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Topics To Be Covered

Ç Pulse Circuits

Ç Attenuators  

Ç RC & RL Integrator and Differentiator circuits .

Ç Storage, Delay and Calculation of Transistor Switching Times.

Ç Speed-up Capacitor.

Ç Diode clippers.

Ç
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Topics To Be Covered

Ç Diode comparator.

Ç Clampers.

Ç Collector Coupled and Emitter Coupled Astable Multivibrator.

Ç MonostableMultivibrator. 

Ç Bistable Multivibrator. 

Ç Triggering methods for Bistable Multivibrator. 

Ç Schmitt Trigger circuit.

Ç UJT Relaxation Oscillator
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Pulse Circuits &Attenuators 

ÇDigital waveforms change between the LOW and HIGH  levels. 

ÇA positive going pulse is one that goes froma normally  LOW logic level to a HIGH level 

and then back again. Digital  waveforms are made up of a series of pulses.

ÇActual pulses are not ideal but are described by therise  time, fall time, amplitude, and other

characteristics.

ÇAn attenuator is an electronic devices that reduces the power of  a signal without 

appreciably distorting its waveform.

ÇAn attenuator is effectively the opposite of an amplifier , though the  two work by different 

methods. While an amplifier provides gain , an  attenuator provides loss, or gain less than1.
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RC Integrator

ÅThe RC integratoris a seriesconnectedResistor-Capacitornetworkthat producesan outputsignal

which correspondsto themathematicalprocessof integration.

ÅFor a passiveRC integratorcircuit, theinput is connectedto a resistancewhile theoutputvoltageis

taken from acrossa capacitorbeing the exact opposite to the RC Differentiator Circuit. The

capacitorchargesupwhentheinput is highanddischargeswhentheinput is low.

ÅA passiveRC network is nothing more than a resistorin serieswith a capacitor,that is a fixed

resistancein serieswith acapacitorthathasa frequencydependantreactancewhich decreasesasthe

frequencyacrossits platesincreases.
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RC Integrator

ÅThusat low frequenciesthe reactance,Xc of the capacitoris high while at high frequenciesits

reactanceis low dueto thestandardcapacitivereactanceformulaof Xc = 1/(2ˊäC).

ÅThen if the input signal is a sinewave,an rc integrator will simply act asa simple low pass

filter (LPF) with a cut-off or cornerfrequencythatcorrespondsto theRC time constant(tau,Ű)

of the seriesnetwork and whoseoutput is reducedabovethis cut-off frequencypoint. Thus

whenfedwith apuresinewaveanRC integratoractsasapassivelow passfilter.

ÅThustherateof chargingor dischargingdependson theRC time constant,Ű= RC.
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ÅFor an RC integrator circuit, the input signal is applied to the resistance with the output taken 

across the capacitor, then VOUT equals VC.

ÅAs the capacitor is a frequency dependantelement, the amount of charge that is established across 

the plates is equal to the time domain integral of the current.

ÅThat is it takes a certain amount of time for the capacitor to fully charge as the capacitor can not 

charge instantaneously only charge exponentially.

ÅTherefore the capacitor current can be written as:
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Ç This basicequationaboveof iC = C(dVc/dt) canalsobe expressedasthe instantaneousrateof

change of charge, Q with respect to time giving us the following standard equation

of: iC = dQ/dt wherethechargeQ = C x Vc, thatis capacitancetimesvoltage.

Ç Therateat which the capacitorcharges(or discharges)is directly proportionalto theamountof

theresistanceandcapacitancegiving thetime constantof thecircuit.

Ç Sincecapacitanceis equalto Q/Vc whereelectricalcharge,Q is the flow of a current(i) over

time (t), that is theproductof i x t in coulombs,andfrom Ohmslaw we know thatvoltage(V) is

equalto i x R, substitutingtheseinto theequationfor theRC time constantgives:

RC Integrator
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RC Integrator

ÅRC Time Constant:

ÅCapacitor Voltage

ÅThe capacitors current can be expressed as the rate of change of charge, Q with respect to time.

