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Experiment 1
Coupling Capacitors

Theory

In variouselectroniccircuits, it is necessaryto combineor separateAC andDC voltagesor

currentsfrom eachother. This taskis usuallyaccomplishedwith theuseof capacitors.These

socalledcouplingcapacitorsideally behave asopencircuitsfor DC voltagesandshortcircuits

for AC signalsthatareaboveacertainfrequency.

Considerthefollowing simple
���

circuit.
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The impedanceof the capacitoris �����	��

��� � . For a sinusoidalinput signalat angularfre-

quency � , theinputandoutputphasorsarerelatedby
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Looking at this expression,we seethat when � ����� � the unity term in the denominator

canbeneglectedand
�������� 

. In otherwords,at frequencies! thataremuchlarger thanthe

cornerfrequency !��"�#�$
&%$' ��� , the impedanceof thecapacitorbecomessmall enoughto be

neglected,andhenceit is saidto behave likeashortcircuit. On theotherhand,for DC voltages

�(�*) andwehave
��� �*) , i.e., thecapacitorbehaveslikeanopencircuit.

Thereis of coursea rangeof frequenciesfor which thecapacitoris neitheranopennor a short

circuit. Wecanmanipulatetheaboveexpressioninto a form

��� � �
� �*+ !$�,
-!/.10

243/5 �76 '8
9%;:=<?>&@BADC + !7
-!��E.EF ���

sothattheamplitudeandthephaseof theoutputvoltagephasorcanbeeasilyidentified.

Theoverallfrequency behavior is bestdemonstratedwith aBodeplot, i.e.,agraphof therelative

outputvoltageamplitudeversusfrequency. Notethat it is customaryto usea logarithmicscale



for bothaxesin Bodeplots,a relative dB scalefor theverticalaxisanda logarithmicscalefor

thehorizontalfrequency axis. ThedeciBell (dB) is a logarithmicandrelative unit, commonly

usedto expressratiosof voltagesor currents.For example,thevoltagegain GIH �KJ ��� JL
DJ ��� J of a

circuit is theratio of theoutputto theinput voltagephasormagnitude.Thelinearvoltagegain

GMH is relatedto thevoltagegain in dB unitsby

GMH�N OQP �*%&)8RTS&U GIH �

If GMH � � then GMH�N OQP � ) dB, i.e., unity gain correspondsto 0 dB. If GIH � ��
&V % then

GMH�N O4P � :XW dB. Sinceelectricalpower is proportionalto the squareof the voltageor the

current,powergain Y is convertedto dB unitsusing

YZOQP �[�$)\R]S&U Y �

Unity powergainalsocorrespondsto 0 dB, however, Y;O4P �*:XW dB correspondsto Y �^) �T_ .
In our circuit, for ! � !�� the capacitoris practicallya shortcircuit, andthe output is 0 dB

relative to theinput. At thecornerfrequency !�� , we have J`���aJ�� �
and J ��� J��bJ ��� J`
&V % . In dB

scale,thevalueof theoutputvoltageat !c�[!$� is %&)\R]S&U + ��
 V %&.;�[:XW dB relative to the input

voltage. It is importantto notethat for !edgf�!$� , theerrormadeby assumingthecapacitorto

bea shortcircuit is alwayslessthan3% (0.26dB). Theoutputamplitudedecreasesat a rateof

20dB/decadefor frequenciesthataremuchlessthanthecornerfrequency.
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Thephasetermin theexpressionabove shows that for ! � !�� theoutputis in phasewith the

input, since 6 '8
9%X:�<h>-@ ADC + !i
&!��j.kF � ) in this case.At lower frequenciesthereis a frequency

dependentphaseshift betweentheinputandtheoutput.
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Now considerthefollowing circuit.
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Notethatthiscircuit is linearandthesuperpositionprinciplecanbeused.Thismeansthattofind

theoutputvoltagel&m , we cansolve thecircuit for eachvoltagesourceseparately(considering

all otherindependentvoltagesourcesto beshortcircuit andcurrentsourcesto beopencircuit),

andthenaddtheresults.

Thenewly addedDC voltagesupplydoesnot affect thesignalsource,sincethecapacitoris an

opencircuit for DC voltages.In otherwords,thereis noDC currentgoingthroughtheAC signal

source.Theoutputvoltagel � � � � � l � is now thesumof aDC andanAC component.Wesee

that theDC componentis simply
��� � ��npo 
&% , sincethetwo resistorsform a voltagedivider.

On theotherhand,asfarasAC signalsareconcerned,thecapacitoris ashortcircuit (assuming

! � !�� ) andtheDC voltagesupplyis alsoashortcircuit (usingsuperpositionprinciple).Hence

theAC equivalentcircuit becomes:

o
v

ωv  = V   cos    t
Mi R

R

o
v

ωv  = V   cos    t
Mi R/2

Therefore,the AC componentat the output is l � � l � and the total outputvoltageis l � ���npo 
&% � l � . In otherwords,thecircuit performsthefunctionof addinga DC valueto a signal

from avoltagesource.Notethatthetotal voltagedropacrossthecapacitoris always
��npo 
9% .
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Preliminary work

Study Section7.2 in the textbook. Practicefinding time constants,using the dB scale,and

drawing Bodeplots.

