo? "fl' U-O AC\. 

'~ .... ·1 .. 

'he CA3162E is an J'L monolithIC AID converter that proYtdes a 3.digit muttiplelled BCD output. It is used Wilh the CAJ161E 
:CD·to.Seven.Segme-nT Decode, ·Driver- and a minimum of external partS to implement a cOft"lolele 3:digit display 

~ __ T(" 

_0'_' ._,,1:. .... 0"" _ .......... ,.(_. o .. ·~ 
~ ••. H"'. I_'oe_. 0"" 

.' 

~. 
,~ 

'unct'on.l bloc' cI .. g'.m 01 ,,.,. CAJI41E 

\l!AXIMUM RATINGS. AbsoIute·MaJ/irnum VillUI!S: 
,0<: SUPPL Y VOLT AGE lbetweefl terrniNIs 7 and 141 
;1iPuT VOt rAGE (tetrnfMf 10 Of If 10 ground! 
,DEvice DISSIPATION; 

,

. Up to TA '" ... 55°C. .. . 
Above TA '" -+55°C . 

""'BIEN! TEMPERATURE RANGE; 
{)perattng .... . 
Storage...... ....... .. .. . 

,l£A.O TEMPERATURE tOURING SOLDERINGI 
I At dislance 1116 :!: 1132 tnch 11.59 t 0.79 mml t,om case tor 10 seconds ma. , 
I 

·Il=:-

, 7 'V 
15 'V 

.7!>OmW 
defate linearly at 7.9mW/oC 

o to + 75°C 
-65 to .. 1SOOC 

, 265"C 

1A~ 



CA3162 
AID CONVERTER-FOa~3~12rGrT DISPLAY 

-. -_'0-.. "=-=r. 
_..n._ ... ,. 

i 
_rs.~ 

, 
I , . ~.aK 

",~1 
Q 

~ .. 
-""'-' ,".f"" 

1:.-
'~:1' 

....... -- ..... _. 

..... ""' ... .. 

1 ~ : iii 
I : ill i . 'I' 

;; i/:/' i 
.. -. 

-I ' 
::::::JI I. 

--'1 ., _. 

FIG_ 1- S.,fC' dog".' "'.cIOllf .yS/MI u,ing ,,.. CAJ'6.?E Mtd t'"' CA)'61E 

Circuit D~ription 
ihe f ... OCllOn,fl 01(-,;' c)'ol9,;Jm oilhe' CAJl62E I~ sho .... n In Foy 1 
The heart Of rt'I~ S~SIt'm os Iht- V I convert~ and reference 
tuuenl generalOt ":'r.e V.I Con~l"" Converts the.novt vOI'a~ 
.. ppl~ be't~" te·.....",.1s 10 "'''c: 11 10 a Cu"t'nl t!"-')I ch"'~ 
I~ .,.,r~.ftOnq CdQd<:1fOf" on 'et"~ 1? tOf a p'ec:k'f~m.ned' I~ 
"'tefl/OIl At the POd 01 Ihfo char9'"9 "·U~ ... "'. Iht!> V·, conve<lrr os 
drSConnected hom the "',egrattng C~I(OI'. and. baod'~p ret· 
e'er-., :onstal'11 (U"@onl SOUI'Cf' of oppos.t .. pcN"~y IS CC)fWlPC 
led T~ rtombl!'r of clock counts l~t elapse before the ch,)tge 
IS rKIOfed 10 IfS Dttgon¥ value IS " duect meMute of the SognII 
.nduc:ed CUl"~l The' rftforallon IS sensed by the comp.ar.cOf. 
wl'>tch or) IUfn ~tct->es The counter The CGUnt IS then mul"pl(owed 
10 rhe 8CD outOurs 

The- IIfntng IOf the CA3162E IS supphed by ill 786 HI ring OSC" 
1a10t'. at'ld the ,""ul al lefmtnal6 delefm.M$ Ihe' sampl,ng fau~ 
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;.. 5·V 11'0..,1 p10vldes a r .. gn-soeeo samO ..... '9 folie 196 Hz). r.>: 
9'uundmg 01 Hoalong lelm,na! 5 PfO~-I(Je'S a IC)w-sOHd t~ Hz 
samphng rate When term,naI 6 '50 I,.ed at • 1 2 V {by plac,f'19 i 

12 I( 'es'SI()O' betVIteen lefm.nal 6 and I~ • S V SUpplyl a "hOld 
'e.llu'e '50 ........ bIe \,IVh,le tne C;.3162E ,50 , .... 'he hold mode, sam 
pI.ng conhnue$ al 4 Hz but the drsplay dala are latched 10 tht 
I;"SI It'oIK1m9 prtOf 10 the apahcaltOn of the t 2 v Removal 01 tnt 

12 V restores COnlonuOUS dlsplav Changt!S Note. t\owever. t"" 
lhe samplor-g rale rema,ns al 4 Hz 

The "EEE" Of' .. d.splays 'nQ,cate that the lange of I"e systerl'" 
has ~ e_ceeded ,n the po5Ili ... e Of negallve d ... eclion, resptC1 
'liefy NegaTlvr lIottages 10 - 99 mIJ are displayed wiTh the ",,"Ui 

sogn If' the MSD. The BCD c~ rs 1010 'Of a negatie overrangt 
{- -\ and 1011 'or a posihve OIie"ange IEEEI 

TDA 1023 
PROPORTIONALCONTBQLTRJAC TRIGGERING CIRCUIT 

GENERAL DESCRIPTION 

The TDA T023 is a bipolar integrated circuit for controlling tri3C$ in the time proportional or burst 
firing mode. It permits Vf!ry precise temperatur control of h~tjng equipment and is especially suited 
for the controrof panel heaters. The circuit generates positive· going trigger pukes and complies with 
the regulations on radio interference and mains distortion . 

Special features are: 
.• adjustable proportional range width 

• adjustable hysteresis Table 2. Timing capacitor CT values . 
• adjustable trigger pulse width 
• adjustable firing burst repetition time 
• control range translation facility 
• failsafe operal10n 
• supplied from the mains. 
• provides supply for eX'{ernal temperature bridge 

I effective I marked a.c. 
~ d.c. \"alue specification 

~'~ r ;i-f ~ I 
1 33 '22 25: 
• 22 . 15 : 40 : 

I ~~ i 10 t 25 i 
~--.-l 6.8~ 

OUICK REFERENCE DATA 

Supply voltage (derived from mains voltage) Vee typ. 13,7 V 

Stabilized SUpply voltage 
for temperature bridge VZ' typ . 8 V 

Supply current (average value) 1161AVI typ. 10 rnA 

Trigger pulse width tw typ. 200 "s 
Firing burst repetition time at CT = 68 JJF Tb typ. 41 

OIJtput current -IOH 
. max . ISO rnA 

Operating ambient temperature range lamb -20 to + 75 0C 

Negative current is defined as conventional current flow out of a device. A negative output current 
is suited for positive triac triggering. 

Table 1, Adjustment of proportional range and hyste-resis. 
Combinations of resistor values giving hysteresis> % proportional range. 

proportional 
range 

rnV 

proportional minimum I maximum 
range hysteresis hysteresis 
resistor RS resistor R4 
kn rnV I kn 

1--- open 20 t--o~;:--

J !:t E 11 ~:~ I 
L-___ 0 100 1.8 I 

80 
160 
240 
320 
400 

i:' 



® MOTOROLA 

DESCRIPTION - The SN54LS174LS373 cons'SIS 01 ,ighl IUlches 
with 3·state outputs for bus organized system Dpplications. The flip­
flops appear transparem to the data (dora changes asynchronously} 
when Lalch Enable (LEI is HIGH. When LE is LOW, Ihe dala thai meels 
the setup times is latched. Data appears on tho bus when the Output 
Enable 10EI is LOW. When BE is HIGH Ihe bus OUlpUI is in Ihe high 
impedence state. 