ÅTherefore, from a basic rule of differential calculus, the derivative of Q with respect to time is 

dQ/dt and as i = dQ/dt we get the following relationship of:  Q=Úidt (the charge Q on the 

capacitor at any instant in time).
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Ç Since the input is connected to the resistor, the same current, i must pass through both the 

resistor and the capacitor (iR = iC) producing a VR voltage drop across the resistor so the 

current, (i) flowing through this series RC network is given as:

Ç As i = VIN/R, substituting and rearranging to solve for VOUT as a function of time gives:

Ç Then assuming the initial charge on the capacitor is zero, that is VOUT = 0, and the input 

voltage VIN is constant, the output voltage, VOUT is expressed in the time domain as:

Ç Capacitor Charging
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ÇCapacitor Discharging

ÇRC Integrator Charging/Discharging Curves

ÇFixed RC Integrator Time Constant
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RL Integrator

ÇLike the RC integrator,an RL integratoris a circuit that approximatesthe mathematicalprocess

of integration. Underequivalentconditions,thewaveformslook like theRC integrator.

ÇFor anRL circuit, t = L/R.

ÇA basicRL integratorcircuit is a resistorin serieswith an inductorandthesource. Theoutputis

takenacrosstheresistor.

ÇWhenthepulsegeneratoroutputgoeshigh,a voltageimmediatelyappearsacrossthe inductorin

accordancewith Lenzôslaw.
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RL Integrator

Ç The instantaneous current is zero, so the resistor voltage is initially zero. 

Ç At the top of the input pulse, the inductor voltage decreasesexponentiallyand current

increases.

ÇAs a result, the voltageacrossthe resistorincreasesexponentially. As in the caseof the RC

integrator,theoutputwill be63% of thefinal valuein 1t.
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RL Integrator

ÅWhenthepulsegoeslow, a reversevoltageis inducedacrossL opposingthechange.

ÅThe inductorvoltageinitially is a negativevoltagethat is equalandoppositeto the generator;

thenit exponentiallyincreases.
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RC Differentiator

Ç The passiveRC differentiatoris a seriesconnectedResistor-Capacitornetwork that produces

anoutputsignalwhich correspondsto themathematicalprocessof differentiation.

Ç For a passiveRC differentiatorcircuit, the input is connectedto a capacitorwhile the output

voltageis takenfrom acrossa resistancebeingtheexactoppositeto theRC IntegratorCircuit.

Ç A passiveRC differentiatoris nothingmorethana capacitancein serieswith a resistance,that

is a frequencydependentdevice which has reactancein serieswith a fixed resistance(the

oppositeto anintegrator).

Ç Justlike the integratorcircuit, theoutputvoltagedependson thecircuitsRC time constantand

input frequency.
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RC Differentiator

ÅThusat low input frequenciesthe reactance,Xc of thecapacitoris high blockinganyd.c. voltage

or slowly varying input signals.

ÅWhile at high input frequenciesthecapacitorsreactanceis low allowing rapidlyvaryingpulsesto

passdirectly from theinput to theoutput.

ÅThis is becausetheratio of thecapacitivereactance(Xc) to resistance(R) is differentfor different

frequenciesandthelower thefrequencythelessoutput.

ÅSofor agiventime constant,asthefrequencyof theinput pulsesincreases,theoutputpulsesmore

andmoreresembletheinput pulsesin shape.
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ÇWhenfed with a puresinewavean RC differentiatorcircuit actsasa simplepassivehigh pass

filter dueto thestandardcapacitivereactanceformulaof Xc = 1/(2ˊäC).

Ç For an RC differentiator circuit, the input signal is applied to one side of the capacitor with the 

output taken across the resistor, then VOUT equals VR

ÇCapacitor Current :
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Ç Therefore the capacitor current can be written as:    

ÇAs VOUT equals VR where VR according to ohms law is equal too: iR x R. The current that 

flows through the capacitor must also flow through the resistance as they are both connected 

together in series. Thus:

RC Differentiator Formula

ÇThen we can see that the output voltage, VOUT is the derivative of the input voltage, VIN which 

is weighted by the constant of RC. Where RC represents the time constant, Ű of the series circuit.
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RC Differentiator Output Waveforms
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RL Differentiator

ÅAn RL differentiatoris alsoacircuit thatapproximatesthemathematicalprocessof differentiation.

