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Abstract

Thevoltage distribution diagram (VDD) is an easy-to-usetool for designingan inverting or non-inverting
op-ampcircuit with somearbitrary(linear) transferfunction. It makes it easyto investigatethe inverting and
non-invertingcircuit configurationsto determinewhichwill work bestin agivenapplication.

Thesamediagrammaybeusedto illustratetheeffectof variousop-amplimitationssuchasfinite open-loop
voltagegain,offsetvoltageandslew-ratelimiting.

It’ s usefulin thedesignof positive feedbackcircuitsaswell. Thevoltagedistribution diagrammaybeused
to designasinvertingor non-invertingSchmitttriggerwith arbitrarythresholdsandoutputbounds.
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1 Intr oduction

This paperdescribesa methodof graphicalanalysisfor op-ampcircuits. Thesametechnique,with minor modi-
fications,appliesbothto linearamplifierswith negative feedbackandSchmitttriggercircuitswith positive feed-
back.Themethodis usefulbothasapracticaltool in circuit designandanaid to understandingcircuit operation.

Origins

A graphicalmethodsimilar to the onepresentedherefor invertingamplifiercircuit design,is given in [5]. The
applicationto linearamplifiersis mentionedbriefly in reference[4]. An unrelatedgraphicalmethodof Schmitt
trigger designis given in [6]. The techniqueis not presentedat all in the standardtextbooksin op-ampcircuit
design,suchas[1],[2] or [3]. Thisarticleextendsandunifiespreviouswork by showing how it maybeappliedto
a varietyof op-ampcircuits.

Sincethereappearsto be no generallyacceptednamefor this technique,I shall refer to it as the voltage
distribution diagram1.

1Theapplicationto linearamplifiershasbeenreferredto elsewhereasa teeter-totter diagram.Franco[4] callsit amechanicalanalogy. As
far asI amawarethereis nonamefor thetechniquewhenappliedto Schmitttriggercircuits.
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2 NegativeFeedback:Linear Amplifiers

2.1 The Inverting Amplifier

Thestandardop-ampinvertingamplifiercircuit is shown in figure1.
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Figure1: InvertingOp-AmpCircuit

Thevoltage-distribution-diagramfor theinvertingamplifiercircuit of figure1 is shown in figure2.
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Figure2: InvertingOp-Amp,VoltageDistributionDiagram

This diagrammaybeconsideredasa plot of the voltagedistribution acrossthe two resistors��� and ��� for
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somevalueof input voltage � � . In the caseshown in figure 2, the input voltageis ��� volts. The circuit hasa
closed-loopvoltagegainof ��� , sotheoutputvoltageis ��� volts. PointA correspondsthevirtual earthpoint.

Whenthe input voltagereversespolarity, the voltage-distribution-diagrambecomesasin figure 3. The dis-
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Figure3: ReversingtheInputVoltage

tribution swingsover therangebetweenthedashedandsolid lineson thediagram.Thediagrambehavesin the
samefashionasaplaygroundteeter-totter.

Somepointsareimmediatelyobviousfrom thisdiagram:

VoltageGain Ignoringpolarity for amoment:becausethetwo trianglesaresimilar,�!�� �#" �%$� �
and � $�&� " � ����
that is, the closed-loopvoltagegain of the circuit is proportionalto the ratio of the feedbackto input
resistance.In otherwords,aspoint A movesto theleft on thediagram,theratioof � $(' � � increasesandthe
gainincreases.

Inverting Operation Thedirectionof changeof theoutputvoltageis oppositeto theinput. As �&� movesup the
page,� $ movesdown.

Finite Gain The conceptof the virtual earth point at ) on the diagramis a very useful approximationidea
for analyzingop-ampcircuits. However, for the op-ampto develop a finite outputvoltagewith a finite
open-loopgain,theremustactuallybesomenon-zerosignalatpoint ) .
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Exaggeratingtheeffect (or for amplifierswheretheopen-loopgaincannotbeneglected),thesituationis as
shown in figure4. Finite open-loopvoltagegainrequiresanerrorsignalto appearat theinput terminaland
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The effect of offset is alsodemonstratedin the gain distribution diagramof figure 6. For an input signal
of zero,the outputsignalshouldalsobe zero. Becauseof voltageoffset, the output is non-zeroandwill
increaseastheclosed-loopgain ��� ' �#� increases(ie, point A movesto theleft). Thelessonfor thecircuit
designeris thatoffsetvoltageis morelikely to bea problemat largevaluesof closed-loopgain.

