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QUESTIONS AND ANg

e\:‘ﬁRS ' wilh‘high precision using a diamond saw. Each wafer will
grated circyits, precisely have athickness of200 micrometer and a diameter
0f25 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 of them each wafer
is polished and cleaned to form a P-type substrate layer.
N-type Epitaxial Growth : The epitaxial groth process of a
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 f Silicon atoms and pentavalent atoms
*Fig: I;ltegr'atcd S o - are also passed over the layer. This forms the ef)ita}_dal
- The entire physical sizo oF IC 1 o : » 5. ; layer on the substrate. All the componrents requu'.ed for
- g e . Is extremely small than that the circuit are built on top of this layer. The layer is then
et Qfdlscr-ete circuit, - cooled down, polished and cleaned. "
‘ s T'he‘v?'elghtofanlc i ~ The Silicon Dioxide Insulation Layer : As explained
“ R e above, this layer is required contamination of the N-layer
|3 Ifsmorereliable. - s L Sepitaxy. This layer is only 1 micrometer thin and is grown
4. Because of their smaller size it has lower power by exposing the epitaxial layer to oxygen atmosphere at
I - consumption. £ FE ey © "~ 1000C. A detailed image showing the P-type, N-type
5. - Itcan casﬂy replace bi;t it can hardly repair, in case of _ epitaxial layer and SiOllaner is given below.
- - failure.- - - ; ; : e : -

Ql. Write the Advantage of ICs overth
ans. Advantages of IC integrated cireyis

very less as compared entire discrete 3,

Because of an absence of parasitic and capacitance effect
| . ithasincreased operating speed. . -
Q2. Describe the Manufacturing process of monolithicTes.

g SEsmain - " N - Epitaxial layer
Or, State the Construction of monolithic bi ol _y,

| polar transistor. Sio, !_ayeﬁ =X
| . Ans. Monolithic IC Mai}lifaétuﬁng Pifocqs:s{ s ZET s e L
= For the manufacture and production of the monolithicIC, = - : =
all circuit i:omponehts aﬁd'the_ir'hlterconnections aretobe - ] - P-Substrate
formed in a single thin wafer. The- different procesSes}l S 200uM\. i
_ carried out for achieving this are explained below. : s

P-layer Substrate Manufacture : Being the base layer of

the IC, the P-type is silicon is first built for the IC. Assilicon " Fig, MonpﬁthichQSubstmtes and Layers
crystal of P-type is grown in dimensions of250mm length 4, Photolithographic Process for Si0, : To diffuse the
and 25mm diameter. The silicon is then cut into thin slices ‘impurities }'vith the N-type epitaxial region, the silico:
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dioxide layer has to be etched in hsc!cct:i ::cla;,r::gu’:
must be brought at these
-s}:’:l:::u%;mphic process. In this process, th.c $i02 la)":]r
is coated with a thin layer of a photosensitive matcr:’ ;
called photoresist. A large black and white pattem fs ma .
in the desired patter, where the black patten rcpmcn'
the arca of opening and white represents the area that is
J'lct’t idle. This pattern isreduced insize and fitto the layer,
above the photoresiet. The whole layer is then cxpos::fi to
ultraviolet light. Due to the exposure, the photoresist right
below the white pattern becomes polymerized. The pattem
is then removed and the wafer s developed using 2
chemical like trichloroethylene. The chemical dissolves the
unpolymerized portion of the photoresist film and Jeaves
the surface. The oxide not cavered by polymerised
photoresist is then removed by immersing the chip in 2n
erching solution of HCL .
Polyteized

mask

S
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Fiz. Monolithic IC - Photolithographic-Process
Isoletion Diffusion : fier photolithographic process the
remaining SiO, layer serves as 2 mask for the ¢ “fusion of
zcceptor impurities.. From the figure below you czn see
that the jsolation islands look like back-to-back P-N
junctions. The main use if this is to allow electrical isolation
between the-different components inside the IC. Ezch
electriczl element is later on formed in a separate isolztion
islznd. The bottom of the N-type isolation island ultimately
forms the collector of an N-P-N trznsistor. The P-type
substrate is always kept negzative with respect to the

isolztion islands and provided with reverse bias at P-N -

junctions. The isolation will diszppear if the P-N junctions

zre forward bizsed. _
koztn Varss
ﬂ\‘
Y
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AN el i
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Fig. Monolithic IC - Ieolation Diffusion
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2. Oxidation : As shown in figure, 2 thin layer of silicen

(e two 2djoining isalation islands are Uity "

)
(]
1,

type substrate. This is basically 2 parsiv,

'/”/,!,
that will affect the performance of the gc; 4, =
capacitance Is divided into (%0, g

Constructlon of monolithic blpolar transyy,,, )

P
&’
¥

s
-5 ;'

e ithic tranties - .
The fabrication of 2 manolithic trznsisiey ;,, »

following sleps.
] [:pllal”al g/m#fh
: / Photolithography

5. Dase diffuslon ’ ’
Epitaxial growth : The first step in trzmsistoy f;‘,',,'/{lf’

is creztion of the collector region. Ve norralyy 1,
low resistivity path for the callccuff current. Thizis 4 2
the fact that, the collector contzct is nomally tzi, e,
top, thss increzsing the collector series resistzncs 1oy,
’ . -

2, Oxldatinn
9. J1olation 4y, b

Vepsa of the device.

Eelneae
74P

sz
The higher collector resistance is reduced by z procez;
called buried layer 2s shovm in figure. In this amrzngemers.
2 heavily doped N’ region is sandwiched between the M-
type epitaxial lzyer and P —type substrate. The subsequer:
diffusions are done in this epitaxial layer. All zctive zrd
passive components are formed on the thin N-lzyer

epitaxial layer grown over the P-type substrate. -

dioxide (SiO2) is grown over the N-type lzyer by exposing

the silicon wafer to an oxygen atmosphere 2t 2bout 10000
C L - s
- R . 7 :
YOES £
- .‘,
— N - laver Ao
Si02 Laver - Y
g P-suhinata | LTSS
Photolithography: =~
i K ﬂ N
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The prime use of photohlhography in1C manufacturing is
to sclectively etch or remove the Si0, layer. As shown in

figure, the surface of the oxide is first

covered with a thin
uniform layer of photosensitive emulsion (Photo resist)

The mask, a black and white negative of the requied
pattemn, is placed over the structure, When exposed to

ultraviolet light, the photo resist under the transparent

region of the mask becomes Poly-merized. The mask s
then removed and the wafer is treateq chemically that

removes the unexposed portions of the photoresist film.

—

Linear Integrated Circults

1solation Diffusion : The integrated circuit contains many
devices. Since a number of devices are to be fabricated on
the same IC chip, it becomes necessary to provide good
isolation between various components and their
interconnections.

The most important techniques for isolation are:

L. PN junction Isolation

2. Diclectric Isolation

In PN junction isolation technique, the P+ type impurities
arc sclectively diffused into the N-type epitaxial layer so
that it touches the P-type substrate at the bottom. This
method generated N-type isolation regions surrounded
by P-type moats.

Base diffusion : Formation 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 diffusion step is also used in parallel
to fabricate diffused resistors for the circqit.

Q3. Describe Monolithic diodes.

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

Guearse @ @ @ @ (e
E Va=a y‘r-?a ya-‘—'a I‘--"a, }530
~ Breakdown voltage - 7| 7 5= L ST 55
L v e : =
_ Storagetime,nsec 9 100 5 56 85
 Forward voltage - 85 9 94 96 95
=T e
= E‘L 7

N

+n
+o
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The emitter-base diode, with collector short circuited to
the base,

The emitter-base diode with the collector open and
The collector—base diode, with the emitter open-circuited.

The choice of the diode structure depends on the 3.

performance and application desired. Collector-basc
diodes have higher collector-base arrays breaking rating,
and they are suitable for common-cathode diode arrays
diffuscd within a single isolation island. The emitter-basc
diffusion is very popular for the fabrication of diodes,
provided the reverse-voltage requirement of Ulc_sircuit
does not exceed the lower basc-cmitter breakdown voltage.

Q4. Explain the Integrated Resistors and its types.
Ans. Integrated Resistors: A resistor in a monolithic integrated

1.

circuit is obtained by utilizing the bulk resistivity of the
diffused volume of semiconductor region. The commonly
used methods for fabricating integrated resistors are :

1. Diffused 2. Epitaxial

3.Pinched 4. Thin film techniques.
Diffused Resistor: The diffused resistor is formed in any
one of the isolated regions of epitaxial layer during base or
emitter diffusion processes. This type of resistor 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.

Epitaxial Resistor:
Al Metal contacts
n* . . ] . I n* l
» noptaxia layor |
p-aubstrals

Q5. Explain the term Monolithic Capacitors. -

Ans.

The N-cpitaxial layer can be used for realizing lary
resistance values. The figure shows the cross-sectio,,
view of the epitaxial resistor formed in the epitaxial |5y,
between the two N-+aluminium metal contacts.

Pinched resistor:

pautalrete

The shect resistance offercd by the diffusion regions can
be increased by narrowing down its cross-sectional arey
This type of resistance is normally achicved in the bag,
region. Figure shows a pinched base diffused resistor,
can offer resistance of the order of mega ohms in ,
comparatively sniallc_r area. In the structure shown pq
current can flow in the N-type material '

Thin film resistor :

Al contact

F | .
ye v d

' Im
B&O\: - (Ta, MJWN&L.SI\O,.M)

N A2 72 EETITISRIITIRIIIIITITI TG SIS ILAL 2SS0 74

- Sliicon subsinale

‘The thin film deposition technique can also be used for
the fabrication of monolithic resistors. A very thin metallic
film of thickness less than 1pm is deposited on the silicon
d'iO)_cide layer by vapour deposition techniques. Normally,

- Nichrome (NiCr) is used for this process.

aubstralo

(b) L )
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A Jonolithic capacitorsare “‘“ frequently used in integrated o : ‘ h them. An inductor
ircuits since they are limited in the range of values .pposc any'changcs in carrent throug h ratio of the
¢l 4 and their performance. There ar I is characterized by its inductance, which is the
ob™ ilable, the junction capacitor § 5 SWOVE, Lo voltage to the rate of change of current.
:jil:zzlon f0;111cd by the coll‘c):::onrolr);ss: reverse biased Q7. Describe Current mirror and current sources explain
PN . or cmitter-base with cktdiagram.
diffusion Of“(]‘c ltm[-\mm.r' The capacitance s proportional - Ans.1. Current t:Irrr:r + The circuitis used to copy the flow of
w the ‘"”_ ° 111:: iunclmn and inversely proportional to current in one active device and controlling the flow of
(e depletion t uc.“ncss. . current in another device by maintaining the output curt ent
c @ A, wheroaisthe area of the junction and stable instead of loading is known as a current mirror.
c a T,where tis the thickness of the depletion layer. . Theoretically, a perfect current mirror s an inverting current
The capacitance value thus obtainable can be around amplificr. The main function of this amplifier is toreverse
1 2nF/mm2 the direction of the flow of current. The main function of
The thin film or metal oxide silicon capacitor uses a thin the current mirror is to provide active loads as well as bias
Jayer of silicon dioxide as the dielectric. One plate is the currents to circuits and also used to form amore practical
connecting metal and the other is a heavily doped la);er of current source.
silicon, which is formed during the emitter diffusion. This Current Mirror Circuit : ) ]
capacitor has a lower leakage current and is non-directional, Generally, the designing of current mirror circuits can be
since emitter plate can be biased positively. The done with two main transistors and even th?ug}'x other
capacitance value of this method can be varied between devices like FETs also used. Some of these circuits may
0.3 and 0.8nF/mm2. ; utilize the above two transistors for allowing the
Q6. Define Inductor. performance level to be enhanced. As the name suggests,

Ans. An inductor, also called a coil, choke, or reactor, is a passive

two-terminal electrical component that stores energy in a

“magnetic field when electric current flows through it. An :

into a coil.

