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UNIT IV
WAVE SHAPING

&
MULTIVIBRATOR CIRCUITS
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C Pulse Circuits

¢ Attenuators

C RC & RL Integrator and Differentiator circuits

C Storage Delay and Calculation of Transistor Switchifighes.
C Speedup Capacitor.

C Diode clippers.
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Diode comparator.

Clampers.

Collector Coupled and Emitter Coupladtable Multivibrator.
Monostable Multivibrator.

Bistable Multivibrator.

Triggering methods foBistable Multivibrator.

Schmitt Trigger circulit.

UJT Relaxation Oscillator
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C Digital waveformschangebetweerthe LOW andHIGH levels.

C A positivegoingpulseis one thagoesfroma normally LOW logic levelto aHIGH level

and therback againDigital waveforms arenade up of &eriesof pulses.

C Actual pulses are not ideal but are described byiskeaime, fall time, amplitudeand other

characteristics.

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

appreciably distorting its waveform.

C An attenuator igffectivelythe oppositef an amplifier, thoughthe two work bydifferent

methods. While an amplifigarovides gain an attenuatoprovides lossor gain less thaf.
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A The RC integratoris a seriesconnectedResistorCapacitometwork that producesan outputsignal

which corresponds$o the mathematicaprocesf integration

A For a passiveRC integratorcircuit, theinputis connectedo aresistancevhile the outputvoltageis
taken from acrossa capacitorbeing the exact oppositeto the RC Differentiator Circuit. The

capacitorchargesip whentheinputis high anddischargesvhentheinputis low.

A A passiveRC network is nothing more than a resistorin serieswith a capacitor,that is a fixed
resistancen serieswith a capacitorthathasa frequencydependanteactancevhich decreaseasthe

frequencyacrossats platesincreases
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A Thusat low frequencieghe reactanceXc of the capacitoris high while at high frequenciests

reactances low dueto the standarccapacitivereactancéormulaof Xc =1/(2° a C)

A Thenif the input signalis a sinewave,anrc integrator will simply actasa simplelow pass
filter (LPF) with a cutoff or cornerfrequencythatcorrespondso the RC time constant(tau, U )
of the seriesnetwork and whoseoutput is reducedabovethis cut-off frequencypoint Thus

whenfed with a puresinewaveanRC integratoractsasa passivdow passfilter.

A Thustherateof chargingor dischargingdepend®n the RC time constantU= RC.
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A For an RC integrator circuit, the input signal is applied to the resistance with the output taken
across the capacitor, then,\ equals ..

A As the capacitor is a frequendgpendanelement, the amount of charge that is established acrc
the plates is equal to the time domain integral of the current.

A That is it takes a certain amount of time for the capacitor to fully charge as the capacitor can
charge instantaneously only charge exponentially
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C This basicequationaboveof i = C(dVc/dt) canalsobe expressedsthe instantaneousate of
change of charge, Q with respectto time giving us the following standard equation

of: I = dQ/dt wherethechargeQ = C x V¢, thatis capacitancéimesvoltage

C Therateatwhich the capacitorchargegqor discharges)s directly proportionalto the amountof

theresistancendcapacitancgiving thetime constanbf the circuit.

C Sincecapacitances equalto Q/VVc whereelectricalcharge,Q is the flow of a current(i) over
time (1), thatis the productof | x t in coulombs,andfrom Ohmslaw we know thatvoltage(V) is

equalto 1 x R, substitutingtheseinto the equationfor the RC time constangives
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A The capacitors current can be expressed as the rate of change of charge, Q with respect tc
A Therefore, from a basic rule of differential calculus, the derivative of Q with respect to time
dQ/dt and as = dQ/dt we get the following relationship of: ©udt (the charge Q on the

- capacitor at any instant in time).
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C Sincethe input is connected to the resistor, the same curmanist pass through both the

resistor and the capacitog € i) producing a ¥ voltage drop across the resistor so the

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

C Then assuming the initial charge on the capacitor is zero, that,is-\0, and the input
voltage V| Is constant, the output voltageg s Is expressed in the time domain as:

RC

C Capacitor Charging RetEuRdRiE [
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C Fixed RC Integrator Time Conste
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C Like the RC integrator,an RL integratoris a circuit that approximateshe mathematicaprocess

of integration Underequivalentconditions,thewaveformdook like the RC integrator

C ForanRL circuit, t = L/R.