Clipping and the Err or Voltage Whentheoutputvoltagereachesthepositive or negative limit of theop-amp,
the systemof negative feedbackno longerfunctionsandthe error voltagebecomessignificant. Figure7
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shows how clipping appearson thevoltagedistribution diagram.Whenclipping occurs,thepivot point of
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Theclosed-loopgain ��� ��' � � is equalto 2 volts/volt andthelimit of theop-ampoutputvoltage � $ is :�;
volts. In the caseshown in figure 7 the input voltageis ��� volts, so the output limits at ��; volts. The
resistors� � and � � function asa voltagedivider andcreatea non-zerovoltageat point A, the inverting
input of theop-amp.Whentroubleshootinganinvertingop-ampcircuit, it is usefulto checkthevoltageat
the invertingterminal: if it is not equalto thevoltageat thenon-invertingterminal(oftenground,or zero
volts), thentheop-ampis not operatingasa negativefeedbacksystem.

SlewRate Limiting A large voltagestepof the input voltage � � will causeslew rate limiting to occur, as the
amplifiercompensationcapacitanceis chargedby a finite current.On thevoltagedistribution diagram,the
input changesabruptlyfrom onevalueto another. Theoutputvoltagerampsrelatively slowly from its first
to secondvalue.

While theamplifier is slewing, thediagramshows thata largeerrorvoltageappearsat the invertinginput
terminal of the op-ampduring slew rate limiting. Consequently, a measurabletransientvoltageat the
invertinginput terminalindicatesthattheamplifieris slew ratelimiting.

2.2 The Non-Inverting Amplifier

Thenon-invertingnegative feedbackamplifierconfigurationis shown in figure8, andthecorrespondingvoltage
distributiondiagramin figure9.
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Figure9: VoltageDistribution,Non InvertingCircuit

Rearranging, � $� � " � � �<� �� �" 6 � � �� �
which is theusualequationfor theclosed-loopgain,non-invertingop-ampconfiguration.

From the voltagedistribution diagramof figure 9, it is evident that the outputvoltagechangesin the same
directionasthe input, ie, the amplifier is non-inverting. As well, the outputvoltagecannever be lessthanthe
inputvoltage,evenwhenthefeedbackresistoris reducedto zero.Theeffectof finite gainopen-loopvoltagegain,
offset voltage,outputclipping andslew ratelimiting may alsobe shown on the samediagram,asdescribedin
section2.1 above. However, the real utility of the voltagedistribution diagramis is designingthe generalized
inverting/non-invertingamplifier, shown in thenext section.

2.3 General Inverting/Non-Inverting Amplifier

Theinvertingandnon-invertingfunctionsmaybecombinedin thesamecircuit, asshown in figure10.
This may be regardedas an inverting amplifier with input signal �!= and offset �%> , or as a non-inverting

amplifierwith offset � = andinputsignal � > . By superposition,theoutputvoltageis equalto:� $ " �!> ? 6 � ���� �
@ �A�%= ? ���� �
@
Thecorrespondingvoltagedistributiondiagramis shown in figure11.
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Figure10: GeneralizedInverting/Non-InvertingAmplifier

Theequationfor astraightline is D "�EGF � C
whereE is theSlopeand

C
is theY-Intercept.In thecaseof figure11,

EH" �!>I�A�%=� � J C " � =
Substitutingtheseexpressionsfor E and

C
in thegeneralequation,wehaveD " ? �%>K�L�!=��� @ F �7�%=

Onepoint on this line correspondsto FG" ���!�7��� , D " �!$ . Substitutethesevaluesfor x andy andsimplify:

�%$ " ? �!>M�A�%=� � @LN �#�!�7���POQ�R� =
" �!> ? 6 � � ���� @ �A�%= ? � ���� @

This is the sameas the previous equationobtainedby superposition,so the voltagedistribution diagram
correspondsto thebehaviour of thecircuit.

2.4 Application to Amplifier Design

When �!= is aninputand �!> anoffsetvoltage,wehaveageneralizedinvertingamplifier. When �%> is aninputand�%= anoffsetvoltage,we haveageneralizednon-invertingamplifier.
Supposethat the designrequirementis for an amplifier with an input voltageof : 6 volt input signal that

correspondsto anoutputsignalbetween0 and+5 volts. Thevoltagedistribution diagramfor aninvertingdesign
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Figure11: VoltageDistributionDiagram,GeneralizedAmplifier

is shown in figure12. Two tracesaredrawn betweenthecorrespondinginput andoutputvoltages.Thepoint of
intersectiondefinesboththeoffsetvoltage �%> andtheratio of � �GW � � . Readingvalues2 off figure12, � ��' � � "�YX[Z\Z and �!> " ��]&X[^\Z volts. Thevaluesobtainedby circuit analysisare � ��' � � " �YX[Z and �%> " ��]2X_^ 6a` volts.

