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Q1. Write the Advantage of ICs overtheintegratedcircuits.Ans.. Advantages of IC integrated circuits

3.

4.
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6.

QUESTIONSANDANSWERS

1.

ICFABRICATION
ANDCIRCUTCONFIGURATION

FORLINEARIC

UNIT O1

Fig. Integrated cireuits
Theentirephysical size of ICisextremely small than that
ofdiscrete circuit.

It'smore reliable.

TheweightofanIC isveryless ascomparedentire discrete 3.
circuits.

Because of their smaller size it has lower power
consumption.

It can easily replace but it can hardly repair, in case of
failure.

Because ofan absence ofparasitic and capacitance effect
ithas increased operating speed.

Q2. Describethe Manufacturing process ofmonolithic Ics.
Or, State the Construction ofmonolithic bipolar transistor.
Ans. Monolithic IC Manufacturing Process

2

with high prccision using a diamond saw. Each wafer will
preciscly have a thickness of200 micrometer and a diameter
of25 mm. These thin slices are termed wafers. These wafers
may be circular or rectangular in shape with respect to the
shape of the IC.After cutting hundreds ofthem each wafer
is polished and cleaned to form a P-type substrate layer.
N-type Epitaxial Growth: The epitaxial grothprocess ofa
low resistive N-type over a high resistive P-type is to be
carried out. This is done by placing the n-type layer on
top of the P-type and heating then inside a diffusion
fumace at very high temperature (nearly 120°c). After
heating, a gas mixture fSilicon atoms and pentavalent atoms

are also passed over the layer. This forms the epitaxial

layer on the substrate. All the components required for
the circuit are built on top of this layer. The layer is then

cooled down, polished and cleaned.

For the manufacture and production of the monolithicIC,
allcircuit components and their interconnections are tobe

formed in a single thin wafer. The different processes

carried out for achieving this are explained below.

P-layer Substrate Manufacture: Being the base layer of
the IC, the P-type is silicon is first built for the IC.A silicon

crystal ofP-type is grown in dimensions of250mm length 4.

and 25mm diameter. The silicon is then cut into thin slices

Linear Integrated Circuits

The Silicon Dioxide Insulation Layer : As explained
above, this layer is required contamination of the N-layer

epitaxy. This layer is only 1 micrometer thin and is grown

by exposing the epitaxial layer to oxygen atmosphere at
1000C. A detailed image showing the P-type, N-type
epitaxial layer and SiO, layer is given below.

25uM

200

Sio, Layer,
N Epitaxial layer

P-Substrate

Fig, Monolithic IC-Substrates and Layers
Photolithographie Process for Sio, : To diffus th

impurities with the N-type epitaxial region, the silico
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dioxide laycr has to be etched in selected areas. Thus

openings must be brought at these areas through

photolithographic process. In this process, the Si02 layer

is coated with a thin layer of a photosensitive imateríal

called photoresist. A large black and whitepatten is made

inthe desired patter, where the black pattern represents

the arca ofopening and white reprcsents the area that is

tef idle. This pattern is reducedin size and fit to the layer,

above the photoresist. The whole layer is then exp0sed to

ultraviolet light. Due to the cxposure, the photoresist right

below the wthite pattem becomes polymerized. The patern

is then removed and the wafer is developed using a

chemical lie trichloroethylene. The chemical dissolves the

unpolymerizcd portion of the photoresist film and lezves

the surface. The oxide not covered by polymerised

photoresist is then removed by immersing the chíp in an

etching solution of HCI.

mesk
UtraVdt

Shicon

PrctPia

Popletzs
Pheto Peit

Fig. Monolithic 1C-Photolihographic-Process
Isolation Difusion : fter photolithographic process the

remaining Sio, layer serves as a mask for the dfusion of
acceptor impurities.. From the figure below you can see

that the isolation islands look like back-to-back P-N
junctions. Themain use ifthisis to allowelectrical isolation

between the-different components inside the 1C. Each
electrical elerment is later on furmed in a separate isolation

isl2nd. The bottom ofthe N-type isolation island ultímztely
forms the collector of an N-P-N transistor. The P-type
substrate isalways kept negztive with respect to the
isolztíon islands and provided with reverse bias at P-N
junctions. The isolation will disappear if theP-Njunctions
are forwardbiased.

P TYY 9s1RATE

Fig. Monolithíc 1C- Isolation Diffusion
G 3.

2

Aneffect of capacítance is produces

thetwozdjoining ísolation islends ar

type substrate. Thís is hasically patiti,
that willaffect the performance oftthe1C.
capaciznce is divided into two,

C

Constructlon of monollhlc hpolarriranihtnr:
The fabrication of a monolithíc transísts

following steps.

I. Eplaxial gronth

VCEIS-,0fthe device.

Líneer

intre1A

J. Photolihography

5. Bose diffuslon

1. Epitaxíal growth: Thefirst stepintransistr !

is creation ofthe collector regíon. We rorrnaly:
lowresístivity path for the collector Current.Thivnte,
the fact that, the collector contacttisnornally

top,thus increasingthe collector seriessresistzree ztt,

-Epezae

The higher collector resístance ís reduced by a proce

called buried layer 2sshown in figure. In thísarrangemerz,

a heavily doped 'N' region is sandviched between the N

type epitzxial layer and P-type substrate. Thesubsequer:

diffusions are done in thís epitaxíal layer. Al 2ctíve ard

passive componentsare formed on the thín N-layer
epítaxíal layer grown over the P-type substrate.

2. Oxídation : As shown ín figure, a thín layer of silicon

SO2 T.ayr

2. Oxldatlon

dioxide (Si02) is grown over theN-type lzyer byexposing
the silicon wafer toan oxygen atmosphere at about 10000

Photolithography:

4.Isolutiondiffusun

N- ayer

P-suhsta:
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sIO,

sIo,

hotoresi
ilm

siicon wmter

(0)

SO00- 10000A

rolymer photoresist

Siioon water

SIO,

Sio,

03. Describe Monolithic diodes.

Chaaatoritic

Utnvilet ndiation

Breakdown vroltage
in vs

Siicon mter
()

Storage time, n sec

hoto fesist

Fonward vollage
nvts

Silicon mter

Theprime use ofphotolithography in IC manufacturing isn sclectively etch or remove the Sio, laycr. As shown in
the surface oftheoxide is first covered with a thin

figure,
uniformm layer of photosensitive emulsion (Photo resist).
The mask, a black and white negative of the requied S

pattem, is placed over the structure. When exposed to

(a)

(

ultraviolet light, the photo resist under the transparent
region of the mask becomes poly-merized. The mask is
then removed and the wafer is treated chemically thatremoves the unexposed portions of the photoresist film.

hoto

Va 0

renst

9

3

85

D)

Ans. The diode used in integrated circuits are made using transistor structures in one of thefive possible connections. The three
most popular structures are shown in figure. The diode jis obtained from a transistor structure using one of the following
structures.

4

(0)
Va0.

7

100

92

Linear Integrated Circuits

Isolatlon Diffusion :The integrated circuit contains many

devices. Since a number ofdevices are to be fabricated on

thc same IC chip, it becomes necessary to provide good

solation betwcen various componcnts and their
interconncctions.

The most important techniques for isolation arc:

1. PNjunction Isolation
2. Diclectric lsolation
In PN junction isolation technique, the P+ type impurities
arc selectively diffused into the N-type cpitaxial layer so

that it touches the P-type substrate at the bottom. This
method gencrated N-type isolation regions surrounded

by P-type moats.

Base diffusion : Fomation of the base is a critical step in

the construction of a bipolar transistor. The base must be
aligned, so that, during diffusion, it does not come into
contact with either the isolation region or the buried layer.

Frequently, the base difusion step is also used in parallel

to fabricate diffused resistors for the circuit.

()

(c)

53

94

()

()

7

56

96

0
(e)

55

0

85

95

(o)
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The collector-base diode, with the emitter open-circuited.

The choicc of the diode structure depends on the 3.

performance and application desired. Collector-basc
diodes have higher collector-base arrays breaking rating,

and they arc suitable for common-cathode diode arrays

iffused within a single isolation island. The cmitter-base

difusion is very popular for the fabrication of diodes,

provided the reverso-voltage requircmcnt of the circuit

does not exceed the lowcr basc-cmitter brcakdown voltage.

Q4. Explain the Integratcd Resistors and its types.

Ans. Integrated Resistors: Aresistor in a monolithic integratcd

circuit is obtaincd by utilizing the bulk resistivity of the

diffusedvolume of scmiconductor region. The commonly

used methods for fabricating integrated resistors are :

1. Diffused 2. Epitaxial

The emiter-base diode, with collcctor short circuited to

the base.
The emitter-base diodewith the collector open and

Ans.

4. Thin film techniques.

Difused Resistor: The diffused resistor is formed in any

one ofthe isolated regions of epitaxial layer during base or

emitter difusion processes. This type ofresistor fabrication

is very economical as it runs in parallel to the bipolar

transistor fabrication. The N-type emitter diffusion and P

type base diffusion are commonly used to realize the

monolithic resistor.

3. Pinched

Epitaxial Resistor:

A Metal cortscts

eplaxlyor

ubstrals

Q5. Explain the term Monolithic Capacitors.
1

Jyp-typ
substrato

50-cm

(a)

4.

AJuminum
matalizetcn

SIO,

The N-cpitaxial layer can be used for realizing large
resistance values. The figure shows the cross-3cctionat

view of tthcepitaxial resistor formed in the epitaxiallas

betwcen the two N+aluminium metal contacts.

Pinched resistor:

The shect rcsistance offercd by the diffusion rcgions can

be increased by narrowing down its cross-scctional arca

This type of resistance is normally achicved in the bace

region. Figure shows a pinched base diffused resistor. I

can offer resistance of the order of mega ohms in

comparatively smaller arca. In the structure shown, no

current can flow in the N-type material

Thin film resistor :

Linear IntegratedCircuit

TA, Nchroma, SnO,tc)

Slioon ubsiale

G-0.2pFIma?

The thin film deposition technique can also be used for

-thefabrication of monolithic resistors. A very thin metallic

film of thickness less than 1um is deposited on the silicon

dioxide layer by vapour deposition techniques. Normally,

Nichrome (NiCr) is used for this process.

SUbatrato

Al contct

(b)

Ra10-502

-typo luyor
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capacitors are not frequently uscd inintegrated

circuitssincethcy are limitedin the range of valuesobtainedandtheir performance. There are, however,two
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he depletion thickness.

pes
available.

tho junction capacitor is a reversc biascd 07. Dcscribe Current mirror and current sources explain

PN
junctionformed tbythe collector-basce or cmitter-base

diffusion ofthe transistor. Thecapacitanceis proportional Ans.1.Current mirror: The circuit is usedto copythe flow of

to the
arca of the junction and inversely proportional to

Ca
A, whero: a is the arca ofthejunction and

Ca T, where t is the thickness ofthe deplction layer.
The

capacitanco value thus obtainable can be around
1.2nFun2

The thin film or metal oxido silicon capacitor uses a thin
laver of silicon dioxide as the diclectric. One plate is the
connecting metal and the other is a heavily doped layer of
silicon, which is formed during the emitter diffusion. This
capacitor has a lower leakage current and is non-directional,

since emitter plate can be biased positively. The
capacitance value of this method can be varied between
0.3 and 0.8nF/mm2,

Q6. Define Inductor.

Ans.An inductor, also called acoil, choke, or reactor, is apassive

two-terminal electrical component that stores energy in a

magnetic field when electric curent flows through it. An

inductor typically consists of an insulated wire wound

into a coil.

Linear
IntegratedCírcuits

oppose any changes in current throughthem. An inductor

is characterized by its inductance,
, whichis the ratio ofthe

When the current flowing through the coil changes, the

time-varying magnetic field induces an electromotive force

(e.m.f.)(voltage) in the conductor, described by Faraday's

law of induction. According to Lenz's law, the induced

voltage has a polarity (direction) which opposes the

change in current that created it. As a result, inductors

volage to the rate of change of current.

with ckt diagram.

current in onc activc device and controlling the flow of

current in another dcvice by maintaining the output current

stable instead of loading is known as a current mirror.

Theorctically, a perfcct current mirror is an inverting current

amplifier. The main function of this amplifier is to reverse

the direction of the flow of current. The main function of

the current mirror is to provide active loads as well as bias

currents to circuits and also used to form a more practical

current source.

Current Mirror Circuit:
Generally, the designing of current miror circuits can be

done with two main transistors and even though other

devices like FETs also used. Some of these circuits may

utilize the above two transistors for allowin, the

performance level to be enhanced.As the name sugyests,

it copies the flow ofcurrent in one active device whereas,

in another active device, it maintains the output current

stable instead of loading. The copied current is a constant

Current.

Proganiog
crrerd

TRI

1mored

TRI,

Fig. Current Mirror Circuit

Thecurrent mirror circuit diagram is shown below. This

circuit can be built with two transistors, where one of the

transistors base and collector terminals are connected

whereas in other it doesn't. In the circuit, both the

transistor's base terminals are connected wheras the

einitter teminals are given to GND.In this circuit, both the

transistors work similarly.
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QB. Describe the term current sources also write their types

and explain them with ckt dingram.

Ans. Current sources : In an clectrical nctwork, current source

and voltage source are the basic concepts behind many

clectricalapplications. Let sce the different types ofcurTent

1.

sourcc...
Tdealcurrent source : A current source which supplies

the constant curent to connected across the load circuit

regardíess of the voltage developcd across its terminals.

The loads may be resistive load or inductive load or

capacitivc load cte. The current source's intermal resistance

should be infinity. But in practicc, wc cannot construct

ideal curent source.

Ideal Current Sources

1deal Current Sources vs Practical Current Sources

R

General

delCurret
Suta

Independent Curren! Source

Cont Curerl Saurce

Fig.Ideal current source:

Independent current source :Supplies constant current

to the circuit regardless of theload and the direction ofthe

voltage appearing across its terminal.

Generalor

PrcbealCurrunl
Source

Symbolic representation:

Absorbs
Power

Delivers
Power

6

1.

2

4..

1.

.2.
5.

Av

to reduccd output.

YCVS cCVS VCCS CCCS

Series
connected Independent current source:

output...

A

Allthe current source should be in the sarne rating

Polarityshould be taken care of. The wtong polarity

Lincar Inte

AV

Parallel connccted Independent current source:

Parallel connected Independent current source

The parallel connected current sources is equivalent

the algebraic sum of single current sources.

Example:

Dependent current sources : In this, the curent soureat

depending upon a circuit's existing current or voltaos

sources (the source willbe placed in the same circuit, soma

other location)

I=l-h+h

Voltage controlled Current source.

Current controlled current source.

Rg (=R,)

R1

Voltage controlled Current source: The source deliyer

the current (flow of electron) as per the voltage of the

dependent element in the same network

R& (=R2)

Fig. Voltage controlled Current source

6
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Current
t

Controllcd currentsource: Thesource deliverscurrentnsperthe current of the dependentclementinthecincuit.

Aampke

REF

Fig. CurTentControlled current Sourcc
Witeshorttnotes about Current sources as Activeloads.

Ans The curTent source can bc used as an active load in both

1.

LTRSS2

analog and digitalIC's.The current source can beused asan active load in both analog and digital IC's. The active
loadrealized using current source inplace of the passive
load (i.e. a resistor) in the collector arm of differential
amplifier makes it possible to achieve high voltage gain
without requiring large power supply voltage. The active
load so achieved is basically ROofa PNP transistor.

o10. Describe Voltage sources and draw the suitable ckt
diagram for the same.

2

Ans. Voltage Sources : Avoltage source is a circuit that produces
an output voltage VO, which is independent of the load
driven by the voltage source, or the output current
supplied to the load. The voltage source is the circuit dual

ofthe constant current source.:Anumber ofIC applications

require a voltage reference point with very low ac

impedance and à stable dc voltage that is not affected by
power supply and temperature variations. There are two

methods which can be used t producea voltage sourcc,

namely,

Using the impedance transforming properties of the
transistor, which in turn determines the current gain of the

transistor and

looking into emitter is givenby

Fig. Voltage source circuit using Impedance

transformation

Using an amplifier with negative feedback.

Voltage source circuit using Inpedance transformation: 1.

The voltage source circuit using the impedance
transforming property ofthe transistor is shown in figure. 2.

The source voltage Vs drives the base of the transistor

through a series resistance RS and the output is taken
across the emitter. From the circuit, the output ac resistance 3.

Sources.

Linear Inteprated Circuits

do

dlo
-= R = R,

B+1

It is to he n 1that. cquation is applicable only for smal1

changes in :he output current. The load regulation
parameter indicates the changes in Vo resulting from large

changes in output curent I,, Reduction in Vo occurs as l,
goes from no-load current to full-load current and this

and

>>100, R=

Q11. Describe Voltage References.
Ans.The circuit that is primarily designed for providing a

R,
p+1

constant voltage independent of changes in temperature

is called a voltage reference. The most important
characteristic of a voltage reference is the temperature

coefficient oftheoutput= reference voltage TcR, and it is

expressed as

dT

The desirable properties of a voltage reference are:

Reference voltage must be independent ofany temperature

change.

Reference voltagemust have good power supply rejection
which is as independent of the supply voltage as possible

Qutput voltage must be as independent of the loading of

factor determines the output impedance of the voltage
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output current as possible, ot in other words, the circuit

should have low output impedance.

The voltage reference circuit is Dsed to bias the voltage

sOurce cicuit, and the combination càn be called as the

voltage regulator. The basic design strategy is producing

Dzero TCR at a given temperaturc, and thereby achieving

good thermal ability. Temperaturè stabilityof the order of

100ppm'0Cis typically expècted.

loltage Reference circuit uslng temperature

compensotlon scheme : The voltage refcrence circuit

using basic temperature compensation schcme is shown

below. This design utilizes thc closc themal coupling

achievable among the monolithic componcnts and this

technique
compensates the known thermal drins by

introducing ah opposing and
compensating drif source

of equalmagnitude.

D

D2

Fig Volt2ge Reference circuit using temperature compensation scheme

Aconstant current I is supplied to the avalanche diode

DBand it providesa bias voltage ofVB to the base ofQ].

The temperature dependence of the VBE drop across I
and those across D, and D, results in respective

temperature coefficients. Hence, with the use ofresistors

R, and Ry with tapping across them at point N l.

compensates for thetemperature drifts in the base-emitter.2.

loop of Q,

Q12. Explain BJT DifferentialAmplifier using active loads.

Ans. A simple active load circuit fora differential amplifier is the

current mirror active load as shown in figure. The active

load comprises of transistors Q, and Q, with the transistor

Q connccted as a Diode with its base and collector shorted.

The circuit is shown to drive a load RL. When an ac input

Ans.

3.

voltageit
appliedto the

differentíal amplifier,thevarinm

curTents of thecircuít aregiven byICA- IC3-|ICIgmVi

Lino

2where ICA 1C3 due tocurrent mirror actíon.

IC2 -gm Vid2.

We knowthattheload current IL, entering thenext tageik

IL

-1C2-1CA-gmVid2-gmVid/2 -gm Vid

Then, theoutputvoltage from the
differential amplic

is givenby
Vo-ILRL"gmRLVid. The ac voltage D2in

thecircuit is givenby Av v0/vid gmRL. Theamplifer

canamplifythe
differential input signals and provitey

single-cnded output with aground reference since n

load RL is connccted to only one output terminal. This:

made possible by the use of thecurrent mirror active lop4

The output resistance Ro ofthe circuit is that offered

the parallel combination offttransistors Q, (NPN)and9,

Fig. BJT DifferentialAmplifier using active loads.

o13. Describe General Operational Ampliter stages and

internalcircuit diagrams ofIC741.