~ inductor typically consists vofﬁan insulated wire wound -

it copies the flow of current in one active d;vice whereas,

in another active device, it maintains the output current

stable instead of loading. The copied currentisa constant
current, :

Mipored
curent

2 ?ngunmicg
curren! I

= Fig.CmrehtMirrorCircuit -

* The current 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 whereas the

_ enitter terminals are given to GND. In this circuit, both the
transistors work similarly.

When the current flowing thiough 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 L_enz‘é law, the induced
voltage has a polarity (direction) which opposes the
change in cuent that created it. As a result, inductors
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QB. Describe the term current sources also write their types ' [
and cxplain them with ckt diagram. g 5 :
Ans. Current sources ¢ In an clectrical network, current souTee +> <t> <t> 1>

and voltage source are the basic concepts behind many

clectrical applications. Let see the different types of current
ces C€CCS

VS ccvs vV
ndependent current source: T, .
]

souree...
1. 1dcal current source : A
the constant current to connected

current source which supplies
3. Secries connected |

across the load circuit
output... ; .
ce should be in the same rating

regardfess of the voltage developed across il's terminals. 1. All the current sour .
The loads may be resistive load or inductive load or 5 Polarity should be taken care of. The wrong polarity leady
mal resistance to reduced output.

tive load cte. The current source’s inte
d Independent current source:

capaci

should be infinity. But in practice, we cannot construct Parallel connecte

jdcal current source. ]
parallel connected independent current source

Ideal Current Sources

. y . :Hlﬂ;t.ﬁ"lsalﬂ
% _ -'t————-* 1 ] e\ /B

ected current sources is equivalent {,
of single current sources.

: I=h-L+1
currentsources: In this, the current source j;
pon a circuit’s existing current or voltage
11 be placed in the same circuit, some

nt Sources .
The parallel conn

“the algebraic sum

ideal Current Sources vs Practical Curre

4., Dependent
depending u

Source sources (the source wi
_ other location) :

Voltage controlled Current source.’

_ Current controlled current source. 7
Voltage controlled Currentsource : The source delivery

ource : Supplies constant current ="
the current (flow of electron) as per the voltage of the

Fig. Ideal current source:

TN -

2. Independent currents

to the circuit regardless of the load and the direction of the desend ! o
voltage appearing across its terminal. ~ - ' ependent element In the Same network
- Example: :
Independent Current Source . " 7_ gt
i i ' i | o Ra(=R) Ry (=Ry)
2 /" VW W
Absorbs _ Delivers L O : ’ -
Pawer Power 508 : : :‘g‘a’é’j‘& -
N - EgE
¥ 0 fv ' A N
Generd Generator v 5 :
Symbolic representation: % o : ) : o Ej? l’o ;

Fig. Voltage controlled Current source




lcurrent s
{ Controllec Source: T )
7~ corre” he current of hl:'W““:cdclwcm
b gentas Pere ofthe dependent ¢,

cl

ment in the
cimliL
"]
mp Gl ]
P R
+
L]y Uresse
REF

n
\out = !cmgm

kD

Fig. Current Controlled cuq:rcnl Source

o, Writeshortnotesabout Current sources ag Active loads

An: The current source can be used as ap active load in both
analog and digital IC‘s.The current source can be used as
an active load in both analog and digital IC's. The active

load realized using current source in place of the passive
load (i.e. a resistor) in the collector arm of differential
amplifier makes it possible to achjeve high voltage gain
without requiring large power supply voltage. The active
load so achieved is basically RO of a PNP transistor.
Q10. Describe Voltage sources and draw the suitable ckt
diagram for the same.
Ans. Voltage Sources : A voltage source is a circuit that produces
an output voltage V0, 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
of the constant current source.:A number of IC applications
requireK a voltage referencé point with very low ac
impedance and a stable dc vo:ltage that is not affected by
power supply and temperature variations. There are two

methods which can be used 10 produce a voltage source,
‘mamely, :

Using the impedér_\ce tx:ansi'orming properties of the

transistor, which in turn dete'rrlpinres the current gain of the
transistor and 5

Using an amplifier with negative feedback.

Voltage source circuit using Impedance transformation:
The voltage source circuit using the impedance
transforming property of the transistor is shown in figure.
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 outpilt ac resistance

Linear Integrated Circuits

looking into emitter i iven by

+Vee
Tta
[
\13 i
n e
r

Vo
P
—

Fig. Voltage source circuit using Impedance
transformation

dn - R: S .
dlo—RO—[}H L

: L
. 1>>100, R(,_ﬂ+1

Itistoben: 1that. cquation is applicable only for small

changes in ‘he output current. The load regulation
parameter indicates the changes in V resulting from large
changes in output current I , Reduction in V occurs as 1y
goes from no-load current to full-load current and this

factor determines the output impedance of the voltage
sources.

Describe Voltage References.

Ans.The circuit that is primarily designed for providing a
constant voltage independent of changes in temperature
is called a voltage reference. The most important
characteristic of a voltage reference is the temperature

coefficient of the output= reference voltage TcR ,and it is
expressed as . '

QI1.

The desirable properties of a voltage reference are:
Reference voltage must be independent of any temperature
change. 3

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

Output voltage must be as independent of the loading of



[inear imegiawcu "”'li.

Aditya Prakashan 8 ' i :
output current as passible, or in other wotds, the circuit voltage it applied l:‘) the d'| ffcr;nlo‘ g lpc 3 —‘[.(-l ;v ia,
should have low output impedance currents of the circuitare given by . 1= gy
. = ent mirror action.
The voltage reference circuit is psed 1o bias the voltage 2 where ICA ICj ;uc to curr
source circuit, and the com'lbin'aﬂgn can be called as the (2 =-pgmVid’2. I—
voltage regulator. The basic d'csign strategy is producing We know that the load \;";:;n m,w(m ol gmvm e,
n zero TCR at a given temperature, and thereby achieving I, =1C2~ ICA=—-pm uf mfhe o
good thermal ability. Tem craturt stability of the order of Then, the output voltage [ro .
- p ‘ is given by vo-~ILRL=gm RLVid. The ac voltage Bain o
by Av~ vO/vid = gmRL. The AMDife,

100ppm/0 C is typically expected. '
l’olla'gr Reference clrcu‘H using femperafure the circuit is gwcn'
compensation scheme ! The voltage reference circuit can amplify the di
“using basic temperature compensation ccheme is shown singlc-cn'dcd outpu
below. This design utilizes the close thermal coupling Ioajc};[;sl:i:j:;;clt‘; -
eV the monolithic components and this ma ; et
:::tr:::]: ::n::fnsatc; the known thermal drifts by The output res:sta.ncc' R, of the (.:erUIt is that offered by
the pamllcl combination of transistors Q3 (NPN) and 0,

i i »posing and com cnsating drift source
il ) E (PNP). Itisgiven by Rr=r02 || r04.

fferential input signals and it provig,,
t with a ground reference since yp,
d to only one output terminal. Thi; ,
of the current mirror active oy,

of equal magnitude.
+\ee X W
QO &
11’:4
=
ay 2
i} e R
q @
+ = —
V,lf.’. v,|l'1 i
- +
2 I
N
vit using tcmpéralure compensalion scheme Fig. BITD iﬁ'erential Ampliﬂer using active 1oaas_

Fig Volzge Reference circ
A constant current I is supplie
DB and it provides a bias voltage o
The temperature dependence of the VBE t?r,op across.Q] Ans. An operational ampli fier ge
2and those across D) and D; results in respective ’
temperature coefficients. Hence, with the use of resistors - namely - :
R, and R, with tapping across them at point N 1. Adifferential amplifier

the temperature drifts in the base-emitter - 2 Additional amplifier stages to provide the required voltage
' : gain and dc level shifting.

compensates for
loop Ofol. h
" An emitter-follower or source follower output stage

Q12. Explain BJT Differential

d to the avalanche diode 13, pescribe General Operational Amplifier stages an

f VB to the base of Q- internal circuit diagrams of IC 741.
nerally consists of three stage;

Amplifier using activeloads. 3,

a differential amplifier is the provide current gain and low output resistance.

Ans. A simple active load circuit for
current mirror active load as shown in figure. The active A .
i g 2 ) A low-frequency or dcgain of is dest
load comprises of transistors Q; and Q4 with the transistor pe ol ,E .ap proximately 104is desirg
for a general purpose op-amp and hence, the use of activ¢

Q; connected as a Diode with its base and collector shorted. load is preferred in the i ol
The circuit is shown to drive a load RL. When an ac input o l_s Prefeme s elc internal circuitry of op-amp.Tk

s




N -

3.

Frﬂkﬂ-‘h"n
n
1 ; X
Ad o voltage is required to be 4y ground, whe
olarity supply voltage, Sinee the Output rcxi{? e i
follower o souree follower output stage o of op-
ofpico amperes, an FET input Stage is no
[nput stage: The input dichrenlial amplifie
Cd b / ’
tond formed bY Q. Qq, and Q. The yiag
transistors Qg and Q,. Resistor R, incre
This is nCcessary to provide bias cum
definite bias current through Qs.
sainstage: The seco i
Gn ' g - nd stage or the BAIn stage uses Darlin
transistor Qg is connected as g, emilt ‘

" . : er foll
onthe input differential amplifier stage

.Th
stagc.