ÅIt canproduceanoutputthatis therateof changeof theinput undercertainconditions.

ÅA basicRL differentiatorcircuit is aninductorin serieswith a resistorandthesource.

ÅTheoutputis takenacrosstheinductor.
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RL Differentiator

Ç After the initial edge has passed, current increases in the circuit.

Ç Eventually, the current reaches a steady state value given by Ohmôs law.

ÇWhen a pulsegeneratoris connectedto the input of an RL differentiator,the inductor hasa

voltageinducedacrossit thatopposesthesource; initially, nocurrentis in thecircuit.
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ÇNext, the falling edgeof thepulsecausesa (negative)voltageto beinducedacrosstheinductor

thatopposesthechange.

ÇThecurrentdecreasesasthemagneticfield collapses.

Ç An application of an integrator is to generate a time delay. 

Ç The voltage at B rises as the capacitor charges until the threshold circuit detects that the 

capacitor has reached a predetermined level. 
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Diode clippers

ÅThe Diode Clipper , alsoknown asa Diode Limiter, is a waveshapingcircuit that takesan

input waveformandclips or cutsoff its top half, bottomhalf or bothhalvestogether.

ÅTherearetwo typesof clippercircuits,theseriesandparalleldiodeclipping circuits.

SeriesDiodeClipping Circuit

ÅIn thesetype of circuits, the diode is connectedbetweenthe input and output voltage

terminals.

ÅAs the following figure reveals,thenegativecycle of the input voltagecanbeclippedof by

this typeof seriesclippers.
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Series Diode Clipping Circuit Waveforms
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ÇReverseof thediodepinsyields to apositivecycleclipping circuit

ÇPreviouscircuitsclip thevalueslargeror smallerthanzerovoltage.

ÇThis voltage,technicallycalledñthresholdvoltageòandcanbe changedto a desiredvalue

by insertingaD.C. voltagesource.

ÇThis is achievedin two differentways.
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Ç In thefirst type,thevoltagesourceof Em( positiveor negative)is connectedthroughoutput

terminals

ÇDependingon thediodeconnection(normalor reverse),thevaluessmaller(Fig a) or greater

(Fig b) thanEmis clippedandassignedasEm..

ÇNote that if Em is negative,( wherethe voltagesourceis reverselyconnected)againthe

valuessmalleror largerthanthis negativevalueis clipped,donot getconfused.
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ÅIn the secondtype of thresholdseriesclipping, the voltagesourceis appliedbetweenthe input

andoutputterminals,serieswith thediode.

ÅThis time, the clipped valuesare assignedto zero and the net output voltage equalsto the

differencebetweenthe input andthresholdvalues.(If Em is negative,thenE0 = E ïEm = E +

|Em|)
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Parallel Diode Clipping Circuit

Ç In this typeof clippers,thediodeis connectedbetweenoutputterminals. Theon/off stateof

diodedirectly affectstheoutputvoltage.

ÇThesetype of clippersmayalsohavea non-zerothresholdvoltageby additionof a voltage

serieswith diode. Following figuresillustratetheclipping process.
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Parallel Diode Clipping Circuit Waveforms
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Clamper Circuits 

ÇClamperCircuits,or briefly clampersareusedto changetheD.C. level of a signalto a desired

value.

ÇBeingdifferent from clippers,clampingcircuitsusesa capacitoranda diodeconnection. When

diode is in its on state,the output voltageequalsto diode drop voltage(ideally zero) plus the

voltagesource,if any.
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ÅAs you know, this circuit, in fact, is aseriesR-C circuit.

ÅTheresistanceof diode( severalohmsaboveits dropvoltage)andthesmall capacitanceyield to a small

time-constantfor thiscircuit.