The SN54LS/74~S374 is • high-speed, low-power OClal O-Iype Flip­
Flop featuring separate O·type inputs for each flip-flop and J·$tate 
outputs for bus oriented applications. A buffered Clock (CPI and Output 
Enable IDE I is common 10 all flip-Ilops. The SN54LS174LS374 is 
manufactured using advanced Low Power Schottky technology and is 
compatible with all Motorola TIL families 

• EIGHT LATCHES IN A SINGLE PACKAGE 
• 3-STATE OUTPUTS FOR BUS INTERFACING 
• HYSTERESIS ON LATCH ENABLE 
• EDGE-TRIGGERED D-TYPE INPUTS 
• BUFFERED POSITIVE EDGE-TRIGGERED CLOCK 
• HYSTEREGIS ON CLOCK INPUT TO IMPROVE NOISE MARGIN 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING INoie al 

00- 0 7 
LE 
CP 
DE 
00-07 

NOTES 

Data Inputs 
Larch [nabie (Active HIGH) Input 
ClOCk IAclivo HIGH going edgellopul 
OUlDU! Enable (Active LOV\-,) Input 
Outputs (Note b) 

•. 1 TIL Urti: load (U,L) = 40 JJA HIGH.' 1 6 rnA LOW 

lilGH LOW 

05 Ul 025 U.l. 
0.5 UL.I 0.2; U.L 
0.5 U.L

1 

025 UL 
0.5 U.l. 0.25 U L 

651251U LPS,75i U, 

b The QutputlOWdn ..... ,actor.$ 7 5 V_L. lor M,III')'''' lInd 2S V,L for Commer,:,alr74, 
Temperalure Ranges The OulPul HIGH dr,vc faclot.s 2S V I.. for M,hllf'y(54lln<J 6& L,; l 
lor CommerCIal 174J rempenuure R.n",os 

lS373 

On LE 

H H 

L H 

X X 

H =-HIGH Vollage LeV't1 
L:: lOW Voltage level 
X" Immaterial 
Z '"' Hlgt\ Impedence 

DE 

L 

L 

H 

TRUTH TABLE 

On 

H' 

L 
Z-

lS374 

Dn CP be i On 

H J L T H 

L J" L ! L 

X X H i z· 

FAST AND lS TTL DATA 
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SN54n4LS373 
SN,54n 4LS37 4 

OCTAL TRANSPARENT LATCH 
WITH 3·STATE OUTPUTS; 

OCTAL O·TYPE FlIp·FLOP 
WITH 3·STATE OUTPUT 

LOW POWER SCHOTTKY 

CONNeCTION DIAGRAM 
DIP ITOP VIEWI 

SN54LS174LS373 

6! vee 

00 0, 

00 0, 

0, 0, 

0, 0, 

0, 0, 

0, 0, 

0, 0, 

0, 0, 

ONO LI 

CONNECTION DIAGRAM 
DIP ITOP VIEW/ 

SN64lS174LS374 

00 0, 

DO 0, 

0, 0, 

0, 0, 

0, 

0, 

0, 

0, 

ONO 

J SuffiX - Cue 732·03 (Coramic) 
N Sutrix - elSo 138·03 (Plastic) 

,<OTE' 
The Flalpak vet. ion hlllhe ume 
plnout.!COnneCllon DIagram) as 
th, Oualln·Llnt P.ek.ge 

I 



SN54LS1741.SJ74 
00 0, 

GUARANTEED OP!:RAnNG RANGES 

SYMBOL PARAMETER 

Vee SUPP'y Vollage 

LOGIC DIAGRAMS 

Vee:;: Pin 20 
GND = Pin 10 o = Pin Numbers 

54 
74 

TA Operating Ambient Temperature Range 54 
74 

'OH Oulput Current - High 54 
74 -

'OL Output Current - Low 54 
I 74 

FAST AND LS TIL DATA 
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MIN TYP MAX UNIT 

4.5 5.0 6.6 V 
475 5.0 5.25 

-55 25 125 ·C 
0 25 70 

-1.0 mA 
-2.6 

12 rnA 
24 



SN54f74LS373 • SN54/74LS374 

DC CHARACTERISTlCS OVER OPERATING TEMPERATURE RANGE lunl.ss o,nerw .. e specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN 1YP MAX 

VIH Input HIGH Voltage 2.0 V 
Gu.rancH<! InpuC HIGH Voltage lor 
All Inputs 

54 0.7 Gu.noncH<! Inpuc LOW Vollago lor 
V,L Input L0W Voltage 

74 0.8 
V AlII"!'uts 

VIK Input Clamp Diode Voltage -065 -1.5 V Vee. MIN. liN • -18 mA 

54 2.4 34 V Vee" MIN. IOH .. MAX, VIN .. VIH 
VOH Ou,puc HIGH Vol,ago 

74 2.4 3.1 V or V,L per T ruch T ,blo 

54.74 025 0.4 V IOL "' 12 mA I Vee" Vee MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL" 24 mA I ;IN • VCL or VCH 
per TrU1h Table 

'OZH Output Off Currenl HIGH 20 jJA VCC • MAX. VOUT • 2.7 V 

IOZl Output Off Current LOW -20 "A Vee. MAX, Vour. 04 V 

20 I'A Vce" MAX. VIN" 2.7 V 
'IH Input HIGH Current 

0.1 mA Vee" MAX, VIN • 7.0 V 

IlL Input LOW Current -0.4 mA Vee" MAX. VIN .. 0.4 V 

lOS Short Circuil Current -30 -130 rnA Vee. MAX -
'ee Power Supply Current 40 rnA Vee = MAX -

AC CHA"ACTERISTlCS' TA = 25'C Vce = 5 0 V 

LIMITS 
SYMBOL PARAMETER 

LS373 lS374 
UNrTS TEST CONDITIONS 

I MIN 1YP MAX MIN 
I1YP 

I MAX 
I 

fMAX Maximum Clock Frequency 35 50 I Mtiz I 
'PLH Propagation Delay, Data 

I 
12 18 I 

'PHL 10OUIPU! 12 18 ! ns Cl .. 45 pF. -
'PlH Clock or Enable 

I 
20 30 1, 

I 
28 Rl = 667 n 

'PHl to Output 18 30 19 .8 ns 

tpZH 
-.........-

OutPUl Enable Time 
15 28 20 

I 
.8 

tpZl 25 36 21 28 
ns 

-
tPHZ 

Output Disable Time 
12 20 12 I 20 ns CL = 5.0 pF 

tpLZ 15 25 15 25 

ACSETUP REQUIREMENTS' TA - 2S'C Vee - SOV - -
, LIMITS 

SYMBOL PARAMETER 
LS373 LS374 

UNITS 

MIN MAX MIN MAX 

rw Clock Pulse Width 15 15 ns 

" 
Setup Time 5.0 20 ns -

th Hold Time 20 -0 OS -
DEFINITION OF TERMS: 
SETUP TIME {tsl - is defined as the minimum time required for the correct logic level to be present at tho logie inpvt prior to LE 
transitiOn f.-om HIGH·to-LOW in order to be recognized and transferred to the outputs 

HOLD TJME (thl- is defined as the minimum time following the lE transition from HIGH-to·LOW that the logiC level must be 
maintained althe input in order 10 ensure continued recognition 

FAST AND LS TTL DATA 
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SN54174LS373 

AC WAVEFORMS 

FI~. 1 

O£~'h' _ 13'1 

"'"-I~~v.OH 
VQUT--X13V R'3V 

o.v 

Fig. 2 FIg. 3 

AC LOAD CIRCUIT 

SWITCH POSITIONS 

~.oL SWI SW2 

IPZH Open CIOJ.,d 

IP" CIONd Op.n 

IPLZ CIOH~ , Clo .. d 

"'"Z Closed Cloud 

Fig. 4 

FAST AND V, TTL DATA 
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Fig. E 

Fig.7 

SWITCH POSITIONS 

SYMBOL. SlY! 

tpZH Op<o 

IPZI. Cloud 

'PeZ Cloud 

IPHZ Cloud 

SW' 

Cloud 

0",0 

CIOifod 

Cloud 

SN54174LS374 

AC WAVEFORMS 

TO OL'TPU' 
l.i"'OE~ TEST 

FAST AND LS TTL DATA 

AC LOAD CIRCUIT 

vee 

R, 

s 0 ~:-I 

Tel' 

1 
°II\CIu<)tt J'\l oVId PrOI)f C~IMCtI'f>C. 