C A basicRL integratorcircuit is a resistorin serieswith aninductorandthe source The outputis

takenacrosgheresistor

C Whenthe pulsegeneratooutputgoeshigh, a voltageimmediatelyappearsacrosshe inductorin

accordancevith L e n [ava s
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C The instantaneous current is zero, so the resistor voltage is initially zero.

The induced

voltage across

L opposes the % The outputis
initial rise of initially zero

the pulse. because there is
no current.

C At the top of the input pulse, the inductor voltage decreaseexponentiallyand current
Increases
C As aresult,the voltageacrossthe resistorincreasesxponentially As in the caseof the RC

Iint>aratorthe outputwill be 63% of thefinal valuein 1t.

- -
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The induced \L’"

voltage across |
L decreases. % The output

voltage increases
as current builds
in the circuit.

A Whenthe pulsegoeslow, areversevoltageis inducedacrosd. opposingthechange
A The inductorvoltageinitially is a negativevoltagethatis equaland oppositeto the generatar
thenit exponentiallyincreases

The induced ;’

voltage across \—"

L initially o— W00 ' o  The outputvoltage
opposes the , decreases as the

change inthe = magnetic field
source voltage. around L collapses.

= | Note that these waveforms were
the same in the RC integrator.
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C The passiveRC differentiatoris a seriesconnectedResistorCapacitornetwork that produces

anoutputsignalwhich corresponds$o the mathematicaprocesof differentiation

C For a passiveRC differentiatorcircuit, the input is connectedo a capacitorwhile the output

voltageis takenfrom acrossaresistancdeingthe exactoppositeto the RC IntegratorCircuit.

C A passiveRC differentiatoris nothing morethana capacitancen serieswith a resistancethat
IS a frequencydependentdevice which has reactancen serieswith a fixed resistance(the

oppositeto anintegratoy.

C Justlike theintegratorcircuit, the outputvoltagedependsn the circuits RC time constantand

Input frequency
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A Thusat low input frequencieshe reactanceXc of the capacitoris high blocking anyd.c. voltage

or slowly varying input signals

A While at high input frequencieshe capacitorgeactances low allowing rapidly varying pulsesto

passdirectly from theinputto the output

A This is becausgheratio of the capacitivereactancgXc) to resistancgR) is differentfor different

frequencieandthelower thefrequencythelessoutput

A Sofor a giventime constantasthe frequencyof theinput pulsesincreasesthe outputpulsesmore

andmoreresembleaheinput pulsesin shape
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C Whenfed with a puresinewavean RC differentiatorcircuit actsasa simple passivehigh pass

filter dueto the standarccapacitivereactancéormulaof Xc=1/(2° a C)

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

output taken across the resistor, thepMequals \,

¢ Capacitor Current iy =
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C Therefore the capacitor current can be writtenf

C As VOUT equals VR where VR according to ohms law Is equalifor:R. The current that
flows through the capacitor must also flow through the resistance as they are both connected

together in se

As ip = I, therefore:

RC Differentiator Formula

dt

C Then we can see that the output voltage, VOUT is the derivative of the input voltage, VIN wh
s welghted by the constant of RC. Where R

QT
! _',‘&-_- b
gwetriny Excliencs b Evpruprpns

Y = e
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A An RL differentiatoris alsoa circuit thatapproximateshe mathematicaprocesf differentiation
A It canproduceanoutputthatis the rateof changeof theinput undercertainconditions
A A basicRL differentiatorcircuit is aninductorin serieswith aresistorandthe source

A The outputis takenacrosgheinductor
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C Whena pulsegeneratons connectedo the input of an RL differentiator,the inductor hasa
voltageinducedacrossat thatopposeshe source initially, no currentis in thecircuit.

Current is
initially zero, so
Ve=0.

During this first
instant, the
- inductor develops

a voltage equal
and opposite to
the source voltage.

C After the initial edge has passed, current increases in the circuit.
C Eventually, the current reaches a steady

The voltage across
R increases as
current increases.