ÅThis meansthat thecapacitorwill rapidlybechargedif anyinput voltage,that is enoughto swtichon the

diode,is applied.

ÅThe diodewill conductduring the positivecycle of the input signaland output voltagewill be ideally

zero( in practicethis voltageequals~0.6 V).

Typical Clamping Circuit 
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ÅNote that during positivecycle the capacitoris rapidly chargedin inversepolarity with the

input voltage. After transitionto negativecycle,thediodebecomesto its off state.

ÅIn this case,theoutputvoltageequalsto thesumof the input voltageandthevoltageacross

theterminalsof thecapacitorwhichhavethesamepolarity with eachother.

ÅE0 = - ( |Ei |+ |Ec | )

Diode Conducts During Positive Cycle 
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Ç Theresultingsignalafteracompletecycle is shownbelow.

ÇBy this process,the input signal is shifted to negativeD.C. value (its maximumvalue is

ideally zero)without anychangein its amplitudeideally.

ÇDiode is switched off during negative cycle 
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ÇThereexistagainmodifiedversionsof this circuit in which a thresholdvalueis insertedfor

clamping. Following figuresillustratethesemodificationsandresultingoutputs.
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Comparators

ÇA comparatoris a devicewhich is usedto sensewhen an arbitrary varying signal reaches

somethresholdor referencelevel.

ÇComparatorsfind applicationin manyelectronicssystems: for example,theymaybe usedto

sensewhena linear rampreachessomedefinedvoltagelevel, or to indicatewhetheror not a

pulsehasanamplitudegreaterthana particularvalue. Providedthatsuitableoutputlimiting is

provided,comparatoroutputsmaybeusedto drive logic circuits.

DiodeComparator

ÇThe non-linear circuits to performthe operationof clipping may alsobe usedto performthe

operationof comparison.

ÇThebasicdifferencebetweenthe two is that in comparatorthereis no interestin reproducing

anypartof thesignalwaveform.
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Figure 1: Comparators

Diode Comparators Waveforms
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Ç If we assumethat ramp signal is applied to the input, as shown in Figure 1(a) the output

Figure1(b) is constantVR volts until the rampsignalreducesa valueequalto VR volts until

therampsignalreducesa valueequalto VR volts thenthediodeconductsandtheinput signal

appearsat theoutput.

Ç In a circuit a clipperwasimportantthat theportionof thewaveform passedby thediodewas

not distorted.

ÇTheexacttime t1 atwhich thediodebeganconductingwasof secondaryimportance.

ÇNow this circuit will be consideredasa voltagecomparator,(sinceit comparesthe varying

signal voltage with the referencevoltage and hencethe namevoltage comparator)and of

primaryconcernis thetime atwhich theinput signalvoltagereachesthereferencelevelVR.

Diode Comparator
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Diode Comparators

ÇThe shapeof the outputwaveformis of secondaryimportance. A diodeusedfor this purpose

calledpick-off diode.

ÇSimilarly with an increasingramp at its input the circuit of Figure 1(c) will be continueto

operateasacomparator. Its responsewill besameasshownin Figure2(b).

Ç Thediodeof this circuit is thenreferredto asabreakawaydiode.

Ç Theothertwo circuits shownin Figure1 (a) and(b) will actascomparatorswith a decreasing

ramp. Their responseis shownin Figure2 (c) and(d).
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Diode Comparators Waveforms
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MULTIVIBRATOR

Ç A MULTIVIBRATOR is an electronic circuit that switchesrapidly by meansof positive

feedbackbetweentwo or morestates.

Ç Its basicallya two amplifier circuit.

Ç A Multivibrator generatessquare,pulse,triangularwaveforms.

Ç Also calledasnonlinearoscillatorsor functiongenerators.

Classification:

üAstableMultivibrator

üMonostableMultivibrator

üBistable Multivibrators
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Astable Multivibrator

Ç An AstableMultivibrator or a FreeRunningMultivibrator is the multivibrator which hasno

stablestates.

Ç Its outputoscillatescontinuouslybetweenits two unstablestateswithout the aid of external

triggering.