(PNP). It is given byRr=r02 || 104.

V

A differential amplifier

An operational amplifier generally consists of three stages

namely:

Additional amplifier stages to provide the requjed volag

gain and dc level shifting.

An emitter-follower or, source follower output stage to

provide current gain and low output resistance.

A low-frequency or de gain ofapproximately 104 is desired

for a general purpose op-amp and hence, the use of active

load is prferred in the internal circuitry of op-amp.The
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outputvoltageis requircdto be atground, whenthe differentialinput voltages are zero, and thís necessitates the use of dual
polarity surplyvoltage. Sinccthe outputresistance of op-amp is requiredto be low, a complementary push-pullemitter -follower or sourccfolloweroutputstageisemployed. Moreover,asthe input bias currents are to be very small of the order
ofpicoamperes, an FET inputstageisnormallypreferred.

3.

load formed by Q3, Q and Q The bias current forthestage is provided by atwo-transistor current source using PNP

Input stagc: Theinput diferentialamplificrstage uses p-channcl JFTs M, and M,. It employs a three-transístor active
transistors Q% and1Q.Resistor R,incrcasestheoutputresistance seen looking intothe collector of Q, as indicated by RO4.

This is nccessary to provide bias current stability againstthe transistor parameter variations. Resistor Ry establishes a
definite bias currentthrough
Gain stage: The sccond stageorthegainstage uses Darlington transistor pair formed by Q, and Q, as shown in figure. Thetransistor g is connccted.asanemitterfollower,providinglargeinput resistance.Thercfore, it minimizestheloading effectontheinput differential anmplifier stage. Thetransistor Qoprovidesan additional gain and Qg acts as an active load for thisstage.

Output stage:The final stage of the op-amp is a class AB
complementary push-pull output stage. Q,y is an emitter
follower, providing a large input resistance for minimizing
the loading effects on the gain stage. Bias current for Q1
is provided by the current mirror formed by Q, and Q123

through Q13-and:Q1 for minimizing the cross over
distortion. Transistors can also be used in place of the
two diodes.

R

IC741 Bipolar operational amplifier:The IC741 produced

since 1966 by several manufactures is a widelyused general

pupose operational amplifier. Figure shows that equivalent

círcuit of the 741op-amp, divided into various individual

stages. The op-amp circuit consists of three stages.

The input differential amplifier

The gain stage

The output stage.

Linear Integrated Circuits

Cutp age

A bias circuit is used to establish the bias current for whole
ofthe circuit in the IC.The op-amp is supplied with positive

and negative supply voltages of value ± 15V and the
supply voltages as low as 5V can also be used.

Bias Circuit:
The reference bias current IREF for the 741 circuit is

established by the bias circuit consisting of two diodes

connected transistors Qii and Q12 and resistor RS. The
Widlar current source formed by Q1,Qo and R4 provide
bias current for the differential amplifier stage at the
collector of Q10- Transistors Q and Qo form another
current miror providing bias current for the differential
amplifier.

Inputstage: The input differential amplifier stage consists
-of transistors Q, through Q, with biasing provided by Q&

Prakashan
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through Q The transistor Q, and Q, form emiter -
followers contributing to high diferential input resistance,

and whose output currcnts arc inputs to the common base

ampittier using Q, and Q, which offcrs a large voltage

gain. The transistors Qs, Q6 and Q, along withresistors

RI, R2 and R3 from the active load for input stage. The

single-endcd output is available at the collector of Q6

adjustment.

Gain Stagc: The Second or the gain stage consists of

followerforachicving high inputresistance. The transistor

Thetwo null terninals in theiinput stagefacilitatethenull
magnitude and phase angle of the open loonD

voltgain

7 operates in
common emitter

configuration with its 2.

collector voltage applied as input to the output stage.

consisting of
complementaryemitter follower transistor

pair Q4 and Q. Hence, they provide an effective loss

output resistance and current gain.

Q14. Describe AC and DC characteristics of Oprerational

Amplifier.

10

transistors Qs and Q17 with Q acting asanemiter - 1. For
frequencyf<< flthe

magnitudeofthegainis201

Ans. For srmall signal sinüsoidal (AC) application one has to

know the 1c characteristics such as frequency response

and slew-tule.

AC characteristics :

1. Frequency Response: Thevariation in operating frequency

will cause variat. ns in gn'n magnitude and its phase angle.

The manner in whic -uin of the op-amp responds to

different frequcncies is called the frequency response

Op-amp should have an infinitebandwidth BW=8 (.e.,)if

its open loop gain.in 90dB with de signal its gain should

remain the SI"JB through audio and onto high radio

frequency.tp gaindecreases (roll-ofi) at higher

R

representedby asingleapacitor C..Belowfigisamai,
variation ofthe low

frequency model with
Capacitor

the output

Fig, Equivalent circuit for practical circuit

There must be a capaçitive component in the equivalent

.circuit of the op-amp. For an op-amp with only one break

(corner) freqúency all the capacitors effects can be

There is one pole duetoR0C and one-n0dBldecade

openloopvoltage gain ofan op-amp with only

frequencyis
obtained from above fig. fl is

frequencyorthe
upper3 dB frequency oftheop-anp:1,

Output stage:The output stage is a class AB circuit 3.
Forf>>flthe fainroll-offat the rateoff-20dBldecade

on.

Linearlegraed ci

fl
offrequencycan be writtenas, The magnitudean

angle
characteristics:

AOLindb.

Atfrequencyf=fl the gainin 3dB downfromthedevd
ofAQL indb.Thisfrequency fI is calledcorner

frequenoy

6dB/decade.

n bip

Fig. Frequency responce ofop amp

Fromthe phase
characteristicsthat the phase angleisz

at frequency f=0. At the cormer frequencyflthephac:

angle is/-45°(lagging and an:1infinite frequencytyhephag

angle is-90:It showsithat a maximum1of90phasechang:

can occur in an op-amp with a single capacitor C

2023/decode

COrne;

4)AB/decade

Frequensy (ll)

Fig. Roll offrate of OPamp gain

DCCharacteristicsofop-amp:Curent is taken front

frequency what reasons to décrease gain after a certain

frequency reached.

frequency is taken as the decade below the

frequency and infinite freqúency is one decade aboye t,

corner frequency..
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1.

sourcc intothe op-amp inputs respond differentlytocurrent andvoltnge due to ismatch in transistor, DC
output vollages are,

Input bias curTent

Input oflsct voltagc

Input bias current: The op-amp's input is differentialamplificr,vwhich may be made ofBJIT'orFET,

Lut Blu Cuent

Inputoffsct current
Thenal drin

In an idcal op-amp, We nssumcd that no current is drawn
fom the input teminals the basc currents cntering into
ihe inverting and non-inverting terminals (IB- & IB+
respectivcly).Even though both the transistors are
identical, IB- and lB+ arc not cxactly cqual duc to internal
imbalancc between the two inputs. Manufacturers specify
the input bias current Ip

2

Ri

R

I=0

In

Ig

IB
Reomp

R:

R

Ifinputvoltage Vi = 0V. The output Voltage Vo should also
be (Vo =0) but for IB = 500nA We find that the output
voltage is offset by Op-amp with a lM feedback resistor

Vo=500nAX IM=500mV

Iarertag Ap GerwiúBas
Cmat

-ov.

The output is driven to 500mV with zero input, because of
the bias currents.

In application where the signal levels are measured in

mV, this istotally unacceptable. This can be compensated

by a compensation resistor Rcomp has been added

between the non-inverting input terminal and ground as

shown in the figure below.

11

Bias Current
Compensation

-OV

Current ID+ flowing through the compensating
resistor

Rcomp, then by KVL we get,

It0 + V2 - Vo = 0(or)

By sclecting propcr valuc of Rcomp, V2can be cancelled

with V, and the Vo =0. The value of Rcomp is derived as

V,=IB+Rcomp (or)
-(2)

Thenode 'a' is at voltage (-V). Because the voltage at

the non-inverting inputterminal is (-V). So with Vi =0we

-(3)get,
-(4)

For compensation, Vo should equal to zero (Vo =0, Vi=0).

i.e. from eqation (3) V, =V,. So that,

KCL at node 'a' gives,

Líncar IntegratedCircuits

Vo V2- V ---(1)

I,= V, Rf>(5)

IB- =,+1 =(V,/Rf)+ (V,R)
=V(R,+R) /R,Rf -(5)

Assume lB -= IB+and using equation (2) & (5) we get

V,(R +R /R,R,= V/Reomp
Rcomp =R || Rf

Input offsct current:

And

i.e. to compensate for bias current, the compensating

resistor, Rcomp should be equal to the parallel combination

of resistor R,and Rf.

Bias curTent compensation will work if both bias currents

IB+ and IB- are equal.
Since the input transistor cannot be made identical. There

will always be some small difference between IB+ and IB

This difference is called the offset current

|Ios= IB +- IB

KCL at node a gives,

Ofset current Ios for BJT op-amp is 200nA and for FET
op-amp is 10pA. Even with bias current compensation,
offset current willproduçe an output voltage when Vi=0.

Vj-lptRcomp ..(8)

I,=V,/R1 ...9)

-(6)

1,=(/;-4)=;-|

Again Vo=12 Rf- V,:

V, =12 Rf-IB+ Rcomp

Vo=1MOx 200nA

Vo=200mV with Vi=0

Rçonip

R

(7)

Eg. (9) the offset current can be minimized by keeping

IB+ = V /Rcomp
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feedback resistance small.
Unfortunately to obtain high input impedance, RI must be

kept large.
R, large, the fecdback resistor Rfmust also be high. So as

to obtain reasonable gain.
The T-fecedback network is a good solution. This will allow

large fcedback resistancc, while kecping the resistance to

ground low (in dotted linc).

The T-nctwork provides a feedback signal as ifthe nctwork

were a single feedback resistor.

By T to l conversion,

R;+ 2R,R,

R,

RI

Irput Ofrt Velhga

Vi= (1+ReR)Ve.

Equirallint or Vi 0V.

Fig.

12

Q15. Describe Slew Rate and its reasons..

To design T- network first pick Rt <<< RÍ/2and-calcutate

R, =

Input ofset voltage:
R, -2R

In spiteof the usc of the above compensatingtechnique,

it is found that the output voltage may still not he

RI

imbalances insidc the op-amp and one may havetoapply

with zero input voltagc. This is due to unavo.dable

a small voltage attheinput terminalIto make output(Vo)
0. This voltagc is callcd input offset voltage Vos.Thisi

the voltago requircd to be applicd at the input for making

output voltage to zero (Vo = 0).

Lincar IntegratedCircuiy

R

R¢

NorertiKAmp HTr

Let us determine the Vos on the output ofinvertingand non-inverting amplifier.IfVi=0(Fig (b) and (c)) become the same

as in figure (d).

Thermal drifi: Bias current, offset current, and offset voltage change with temperature. A circuit carefuly nulled at 25°C

may not remain. So when the temperature rises to 35°C. This iscalled drift. Offset currentdrift is expressed in nAPC. These

indicate the change in offset for each degree Celsius change in temperature.

Ans. Slewrate is the maximum rate ofchange ofoutput voltage with respect to time. Specified in V/us.
Reasonfor Slewrate: There is usuallya capacitor within 0, outside an op-amp oscillation. It is this capacitor which prevents

the o/p voltage from fast changing input. The rate at which the volt across the capacitor increases is given by
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feedback resistance small.

Unfortunately to obtain high input impedance, RI must be

kept large.
R, large, the feedback resistor Rfmust also be high. So as

to obtain reasonable gain.
The T-fcedback network is a good solution. This will allow

large feedback resistance, while keeping the resistance to

ground low (in dotted linc).

The T-network provides a fecdback signal as ifthe network

were a single feedback resistor.

By T to I] conversion,

R+2RR
R,

RI

V=0V

Irgut 0fkt Veltaça
Flz()

V,=0y

V,= (1+RgR)V.s

Equiralent eint forV0V

12

Fig.

Q15. Describe Slew Rate and its reasons..

To design T- network first pick Rt <<I Rf/2 and-caleulae

R,

Input offset voltage:
R, - 2R,

In spite ofthe use of the above compensatingtechnique,

it is found that the output voltage may still notbe7nwith zero input voltage. This is due tounav0.dable

imbalances insidethe op-amp and one mayhavetoapply

Ri

asmall voltage at theinput terminal Itto make output(Vo)
0. This voltage is called input offset voltage Vos.

Thisis
the voltago required to be applied at the input for making

output voltage to zero (Vo 0).

R

LinearIntegratedCircult

Rr

NerLertiKAnpHßar

ktins AAier

Let us determine the Vos on the output of inverting and non-inverting amplifier. IfVi=0(Fig (b) and (c)) become the same

as in figure (d).
Thermal drift: Bias curent, offset current, and offset voltage change with temperature. A circuit carefully nulled at 25°c

may not remain. So when the temperature rises to 35°C. This is called drift. Offset current drift is expressed in nAC. These

indicate the change in offset for each degree Celsius change in temperature.

Ans. Slew rate is the maximum rate ofchange ofoutput voltage with respect to time. Specified in V/us.
Reasonfor.Stewrate: There is usually a capacitor within 0, outside an op-amp oscillation. It is this capacitor which prevents

the ofp voltage from fast changing input. The rate at which the volt across the capacitor increases is given by
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dVddt=1/C---1)
Maximum amount furnished

bytheop-amp
to

capacitorrC.Op-amp
shouldhavethecitherahighercurrentor

small compensating capacitors. For 741IC,the maximumintemalcapacitor charging currentislimitedtoabout 1SjuA.Soo theslewrate of7411CisSR dVc/dt|max -Imax/C Forasinc waveinput,1the cffcct ofslcwrate can be calculatcd

wave.

consider volt follower. The input is large amp, highinput, the cffect ofslewratecan bc calculatedas considervalt follower. The input is large amp,high frequency sine

13

1Vs=VmSinwtthenoutputV =Vmsinwt.Therateofchange ofoutput is given by dVo/dt=Vm w coswt.

Fig.circuitdiagram

Fig. Wavefome
The maX rate of change of output across when coswt=1
(i.e) SR=dVOldt\max=wVm.

SR =2fVm V/s =2fVm vms.

2. Inverting amplifier

Thus the maximum frequency fmax at which undistorted
output volt of peakvalue Vm is given by fmax (Hz)= Sléw:

rate/6.28*Vm called the full power response. It is maximum
frequency of a large amplitude sine wave with which
op-ampcan have without distortion.

Q16.-Explain Open-loopop-amp Configuration.?

Ans. The termopen-loop indicates thatno feedback in any forn
is fed to the input from the output. When connected in

open - loop the op-amp functions as a very high gain
amplifier. There are tiree open -loop configurations of
op-amp namely,

1.Differentialamplifier

3. Non-inverting amplifier

inputs usedand theterminalto which the input is applied.
The op-amp amplifies both ac and de input signals. Thus,

the input signals can be either ac or dc voltage.
l, Loop DIfferential Amplifier : In this configuration, the

Inputs are applied to both the inverting and the nof
inverting input terminals of the op-amp and it amplifies the
diference between the two input voltages. Figure shows
the open-loop differential amplifier configuration. The
Input voltages are represented by Vi, and Vi, The source
resistance Ri,and Ri, are negligibly small in comparison
with the very high input resistance offered by the op-amp,

and thus the voltage drop across these source resistances
is assumed to be zero. The output voltage VO is given by

Vo-A(Vi1-V

Linear Integrated Circuits

The above classification is made based on the number of

where A is the large signal voltage gain. Thus the output

voltage is equal to the voltage gain A times the difference

between the two input voltages. This is the reason why

this configuration is called a differentíal amplifier. In open
- loop configurations, the large signal voltage gain A is
also called open-loop gain A.

Signal
sOurce 1

Rul

Signal

Source

V,=A(V, -V)

Open - lo0p Differential Ampifier

2. Inverting ampliffer: In this configuration the input signal

is applied to the inverting input terminal of the op- amp

and the non-inverting input terminal is connected to the
ground. Figure shows the circuit ofan open-loopinverting

amplifier. The output voltage is180° out of phasewit
respect to the input and hence, the output voltage Vo
given by, Vo -AV Thus, in an inverting amplifier, th

input signal is amplified by the open-loop gain A and
phase shifted by 180°.



3.

Signal
Soure

Sinzl
SUTUc

R

Ve-AV

Open - loop Inverting Ampifer

Non-inverting Ampliier:Figure shows the open- loop
non- inverting amplificr. The input signal is applied to the

non-inverting input terminal of the op-amp and the
inverting input terminal is connected to the ground. The
inputsignalis amplificd by the open -loop gainA and the
output is in-phase with inputsignal. Vo=AV;

R

RA

R

Open -loop No- Inverting
Amplifier

In allthe above open-loop configurations, only very small

values of input voltages can be applied. Even for voltages

levels slightly greater than zero, the output is driven into

saturation, which is observed from the ideal transfer

charzcteristics ofop-amp shown in figure.

Q17. Explain Closed-loop op-ampconfiguration.

Ans. The op-amp can be effectively utilized in linear applications

by providing a feedback from the output to the input, either

directly or through another network. If thesignal fecdback

is out- of-phase by 1800 with respect to the input, then the

feedback is referred to as negative feedback or

1.

degenerative feedback. Conversely, if the feedback
signal

is in phase with that at the input, then the feedback
inreferred to as positive feedback or

regenerative
fecdback.An op -amp that usessfcedbackis calledacloned
-loop amplifier. The most commonly used closed-lo

amplifier configurations are :

1. Inverting amplifier (Voltage shunt amplifier)

2. Non- Inverting amplifier (Voltage -series Amplifier)

Invertlng Amplifler:The inverting amplifier is showni
figure and its alternate circuit arrangement is shown

figure,,with the circuit redrawn in a difcrent waytoillustrate
how the voltage shunt feedback is achieved. The

input
signal drives the inverting input of the op-ampthrough

resistor RI.The op -amp has an open -loop gain ofA

that the output signal is much larger than the error voltape

Because of the phase inversion, the output signal is 1300

out -of-phase with the input signal. This means that the

feedback slgnal opposes the input signal and the feedback

Isnegatlve or degenerative.

Practleal Inverting amplifier : The practical invertina

amplifier has finite valuè of input resistance and input

current, its open voltage gain Ag is less than infinity and

its output resistance Ro is not zero, as against the ideal

inverting anmplifier with finite input resistance, infinite open

-loop voltage gain and zero output resistance respectively.

Figure shows the low frequency equivalent circuit model

of a practical inverting amplifier. This circuit can be

simplified using the Thevenin's equivalent circuit showa

in figure. The slgnal source Vi and the resistors R, and Ri

are replaced by their Thevenin's equivalent values. The

closed - 1loop gain AV and the input impedance Rif are

calculated as follows.The input impedance of theop- amp

is normally much larger than the input rèsistance R,.
Therefore, we can assume Veq i and Req R,.From

V, IR0=AVa
Via =IR{=AVid

Vo =IR,=AV
Substituting the 0 value fofI derived from above eqn. and

obtaining the closed loop gain. It can be observed from

above eqn. that when A>> 1, R, is negligibly small and the

product AR, >> Ro tRç, the closed loop gain is given by

Av=-Rf/R1
Which as the same fom as given in above eqn for an ideal

the figure
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invertcr.