Mally preferred,

9

T Slage uses p-channel JFIITs M
current for the stage is provided |b
ascsthe o Utput resistance seen lookin
ent stability against the transistor pa

Linear Integrated Circuits

ntial input Voltages are zero, and this necesaitates the use of dual
- amp is re
S tmployed. Moreave

quired to be low, a complementary push-pull emitter -

T as the input bias currents are to be very small of the order

and M,. It employs a three-transistor active
Y a two-transistor current source using PNP
g into the collector of Q a3 indicated by R4,
rameter variations. Resistor R; establishes a

gton transistor pair formed by Qg and Q4 as shown in figure. The
Ower, providing large input resistance. Therefore, it minimizes the loading efTect

¢ transistor Qq provides an additional gain and Q| acts as an active load for this

Output stage: The final stage of the op-amp is a class AB
comp[qm_entary push-pull output stage. Q) is an emitter
follower, providing a large input resistance for minimizing
the loading effects on the gain stage. Bias current for Qy

- is provided by the current mirror formed by Q, and Q,,,

through Q5 and Q,; for minimizing the cross over
distortion. Transistors can also be used in place of the
two diodes. : =

IC 741 Bipolar operational amplifier: The IC 741 produced
since 1966 by several manufactures is a widely used general

- purpose operational amplifier. Figure shows that equivalent
~ circuit of the 741 op-amp, divided into various individual

stages. The op-amp circuit consists of three stages.
The input differential amplifier ‘

The gain stage .

The output stage. -

A bias circuit is used to establish the bias current for whole
of the circuit in the IC. The op-amp is supplied with positive
and négative 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 Q1 and Q,, and resistor R5. The

. -Widlar current source formed by Q,, Q,, and R4 provide

bias current for the differential amplifier stage at the

- collector of Q4. Transistors Qg and Qg form another

current mirror providing bias current for the differential
amplifier. e :

Inputstage: The input differential amplifier stage consists

- -of transistors Q, through Q, with biasing provided by Qg
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I through Qyp. The transistor Q; and @, form emiltr = rpresert Jow frequency model with capyg; qu
followers contributing to high differcntial input resislances yariation of the 10 %;%
& Ay \t’hosc obiput currents are fnputs 0 the common bas¢ the ouitfs:c RS s one i
k amplifier using Q, and Q; which offers a large voltage Ther? voliage gdin of an 0p-amp with only o '
gain. Th tanisors Q, Q nd Q el Wil Fes10® ki ptained from above fig. f1 is theco'%
R1, R2 and R3 from the active load for input stage- The frequency 15 0 3 dB frequeniey oftheg : co%
shglocmodloupis sl g/ ie 0 oA f’:q“?;?c‘:nt:;::i angle of the open loop vzlimp '
:;Zts\;:c:l:ll terminals in the input stage facihta.tc the null lfl; f:ﬁcquency can bi:,written & me nogfie, ngda:h :*;
| Gan g The Seond o the g S8 S0 . mglf;ChM:'cctcrfljchsf {he magnitude of the gain
| transistors Q; and Q7 with Q¢ acting & 20 emiter— 1. Forfreqt® y 529 o
follower forachieving high input resistanice: The transistor AOLndb. i B ity
Qy; operates in common emifter configuration with its 2 i ﬁ-equf 4 This frequency f1 s calied com Edcvaﬂe
collector voltage applied as input to the output st2ge. of AOLIn db. = el? T, N frequ%
Output stage:The output stage is a class AB, ci;c'uit 3is For f>> 1 thefain0/-0 4 B/d“adem:
consisting of complementary emitter follower fransistor . 6dB/decade.
pair Q4 and Qy. Hence, they provide an effective loss S
output resistance and curren! gain. B LRy
QI4. Describe AC and DC characteij_stics of Oprerational g . 3
Amplifier. ioeidy S TN S
Ans. For small signal sinusoidal (AC) application_'onq has to FUSER B
Kknow the 7c characteristics such as frequency response | 1,: Sy
and slew-rute. ' x: : = gt .
AC characteristics : ' Fig. Frequency responce of op amp
f " From e phase characteristics that the phase angl g "

1, Frequency Response: The variation in operating frequency
? will cause variat.» nsin o™n magnitude andits phasé angle.
'\‘--., The manner in whicl - . -uin of the op-amp fesponfds_to E
 different frequencies is called_ the ffeguenc}’ responses
,Op-ampshouldha'y‘ganinﬁnitebandwmthBw='s(i.e.) if o
its open loop gain.in 90dB with de signal its gain should -
v IB through audio arid onto high rad_ib

remain the \7‘1':‘ : i i
frequency. - = 1p gain decreases (roll-off) at higher
5

frequency what reasons to décrease gain after a ct

.
4

frequency reached. =

- Fig. Equivale:tcircﬁitfdr practical circuit e
There must be a capacitive cdmponent in the ;eqﬁivaleﬁt S
-circuit of the op-amp. For an op-amp with only one break - i
. (corner) frequency all the capacitors effects canbe

"4t fequency £= 0. At the comer fiequency fl e

" “frequency and infinite frequiency is one decade ahoy ty

fan -
T —Openloup T
oo b

pincdar lmegratcd e /
Ity

' i . 8
dbya singlc E’npacltorC. Below figis ny ‘q,‘

éh'glefis' j~45° (lagging and an infinite frequency the Dy
angle is—90 . It shows that a maxirmum of0 phass cha

can occurin an op-amp With 2 single capacitor (. A

frequency is- taken-as the decade below the Comg

- comer frequency. - -
N R >
N Wiliecalo
I - -
)
EN
: ]Ir 3 s ‘Z—__—,-#Eldﬂfdmdg
=] EeANRr
| . |
15 =] i
- 3E=)
: S !l s 7; =gt = deBlﬂmJ, i
" " RS \ g : -\
Tk WK R fo- k=
e S Frequeny (HZ)

o -Fig._Ronaffra'tg b'fop_a,r‘hb/gain

DC Charhftérﬁtic_s of op-amp:Current istaken from :




-nshan
p Prokest

Lincar Integrated Circulls

il . i e —————
A _ource into the op-amp inputs respong diffe

, rently to
current andvoltage due to mismagel, in lrﬂnslslor DC
output voltages are,

[nput bias current Input offset curreny

Tput offsct voltage Thermal drig

tnput bias current:: The op-amp's {npyt { differential
amplificr, whichmay be made of BT or FET,

Inan idcal op-amp, we assumed that no current is drawn

from the input terminals the base currents entering into
the inverting and non-inverting terminals (IB- & IB+
respectively).Even though both the transistors are
identical, 1B- and IB+are not exactly cqu

alduc to internal
imbalance between the two inputs, Manufactu

p rers specify
the input bias current Iy :
: Re ;
——AMAA—
11‘
\". — + X
o—t : In®
In* S -
LeutDlas Current g‘:'m“‘::‘h“ﬁ-lr“ﬂ'h-

-

Ig +15
Ip= g

Ifinput voltage Vi=0V. Thé 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 1M feedback resistor.

Vo=500nAX IM=500mV
- The output is driven to 500mV with zero input, because of
the bias currents. =, - S
In application where the signal levels are measured in

Current 1D+ flowing through the compensating resistor
Reomp, then by KVL we get,
Iy +0+V2-Vo =0(or)
Vo= V2-V, ———(1)
By sclecting proper valuc of Rcomp, V2 can be cancelled
with V, and the Vo =0, The value of Rcomp is derived as
V,=IB+Rcomp  (or)
IB+ = V, /Rcomp @
The node *a’ is at voltage (-V ). Because the voltage at
the non-inverting input terminal is (-V/;). So with Vi= Owe
get, 1,=V,/R, €))
I, =V, Rf —@
For compensation, Vo should equal to zero (Vo =0, Vi=0)-
i.c. from equation (3) V, =V .Sothat,
I, = V,RfE—>(5)
KCL atnode ‘a’ gives,
IB- =L, +1,=(V,/Rf)+ (V|/R)
=V,R;+RO/RRf ®)
Assume 1B —= IB+ and using equation (2) & (5) we get
vl (RI +Rf) /RR¢ = vl. /Rcomp
R R, |IRf

©®

comp

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

resistor, Recomp should be equal to the parallel combination

‘of resistor R, and Rf.

- Input offset current:

> -

mV, this is totally unacceptable. This can be compensated -

by a compensation resistor Rcomp has been added

: -’bfegweE_riq the non-inverting input terminal and ground as

shan'inihéﬁéufebe!ow._ =S

“™®  Bias Current
Compensation

»  Biascurrent 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 betweAe'n IB+and IB-

. This difference is called the offset current

" |los|= IB+- IB ' —(7)
Offset current [os for BJT op-amp is 200nA and for FET
op-amp is lOpA. Even with bias current compensation, -
offset current will produce an output voltage when Vi=0.

| VIR e 8)
'_ And 2 ll = V]/R] e I S A T e (9) :
KCL atnode a gives,

L=p-1))=1Ip -[IE
Again - Vy=I2Rf-V,- X
V, =12 Rf-IB+Rcomp -
Vo=1MOx200nA
V,=200mV with Vi=0
Eq. (9) the offset current can be minimized by keeping

Rcom;;
R
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feedback resistance small,
. Unfortunately to obtain high inputimpedance, R1 must be
| kept large.
. R, large, the feedback resistor Rfmust also be high. Soas
to obtain reasonable gain.
The T-feedback network is a good solution. This will allow
large feedback resistance, while keeping the resistance to

ground low (in dotted line).
The T-nctwork provides a feedback signal as ifthe network

were a single feedback resistor.

By T to [] conversion,

R +2RR,
R

4

Rf=

To design T- network first pick Rt <
R}

R, - 2R,

Input offset voltage: '

In spitc of the usc of the above compensating [ech"ique

s found that the output voltage may still not be -

R, =

it i
d
with zero input voltage. This is due to unayg, dab!

imbalances inside the op-amp and one may have ¢, -
a small voltage at the input terminal to make outpy, Vo
0. This voltage is called input offset voltage Vos, Thls,
the voltage required to be applied at the input for "'lak,
output voltage to zero (Vo=0).

V=0V
Equivaland eirexit for Vi= 0V
- Hgld)

_& : 5 Fig.

Let us determine the Vos on the output of inverting and non-mvertmo ampllﬁer Ifvi= 0 (Fig (b) and (c)) become the same

as in figure (d).

Thermal drift: Bias current, offset current, and offset voltage change'witl; tempeiature A eircuit careﬁﬂly nulled at 25;’C
may not remain. So when the temperature rises to 35°C. This is called drift. Offset current dnﬁ is expressed in nA/C., These
indicate the change in offset for each degree Celsius change in temperature £ ;

QIS5. Describe Slew Rate and its reasons.. s

Ans. Slew rate is the maximum rate of change of output voltage with respect to time. Specified in V/ps.
Reason for Slew rate: There is usually a capac:tor within 0, outside an op-amp oscillation. It is this capacxtor 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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To design T- network first pick Rt <<Rf/2 an(J~Cak“1 -
(]
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feedback resistance small.
Unfortunately to obtain high input impedance, R1 must be R,z
Ry=7—"75
kept large. R, - 2R,
. R, large, the feedback resistor Rf must also be high. So as Input offset voltage:

In spite of the use of the above compensating technig,,
1

it is found that the output voltage may still not p,

rr,

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

large t;:dba(c-k ;cs:l;urc.)\\hllc keeping the resistance to with zero Input voltage. This is duc o unay, by
ground 1ow (in dotted line). e T —— h
. The T-network provides a feedback signal as if the network imbalances inside the op-amp Y havey, by
were a single feedback resistor a small voltage at the input terminal to make output (v, ,
. 0. This voltage is called input offset voltage Vo, Th1 ”
By T to [] conversion, the voltage required to be applied at the input for My,
2 ut voltage to zero (Vo =0).
R, - R!+2RR, outp g
R,
Ry
( . R
| ' b —o v,
-+
= s o

’ T Vi NemDrverting dmp Hiler
Input Offzat Veliage N I-:;;o-) !

