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OtherUseful Digital

ElectronicDevices

Thislecture briefly reviews somebasiccircuit theoryand describessomedevicesotherthanlogic ICs that are useful

in digital control applications.
BasicCircuit Theory

e The sumof the voltagesaroundary loop in a
circuitis zero(Kirchhof’s \oltage Law).

e Thesumof the currentsinto ary nodein a cir-
cuitis zero(Kirchhof’s CurrentLaw).

e Thevoltagedrop acrossa resistoris: V = IR,

LED’s

Light Emitting Diodes(LED’s) aredeviceswith the
sameelectrical characteristicsaas diodes, but they
have the additionalpropertythatthey generatdight
whenforward-biased.They are often usedfor dis-
playsandcanbearrangedn multi-segmentmatrices
to form numericor (lessoften) alphanumeriadis-

wherel is the currentand R is the resistance p|ays. The forward-biasedvoltagedrop is about2

(Ohm’s Law).

e The power dissipatedin a circuit elementis
givenby theequationrP = V1.

Resistors

Resistorsare one of the mostcommoncircuit ele-
ments.They areusedto limit currentflows andpro-
vide voltagedrops.Themostimportantspecification
of atransistoris, of coursejts resistanceOtherim-
portantspecificationdor a resistorare power dissi-
pationandtolerance.

Thel-V characteristiof aresistors:

Diodes

A diodeis atwo-terminaldevice thatallows current
to flow in only onedirection. Whenthe diodeis for-
wardbiasedhevoltageacrosds is about0.7V. The
I-V characteristiof suchadiodeis:

lecll. tex 1

volts and typical supply currentsare 2 to 10 mA.
LED’scanusuallybedrivenfrom a5-volt TTL logic
outputif a current-limitingresistoris used.

The schematicsymbolfor anLED is:

Phototransistor

A phototransistor(or photodiode)is a transistor
wherethe collectoremitter currentis controlledby
theamountof light falling on a portion (the base)of
thetransistor This allows the device to becontrolled
by alight source.

Optocouplers

An optocoupleris a device that combinesan LED

and a phototransistoin the samecase. The LED

shineson the phototransistoand turnson the pho-
totransistowhenthe LED turnedon. Theadwantage
of anoptocoupleiis thatthe only couplingbetween
theinput (LED) andoutputstageds with light. The
two stagesarethuscompletelyisolatedandneednot



sharea commonreferencevoltage. nearly-infiniteinputimpedanceThe consequencef
thefirst propertyis thatin normaloperationthe dif-
ferencebetweenthe input pins mustbe very small
andis usuallyassumedo be zero. The effect of the
secondpropertyis that we canassumehatthereis
zerocurrentinto the input terminalsof the op-amp.
Theseawo propertiesnale it easyto analyzeop-amp
circuits.

Relays Thesymbolusedin schematiciagramsgor anop-

. o - ampis:
A relayis anelectromechanicalevice consistingof

an coil forming an electromagneand one or more
maving contacts. When currentflows throughthe

coil the magneticforce bringsthe contactstogether
and closesor openselectriccircuits. Whenthe re-

lay is driven by semiconductodevicesa protection
diodemustbe usedto bypasshe temporaryreverse
voltagepulsegenerateavhenthe currentis switched

off. Inverting Amplifier

Thefollowing circuit is anamplifierwith gaingiven
by theratio —R¢ /Ry.

In mary power-control applicationsrelays have
beenreplacedby solid statedevicessuchastransis-

tors, optocouplersSCRsand TRIACS (othertypes e canderie this resultusingthe ideal op-amp

of solid-statecontroldevices). properties. Sincethe sum of currentsflowing into
theinvertinginputmustbezero,thecurrentghrough
Operational Amplifiers the two resistorsmustbe equalandopposite.Since

thedifferencein voltagebetweertheinput pinsmust
Operationabmplifiers(op-ampsfor short)area ba- bezero,theinvertingpin mustalsobeatgroundievel
sicbuilding blockfor mary analogcircuits. Op-amps (0V) andsowe cancomputethesecurrentsandfrom
areavailableasinexpensie integratedcircuits,often  this obtaintheamplifier’s gain:
with two or four amplifierson the samechip. Op-
ampsare often usedto i_nterface betweena digital Vout/Rf = —Vin/Re 1)
controllerandanalogdevices.

_ Vout/Vin = —Rt/Ru 2
Propertiesof Ideal Op-Amps

An op-ampis adifferentialamplifier Thatis, its out-
putis proportionalto the differencebetweenwo in-
puts.If thevoltageatoneterminal,thenon-irverting If we addadditionalinputbranchesve canrepeathe
input,is v;. andtheinputatanothetinput,theinvert- analysisandfind thatthe following circuit sumsup
ing input, is v_ thenthe outputis equalto voyt = theinputvoltagessothat

A(v4 —Vv_) whereA is theop-amps gain.

An ideal op-amphastwo important properties: 1
(1) nearly-infinitegain (A typically > 10°) and (2) Vout = _R_f(R1V1+ RV + Ravs) 3)

Summing Amplifier



Voltage Follower

Thefollowing circuit canbeusedasabuffer between
two partsof a circuit becausét hasvery high input
impedancégsothatit doesnt loadthedriving circuit)
andalow outputimpedancdsothatit’s outputvolt-
agedoesnt vary asafunctionof the outputcurrent).

Practical Considerations

Op-ampsnustusuallybesuppliedwith bothpositive
andnegative power supplieqtypically + 12 or + 15
volts). The outputvoltagemustbe keptseveralvolts
lessthanthesevoltageg(e.g. + 10V) for theop-amp
to operateproperly

Typical op-ampscan only supply very limited
amountsof power (100mW or so) although(expen-
sive) high-paver devicesareavailable.

Op-ampsare also limited in their frequenyg re-
sponse(how quickly their outputscan respondto
changesdn the input). Typical op-ampsarelimited
to frequenciesinderaboutl00kHz althoughhigher
frequeng devicesarealsoavailable.