R

Input
Resistance:

Fig.
Equivalent

Circuit of a Practical Inverting Ampliner

= Val (Rt R)/(I+A)

vR

Output Resistance:

R

R,

Rof

R

1+

R(R +Rf

RA

Thevenin's Equivalent Circuit

Ro + R+ Rf

R

Fig.Equivalent circuit to determine R.,

Figure shows the equivalent circuit to determine Rof. The

output impedance Ror without the load resistance factor

R, is calculated from the open circuit output voltage Voc

and the short circuit output current Isc

R, + R + Rf

Ri

2

Tsc

Linear Integrated Circuits

Non -Invertlng Amplifler: The non - inverting Amplifier

with negative feedback is shown in figure. The input signal

drives the non - inverting input of op-amp. The op-amp

provides an internal gain A. The external resistors R, ond

Rf form the fecdback voltage divider circuit with an

attenuation factor of0. Since the feedback voltage is at

the inverting input, it opposes the input voltage at the

non - inverting input terminals, and hence the feedback is

negative or degencrative. The differential voltage Vi at

the input of the op-amp is zero, because node A is at the

same voltage as that of the non- inverting input terminal.

As shown in figure, Re and R form a potential divider.

Thercforc.,
R

R]

V.

Closed Loop Non - Inverting Amplifier : The input

resistance ofthe op-amp is extremely large (approximately

infinity,)since the op-amp draws negligible current from

the input signal.

Practical Non-inverting amplifier: The equivalent circuit

ofa non- inverting amplifier using the low frequency model

is shown below in figure. Using Kirchhoff's current law at

node a,

Vi-Vid

R

Av = 1t

R,

Eoivaleur Cueit ef a uon - iurertung
Anpliier nsung low equency

R

R

AV
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OBJECTIVE QUESTIONSAND ANSWERS

1. ADifferential Amplificr should have collector rcsistor's

valuc (RCI& RC2) as

A. Sk2, SkQ

C. SN, Sk2

Answer: a

7

3

2 ADu.erentialAmplifier amplifies

A. Input signal with higher voltage

C. Sum of the input voltage

B. Input voltage with smaller voltage

D. Nonc of theMentioncd

Answer:D

The valuc ofcmitter resistancc in Emitter Biased circuit

A.9.756kA

are REl=25kN & RE2=16k2. Find RE

C9.723k2

AnswerA

B. SQ, 10kn

D. SkN, 10k2

4. Ifoutput is measured between two collectors of

transistors, then the Differential amplifier with two input

signal is said to be configured as

A. Dual Input Balanced Output

B. Dual Input Unbalanced Output

A. DC input signal only

C. Single Input Balanced Output

D. Dual Input Unbalunced Output

Answer: A

B. AC inpiut signal only

5. A differential amplifier is capable ofamplifying

C.AC & DC input signal

D. None of the Mentioned

Answer:C

B.4]k2

D. 10k2

A. Same as input

C.Not equal to zero

Answer: D

6. In ideal Differential Amplifier, if samesignalis given to

both inputs, then output will be.

A, 7,42mA

C.10mA

B. Double the input

D. Zero

An emitter bias Dual Input Balanced Output differential

amplifier has VCC-20v,f=100,VBE-0.7v,RE-1.3k). Find

B.9.8nA

D. 8.6mA

Answer: A

&. FindlC, given
VCE-0.77, VCC=10v,VBE-0.31lv

anA

RC-2.4knin DualTnput BalancedIOutputedifferenmtia

1.

2

amplificr,

A.0.4mA

Answer:C

C.AmA

9. Find the correctmatch

Configuration

Single Input
Unbalanced Output i.Aq= Rclre,RijRi

Dual Input Balanccd Output ii. Ad=Rc/2re, Ril Ri2

A. 1-i,2-ii, 3-iy, 4-ii,

3. Single Input Balanced Output ii. A-Rre, R;

-2RE

B. 1-iy,2-i, 3-ii, 4-i
C.1-ii,2-iv,3-i, 4-iii

D. 1-ii,2-i, 3-ii, 4-iv

Answer: D.

4. Dual Input
Unbalanced Outputiv. Aq=Re2re,.

D

B.0.4A

A.0.987v

C. 0.555y

Answer: B

D. 4A

* 10.Obtain the collector voltage, for collector resistor (RO

+ =5.6k2, IE-1.664mA and VCC=10v for single innu#

unbalanced output differential amplifier

C.3.33v

Answer: C

Voltagegain and

Input resistance

A. 26

C.38

11. For the circuit shown below, determine the Output voltao

(Assume B=5, differential input resistancé=12 ko)

A.4.33v

Answer: A

B.0.682

D. None of the mentioned

12:In a Single Input Balanced Output Differential amplifier.

given VCC=15y, RE-3.9k2, VCE-2.4 v and re-2509.

Determine Voltage gain

B.2.33v
D.1.33v

B.56

D.61

13. The process involved in photolithography is

a) Making of a photographic mask only

b) Photo etching



e)
Bothphotoctching and makingofphotographic

mask
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Noneofthe mentioned

Howwillbethe:initial artwork doncforanormal
IC?

a)
Smaller

than the final dimension
ofchip

b)
Sameasthat of finaldimension

ofchip)Larger than the final dimension
ofchip

AnsWer:c

) Nonc ofthe mentioned

Answer:c
I5

Find1the area of artwork donefor a monolithicchip ofarca30milx30mil.

a) 16cm x 16 cm

c) 12cm x 12 cm.

Answer:d
16. Mylar CoatedI with a sheet ofred photographic Mylar is

b)60cmx60cm

used for artwork (layout) because,

d)36cmx36cm

a) It is usedto get a colourful layout
b) It canbe easily peeled offfrom layout
c) It is recommended colour for layouts
d)It is used forhighlighting layout

Answer: b

17. Find the coating material used for photo etching process
alongwith its thickness, range.

a)Kodakphotoresist(5000-10000Å)

.

b)Kodakphotoresist(1000-5000Å)
c) Kodakphoto etchant (1000-5000 A)

Answer: a

d) Kodakphoto etchant (500-1000 A)

b) Wet etching

17

18. Which type of etching process is preferred to make the
photoresist immune to etchánts?

a) None ofthe mentioned

c)Plasmactching
d)Chemical etching

Answer:c

19. Which of the pllowing statement is not true?
a) X-ray and Electron beam lithography technique,
produce device dimensions down to submicron range.
b) Ultraviolet lithographyhas limitation due to
diffraction cffects of wavelength.
c) Thecost ofX-ray or Electron beam is less compared
to Ultraviolet photolithography.

d)The exposure time is less in Ultravioletcompared to
X-rayorElectron beam lithography.

Answer: c

20. For photographic purpose usually coordinatograph is
preferred for artworkbecause,

Linear Integrated Circuits

a) It is a precision drafting machine

b) Cutting head can be positioned accurately
c) It can be moved along two perpendicular axes

d) All ofthe mentioned

Answer: d

21. Which of the following is added as an impurity to p-type
material in diffusion process?

a) Phosphorous pentaoxide (P,Os)
b) Phosphorous oxychloride (POcl)
c) Boron oxide (B¬O)
d) None of the mentioned

Answer: c

22. In the fabrication of monolithicICs, Boron chloride is

added as an impurity in the diffusion process. Find the
diffusion time, if the furnace is heated up to 1200c.
a) lhour

c)45 minutes

Answer:

b) 2 hours

d)30 minutes
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1.

QUESTIONS AND ANSWERS
Q1. Explain the terms:

APPLICATIONSOF OPERATIONAI
AMPLIFIERS

1. Sign Changer (Phiase Inverter).
2. Scale Changer.
3. Phase Shift Circuits.
4. Voltage Follower.

UNIT 02

Sign Changer (PhaseInverter):

The basic inverting amplifier configuration using an op
ampwith input impedance Z, and feedback impedance Z

Ifthe impedance Z, andZ,are equal in imagnitude° and
phase, then the closed loop voltage gain is -1, and the
input signal will undergo a 180phase shift at the output.3.
Hence, such circuit is also called phase inverter. If two
such amplifiers are connected in cascade, then the output:
from, the second stage is the same as the input signal
without any change ofsign, Hence, the outputs from the
two stages are equal in magnitude but opposite in phase
and such a system is an excellent paraphase amplifier.

2. Scale Changer: Op-Amp functions as a scale changer
through small signals withconstant-gainin both inverting
andnon-inyerting amplifiers.

Sine

lin R

Vin

Non-inverting terminal is grounded whereas RIlinksthinput signal v, to the inverting input. A

feedbackresistag
R is then connected from output to the inverting

inp
The losed loop gain ofthe inverting amplifier worksbased
on the ratio of thetwo external resistors R,and R¢and
Amp acts as a negative scaler when it multipliestheinput

by a negative constant factor.
While in need för an output that is equal to input for

getting multiplied by a positive constant the positive scaler

circuit is used by applying negative feedback.
Phase Shifter circuit:

R1
10kn

R100xa

R250Hz (Va 10k
2.5V

intcgraled

R3
100kO

5V

Output

Op-Amp is used for direct coupling procedure and so DC
voltage level at the emitter terminal increases from pphaseto phase. This rapidly increasing DClevel is likelytoshift
the operating pointoftheupcomingstages. Thus to move

Ad
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downtheincreasing voltagcswing, this phasc shifner isapplied.Thejphase:shifler performsbyaddinga DC voltage
Jevcltothe output of fall stage to pass the output to a

groundlevel.

Voltage Follower::IfR=8and R, =Ointhe non invertingamplificr configuration. The amplifieractas a unity-gain
amplifier or voltage follower.

VI
Voltage Followrer

V

19

The circuit consists of an op -amp and a wire connecting
the output voltage to the input, i.e. the output voltagev is
equal to the input voltage, both in magnitude and phase.
Vo=Vi.Since the output voltage of thecircuit follows the
input voltage, the circuit is called voltage follower. It offers
very high input impedance of the order ofM and very low

output impedance. Therefore, this circuit draws hegligible
current from the source. Thus, the voltage follower.can be
used as a buffer between a high impedance source and a
low impedance load for impedance matching applications.

Q2. Explain Voltage to Current (V- to-I) and Currentto

Voltage (1 - to - V) converters.

Ans.Voltage to Current Converter:

LOAD

RL

An op-amp with a negative feedback is generally used for

voltage to current cônversions. Below you can see the
circuit diagram. We are not going intothedetailshere, just
we willdiscuss the circuit given below. The voltage is

03.

Current to VoltageConverter:

1

applicd to the non-inverting terminal and the output is

fcedback to theinvertingtterminal. It is also
groundedusing

a resistor.

Op-amp can be used as a current to voltage converter

using a very simple circuit as shown above. All we need is

a feedback resistance connected to the output of the op

amp. The current source is fed into the inverting terminal

and the non-inverting terminal is grounded. Here the

output voltage is proportional to the input current. As an

ideal op-amp has infinite resistance, the current cannot

flow through the op-amp. The current flows through the

feedback resistance and the voltage across it depends on

the current source.

1. Adder

Explain the OpAmpapplication as a :

2. Subtractor
3. Instrumentation amplifier

4. Integrator
5. Differentiator
6. Logarithmic amplifier

8. Comparators

Lincar
IntegratedCircuits

7. Antilogarithmic amplifier

9. Schmitt trigger

Re

10.. Precision rectifier
11, Peak detector
Adder : Op-amp máy be used to design a circuit whose

output is the sum of several input signals.Such a ircuit is

called a summing amplifier or a summer.or adder. An

inverting summer ora non-inverting summer may be
discussed now.

Inverting SummingAmplifier:
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RI

R

R

Reomp Rl|RaR||Rt

Abpicalsumming amplifier wilh threc input voltages VI,

V, and V, thrce input resistors R,, Rg, R, andafecdback

resistor Rf is shown in figure.The following analysis is

carricd out assuming that the op-amp is an ideal one, AOL=

S.Since the input bias current is assumed to be zero, there

1S no voltage drop across the resistor Rcomp and hence

the non-inverting input terminal is at ground potential.

I= V,/R, +V,/Rg.+ Vn/Rn;

R

-o V

Vo =- RfI- Rf/R (V,+V,t...Vn).
Tofind Rcomp, make all inputs V, =V,=V=0.

So the effective input resistance Ri =R, ||R2|| R3
Therefore, RcompRi||Rf-R, |R, | R3|| Rí.
Non-Iaverting SunmingAmplifier:

R

A summer that gives a non-inverted sum is the non

inverting summing amplifier of figure Let the voltage at

the (-) input terminal be Va. which is a non-inverting

weighted sum of inputs.
Let R,R,=Rg=R=Rf2, then Vo= V,+V,tV3:

Subtractor: A basic differential amplifier can be used as a

subtractor as shown in the above figure. If allresistors are.

equal in value, then the output voltage can be derived by

using superposition principle.

20

3.

R.

circuit.

VoWW
R

as

Tofindthe output Vo due to V alone,make
V,=,

Then the circuit of figureas shown

a
non-invertingamplifierhavinginputvoltage

non-inverting inputterminal andthe outputbecomesVoVI/2(1+R/R)= V, when allresistancessareRint

written as.

Vo2V

RR

Similarly the output Vo2 due to V, alone(with
grounded) canbe writtensimplyforaninverting:

arnplifier

Fig4

-Instrumentationamplifier:

Thus the output voltage Vo due to boththeinputscanbe

R

Vo=Vo1-Vo2-V-V,

R

intheabove1

V R
R

becomea

R

Ay
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2
3.

4.

4.
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CuTentflowinginnresistor R is I= (V,-V,)R and it low 5. DIferentlator:
throughR'inthe,direction shown, Voltage at non-inverting
terminallop-ampA,is R, V1/(R,+R,). By superposition

Vo - (R,/R) V;+(1+ R,/R)R,V,/(R,+R,)
= R,/RI(VI'-V2);

theorem

VI'=RI+V,=RR(, -V,)+VI
V2' =RI+ V =R7R(V-V,)+V;
Vo -(R,/RI(2R'R(V- V)+ (V,-V))

-(Rz/R)((l+2R/RXV,- VI)

Ina.number ofiindustrial and consumer applications, onc

is
requiredto measure and controlphysical quantitics.

Some typical examples are measurement and control of
temperature,1

ahysical quantities are usually measured with help of
ansducers. he output of transducer has to be amplified
so that it can drive the indicator or display system. This

function is performed by an instrumentation amplifier. The

important features ofan instrumentation amplifier are

High gain accuracy.

High CMRR

High gain stability with low temperature coefficient
Low output impedance

o temperature indicator,

21

Applications of instrumentation amplifier. with the

transducer bridge,

o temperature controller and

o light intensity meter

Iin Rn

Vin

Integrator : Op-amp is used as an integrator also. The

integrator op-amp produces an output that is proportional

to the amplitude of theinpu: signal as well as the duration

of the input signal. Instead of a resistor in the feedback

loop, we have a capacitor. It is able to perform the

mathematical operation of integration as the output varies

with the input and duration ofthe signal.

X

-Vout

C

7.

6. Logarithmic amplifier :

Op-ampcan be used as adifferentiator where the output is

the first derivative of the input signal. The following

cquation gives the relation between the input signal and

the output signal.

R

R

Vour =-R-CM

Líncar
IntegratedCircuits

As you can see the output voltage is a first derivative of

the input voltage. We are not going into how the equatíon

is derived but only learning about the use ofan op anp as

a differentiator.

Vout

dt

KT

Vout

D

The logarithmic amplifierusing op-amp is imáde by usinga

diode instead of a resistance in the feedback loop. The

non-inverting terminal is grounded and the input voltage

is fed to the inverting terminal. The output voltage is

proportional to the logarithm of the input voltage and

hence can be used as a logarithmic amplifier.::

Vout

Antilogarithmic amplifier.: A circuit to convert
logarithmically encoded signal to real signals. Transistor
in inverting input converts input voltageinto
logarithmically varying currents.

, humidity, light intensity, water flow etc.these
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Vo

The circuit is shown in figure below.The input Vi for the

antilog-amp is fed into the
temperature compensating

volagedividerR, andRTCand uhen to the base ofQ,

TheoutputofA,sfedbzcktoR, attheinveringinput of

op ampA,. The
non-inverting inputs are grounded

R

R

R

Rrc

Therefor,

Rearanging, we get

Weknowthatlogn
x=0.4343 lnx.

Thereforc,

V=logo

The output Vo of the antilog- amp is fed back to te

inverting input of Al through the resistor R1. Hence an

increase ofinputby one volt causes the outputo decreas

by a decade.

8. Comparators :Acomparator compares a signal volage o

one input of an op-armp with a known volage calld

reference voltage on the other input. Comparators ar us

incircuits such as,



diya

Digital lnterfacing

Discriminator

Schmitt Trigger

Voltage lcvel detcctor and oscillators

imerting Comparator:

Vlv

+V

D,

-v.

V,

Afixed reference voltage Vf of 1 V is applicd to the

Enverting Comparator:

+V

Ir V+ V,

EE

23

V

+V

-V

Lincar Integrated Circuits

negative terminal and time varyíng signal voltage Vin is

npplicd to the positivc terminal. When V., is less than Vref

the output becomes V, at -Vsat

When Vi, is grcater than V, the (+) input becomes

positive, the VO gocs to +Vsat.

(Vi,> Vrcf > Vo(+Vs)).
Thus the V, changes from onc saturation level to

another.The diodes D, and D, protect the op-amp from

damage duc to the cxcessive input voltage V;n. Because of

these diodes, the diffrerence input voltage Vid of the op

amp diodes are called clamp diodes
The resistance R in series with Vin is used to limit the

current through D,and D,. To reduce offset problems, a

resistance Rcomp =R isconnccted betwecn the (-ve) input

andVrcf

If V,=-V

V<V.

Prakashan
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desired nmplitude and polnrity can be got by sinply ndjusting the 10k potentionmeter.

1

-Vret

Schmitt trigger: This circuit converts an iregular shaopcd waveform to a square wave or pulsc. The circuit is knoun k

Schmitt Trigger or squaring cicuit. The input voltage Vin triggers (changes the stale of) the op V every time it excets

cortain voltage levels called the upper threshold Vut and lower threshold voltage.

R)

24

These threshold voltages arc obtained by using the voltage divider R,-Ry, where the voltage across R, is fecdback to b

(+) input. The voltage across R,is variable reference threshold voltage that depends on the valuc of the output voltagg

When Vo=+Vs, the voltage across R is called upper threshold voltage Vut.

The input voltage Vin must be more positive than V,, in

order to cause the output V, to switch from +V to-Vsat
using voltage divider nule, Voltagc at (+) input terminal is

VuT V,et R,(Vg-V)/ (R+R,)

whenVo=+Vgat
When Yo -Yt
Hysteris widuh VH =Vur-V2R, (V)/ (R,+ R,)

When V, =- V the voltage across R, is called lower

threshold voltage V, the Vi must be nore negative than

(bj

Ve a

(C)

(d)

Vsal

VrVer

Llicnrimtcgatedc

Voltage at (+) terminal is

-Vsat

-Vsat

V, in order to cause V, to switch from-V to +Vfor
Vin >V V, is at-Vsat

ViT=VrefR(Vant t Ve)/(R+R,).
Ifthe threshold voltages Vut and VIt are made larger than
the input noisc voltages, thc positivc feedback will
climinate the false o/p transitions.
Alsothe positive feedback, because of its regencrative

action, willmake Vo switch faster betwecn +V,. and
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Resistancc Rcomp=R, || R, is uscd to minimizc the offset
problems.

Thc comparator with positive fccdback is said to cxhibit
hysteresis, a dead band condition. (i.e) when the input of
the comparator excecds Vut its output switches from +Vc
to -Vea and reverts to its original state, +V. when the
input gocs below VT- The hysteresis voltage is equal to
the difference between V, and V,.Therefore

VH=Vt-V
IfV,e=0, V=-VLT= 2 R,(Vsa)/(R+R)

0
Veatt

op-amp.

