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Experiment 1
Coupling Capacitors

Theory

In variouselectroniccircuits, it is necessaryo combineor separatéAC and DC voltagesor
currentsfrom eachother This taskis usuallyaccomplishedvith the useof capacitors.These
socalledcouplingcapacitorsdeally behae asopencircuitsfor DC voltagesandshortcircuits
for AC signalsthatareabove a certainfrequeng.

Considerthefollowing simple RC' circuit.

v =V, Ccos wt R

Theimpedanceof the capacitoris Z. = 1/jwC. For a sinusoidalinput signalat angularfre-
gueng w, theinputandoutputphasorsarerelatedby
R JwRC

Vo= i = . i
R+ Z. 14+ jwRC

Looking at this expressionwe seethatwhenwRC' > 1 the unity termin the denominator
canbeneglectedandV,, ~ V;. In otherwords,at frequenciesf thataremuchlargerthanthe
cornerfrequeny f. = 1/2r RC, theimpedanceof the capacitorbecomesmall enoughto be
neglected,andhencat is saidto behae like ashortcircuit. Ontheotherhand,for DC voltages
w = 0 andwe have V, = 0, i.e., thecapacitotbehaeslik e anopencircuit.

Thereis of coursearangeof frequenciesor which the capacitoris neitheranopennor a short

circuit. We canmanipulatehe above expressionnto aform
1

W expj[ﬂ/Q — tan— (f/fC)]

sothattheamplitudeandthe phaseof the outputvoltagephasorcanbe easilyidentified.

v

Theoverallfrequeng behaior is bestdemonstratedith aBodeplot, i.e.,agraphof therelatve
outputvoltageamplitudeversusfrequeng. Notethatit is customaryto usea logarithmicscale



for bothaxesin Bodeplots,arelatve dB scalefor the vertical axisanda logarithmic scalefor
the horizontalfrequeng axis. The deciBell (dB) is a logarithmic andrelative unit, commonly
usedto expresgatiosof voltagesor currents.For example the voltagegain A, = |V,|/|V;| of a
circuit is theratio of the outputto the input voltagephasomagnitude.The linearvoltagegain
A, is relatedto thevoltagegainin dB unitsby

Av,dB =20 IOg AU .

If A, = 1thenA, ;5 = 0 dB, i.e., unity gain correspondgo 0 dB. If A, = 1/\/§ then
A, a5 = —3 dB. Sinceelectricalpower is proportionalto the squareof the voltageor the
current,power gain (& is corvertedto dB unitsusing

Gap = 10log G .
Unity power gain alsocorresponds$o 0 dB, however, GG, = —3 dB corresponds$o G = 0.5.

In our circuit, for f > f. the capacitoris practically a shortcircuit, andthe outputis O dB
relative to theinput. At the cornerfrequeny f., we have |Z.| = R and|V,| = |V;|/v/2. In dB
scale the valueof the outputvoltageat f = f. is 201log(1/v/2) = —3 dB relative to the input
voltage. It is importantto notethatfor f > 4f,., the error madeby assuminghe capacitorto
bea shortcircuit is alwayslessthan3% (0.26dB). The outputamplitudedecreaseat a rate of
20 dB/decadédor frequencieshataremuchlessthanthe cornerfrequeng.
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The phasetermin the expressiomaborve shawvs thatfor f > f. the outputis in phasewith the
input, since[r/2 — tan=!(f/f.)] =~ 0 in this case.At lower frequencieghereis a frequeng
dependenphaseshift betweertheinputandtheoutput.



Now considerthefollowing circuit.

+
VDC

C
%

v =V, Ccos wt R

Notethatthiscircuitis linearandthesuperpositioprinciplecanbeused.Thismeanghatto find
the outputvoltagewv,, we cansolve the circuit for eachvoltagesourceseparatelyconsidering
all otherindependenvoltagesourcego beshortcircuit andcurrentsourceso beopencircuit),
andthenaddtheresults.

Thenewnly addedDC voltagesupplydoesnot affect the signalsource sincethe capacitoris an
opencircuit for DC voltages.In otherwords,thereis noDC currentgoingthroughthe AC signal
source.Theoutputvoltagevo = Vp + v, is now thesumof aDC andanAC componentWe see
thatthe DC components simply Vo = Vo /2, sincethetwo resistorform a voltagedivider.
Ontheotherhand,asfarasAC signalsareconcernedthe capacitoiis a shortcircuit (assuming
f > f.) andtheDC voltagesupplyis alsoashortcircuit (usingsuperpositiorprinciple). Hence
the AC equialentcircuitbecomes:

L
R
—% = %
v =V, Ccos wt R v =V, Ccos wt R/2

Therefore,the AC componentat the outputis v, = v; andthe total outputvoltageis vp =
Vbe/2 4 v;. In otherwords,the circuit performsthe function of addinga DC valueto a signal
from avoltagesource Notethatthetotal voltagedropacrosghe capacitoris alwaysVyc /2.



Preliminary work

Study Section7.2 in the textbook. Practicefinding time constantsusing the dB scale,and
draving Bodeplots.