Vo= [l‘i'R"RlJvﬂ

Vi=0V _
J; ) _-L_ Equivalent eirexdt for Vi = 0V

~ He(d)

\ : Fig
Let us determine the Vos on the output of inverting and non-invertjng amplifier. If Vi= 0 (Fig (b) and (c)) become the same

as in figure (d). :
Thermal drift: Bias current, offset current, and oﬁ'set voltage change with temperature. A circuit carcﬁxlly 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 nA/°C. These

indicate the change in offset for each degree Celsius changc in temperature.
Q15. Describe Slew Rate and its reasons..

Ans. Slew rate is the maximum rate of change of output voltage with respect to time. Specified in V/ps.
Reason for Slew rate: There is usually a 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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=¥m

DAAT
(i “"/’“t

rﬂshﬂn
o PraK

~> Maximum amount fumigheq by the o
cnpncitor (of Op—arup should haye the cither y lugj:)c amp 1o
of small compensaling capacitorg For 741 1¢ it mr Current
internal capacitor charging curren is limited 1o abo s
gotheslewrateof 7411Cis SR = dVe ut 15pA,

[dt|max =1
a sinc wave input, the effect of slew 1z max /C For

13

wave.

1f Vs =Vm Sinwt then output Vo = V

m sinwt , Th
change of output is given by dVoy d e rate of

=Vm w coswt,

f

= Fig. circuit diag',ram

/
\I'
th Wavefome

Voa=V:

— ()

: 'I‘he max rate of change of output across when coswt=1-
: (1 €)- SR dvo/dt | max=wVm.

SR =2fVmV/s =2fVm v/ms.

- Thus the maximum frequency fmax at whichundistorted

output volt of peak value Vr is given by fmax (Hz) = Slew-

rate/6.28 * Vm called the full powerresponse. It is maximum
-‘frequency ofa large amplitude sme wave with which

~~qte.

'og—amp can have without distortion. ~
-E xplam Open -loop op-amp Conﬁguratlon 2

Ans. Theterm open-loop mdlcates that no feedback in any form

is fed fo the input from the output ‘When connected in

open — loop the op-amp- functlons as a very high gain
amplifier. There are three open —

op-amp namely,

1. Differential amplifier

2. Inverting amplifier

3. Non-inverting amplifier

loop configurations of

The above classification is made based on the number of

o
\

Linear [ntegrated Circuits

inputs used ang the terminal to 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 Laop Dll‘l‘erenllall\mpllner In this configuration, the

inputs are applied to both the inverting and the non-
inverting | Input terminals of the op-amp and it amplifies the
difference 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=AV -V
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 differential amplifier. In open

loop configurations, the large signal voltage gain A is
also called open-loop gain A.

Open - loop Differential Amplifier

. Inverting amplifier : 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 of an open—loop inverting
amplifier. The output voltage is 180° out of phase witl
respect to the input and hence, the output voltage Vi
gwen by, V= -AV,. Thus, in an inverting amphﬁer, th

input signal is amphﬁed by the open-loop gmn Aand i

b phase shifted by 180°.

)

I




Vi l
— \ -
< ]
-
' =R ' = R
] | -—

L l B 1 _]—
‘_m ‘. ' L -:
source ! Ll |

' J

-
—_—
—

Open - loop Inverting Amplifier

3. Non-inverting Amplificr : Figurc 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
input signal is amplified by the open —loop gain A and the
output is in-phase with input signal. Vi, =AV;

va |
Siznz!
spTace

Open - loop Non- Inverting
Amplifier

In 21 the 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
chzrecteristics of op-amp shown in figure. 2

= '
degenerative feedback. Conversely, if the feedbac) " \
is in phase with that at the input, then the feedh, km
referred to as positive feedback or fcgcne,“
feedback.An op —amp that uses feedback is called 5 tlog
— loop amplifier. The most commonly used closeq _ I
amplifier configurations are :
1. Inverting amplifier (Voltage shunt amphrcr)
2. Non- Inverting amplifier (Voltage — series Amp“ﬁm
Inverting Amplifier: The inverting amplifier is 5"'0wn
figure and its alternate circuit arrangement is Shown
figure, with the circuit redrawn in a different way to '”“SUBte
how the voltage shunt feedback is achieved. The inpyy
signal drives the inverting input of the op —amp throygy
resistor R1. The op —amp has an open — loop gain of =
that the output signal is much larger than the error voltag,
Because of the phase inversion, the output signal is 130':;
out — of — phase with the input signal. This means tha; the
feedback signal opposes the input signal and the feedbacy
Is negative or degenerative.
Practical Inverting amplifier : The practical invening
amplifier has finite value of input resistance and inpy,
current, its open voltage gain A is less than infinity anq
its output resistance R, is not Zero, as dgainst the jdey
inverting amplifier with ﬂqite input resistance, infinite opep
—loop voltage galn and zero output resistance respectively,
Figure shows the low frequency equivalent circuit mode]
of a practical Inverting amplifier. This circuit can pe
simplified using the Thevenin‘s equivalent circuit showy
in figure. The signal source Vi and the resistors R, and Rj
are replaced by their Thevenin‘s equivalent values. The
closed — loop galn AV and the input impedance Rif are
calculated as follows.The input impedance of the op- amp
is normally much larger than the input résistance R,
Therefore, we can assume Veq =~'Vi andReq =R, .From
the figure -

l',p

Vo =IRO=AV;,
ld=IRf=Av
Vo =IRg=AVyy

Substituting the 0 value fof I derived :ﬁ'om above eqn. and

Q17. Explain Closed —loop op-amp configuration.

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. Ifthe signal feedback
is out- of-phase by 1800 with respect to the input, then the
feedback is referred to as negative feedback or

obtaining the closed loop gain. It can be observed from
above eqn. that when A>> 1, R is negligibly small and the
product AR >> R,y +R, the closed loop gain is given by

Av=—R¢ /R
Which as the same form as given in above eqn for an ideal




Fig: Equivalent Circuit of a Practical Inverting
Input Resistance:

Ry = Via /Tt =Re+Re)/(1+4)

Amplifier

Rf
AR
R, | :
—— A\ — :
—— vu -'-.
b v = L I
a "V 2 R, l
+
— T
A =
| R A bk ]
R.r i R,

Fig Equivalent c:rcmt to determine R

Figure shows the equwalent circuit to determine Rof The

output impedance R ; without the load resistance factor

R, is calculated from the open circuit output voltage V
and the short circuit output current Igc.

Ro(R +Ry)

' Ry+R +R;

Ry = RA
1y—1

: R0+R1+Rf

Linear Integrated Clreults

Non ~Inverting Amplifier : The non — inverting Amplifier
with negative feedback is shown in figure. The input algnal
drives the non — inverting Input of op-amp. The op-amp
provides an internal gain A. The external resistors nnd
Rf form the feedback voltage divider circuit wlth an
attenuation factor of B. Since the feedback voltage i1 at
the inverting input, it opposes the input voltage at the
non - inverting input terminals, and hence the feedback i3
negative or degenerative, The differential voltage Vigat
the input of the op-amp is zero, because node A i3 at the
same voltage as that of the non- inverting input terminal.

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

R R

1 --d
— AN mt A A Al
—_— —_—
N
i v T p—-0
S e
— +
vll

-+
-+
Vo R,

Closed Loop Non — Inverting Amplifier : The input
resistance of the 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
of a non- inverting amplifier using the low frequency model

is shown below in figure. Using Kirchhoff’s current law at
" node a, : '

Ry
‘R
) l a Ry :
‘v r - >
Vi-wviad it +
A\."ﬂ
-+ =i \'.
Vi
= Equivalent Cucuit of A non - inveitung

Asaplifier neing low fiequency
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OBJECTIVE QUESTIONSAND ANSWERS

1. ~A Differential Amplificr should have collector resistor’s

[ Aditya Prakashan
|

l; value (RC1 & RC2) as

f A. 5kQ, 5k B. 500, 10kQ2

i C.50, 5k D. k0, 10k
Answer: a

2 ADu.crential Amplificr amplifics
A. Input signal with higher voltage
B. Input voltage with smaller voltage
C. Sum of the input voltage

D. None of the Mentioned

Answer: D
i
3. The value of emitter resistance in Emitter Biased circuit

are RE1=25k2 & RE2=16k2. Find RE

A.9.756k B.41KQ
C.9.723kQ D. 1022

: Answer: A
4 4. If output is measured between two
{ transistors, then the Differential amplifier with two mput

- signal is said to be confi gured as
D A. Dual Input Balanced Output
B. Dual Input Unbalanced Output
C. Single Input Balanced Output
D. Dual Input Unbalunced Output

Answer: A
5 A dlfferentlal amplifier is capable of amphfymg

A.DC mput signal only
B. AC input signal only
C.AC & DC input sigr‘m’l'
D. None of the Mentioned
Answer: C ‘
6. Inideal Differential Ampllf' er, if same- sxgnal is givento
both inputs, then output will be
A. Same as input B. Double the input
C. Not equal to zero D. Zero

Answer: D
7. Anemitter bias Dual Input Balanced Output differential

amplifier has VCC=20v, p=100, VBE=0.7v, RE=I. 3k, Find

collectors of

IE
A.742mA - B.9.8mA
C.10mA D.8.6mA

< 10, Obtamthe collec

| Answer B
" 11. For the circuit shown below, determine the Output Voltag,

Answer: A
L 077, VCC= 10v, VBE:O'J-’V;,

g FindIC,given VCE~
RC=2.4kf2in Dual Input palanced Output dirrcrcn:n
il

amplifier

A.0.4mA B.0AA
C.AmA D.4A
Answer: C

9. TFindthe correct match

Configuration Voltage gain g

Input resistanc,

Single Input Unbalanced Output i-Aq=Relre, R, R,

..23."