Vs

O

The output

+ |
L «—  decreases as the

pulse levels off.
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C Next, thefalling edgeof the pulsecausesa (negative)voltageto be inducedacrosshe inductor
thatopposesghechange

C Thecurrentdecreaseasthe magnetidfield collapses

The voltage across
R decreases as

current decreases.
Vs

The output

decreases
initially and
then increases
exponentially.

C An application of an integrator Is to generate a time delay.
C 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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A The Diode Clipper, alsoknown asa Diode Limiter, is a wave shapingcircuit that takesan

Input waveformandclips or cutsoff its top half, bottomhalf or bothhalvestogether

A Therearetwo typesof clippercircuits, the seriesandparalleldiodeclipping circuits

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

terminals

A As the following figure reveals the negativecycle of the input voltagecanbe clippedof by

this type of seriesclippers
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C Reverseof thediodepinsyieldsto apositivecycle clipping circuit

C Previouscircuitsclip thevalueslargeror smallerthanzerovoltage

C This voltage,technicallycalledin t h r evsohl ot |aan
by insertinga D.C. voltagesource

cande changedo a desiredvalue

~J

. C Thisis achievedn two differentways

! . B
Yy -~
-
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C Inthefirst type,thevoltagesourceof Em ( positiveor negative)s connectedhroughoutput
terminals

C Dependingonthediodeconnectionnormalor reverse)the valuessmaller(Fig a) or greater
(Fig b) thanEm s clippedandassignec@sEm..

C Note that if Em is negative,( wherethe voltage sourceis reverselyconnectedyagainthe
valuessmalleror largerthanthis negativevalueis clipped,do not getconfused

R
74 L
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A In the secondtype of thresholdseriesclipping, the voltage sourceis appliedbetweenthe input
andoutputterminals,serieswith thediode

A This time, the clipped values are assignedto zero and the net output voltage equalsto the
differencebetweenthe input and thresholdvalues(lf Em is negativethenEO = ET Em=E +
[EmM)
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C In thistype of clippers,thediodeis connectedetweenoutputterminals The on/off stateof
diodedirectly affectsthe outputvoltage

C Thesetype of clippersmay alsohavea non-zerothresholdvoltageby additionof a voltage
serieswith diode Following figuresillustratetheclipping process

Fig. 2.6 — Zevro Threshold Parallel Clippers
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Fig. 2.7 — Thresholded Parallel Clippers
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C ClamperCircuits, or briefly clampersare usedto changethe D.C. level of a signalto a desired

value

C Beingdifferentfrom clippers,clampingcircuits usesa capacitoranda diode connection\When
diodeis in its on state,the output voltage equalsto diode drop voltage (ideally zero) plus the

voltagesource|f any
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A As you know, this circuit, in fact, is aseriesR-C circuit.

A Theresistancef diode( severalohmsaboveits drop voltage)andthe small capacitanceield to a small
time-constanfor this circuit.

A This meanghatthe capacitomwill rapidly be chargedf anyinputvoltage,thatis enoughto swtich on the
diode,is applied

A The diode will conductduring the positive cycle of the input signal and output voltagewill be ideally

. zero( in practicethis voltageequals~-0.6 V).
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A Note that during positive cycle the capacitoris rapidly chargedin inversepolarity with the

Input voltage After transitionto negativecycle,thediodebecomedo its off state

A In this case the outputvoltageequalsto the sumof the input voltageandthe voltageacross

theterminalsof the capacitorwhich havethe samepolarity with eachother

AEO:-(|Ei I+ |Ec|)

o
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C By this processthe input signal is shifted to negativeD.C. value (its maximumvalue is

ideally zero)without any changan its amplitudeideally

a5 A0 Departmenof ECE, NSCETT heni Page33



C Thereexistagainmodified versionsof this circuit in which a thresholdvalueis insertedfor

clamping Following figuresillustratethesemodificationsandresultingoutputs
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C A comparatons a devicewhich is usedto sensewhen an arbitrary varying signal reaches
somethresholdor referencdevel.