Ç Thetime periodof eachstatesaredeterminedby ResistorCapacitor( RC ) time constant.
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ÅIn theabovediagramwecanfind two transistorswhich is wiredasaswitch.

Working

üWhenthe circuit is switchedon onetransistorwill driven to saturation(ON) andotherwill

drivento cutoff (OFF). ConsiderQ1 is ON andQ2 is OFF.

üDuring this time CapacitorC2 is chargingto Vcc throughresistorR.

üQ2 is OFF due to the -ive voltage from the dischargingcapacitorC1 which is charged

duringthepreviouscycle. SotheOFFtime of Q2 is determinedby R1C1 time constant.

Astable Multivibrator
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ÅAfter a time perioddeterminedby R1C1 time constantthe capacitorC1 dischargescompletely

andstartschargingin reversedirectionthroughR1.

ÅWhenthe CapacitorC1 chargesto a voltagesufficient providebaseemittervoltageof 0.7V to

thetransistorQ2, it turnsON andcapacitorC2 startsdischarging.
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üThe negativevoltagefrom the capacitorC2 turns off the transistorQ1 and the capacitorC1

startschargingfrom Vcc throughresistorR andbaseemitterof transistorQ2.

üThusthetransistorQ2 remainsin ON state.

üAs in thepreviousstate,whenthecapacitorC2 dischargescompletelyit startschargingtowards

oppositedirectionthroughR2.
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ÇWhenthe voltageacrossthe capacitorC2 is sufficient to turn ON transistorQ1, Q1 will turn

ON andcapacitorC1 startsdischarging.

ÇThis processcontinuousandproducesrectangularwavesat thecollectorof eachtransistors.

ÇNote: Chargingtime is very lesscomparedto dischargingtime.

Design

üRïCollectorResistor.

üTheresistanceR shouldbedesignedto limit thecollectorcurrentIc with in asafelimit .

üR = V/Ic , whereV is thevoltageacrosstheresistorR.
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ü In normal cases,V = (Vcc ïVce) = (Vce ï0.3) but when an emitter load like LED is

connected,V = (VccïVceïVled) , whereVled is thevoltagedropacrossLED.

üUsuallythemaximumcollectorcurrentIc will bemuchhigherthanthanthecurrentrequired

for emitterloadsuchasLED.

ü In thesecasesIc shouldbe chosenin sucha way that it shouldnot exceedthe max current

limit of emitterload.

üSo,R = (VccïVceïVload) / Ic

üR1 & R2ïBaseResistors, shouldbechosensuchthat it shouldgive therequiredcollector

currentduringsaturationstate.

ÅMin. Base Current, Ibmin = Ic / ɓ, whereɓ is the hFEof the transistor

Departmentof ECE, NSCET, Theni Page-46



üSafe Base Current,Ib= 10x Ibmin= 3 x Ic / ɓ

üR1, R2 = (VccïVbe) / Ib ,    T1 & T2 ïTime Period

üT2 = OFF Period of transistor Q1 = ON Period of Transistor Q2 =0.693R2C2

üT1 = OFF Period of transistor Q2 = ON Period of Transistor Q1 =0.693R1C1

üFrom these equations we can find the value of C1 and C2.

üIt is theratio of time Tc duringwhich theoutputis high to

total time periodT of thecycle.

üThus here, Duty Cycle = Toff /(Toff + Ton) when the

outputis takenfrom thecollectorof thetransistorT.
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Monostable Multivibrator

ÇMonostableis alsocalledoneshotmultivibrator.

ÇMonostablemultivibratorhasonestablestateandonequasistablestate(astablestate).

Ç In the multivibrator the outputof first stageis given to the secondstageandthe secondstage

output is again feed back to the first stageby this the cutoff statewill becomesaturateand

saturatestatewill becometo cutoff.

ÇBecauseof the transitionof statesthemultivibratorcanbeusedasoscillators,timersandflip-

flops.