2, Dual InputBalanccd Output * ii. Ad=Rc/2re +Ril Rjp

=g,
3. Single InputBalanccd Output iii. .Ag=Rc/re Ri=23 ;;R,_
Dual Input Unbalanced Outputiv. Ag =Rc/2re JRi=2 L8

AL 10, 2-iii, 3-iv, 441
B 1-iv, 2-ii, 34, 4
C. 1-ii, 2-iv; 31, 4-iii -
D. 1iit, 2-i, 3-i, 4-iv

Answer D :

tor voltage, for collector resistor (R
=5.6kQ), [E=1.664mA and VCC=10v for single i input

“unbalanced output differential amplifier

- B.0.682v

D None of the mentioneg

¥

A.0.987v
C.0.555v

(As:ume B=5, dxﬁ'erentlal input resistance=12 kQ)

A.433v © B.233v
"C.3.33v : D.1.33v _
Answer: C '

12.Ina Single Input Ba]anced Output Dxfferentaal amplifier,
given VCC=15v, RE=3.9kQ, VCE=2.4 v and re=2500).

Determine Voltage gain .

A.26 B.56
€38 D.61
Answer: A

13. The process mvolved in photol:thography is
) Makmg ofa photographlc mask only
b) Photo etching




\ / S0 Jkasha? '
‘d B h p|10‘° ctChlng and makmg °fphot . 17
7 ¢)

N

sof the mcntloncd

N,gw wl" be the initial artwork donc foranorm 1

i oW s maller than the final dlmens|0n of chip C?
s oo 05 that of final dimension ofclnp
o LaTEeT than the final dimensjop, of chip
)Nonc of the mcntioncd

s“'cr :
pind the area of artwork done for a
area 30mil x 30mil.

A monolithjc chip of

b)60 cm x 60 ¢y
¢y12emx 12 cm. 'd)36cm><36cm

Ans\'c’er d y

16, Mylar coated with a sheet of red photographic Mylar is
used for artwork (layout) becau :

a) Itis used to get a colourfu] Iayout

b) It can be easily peeled off from layout

c) It is recommended colour for layouts

d) It is used for hxghllghtmg Iayout

Answer: b :
17. Find the coating material used for
along with its thickness range,

a) Kodak photoresist (5000-10000A)
b) Kodak photoresxst (1000- -50004) -

c) Kodak photo etchant (1000-5000 A)

d) Kodak photo etchant (500-1000 A)

photo etoh'ing process

Answer: a

z

18. - Which type of etchmg process is preferred to make the
photoresmt unmune to etchants? _

a) None of the mentloned

b) Wet ctchmg

Linear Integrated Circuits

¢) Plasma ctching

d) Chemical ctching
Answer; ¢

19. Which of the Ipllowing statement is not true?
a) X-ray and Electron beam lithography technique,
produce device dimensions down to submicron range.

b) Ultraviolet lithography has limitation due to
diffraction cffects of wavelength, -

¢) The cost of X-ray or Electron beam is less compared

to Ultraviolet photolithography.

d) The exposure time is less jn Ultraviolet compared to
X-ray or Electron beam lithography.
Answer: ¢.

20. For photographic purpose usually coordmatogmph is
preferred for artwork because,

a) Itis a precision drafting machine .
b) Cutting head can be positioned accurately

_ €) It can be moved along two perpendicular axes
~d) All of the mentioned
Answer d

21. Which of the following is added as an 1mpunty to p-type
~ material in diffusion process?
a) Phosphorous pentaoxide (P505)
b) Phosphorous oxychloride (POcl3)
‘c) Boron oxide (B 203)
d) None of the menuoned

A

Answer c

22. Inthe fabrication of monolithic ICs, Boron chloride is

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

~-a) 1 hour b) 2 hoi]rs
¢) 45 minutes - d) 30 minutes :
Answer: b

(=1
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APPLICATIONS OF OPERATIONAL
AMPLIF IERS

—

QUESTIONS AND ANSVVERS
Q1. Explain the terms
. 1. Sign Changer (Phase Inverter).
2. Scale Changer.
3. Phase Shift Circuits,
4. Voltage Follower.
1.  Sign Changer (Phase Inverter) :

b= 2y == 2 i
Vio—{ 34 {C3—

.If the 1mpedance Z, and Z;are equal in magmtude°
phase, then the closed loop voltage gain is -1, and the

input signal wﬂl undergo a 180 phase shift at the output i
Hence, such circuit is also called phase inverter. If two -

The basic inverting amplifier confi guratlon usmg anop-
amp w1th input impedance Z 1 and feedback nnpedance Zf"

3.

such amplifiers are connected j in cascade then the output: - -

from. the second stage is the same as the input signal
Wwithout any change of sign. Hence, the outputs from the

two stages are equal In magnitude but opposnte in phase -

and such a system is an excellent paraphase amphﬁer

2.‘ Scale Changer Op-Amp functions as a scale changer
through smali s1guals with constant-gain in both mvertmg
and non-inverting amplifi ers ;

5 Ry is then oormected from output to the i Inverting ; inp
i The closed loop gainof’ the inverting ampl ifier works baseg

Amp acts asa negatlve scaler when 1t multiplies the ; inpy

: . by a negative constant factor
. While in- need for an output that Is equal to inpuy g,

: ,' gettmg mulnphed by a posmve constant the positive scale,
: ctrcmt is used by applymg negatlve feedback

Phase Shlfter cxrcuxt e
; —-—v\‘t

Non-mvenmg termmal lS grounded whereas R | link
mput signal v; to the mvertmg input. A feedback Tesig,

on the ratto ofthe two extemal resistors R, and Reang

Op-Amp 1s used for direct couplmg procedure and soDC
' voltage level at the emitter termmal mcreases from phase
“to phase, This rapldly Increasing DC level is Ilkely to shift
the operating point of the upcommg stages Thus to move




/

Q2

i _Voltage (I- to- V) converters.
Ans.Voltage to Current Converter :*

/s
A 1o

han L
prokas 19 d Circuits

) ¢ ' . Integrate
creasing voltage s ‘ Lincar Integre - ——
i hase shifter o (i phae shifter is applied to the non-inverting terminal and the output 13
led.The P erperforms by adding a De voltage - ne e edusing

vl 10 the output of fall stage 1o pa
round level. ‘
voltage Follower : IFR =8 and R =0 jn the nop, inverting

Jmplifier configuration. The amplifier act g a unity-gain
gmplifier or voltage follower,

ss the output to a

Voltage Follower

The circuit consists of an op -amp and a.v\'zire connecting
the output voltage to the input, i.c. the outpui voltagev is
equal to the input voltage, both in magnitude and phase.

- V0 =Vi.Since the output vbltagq of the circuit follows the

input voltage, the circuit is called voltage follower, It offers
very high input impedance of the order of M and jvery low
output impedance. Therefore, this circuit draws negligible
current from the source. Thus, the voltage follower can be
used as a buffer between a high impedance source and a

feedback to the inverting terminal. It is also ground
aresistor,

Current to Voltage Converter

- output voltage is proportional to the input

Vout

Op;amp can be used as a current to voltage converter
using a very simple circuit as shown above. Al].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
t 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. :
Q3. Explain the Op Amp application as a :-

1. Adder

2.Subtractor

low impedance lbad for impedance matching applications. i
Explain Voltage to Current (V- to - I) and Current to

. LOAD

o \v;._‘n s

VI 4

voltage to current conversions. Below you can see the

‘An op-amp with a negative feedback is generally uée_d for

circuit diagram. We are not going into the dé_tails_.here, just .’
we will discuss the circuit given below. The voltage is -

3, Instrumentation amplifier

4, Integrator
. '5.Differentiator

6. Logarithmic amplifier

7. Antilogarithmic amplifier .
. 8.- Comparators »

9. Schmitt trigger

"10.. Precision rectifier

© 11. Peak detector :

Adder : Op-amp may be u'lsreyd to dgsig’n a circuit whose

_output is the sum of several input signals.Sucha ircuit is -

called a summing amplifier or a summer.or adder. An
inverting summer or a non-inverting summer may be

. disoussed now.
. Inverting Summing Amplifier:
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Ry -—'v&'nr-——'
V) 0—AWW—
vy o i
2 ¥ n bl o v.

\’.) G-’V&"\'— +

Reowps Ril| Ral[RY|RS

gCS Vl’
dback
sis is

A typical summing amplificr with threc input volta
V, and V, three input resistors R, Ry, Ry and a fec
resistor Rf is shown in figure .The following analy.
carried out assuming that the op-amp is an ideal onc, AOL=
8.Since the input bias current is assumed to be zero, there
is no voltage drop across the resistor Rcomp and hence
the non-inverting input terminal is at ground potential.
I= V,/R;+V,/R,....+Vn/Rn; '
Vo =—RfI=Rf/R(V,+V,+...V0).
. Tofind Reomp, make all inputs V; =V, =V;=0.
So the effective input resistance Ri =R, || R; [ R3-
Therefore, Rcomp=Ri||Rf=R, ||R, |IR; | R.f.
Non-Inverting Summing Amplifier: '

Ry

——0 Vo

. written as

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. 3

LetR; =R, =Ry =R=R{f/2,then Vo= V; +V,+V;. |
Subtractor : Abasic differential amplifier can beused asa

. subtractor as shown in the above figure. If all resistors are

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

> using superposition principle.

Instrumentation amplifier 7"

Fig 4
t Vo dueto Valone, Make y__
f figure as shown in the abOVezl,\ 0
lifier having input voltage " chmt‘
g input terminal and the outpyt beco i]u.‘t
' m

To find the oufpY
Then the circuit 0
anon-inverting amp

-invertin
non-1ny &

when all resistance,

Vo= iRV = Vi e
circuit. | "
gimilarly the output Vo, due to V, alop, (vt
grouﬂded) Cal;l be Wﬂtten Slmply foran mvening pllr I
: I
as )
Vpp=-V2 :

Thus the output voltage Vo due to both the inp, -
v . . ‘

Vo=Vo1-Va2= Y1~ V2
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Circuit®

LinW

[h::gnl op-2TP A4isRy v /(R‘+ R,). By superposition
(4
peo™

=R,y/RI(VI'=V2);
V1’ =RT+V =R/R(V| =V )+ V1]
v2' =RT+V =R/R(V;-Vy)+V,;
Vo =Rz /RIQR/R (V3= Vi) + (Vy- V)]
=(Ry/RP[(1+2R/R)(V,- V1)
[na number of industrial and consumer applications, onc
s required to measure and control physical quantttlcs
Some typical examples are measurement and control of

. emperature, humidity, light i intensity, water flow etc. these

physncal quantities are usually measured with help of

rransducers. 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 1nstrumentaﬂon amplifier are
High gain accuracy,

High CMRR :

High gain stability with low temperature coefﬁment

Low output impedance

' Apphcatzons of mstrumentatton ampllf ler w:th the .
transducer bridge,

o temperature indicator, - '
0 temperature controller and
o light intensity meter

“Integrator : Op-amp is used as an mtegrator also. The
‘mtegrator op-amp produces an output that i Is proporttonal

to the amplitude of the inpu: signal as well as the duration
of the mput sxgnal Instead of a resistor in the feedback

, ._loop, we have a capacitor. It is able to perform the
:'rnathemattcal operatton of i mtegratlon as the output varies
= fthh the mput and durat'on of the sngnal

an
akosh
) ¢ atf1o¥ owing in resistor Ris1=(V, - V)R andit flow 5, Differentlator :
[ o WR inthe direction shown, Voltage at non- -inverting ,

= Ry/R) Vit Ry R)ORVY IR 4R "-"-"| l

i

‘the input voltage. We are not goin

~ Antilogarithmic- amplifier
logarithmically encoded signal to real signals. Transistor -

R
AN

Vout

i or where the output is
ignal. The following

the input signal and

Op-amp canbeusedas a differentiat
the first derivative of the input si
equation gives the relation between
the output signal.