Fiy.8 

• 



® MOTOROLA 

OESCRIPTION - TheTTLlMSI SN54~SI74~S75.ndSN54~SI74~S77 
8re latches used as temporary storage lor biliary in(orma(ion between 
proceS5ing units and jnput/output or Indicator unfts In/ormaffon present 
at a data (0) input is transferred to Ihe a output when the Enable is HIGH 
and the Q Output will follow Ihe data input as. long as the Enable remains 
HIGH. When the Enable goes 'LOW, the Information ('hal was present at 
the data input at the time the tranSItion occurred} 1$ 1I~lamrcJ ~t Ihe 0 
output until the Enable is permitted to go HIGH. 

The SN54LS/74!.S75 feawres complementary a and 0 output from a 
4·bit latcl"l and is a ... allable in the 16,pln packages For higher component 
density applicarions the SN54LS/74lS77 4·b/t la:ch IS available in lhe 
14·pin package with Q outputs omdted 

LOAOING INol •• ) 

~IN NAMES 

NOles 

O.la If1lUIS 
Enable InpuIlBIc:I>es 0, 1 
Enable ~ u~ 2, 3 
~alch 0uIpvts (Note b) 
Complimen1ary lalch Ovtpvts (NolO b) 

, Untl LOoW (U L) = 40 IJA MICH 

HIGH 

0.5 U.l. 
2.0 U.~. 
2.0 U.~. 
10 U.l. 
10 U.l. 

LOW 

025 U.l. 
1.0 U.l-
1.0 U.L. 
5(2.5) U.l. 
5(2.5) lJ.l. 

TI'I. Outout L.OW or,.... laacw rS 2 5 U L lor MoI,lary (S41.1nd S U L lOt Comrn.1cl.' (74) 
T.m~"'lur. Range'S 

TRlITH TABLE 
IE"", 10\1;11) 

I" 1"., 
0 0 
H H 
l l 

~OTES 

In ::: 0'1 lime belOtt ttn.etMe 
negallve-9otni tr.nSII,JOn 
tn "1 = bit lime ,fler .nat)l:e 
negative -goIng tranSitIOn 

CONNECTION OIAGRAMS 
OIP ITCP VIEW) 

J Suffix - Case 62~09 
(CAt_mie) 

N Suffix - c.s. 648.08 
IPlO$t><I 

J SuffiX - Case 632-08 
(Cer,mic) 

N Suffix - Case 646-06 
[Platl1cl 

FAST AND LS TIL DATA 
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·SN54n 4LS75 
SN54n4LS77 

" 

4·81T 0 LATCH 

LOW POWER SCHOTTKY 

'J 

lOGIC SYMBOLS 

SNS4LSi7'LS7S 

I~, 

"ll 

I 
III I 11 'e 1(,1 11 , • 

Vee. PIn 5 
CiNO. P,n 12 

SNS.lsn'tSn 

Vee;;; Pin" 
ONO 11: Pin 11 
NC :II;! Pm 7.10 

, 



DC CHARACTERISTICS OV1:R OPERAnNG TEMPERAT\JRE RANGE {UnIH' •• he<w,.o spec,liod, 

SYMBO. PARAMETER 
UMITS 

UNITS rEST CONDlnONS 
MIN TYP MAX 

V,H Input HIGH Vol1ag. 20 V Guar'nI"" Inpul HIGH VOII.ve for 
Allinpult 

I 54 0.7 Guarar,,"" Input LOW Vo/love for 
V,. Input lOW Voltage I 74 0.8 

V Allinpull 

V,K Inpul Clamp Oi~ VoU.ge -<>~5 -1.5 V VCC a MIN. liN • -18 mA 

VOH Output HIGH Voltage 54 2.5 35 V VCC • MIN. IOH • MAX. V,N .. V,H 

74 27 35 V or VI. per Trulh Tobl. 

VO. OutPl.,lt LOW Voltage :>4.74 025 0.4 V 10 ... 4.0 mA I Vee· Vee MIN. 

74 0.35 0.5 V 10 ... 8.0 mA I VIN .. V'l or V,H 
per Tru.h T.ble 

Dlnpul 20 ,.A lice; MAX. VIN .. 2. 7 V 

"H Input HIGH Current E lopUi SO 

o Input 0.1 mA VCC .. MAX. V,N .. 7.0 V 
E Input 0.4 

I,. Input LOW Current o Input -0.4 mA VCC .. MAX. VIN .. 0.4 V 
E InpUi -1.6 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 12 rnA VCC = MAX 

AC CHARACTERISTICS; TA = 25°C VCC = 50 V 

SYMBO. PARAMETER 
UMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

'PLH 
Propagation OeliN. 0.,.10 a • 5 27 

'PH. 
ns 

9.0 17 

IPLH 
Propaga1ion Delay. Data to a 12 20 

lPHl ns 
VCC = 50 II 70 15 

!PlH 15 27 
C.=15pF 

tPHL 
PropagatIon Delay. Enable 10 0 ns 

14 25 

IPLH 
Propagation Delay, Enable to a . 1~ 30 

tPHl 70 
ns 

15 ._---

FAST AND LS TTL DATA 
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C"''''AnAI AA..1A ,. 
I 

SN54174LS77 

PC CHARACTERISTlCS OV!:R OPERATING TEMPEllAllJRE RANGE {un'o .. olherw,s. specifiedl 

SYMBOL PARAMETER 
MIN 

LlM'TS 
TYP MAX 

UNITS reST CONomONS 

V,H Input HIGH Voltage 2.0 V GUlr,nlHd h·,~·ut HIGH Volt.ge IOf 
All InpulO 

54 0.7 Guoranteod.lnput LOW VO'tago 'or 
V'L Input LOW Voltage 

08 
V AU Inputl 74 

V,K Input Clamp Oiode Voltage -065 -1.5 V Vee = MIN. "N Z -18 mA 

VOH Output HIGH Vottage 
54 2.5 3.5 V Vee" MIN. IOH - MAX. Y,N a V,H 

. 74 2.7 3.5 V '" V,L per Truth Tobie 

VOL Output LOW Votta;e 54.74 025 0.4 V 'OL 8 4.0 mA I Vee. Vee M.N. 