ÇWhenanexternaltriggerappliedto thecircuit, themultivibratorwill jump to quasistablestate

from stablestate.
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ÇAfter theperiodof time it will automaticallysetbackto thestablestate,for returningto the

stablestatemultivibratordoesnot requireanyexternaltrigger.

ÇThetime periodto returningto stablestatecircuit is alwaysdependson thepassiveelements

in thecircuit (resistorandcapacitorvalues)
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Circuit Operation:

ÇWhenthereis no externaltrigger to the circuit the onetransistorwill be in saturationstate

andotherwill bein cutoff state.

ÇQ1 is in cutoff modeandput at negativepotentialuntil theexternaltrigger to operate,Q2 is

in saturationmode.

ÇOncetheexternaltrigger is given to the input Q1 will get turn on andwhentheQ1 reaches

the saturationthe capacitorwhich is connectedto the collector of Q1 and baseof Q2 will

maketransistorQ2 to turnoff.

ÇThis is stateof turn off Q2 transistoris calledastablestableor quasistate.
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Ç Whencapacitorchargesto VCC theQ2 will turn onagainandautomaticallyQ1 is turn off.

Ç So the time periodfor chargingof capacitorthroughthe resistoris directly proportionalto

thequasior astablestateof multivibratorwhenaexternaltriggeroccurred(t=0.69RC).

Usesof MonostableMultivibrator :

Ç Themonostablemultivibratorsareusedastimers,delaycircuits,gatedcircuitsetc.
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Bistable Multivibrator

ÇThebistablemultivibratorhastwo absolutelystablestates.

Ç It will remainin whicheverstateit happensto beuntil a triggerpulsecausesit to switch to the

otherstate.

ÇFor instance,supposeat anyparticularinstant,transistorQ1 is conductingandtransistorQ2 is

at cut-off.

Ç If left to itself, thebistablemultivibratorwill stayin this positionfor ever.

ÇHowever,if anexternalpulseis appliedto thecircuit in sucha way thatQ1 is cut-off andQ2 is

turnedon, thecircuit will stayin thenewposition.
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ÇAnothertriggerpulseis thenrequiredto switchthecircuit backto its original state.

Ç In other words a multivibrator which has both the state stable is called a bistable

multivibrator. It is alsocalledflip -flop, triggercircuit or binary.

ÇThe output pulseis obtainedwhen,and why a driving (triggering) pulseis appliedto the

input. A full cycle of output is producedfor everytwo triggeringpulsesof correctpolarity

andamplitude.

ÇHeretheoutputof a transistorQ2 is coupledputof a transistorQ1 througha resistorR2.

ÇSimilarly, the output of a transistorQ1 is coupledto the baseof transistorQ2 througha

resistorR1.
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ÇThecapacitorsC2 andC1 areknownasspeedupcapacitors.

ÇTheir function is to increasethe speedof the circuit in makingabrupttransitionfrom onestable

stateto anotherstablestate.

ÇThebaseresistors(R3 andR4) of boththetransistorsareconnectedto acommonsource(-VBB).
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Ç The outputof a bistablemultivibrator is availableat the collector terminalof the both the

transistorQ1 andQ2.

Ç However,thetwo outputsarethecomplementsof eachother.

Ç Let us suppose,if Q1 is conducting,then the fact that point A is at nearlyON makesthe

baseof Q2 negative(by thepotentialdividerR2 - R4) andholdsQ2 off.

Ç Similarly with Q 2 OFF, the potential divider from VCC to -VBB (RL2 , R 1 , R3) is

designedto keepbaseof Q1 at about0.7V ensuringthatQ1 conducts.

Ç It is seenthatQ1 holdsQ2 OFFandQ 2 hold Q1 ON.
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Ç Suppose,nowapositivepulseis appliedmomentarilyto R. It will causeQ2 to conduct.

Ç As collectorof Q 2 falls to zero,it cutsQ1 OFFandconsequently,theBMV switchesover

to its otherstate.

Ç Similarly, a positive trigger pulseappliedto S will switch the BMV back to its original

state.