C Comparatordgind applicationin manyelectronicssystemsfor example they may be usedto
sensewhena linear rampreachesomedefinedvoltagelevel, or to indicatewhetheror not a
pulsehasanamplitudegreaterthana particularvalue Providedthat suitableoutputlimiting is
provided,comparatooutputsmay be usedto drive logic circuits

C Thenonlinear circuits to performthe operationof clipping may alsobe usedto performthe
operationof comparison

C Thebasicdifferencebetweerthe two is thatin comparatorthereis no interestin reproducing
any partof thesignalwaveform
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Figure 1. Comparators
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C If we assumethat ramp signalis appliedto the input, as shownin Figure 1(a) the output
Figure 1(b) is constan®/R volts until the rampsignalreducesa valueequalto VR volts until

therampsignalreducesa valueequalto VR volts thenthe diodeconductsandthe input signal

appearsatthe output

C In acircuit aclipperwasimportantthatthe portionof the waveform passedy the diodewas

not distorted

C Theexacttimetl atwhichthediodebeganconductingwasof secondarymportance

C Now this circuit will be consideredas a voltagecomparator(sinceit compareshe varying
signal voltage with the referencevoltage and hencethe name voltage comparator)and of

primary concerns thetime atwhich theinput signalvoltagereacheshereferencdevel VR.

! i‘y:“ »‘\
ey Departmenpf ECE, NSCETTheni Page37



C The shapeof the outputwaveformis of secondarymportance A diode usedfor this purpose

calledpick-off diode

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

operateasa comparatarlts responsavill be sameasshownin Figure2(b).
C Thediodeof thiscircuit is thenreferredto asa breakawaydiode

C Theothertwo circuits shownin Figurel (a) and(b) will actascomparatorsith a decreasing

ramp Theirresponsas shownin Figure2 (c) and(d).
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t
The output waveform ‘of the voltage comparator

shown in Figure 1 (c) and (d)
Vi (%)

@)
The output waveform of the voltage comparator
shown in Figure 1 (a) and (b)

Figure 2
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C A MULTIVIBRATOR is an electronic circuit that switchesrapidly by meansof positive

feedbackoetweenwo or morestates
C Its basicallyatwo amplifier circuit.
C A Multivibrator generatesquarepulse triangularwaveforms

C Also calledasnonlinearoscillatorsor functiongenerators

U AstableMultivibrator
U MonostableMultivibrator

U Bistable Multivibrators
7k A\
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C An AstableMultivibrator or a FreeRunningMultivibrator is the multivibrator which hasno
stablestates

C Its outputoscillatescontinuouslybetweenits two unstablestateswithout the aid of external
triggering

C Thetime periodof eachstatesaredeterminedy ResistorCapacitor{ RC) time constant
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A In the abovediagramwe canfind two transistorsvhich is wired asa switch

U Whenthe circuit is switchedon onetransistorwill drivento saturation(ON) andotherwill

drivento cutoff (OFF). ConsiderQl is ON andQ2 is OFF
U Duringthistime CapacitorC2 is chargingto Vcc throughresistorR.

U Q2 is OFF dueto the -ive voltage from the dischargingcapacitorC1l which is charged

duringthe previouscycle Sothe OFFtime of Q2 is determinedby R1C1 time constant

Departmenof ECE, NSCET 'heni Page4?2



A After a time perioddeterminedoy R1C1 time constanthe capacitorC1 dischargesompletely

andstartschargingin reversedirectionthroughR1.

A Whenthe CapacitorC1 chargego a voltagesufficient provide baseemittervoltageof 0.7V to

thetransistorQ2, it turnsON andcapacitorC2 startsdischarging
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-tve

from
Capacitor C2

U The negativevoltage from the capacitorC2 turns off the transistorQ1 and the capacitorC1

startschargingfrom Vcc throughresistorkR andbaseemitterof transistorQ2.
U ThusthetransistorQ2 remainsin ON state

U Asin the previousstate whenthe capacitorC2 dischargesompletelyit startschargingtowards

oppositedirectionthroughR2.

: 2
g

" -
Departmenof ECE, NSCET heni Paged4



C Whenthe voltageacrossthe capacitorC2 is sufficientto turn ON transistorQ1, Q1 will turn

ON andcapacitorC1 startsdischarging

C This processontinuousandproducegectangulamwavesatthe collectorof eachtransistors

G

U RT CollectorResistor
U Theresistancdr shouldbedesignedo limit the collectorcurrentic with in a safelimit.