Thevoltagedistribution diagramfor a non-invertingamplifier thatmeetsthesamerequirementsis shown in
figure13. Readingvaluesoff figure13, � �
' � � " 6 X ` ] and �!= " � 6 X[^ volts. Thevaluesobtainedanalytically
are � �
' � � " 6 X Z and �!= " � 6 X �\� volts.

With thegraphicalimagesof figure12 andfigure13 in mind, thecircuit designercaneasilyexplorehow an
invertingor non-invertingcircuit designwill implementsomearbitrarytransferfunction.

3 PositiveFeedback:The Schmitt Trigger

Thevoltagedistributiondiagrammaybeappliedto positive feedbackcircuits.As in thecaseof linearamplifiers,
therearetwo casesto consider:theinvertingandnon-invertingSchmittTrigger.

3.1 Inverting Schmitt Trigger

TheinvertingSchmittTriggeris shown in figure14. It is identicalto thenon-invertingamplifierdiscussedprevi-
ouslyexceptthattheinput terminalsof theop-ampareexchanged.

Thecorrespondingvoltagedistribution diagramis shown in figure15. Theamplifier receivespositive feed-
2Wedeterminedthesevaluesby scalingoff theoriginal xfig drawing.

11



� � � � � � � � � � � � � � � � � � � � � ���������������������������������������������� � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������������������������������������������� ������������������������������������ ������������������������������������������������������������������������������������������
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � ���������������������������������������������� � � � � � � � � � � � � � � � � � � � � �

+2

+1

0

-2

-1

0

+1

+2

+3

+4

+5

��T�bc� �cd
� �

� � ���
�
S

Figure12: VoltageDistribution,GeneralizedInvertingAmplifier

back,soit will drive theoutputto oneof its outputlimits. We referto this configurationasthe invertingSchmitt
triggerbecausetheoutputswitchesto its negative limit astheinput voltageexceedsthepositive input threshold,
andswitchesto its positive limit astheinput voltageexceeds(moving in a negativedirection)thenegative input
threshold.

Let’s assumethat theoutputlimits (bounds)are �&e > " ��� volts and �&8 > " ��� volts. Assumethat the input
voltageis zero,andthat theamplifier is currentlyat theupperbound.Resistors� = and � > areequal.Thenthe
voltageat their junction, the non-invertinginput terminalof the op-amp,will be at � 6 X[Z volts. This is �&e(f , the
upperthresholdof theSchmitttrigger, representedby theuppersolidslopingline on figure15.

Theequationgoverningthegenericbehaviour of theop-ampis� $ " ) $+8 N �hgi�L�kjlO
where ) $98 is theopen-loopgainof theop-amp,� g is thenon-invertinginput voltage(+1.5volts),and � j is the
inverting input voltage(0 volts). In this circuit, with the outputat its ��� volt positive limit, hereis a net input
voltageof

6 X[Z volts. This is multipliedby thelargeopen-loopgainof theop-amp,driving theoutputupagainstits
positive limit. Thissituationcorrespondson thevoltagedistributiondiagramof figure15, thesolidslopingline.

Now considerthat theinput voltage �&� at theinvertingterminalincreasespositively to slightly morethanthe
upperthreshold�!e(f . Thenetinput to theop-ampwill benegative N � g �m� j O , andthiswill drivetheoutputof the
amplifiernegative.As theoutputmovesnegative,it increasestheeffectiveinputvoltagebetweentheop-ampinput

12



� � � � � � � � � � � � � � � � � � � � � ���������������������������������������������� � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���������������������������������������������������������������������������

�������������������������������������������� � � � � �� � � � �� � � � � �� � � � ��� � � � � �� � � � � �� � � � � �� � � �
����������������������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �����������������������

� � �� � � � � �� � � � �� � � � � �� �� � � �� � � � �� � � � � �� � � � �� �
0

+1

+2

+3

+4

+5

� �

� �

+2

+1

0

-2

-1

� �

�
Snbc� �cd��T

��T

Figure13: VoltageDistribution,GeneralizedNon-InvertingAmplifier

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � ��������������������������

� B��C
� �

� � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � �

������������������� ������������������� �������������������������������������� ������������������� ������������������� ������������������� ������������������� �������������������


 
 ������������������ � � � � � � � � � � � � � � �

������������������ � � � � � � � � � � � � � � ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �+

–

Figure14: InvertingSchmittTrigger

terminals,acceleratingthe movementof the outputto its lower bound � 8 > . On the voltagedistribution diagram
of figure15, this new stablestatecorrespondsto thedashedslopingline. In this state,the input mustexceedthe
lower threshold� 8_f " � 6 X Z volts to causetheSchmittTriggerto switchbackto its positivestate.

As in thecaseof the linearamplifiers,a biasvoltagesource�%> maybeusedto modify the behaviour of the
invertingSchmitttrigger, asshown in thedesignexampleof figures17 and18 in thesection3.2.