74 035 05 V IOL .. 8.0 mA I Y,N .. V,L or V,H 
pet Truth Tabl, 

. o Input 20· ~A Vee" MAX. Y,N '" 2.7V 

'IH Input HIGH Current E Input SO\ 

o Input 01 mA Vee" MAX. Y,N '" 7.0 v 
E Input 0.4 

I.L Input LOW Current o Input -0.4 mA Vee" MAX. Y,N '" 0.4 V 
E Input -1.6 

lOS Short Circui1: Current -20 -100 mA Vee" MAX 

ICC Power Suppty Current 13 mA Vee" MAX 

AC CHARACTERISllCS: TA - 2s'e Vee = So V - - -
SYMBOL PARAMETER 

LlMrTS 
UNITS TEST CONomONS 

M.N TYP MAX 

'PLH 
Propagation Oelay, Data to a 11 19 

'PHL 
n, 

Vee" SOV 9.0 17 

'PLH 10 18 
eLclSpf 

Propagation Delay. Enable to a ns 
'PHL 10 18 

FAST AND LS TIL DATA 
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SN54/74LS75 • SN54/74LS77 

LOGIC OIAGRAM 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMffiR MIN TYP MAX 
vec SUPi>ty Voltage 54 4.5 5.0 5.5 

74 4.75 5.0 5.2S 

TA OperBting Ambient Temperafure Range 54 -55 25 125 
74 0 25 70 

'OH Output Current - High 54.74 -0.4 

10l Outpu1 Current - Low 54 4.0 
74 8.0 

AC SETUP REQUIREMENTS: TA = 25°C Vee - 50 V -
SYMBOL 

rw 
'. 
'h 

. 
?ARAMffiR 

LIMITS 
UNITS TEST CONOmOI;S 

MIN TY? MAX 

En~ble Pulse Width H'gt'l 20 ns 

Serup Time 20 n$ Vce = 50V 
Hold Time 0 n. 

AC WAllE FORMS 

o 

ii 

DEFINITION OF TERMS: 

SETUP TIME {I$.' - is defined as the minImum time requIred for the correttlogie lev.1 to be 
present at the logic '"put prior 10 the clock transition from HIGH.to·LOW in order 10 be 
recognized and transferred I? the outputs. 

HOLD TIME (th) - is defined as the minimum time following the ClOCk transition from 
HIGH·to·LOW that the logic level muSl be maintained at the input in order to ensure 
:onlinued r~ognition. A negative HOLD nME indicates thai the correct logic level may be 
rel9ased prior 10 Ihe clOCk transition from HIGH -to-LOW and still be recog"iled. 

FAST AND LS HL DATA 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS47 a,. Low Power Schottky BCD 
10 ?Segment Decoder/Drivers consisting of NAND 9a1es. input buffers 

end seven AND·OR.INVERT gll.s. They oH'" active LOW. h'gh "nk 
current outputs for dr/\'ing indicator'$ dire-CIty. Seven NAND gates and 
one driver are connected in pairs 10 make BCD data and its complement 
available to the seven de<:oding AND·OR·INVERT gates, The remaining 
NAND gate and three input buffers provide lamp test blanking input/ 
'Inple·blanking output and ripple· blanking input. 

The circuits accept 4·bil bina'l'-coded-decimal ISCO) and, depending on 
the state of the 8u.;illary inputs. decodes this data to drive a 7-segment 
display Indicator. The relative po$jli"e·I~'c output levels, as well as 
conditions requ',red althe auxiliary inputs. are shown in Ihe truth tables. 
Output configurations of the SN54LS/74LS4 7 are designed towithstand 
the re(atrvely high voltages reQuired for 7·segment indicators. 

These outputs will withstand 15 V with a maximum reverse current of 
250 J,JA. Indicator segments requiting up to 24 mA of currert may be 
driven directly from the SN74LS47 high performance output lrDnsistors. 
Display patterns for BCD input counts above nine are unique symbols to 
authenticate input conditions. 

The SN54LS/74LS47 incorporales automatic leading and/or trailing· 
edge zero·blanlong control (RSI and RBO). Lamp test (Ln may be 
performed at any time which the SI/RBO r.ode is a H!GH level. This 
deVIce also contains an overriding blanking input (BI) which can be used 
to <;ontrol the lamp intensity or to inhibit the outputs. 

• LAMP INTENSITY MODULATION CAPABIUTY 
• OPEN COLLECTOR OUTPUTS 
• LAMP TEST PROVISION 
• LEADING/TRAILING ZERO SUPPRESSION 
• INPUT CLAMP DIDOES LIMIT HIGH·SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING I Nolo a) 

A. B. C. 0 
~ 
IT 
8iiABO 

•. to 9 

Not •• 

BCD Inputs 
Ripple Blanking Input 
Lamp T osl Input 
Blanking Input or 
Ripple Blan~ing Output 
Outputs . 

• ) 1 Un!! LOIQ (V,L l • 4O,.A HIGH. 1 6 rnA I.OW 
b) OU'put curr.nt m. .. urOV II VOVT ~ 0.$ V 

HIGH LOW 

0.5 U.L. 
0.5 U L 
0.5 U L. 
0.5 UL. 
1.2 U L. 

Ovcn·Collecl0r 

0.25 U.L. 
0.25 U.L. 
025 U.L. 
0.75 U.L. 
20 UL. 
1511SIUL. 

Ou,put LOW d"", 'Kla"1 7.S U.L. Ie' t,A",llry l5-4l find l!l U L 10' Comm,rClll/741 
r,mp.t",vr, RllnQn. 

FAST AND LS TTL DATA 
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SN54n4LS47 

BCD TO 7-SEGMENT 
DECODER/DRIVER 
LOW POWER SCHOTTKY 

LOGIC: SYII80L 

131211101\1144 

Vee. PM f' 
GNO • PIn • 

CONNECTION OIAGRAII 
DIP [TOP VIEW) 

'f 

" 
Of 

" 
" 
" • ' . 

"NO • 

J Suffix - CISO 620-09 (C.r.mic) 
N Sutfi~ '7' el.e 648·08 fPhl$licl 



SN54n4LS47 

LOGIC 04AGRAII 

r+:=~" ~~~~5=~~~~~'~ 
~ 

OUTPUT 

NUMERICAl. DESICNA nONS - RESULTANT OIVLAVS 

TRUTH TABU 

r--- .fltPVTS ~ r---OVTI'IJTS ~ 

OfCI".l 

• i 4 

; 1 i 00 " iii 0 c I"Iil> ; ; • i .,'" 
"J...c-rIOIlf 

, 
" H , , , J , 

" 
J , , , , , , · . ~- , 

" 
, , , , I H · · , , · · · H • , H , l l " 

, 
" 

, , • l l • , , · , l l .1. · , , , , · " , 
• " · , 

" 
, , · · , , H · , , 

• H • , H , H H , J H , , , H , , 
• H • , H · , H H H , , , , l , · • l · · . · , , , H H • · • · , · , l , · , , l l , l l 

• · • " l l J • · l l l · · , l 

" · • H , · l H H H · l l " l 

II H , H , H H H H H l l H H l 

" 
H • H H l l H · l H · H , l 

" · , 
" " l " " l H H l H l l 

" H , H · " l H · . H l , l l 

" · • • · '. " H · H " · H " H 

, • » • • • • , · . · · · · • ,-, ... H l l l l l l H H H · H H H C 

Lf l • • • • , H , l l l l , l • 
H • HIGH Voll.o- I. ... ' 
L • L.OW VOII.~ L .... II 
X • ,mmal.'I.t 

NOTES: 

IA} fi'7Jfi'a I. wl,.ANO Iqpc ..,..,," ... b.,"I1:'"" '"ltV I (III .rt4/o' t'POt .. bfanal:ln, 01.1 .... 1031. 
'noI. ""anklne eNt (II) m",,, be open" n .... t. HIGH ~.I wh.", Oo.I~t ""netlone O~..., ... 11 
Irt ,,"'rlld, and rlppl .. lbl''''''n. In,.,11 IRaIl Mvll WoP,'" 0' II • HIGH..,,,,, ""'1I'n. of. 
o.clmalO h not ,,"I, ... X" ,,..,,,,1 may 0. HIOH QI' I.OW. 