U R =V/lc,whereV isthevoltageacrosgheresistorR.
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U In normalcasesV = (Vcc i1 Vce) = (Vcel 0.3) but whenan emitterload like LED is

connectedyY = (Vcci Vcel Vled), whereVled is thevoltagedropacrosd_ED.

U Usuallythe maximumcollectorcurrentlc will be muchhigherthanthanthe currentrequired

for emitterloadsuchasLED.

U In thesecasedc shouldbe chosenin sucha way that it shouldnot exceedthe max current

limit of emitterload
U So,R =(VccT Vcel Vioad) /Ic

UR1& R271 BaseResistors, shouldbe chosensuchthatit shouldgive therequiredcollector

currentduring saturatiorstate

AMin. Base Currentp, .. =Ic/b , wkh eir &®FEbflthe transistor
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U Safe Basé€urrent,lb= 10xlb .= 3 xIc/Db

U R1, R2=Wcci Vbe)/lIb , T1&T271 Time Period

U T2 = OFF Period of transistor Q1 = ON Period of Transistor Q693R2C?2
U T1= OFF Period of transistor Q2 = ON Period of Transistor @Q1693R1C1
U Fromthese equations we can find the value of C1 and C2.

U It is theratioof time Tc duringwhich the outputis highto
total time periodT of thecycle
U Thus here, when the

outputis takenfrom the collectorof thetransistorT.
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C Monostablas alsocalledoneshotmultivibrator.
C Monostablemultivibrator hasonestablestateandonequasistablestate(astablestatg.

C In the multivibrator the outputof first stageis givento the secondstageandthe secondstage
outputis againfeed backto the first stageby this the cutoff statewill becomesaturateand

saturatestatewill becomeo cutoff.

C Becauseof thetransitionof stateshe multivibrator canbe usedasoscillators,timersandflip -

flops.

C Whenanexternaltriggerappliedto the circuit, the multivibratorwill jump to quasistablestate

from stablestate

._.»" re—

7 J-
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C After the periodof time it will automaticallysetbackto the stablestate for returningto the
stablestatemultivibrator doesnot requireany externaltrigger.
C Thetime periodto returningto stablestatecircuit is alwaysdepend®nthe passiveelements

In the circuit (resistorandcapacitovalues)

Monostable Multivibrator Circuit Diagram
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C Whenthereis no externaltrigger to the circuit the onetransistorwill be in saturationstate

andotherwill bein cutoff state

C Q1 isin cutoff modeandput at negativepotentialuntil the externaltriggerto operate Q2 is

INn saturatiomrmode

C Oncethe externaltriggeris givento the input Q1 will getturn on andwhenthe Q1 reaches
the saturationthe capacitorwhich is connectedo the collectorof Q1 and baseof Q2 will

maketransistorQ?2 to turn off.

C Thisis stateof turn off Q2 transistons calledastablestableor quasistate

Departmenof ECE, NSCET 'heni Pageb0



C Whencapacitorchargedo VCC the Q2 will turn on againandautomaticallyQ1 is turn off.

C Sothetime periodfor chargingof capacitorthroughthe resistoris directly proportionalto

the quasior astablestateof multivibratorwhena externaltriggeroccurredt=0.69RC).

C Themonostablenultivibratorsareusedastimers,delaycircuits,gatedcircuitsetc
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C Thebistablemultivibrator hastwo absolutelystablestates

C It will remainin whicheverstateit happengo be until a trigger pulsecausest to switchto the

otherstate

C Forinstance supposeat any particularinstant,transistorQ1l is conductingandtransistorQ?2 is

at cut-off.
C If left to itself, the bistablemultivibratorwill stayin this positionfor ever

C However,if anexternalpulseis appliedto the circuit in suchaway thatQ1 is cutoff andQ2 is

turnedon, thecircuit will stayin the newposition
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C Anothertriggerpulseis thenrequiredto switchthecircuit backto its original state

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

multivibrator. It is alsocalledflip -flop, triggercircuit or binary

C The output pulseis obtainedwhen, and why a driving (triggering) pulseis appliedto the
Input. A full cycle of outputis producedfor everytwo triggering pulsesof correctpolarity

andamplitude
C Heretheoutputof atransistorQ2 is coupledput of atransistorQl througharesistorR2.