13



+2

+1

0

-2

+1

�
oaS

�
p[S
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����������������������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �����������������������

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �������������������������������������������������������������

�q�V�q�V�q�V�q�V�q�
�q�V�q�V�q�V�q�V�q�

0

+1

+2

+3

+4

+5

� �

� T� S -3

-2

-1

�
r
� o r
�
p r

Figure15: VoltageDistributionDiagram,InvertingSchmittTrigger

3.2 DesignExample

Supposewe wish to designan invertingSchmittTriggercircuit wherethe outputlimits at +5 volts and0 volts.
Theinput thresholdsare : 1 volt. Thismight correspondto anapplicationwhereanAC coupledsignal(onewith
zeroDC component)is to besquaredup for measurementby amicroprocessor. Therequirementsaresummarized
in figure16. Thenthevoltagedistributiondiagrammustlook likefigure17.

Parameter Symbol Value,volts

InputUpperThreshold �!eaf � 6
InputLowerThreshold � 8Vf � 6
OutputUpperBound � e > ��Z
OutputLowerBound �&8 > ]
Figure16: SchmittTriggerDesignRequirements

According to the voltagedistribution diagramof figure 17, the designrequiresthat the bottomendof the
voltagedividerbebiasedto � 6 X_^sZ volts. Theratioof ��= W ��> is

6 ] W ^ . Theschematicis shown in figure18.
Thevoltagedistribution diagramindicatesimmediatelythata negative voltageis requiredfor this circuit. If

thecircuit mustoperatefrom asinglepositivesupply, the � 6 X_^sZ volt biassignalmaynotbeconvenientto provide.
Section3.4showsanalternative thatusesanon-invertingSchmitttriggercircuit.
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Figure17: InvertingSchmittTrigger, ExampleCircuit

3.3 Non-Inverting Schmitt Trigger

The non-invertingSchmittTrigger is shown in figure 19. The input signal is moved to the groundendof the��= W ��> voltagedivider. Thecorrespondingvoltagedistribution diagramis shown in figure20. In this case,we
haveassumedthattheamplifieroutputlimits arethe � e > (upperbound)at ���2X Z voltsand � 8 > at ���YX[Z volts.

In this circuit configuration,theamplifierchangesstatewhenever thevoltageat thecentretapof the ��= W ��>
voltagedividermovesthroughzerovolts. Fromthestraightline constructionsonfigure20,wecandeterminethat
theupperthreshold� e(f will beat � 6 X[Z voltsandthelower threshold� 8_f at � 6 X Z volts.

Considerthat the input voltageis positive andSchmittis in its outputhigh state,with theoutputvoltage � $
equalto theupperboundvalue � e > , ���2X Z volts. Thiscorrespondsto theupperdashedline in figure20.

Now supposethat the input voltagemovesnegative throughzero,endingup in thepositionindicatedby the
uppersolid line in figure20. Whenthe left endof this line passesthroughthe lower thresholdlevel �28Vf of � 6 X[Z
volts, voltageat theop-ampnon-invertingterminalpassesthroughzero. Theop-ampimmediatelyswitchesinto
theoutputlow state,with �%$ equalto ���YX[Z volts. This new statecorrespondsto thelower solid line in figure20,
with theoutputvoltage�%$ equalto the lower boundvalue �28 > , ���YX[Z volts.

To revertbackto theoriginal state,outputpositive, theinput voltagehasto movepositive to take theop-amp
non-invertingterminalthroughzerovolts, asindicatedby the lower dashedline in figure20. This requiresthat
theinput voltagemoveup throughtheupperthresholdlevel � e(f of � 6 X Z volts.

The voltagedistribution diagramis useful in visualizing the actionof this circuit, but its main utility is in
designingacircuit to somespecificrequirements,asdescribedin section3.4.
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Figure19: Non-InvertingSchmittTrigger

3.4 DesignExample

Now we will revisit thepreviousdesign,this time usingthenon-invertingSchmittTriggercircuit. As previously
summarizedin figure16, theoutputlimits areat +5 volts and0 volts, andthe input thresholdsare : 1 volt. The
voltagedistribution diagramfor a non-invertingSchmitttriggerwith thesethresholdsandoutputlimits is shown
in figure21.

Thediagramindicatesthata biasvoltageof ��]2X_^sZ volts is requiredat the invertingterminalof theop-amp.
Theratioof � = : � > is 2.53:1.Thefinal circuit designis shown in figure22.
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Figure21: Non-InvertingSchmittTriggerDesign

Oncea workablelinearamplifieror Schmitttriggercircuit configurationis identifiedalongwith approximate
circuit values,moreaccuratecircuit valuesmaybecalculatedby analyticalmethods.
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