(e)

10. Precision rectifier : The ordinary diodes cannot rectify

voltages below the cut-in -voltage of the diode. A circuit

which can act as an jdeal diode or precision signal -
processing rectifier circuit for rectifying vollages which
are below the level of cut-in voltage of the diode can be
designed by placing the diode in the feedback loop of an

+

25

AD

Precision diode

R

lo01n

Va

1001n1"

100irnl

I1. Peak detector

Líncar Integratcd Circuits

D.oI

Te
(

Time

H
Voe

The circuit above shows the use of op-amp as a peak

detector. The circuit uses a diode anda capacitor. When
Vout is more than Vin, the output is positive and the diode

conducts. Whereas whei Vout is less than Vin, the diode
is reversed biased and docs not conduct. The capacitor

charges to the most positive value.
Q4. Explain Clipper and clipper using OperationalAmpliier.

the input signal can be formed by using an op-amp with a

rectifier diode. T he clipping level is determined by the

reference voltage Vref, which should less than the i/p range

of the op-amp (Vref < Vin). The Output voltage has the

portions ofthe positive halfcycles aboye Vrefclipped of.
The circuit works as follows: During the positive half

cycle oftheinput, the diode D1 conducts only untilVin =

Vref. This happens because when Vin <Vref, the output

volts Vo of the op-amp bccomes negative to device DI

into conduction when Dl conducts it closes fecdback loop

and op-ampopcrates as a voltage follower. (i.e.) Output
Vofollows input until Vin = Vref. When Vin >Vref=> the

VO becomes +ve to derive DI into off.

The op-amp alternates between open loap (ofM) and closcd

loop operation as the D, is tumed off andon respectively.

Ans. Positive Clipper : circuit that removes positive parts of
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Forthis rcason the op-amp USed must be high spced and

preferably compcnsted for unity gain.

Variv

D,

R,

10K
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F10K

Negotive Clipper: The positive clipper is converted into a

-ve clipper by simply reversing diode DIand changing

the polarity of Vrefvoltage. The negative clipper clips ofr

tbe -ve parts of the input signal bclow thc reference

voltage. Diode DI conducts -> when Vin > -Vref and

therefore during this period o/p volt VO follows the ip volt

Vin. The -Ve portion of the output volt bclow -Vref is

clipped ofTbecause (Dlis of) Vin-Vref. If-Vrefis changed

10 -Vref by connecting the potentiometer Rp to the +Vcc,

the VO below +Vref will be clipped off. The diode Dl must

be on for Vin>Vrefandofffor Vin.

Positlve and Negative Clampers: In clampercircnitt
predctermincd dc levcl is added to t

LincarIntecgrated
Circt

1. Ifthe clamped dc levcl is +vc, the clamper ispoitliy
clamper
2. If the clamped dc levcl is -ve, the clamper is negativ.

clamper.

Other cquivalent terms uscd for clamper arc dc inserter.

restorcr. Inverting and Non-Invcrting that usesthis
technique.

Q5. Explain Low Pass Filter Using OpAmp.

Ans. Op-Amps or operational amplifiers supply very efficient

low pass filters without using inductors. The feedback

loop of an op-amp can be incorporated with the basic

clements ofa filter, so the high-pcrformancc LPFs arc casily

formed by using the required componcnts except for

inductors. The applications of op-amp LPFs are uscd in

different arcas of power supplics to the outputs of DAC

(Digital to Analog Converters) for climinating alias signals

as well as other applications.
FirstOrder Active LPF Circuit using Op-Amp:The circuin

diagram of the single pole or first order active low pass

filter is shown below. The circuit of the low pass filter

using op-amp uscs a capacitor across the fecdback resistor.

This circuit has an cffcct when the frequency increases

for enhancing the feedback level then the capacitor's

reactive impedance falls.

theoutput voltage
The output is clampcd to a desircd dc levc.
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For this reAsOn the op-amp used must be high spccd and
prferably compensatcd for unity gain.

D,

? 10K

DI eT

10K
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Negathe Clipper: The positive clipper is converted into a

-ve clipper by simply reversing diode Dl and changing

the polzrity ofVrefvoltage. The negative clipper clips off.

the ve perls of the input signal below the reference

volege. Diode DJ conducts -> when Vin > -Vref and

therefore during this period o'p volt Vo0 follows the ip volt

Vin. The -Ve portion of the output volt bclow -Vref is

clipped ofTbecause (Dl is ofl) Vin<-Vief. If-Vrefis changed

19-Vref by connecting the potentiometer Rp to the +Vec,

the VO below + Vref willbe clipped off. The diode Dl must

be on for Vin>Vrefand off forVin.

LincarIntegratcdCircult,

Positive and Negative Clampers: In clamper
predetermincddc lcvel is added totheoutputvoltage.

(oK)
The output is clampcd to a desircd de level.

1. If the clamped de level is +ve, the clamper ispositive
clamper
2. If the clamped dc level is -ve, the clamper is negativ

clamper.

Other cquivalent terms used for clamper are dc inserter..
restorer. Inverting and Non-Inverting that uses thi.

technique.

K

Q5. Explain Low Pass Filter Using OpAmp.
Ans. Op-Amps or opcrational amplifiers supply very efficient

low pass filters without using inductors. The feedback

loop of an op-amp can be incorporated with the basic

clements ofa filter, so the high-performance LPFs are casily

formed by using the required components except for

inductors. The applications of op-amp LPFs are used in

different areas of power supplics to the outputs of DAC

(Digital toAnalog Converters) for eliminating alias signals

as well as other applications.
First Order Active LPF Circuit using Op-Amp:Thecircuit

diagram of the single pole or first order active low pass

filter is shown beclow. The circuit of the low pass filter

using op-amp usesa capacitor across the feedback resistor.

This circuit has an cffect when the frequency increases

for enhancing the fecdback level then the capacitor's

reactive impedance falls.
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RI

Non Iverting
Configuration

Ci

Inverting Configuration

Xe=1/pfC

R2

Fig. First Order Low Pass FilterUsing Op Amp

The calculation of this filter can be donc by working on

the frequency at which the capacitor reactance can cqual

the resistance of the resistor. This can be obtained by

using the following formula.

•fis the frcquency (Units-Hz)

27

Where 'Xc' is the capacitive reactancc in ohms

'p' is the standard letter and the valuc ofthis is 3.412

*C'is the capacitance (Units-Farads)

Q6.

The in-band gain of these ci. cuits can be calculated in a

simple way by climinating the capacitor's effcct. As thcse

types of circuitsarc helpful to givea reduction within gain

at high frequencics, as well as offers an ultimate spced for

roll-off of 6 dB for cach octave, which means the olp

voltage divides for. ench repetition in frequency. So, this
kind of filter is named ns first order or single polc low pass

filter

Second OrderActive LPFCircuit using Op-Amp:By using
an operational amplifier, it is possible for designing filters

in a wide range with dissimilar gain levels as well as roll-off
models, This filter offers a bandwidth response as well as

unity gain.

RI

Cl=C2

Vin

Fig. Second Order Active LPF Circuit uslng Op-Amp

The circuit values calculations are uncomplicated for the

response of Butterworth low pass filter & unity gain.

Significant damping is necessary for these circuits & the

ratio valucs of the capacitor and resistor conclude this.

RI=R2

f=]-

C1

R2

4pRC2

Whilc sclccting the valucs, make surc that thc valucs of

the resistor will drop in the rcgion among 10 kilos ohm to

100 kilo-ohms. This is worthwhilc as the circuit's o/p

impcdance incrcases by the frequency & outside valucs

of this scction may change the act.

Ans. The basic operation ofan Active High Pass Filter (HPF) is

the same as for its cquivalent RC passive high pass filter
circuit, cxcept this time the circuit has an operational

amplifier or included within its design providing
amplification and gaincontrol. Like the previous active

low pass filter circuit, the simplest form of an active high
pass filter is to connect a standard inverting or non

inverting operational amplifier to the basic RC high pass

passive flter circuit as shown.

C

Lincar Intcgratcd Circuits

C2

Define Active lHigh Pass Filter (HPF).

11

First Order IHigh Pass Fler :

Hgh Pass Filter

R

Non-invorbng
unity amplifie

A, =

Vout

lance

MD

ct

at
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Technically, there is no such thing ns an active high pass

filter. Unlike Passivc High Pass Filtcrs which have m

"infinite" frequcncy response, the maximun pass band

frequcncy response ofon active high pass filter is limited

by the open-loop characteristics or bandwidth of tlhe

operational amplificr bcing uscd, making thcm appear as tl

thcy aro band pass fillers with a high frcqucncy cuf-oft

detcrmined by the sclcction of op-amp and gain. In the

Opcrational Amplificr tutorial we saw that the maximum

frequcncy responsc of an op-ap is limited to the Gain/

Bandwidth product oropcn loop voltage gain (AV) of the

operational amplifier being uscd giving it a bandwidth

limitation, where thec closcd loop responsc of the op amp

intersccts the opcn loop responsc.

Second-order ActiveHigh Pass Filter Circuit

Vn

C1

2

R4

AAA.

Av

BR1,
R2

Vout

1

Higher-order high pass active filters, such as third, fourth,

fifh, etc are formed simply by cascading together first and

second-order filters. For example, a third order high pass

filter is formcd by cascading in series first and second

order filters, a fourth-order high pass filter by cascading
two second-order filters together and so on.

Q7. Explain Band pass filtcrs using Operational Amplificr.

Bard pass filters : Filters that pass band of frequencies

and attenuates others. Its high cutoff frequency and low

cutoff frequencyare related as fH>fL and maximum gain.

at resonant frequency

frvHL

Wide band pass filter:

Figureofmerit Q= ft/(H-fL)= fB where B-bandwidth.

2 types of filters are Narrow band pass and widc band
pass filters

It is connection ofa low pass filter and a high pass filter in

cascade.

28

The fH of low pass filter and fL of high pass filter are

related as fH> fL

1.

2

3.

4

Ans:4

5.

OBJECTIVE
QUCSTIONSA

ANDAANSWERS

A
differentialamplificr.

lopas

1. is a part of an Op-amp

2. has one input and onc output

3. has two outputs

Mgh pass

4.
answers (1) and (2)

When a differential amplifier is operated single-ended

1. the output is gróunded

Ans:2

other

2. one input is grounded and signal is applied to the

3. both inputs are connected together

4. the output is not inverted

In diferential-mode;

Ans: 1

1. opposite polarity signals are applied to the inputs

2. the gain is one

3. the outputs are of different amplitudes

4. only one supply yoltage is used

In the common mode,

1. both inputs are. grounded.

fascar,4n

2. the outputs are connected together

Ans:3

3. an identical signal appears on both the inpurs

4. the output signal are in-phase

The common-mode gain is

1.very high

3. always unity

Ans:2

2. very low
4. unpredictable
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The
differcntialgain is

1.
veryhigh

1. dcpendcnt on input voltagc

4. about 100

Ars:I

7.

IfADM=3500
and

1.1225

3.80 dB

Ans:4

should have an output

With zerovolts on both inputs, an OP-amp ideally

4. equal to CMRR

1. cqual to the positive supply voltage

Ans:3

2. cqual to the negatíve supply voltage
3. equal to zero

1.1

3.80 dB

Ans :4

1.700 nA

-3.49.7uA

Ans : 1

The slew rate is ....

2. very low

10. A certain OP-amp has bias currents of 50 uA: The input

offset current is......

1.90V/us

2.0.67 V/us

3.15V/us

2. 10,000

4. none of these

4. answers (1) and (3)

Ans:2

11. The output of a particular Op-amp increases 8V in 12us.

1. equal to the input

2. increased

9.Ofthevalues listed, the most realistic value for open-loop Ans :3
voltage gain of anOP-amp ís ...

2.2000

Ans:3

4.100,000i

12. For an Op-amp with negative feedback, the output is

2.99.3 A

4.none of these

29

3. fed back. to the inverting input

4, fed back to the noninverting input

13, Thc usc of negative fccdback.

I. reduces the voltage gain of an Op-amp
2. makes the Op-amp oscillate
3. makes lincar opcration possíble

4, answers (1) and (2)

Ans:4
14, Negative fecdback..

1. incrcases the ínput and output impedanccs

2. increases the input impedance and bandwidth

3.decrcases the output impcdancc and bandwidth

4.does not affect impedancc or bandwidth

Ans:2
15. A ccrtain noninverting amplifier has Ri of 1kO and Rfof

100 ko. Theclosed-loop voltage gain is.........
1.100,000

3.101

1. incrcases

16. If Uh: feedback resistor in Q15 (above question) is opn,
the voltage gain eosos.

3. is not affected

Ans:1

1. doubles

4. incrcases slightly

Ans :3

Lincar Intcpratcd Circuits

17. A cenain inverting amplifier has acloscd-loop voltage
gain of25. The Op-amp has an open-loop voltage galn of
100,000. If an Op-amp with an open-loop voltage gain of
200,000 is substituted in the arrangement, the closed

Joop gain .....*

18. A voltage follower
....

2. dropsto12.5. so k

3.remains at 25

1. has a voltage gain of 1

2. is noninverting

2. 1000

4. 100

4. has all of these

Ans:4

3. has no feedback resistór

2. decrcascs

1. a.c.signals only

19. The Op-amp can amplify

2.d.c. signals only

4. depends on Ri

ance

1D

:ct

at

dACM=0.35,/ theCMRRis
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4. ncither d.c. nor a.c. signals

Ans:3

3. both a.c. and d.c. signals

20. The input offsct current cquals the ...
1. difercncc betwcen two basc currents

2. average of two base curTents

3. collcctor currcnt dividcd by currcnt gain

4. nonc of thesc

Ans:
1

21. The tailcurrent ofa differential amplifier is
...

1. halfofcither collector current

2. cqual to cither collector current

3. two times cither collector current

4. cqual to the difference in base currents

Ans :3

2 The node voltage at the top of the til resistor is closes to

1. collector supply voltage

2. zero

3. emitter supply voltage

Ans :2

4. tailcurent times base resistance

Ans:2

23. The tail current in a differential amplifier equals

1. difference between two emitter currents

2. sum oftwo emitter curents

3. collector current divided by current gain

4. collector voltage divided by collector resistance

24. The differential voltage gain ofa differential amplifier is

equal to RCdivided by.......

1.r'e

3.2r'e

2.r'e2

4.RE

30

Ans:3
25. Theinput

impcdanccofa
differential.amplificr

cqualsr'e

3.RC

Ans:4

timcs..

26. A
common-modesignal is

applicd to

1. the
noninverting input

2. the
inverting input

3. both iputs

4. top of thetail resistor

Ans:3
27. The

common-mode'voltagegain is..

1.smaller than differentail voltage gain

2. equal to differential voltage gain

3. greater than differentialyoltage gain

4. none of the above

Ans :1
28. The input stage of an Op-amp is usually a

1: differential amplifier

2. class B push-pull amplifier

3.CE amplifier

4. swamped amplifier

Ans:1

2,RE

4,23

29. The common-mode voltagegain ofa differential amplifier

is equal to RC divided by
.......

1,r'e.

3.r'e2
Ans: 4

Ans:3

1.a mechanical ground

2. an a.C. ground

30. Curent cannot flow to ground through ...

3. a virtual ground

4. an ordinary ground

2.2r'e

LIrcuit,

4.2RE
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QUESTIONS AND ANSWERS

ANALOG MULTIPLIERAND PLL

Transistorpair.
oL.

Describe.
Analog multiplier using an Emitter coupled Substituting above eqn. , we get

O

The output curents lc an d lc are related to the diferential

input voltage V,by

lei|

31

Alç=l-lc

UNIT 03

where V is thermal voltage and the base currents. have

been neglected. Combining above eqn., difference between

the two output- currents as

1te'i 1+e2/r

lEg tanh (V/2V,)

Slc-Igg(VI/2VT)

The dc transfer characteristics of the emitter - coupled

pair is shown in figure. It shows that the emitter coupled

pair can be used as a simple multiplier using this

configuration. When the differential input voltage V1 <
VT, We can appropriate as given by

The current Igp is the bias current for the emitter-coupled

pair. If the current IEE is made proportional to a second

input signal V,, then

Linca, Integrated Circuits

lgg =K0(V,-Vpp)/2VT

SIC = K0V, (V-V)/2V

---4-I

This
arrangement is shown in figure. It is a simple modulator

circuit constructed using a differential amplificr. It can be

used as a multiplier, provided Viis small and much less

than 50mV and V2 is greater than VpE (on). But, the

multiplier circuit shown in figurc has several limitations.

The first limitation is that V2 is offset by VRE (on).

R

nce

ct

at
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The sccond is that V2 must always be
positive which

results in only a two-quadrant multiplicr
operation, The

third limitation is that, the tanh (X) is approximatcly as A,

wherc X = V, /2VT, The first fwo limitations are overcome

in the Gilbert ccll.

Q2. Explain Gilbert Multiplier cll.

1+e-i/

Ans, Thc Gilbert multiplicr ccll is a modification ofthe cmilter

couplcd ccll and this allows four- quadrant multiplication.

Thereforc, it forms the basis ofmost ofthc intcgrated circut

balanced Multiplicrs. Two crosS- couplcd cmitter- couplcd

pairs in scries conncction with an cmitter coupled pair similarlysubstituting =in s and lc6 We get,.

form the structurc ofthe Gilbert multiplicr ccll.

The collector current of Q3 and Q4 are given by

|es

The cs

and Lc4 = 1+ei/'
Similarly, the collcctor current of Q5 and Q6 are given by

lc=EE

JJcs lel

and Lc% =

collector current Ici and I of transistorsQ, and Q, can

be expressed as

and Jcz =

32

Substítuting the zbore equation ín IC3 and IC4, we get

and

-'2

1+e

lcs V2

1+e

and c6 =. V2

S1=I-L2

1+e 1+e I7

-Ucg +lcs) (cat lce)
= (lcs - lco- (lc4 -Ics)

SI=lgg tanh( V,/2V) tanh(V,/2V).

htegatei
Cit

Q3. Describe variable transconductance technigue.

-Ans

L2|RL



Prakashan

variabletransconductance techniquc makes usc of

the

dependence
characteristic of the transistor

(ransconductancc
paramcter on the cmitter current bias

aplicd.A
simplec diflerentiallcircuit arrangement depicting

the
principle

is shownin figurc. Therelationship bctween

V,andVx.is
givenby

gm R1 y where gm = I /V is the

ansconductancc of the stage.
Application

of a second input Vyto the reference current

sourceofthe differentialamplifier can vary gm.

Thus, if RE lgg VBE he bias voltage Vy is related to

Ire bythe relation Vy =Igg R

Then, the overall voltage transfer expression is given by

Vo -gm RLVx=(Vy/VR) Vx R

=VxVy R/VRE
04. ExplainAnalog Multiplier ICs.

33

Ans. Analog multiplier is a circuit whose output voltage at any 1.

instant is proportional to the product of instantaneous 2

yalue of two individual input voltages. Important 3.

applications of thesemultipliers are multiplication, division, 4.

squaring and square - rooting of signals, modulation and

These analog multipliers are available as integrated circuits

consisting of op-amps and other circuit elements. The

Schematic ofatypical analog multiplier, namely, AD633is

shown in figure.

Vo

V=KVVy

ADO3JN

Output

s

z

Applications ofMultiplicr ICs:The multiplier ICs are used for

the following purposes:

S.

6.

Lincar Integrated Circuits

Itcan operate with supply voltages ranging from £18V.

1C docs not rcquireexternal components.

The typical range ofthetwo input signals is ±10V.