IB) When, LOW I ..... II ..,pH,d to "'" bl."tk\f WI.,,,, lfO'e.d conditiOfl) ,,' ~nt ovtp\,I" eo to 

• LOW lev .. , ... rd" .. of th' nan of any."' .. Inp..,1 COf'HilttIOn. -

Ie) Mol .... ,"".D,enld". In..." ,m, .Itd Iftikitl A, .0 C. '''4 D Ir. It LOW ....... ...,,_ "'. 'an"!lt 
IiWt Input at HIGH ,.,. • ." ....,.", OVfp.ltl eo to. MIGH I ....... M "'_ ,6ppI •• ~","tI 0..,""" 

1"80110" to I LOW' ...... (, ... on.e ~o"ct:it'onJ. 
to) Mot"", th. I:Iole""''''' i~V""'.bl."III,... ..,.." II'T7'7fIOI h 00_ 0' " .... ~ e HIGH ...... .aI'IIfI 

• ""OW ..... I. aoPUN 10 I.mp .. 1 'nPloll, ell M9~t 0<.I1JNtI to to. ,-OW"',,. 

FAST AND LS TIL DATA 
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SN54i74LS47 

GUARANTEEO OPIORATING RANGES 

SYMBOL PARAMETER MIN TVP MAX UNIT 

Vee Supply. Voltage 54 45 60 55 V 
74 4.75 ~O 525 

TA Operaring A.mbient Temperature Range 54 -55 26 125 'c 
74 0 25 70 

'OH Output Current - High BI/RBO 54.74 -50 ~A -
'OL Ovtpul Current - Low BIIRBO 54 1.6 mA 

--- , - BI/RBO 74 3.2 

Va lott! Oft,Slste Output Voltage a to 9 54.74 15 V 

'0 (on) On-State Output Current a to g 54 12 mA 
ito 9 74 24 

oe CHARACTERISTICS OVER OPIORATING TEMPIORATlJRE RANGE (Unl ... othorw,se opec,hodl 

SYMBOL PARAMETER 
LIMITS 

UNITS reST CONDITIONS 
MIN TVP MAX 

V'H Input HIGH Voltage 20 V Guarenteed Input HIGH Threshold 
Voltage for All Inputs 

V'L Input LOW Voltage I 54 07 V 
Guer.nteod Input LOW ThreShold 

74 08 Vol1age for AHlnputs 

V,K Input Clamp Diode Voltage -0.65 -1.5 V Vee" MIN. 'iN" -18 mA 

VOH' Output HIGH Voltage. Bi7R8ci 24 42 V Vee = MIN. IOH" -50 IJA. 
VIN:: V, Nor V,l per Truth Table 

OUfpullOW Voltage 
"'-

'Ol • 1.6 rnA I VCC .. MIN. V,N ~ VIN 
VOL }&.74 025 04 V 

BI/RBO 
---1----

IOL· 3.2 MA I or V,L per Truth Tabl. 74 035 05 V 

'Oloff) 
O~·Slale Ovtput Current , 250 ~A 

Vee a MAX. VIN .. Y'N or 
B thru 9 I VIL per Truth Table. Vo loff) .. 15 V 

On- Stale Output Voltage L54.74 025 04 V tQionL= 12 mAjVee= MAX. V,N: VIH 
Va (on) a Ihru 9 I 74 _--L.. __ 035 . 0.5 V 100on) = 24 MAl or V'L per Truth Tabl. -

I 20 ~A Vee" MAX. VIN " 2.7 V 
"H i 

Input HIGH Current 
I 01 rnA Vee = M~)(. VIN = 70V --------, --- ---

II i Inpu\ lOW Curren! 81/R.!30 -1.2 
mA Vee" MAX. Y,N " 04 V L . Any lnpul except Sl/RBf) -04 - I 'OS ~'_ RBO Output Shon Circuli Curt~nl f--=-~ -20 mA Vee = MAX:.YOUT " 0 V 

I 
._-

Ie:: __ ._ Power Supply Current 70 13 rnA Vee" MAX 

AC CHARACTE ~ISTICS' T A = 25°C 

SYMBOL I PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
I MIN TYP MAX 

IPHl 

I 
Propagation Deiay. Address 100 nS 

IPLH Input 10 Segmem Outpt.lt 100 nS Yce ~ SOV 

lPHL I Propagation Del\tY. RBI Input 100 ns Cl.: 15 pF 
'PLH To Segment Oulput I 100 oS 

Ae WAVEFORMS 

F 
,~ , r,t ~ 

FAST AND LS TTL DATA 
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@ MOTOROLA 

OESCRIPnON - The SN54LS174LS85 IS a 4·611 Magno1ude Compar· 
alor which compares two 4·bit \Vords lA, at each word havmg four 
Parallellnpuls {AO·A3. 60-B3); P.J. 83 btung the most Significant inputs. 
Operation is not restricted 10 binary codes. the device Will work with any 
monotonic code. Three Outputs are Pi ovided: "A groater than Q" lOA> 
61. "A less Ihan e" (OA < el. "A equal 10 e" (OA = el. Three Expand.r 
Inputs,lA > B,IA < B. IA;:: B. allO'NCiscoding without external gates. For 
proper compar., operation, the Expandor Inputs 10 the le.st sig.nificanl 

pos;l;on musl be conneClod a. folio ..... : fA < e = IA > e = L. IA = e" H. 
For serial (ripple)expansion. theOA > 6. (JA < Band OA:: B Outputs are 
connected respectively 10 the IA > B IA < B. and IA = B inputs of the next 
mOSt significant comparator, as shown in Figure 1. Refer 10 Applications 
section of data sheet for high speed method of comparing Ilrge words. 

The Truth Table On the following page describe$. the operation of the 
SN54LS/74LS85 under all possible logic conditions, The upper 1 1 linel 
describe the normal operation under all conditions that will occur in a 
single d8'Vice or in a series expansion scheme. The lower f;"8 Hnes 
describe the operation under abnormal conditions on the C8$C8ding 
inputs. These conditions occur when the parallel expansion technique is 
used. 

• V.SI~ Y EXPAHD"BL£ 
• IIIH"RY OR BCD COMPARISON 
• O. >8.0.<8. AND O •• 8 OUTPUTS AVAILABLE 

PIN NAMES 
~.A,. e.·e, 
I" • B 
1 ... <8. I ... >B 

0 ... >8 
0 ... < 8 

0 .... B -

Parallel Inputs 
A - B Expander InpulS 
A < B. A > 8, Expander Inputs 

" Gr •• lor Than B OUtpUI (NOI. b) 
e Grealer Than A Output (Nole bl 

A Equal 10 e Oulput (Nole bl 

L 1 IT\. IJniI L.oId (U.~.) .. 4(l ,...a. HIGI'VI 6 "'" lOW 

LOADING (NOli a) 

HIGH LOW 

1.5 U.L. 
1.5 U.L. 
05 U.L. 
10 U.L. 
10 U.L. 
10 UL. 

0.75 U.L. 
0.7.5 U.L. 
0.25 U.L. 
5 (Ul U.L. 
5 (2.5) UL: 
5 (2.51 U.L. 

b. Th. OvtPUt 1..OW Qri.,., I.c1Of .. 2.5 U.1.. 101" Mllot.ry 1~1 ww:15 u 1.. 101" Cotrun.rCllt (]4) 

T~.t\lr. R.o~ 

FAST AND LS TTL DATA 
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SN54n4LS85 

4·61T MAGNITUDE 
COMPARATOR 

~OW POWER SCHOnKY 

LOGIC IYM80~ 

Vee. Pin 16 
GND- Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEWI 

.. 