. LAV
VOUT -'—— —RFCT

jvative of
As you can see the output voltage is 2 first denvatwe' _
g into how the equation

amp as
is derived but only learning about the use of an op emp

a differentiator.

2 L‘ogarithmicampliﬁer: :

The loganthm1c amphﬁerusmg op-amp is made by usinga

diode instead of a resistance in the feedback loop. The

non—mvertmg terminal is grounded and the input voltage

~is fed to the inverting terminal. ‘The output voltage is

proporttonal to the logarithm of the input voltage and
‘hence canbe used as a logartthmrc amplifier.

Vo E(LR) .
A DR A )

LRt

: A circuit to convert

in inverting input converts input voltage into
logarithmically varying currents.

la
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-+,

Vi

L.
=l =0, i )de =Rhe)

The circult s shown fn figure below, The input Vi for the
into the temperalur compensating

vollage divider Ry and RTC and then to the base of Q.
~ Theoutput of Ay s fed backtoR atthe inverting inputof
? op amp Ay, The non- inverting inputs ar¢ grounded

___y_ﬂ g
Pk
——\[E“; |

antilog-amp is fed i

Ry

K ,
Ve =—ln[—VL-} and Vygg ‘E[ZE'}
q

and VA :"Vlllﬁ and Vﬂ =Rfc/(R2+Rm)V,‘

- HV‘

kT I
TR Al f
-~an'Vzn;:‘ch’(R2*RlC)' ql“ip"\ R/

Voo
0l
<|I’» Iy
)

VO)E=V/( .Mm
Therefore,

P m_h{

q Rll R +RTC q Rl

Rearranging, We 8¢t

We know thatlogwx=0.4343 Inx.
Therefore,

R
-04343 (”C——)V‘ 046 L
R2+R,C 7

K=o.4343(i) he |
KT\ Ry + Ry

7,2 VRlO-ki"
The gutput Vo pf the antilog; amp s fed back to he
inverting input of A1 through the resistor RL. Hence oy
increase ofinputby one vol causes the o
tputtode
byadecade, i
8, Comparators : A comparator comparesa éignal voltageo
: A o 5)
one input of an op-amp with a known voltage called
reference voltage on the other input. Comparators are g
In circuits such as, |
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L .
pigital Interfacing
piccriminator

Schm“' Trlggcr
voltage level detector and oscillators

; L inverting Comparator:
i l‘ .

D, *_ *D;

negative terminal and time varying signal voltage Vi, is
applicd to the positive terminal. When V, is less than Vref
the output becomes Vgat =V, .,

{vin e vrcl’ . vn(_vsm)]'
When V,_ is greater than V., the (+) input becomes
positive, the VO goces to +Vsat.

[vln - vrcf = V0(+Vm)].
Thus the V, changes from onc saturation level to
another. The diodes D and D, protect the op-amp from
damage duc to the excessive input voltage V;,. Because of
these diodes, the difference 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 Dy and D,. To reduce offset problems, a
resistance Rcomp = R is connected between the (-ve) input

A fixed reference voltage V, ¢ of 1 V is applied to the and V, .
rc
i YV
".V"f=+vo v \
w L. H If v ==V,
Vo mlv e e e e \ oy W
o ! } ! 2
AN NG D NN
-V, -!—-—_r—- | | N e Gl L Wy
i roo v N1 N
coo D ovsv ! s ! a1 ‘
] n - 1
+v_ |1 e "'K e +V, AT N '
L' i o
: (4
..V_ v
LN '\\ T T - ;
k Vi< Ve ' \V <V )
n i
merting Comparator; -

”' T SE
WESy, “'* *D:

Y.
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' f 1eler.
dexired nmp!itudr nnd [‘01"1'"_\' can be got by simply "‘U“-‘“"ﬂ the 10K Pmm“n"

—

ALY

£t

Vol = |V

Y

LAY

[4)

Vst

I Vyef = 1V

Nam

i

1 Vil ==\

N

+'int

' __U_:‘,\./

-— e —

-]

\

9.  Schmitt trigger : This circuit converts an irregular shaped waveform to a square wave or pulsc. The circuit is knoyy Y
Schmitt Trigger or squaring circuit. The input voltage Vin triggers (changes the state of) the o/p Vi every time it exce,

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

These threshold voltages are obtained by using the voltage divider R - R,, where the voltage across R is feedback to i,
(+) input. The voltage across R,is variable reference threshold voltage that depends on the value of the output voltagy

When Vy =+V, the voltage across R, is called upper threshold voltagc Vut.
0 sat | P

+Vy,
—0
v,
Vi
T 5
1

The input voltzge Vin must be more positive than Vyin

order 1o cause the output V,, to switch from +V

sat

to-V

sat

using voltage divider rule, Voltage at (+) input terminal is
Vur = Vi * Ry(Vew - ren)/ (Ry+ Ry)

VWhen v, = -
Hyseriswidth VH =V ;1 = Vi1 =2R) (V,,))/ (R;+ R,)
When Vi, =~V the voltage across R is called lower »
threshold voltage V,, the V;, must be more negative than

when V= +Voi

(d)

V), inorderto cause Vn to swntch from- V.

Vs .
— : V”;
(b) 0 : Vnﬂ" ]
’ ,' Vis
Vg . !,
Veas X : M "'Vsut
Ve
0 it T
-1 1V
@ L vy
o~ let d
e,
by M SRR S
Ver]| Vet [Vir

Vm > V" y VO Isat "V
Voltage at (+) tcnnlnal is

Vir=Veer = Ry (Vg + Vi) / R+ Ry),
Ifthe threshold voltages Vut and Vit are made larger than

the input noise voltages, the positive feedback will

climinate the false o/p transitions,

Also the positive feedback, because of its regencrative
action, will make V,, switch faster between +Vgq and -

A%

to+V._,.for

sal*

A& 5 |
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Vear

&

Resistance Reomp=R, || R, is used to minimize the offsct
problcms.

The comparator with positive feedback is said to exhibit
hysteresis, a dead band condition. (i.¢) when the input of
the comparator exceeds Vut its output switches from Veu
to =V, and reverts to its original state, +V, when the

input gocs below V1. The hysteresis voltage is equal to
the diffcrence between V, and Vy,- Therefore
VE=Vu =V

IfVir=0, Vy = —VLT=2Ry(V_)/ (R;*R,)

i)

(e}

Precision rectifier : The ordinary diodes cannot rectify
voltages below the cut-in -voltage of the diode. A circuit
which can act as an ideal diode or precision signal —
processing rectifier circuit for rectifying volltages 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

op-amp.
| |
Vy
Re

Precision diode

Linear Integrated Circuits
1o\ _
v — gy
Thstse :
()
— 1l00mV ]
R4
Yoy 1 4 . LAl
L] L]
100in\" — L] 1
I p.orr !
D- O 1
o'V {— - | I
e 3
° e
w5
I1. Peakdetector :
e P

The circuit above shows the use of op-amp as a peak
detector. The circuit uses a diode and a capacitor. When
Vout is more than Vin, the output is positive and the diode
~ conducts. Whereas when Vout is less than Vin, the diode
is reversed biased and does not conduct. The capacitor
charges to the most positive value.
Q4. Explain Clipper and clipper using Operational Amplifier. @y
Ans. Positive Clipper : circuit that removes positive parts of 1%
the input signal can be formed by using an op-amp with a
rectifier diode. T he clipping level is determined by the i
reference voltage Vref, which should less than the i/p range
of the op-amp (Vref < Vin). The Output voltage has the it
portions of the positive half cycles above Vref clipped off.
The circuit works as follows: During the positive half
cycle of the input, the diode D1 conducts only until Vin=
Vref. This happens becausc when Vin <Vref, the output
volts VO of the op-amp becomes negative to device DI
into conduction when D1 conducts it closes feedback loop '
and op-amp operates as a voltage follower. (i.e.) Output 1
V0 follows input until Vin = Vref, When Vin > Vref=> the \
V0 becomes +ve to derive D1 into off.
The op-amp alternates between open loop (off) and closed
loop operation as the D is tummed ofTand on respectively.

L=
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Fon _1h|=. renson the ap-nmp used muet be high epeed and
prefernbly compensnted for unity gain.

v.I L o
- V.
R
10K
+
vo(\,
- 10K
V=1V
$11
VoW | of = =y — - — - ———
o = H
- ! i
! : ()
P
! 1
r : L}
b :
t"t‘ : ! —— Dlamw
= e
Veuf=1V
o —
\/‘E':.s

Negative Clipper: The positive clipper is converted into a
—ve clipper by simply reversing diode D1 and changing
the polarity of Vref voltage. The negative clipper clips ofT
the —ve parts of the input signal below the reference
voltzpe. Diode DI conducts -> when Vin > —Vref and
therefore during this period o/p volt VO follows the i/p volt
Vin. The —Ve portion of the output volt below —Vref is
clipped ofTbecause (D1 is off) Vin<-Vref. If-Vrefis changed
10 -Vref by connecting the potentiometer Rp to the +Vee,
the VO below + Vref will be clipped off. The diode DI must
be on for Vin > Vref end ofT for Vin,

1”
Positive and Negative Clampers: In clamper Ciray |
iy
predetermined de level is added to the output vo 5.,
The output is clamped to a desired de level, "

1. I the clamped dc level is +ve, the clamper 5 poi
Wiy

clamper

2. If the clamped dc level is —ve, the clamper i5 ncg“
clamper.

Other equivalent terms used for clamper are de i inserter
restorer. Inverting and Non-Inverting that useg lh
technique.

-~ v &
- ‘.‘: @ f— —a
\/—‘ L

\h(':‘\f

Q5. Explain Low Pass Filter Using Op Amp.