Schematic representation ofa multiplier: The schematic

represcntation of an analog multiplier is shown in figure.

The output VO is the product of the two inputs Vx and Vy

is divided by a reference voltage Vref. Normally, the

reference voltage Vref is internally set to 10V. Therefore,

VO = VxVy/10. In other words, the basic input - output

relationship can be defined by KVx Vy when K= 1/10, a

constant. Thus for peak input voltages of 10V, the peak

magnitude ofoutput voltage is 1/I0 *10*10=10V. Thus, it

can be noted that, as long as Vx< 10V and Vy< 10V, the

multiplier output will not saturate.

Q5.

The AD633multiplier isa four-quadrant analog multiplier.

Itpossesses high input impedance; this characteristic

makes the loading effect on the signal source negligible.

Ans.

Voltage Squarer
Frequency doublers

Voltage divider

Square rooter

Phase angle detector

Rectifier

Explain Operation ofBasic Phase Locked Loop (PLL).

Phase

d:todor

lnpul fivqucncy

(i)) Phase detector
The PLL consists of

) LPF

Los

() VCO.

p1ss

Voltage

cuatroled

cillator

The phase detector or comparator compares the input

frequency fy with feedback frequency fouT
- The output of the phase detector is proportional to the

phase difference between &foT
Theoutput ofthephase detector is a dc voltage & therefore

is often referred to as the error voltage.

The output of the phase detector is then applied to the

LPE,which removes the high frequency noise and produces

dermodulation.
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a dc level. This dc levclin tum, is input to the VCO.The output frequcncy ofVCOis directly proportional tothe dc level. The VCO frequency is compared with inputfrequcncy and adjusted until it is cqual to the inputfrequcncics.

•PLL gocs through 3 states, i) free nunning il) Caplure i)Phase lock.
Before the input is applicd, the PLLis in frec running statc.
Oncc the input frequcncy is opplicd the VCO frequcncy
starts to change and PLL s said to be in the capturc mode.Q6. Describe ControlSystem Analysis/Closcd LoopAnalysis
ofPLL

Ans.Phase locked loops can also be analyzcd as controlsystcms
by applying the Laplace transfom.
The loop responsc can be written as:

Where:

0, s+KpK„F()
KpK,F(G)

O, is the output phasc in radians

0; is the input phase in radians
• Kp is the phase detector gain in volts per radian
•Kv is the VCO gain in radians per volt-second
F(s) is the loop filtcr transfer function (dimensionless)

The loop characteristics can be contro!led by inserting
different types of loop filters. The simplest filter is a one

pole RC circuít. The loop transfer function in this case is:

F()=
I+ sRC

The loop response becomes:

Where :

K,K,
RC

s+2sfw, + a

S

RC
K,K,

This is the form of a classic harmonic oscillator. The
denominator can be related to that of a second order
system:

RC

34

G is the damping factor

On is the natural frcquency of the loop.

For the onc-pole RC ilter,

24/K,K,RC

The loop natural frequcncy is a measure offtheresponse

RC=

timc of the loop, and the damping factor is a measure of

the overshoot and ringing. Ideally, the natural frcquency

should be high and the damping factor should be nese

0.707 (critical damping). With a singlc pole filtcr, it is not

possibletocontrol the loop frequcncy and damping factor

independently. For thc casc of critical damping,

RC

=K,K,v2

2KpK,

Aslightly more effective filter, the lag-lead filter includes

onc pole and one zero. This can be realized wvith two

resistors and one capacitor. The transfer function for this

filter is

F(s) =

= CR

1+sCR,

al+sC(R, + R,)

This filter has two time constants :

1

t, = C(R,+ R) t,

LincarrIntcgrated
Circuit,

Substituting above yields the following natural frequency
and damping factor

20,71 2

The loop filter components. can be calculated
independently for a given natural frequency and damping
factor
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Realworld loop filter design can be much more complcx cg
using higher ordcr filters to reducc various typcs or sourcc

of phasc noisc.

Applications of PLL:
The PLL principlc has been uscd in applications such as:

-

FM sterco dccoders
•

Motor spccd control

Tracking filters
• FM modulation and demodulation

•FSK modulation

·Frequency multiplier

· Frequency synthesis etc.,

Q7. DefineVoltage Controlled Oscillator.

Ans.

RA

YC CURRET
|0JRCES

MoDUATOL5

SLRE WAVE OUTPUT

TRANGE KAVE OJTPUT

Ve

SCHITT
TFKSSER

R

35

BUSFER
AMPLNER3

PUFTR
AMPLIFTDR

Lincar Integratcd Circuits

(pin ) or by changing the tíming resistor RI cxternal to the

IC chip. The voltagc at pin G is held at the same voltage as

pin 5.Thus, if the modulating voltagc at pin 5 is increascd,

thc voltage at pin 6 also incrcases, resulting in less voltage

across RI and thercby decrcasing the charging current.

The voltagc across the capacitor C1 is applicd to the

inverting input terminal of Schmitt trigger via buffer

amplificr. Thc output voltage swing of the Schmitt trigger

is designcd to Vcc and 1.5 Vcc. If Ra = Rb in the positive

fccdback loop, the voltage at the non-inverting input

terminal of Schmitt trigger swings from 0.5 Vcc to 0.25

Vcc.When the voltagc on thc capacitor cl cxcecds 0.5 Vcc

during charging, the output of the Schmitt trigger goes

LOW (0.5 Vcc). Thc capacitor now discharges and when it

is at 0.25 Vcc, the output of Schmitt trigger goes HIGH

(Vcc). Since the source and sink currents are cqual,

capacitor charges and discharges for the same amount of

time. This gives a triangular voltage waveform across cl

which is also available at pin 4.The square wave output of

the Schmitt trigger is inverted by buffer amplifier at pin 3.

The output wavcfoms are shown near the pins 4 and 3.The

output frequency of the VCO can be given as follows:

Referring to the circuit in the above figure, the capacitor

c1 is linearly charged or discharged by a constant current

source/sink. The amount of current can be controlled by

changing the voltage ve applied at the modulating input

where V+ is Vcc.

Q8. Describe Monolithic Phase Locked Loops (PLLIC565).

Ans. Pin Configuration ofPLL IC 565

2(V+)-(V)
RCV+

DPUT2

DPUT3

VCo
OUTPUT

PHASECOARATOR
SCO WITPUT

DEVOOUUATED

UTPUT

4

REFEREHCE8
OUTPUT

NErSE
S85

14 NG

13 NC

12| HC

10+V

l EXTERNAL CAPACITOR
FOR VCO

14Pin DIP Package

EXTERNAL RESISTOR
FOR VC0

Basic Block Diagram Representation of IC 565

The important electrical characteristics ofthe 565 PLL are,
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Opcrnting frequcncy range: 0.00111zto 500 Khz.
Operatingvollage rangc: 46 to +12v

Input level requircd for tracking: 10mv ms nin to 3 Vpp

Input impedance: 10 K olms typically.
Output sink current: ImA
Output source curTent: 10 Ma

R2
1.5K

C2

R3

HE COLEwOR

.001,,F

VC

HASE
DETLCTOA

5

fouT 1.2/4R,C,

R1

7
SENE 56G

84

NG AS PL C.

NEISE S63 PLL Blcck Diaron

LOW-PASS

vt

The center frequency of thePLL is determincd by the frce

running frequency ofthe VCo, which is given by

CEMOOUUATED

UTTT
RUTRENC
OUTPUT

The VCO frce-running frequcncy fouT is adjusted

cxternally with R, & C, to be at the center of the input

frequency range.

Capacitor C, connected between 7 & +V.

36

Clcan be any valuc; R, must have a value between 2 k

ohms and 20 K ohms.

AM

The filter capacitor C, slhould be largc enough to climin

variations in the demodulated otulput voltage in ordor.

slabilize thc VCO frcqucncy.

input

The lock range f & capture range fc of PLL s given hu

SL= +7.8 fout/V Iz
Where (our= frce running frequcncy of VCO(lIz)

V -(Vcc) -(-Vcc) volts

Q9. Explain AM Detcction using PLL.

S C=+[ S L/(2 8 X3.6)(10')C, 1½

Ans. AM Detcction -A PLL Can bc used to demodulate AM

signals as shown in the Fig.

PLL

Lincar IntogratcdCircuit,

VCO

Output

Phase

where R1&C1 arc an cxternal resistor & a capacitor o10. Definc FM Detector
connccted to pins 8 &9.

shiî90°

Multiglier

(phase
deteclor)

LPF

Demodulaled

oufput

The PLL is locked to the carrier frequency ofthe incoming

AM signal. Once locked the output frequency of VC0 is

same as the carrier frcquency, but it is in unmodulated

form. The modulated signal with 90° phase shift and the

unmodulated carrier from output of PLL are fed to the

multiplier. Since VCO output is always 90° out ofphase

with the incoming AM signal under the locked condition,

both the signals applied to the multiplier are in same

phase.Therefore, the output of themultiplier contains both

the sum and the difference signals. The low pass filter

connected at the output of the multiplier rejects high

frequency components gives demodulated output. As PLL

follows the input frequencies with high accuracy, a PLL

AM detcctor exhibits a high degree ofselectivity and noise

immunity which is not possible with conventional peak

detector type AM modulators.

The detection ofFM radio signals is a diode application.
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kUeny
odulatedcarry

uenyhput

Tansorme

Capacitors

Diode

Indxto

The fltet ime constant h much greate than

Osc

1

Reslstot

the period ol the cate, and much less thn
the period of the signal.

2

o1. Explain FSK modulation and demodulatlon.

Ans, FSK Modulator : The FSK modulator block diapram

compriscs of two oscillators with a clock and the nput
binary sequence. Following is its block diagram.

FSK Transmltter

Auchotrequency

Binary
message

Fig. FSKTransmitter

37

FSK

modulated

Wave

Bit rate f, <« fi

FSK

In

The two oscillators, producing a higher and.a lower

frequency signals, arc connected to a switch along with

an internal clock. To avoid the abrupt phase discontinuities

of the output waveform during the transmission of the

message, a clock is applied to both the oscillators, intermally.

The binary input sequence is applied to the transmitter so

as to choose the frequencies according to the binary input.

FSK Demodulator : There are different methods for

demodulating a FSK wave. The main methods of FSK

detection arc synchronous detcctor and synchronous
detector. The synchronous detector is a coherent one,

while asynchronous detector is a non-coherent onc.

Asynchronous FSK Detector : The block diagram of

Lincar Integratcd Circuits

Asynchronous FSK detcctor consists of two band pass

Iiters, two cnvelopc detcctors,and a decision circuit.

Pollowing is the diagrammatic representation.

1

.OPE

FSK

Input

Envelope
delector (-)!

Envelope
detector

8PF

Asynchronous FSKDetector

The FSK signal is passed through the two Band Pass Filters

BPFs, tuned to Space and Mark frequencies. The output

from these two BPFs look like ASK signal, which is given

to the cnvelope detector. The signal in each envelope

detector is modulated asynchronously.The decision circuit

chooses which output is more likely and selects i, from

any one of the envelope detectors. It also re-shapes the

waveform to a rectangular one.

BPF

2

Decisiorn Output

Synchronous FSK Detector : The block diagram of

Synchronous FSK detector consists of two mixers with

local oscillator circuits, two band pass filters and a decision

circuit. Following is the diagrammatic representation.

Circuit

Synchronous FSK Detector

DecislonlOutput

Clrcuit

The FSK signal input is given to the two mixers with local
oscillator circuits. These two are connected to two band
pass filters. These combinations act as demodulators and
the decision circuit chooses which output is more likely

and selects it from any one of the detectors. The two

signals have a minimum frequency separaton.For both of
the demodulators, the bandwidth ofeach ofthem depends
on their bit rate. This synchronous demoulator is a bit
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1.

Q12. Explain Frequency Synthesizers.

2

complex than nsynchronous type demodulators.

3.

4.

Ans. Frcquency synthcsizers nre uscdIto
gencratethe locnl oscillntor(LO)signalin

transcciver systems. Thefrequcncy
athets

signal detemines which RFchannelIwillbe
recccived andto which RF channclthc

basc-bandinformation
willbeIransfertey

before bcing transmitted by the
PA-antenna combínation. In othcr words, thc

Ircquicncy synthesizer
opcrales

a1th

transcciver'stuning system; in practice,the
frequcncy synthesizer is bascd on a

phase-lockcd loop (PLIL)
)control

vylen

Important design nspects which ncedto betakeninto nccount arc the spcctral purity olthc PLL output sipnal
andthepeA

dissipation of the PLL building blocks.

Answer: c

Cystal
Oschlalor

a) By decreasing the multiplication factor

OBJECTIVE QUESTIONS AND ANSWERS

b) By increasing the input frequency

How to obtain a desired amount of multiplication in

frequency multiplier?

Dlvided by

nobwork

a) 1.2kHz

Answer c

c) 12kHz

c) By selecting proper divide by N-network

d) None of the mentioned

lhe spectral purity perfomanceofPLL frequency synthesizers,and on the circuit implementations of low-powerproom.

trequency dividers and high operation frequency phase-frequency detector/charge-pump combinations.

Phoso
doloclor

Dividad by

Calculäte the output frequency in a frequency multiplier

if, in =200Hz is applicd to a7 divide by N-netwvork.

a) Triangular waveform

Answer. a

nework

c) Saw tooth wavform

b) 1.6kHz

d) 1.9kHz

For what kind of inpüt signal, the frequency divider can

be avoided frequency multiplier?

38

b) Square waveform

d) Sine waveform

fyco = (NM) fosc

What must the typicalvalue of n for a frequency
multiplication / division? (n->order of harmonics)

a)n d" 12 b)n> 11

c)n<10 d) n=7

Low pass

fller

Answer: d

5

a)35kHz

c)29kHz

Answer: b

Deternine the offset frequency of frequency translation

yhen the output and input requency are given as 75k,

and 100OHz.

Error
ampllfer

VCO

a) Space frequency

6. The frequency corresponding to logiclstate in FSK it

called

Answer:b
d) Noneof the mentioned
c) Both mark and space frequency

a) 230 Hz

LincarIntegratciCti

c) 180 Hz

Answer:d

b) 20 kHz

d) 14 kHz

7. Find the frequency shift in FSK generator?

b) Mark fequency

a) Three stage filter

) Single stage filter

Answer: a

b) 250 Hz

d) 200 Hz

8 Which filter is chosen to remove the carrier component

in the frequency shift keying?

b) Two stage filter
d) All of the mentioned
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Calculate the output frequency in a frequencymultiplicr

it fin -200Hz isappliedtoa 7divideby
N-nctwork.

a)
1.2kHz

c)1.2kHz

Answer:c)
10 For what kind ofinput signal, the frequency divider can

be avoided frequencymultiplier?

a)
Triangularwaveform

b) Square waveform

c) Saw tooth waveform

) Sine
wvaveform

Answer : a).

b) 1.6kHz

d) 1.9kHz

I1. How to obtain desired amount
ofmultiplication in

frequencymultiplier?

a) By decreasing the
multiplication factor

b) By increasing the input frequency

c) By selecting proper divide by N-network

d) None of the mentioned

Answer :c)

12 What must the typical value of n for a frequency

multiplication /division? (n->order of harmonics)

a)ns12

c)n<10

b)n> 11l

d) n=7

39
Answer : d)

13. The
frequcncy

corespondingto logic 1state in FSK is

called

a) Space
frequency

c)Both mark and space frequency

d)None ofthe
mentioned

Answer:b)

14. Which filter is chosen to
remove the carrier

comporient in

the
frequencyshift keying?

a) Threestagefilter

c)Singlestage filter

Answer: a)

b)Mark frequency

a) 35 kHz

15.
Determine the offset frequency of

frequency

c) 29 kHz

Answer: b)

b)Two stage filter

d) Allofthe
mentioned.

when the output and input frequency are given as 75kHz

and 1000Hz

a) 230 Hz

c) 180Hz

Answer: d)

b)20 kHz

d) 14 kHz

16. Find the frequencyshift in FSK generator?

b) 250Hz

d) 200 Hz

translation,
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ANALOG TODIGITALAND DIGITAL T0
ANALOG CONVERTERS

Q1. Describe Analog and Digital Data Conversions.

40

Analog.
signal
inpul

UNIT 04

QUESTIONS AND ANSWERS

Ans, Analog To Digital Conversion : The natural state ofaudio and video signals isanalog. When digital technology was not yet

around, they arc reconded or played back in analog devices like vinyl discs and cassette tapes. The storage capacity of thete

devices is limited and doing multiple runs ofre-recording and editing produced poor signalquality. Developments in dizital

technology like the CD, DVD, Blu-ray, flash devices and other memory devices addressed these problems.For these device

to be used, the analog signals are first converted to digital signals using analog to digital conversion (ADC). For he

recorded audio and video signals to be heard and viewed again, the reverse process of digital to analog conversion (DAC)

is used.ADC and DAC are al: o used in interfacing digital circuits to analog systems.

ADC
Bnary Bnary
output inpuí DAC

H

Analog
signal
oUtput

Sampling rate : The analog signal is continuous in time and it isnecessary to convert this to a flow of digital values. It is

therefore required to define the rate at which new digital values are sampled from the analog signal.
Accuracy: AnADC has several sources of errors.Quantization eror and (assuming the ADC is intended to be linear) non

linearity is intrinsic to any analog-to-digital conversion. There is also a so-called aperture error which is due to a clockjiter

and is revealed when 'digitizing a time-variant signal (not a constant value).

Quantization error : Quantization error is due to the finite resolution ofthe ADC, and is an unavoidable imperfection in all

types ofADC. The magnitude of thequantization error at the sampling instant is between zero and halfofone LSB.At lower

levels the quantizing crror becomes dependent of the input signal, resulting in distortion.
Non-linearity :AllADCs suffer from non-linearity errors caused by their physical imperfections, resulting in their output to

deviate from a lincar function (or some other function, n the case of a deliberately non-linear ADC) of their input. These

eTors can sometimes be mitigated by calibration, or prevented by testing.

D ToA Converter-Specifications : D/A converters are available with wide range of specificationsspecified by manufacturer.

Some of the important specifications are Resolution, Accuracy, linearity, monotonicity, conversion time, settling time and

stability.

Resolution : Resolution is defined as the number of diferent analog output voltage levels that can be provided by a DAC.

Or altermatively resolution is defined as the ratio ofa change in output voltage resulting for a change of 1 LSB at the digital

input. Simply, resolution is the value of LSB.
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Resolution (Volts) =VoFS T(2n -1)=1LSB
increment Where 'n' is the number of input bits

FS'is the full scale output voltage.'
• Accuracy :Absolute accuracy is the maximum deviation
between the actual converter output andthe idealConverter output. The ideal converter is the one which
las not suffer from any problem. Whereas, the actual
conerter output deviates due to the drift in component
alues, mismatches, aging, noise and other sources of
eTors.
* Linearity : Linearity error is the maximum deviation in
step size fromtheideal step size. SomeD/A converters are
having a linearity error as low as 0.001% offullscale.
* Monotonicity :ADigital to Analog converter is said to
be monotonic iftheanalog output increases for an increase
in the digital input. Amonotonic characteristic is essential
in control applications. Otherwise it would lead to
oscillations. Ifa DAC has to be monotonic, the error should
be less than =(1/2) LSB at each output level. Hence all the
DIA converters are designed such that the linearity error
satisfies the above condition.
* Conversion Time : It is the time taken for the D/A
converter to produce the analog output for the given binary

input signal. It depends on the response time of switches

and the output oftheAmplifier. DIA converters speed can

be defined by this parameter. It is also called as setting
time.

Q2. Define Digital to Analog Converters.