C Similarly, the output of a transistorQ1 is coupledto the baseof transistorQ2 througha

resistorR1.
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C ThecapacitorsC2 andC1 areknownasspeedup capacitors

C Their functionis to increasethe speedof the circuit in making abrupttransitionfrom one stable

stateto anotherstablestate

C ThebaseresistorgR3 andR4) of boththetransistorsareconnectedo acommonsource(-VBB).

-
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C Theoutputof a bistablemultivibrator is availableat the collectorterminal of the both the
transistorQl1 andQ2.

C Howeverthetwo outputsarethe complement®f eachothet

C Let ussupposeif Q1 is conducting,thenthe fact that point A is at nearly ON makesthe
baseof Q2 negative(by the potentialdivider R2 - R4) andholdsQ2 off.

C Similarly with Q 2 OFF, the potentialdivider from VCC to -VBB (RL2 , R 1, R3) is
designedo keepbaseof Q1 atabout0.7V ensuringthat Q1 conducts

C ItisseenthatQl1 holdsQ2 OFFandQ 2 hold Q1 ON.
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C Supposenow apositivepulseis appliedmomentarilyto R. It will causeQ?2 to conduct

C As collectorof Q 2 falls to zero,it cutsQ1 OFF andconsequentlythe BMV switchesover

to Its otherstate

C Similarly, a positive trigger pulse appliedto S will switch the BMV backto its original

State

1. In timing circuits as frequency divider
2. In counting circuits

3. In computer memory circuits

'y .L <,

'y i . N
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C To changethe stablestateof the binary it is necessaryo apply anappropriategoulsein the

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

regenerativéeedbaclwill resultonthechangeof state

C Triggeringmay be of two following types

|. Asymmetrical triggering

Il. Symmetricaltriggering
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C Asymmetrical triggering, there are two trigger inputs for the transistors Q1 and Q2.
C Each trigger input is derived from a separate triggering source.

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

the bistable
C For the next transition, now the identical trigger must appear at the transistor Q2.

C Thus 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 tihestable
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Figure: (b) Asymmetrical triggered bistable multivibrator

Bistable Astable Multivibrator

C Initially Q1 is OFFandtransistorQ2 is ON.

C The first pulsederivedfrom the trigger sourceA, appliedto the terminalturn it OFF by

bringingit from saturatiorregionto activetransistorQ1l is ON andtransistorQ2 is OFF

C Any furtherpulsenexttime thenthetrigger pulseis appliedat theterminal B, the changeof

cfablestatewill resultwith transistorQ 2 On andtransistorQl OFF

L
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C Thereare various symmetricaltriggering methodscalled symmetricalcollector triggering,
symmetricalbasetriggeringandsymmetricalhybrid triggering

C Herewe would liked to explainonly symmetricalbasetriggering (positive pulse)only as
givenundersymmetricalBaseTriggering

L P Bistable Astable Multivibrator
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C DiodesD1 and D2 are steeringdiodes Here the positive pulses,try to turn ON and OFF

transistor

C ThuswhentransistorQl is OFF andtransistorQ2 is ON, therespectivebasevoltagesandV
B1N, OFFandV B2N, ON. It will beseenthatV B1N, OFF>V B1N, ON. ThusdiodeD 2 is

morereversebiasedcomparedo diodeD1.

C Whenthe positivedifferentiatedpulseof amplitudegreaterthan(V B1N, OFF+ V “Yappears,
the diode D 1 gets forward biased,and transistorQ1 entersthe active region and with

subsequentegenerativéeedbackl getsON, andtransistorQ2 become<OFF

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

ultimately with regenerativéeedbackt will bein the ON state
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C A Schmitttrigger is a comparatorcircuit with hysteresisimplementedby applying positive

feedbacko the noninvertinginput of acomparatowor differentialamplifier.
C It is anactivecircuit which convertsananaloginput signalto a digital outputsignal

C The circuit Is nameda "trigger" becausdhe output retainsits value until the input changes

sufficiently to triggerachange

C Schmitttrigger devicesaretypically usedin signal conditioningapplicationsto removenoise

from signalsusedin digital circuits, particularlymechanicakwitchbounce

C They are also usedin closedloop negativefeedbackconfigurationsto implementrelaxation

_osclillators,usedin functiongeneratorandswitchingpowersupplies
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C Theoriginal Schmitttriggeris basedon the dynamicthresholdideathatis implementedyy a
voltage divider with a switchableupperleg (the collector resistorsRC1 and RC2) and a

steadylowerleg (RE).