. , 

., 

., 

., 

J Suffil( - Caso 620·09 (Ceramic) 
N SuHix - Cue 648·08 (Plastic) 

NOTE: 
Th. FI.1pH wrlion hll Ih. leme 
plnoull (Connec'llon Oiegrlm) .. 
th. Ou.lln·une PaC:keg. 



SN54n4LS85 

TRUTH TABLI 

COMPARING INPUTS 
CASCAO'NO 

Ol.'TPUTS 
INPVTS 

A.J.IJ 04,.8, A,.8, 40."0 IA>8 'A<, I .. _a 0A.>_ 0,,<8 0 .... 

A3>83 X X X X • X • H L L . 

"'3<93 X X X X ~ X L H L 

A)-SJ .6.]>82 X X X X X H L L 

A3"'8) ·2<82 X X X X X L H L 

A)·e, "'1- 81 ,A,,>8, X X X X H L L 

AJ"eJ A,2"'82 .. ,,<8, X X X X L H L 

A)·S) ·1"'82 A,,-S, A~'80 X X X H L L 

AJ"BJ .2-°2 A,-O, "0<80 X X X L H L 

AJ;SJ "'1- 82 A ,-s, AO·SO H L L H L L 

AJ·OJ 1..1- 8 2 A,-8, AO-SO L H L L H L 

AJ"8] A';-82 A ,-e I AO·SO X X H L L H 

A)·OJ A2·0;j' A,,,a, "0- 80 H . H L L L L 

A)-B) .2- 82 A,'"8, AO"OO I L L L~ H L 

~ .. MIC:;~ L ..... I 

'- .. ,-ow L,. .... ' 

X .. I .... MATEAI ... L 

GUAAANTIEO OPfRATING RANGES ., 
SYMBOL PARAMETER ! M'" TYP MAX UNIT 

Vee Svppty Voltage 
, 

54 45 50 55 V 
! 74 4.75 5.0 525 ---
! TA Operallr.g Ambient TemperalUro Rang!! 54 -55 25 125 'C , 

74 0 25 70 I -
IOH Output Currenl -'H'Qf'I I 54.74 -04 ",A 

'OL Output Current - Low 

I 
54 40 mA 

I 74 BO 

FAST AND LS TTL DATA 
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r... r..OW I.w,1 
1-1. MIGH I.ly,t 

Fi,> J. COMPARING TWO ,..81T WOROS 

APPLICATIONS 

0' .. , 
A.' 

F iQvr. :1 ,hows • tugh SPe9<l methOd of comp.ar''''1jI ' ..... 0 ,Cob'l I'WOI'ch with on'v TWO I~.I. Of o.vlet dll .... With the tnhniQ4,tf H'iown ,n Flew" 1, 
$1& , .... ,1. 01 d~u;. d.I_V '''\lIt wh'n comp.nng l'1'W"O 24·bit word., Th. ~r.U"l.ch",Q"" un be up,".ct.d 10'n,;, number Of bit ..... T~. I. 

WORD LENGTH 

1-4 Bin 

5-2. Bin 

2$-120 Bin 

T ABLE I 

NUM8ER OF PKG$, 

1 

7·6 

8·31 

-'" 

,_ '.:: ., ., .J '0 I, '10:1.,1----
\_ ' .. , " o .... ~ 
.- ••.• o"'~ 

"OIl 
lhto $ .. ~L.SI7.l..S'1 c,o! &lot w.cJ •• ,I'"'' 1XII"~'l,Ior O"tto 
-"-,, ,"" 0\ItPIII .... """ .. *~ ,"- Ag .... , .nd 
10") ,"putt fill 'noI:~ Sf!fMLIn4LS1I •• ,how" 
an '-"oP' 2 ,11""'_, _I. t. 3 .• "C\!" 

.... ' 
"1'Q~,·,,·u·",""·n·n 
liillill 

''i'i''ri''ri''i''i' "" "'1' "r 'i' 'tt 'i f'i' 
.... _ ... :: ., "I 

',--.. , 
1-· ... , 

., 

1 

',,­,,,-
,-

J J 

I .. ~ ., ", ~ .. ' "o:!. ~ 
..... '" 0",. r---
'I', 0"., r.-'< 

1 
", ") I, I, '1 I, 

0 •• -} 

L..-________________________ -J • ~ ., 
. •• 0 •• , - 0\,1,,,,,1$ 

(1 •• ,-I ,-=================:j .-. l-- ' •. , 

""59 ..... 0" S'9,,,,,,.,·.,1 8,. 
L58 • L .... l S.gn.f,c-.nl a'1 

• LOW L ... .. 
1-4 • MICM L .... , 

NC • No Conn«IoO" 

F'9.2. COMPARISON OF TWO 24-81T WORDS 

FAST AND LS TTL DATA 
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1 
I SN54n4lS85 

DC CHAAAcnRI5nCS OVER OP£RATINO 'l<MP£RATURE RANGE lunl ... Olherw.s. spocHiodl 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input H1GH Voltage 2.0 V Gu.ronl .... Input HIGH Vollage for 
All Inputs 

I 54 0.7 Guar.nteed Input LOW Voltage lor 
Vll Input LOW Voltage I 08 

V AJllnputi 74 --
VIK' Input Clamp Olode VoUlge -0.65 -1.5 V Vee" MIN. liN ,. -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V Vee" MIN. 10M" MAX. VIN ~ VIH 

74 2.7 35 V or VIL per Truth Table --
VOL Output LOW Voltage 54.74 0.25 0.4 V 10l "40 rnA Vee" Vee MIN. 

74 035 C.5 V fOl" 80rnA VIN • VIL or VIH 
per Truth Table 

Input HIGH Current 

A<B.A>B 20 
"A Vee" MAX. VIN " 2.7 V 

IIH Other Input's 60 

A<B.A>B 0.1 
mA Vee" MAX. VIN " 7.0 V ether Inputs 03 -

Input LOW Current . 
I'l A<B.A>B -0.4 Vee" MAX. VIN = O.~ V 

Other InpulS -12 rnA 

lOS Output Short CirCUit Current -20 -ICC I rnA Vee" MAX 
lee Power Supply Current 20 I rnA Vee" MAX 

AC CHAAAcnRI5nCS; TA - 25'e Vee - 50 V - - . 
UNITS I SYMBOL PARAMET<R 

LJMITS 
MIN m+; . - -

IPLH Any A or B 10 A < B, A "> 8 24 36 
IPHl 20 30: ns 

tpLH Any A or 8 10 A ~ B 27 45 r-:-1 
tPHL 23 45 1 ns • IPlH A < B or A = B 10 A > B 14 22 I 

tPHL 11 17 t~-tpl,.H A=BIOA=B 13 20 
IPHl 13 26 

ns 

IrLH A > B or A = B 10 A < B 14 

I 
22 

IPHl II 17 
ns ~----

Ae WAVEFORMS 

"" J 1 '" t 1 ]V 

"OU' ~ ""L~\..l_,_" ___ :-_'_'L~H F 
Fig. 3 Fig. 4 

FAST AND LS TTL DATA 
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@ MOTOROLA SN54n4LS90 
SN54n4LS92 
SN54n4LS93 DESCRIPTION - The SN54LSI7<\LS~0. SN54LS174LS92 and 

SN54LS/74LS93 are high-speed 4.blt ripple tYP4? counters partitioned 
into two sections. Each counter has a dlvide·by·t'NO section and either a 
divide·by·f,ve (LS90). divide-by·six (LS92) or divlde·by·elght (LS93) 
section which are {riggerd by a HIGH·lo-LOW (ranSlfion on tne eCoct 

,nputS, Esl,;:' section can be used separately or lied together (0 10 05) 10 

form BCD. bi·ouinary, modulo· 12. ", modulo·16 counters. All of the 
counters have a 2.input gated Master Re:",et (Clear), and the LS90 also 
has a 2·input gated Master Sel (Preset 9) 

DECADE COUNTER: l 
DIVIDE-BY-TWELVE. COUNTE R: 

4-BIT BINARY COUNTER 

J SuHi:.: - Case 632·08. (CeramiC) 

N .?uH,. - Case 646-06 (PIHIIC) 

• LOW POWER CONSUMPTION ... TYPICALLY 45 mW 
• HIGH COUNT RATES ... TYPICALLY 42 MHz 
• CHOICE OF COUNTING MODES. BCD. BI·OUINARY. 