Digital

Ans. A Digital to Analog Converter (DAC) converts a digital
input signal into an analog output signal. The digital signal

is representedwith a binary code, which is a combination
of bits0 and 1. This chapter deals with Digital to Analog

Converters in detailThe block diagram of DAC is shown
nthefollowing figure

Input

Digltal

41

to

Analog

Converter

Analog

Output

Lincar Integrated Circuits

binary inputs and a single output. 1n general, the number

of binary inputs ofa DAC will bc a power of two.
Q3. Weighted resistor for the digital toanalog Convertcr.
Ans.Weightcd resistor of digital to analog Converter is a very

basic D/A converter. By using simple resistor network we

can easily build that. As we discuss earlier about how

digital to analog converters works you may refer that first.

Let us consider a N-bit straight binary resistor network,

which produces a current I corresponding to logic 1 at the
most significant bit, I2 corresponding to logic 1 at the
next lower bit, I/22 for the next lower bit and so on, and I/

2N-1 for logic 1 at the least significant bit position. Now

the total current thus produced by that resistive network

will be proportional to the digital inputs, which we want to
convert in equivalent analog signal. Farther this current

can be converted to voltage with the help of a converter

circuit by an using operational amplificr (0PAMP). Finally

then we get the produced voltage is analog in nature and

will be proportional to the digital inputs. Now see the circuit

bellow

V(1)

A Digital to Analog Converter (DAC) consists of a number of

9 Digitaly
Controlled
$witches

MSB

V(o). LSB

b1

b2

b3

bn

A

2R

4R

2"(N-1).A

oVo

It may be observed in the circuit diagram that different
values ofresistances are used at the digital inputs and the
resistance values are the multiple of the resistance
corresponding to the most significant digital input to
produce the currents I, I/2, I/22, ....

I 2N-1. Since the
resistarnce values are weighted in accordance with the
binary weights ofthe digital inputs, this circuit is referred
to as a weighted-resistor D/A converter..
Diagram of weighted resistor digital to analog converter
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Analog olp

718 V

68 V

S/8 V

48 V

38V

213 V

18V.

001 010 011 100 101 110 111 Dlgtal yp

Q4. Explain R-2R ladder D/A converter and its uses.
Ans. To overcomc hugc rangc of resistor used in wcighted

resistor D/A converter, R-2R ladder DIA converter is
introduced. In my previous post I discussed about
weighted resistor D/A conver.cr.

000

Use ofR-2R ladder DlA comverer: As we know the vital
problem in weightcd register D/A convcrter is use ofhuge
range of different resistancc. Suppose we have to design
8-bit weighted register D/A converter then we need the
resistance valuc 20R + 21R +....+ 27R. So the largest
resistor corresponding to bit b8 is 128 times the value of
the smallest resistor correspond to bl. But in case of R-2R

ladder D/A converter, Resistors of only two value (R and
2R) are used. Now in bellow see the simple ladder network.

2R

f20
LSB)

¿2R

N1

R

2R

N2

22

RR
N

(MSB)

S2R

N4

Binary Iadder nctwork for DIA conversion.

Q5. Explain Voltage Mode and Current-Mode.
Ans. Voltage mode : Voltage mode control represents the most

basic method, in which only the output voltage is returned

through a fecdback loop. The differential voltage, which

is obtained to comparc the output voltage with the

referencc voltage by an error amp, is compared with
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triangular waves by a PWM gencrator. As a

pulsc width of the PWM signal is

cumbersomc design proccs.

the output voltage. Advantages of this method

consisting solely of voltages, the abiliytocontrolshonty

relative simplicity bascd on the use of a
fecdback

on-time, and high noise tolerancc. Possibledrawbacka

the complexity ofthe phase compensationiircuit
and

Voltage mode control
A volug-o-ly fecdback loap makes contrcd

sim :le

The ab liy to control shorter on-time

H gh nolse tolerance

Complex phase compansatkncircuitry

• Current mode control

Current mode : The curTent mode is a modification nf

voltage mode control, where the inductor current in the

circuit is detected and used instead of the triangular

wayeforms used in the voltage mode control. The curent

sensing can also be done by using the on-reslstance of

high side MOSFET or a current sense resistor instead of

the inductor current. Since the current mode has two types

of feedback loops: voltage loop and current loop, the

control exerted is relatively complex. However the curent

mode provides the advantage ofa substantially simplified

phase compensation circuit design. Other benefits include

the highly stable feedback loop and a faster load transient

response than that of the voltage mode. A drawback is

low-noise tolerance due to the high sensitivity of current

detection. In the newer designs, however, the current

detection part is built into the IC to alleviate the problem.

Modificd vok:age mode contro

Detects and uses ircst nduc:or current
Instead of :nangular waves

High stabil ty of the feedback oop

LincarIntegrated
Cir

Su9stantally simplifñied phasa compensaticn
circutt deSign

Fastar lnad lransicnt response than voltage
mede

determincd

o6. Switches for D/A converters.

tloise to Gurrent de:ection fesdback laog must to addrcsscd

Ans. The Switches which connects: the digital binary input lo

the nodes of a D/A converter is an electronic switch.

Although switches can be made of using diodes, bipolar
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junction Transistors, FieldIEffecttransistors osorMOSFETS,
eare four main configurations uscd as switches for

DACS. Theyare:

) Switches using overdriven Emitter Followers.

Gin Switches using MOS Transistor- Totem pole MOSFET

Switch and CMOS Inverter Switch.

Gii) CMOS switch for Multiplying type DACs,
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(iv) CMOS Transmission gate switches.

These configurations are used to ensure the high speed
Switching operations for diferent types of DACs.

1 Switches using overdriven Emitter Followers:The bipolar

transistors have a negligible resistance when they are

operated in saturation. The bipolar transistor operating in

saturation region indicates a minimum resistance and thus

represents ON condition. When they are operating in cut
off region indicates a maximum resistance and thus
represents OFF condition.

2. Switches using MOS transistor:

0 Totem pole MOSFET Switch:As shown in the figure, the

totem pole MOSFET Switch isconnected in series with

resistors of R-2R network. The MOSFET driver is

connected to the inverting terminal of the summing
op-amp.

(i) CMOS Inverter Switch :The figure ofCMOS inverter is,

shown here. It consists of a CMOS inverter connected

with an op-amp acting as a buffer. The buffer drives the

resistor R with very low output impedance.

3. CMOS switch for Multiplying type DACs :The circuit

diagram of CMOS Switch is shown here. The heart of the

switching element is.formed by transistors MI and M2.

The remaining transistors accept TTL or CMOS compatible

logic inputs and provjdes the anti-phase gate drives for

the transistors M1 and M2.

4. CMOS Transmission gate switches :The disadvantage

of using individual NMOS and PMOS transistors are

threshold voltage drop (NMOS trahsistor passing only

minimun voltage of VR-VTH and PMOS transistor passing

minimum voltage of VTH). This is eliminated by using

transmission gates which uses a parallel connection of

both NMOS and PMOS. The arrangement shown here can

pass voltages from VR to 0V acting as a ideal switch. The

following casesexplain the operation.

Q7. Deseribe high speed sample-and-hold circuits.

Ans. Sample-and-hold (S/H) is an important analog building block

with many applications, including analog-to-digital

Linear Integrated Circuits

converters (ADCS) and switched-capacitor filters. The

function of the S/H circuit is to sample an analog input

signal and hold this value over a certain length of time for

subscqucnt processing. Taking advantages of theexcellent

properties of MOS capacitors and switches, traditional

switched capacitor techniques can be used to realize

different S/H circuits. The simplest S/H circuit in MOS

technology is shown in Fig. 1, where V, is the input signal,

Mlis an MOS transistor operating as the sampling switch,

Chis the hold capacitor, ck is the clock signal, and Vout is

the resulting sample-and-hold output signal. As depicted

by Fig.4., in the simplest sense, a S/H circuit can be

achieved using only one MOS transistor and one capacitor.

The operation of this circuit is very straightforward.

CK:
Sample

Q8.

Ans.

Track Hold

qK

Fig. in the simplest sense, a SH circuit can be achieved

using only one MOS transistor and one capacitor. The

operation ofthis circuit is very straightforward. Whenever

ck is high, the MOS switch is on, which in turn allows Vout

to track Vin. On the other hand, when ck is low, the MOS

switch is off. During this time, Ch will keep Vout equal to

the value of Vin at the instance when ck goes low.

Unfortunately, in reality, the performance ofthis S/H circuit

is not as ideal as described above. The two major types of
errors occur. They are charge injection and, clock feed

through, that are associated with this S/H implementation.
Thrce new S/H techniques, all ofwhich try to minimize the
errors caused by charg injection and/or clock feed

through.

Describe Flash AD Converters.

M,

Flash ADCsare fast and operate virtually without latency,

which is why they are the architecture of choice when the

highest possible sample rates are needed. They convert
analog to a digitalsignal by comparing it with known
reference values. The more known references that are used
in the conversion process, the more accuracy can be
achieved. For example, if wewant a Flash ADC with a 10

bit resolution, we would need to compare the incoming
analog signal against 1024 known values. The 8-bit
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resolution would require 256 known values, andsoon.The
more resolutionwewant, thebiggerandmore povwer-hungry
the Flash ADC becomes - and the sample rate has to be
reduced. For that reason, the 8-bit rcsolution is gencrally
the "swect spot" for these ADCs. Flash ADCs can operate
into the low GS/s and still provide an 8-bit resolution.

R

Fig,Flash ADC diagram
Q9. Successive ApproximationADCs (SAR).?
Ans, The “bread and butter" ADC ofthe DAQ World is the SAR

analog-to-digital converter (Successive Approximation
Register). It offers an excellent balance of speed and
resolution and handles a wide variety of signals with
excellent fidelity. It's been around for a long time, therefore
SAR designs are stable and reliable, and the chips are

relatively inexpensive. They can be configured for both

R

Yalegrator
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c

Vin

Irput

Q10. Define Single slope ADC(ntegrated ADC) and draw its ckt diagram.

Comparator

low-end A/D cards, where a single ADC chip is "sharet

by multiple input channcls(multiplexcd NDboards), orix

configurations where cach input channcl has its own ADr

for truc simultancous sampling.

The analog input of most ADCs is 5V, which is whu

ncarly all signal conditioning front-cnds provide a

conditioncd output that ís the same. The typical SARADC

uscs a samplc-and-hold circuit that takes in the conditioned

analog voltage from the signal conditioning front-end.An

on-board DAC creates an analog rcferencc voltage equal

to the digital code output ofthe sample and holds a circuit

Sample-andhold
ampliter

Lincar Integrated Circuit:

Comperstor

tcglci (SARJ Cnd

N bits

DAC?

Reference vollaga

Ans. Single slope adc circuit : The input voltage is applied to the positive ternminal ofthe comparator while the reference voltage
is obtained after being integrated through the integrator. Both of the voltages get compared through the comparator.

Typical SAR block diagram

Slart converson

+Dgtulizd mtpu

Both of these are fed into a comparator which sends the

result of the comparison to the SAR. This process

continues for "n" successive times,with "n" being the bit

resolution of the ADC itself, until the closest value to the

actual signal is found.SARADCs do not haye any inherent

anti-aliasing filtering (AAF), so unless this is added before
the ADC by the DAQsystem, if theengineer selects too

low of a sample rate, false signals (aka "aliases") willbe

digitized by the SAR ADC. Aliasing is particularly
problematic because it is impossible to correct it after

digitization.
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The
input voltageis a function of time t. Thc reference

voltage kccps on integrated until the output voltage of

the
comparatorbecomes cqual to the input voltage.

The general output voltage of the integrator is given as

VO =1/RC(-V)dt

In the cquation, We can scc that the reference voltage is

necative, so the slope of the integrated output voltage
ums out to be positive.

The output voltage of the integrator at any given time is
given as

Yref
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R

Vin

Q11. Explain DualSlopeA/D Converters.
Ans. Dual slope ADCs are accurate but not terribly fast. The

principle way they convert analog to digital values is by

using an integrator. The voltage is input and allowed to

"Tun up" for a period oftime. Then a known voltage of the
opposite polarity is applied and allowed to run back down

tozero. When it reaches zero, the system calculates what
the input voltage lhad been by comparing the run-up time
with the run-down time, and by knowingwhat the reference
had been. The run-up and run-down times are the two
slopes for which this technique has been named. This
iterative process is reliable, but it takes time, and there is
always a trade-off between resolution and speed because
unlike SAR or delta-sigma ADCs, they cannot achieve
both. As a result, Dual Slope aka "integrating ADCs" are
used in applications like handheld multimeters and are not
found in DAQ applications.

At time T, the output voltage is equivalent to the ínput

voltage. So, wc can say

Fig. single slope ADCcircuit

VO =TV, /RC

As the reference voltage, resistor R, and capacitor C are

fixed for a given analog to digital converter, the input

voltage is directly proportional to time.

Schematic diagram

CIk

Vi,= T#Vvet /RC

Below is the schematic diagram of a single slope analog
to digital converter:

Voltage

It cónsists of an integrator, a comparator, an AND gate, and a counter that gives us the binary outputs. The output of the
comparator is passed to the AND gate. Whenever th output of the comparator is high which means that when the reference
voltage is lesser than the input voltage, clock pulses are given to the counter through the AND gate, and the counter starts
counting.

Línear Integrated Circuits

Rampup

V

Rampdown

Binary

Output

t
Tlme

TypicalIntegrating Amplifier, showing the comparator, timer,
and controller

Q12. Describe A/D Using Voltage To Time Conversion.
Ans. The Block diagram shows the basic voltage to time
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conversion typc of A to D convertcr. 1Hcre the cycles of

variable fequency sourcc arc countcd for a fixcd period. It

is possible to make an A/D converter by counting the

cycles of a fixed-frcqucncy source for a variable period.

For this, the analog voltage required to be convertcd to a

proportional time period.

As shown in the diagram a negative referencc voltage-VR

is applied to an intcgrator, whosc output is conncctcd to

Voltage
Va

VeN

-Vn

Analbao
vllage

V.

R

T

Yapo
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Intogratort
V RC.

lComparator

Fig. Conversion process

Q13. Deine Over sampling A/D Converter.

Ans. Oversampling ADCs (0SADC) are commonly used in many

telecommunications applications such as ADSL. Due to

the use of DMT signals in ADSL applications, the

requirement on the analog front end (AFE) is generally

increased compared with single tone applications. It has

also been shown that the linearity is more important than

quantization noise for ADCs in DMT applications and

oSADCS usually have highcr linearity than NyquistADCs.

the
invertinginput ofthe

comparator.
Theoutputoofhe

comparator
isat 1 aslongasthe output of theintegralor

Voislessthan Va.

Att=T, Vc
gocs lowand

switch S remains open.
When

the
capacitor. Alsothe NAND gate is disabled.

The
VENgocshigh,thc

switchSissclosed, therebydischarging

wavefornsarcshownherc.

Cock pulso

Lincar IntegratedCircit

N-bIt

Te
Fig,A/DUsing VoltageTo Time

Conversion

-o B

B4 Binary
output

An additional advantage ofusing OSADCs is the very

lowquantizationnoise power at low frequencies, whichi

beneficial forDMT applications. This is because more bite

can be modulated on the lower frequency carriers where

the signal is less attenuated by the telephone line. The

majordrawback of OSADCs is that a relatively high clock

frequency must be used if the signal bandwidth is laree

. naking the implementation difficult. Therefore techniqueS

to reduce the oversampling ratio (OSR) of the converter

are of interest.

BASICS OF OVERSAMPLING SIGMA-DELTA

CONVERTERS: The basic principle behindoversampling

sigma-delta modulators is to trade signal bandwidh for

resolution. The quantization noise ofa low resolution ADC

is high-pass filtered to yield a low quantization noise at

low frequencies. The noise at high frequencies is removed

bya digital filter beforethe signal is decimated to generale

the final output of theconverter. A first order sigma-delta

modulator is shown in Fig.. It contains an ADC, an

integrator, DAC and a subtractor. The resolution of the

ADC is low, usually only 1 bit. The digital output y(al)s

fed back through the DÁC and subtracted from the inpul

signal. The output of the subtractor is accumulated in tie
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integratorandquantized bythe ADC. The integrator can

be
either

continuous-time or discrete-time, but a

discretetime
integrator is morc common and will lonly be

considercd
herc. The performance of the modulator can

be

investigated
iby using a lincar model forthe modulator.

Integrator

DAC

ADC

figure : First order sigma-delta modulator.

1-z'
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:quantizer

y(oT)

Y(z)=X()+(1-).E(z)

Fig.: Linear model for first order sigma-delta modulator.

A linear model of the modulator is shown in Fig.. Ifal bit

quantizer is used, the gain in the integrator, a ,
will only

affect the voltage swing at the output of the integrator not

the output signal.Therefore. this gain factor must be

compensated for in the lineat model of the quantizer. The

zdomain output signal is given by

Lincar IntegratedCircuits

is called thc oversampling ratio (0SR), i.e.

Weassumethat the quantization error e(nT) in the ADCis white 1: ASbit ladder has a digital input of 11010. Assuming that

noise uncorrelated to the input signal.

Hence the input signal is only delayed while the

quantization noise is high-pass filtered. If the signal

bandwidth is small compared to the sampling frequency

only a smallportion of the quantization noise appears in

the signal band and a high resolution results. The ratio

between the signal bandwidth and the Nyquist frequency

OSR=.12
where is the sampling frequency and BW the signal

bandwidth.

For the first orde modulator the resolution increases by

1.5 bits for every doubling of the sampling requency. To

get a high resolution a very high OSR is needed. The

required OSR can be reduced by 'using a second order

modulator. The linear model ofa second order modulator

is shown in Fig. There are now two integrators in the loop

and the output signal is given by

OBJECTIVE QUESTIONSAND ANSWERS

Answer :4

1.+65V

4.

s.

Y()=X(2)+(1–Z'.E()

0 corresponds to 0 V and l coresponds to +10 V, its

output voltage will be:

BIV

Answer:1

3.-8.125V

2. The resolution of an 8 bit DAC will be:

1. 1/255

3. 1/128

1. 4.2

3.5.5.
Answer :2

3. A 6-bit ladder D/A converter hasa maximum output of 10

V. The output for input 101001l is approximately

Answer :3

2.-6.5V.

4.+8.125V

1.16-bit converter

3.8-bit converter

2. 1/8

4. 1/64

Iftheresolution ofa digital-to-analog converter is

approximately 0.4% of its full-scale range, then it is a/an

3. 10100101

Answer:1

2.6.5

4.92

2. 10-bit converter

4. 12-bit converter

A8-bit AIDconverter is used over a span ofzero to 2.56 V.

The binary represcntation of 1.0V signal is

1.011001 00 2.01110001

4. 10100010
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6 The rcsolution of4Bit counting ADC is 0S V For an

analog input S.8 volt the output of ADC will be
1.1100

3.1010

Answer :1

1.SmV

7. A DIA converter has SV full-scale input voltage and arn

accuracy of+ 0.2%. The maximum error for any output

voltage willbe

3.20 mV

Answer:2

1.3.125V

3.-3.125 V

& A 4-bit R-211digital to analog converter using Inverting
op-amp has a refcrcnce of SV. What is the analog output

for theinput code 1010?