C Q1 actsasa comparatomwith a differential input (Q1 baseemitterjunction) consistingof an

Inverting (Q1 base)andanontinverting (Q1 emitter)inputs

C Theinputvoltageis appliedto the inverting input, the outputvoltageof the voltagedivider

IS appliedto the nonrinverting input thusdeterminingits threshold

C The comparatomoutputdrivesthe secondcommoncollectorstageQ?2 (an emitterfollower)

throughthe voltagefollower R1-R2.
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C The emittercoupledtransistorsQl and Q2 actually composean electronicdouble throw switch
thatswitchesoverthe upperlegsof thevoltagedivider andchangeghethresholdn a different(to the

Input voltage)direction

Initial state

A For NPN transistorsas shown, imagine the input
voltage iIs below the shared emitter voltage (high
thresholdfor concreteness)

A 'so that Q1 baseemitter junction is backwardbiased
andQ1 doesnot conduct

A Q2 base voltage is determinedby the mentioned
divider sothat Q2 Is conductingandthetriggeroutput  |Eeit iy Sl t AL it L s
is in thelow state R TS
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C The two resistors RC2 and RE form another voltage divider that determines the high

threshold.

C Neglecting VBE, the high threshold value is approximatt

C Whentheinputvoltage(Q1 basevoltage)risesslightly abovethe voltageacrosshe emitter
resistorRE (the highthreshold) Q1 beginsconducting

C Its collectorvoltagegoesdown and Q2 beginsgoing cut-off, becausdhe voltagedivider
now provideslower Q2 basevoltage

C The commonemittervoltagefollows this changeand goesdown thus making Q1 conduct

maore
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C Thecurrentbeginssteeringfrom theright leg of thecircuit to theleft one

C Although Q1 is moreconducting,t passedesscurrentthroughRE (sinceRC1 > RC2); the emitter

voltagecontinuesdroppingandthe effective Q1 baseemittervoltagecontinuouslyincreases

C This avalanchdike processcontinuesuntil Q1 becomescompletelyturnedon (saturatedand Q2

turnedoftf.

C Thetriggeris transitionedo the high stateandthe output(Q2 collector)voltageis closeto V+.

C Now, the two resistorsRC1 and RE form a voltagedivider that determineghe low threshold Its

valueis approximately
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C With the trigger now Iin the high state,if the input voltage lowers enough(below the low

threshold) Q1 beginscutting-off.

C Its collector currentreduces as a result, the sharedemitter voltage lowers slightly and Q1

collectorvoltagerisessignificantly
C R1-R2 voltagedivider conveysthis changeao Q2 basevoltageandit beginsconducting

C The voltage acrossRE rises, further reducingthe Q1 baseemitter potential in the same

avalanchdike mannerandQ1 ceaseso conduct

C Q2 becomesompletelyturnedon (saturatedandthe outputvoltagebecomedow again
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1. Schmitttriggers are typically usedin openloop configurationsfor noise immunity and
closedloop configurationdo implementfunctiongenerators

2. Noiseimmunity

3. Oneapplicationof a Schmitttriggeris to increaséhe noiseimmunity in a circuit with only
asingleinputthreshold

4. With only one input threshold,a noisy input signal nearthat thresholdcould causethe
outputto switchrapidly backandforth 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 otherthresholdin orderto
causeanotherswitch

6. Useasan oscillator

7. A Schmitttriggeris a bistablemultivibrator, andit canbe usedto implementanothertype

»7of multivibrator, the relaxationoscillator
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3 The pulse required to drive a circuit can be obtained
from a single stage oscillator using

a device like UJT Is called UJT Relaxation Oscillator.
U R1 and R2 are biasing resistors CT and RT

are the capacitance and resistance decide

the oscillating rate.
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3 The pulse required to drive a circuit can be obtained from a single stage oscillator using

a device like UJT is called UJT Relaxation Oscillator.

U R1 and R2 are biasing resistors CT and RT are the capacitance and resistance decide

the oscillating rate.

Pulses of UJT relaxation oscillator

Departmenof ECE, NSCET 'heni

Page/0