In thelaboratory, youwill investigatethefollowing circuit.
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The componentvaluesaregiven as
�
C �q% � % k r ,

� 0 � � �Ts k r ,
�ut � �Mv � � � ) k r , and�

C �K�pw F. TheDC voltagesupplyhas
��nio � _

V andthesignalgeneratorhasapeak-to-peak

amplitudeof 0.8V (i.e.,
��x �^f-)&) mV).

Whendoingcalculationsfor thepreliminarywork, first find anexpression(a formula)in terms

of thecircuit parameters,andthensubstitutethenumericalvaluesgivenabove to find thenu-

mericalresult.This will makefindingmistakesmucheasier.

1. Solve theDC circuit andfind theDC voltageat theoutput.

2. Draw theAC equivalentcircuit.

3. Calculatethecornerfrequency.

4. Determinethefrequency rangefor which thecapacitorcanbeconsideredashortcircuit.

5. Determinethe small-signalAC voltagegain GMH � J ��� J`
BJ ��� J for an input signalwhose

frequency is muchhigherthanthecornerfrequency.

6. Draw theBodeplot (asymptoticapproximation)for thevoltagegain (in dB scale).

7. Write thetotal outputvoltagel � asa sumof its DC andAC componentsfor frequencies

thataremuchhigherthanthecornerfrequency.

8. Do a PSPICEsimulationof this circuit to determineall DC voltagesandcurrents(Bias

PointAnalysis),andcomparethesewith yourcalculationsof Part 1.

9. Do a PSPICEsimulationof this circuit to generatea plot of the outputsignal l � versus

frequency ! (AC SweepAnalysis). The frequency axisshouldbe logarithmicandspan
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therange1 Hz – 10kHz. Generatetwo frequency plots,onewith a linearaxisfor l � , and

theotherwith a logarithmicaxis.Comparewith yourBodeplot of Part 6.

As you see,in this circuit theoutputvoltageis anAC signalriding on top of a DC component.

Now supposewe needto getrid of theDC componentof theoutputto have a pureAC signal.

We canusea secondcouplingcapacitorfor this purpose.Considerthefollowing circuit where

thevalueof
� 0 is givenas10 w F. Analyzing this circuit is not very easysincetherearenow

two capacitors.
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10. Do aPSPICEsimulationof this circuit to determineall DC voltagesandcurrents.

11. Do a PSPICEsimulationof this circuit to generatea plot of the output signal l � ver-

susfrequency ! . The frequency axis shouldbe logarithmic andspanthe range1 Hz –

10 kHz. Generatetwo frequency plots,onewith a linearaxisfor l � , andtheotherwith a

logarithmicaxis.Comparewith thefrequency plotsof Part 9.

Experimental work

1. Constructthefirst circuit givenin thepreliminarywork section.

Thecapacitorthatyou usehereis anelectrolyticcapacitor, i.e., it hasa predefinedpolar-

ity. Make sureyou connectthepositive terminalof thecapacitortowardstheDC power

supply.

2. Beforeconnectingthesignalgenerator, measureall DC voltageswith a multimeterand

verify thatyourcircuit is operatingasexpected.

3. Connectthesignalgenerator. Setthevoltageat theinput to 0.8V p–pandthefrequency

to 10 kHz. RepeattheDC voltagemeasurementsof thepreviouspart to checkthatDC

voltageshavenot changed.
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Whenyou setup the signalgenerator, alwaysverify the outputwaveform usingan os-

cilloscope.The actualoutputvoltagemay be differentthanthat indicatedon the signal

generatoritself.

4. Observetheinputandoutputvoltagesontheoscilloscopeontwo separatechannels.Mea-

surethepeak-to-peakamplitudeandtheDC valueat theoutput.DeterminetheAC volt-

agegain,andcompareit with thevaluecalculatedin yourpreliminarywork.

Whentaking measurementswith the oscilloscope,pay particularattentionto whethera

channelis AC coupledor DC coupled. If you want to seethe total waveform, set the

channelto DC coupled.If you wantto zoomin on theAC signalonly, setthechannelto

AC coupled.

5. Graduallydecreasethe input signal frequency asyou watch the AC componentof the

outputsignal. Determinethe cornerfrequency by noting thepoint at which the voltage

gaindropsto71%( �$
-V %X�^) �zy � or :"W dB)of its valueat10kHz. Comparethismeasured

cornerfrequency with thecalculatedvalue.

Notethat,thesignalgeneratoroutputvoltagemaychangewhenyouchangethefrequency.

6. Generatea plot of thevoltagegain versusfrequency. To do this, take a numberof data

points in the 10 Hz – 10 kHz range(at least10 datapoints). At eachfrequency point,

measurethevoltagegain andnotethephasedifferencebetweentheinput andtheoutput

waveforms.

7. Bring the frequency back to 10 kHz and set up the oscilloscopein { - | mode. This

generatesan input–outputgraphon thescreen.Note thatsincethe input andtheoutput

arein phase,theoscilloscoperendersa straightline. Now graduallydecreasethesignal

generatorfrequency andnotethe changeson the oscilloscopescreendueto changesin

thephasedifference.

8. Find thefrequency atwhich thephasedifferencebetweentheinputandtheoutputis '\
&f
usingtheoscilloscopein { - | mode.
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