Answer: 3

1.0.392%

3. 1/255

Answer:4

9. The present resolution of an 8-bit D/A converter is

converter is

2 111|

1. Accuracy

3.Quantization

4. 1011

Answer:2

2. 10mV

4.1 mV

Answer :3.050-3.080

10. The difference between analog voltage represented by

two adjacent digital codes of an analog to digital

2.0.7812S V

4.0.3125 V

3.10bits

Answer :3

2. 1/256

4. (A) and (C) both

2. Resolution

4. Precision

11. A10-bit 0/A converter is calibrated over the full range

from 0to 10 V. Ifthe input to thc D/A converter is 13A (in

hex), the output (rounded off to three decimal places) is

12. Minimum number ofbits required to represent maximum

value of givenanalogue signal with 0.1% accuracy is:

1.8 bits 2.9 bits

4. 12 bits
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13. Which one of the following analog to digital conversion
methods called potentiometric type analog to digital

converter?

J. Successive approximation method

2.
Voltagetotime

conversionmethod

3.Voltage to
frequencý conversion method

4.Dual slope
integrationmethod

Answer: I

14. A 5-bit D/A
converter has a current output,

Ifanoutt
currentI, 10 mAis

producedfor a digitalinputoflg
thevaluc of for a digitalinput of 1 1l101

willbe

I. 12,5 mA

3. 15.5 mA

Answer: 4

ADC in millivolt is

Answer:5

15. A 10-bit ADChas alfull-scale of 10.230 y
whenthedigia

outputis (1 1 11111111),. The quantization1errorofthe

1

16. Fora l0-bit digital ramp ADCusing sS00 kHzclock,the

maximum conversion time is

3.2046 |s

Answer:3

1. its accuracy is high

LincarrIntegratedo

2. 13.5 mA

4, 14.5 mA

17. The advantage of usinga dual slope ADC in a dieitl

voltmeter is that

2. its conversion time is small

3. it gives output in BCD format

1.50 dB

3.48.9 dB

Answer:4

2.2064 s
4.2084 us

4. it does not require a comparator

Answer :1

1.67 dB

18. Maximum value of signal to noise ratio ofan 8 bit ADC

with an UP range of 10 V will be

3.45 dB

Answer :2

19. Assume worst case SNR ofa 10 bitADC is 57 dB. Ifthe

resolution is increased by 2 bits, the resulting SNR wil

be approximately 5j.*

2.43.8 dB

4.49.8 dB

2.69 dB

4.74 dB

20. A Dual slope ADChás C=0.34 nanofarad and R=1K0

has charging and discharging time for some voltage of

12ns and 9 ns respectively. The reference Voltage is 25

An

Ar

3

A1

24

A

2
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Whatvwillbethe peak voltagercachedby triangular

Ve
during

charging?

L0066V

360984V

digital
converter)is

Amongthefollowing four, the slowest ADC (analog-to-

.parallel-comparator (flash) type

3. Integrating type

2.Successive approximation type

4, Counting type

Answer:3

1.Almost zero

Öpe
ADCs

In dual slope type ofADCs, an input hold time is

3. Longest

Answer: 2

1. Counter type

2.7.0004 V

7 The fastest type of Analog to Digital converter is

2. Tracking type

Answer: 4

4.0.2347V

3. Successive approximation type

1.97.7 mV

4. Parallel comparator type

3.0.977 mV

Answer: 2

2. Higher than that of flash

24. Find the resolution of a 10-bit AD converter for an input

range of 10 V.

1.10100000

4. All ofthe above

3.00000001

Answer:1

25. An 8-bit, unipolar successive approximation Register

type ADC is used to convert 3.5 V to digital equivalent

output. The reference voltage is +5V. The output of the

ADC at the end of third clock pulse after start of

conversion, is

9.77 mV

4.977 mV

2.10000000

4.00000011

26. Which of the following is NOT one of the analog to

digital (AID) conversion techniques?

1. Single slope integration method

2. Successive approximation method
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3. Voltage to-lime conversion method

4. Voltage to frequency conversion method

Answer: 1

27. In which of the following types of AID converter does
the conversion time almost double for every bit added to

the devicc?

1. Counter type A/D converter

2. Tracking type A/D converter

3, Single-slope integrating type AWD converter

4. Successive approximation type A/D converter

Answer :1
28. A 6-bit ADChas a maximum precision supply voltage of

20 V. What are the voltage changes for each LSB present

and voltage to be presented by (100110), respectively?

1.0.317V and 2.06V

2.3.17V and 12.06V

3.0.317V and1.206V

4.3.17Vand 1.206V

Answer:1

29. A temperature in the range of-40° Cto 55° Cis to be

measured with a resolution of0.10 C. The minimum

number ofADC bits required to get a matching dynamic

range of the temperature sensor is

1.8

3.12,

Answer :2

Lincar Integrated Circuits

1.4

30. The number of comparators in a 4 bit flash ADC is

3. 15

2.10

4. 14

Answer :3

2.5

4.16
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UNIT 05

WAVEFORM GENERATORS AND SPECIAL

QUESTIONS AND ANSWERS

FUNCTIONICs

Q1. Explain Sinc Wave Gencrator ? and vritc its working
principle.

Sine Wave Gencrator

Ans A circuit that is uscd togenerate a sinc wavc is callcda sinc
wave generator. This is onc kind ofwaveform that appears
ffom clectricity outlcts of home. This waveform can be
observcd in AC power as well as applicable in acoustics.
We know that there are different types of waveforms that
are gencrated by different electronic devices. So each
waveform generates differcnt scunds. A sine wave is one
kindof signal that is utilized in acoustics. To design the

sine wave generator circuit, there are different types of
components are required like an integrated circuit, resistors,
capacitors, transistors, etc.

Working Principle: This is an outstanding tool to generatc
sine waves using wave drivers otherwise speakers. The
frequency range of this gencrator will range from lHz to
800 Hz& the sinc wave'samplitude to be changed. Students
can notice the naturc ofquantum for standing wave models
when the sine wave generator jumps from one resonant
frequency to others. This generator includes in-built
memory that permits it to find out the latest and primary
frequencíes for extra exploration.

Q2, What is a Multivibrator?
Ans. According to the definition,A Multivibrator

resistancc couplcdamplifier with positive feedback from

thc output of one amplifier to the input of the other.Two
transistors are connected in feedback so that one controls

Lincar Integrated
Circauin

the state of theother. Hence the ON and OFF statea ats
whole circuit, andthe time periods for which thetransistors

are driven into saturation or cut off are controlled bythe
conditions of the circuit. The following figure shows ths

block diagram ofa Multivibrator.

First
Stage

Feed back

Square Vave

Generator

Block Diagram

isatwo-stage

Second
Stage

Q3. Define Triangular Wave Generator with the help ofsuitable

diagrams.

Integrator

Ans. A triangular wave generator is an electronic circuit, which

generates a triangular wave. The block diagram of a

triangular wave generator is shown in the following figure

Trdangular

Wave

The block diagram ofa triangular wave generator contains
mainly two blocks: a square wave generator and an

integrator. These two blocks are cascaded. That means,

the outputofsquare wave generator is applied as an input
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of
integrator. Note that the integration ofa1 square wave is

nothing but a triangular wave.The circuit diagram of an
op-ampbasedtriangular wave generator is shown in the

following figure -

We have already seen the circuit.diagrams of a square
wave generator and an integrator. Observe that we got the

above circuit diagram ofan op-amp based triangular wave

generator by replacing the blocks with the respective

circuit diagráms in the block diagram ofa triangular wave

generator.

Q4. Explain Sawtooth Wave Generator.
Ans. A linear, non-sinusoidal, triangular shape 'waveform

represents a sawtooth waveform in which fall time and rise

time are different. A linear, non-sinusoidal, triangular shape

waveform represents a pure triangular waveform in which

fall time and rise times are equal. The Sawtooth Wave

Generator is also known as an asymmetric triangular

waveform. The graphical representation of a sawtooth

waveform is given below:
Triangular wave

T2 1eT2
Sawtooth wave

–2-4T1T2--TI96-2

S1

Sawtooth WaveGenerator

T1=T2

T1T2

Lincar Integrated Circuits

wavcform the wave suddenly ramps downwards and then
riscs sharply.

The applications of asawtooth waveform are in frequency/

tone generation, sampling, thyristor switching, modulation,

etc. A non-sinusojdal waveform is nothing but a sawtooth

waveform. Because its teeth look like a saw, it is named as

a sawtooth waveform. In an inverse (or reverse) sawtooth

The infinite Fourier series is.

*resersesaviooih (1) = 24/z)(-1 sin(2rki)

A conventional sawtooth can be constructed using

K=l

N=50

A. A sin(2zkft)
santooth()=

2

Where A is the amplitude : By using a fast Fourier

transform, this summation can be calculated more

efficiently. In the time domain, the waveform is digitally

created by using the non-band limited form. Sampling the

infinite harmonics results in the tone thatcontains aliasing

distortion.

Synthesis Sawtooth

Q5. Describe ICL8038 function generator.
Ans.The ICL8038 is a function generator chip, capable of

generating triangular, square ,
sine, pulse and sawtooth

waveforms. From these sine, square & triangular wave

forms can be made simultaneously.There is an option to
control the parameters like frequency,duty cycle and
distortion of these functions.This is the best function
generator circuit for a beginner to start with and is ofcourse
a must on the work bench of an electronics hobbyist.The
circuit here is designed to produce waveforms from 20Hz
to 20 kHzThe
ICL 8038 has to be operated from a dual power supply
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22

C2
To010F

RO
10M
POT

RI
4.7K

10

1K POT

D1
.1N467

C1

R2
4.7K

IC1
ICLO03D

00047UF

11 12

RO

S15K

100K POT

RA

Function Gencrator Circuit Dlagram

415V

Squaro

Triongo

Sino

-15V

The circuit nccds a dual power supply. A +1S -15 power

supply as shown in the circuit is cnough for the purpose.

The frequency of thc output wavc form can be adjustcd

using R7.It must be a 100K Log POT.

The duty cycle can be adjusted using R3, a 1K POT.

The distortion of thcwavc form can be adjusted using R5
,a 100K POT.

Squarc,triangle & sinc wavcforms can be obtaincd

simultancously at pins 9,3,2 respectively.
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Q6. Explain the IC 555 Timeralso sketch the its Pin Dlagram

and write Spccifications.
Ans. The 555 timer 1Cis an integral part ofclectronics projects.

Be it a simple projcct involving a single 8-bit micro
controller and some peripherals or a complex one involving

system on chips (SoCs), 555 timer working is involvcd.

These provide timc delays, as an oscillator and as a flip

lop clement among other applications.Depcndíng on the

manufacturer, the standard 555 timer package includes 25

transistors, 2 diodes and 15 resistors on a silicon chip

installed in an 8-pin miní dual-in-line package (DIP-8).

Variants consist of combining multiplechips on onc board.

However, 555 is still the most popular. Let us look át thc

pin diagran to have an idca about the timer Integratcd

Circuit (JC) beforc we talk about 555 timer working,

Thretrdd

Pin

2

3

555 tímer working: pín configuration.

Ground 1

ss4fmerIC: block diagram

Trlgger 2

Output [3

Reset4

TRÍG

OUT

LincarInteprated
(Ciroit

555

In dlagram and descrlptlon :

Name

GND

8pin DIP configuration

Purpose

B 4Vcc

Z Discharze

GThreshold

5Control Voltage

Groundreferencevoltage, low level (0 V)

The OUT pin gocs high and a timing interval

starts when this input falls below 12 ofCTRL

voltage (which is typically 1/3 Vcc, CTRL

being 2/3 Vcc by de fault ifCTRLs left open).

In other words, OUT is high as long as the

trigger low. Output of the timer totally depends

upon the amplitude of the external trigger

volage applicd to this pin.

This output is driven to approximately 1.7V

bclow+Vcc, or to GND.
RESET A timing interval may be reset by driving this

input to GND, but the timing does not begia

again until RESET rises above approximately

0.7 volts. Over rides TRIG which overrides

threshold.
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$
CTRL

6
THR

DIS

3Vcc

Provides "control" access to the intcrnal
voltage divider (by default, 2/3 Vcc).
The timing (0UT high) interval cnds when
the voltage at threshold is greater than that at
CTRL (2/3 VccifCTRLis open).
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Open collector output which may discharge a
capacitor betwcen intervals. In phase with

output.
Positive supply voltage, which is usually
between 3 and 15 V depending on the

variation.

Some importantfeatures /Speciflcatlonsofthe $55 timer:

$55 timer is used in almost eyery çlectronic circuit today.

it has a particular set of configurations. Some ofthe major

features of the 555 timer would be,

It operates from a wide range of power ranging from +5

Volts to +18 Volts supply voltage.

Sinking or sourcing 200 mA of load current.

For a 555 timer, workingas a flip flop or as a multi-vibrator, voLTAOE SEAIEs

The external components should be selected properly so

that the timing intervals can be made into several mirutes

along with the frequencies exceeding several hundred

kilohertz,

The output pin of a 555 timer can drive a transistor

transistor logic (TTL) due to its high current output.

It has a temperature stability of50 parts per million (ppm)

per degree Celsius change in temperature which is

equivalent to 0.005 %/°C.

The duty cycle of the timer is adjustable.

Also, the maximum power dissipation per package is 600

mW and its trigger pulse and reset inputs has logic

compatibility.

Q7. Describe IC Voltage Regulators.

INPUT

Lincar Integrated Circuits

integrated circuit whosc basic purpose is to regulate the

unrcgulated input voltage (definitely over a prede fined

rangc) and provide with a constant, regulated output

voltage.

UNREGULATED

BLOCK DIAGRAM OF IC VOLTAGE REGULATOR

Ans. A voltage. regulator is one of the most widely used

PASS ELENENT

CURRENT

LIMITING

SETUP

FEEDEACK

AMPLIFIER

clectronic circuitry in any device. A regulated voltage

(without fluctuations & noise levels) is very important for

the smooth functioning ofmany digital electronic devices.

A common case is with micro controllers, where a smooth

regulated input voltage must be supplied for the micro

controller to function smoothly.Voltage regulators are of
different types. In this article, our interest is only with 1C

based voltage regulator. An example of IC based voltage Input

regulator available in market is the popular 7805 1C which

regulates the output voltage at S volts. Now lets come to

the basic definition of an 1C voltage regulator. It is an

8.. Explain Three terminal fixed and adjustable voltage

regulators.

Ans. Fixed Voltage Regulators : These regulators provide a

REFERENCE

VOLTAGE

constant output voltage. A popular example is the 7805 IC

which provides a constant 5 volts output. A fixed voltage

regulator can be a positive voltage regulator or a negative
voltage regulator. A positive voltage regulator provides

with constant positive output voltage. All those 1C's in

the 78XX series are fixed positive voltage regulators. In

the 1C nomenclature –
78XX; the part XX denotes the

regulated output voltage the IC is designed for. Examples:

7805, 7806, 7809 etc. Anegative fixed voltage regulator is

same as the positive fixed voltage regulator in design,

construction & operation. The only difference is in the

polarity of output voltages. These IC's are designed to

provide a negative output voltage. Example:- 7905,7906
and all those IC's in the 79XX series.

Monolithic

REGULATED

OUTPUT
*),-VOLTAGE

Input regulotor Output

|Common Output

1an

ec

1
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Adjustable Voltage Regulator : An adjustable voltage lregulator is a kind of regulator whosc rcgulated output
voltage canbe varicdoverarangc. There arc (wo variations
ofthe same; known as positive adjustable voltage regulator
and ncgative adjustable regulator. LM317 is a classic
example ofpositive adjustable voltage regulator, whosc
output voltage can be varicd over a rangc of 1.2 volts to 57
volts. LM337 is an cxamplc ofncgative adjustable voliage.
regulator. LM337 is actually a complcment ofLM317which
are similar in operation & design; with the only diffcrencc 2.
being polarity of regulatcd output voltage.There may be
certain conditions wherc a variablc voltagemay be required.
Right now we shalldiscuss how an LM317 adjustablc
positivevoltage rcgulator ICisconnccted. The connection
diagram is shown bclow.

VIN

IN

TEFEATFE
DUViTE

LM 317

ADJ

OUT

B

YOLTAGE

REFEFTNCE

UFIER,

ID)

Fig. Adjustable Voltage Regulator using LM317

Q9. Define IC 723 General Purpose Regulator and write its

features.

Ans. The simplified functional block diagram can be divided in

to 4 blocks.

IYERTING

KONSYERNNE

LRROR

AWNUFIER

CURBENT

FREOUELCY

COESATOR

VouT

CUANENT

LuTER
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(URREAT

SEGE

1RANSSTOR

3.

1:

2.

Refercnce. Generating block : Thetemperature

voltage referencc amplificr together fromtherefererC,

compensated Zencr diode, constant currentSOurce

generating block. The Zencr diode is used togenerate
a

3..

fixcd reference voltageinternally. Constant
Current

will makcthe Zencr diode to operatc at affixcd point&itin
applicdtothe Non - invertingterminal of.errorampifier.

The Unrcgulated input voltage ±Vcc is appliedto
vollage refercnccamplificr as welllas crroramplifier,

ErrorAmplificr: Error amplifier is a highgaindifferential

amplifier with 2 input (inverting & Non-inverting).
The

Non-invcrting terminal is connected totheinternaly

generated reference voltage. The Invertingterminal is

connected to. the Un-regulated power supply. The

-maximumcollector voltage ofQl is limited to 36Volts Th.

maximiumcrrent which canbe supplied by Ql is 150mA.

4: Circuitry to limit the current: The internal transistor (02

is used for current sensing & limiting. Q2 is normally OFF

transistor. It tums ON when the ILexceeds a predetermined

limit.

connected to the full regulated output voltage,

Series Pass Transistor.: Q1 is the internal seriespass

transistor which is driven by the error amplifier,. Thi.

transistor actually acts as a variable resistor &regulates

the, output voltage. The collector of transistor Ql is

Low yoltage, Low current is capable of supplying load

voltage which is equal to or between 2 to 7Volts.

Vload=2 to 7V and Iload= 50mA

NC1

Curent Errd2

Cureat sense3

Features of IC723:

LinearIntegratcd
Circu

IarertngLaput 4

Non-Ioverting Inpa| 5

Vref 6
Ve

C23

14. NC

13 Frequency cormpens tioa

12 +Vcc

1Ve

10Vo

8NC

Unregulated dc supply voltage at the input between 9.5V

&40V

Adjustable regulated output voltage between 2 to 3V.

Maximum load current of 150 mA (ILmax= 150mA).



Ds

Prakashan

obtainable.
the

additional
transistor used, ILmax upto 10A is

POsitive or Negative supply opcration

Intemal Power dissipation of 800m w.

Built in short circuit protection.

Very low
temperaturedrift,

Highripplerejection.

a., Monolithic Switching Regulator.

ABs.The
LA78S40 consists of a temperature compensated

voltage reference, duty cycle controllable oscillator with

an active current limit circuit, a high gain comparator, a

high- current, high voltage output switch, a power

switching diode & an uncommitted op-amp. Important

festures ofthe LA78S40 switching regulators are:

Step up, down & Inverting operation

Operation from 2.S to 40V input.
80dB line & load regulations

Output adjustable from 1.3 to 40V.

Nonpw.

Peak current to 1.5A without extermal resistors

Variable frequency, variable duty cycle device

The internal switching frequency is set by the timing

capacitor CI, connected betweenpin12 & ground pin 11.

The initial duty'cycle is 6:1. The switching frequency &

duty cycle can be modified by the current limit circuitry,

IPK sense, pin14, 7 the comparator, pin9 & 10.

Comparator: The comparator modifies the OFF time of

the output switch transistor Q1 & Q2. In the step- up &

step down modes, the non-inverting input(pin9) of the

comparator is connected to the voltage reference of 1.3V

(pin8) & the inverting input (pin10) is connected to the
output terninal via the voltage divider network.