OIVIDE-BY-TWELVE. BINARY 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

l. 

PIN NAMES LOADING INote '1 

HIGH I LOW 

CPo crock (Ac:1lve LOW going ed~J Inpvt to 0.5 UL. 1.5 U.L. 
~2 $ectlon 

CP, Clock (Active LOW 9Oit'l9 edgt) InJ)\Jt 10 05 U.l. 20 U L. 
+5 ::;eetlon ILS901..;.6 $ecTlon (LS92) 

CP I Clock IAC1i"e LOW 9<:11"9 edge) Input to 05 U L. 1.0 U L 
"8 SeCt;on 1 LS931 

MR I . MR2 M,uter Reset (Cledr) Inp~iu OS U L. o 7S U L 

MS,. MS2 Master Set (Presec·g. LS90) InpuU 0.5 U.L 015 U L. 

00 Output from +2 Section (NOtP.l b & cJ 10 U L. 511.51 U L 

° 1.°2. OJ Output> hom "5 ILS90J. <-6ILSnl. 10 U.L. 512.51 U L 
+8 (LS9')) Section$ fNo:e bl 

NoleJ .. 
•. 1 fTl Unit Loed {U.LI = 40 IJA HJG~Vl 6 mA LOW 

I 
i. , 
: 

I 
lOW POWER SCHOTT~Y I 

I 
_______ .. _ ._1 

)) '2 t • \I 

Vee· P,n 5 
CNC • P." 10 

NC • PI"' •. IJ 

I 
I 
1
----------------LS92 

I 

I 
" 

I 1(11 ~ 12 11 , • 

VC.(, • p," ~ 
GNe. p," ,I) 

"Ie • I',,,, 1, 3. ". I J 

l593 

b. Th. Outpvt LOW dfivel • .:1or is 2.5 U L. for Milot.,.,.. (54) Ind S U l.- for tom"""""'" (7.)T~,\.I'" FI.,.ges I~ 
e. T~ 00 OvtthJlS .r. guaranteed to dr .... r~ lull f,n·out pluS !he CP, II"pvI: 01 'N~. 
rj To Insur. j)f'oper o~rlti()l"\ the rise (t,1 ,nClI.n Ii""" (If I 01 thl cloeJl. ml,lSl be leU rr .. " 100,.... 

FAST AND LS TTL DATA 
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Vee· Pin 5 
eND· Pin 10 

NC· ""'''.6. 7,13 

I 



LOGIC DIAGRA:I! 

LOGIC DIAGRAM 

LOGIC DIAGRAM 

, 

SN54/74LS90 • SN54I74LS92 • SN54174L~~.1 

LS90 

0, 

LS92 

LS9J 

o . Pltl Nvmben 

Vee·PinS 

ONC· Pin 10 

o . PIn Numbttf\ 

Vee·PinS 

GNO • PIn \0 

o'O PlnN\,j~' 
VCC ·P,n5 

GNO· Pm 10 

FAST AND LS m DATA 
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CONNECTION DIAGRAM 
011> ITOP VI eW) 

Ne • No Intltn,l Conn,clion 

NO'tE: 
TM FII1p.M. ",.Ion h .. 'h' Mm. 
pinoutllConn..:tion Oi'Qf.mlll 
m. OUllln·Unt Ptell.,.. 

CONNEcnON DIAGRAM 
DIP ITOP VIEW) 

" 

Ne • ND Intetn,l Conntc1l0n 

NOTl' 
Th. f Itlp. \1r'lon he. Iht wm. 
pmo",', lConnKtion O,aVft",1 U 
the Ov,IIA'Un, PICk.'g. 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

NOTE. 
Th, Flltp." "'rllon hu !h, $1m, 
plnoulilConNCI.on O"v"m) is 
Ih' DU,,;ln.Lin, PUII..g, 



SN54/74LS90 • SN54174LS92 • SN54174LS93 

FUNCTIONAL DESCRIPTION - The LS90. LS92. and LS93 ar. 4·bi. ripcl. 'ype Dec.de. D,v.de,Sy·Twelve. and 8m.ry 
Counters respectively. Each device conSISIS of four master/slave fllp·f1ops which are internally con~.cted to prOVide a 
divide·by·two section and 8 divide·by·f,ve (lS90), dlvide·by-six (LS92), or d,vide-by·sight (LS93) section. Each sectIon hB5 8 
separate clock input which initiates state changes of tnt: counter on the HIGH·lo·LOW clock u.n$ition. S~ate changes 0' the a 
outputs do not occur Simultaneously because of Inlernal (I,Cple delays. Therefore. det:oded output signals are 5ubjecllo decoding 
spik.es and $hould not be used for clocks Of strobes The 00 output of each dWIo',c:e IS deSigned and specified to drive the rated 

fan-oUI plus the CPl input of the device 

A gated AND asynchronous Master Reset (MR l' MR 2) IS prOVided on all counters wt,ich overrides and Clock$ and resets /clears) 
all the flip-flops, A gated AND asyncnronous Masler Sel (MS 1 • MS2) IS pro .... id,.·o on :hC LS90 ..... hlch overrides the clocks and the 
MA inputs and sets Ihe outputS 10 nlnt! {HLLH) 

Since Ih~ Oul",ut from Ihe divtde-bY-lwo :;ec:lon IS net Jr.:er.--\a~:, connected 10 the succeeclng 'l~il"C'$. the ,jc'V,c.es mJy be 
operaled in various counting modes 

LS90 

A BCD Decade 1842 t) Count!:!r - The EP 1 Input IT'.uS{ be extcrnJlly connected to rhe Uo Output The CPO ,npul 'eC~tVP,S Ihe 
incoming count ano a BCD court Sef:luenCe 15 produced 

B. Symmetrical Bi·quinary Dlvlde-By- Ten Counter - The 03 oulput must be externally cOf"lnected to Ihe a;O InpUI. Thl..' Input 
coun! IS then dPplied 10 the EP, Input and a divlde-by-Ien SQu.)rft wa~ IS obtained at output 00 

C Dlvlde,8y- Two ann Divlde-By-Flve Counter - No exteroal,nterconneclions aro required, The first flip.flop is used as a binary 
element for t~e dr"ide·by·two function (CPO as the Input and 00 as the ouIOu!). The ePt input IS l"tsed TO obtain bInary 
divide·by·fj"e operation at the Q3 output 

LS92 

A. Modulo 12_ Oly;d~-By·Twplve Cownler - The C'P, inDul must be externally connected 10 the 00 output The ~O Inpl,.!'l 
receives: the incoming count and 03 prodvces a symmetflcal dI'Jlde-by-twelye SQl,.lare wave o",tput 

8 Drvlde-Sy-Twoand Dlvlde-By-S"t Coumer - Noexlernal tnlerconnections "re required. Tn. Ii,., '110-1100 is used as a /)Inary 
elemenl for the divide-by· two function The C'P, input IS used to obtain div1de-b¥-three operatron atl~e a 1 and 02 outputS 
and c1rvrde-by-six operation a: the 03 output. 