Uses:

1. In timing circuits as frequency divider

2. In counting circuits

3. In computer memory circuits
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Bistable Multivibrator Triggering

ÇTo changethe stablestateof the binary it is necessaryto applyan appropriatepulsein the

circuit, which will try to bring both the transistorsto active region and the resulting

regenerativefeedbackwill resulton thechangeof state.

ÇTriggeringmaybeof two following types:

I. Asymmetrical triggering

II. Symmetrical triggering
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Asymmetrical triggering

ÇAsymmetrical triggering, there are two trigger inputs for the transistors Q1 and Q2. 

ÇEach trigger input is derived from a separate triggering source. 

ÇTo induce transition among the stable states, let us say that initially the trigger is applied to 

the bistable. 

ÇFor the next transition, now the identical trigger must appear at the transistor Q2. 

ÇThus it can be said that the asymmetrical triggering the trigger pulses derived from two 

separate source and connected to the two transistors Q1 and Q2 individually, sequentially 

change the state of the bistable.
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Ç Initially Q1 is OFFandtransistorQ2 is ON.

ÇThe first pulsederivedfrom the trigger sourceA, appliedto the terminal turn it OFF by

bringingit from saturationregionto activetransistorQ1 is ON andtransistorQ2 is OFF.

ÇAny furtherpulsenext time thenthetriggerpulseis appliedat theterminalB, thechangeof

stablestatewill resultwith transistorQ 2 On andtransistorQ1 OFF.

Departmentof ECE, NSCET, Theni Page-59



Symmetrical Triggering

ÇThereare varioussymmetricaltriggering methodscalled symmetricalcollector triggering,

symmetricalbasetriggeringandsymmetricalhybrid triggering.

ÇHere we would liked to explain only symmetricalbasetriggering (positive pulse)only as

givenundersymmetricalBaseTriggering.
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ÇDiodesD1 and D2 are steeringdiodes. Here the positive pulses,try to turn ON and OFF

transistor.

ÇThuswhentransistorQ1 is OFFandtransistorQ2 is ON, the respectivebasevoltagesandV

B1N, OFFandV B2N, ON. It will beseenthatV B1N, OFF> V B1N, ON. ThusdiodeD 2 is

morereverse-biasedcomparedto diodeD1.

ÇWhenthepositivedifferentiatedpulseof amplitudegreaterthan(V B1N, OFF+ VὛ) appears,

the diode D 1 gets forward biased,and transistorQ1 enters the active region and with

subsequentregenerativefeedbackQ1 getsON, andtransistorQ2 becomesOFF.

ÇOn the arrival of the next trigger pulse now the diode D2 will be forward biasedand

ultimatelywith regenerativefeedbackit will bein theON state.
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Schmitt trigger circuit.

ÇA Schmitt trigger is a comparatorcircuit with hysteresis,implementedby applying positive

feedbackto thenoninvertinginput of acomparatoror differentialamplifier.

Ç It is anactivecircuit which convertsananaloginput signalto a digital outputsignal.

ÇThe circuit is nameda "trigger" becausethe output retainsits value until the input changes

sufficiently to triggerachange.

ÇSchmitt trigger devicesaretypically usedin signalconditioningapplicationsto removenoise

from signalsusedin digital circuits,particularlymechanicalswitchbounce.

ÇThey are also usedin closedloop negativefeedbackconfigurationsto implementrelaxation

oscillators,usedin functiongeneratorsandswitchingpowersupplies.
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Classicemitter-coupledcircuit

ÇTheoriginal Schmitttriggeris basedon thedynamicthresholdideathatis implementedby a

voltage divider with a switchableupper leg (the collector resistorsRC1 and RC2) and a

steadylower leg (RE).

ÇQ1 actsasa comparatorwith a differential input (Q1 base-emitterjunction)consistingof an

inverting(Q1 base)andanon-inverting(Q1 emitter)inputs.

ÇThe input voltageis appliedto the inverting input; theoutputvoltageof thevoltagedivider

is appliedto thenon-invertinginput thusdeterminingits threshold.