$5

14

Cmne ADde

Fig, Functional block diagram ofA78S40

COun ode

Diode Catluda 1

Op

Diod: Arode 2

Swtch Ermiler3

Op Aig Oupt|4

Voc Op Amg

Amp

No.

Reterenze 8
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1sjiver Cl:tr
|14|1, Sens9

12 Trnng Caar
|11}Graud

10
Cormparalat
Iny, hout
Compa'atar
Noninz Iryut

Fig. Pin diagram of MonolithicSwitching Regulator.

In the Inverting mode the nòn - inverting input is

connected to both the voltage reference & the output

terminal through 2 resistors & the inverting terminal is

connected to ground.

When the output voltage is correct, the comparator output

is in high state & has no effect on the circuit operation.

However, if the output is too high & the voltage at the

inverting terminal is higher than that at the non-inverting

terminal, then the comparator output goes low.

In the LOW state the comparator inhibits the turn on of
the output switching transistors. This means that, as long
as the comparator output is low, the system is in off time.

As the output current rises or the output voltage falls, the

off time of the system decreases.

Consequently, as the output current nears its maximum

loMAX, the off time approaches its minimum value.
In all 3 modes (Step down, stepup, Inverting), the current
limit circuit is completed by connecting a sense resistor
Rsc, between IPK. sense & Vcc.
The current limit circuit is activated when a330mV potential
appears across Rsc.

Rsc is selected such that 330mV appears across it when
the desired peak current IPK, flows through it.

When the peak current is reached, the current limit circuit
is turned on.

The forward vol:age drop, VD, across the internal power
diode is used to determine the value ofinductorLofftime
& efficiency of the switching regulator.

Q. Explain Switched Capacitor Filter ICs MF10,



nan
Ans.Switchedcapncitor filter MF10:The MF10 containsttwo of Itis basically a FM

discriminator.

the second-order universal flter scctions found in (heMFS. Thercforc wvith MF10, two sccond order fiters oronc fourth-order filtercanbebuilt. As theMFS andMP10havesimilar filterscctions, the designproccdure for themis same.

EVCL

|-:

CLOCK

coNTRO

NON OVERL
CLOCK

Ouput
tequency
dosion

A-is

---

VA NAPHP Sl

Q11. Explain Frequency to Voltage (F-V) and voltage to
frequency (V-F)convertors.

Ans. Frequency to Voltage convertors (F-):
F-Vconvertors applications: Tachometer in motor speed
control Rotational speed measurement.

Two types of it: Pulse integrating Phase locked loop

Outut
volago

56

hçut frequency dovaticn

• F-Vconvertor produces an output voltage whose amplitude is

a function of input signal frequency.
. VO=kffi kfis sensitivity of F-Vconvertor

16V

Dot

Veg

iiono-shot

SW

LincarIntegralcroi

13O10

Fig. Frequency to Voltage convertors (F-V))using(VFC32)'

Mona
ahot

Voltage to frequency convertor:

Fig. (F-V) convertors using (VFC32) IP OP Graph

Input frequency is applied to comparator A.

ResistorR actsas feedback element.
Capacitor Ci enables charge-balancing,

High pass network conditions input signal
For negative spike ofVO1, comparator COMP triggers ont

shot multivibrator with threshold 7.5V The output of

multivibrator closes the switch SW, for a time TH, ths

causes voltage Vo to build up and inject thru R and this

continues untilcurrent out of summing input of opamp 5

cqual to that injected by Vo through R continuously.

Vo=10-3 *TH *R*6; as TH=7.5 C/1X10-3
Ripple Voltage, Vr(max)=7.5C/Ci
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Principle: Charge balancing technique-the process of

charging
anddischarging

1oinputsignalF0-kV

dowm.

When
switch.SW is opcn the current flows into capacitor 2.

Ciandcharges it, and node voltage Vol produce ramp

when V0l =0 CMP triggers and scnds a triggering signal

none shot multivibrator that closes the switch SW and

turns transistor QONfor timc TH.

The threshold ofmono shot = 7.5 V and

TH=7.5C/10-3
During TH,VOl ramps upward by amount

S VOl =(lmA- Ii) TH/C

Time duration TL for vol to return to 0 is

TL=C8VOIMi

TL+ TH =ImA TH/Ii =T
FO =Vi/7.5 RC

S7

Vo

Fig. Voltage to Frequency convertors (F-V) using (VF32) and

VP OP Graph

Q12. Describe Power AudioAmplifier ICLM 380.

1.

3.

4.

5.

6.

7.

supplies their loads with larger amplifier signal voltage.On

the other hand,; large signal or power amplifier supply a

large signal current.to curent operated loads such as

speakers & motors.

In audio applications, however, the amplifier called upon

to deliver much higher current than that supplied by general

purpose op-amps. This means that loads such as speakers

& motors requiring substantial currents cannot be driven

directly by the output of general purpose op-amps. To

handle it following is done

To use discrete or monolithic power transistors called

power b0osters at the output of the op-amp

LM380.

To use specialized ICs designed as power amplificrs like

Features ofLM380:

Internally fixed gain of 50 (34JB)

Output is
automatically self ccntering to one half of the

supply voltage.

Output is short circuit proofwith internal thermal limiting.

Input stage allows the input to be ground referenced or ac

Wide supply voltage range (5 to 22V).

High peak current capability.

High impedance.

R1

Ans. Small signal amplifiers are essentially voltage amplifier that Nan irverin ipt i2

By-pzss

R

GNO

FLFUT-LPU-U

Irvering i"pl

Fig. Funtional block diagram of Power Audio Amplifier

3
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4

6

R

GND?

Ho10

UM 380

fo11

KosLo12

13 NC

12

11

NC

Fig. Pin diagram of Power Audio Amplifier LM 380

GNI

d results in frequency proportional



Aditya Prakashan

Non inverting

input

Invering

input

6

LM 3e0

Bypass

RIND:EV2

Ground

Fig. Block diagram LM380

+ V

ACTIEVtEO

3,7. 15, 10, 11, 15

Q13. Definc Vidco Amplificr and itsckt diagram.
Ans. There are times when you wani to vícw the video clips

taken by your camera on your TV. You can do so by
interfacing the video output of the sourcc device (camera)
to the video input terminals of.theTV. However, at times
the vidco signal levcl necds to be raised before it is fed to
the TV. Presented here is a simple video amplifier to take
care ofyour problems.

Ground

Fig. :Comparative signal levels in a IVPK-PK PAL video

betwecn any two linc sync pulses
A PALvideo amplifier is expected to have a 3dB bandwidth
of5.5 MHz. The waveform levels ofa 1VPk-Pk PAL video

signal between any two linc sync pulses (separation 64

Us) are shown in Fig. 1. The waveform shows that each
scan line lasts 64 4s, of which only S2 Uscontains active
video or picture data. The video level (variable) lies
between 0V and 0.7V and the blanking levelextends from
OV down to -0.3V (for 12 Us), The black level or blanking

58
levcl startsat 0V,the whitellevel or pcakvideolevel

hiyand the sync pulse pcak (-vc) evcl is -0,3V

A simplevideoamplifier circut

ndjuststhe. DClcvcl of the vidco, whilc he

nctwork adjustathe gain. You mayreplacebothhedivey
with two 4.7-kilo-olm(orr 5-kilo-ohm) trimpots

(R3) may be discardcdifyoufecdthevidc0fromahigh.

ndjustmentofthe DClevcl.

output-impcdancc stage.

VIDEO
INPUT

2K

LincarIntegrate
Cre,

D1.

1N4148

A3
752

A2
1,7K

W

TI

A4
1K

BC547

T2
BCS58

R5
$6.8K

R6
11052

VIDEO
OUTPU

Fig. :Circuit ofa simple video amplifier

Q14. Define Isolation Amplifierwith the help ofckt diagram

and its applications.
Ans. An isolation arnplifier or a unity gain amplifier provides

isolation from one fraction ofthe circuit to another fraction.

So, the power cannot be drawn, used and wasted within

the circuit. Themain function ofthisamplifier is to increase

the signal. The same input signal of the op-amp is passed

out exactly from the op-amp as an output signal. These

amplifiers are used to give an clectricalsafety battier as

well as isolation. These amplificrs protect the patients from

the outflow of current.They crack clectrical signal's ohmic

continuity among input & output and isolated power supply
can be provided for both the input and output. So, the

low-level signals can be amplified. An isolation amplifier
can be defined as, an amplifief which docsn't have any

conductive contact among input as wellas output sections.
Consequently, this amplificr gives ohmic isolation among

the i/p & o/p terminals ofthe amplifier. This isolation must

,c: Rl-R2dividcrnethra

Iandthe gain. The15-ohm
rcira
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havelessleakage as well as a high amount of diclectric
breakdown voltage. The typical resistor and capacitorvalucsofamplifier.

amongthe input && output tcrminals arc
resistor.should have 10Tera Ohms and capacitorshould

have10
picofarads.

DrnnTg Les

AD210AN

180LATION

AMPUFIEn

PHILIPPINES

Fig. Isolation-amplifier

Power
3ource

These amplifiers are frequently used when there is

extremely huge common-mode voltage disparity among

input & output side. In this amplifier, the ohmic circuitry is

not there from input ground to output ground.

When the input impedance ofan op-amp is extremely high

then the isolation can be caused. As this circuit includes

high input impedance, then minute current can be drawn

from the amplifier circuit. According to Ohms law, when

the resistance is high, then the current w ill be drawn less

from the power supply.

Circuit Before

Amplifier

V

1431-11.

VouT
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Circuit After
Amplifier

Circuit

Fig. Isolation-amplifier circuit diagram

Therefore, an op-amp does not draw a significant quantity

of current from the power source. So in practice, there is

no current will be drawn as well as transferred from one

portion to another portion of the circuit. Therefore, this

amplifier works as an isolation device.When the input

Lincar Integrated Circuits

impedancc ofan op-amp is low then it draws a vast amount

of current.

Isolation AplifierApplications :

1. These amplifiers are normally used in applications like

signal conditioning. This may utilize different bipolar,

CMOS, & complementary bipolar amplifiers which include

choppcr, isolation, instrumentation amplifiers.

In

2. As several devices work by using low power sources

otherwise batteries. Sclecting an isolation amplifier for

different applications mainly depends on the supply

voltage characteristics ofan amplifier.

Q15. What is an Optocoupler ? Briefits working.

Ans. An optocoupler (also called optoisolator) is a

semiconductor device that allows an electrical signal to be

transmitted between two isolated circuits. Two parts are

used in an optocoupler: an LED that emits infrared light

and a photosensitive device that detects light from the

LED. Both parts are contained within a black box with pins

for connectivity. The input circuit takes the incming

signal, whether the signal is AC or DC, and uses the signal

to turm on the LED.The photosensor is the output circuit

that detects the light and depending on the type of output

circuit, the output will be AC or DC. Current is first applied

to the optocoupler, making the LED emit an infrared light

proportional to the current going through the device. When

the light hits the photosensora current is conducted, and

it is switched on. When the current flowing through the

LED is interrupted, the IR beam is cut-off, causing the

photosensor to stop conducting.
*Receiver"

Photosensor

Visible

or lA
-beam

Transmitler"
LED or IRED

Out

Working of Optocoupler Configuration : The term

optocoupler and optoisolator are often used
interchangeably, but there is a slight difference between
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the two. The distinguishing factor is the voltage difference
Cxpected between the input and the output. The

infomation betwecn circuits while maintaining clectrical
isolation at potentials up to S,000 volts. An optoisolator is
used to transmit analog or digital information between
circuits where the potential difference is above 5,000 volts.

Q16. Explain Opto coupler IC/ îbreoptic IC.
Ans.

optocoupler is used to transmit analog or digital 1) Whichamongthe
following is/are the feature/s

Ortoderonte
(rr)

Clne

Electrrsnroonu

(a)

(b)

Optoolecironta

(oremitter)

Ropoetur

Rocever

Fig The block diagram of Opto coupler IC/fibre optic IC.

The optocouplers are available in the 1C form MCT2E is

the standard optocoupler IC which is used popularly in
many electronic application.
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This input is applied between pin 1& pin 2. An infrared

light emitting diode is connected between these pins.

The infrared radiation from the LED gets focused on the

internal phototransistor.

The base of the phototransistor is generally left open. But

sometimesa high value pull down resistance is connected

from the Base to ground to improve the sensitivity.

The block diagram shows the opto-electronic-integrated

circuit (OEIC) and the major components ofa fiber-optic

communication facility.

The block diagram shows the opto-electronic-integrated

circuít (0EIC) and the major components ofa fiber-optic

communication facility.

OBJECTIVE
QUESTIONSAND

DANSWERS

characteristic/s of an integrated op-amp?

b. High reliability
a. Small size

ANSWER: (d)

c. Low cost & less power consumption

d. All of theabove

2) In a typical op-amp, which stage is supposedto be a

dual-ínput unbalanced output or single-ended output

differential amplificr?

6)

a. Input stage

ANSWER: (b)

c. Output stage

)

3) In diferential mode of op-amp, if output voltage is ennst

to the difference between outputs of individual

transistors, its amplitude will be the amplitude

of signal voltage yielded at collector to ground.

b. thricea. twice

ANSWER: (b)

c. four times

ANSWER: (a)

4) Inadifferential amplifier, the configuration is said to be an

'unbalanced output', if

c. product of
ANSWER: (b)

LincarIntegrated
Ciroi

a. sum of

a. Output voltage is measured between two collectors

b. Output is measured with respect to ground
c. Two input signals are used

d. All of the above

5) Input offset current is basically defined as the algebraie

the base current of two transistors.

Unipolar belongs to

integrated circuits.
a. Hybrid
c. Both a and b

ANSWER: (b)

b. Intermediate stage

d. Level shifting stage

A. JFET.

C.P-Njunction isolation

d. one-fourth times

D, Di-electric isolation

b.difference between

d. division of

technologyfies of

which among the following belong to the category of
bipolar technology?

b. Monolithic

d. None of the above

B. MOSFET
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aACB

c
C&D

ANSWER:
(c)

o
Which

op-amptechnologyiesexhibit/s lowcurrent

sourcing/sinking
capacity?

a
Bipolar

op-amp

BICMOS
op-amp

ANS'WER:()

a.2

c4

0)
lHowmanystagesare involved in bipolar op-amp?

ANSWER:()

a. Shot noise

c. Thermal noise

ANSWER:(a)

10) In
op-amps, which type of noiseoccurs due to discrete

low of current in the device?

a. V to I converter

c. Precision rectifier

ANSWER: (c)

a. Zero
c. Infinity.25.

ANSWER: (b)

b. B&C

11) Which among the following isa nonlinear application of

op-amp?

a. Thevenin's

d.A&D

c. Miller's

ANSWER: ()

b. CMOS op-amp

d. Allof the above

a. High slew rate
c. High CMRR

ANSWER: (d)

b.3

12) What is the feedback factor ofvoltage follower circuit?

d.6

a. Thermistor

c. Thyristor

ANSWER: (a)

b.Burst nojse

d. Flicker noise

13) For non-inverting adder, which theorem is applicable to

determine the expression for output voltage?

b. Norton's

b. Comparator

-d. Instrumentation amplifier

b. Unity

14) Which among the following is/are the requirement/s of

an instrumentation amplifier?

d. Between zero & one

t02 d. Superposition

15) For a temperature controller circuit comprising

instrumentation amplifier, which among the following is

adopted as a temperature sensor?

b. High input resistance

d. Allof the above

b. Sensistor
d. Thermocouple
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16) Which
paramctcr/s is/arc used to indicate the specd of a

comparator?

a. Responsc Timcfr.
c. Both a and b

ANSWER: (c)

a. 20%

c. 70%

17) Basically, response time is definedas the timeacquired

ofits
transition

by the
comparator to accomplish

corresponding to the voltage step at the input.

b. 50%

ANSWER: (b)

a. Zero

c. Infinite

ANSWER: (a)

18) Foran ideal
comparator, whatshould be the value ofthe

response time?
b. Unity ...tie

a. triangular wave

C. saw-tooth wave

a. Low

19) Zero crossingdetector circuit playsa crucial role in

conversion of input sine wave into a perfect

c. High
ANSWER: (a)

at its output.

a. One

Líncar Intey

c. Three

ANSWER: (a)

b.
PropagationDelay

d. Noncofthe above

ANSWER: (b)

20) For reducing the effects of input ofiset in
comparator,

what-would be the possible value of input offset

voltage?

a. Increase

d. 100%

a. Speed

d.
Unpredictable

c. Long term drift

21) In weighted resistor DAC, how.many resistor/s per bit

is/are required?

b. square wave

d. pulse'wave

b. Moderate

d. None of the above

22) In DAC, resolution increases with thei5. :4 in

number of bits.

b. Two

d. Four

b. Decrease 3*i
d. None of the abovec. Constant

ANSWER: (a)

23) Which among the following characteristics ofDIA

converter occur/s due to resistor and semniconductor

aging?

b. Settling time

d. Supply rejection
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ANSWER: (c)

24) In DACS, which type of errot's specifyfies the amount
by which the actual output of DAC differ from ideal
straight line transfer characteristics?
a. Lincarity errot
c. Gain erTot

ANSTWER: (a)

25) Offset error is basically defined as the non-zero level of
analog output cspecially when all the digital inputs are

a 0

c. Both a and b
ANSWER: (a)

a. Tts output frequency
b. Phase to the frequency

26) Basically, PLL is used to lock

c. Phase of the input signal
d. All of the above

ANSWER: ()

c. Both a and b

a Demodulation applications

d None of the above

b. Tracking a carrier or synchronizing signal

ANSWER: (c)

input & output is

a Maximm
cMiniun

b. Ofset errot

d. All of the above

28) In the locked state ofPLL, the phase error between the

ANSWER: (c)

b. 1

d. None of the above

d. None of the above

ANSWER: (2)

a Outpt frequency changes by same amount as that of

input frequency
b. Output frequency does not change as that of input

frequency

range.

b. Moderate

c. There is no relation between input & output

frequencies

a. Greater than

d. Allof the above

c. Less than

30) In PLL, the capture range is always

2)
IncOrmmunication circuits, PLL is curentlyanplicablefor 34) Switching regulators are series type regulators, which

b. Equal to
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d. None of the above

31) Whichamongthe
following factors affect/stheouta

the lock

ANSWER:(C)

voltage ofa regulated powersupply?

b. Input voltage

d. Allof the abovea, Loadcurrent

c.
Temperature

ANSWER: ()
32) Which

performance parameter ofaregulatorisi defined

current?

a. Load regulation

c.
Temperature stability factor

d. Ripple rejection

ANSWER: (b)

33) The % load regulation ofa power supply should he

ideally

a. zero,small

C. zero, large

ANSWER: (a)

c. reduced, increased

29) Once the phase is locked, the PLL tracks the variation in 36) Which among the following compression techniques is!

are intended for still images?
the input frequency. This indicates that

aJPEG

b. Line regulation

& practically

d. reduced, reduced

ANSWER: (c)

bas
power dissipation &

& increased, increased

b. increased, reduced

c. Cut-of
ANSWER: (a)

b. small, zero

c.MPEG

ANSWER: (a)

d. large, zero

35) In a linear IC voltage regulator, series pass transisto

always operates in

a. Active.

a. Silence Compression

region.

b. Saturation

efficiency.

d. Allof the above

b. H263
d. All of the above

37).Which lossy method for audio compression is

responsible for encoding the difference between two

consecutive samples?

b. Linear Predictive Coding (LPC)

c.Adaptive Differential Pulse Code modulation

(ADPCM)

d. Code Excited Linear Predictor (CELP)

ANSWER: (c)

asthe change in
regulatcd load | voltage due tovariation

inline voltage in aspecificdrange at a constantload