LS93 

A. 4·Bit Aipple Counter - The OU1~ut 00 must be externally connected to input CPt The input count pulSI!S are aPDli~d to rnput 
CPO· Simultaneous diVisions of 2. 4. 8. and t 6 are pe~ormed at :he 00. 0,,02. and 03 outputs as shown In th.: !fll!~ lable. 

B. 3·8it Rrpple Counter - The input count pulses are applied to inpul ~1 Simultaneous frequencvdivrslO:1S 012. 4. and 8 are 
available at the Ql. 02. and 03 outputs Independent use olille lirst flip·flop 1$ available if the reset fl.nctlon COinCides with 
reset of the 3-bit ripple-through counter 

FAST AND LS TTL DATA 

I 
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LS90 
Mooe SE LECTI ON 

RESET/SET INPUTS 

MR, MR2 MS, 

H H L 
H H X 
X X H 

L X L 
X l X 
L X X 
X L L 

Ii • HIGH \o'olllQt l .. "",l 

L • LOW Volt'gII L~I 
X Oon 'I 'c.r. 

LS90 

MS2 

X 
L 
H 

~X 

L 
L 
X 

BCD COUNT SEOUENCE 

OUTPUT 
COUNT 

Co 0, °2 03 

0 L L L L 
1 H L l L 
2 l H L l 
3 H H L L 
4 L L H L 
S H L H L 
6 L H H L 
7 H H H l 
8 l l L H 
9 H L L H 

NOTE: O.HP\l1 Oo'i connKted 10 Inp!.lt 
U, tor BCO count. 

Co 
L 
L 
H 

OUTPUTS 

0, °2 03 

L L L 
L L L 
L L H 
Coun, 
Count 
Coun, 
Count " 

LS92 
TRUTH TABLE' 

OUTPUT 
COUNT 

Co °1 °2 

0 L L L 
1 H L L 
2 L H L 
3 H H L 
4 l l H 

5 H L H 

6 L L L 
7 H L L 
8 L H L 
9 H H l 

10 L L H 

11 H L H 

FAST AND LS TTL DATA 
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LS92 AND LS93 
. MOCE SELECTION 

RESET OUTPUTS 
INPUTS 

MR, MR2 00 0: °2' °3 
H H L L L L 
L H Counl 
H L Count 
L L Coun, 

H • HIGH Voli. L.V9I 
L • lOW Volt. u~ 
X • Oon', Clf' 

COUNT 
03 

L 0 
L 1 
L 2 
L J 
l 4 
l 5 
H 6 
H ] 

H 8 
H 9 
H 10 
H 11 

12 
13 
14 
15 

LS93 
TRUTH TABLE -OUTPUT 

Co 0, °2 

L L L 
H L L 
L H L 
H H L 
L L H 
H L H 

L H' H 
H H H 

L L L 
H L L 
L H L 
H H L 
L L H 
H L H 

L H H 
H H H 

03 

L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 

H 
H 
H 
H 
H 

NOle: OIlI~1 00 ;or,nK1ed 10 I"PUt 0, 
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GUARANTEED OPERAllNG RANGES 

SYMBOL -' PARAMETER MiN TYP MAX UNIT 

Vee Supply Voltage 54 45 5.0 55 V 
74 475 5.0 6.25 

TA Operating Ambiem Temper8lure Range 54 ,·55 25 125 "C 
74 0 25 70 

IOH Output Current - High 54.74 -0.4 mA 

IOl Output Current - Low 54 40 mA 
74 80 

DC CHAAAC'TERISllCS OyER OPERAllNG TEMPERATURE RANGE lunle .. otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST eONOITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Gu,,,nteed Input HIGH Vohogo 10< 
Alii,,!>"'" 

I 54 0.7 Guaranteed InpU1l0W Voltage for 
Vil lnr ut LOW Voltage 

74 
V Alii,,!>"" 08 

VIK Input Clamp Diode Voltage -065 -1.5 V Vee'" MIN. liN .. - 18 mA 

VOH Output HIGH VOltage 54 2.5 J5 V Vee" MIN. IOH '" MAX. V!N " VIH 
74 27 35 V or V'L per Truth T,ble 

54.74 0.25 0.4 V 10l" 4.0 mA Vee ~ Vee MIN. 
VOL Output LOW VOltage 

74 035 0.5 V 10l "'8.0mA VIN '" Vil or VIH 
pet' Truth Table 

20 /'A Vee" MAX. V,N - 2.7 V 
'IH Input HIGH Currenl 

0.1 1M Vee = MAX, VIN = 7.0 V 

Input LOW Current 
MS. MR -0.4 

III el'o -2.4 rnA Vee" MAX. VIN '" 04 V 
~, IlS90. lS921 ,·3.2 , 

el', IlS931 -1.6 
- I 

lOS Short Circuit Currenl -20 -100 rnA Vee= MAX -
ICC Power Supply Current 15 rnA Vee= MAX 

FAST AND lS TTL DATA 
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AC CHAR CTERISTlCS T ---.-!-~ : A :: .:)' lor 50'1 C 15 F :.!:.~.--?-~-------r --. ~ 

LIMITS t.. ___ 
SYMBOL PARAMETER I LS9Q LS92 LS93 UNITS , 

! MIN ryp MAX MIN TYP MAX MIN TYP MAX 

'MAX CPo Input Clock. FroQut!ncy I 32 32 32 MHz 

(MAX (15, Input Cloci< Frequency , 15 16 16 MHz 

tPLH Propagation Delay, 

I 
10 16 10 16 10 16 n. 

IPHL .CPo Input to Co Outru: 1 Z 16 12 18 12 16 

tPLH CiSO Input 10 03 Output I n 46 32 48 46 70 n. 
lPHl I 34 50 34 50 46 70 -
tPLH I 10 16 10 16 10 16 as, Input to 0, Output I ns 
IPHL 14 21 14 21 14 21 

'PLH CJ5, Input to 02 Output I 
21 32 10 16 .. 21 32 n. 

tPHL 23 35 14 21 23 35 

'PLH CP, Input 1003 Output I 
Z1 32 21 32 34 51 ns 

IPHL 23 35 23 35 34 51 

lPLH MS Input to 00 and 03 Outputs I 20 30 ns 

lPHL MS Input 10 0, and 02 Outputs I 26 40 ns 

lPHL MA Inpul to Any Output I 26 40 26 40 26 40 ns 

AC SETUP REQUIREMENTS- TA - 25'C Vee - 50 V - -,--- LIMITS 
SYMBOL PARAMETER I LS90 LS92 L593 UNITS ------, MIN ~~-~IN MAX MIN MAX 

'VI elSa Pulse Width I 15 15 15 ns 

'VI C15, Pulse Width i 30 30 30 ns 

'VI MS Pulse Width i 15 n, 
!_MR Pulse Width 

-
'VI :5 15 15 n, 

-
tree Recovery Time MR to CP i 25 25 25 ns 

RECOVERY TIME (tree) IS defined as the minimUm :,r.";e reqUired between the end of the reset pulso and the clock 
transition from HIGH-!o-LOW in order 10 recognize an':: transfer HIGH data 10 tt1e a output:;. 

Fig. 1 

°Tht number 01 Clock Puhe$ rtQu,rl.'d bef"""'e,' the lpHL ."d IpLH meUuremenu c." bt d.ltrm,n,d hom thf ,ppropri.'f Trulh T,blt1. 

MR&MS~ ~3V 
1-'w~-""-:1---

J ~,--"V __ 
___ ' • .:,: .. L.:....;::::1 

~,--' ,,----'~ 

MS~ "1.3'1 
I-'w-J-;:-''''j---

J "~"v_ 
00.0, ',," ~/r----..... , 
(lS9Ol _____ J I J v "----

FAST AND LS TIL DATA 
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