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 of a 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 arcas of powecr supplics to the outputs of DAC
(Digital 1o Analog Converters) for climinating alias signals
as well as other applications.
First Order Active LPF Circuit using Op-Amp : The'circun
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 feedback resistor,
This circuit has an effect when the frequency increases
for enhancing the feedback level then the capacitor’s
reactive impedance falls,
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Cirey

For thic reazon the op-amp uzed must be high speed and
preferably compensnted for unity gain,

gz

vdI h—_-_-_-.o
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R
10K
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Negative Clipper: The positive clipper is converted into a
—ve clipper by simply reversing diode D1 and changing
the polerity of Vref voltage. The negative clipper clips off -
the —ve pans of the input signal below the reference
voltzge. Diode DI conducts -> when Vin > —Vref and
therefore during this period o/p volt VO follows the i/p volt
Vin. The —Ve portion of the output volt below ~Vref is
clipoed ofTbezause (D1 is off) Vin<Vref, If -Vrelis changed
10 ~Vref by connecting the potentiometer Rp to the +Vee,
the VO below + Vel will be clipped off, The diode D1 must
be on for Vin = Vref and ofT for Yin,

!
Positive and Negative Clampers: In clamper cirey: )
I|[-l

predetermined de level is added to the output voltage (
The output is clamped 1o a desired dc level, b
1. If the clamped dc level is +ve, the clamper jg -

clamper
2. If the clamped dc level is —ve, the clamper is Negay
i

clamper.
Other equivalent terms used for clamper are dc inser; .
. ) t
restorer. Inverting and Non-Inverting that useg thi
iy

'l
\E

technique.

L1 ny

It

(]

Q5. Explain Low Pass Filter Using Op Amp.
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 of a filter, so the high-performance LPFs are easily
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 to:Analog Converters) for eliminating alias signals
as well as other applications.

First Order Active LPF Circuit using Op-Amp :The circun
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 feedback resistor.
This circuil has an effect when the frequency increases
for enhancing the feedback level then the capacitor’s

reactive impedance falls.
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| o] 1—,
3 ||
A [ i Cl
a2
9 )
[ i _i1 I R1 R2 L—o
o—{—
R1 C1
T C2
Non Inverting o . 0
Confi ati ,
e o g Fig. Second Order Active LPF Circult using Op-Amp
4 F The circuit values calculations are uncomplicated for the
Cl response of Butterworth low pass filter & unity gain.
—{1—9 Significant damping is nccessary for these ;ircuits & the
R2 ratio values of the capacitor and resistor conclude this.
; — e, RI=R2
Rl Cl=C2
f=1- 4pRC2
S J 4p

Inverting Configuration

Fig. First Order Low Pass Filter Using Op Amp
The calculation of this filter can be done by working on
the l:rcqucncy at which the capacitor reactance can cqual
the resistance of the resistor. This can be obtained by
using the following formula.

Xe=1/pfC

Where ‘Xc* is the capacitive reactance in ohms
*p’ is the standard letter and the valuc of this is 3.412
*fis the frequency (Units-Hz)
*C' is the capacitance (Units-Farads)
The in-band gain of these ci:uits can be calculated in a
simple way by eliminating the capacitor’s eficct. As these
types of circuits are helpful to give a reduction within gain
athigh frcquéncics, as well as offers an ultimate speed for
roll-off of 6 dB'for cach octave, which means the ofp
voltage divides for.cach repetition in frequency. So, this

filter

Second Order Active LPF Circuit using Op-Amp:By using
an operational amplifier, itis possible for designing filters
in a wide range with dissimilar gain levels as well as roll-ofT

models, This filter ofTers a bandwidth response ns well as
unity gain, '

kind of filter is namcd as first order or single pole low pass

Q6.

While selecting the values, make sure that the valucs of
the resistor will drop in the region among 10 kilos ohm to
100 kilo-ohms. This is worthwhile as the circuit's o/p

impedance increases by the frequency & outside values
of this scction may change the act,

Define Active High Pass Filter (HPF).

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

the same as for its equivalent RC passive high pass filter
circuit, cxcept this time the circuit has an operational
amplifier or included within its dcsig'n providing
amplification and gain control. 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 filter circuit as shown. ‘

First Order High Pass Filter :

- Non-invechn
Hgh Pass Filler ’I unily :rnplillg _
CI |
. | |
1fa=§jﬁal |
Vi b sRT |
R |
|
l ‘
|
© T —0

lance

AD

xct

|at

e
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Technically, there is no such thing as an active high pass
filter. Unlike Passive High Pass Filters which have an
“infinite" frequency response, the maximum pass band
frequency response of an active high pass filter is limited
by the open-loop characteristics or bandwidth of the
operational amplifier being used, making them appear as if
they are band pass filters with a high frequency cut-ofT
determined by the sclection of op-amp and gain. In the
Opcrational Amplificr tutorial we saw that the maximum
frequency response of an op-amp is limited to the Gain/
Bandwidth product or open loop voltage gain (A V) of the
operational amplificr being used giving it a bandwidth
limitation, where the closcd loop response of the op amp
intersects the open loop responsc.

Sccond-order Active High Pass Filter Circuit

-t

!

Vin

l

oO—

R4
VW

Higher-order high pass actiVL‘.?-lllcl‘S, such as third, fourth,
fifth, etc arc formed simply by cascading together first and
second-order filters. For example, a third order high pass
filter is formed by cascading in serics 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 filters using Opcrational Amplifier.

A

Bawd pass filters : Filters that pass band of frequencies
and attenuates others. Its high cutoff frequency and low
cutoff frequency are related as fH>fL and maximum gain.
at resonant frequency A

fr=v{HfL

Figure of merit Q= fi/ (fH- fL) = fi/B where B= bandwidth.
2 types of filters arc Narrow band pass and wide band
pass filters '

Wide band pass filter :

It is connection of a low pass filter and a high pass filter in
cascade.

The fH of low pass filter and fL of high pass filter are
related as fH> fL '

Lo pagy
rAtcaran Vi
VMVJ ray, Py
} Hmy
— v } [ Taa ¥ PO
o b ( 11 . '4 ]
hpass | —a ~Ja / '
v, lowpest | —» mor“gf ’
n—= Riet ” :
1T~

» OULSTIONS AND ANSWE R«
OBJECTIVE Q WOWERg

I, Adifferential amplifier . covreeereaens .
|. isa part of an Op-amp.
2. has one input and onc output

3. has two outputs

4. answers (1) and (2)

Ans:d : '
2 Whena differential amplifier is operated single-ended,

1. the output is grounded
2. one input is g'rouni:'led and signal is applied to the
other . : g
3. both inputs are connected together
4. the output is not inverted
Ans:2 .
3. Indifferential-mode; ...cueneveranne
1. opposite polarity signals are appli_ed to the inputs
2. the gain is one
3. the outpﬁts are of different amplitudes
4. only one supply voltage is used
Ans:1
4. TInthe common mode,
1. both inputs are grounded. ‘
2. the outputs are connected together
3. an identical signal appears on both the inputs
4. ‘the output signal are in-phase .

Ans:3
5. The common-mode gain s ....... T,
1. very high 2. very low
3. always unity 4. unpredictable

Ans:2
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.........

/;f:mmgainis

Thedi

' . very high 2.very low
;. dependent on input voltage
;LabOUl 100
At
- IfADM= 3500and ACM =0.35,thc CMRR s ........ .
1.1225 2.10,000
3.80dB 4, answers (l)-and (3)
Aps:d

g Withzero volts on both inputs, an OP-amp ideally
<hould have an output

1. equal to the positive supply voltage
2. equal to the negative supplylr voltage
3.equal to zero
4.equalto CMRR

Ans:3

9. Of the values listed, the most realistic value for open-loop
voltage gain of an OP-amp is

------

1.1 : 2.2000
3.20dB ~4.100,000
Ans:4

10. A certain OP-amp has bias currents of 50 ytA. The input
offset currentis.........

1.700nA 2.993 pA
3.497pA 4. nonc of these
Ans:1 '

11. The output of 2 particular Op-amp increases 8V in 12ps,
Theslewrateis....... ! '

2.0.67Vips

3.1.5V/ips

4. none of these
Ans:2

12. Fer zn Op-amp with negative feedback, the output is'

I. equal to the input
2. increased
3. fed back to the inverting input

4. fed back to the noninverting input
Ans:3

13, The use of negative feedback ...
I reduces the voltage pain of an Op-amp
2. makes the Op-amp oscillate
3. makes lincar operation possible
- A answers (1) and (2)
Ans:4
14, Negative feedback ...........
1. increases the input and output impedances
2. increases the input impedance and bandwidth
3. decreases the output impedance and bandwidth
4, does not affect impedance or bandwidth )
Ans:2

1. A certain noninverting amplifier has Ri of 1 kO and Rf of
100 kO. The closed-loop voltage gain is .........

1. 100,000 2.1000
3.101 4,100
Ans:3 ’

" 16. If i feedback resistor in Q15 (above question) is opzn,

the voltage gain .......
1. increases 2. decreases
3. is not affected

Ans: 1

4. depends on Ri

"17. A certain inverting amplifier has a closed-loop voltage

gain of 25. 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-
loop gain........

1. doubles
2.dropsto 12.5
3.remains at 25
4, increases slightly
Ans:3
18. A voltage follower..........
1. has a vollage gain of 1
2. is noninverting
3. has no feedback resistor
4. has all of these
Ans:4’
19. The Op-amp can amplify
1. a.c. signals only
2.d.c. signals only

—
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3. both a.c. and d.c. signals Ans:3 dance 0f @ differential amplifier equgy, .
4. neither d.c. nor a.c. signals 25, The input impe 'y
Ans:3 ”":s“"“ 2.RE
20. The input offsct current cquals the ...... I.RC 4.26
1. differcnce between two base currents 3
. , Ans:4 ; .
2. average of two basc currents 26, A common- .mode signal is applied 0 ....c.....
input '

3. collector current divided by current gain
4. none of these

Ans: |
21. The tail current of a differential amplifier is

1. half of either collector current

2. cqual to cither collector currcnt

3. two times cither collector current

4. equal to the difference in base currents

Ans:3
22. The node voltage at the top of the til re5|stor is closes to

1. collector supply voltage
2.zero

3. emitter supply voltage
4. tail current times base resistance

Ans:2
23. The tail current in a differential amplifier equals .
1. difference between two emitter currents
2.'sum of two emitter currents
3. collector current divided by current gain
4. collector voltage divided by collector resistance

Ans:2

24. The differential voltage gain of a differential amplifier is
equal to RC divided by ....... ,
l.r'e 2.r'efl2
3.2r'e 4.RE

- Aans:l

1. the noninverting
2. the inverting input

3. both iputs .
4, top‘ofthc tail resistor

Ans:3 L
7. The commorl‘mOdB voltage gainis ......... ;

1. smaller than differentail voltage gain
o differential voltage gain

2. equal t
3, greater than differential voltage gain
4. none of the above "

28. The input stage of an Op-amp isusuallya..........

1. differential amplifier
2. class B push-pull amplifier

3. CEamplifier
4, swamped amplifier

Ans: 1]
29, The common-mode volta
is equalto RC divided by ........
2.2r'e

4.2RE

gc‘ gain of a differential amplifier

l.r'e-
3.r'el2

Ans: 4
30. Current cannot flow to ground through

1. a mechanical ground

2. an a.c. ground

3. a virtual ground

4, an ordinary ground )

Ans:3
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ANALOG MULTIPLIER AND PLL

QUESTIONS AND ANSWERS

*--___7
pescribe Analog mul

0k )
k ransistor pairt.

s THE output currents Iy and I, are related to the differential

input voltage V, by

ICl =T:£€‘E_’V? and ,C?. ::;-i-f‘,%-.ﬁ
Tea) |fex
+ Q
Vi :
- &_ 5

)1

where V is thermal voltage and the ba

se currents. have
been neglected. Combining above eqn., difference between

the two output- currents as

Me=Ic—Ic

sedep oo e o

et ___1+e””'-" 15e2/'T

=] tanh (V,/2V7)

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

Slc=lge(V1 f2VT)

The current I isthe bias current for the emitter - coupled

input signal V,, then

tiplier using an Emitter coupled Substituting above eqn.