ÇThe comparatoroutputdrivesthe secondcommoncollectorstageQ2 (an emitter follower)

throughthevoltagefollower R1-R2.
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Initial state.

ÅFor NPN transistors as shown, imagine the input

voltage is below the shared emitter voltage (high

thresholdfor concreteness)

Åso that Q1 base-emitter junction is backward-biased

andQ1 doesnot conduct.

ÅQ2 base voltage is determined by the mentioned

divider so thatQ2 is conductingandthe triggeroutput

is in thelow state.

ÇThe emitter-coupledtransistorsQ1 and Q2 actually composean electronicdouble throw switch

thatswitchesovertheupperlegsof thevoltagedivider andchangesthethresholdin a different(to the

input voltage)direction.
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ÇThe two resistors RC2 and RE form another voltage divider that determines the high 

threshold.

ÇNeglecting VBE, the high threshold value is approximately 

Crossingup the high threshold:

Ç Whentheinput voltage(Q1 basevoltage)risesslightly abovethevoltageacrosstheemitter

resistorRE (thehigh threshold),Q1 beginsconducting.

Ç Its collector voltagegoesdown and Q2 beginsgoing cut-off, becausethe voltagedivider

now provideslowerQ2 basevoltage.

Ç The commonemittervoltagefollows this changeandgoesdown thusmakingQ1 conduct

more.
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Ç Thecurrentbeginssteeringfrom theright legof thecircuit to theleft one.

ÇAlthoughQ1 is moreconducting,it passeslesscurrentthroughRE (sinceRC1 > RC2); theemitter

voltagecontinuesdroppingandtheeffectiveQ1 base-emittervoltagecontinuouslyincreases.

ÇThis avalanche-like processcontinuesuntil Q1 becomescompletelyturnedon (saturated)and Q2

turnedoff.

Ç Thetrigger is transitionedto thehigh stateandtheoutput(Q2 collector)voltageis closeto V+.

ÇNow, the two resistorsRC1 andRE form a voltagedivider that determinesthe low threshold. Its

valueis approximately
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Crossingdown the low threshold

ÇWith the trigger now in the high state,if the input voltage lowers enough(below the low

threshold),Q1 beginscutting-off.

Ç Its collector current reduces; as a result, the sharedemitter voltage lowers slightly and Q1

collectorvoltagerisessignificantly.

ÇR1-R2 voltagedivider conveysthis changeto Q2 basevoltageandit beginsconducting.

ÇThe voltage acrossRE rises, further reducing the Q1 base-emitter potential in the same

avalanche-like manner,andQ1 ceasesto conduct.

ÇQ2 becomescompletelyturned-on (saturated)andtheoutputvoltagebecomeslow again.
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Applications

1. Schmitt triggers are typically usedin open loop configurationsfor noise immunity and

closedloopconfigurationsto implementfunctiongenerators.

2. Noiseimmunity

3. Oneapplicationof a Schmitttrigger is to increasethenoiseimmunity in a circuit with only

a singleinput threshold.

4. With only one input threshold,a noisy input signal near that thresholdcould causethe

outputto switchrapidlybackandforth from noisealone.

5. A noisy Schmitt Trigger input signal near one thresholdcan causeonly one switch in

output value, after which it would haveto move beyondthe other thresholdin order to

causeanotherswitch.

6. Useasan oscillator

7. A Schmitttrigger is a bistablemultivibrator,andit canbeusedto implementanothertype

of multivibrator,therelaxationoscillator.
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UJT Relaxation Oscillator

ƷThe pulse required to drive a circuit can be obtained 

from a single stage oscillator using 

a device like UJT is called UJT Relaxation Oscillator.

üR1 and R2 are biasing resistors CT and RT 

are the capacitance and resistance decide 

the oscillating rate.
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UJT Relaxation Oscillator

ƷThe pulse required to drive a circuit can be obtained from a single stage oscillator using 

a device like UJT is called UJT Relaxation Oscillator.

üR1 and R2 are biasing resistors CT and RT  are the capacitance and resistance decide 

the oscillating rate.

Pulses of UJT relaxation oscillator
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