In thelaboratoryyouwill investigatethefollowing circuit.

o+VDC
Ro
Cl R3
; e
v = VM COS wt R, R,

The componentaluesaregivenas R; = 2.2 k), R, = 1.8 k2, R3 = R, = 1.0 k2, and
1 = 1 uF. TheDC voltagesupplyhasVpc = 5 V andthesignalgeneratohasa peak-to-peak
amplitudeof 0.8V (i.e., V3 = 400 mV).

Whendoingcalculationdor the preliminarywork, first find anexpression(aformula)in terms
of the circuit parametersandthensubstitutethe numericalvaluesgiven above to find the nu-
mericalresult. Thiswill make finding mistakesmucheasier

Solve the DC circuit andfind the DC voltageat the output.
Draw the AC equvalentcircuit.
Calculatethe cornerfrequeng.

Determinethefrequeny rangefor which the capacitorcanbe considereda shortcircuit.

a » w0 N R

Determinethe small-signalAC voltagegain A, = |V,|/|V;i| for aninput signalwhose
frequeny is muchhigherthanthe cornerfrequeng.

o

Draw the Bodeplot (asymptoticapproximation¥or the voltagegain (in dB scale).

7. Write thetotal outputvoltagev, asa sumof its DC andAC componentsor frequencies
thataremuchhigherthanthe cornerfrequeng.

8. Do a PSPICEsimulationof this circuit to determineall DC voltagesand currents(Bias
PointAnalysis),andcomparehesewith your calculationsof Part 1.

9. Do a PSPICEsimulationof this circuit to generatea plot of the outputsignalwv, versus
frequeny f (AC SweepAnalysis). The frequeny axis shouldbe logarithmic andspan



therangel Hz — 10kHz. Generatdéwo frequeng plots,onewith alinearaxisfor v,, and
the otherwith alogarithmicaxis. Comparewith your Bodeplot of Part6.

As you see,in this circuit the outputvoltageis an AC signalriding on top of a DC component.
Now supposeave needto getrid of the DC componenbf the outputto have a pure AC signal.
We canusea secondcouplingcapacitorfor this purpose.Considerthe following circuit where
thevalueof (; is givenas10 uF. Analyzingthis circuit is not very easysincetherearenow

two capacitors.

Voo
R- -
R3 2
e
Rl R4

10. Do aPSPICEsimulationof this circuit to determineall DC voltagesandcurrents.

11. Do a PSPICEsimulationof this circuit to generatea plot of the outputsignalv, ver
susfrequeng f. Thefrequeng axis shouldbe logarithmic and spanthe rangel Hz —
10kHz. Generatéwo frequeng plots,onewith alinearaxisfor v,, andthe otherwith a
logarithmicaxis. Comparewith thefrequeng plotsof Part 9.

Experimental work

1. Constructhefirst circuit givenin the preliminarywork section.

The capacitorthatyou usehereis anelectrolyticcapacitori.e., it hasa predefinegholar
ity. Make sureyou connectthe positive terminalof the capacitortowardsthe DC power

supply

2. Beforeconnectingthe signalgeneratarmeasureall DC voltageswith a multimeterand
verify thatyour circuit is operatingasexpected.

3. ConnecthesignalgeneratarSetthevoltageat theinputto 0.8V p—pandthefrequeny
to 10 kHz. Repeathe DC voltagemeasurementsf the previous partto checkthatDC

voltageshave notchanged.



Whenyou setup the signal generatgralways verify the outputwaveform using an os-
cilloscope. The actualoutputvoltagemay be differentthanthat indicatedon the signal
generatortself.

. Obsenretheinputandoutputvoltagesontheoscilloscopentwo separatehannelsMea-
surethe peak-to-pealamplitudeandthe DC valueat the output. Determinethe AC volt-
agegain,andcompardt with thevaluecalculatedn your preliminarywork.

Whentaking measurementwith the oscilloscopepay particularattentionto whethera
channelis AC coupledor DC coupled. If you wantto seethe total waveform, setthe
channeto DC coupled.If youwantto zoomin onthe AC signalonly, setthe channeto
AC coupled.

. Graduallydecreasehe input signal frequeng asyou watchthe AC componentf the

outputsignal. Determinethe cornerfrequeng by noting the point at which the voltage

gaindropsto 71%(1/+/2 = 0.71 or —3 dB) of its valueat 10kHz. Comparehismeasured
cornerfrequeng with the calculatedvalue.

Notethat,thesignalgeneratoputputvoltagemaychangevhenyouchangehefrequeng.

. Generatea plot of the voltagegain versusfrequeng. To do this, take a numberof data
pointsin the 10 Hz — 10 kHz range(at least10 datapoints). At eachfrequeng point,
measureahe voltagegain andnotethe phaseadifferencebetweerthe input andthe output
waveforms.

. Bring the frequeng backto 10 kHz and setup the oscilloscopein X-Y mode. This
generatesn input—outputgraphon the screen.Note that sincethe input andthe output
arein phasethe oscilloscopaendersa straightline. Now graduallydecreasehe signal
generatofrequeng andnotethe changeson the oscilloscopescreendueto changesn
the phasdlifference.

. Findthefrequeng atwhich the phasedifferencebetweertheinputandthe outputis /4
usingtheoscilloscopen X-Y mode.