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

lgg =KO(Vy—Vpp)/2VT
, we get

§1C =KOV, (V5- Vpp)/2Vy

This atrangement is shown in figure. Tt is a simple modulator
circuit constructed using a differcntial amplifier. It can be
used as a multiplier, provided V1 is small and much less
than 50mV and V2 is greater than Vgg (on). But, the

multiplier circuit shown in figure-has several limitations.

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

L

- —— -
=1
(a3
o

1D

e
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‘ hich L =y
The sccond is that V2 must always be posilive “f_'” | e " i
T i 1 = —_ 7
results in only a two-quadrant multiplier operation 1 +e <
! tely as X, |+¢e

third limitation is that, the tanh (X) is approxima
where X =V, /2VT, The first two limitations arc oV
in the Gilbert cell.

Q2. Explain Gilbert Multiplier cell.

crcome

ation of the cmitler

coupled cell and this allows four —quadrant multiplication.

Therefore, it forms the basis of most of the integrated circutt

or- d
balanced Multipliers. Two cross- coupled emitter couplc' i
pairs in serics connection with an cmitter coupled pair gimilarly subst! ¢

and

=in ]cs and ICG y We get,,

form the structure of the Gilbert multiplier ccll. Ieg
CAes=r v 17
2 -
l!cl IC‘J, u:s II'.'J,L H ;i --
*o— Q Qe Qs Qe Iy
i and Ic6 =1 13 ] T

-
- _l
J+e ! || 1+e 7J

= Jtex : Tea .. : . : , ]

: QQ '
: > S1=Ip 2
= = (Ic; — Tcg) — (ca ‘_Ics)
' .‘rn . } . .
- Q3. Describe variable transconductance technique.
Ans '
The collector current of Q3 and Q4 are given by 2 ? +Vee
Iey Ie| S _J; -
]CB W and JC4 = ""'—"_l n eVl v l Iy Izl Ry,
i aoa ' ; Ve O—7p
Similarly, the collector current of Q5 znd Q6 are given by +
Ics Ie) e Qa2 -
The Jos 1 gim 20 s = g -
collector current Ip and I, of transistors Q, and Q, can Eacoa : :
be expressed as ‘ - I)
Iy =2 and 1, =—1EE -
o= c2 == ,
14717 1+¢"2/'T Yy ReZ | Inr

Substituting the zbove equation in IC3 and IC4, we get - % i
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ka_{hﬂn
¢ \'nﬁab‘c .
dl:Pcndcncc characteristic of the transistor *
he ‘conducmncc parameter on the emitter current bias  *
s : ot
f od Asimple differential circuit arrangement depicting
npc anciple 1S shown in figure. The relationship between
v, and vx.isgivenby -
0 .
v, © gm Ry Vy where gm = Igg INq is the
ansconductance of the stage.
J.q_,puc:ation of a second input Vy to the reference current
cource of the differential amplifier can vary gm.
Thus, ifRE IEE >>VBE’ the bias VO]tage Vy is related to
lee by the relation Vy =Igg R,
Then, the overall voltage transfer expression is given by
Vo =gmRVx=(W/ViRp VxR,
= VxVy R{/V{Rg

0 Explain Analog Multiplier ICs.

¢ TheAD633 multiplier is a four —quadrant analog multiplier.
* |t possesses high input impedance; this characteristic

makes the loading effect on the signal source negligible.

It can operate with supply voltages ranging from +18V.
1C does not require external components.

The typical range of the two input signals is +10V.
Schematic representation of a multiplier: The schematic
representation 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,
V0 = VxVy/10. In other words, the basic input — output
relationship can be defined by KVx Vy when K=1/10,2
constant. Thus for peak input voltages of 10V, the peak
magnitude of output voltage is 1/10 *10 *10=10V. Thus, it
can be noted that, as long as VX < 10V and Vy < 10V, the

multiplier output will not saturate.

Applications of Multiplier ICs:The multiplier ICs are used for

the following purposes:

Aps. Analog multiplier is a circuit whose output voltage atany 1.  Voltage Squarer
instant is proportional to the product of instantaneous 2 Frequency doublers
value of two individual input voltages. Important 3. Voltage divider
applicati‘t:ms of these multipliers are multiplication, division, 4. Square rooter
squaring and square — rooting of signals, modulation and 5. Phase angle detector
demodulation. : 6.  Rectifier :
Theseanalogmullipliers are available as integrated circuits  QS. Explain Operation of Basic Phase Locked Loop (PLL)-
" consisting of op-amps and other circuit elements. The Ans.
Schematic of a typical analog multiplier, namely, AD633 is :
shown in figure. ‘ —— / P 7 \
Ve=KViVy ‘ ] L L3 o
Vs Output —_’Ii 2"” +) piss W :-.:‘Lrt-:u";ed T
: ' -—-O V.. | ctoctor | Lﬁhd ascillator ¢ .
y O—1 : - _— —_
: : _ Input frequeniy l
72 Xl ; S Ew. The PLL consists of* .
=1} TR (i) Phase detector '

sElb—" | - &~ —ll“' . @)LPF

A e e

“E The phase detector or comparator Compares the input

- =l frequency fpy with feedback frequency four
\'E g ADGILIN ' - The output of the phase detector is proportional to the
phase difference between fin & four

The output of the phase detector isa dc voltage & therefore
is often referred to as the error voltage.

+ The output of the phase detector is then applied to the
LPF, which removes the high frequency noise and produces
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adc level, This dc level in

um, is input to the VCO.
* The output frequency

the & ofVCO s directly proportional to
g ¢ dc level. The vCo frequency is compared with input

- requency and adjusted until jt js cqual to the input
frequencics.

*PLL goes through 3 states,
* Phase lock,

Before the input is applied, the PLL is in free running state,
Once the input frequency is applied the VCO frequency
stans to change and PLL is said to be in the capture mode.
Q6. Describe Control System Analysis/ Closed Loop Analysis
ofPLL.
Ans. Phase locked loops can also be analyzed as control systems
by applying the Laplace transform.
The loop response can be written as:

i) free running i) Capture lif)

0p _ K, K.F(s)

g s+ K, K F(s)
Where :
* 8 is the output phasc in radians
* @ is the input phasc in radians

* Kp is the phase detector gain in volts per radian

* Kvis the VCO gain in radians per volt-second
" F(s) is the loop filter transfer function (dimensionless)
The loop characteristics can be controlled by inserting
different types of loop filters. The simplest filter is a one-
pole RC circuit. The loop transfer function in this case is:

1
1+sRC

The loop response becomes:

F(s)=

KK,
6 _ RC

KK

T 2, S pir
+—+

*T&c T TRe

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

s+ 2s¢w, + w?

Where

C!;h‘
¢ is the damping factor

@ n is the natural frequency of the loop.

For the one-pole RC filter,

o, = [ KoKy
"“\"ke

!
. 2/K,K,RC

The loop natural frequency is a measure of the respons
time of the loop, and the damping factor is a measure o
the overshoot and ringing. Ideally, the natural ﬂ't‘qUency
should be high and the damping factor should be near
0.707 (critical damping). With a single pole filter, it js not
possible to control the loop frequency and damping factor
independently. For the casc of critical damping,

1
2K, K,

o, =K,K,\2

- Aslightly more effective filter, the lag-lead filter includes

one pole and one zero. This can be realized with two
resistors and one capacitor. The transfer function for this
filter is '

1+sCR
F(s)=—12272 -
2 1+SC(R, + Ry)

This filter has two time constants :
t;=C(R;+Ryt,
=CR; .
Substituting above yields the following natural frequency

- and damping factor

_ [KK,
w, = [——
-7

, g=_1__+ﬂn_f2.
20,1, 2

The loop filter components can be calculated

independently for a given natural frequency and damping
factor )
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“ w, KK

Real world loop filter design can be much more complex cg

using higher order filters to reduce various types or source
of phase noise.

Applications of PLL:

The PLL principle has been used in applications such as :
- FM sterco decoders

- Motor spced control

- Tracking filters

- FM modulation and demodulation

- FSK modulation

- Frequency multiplier
- Frequency synthesis etc.,

Q7. Define Voltage Controlled Oscillator.
Ans.

e BUFER | |
MODULATYA pandhl
| 12 g
BUFFER |4
; AMPUIRILR "';3\
" 4
m—
cenne | Hye
] [la
seweonnn?| [
TR | 3| VonuuATA BT

Referring to the circuit in the above figure, the capacitor
¢l 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

YOO MTPUT

(pin 5) or by changing the timing resistor R1 external to the
IC chip. The voltage at pin 6 is held at the same voltage as
pin 5. Thus, if the modulating voltage at pin 3 is increased,
(he voltage at pin 6 also increases, resulting in less voltage
across R1 and thereby decreasing the charging current.

The voltage across the capacitor Cl is applicd to the

inverting input terminal of Schmitt trigger via buffer
amplificr. The output voltage swing of the Schmitt trigger
is designed to Vec and 1.5 Vec. 1fRa=Rbin the positive

feedback loop, the voltage at the non-inverting input
terminal of Schmitt trigger swings from 0.5 Vcc to 0.25

Vee. When the voltage on the capacitor ¢l exceeds 0.5 Vee

during charging, the output of the Schmitt trigger goes

LOW (0.5 Vcc). The capacitor now discharges and when it
is at 0.25 Vec, the output of Schmitt trigger goes HIGH
(Vec). Since the source and sink currents are equal,
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 outp.t of
the Schmitt trigger is inverted by buffer amplifier at pin 3.

The output waveforms are shown near the pins 4 and 3.The
output frequency of the VCO can be given as follows:

£ AOH-00)
T ROV +

where V+is Vce.

‘Q8. Describe Monolithic Phase Locked Loops (PLL IC 565).
Ans. Pin Configuration of PLL IC 565

-v [ (4] He
weur (2] 13| Ne
weut (31 ‘ 12| HC
NEJSE
veo [4] 7 | ne
PHASE COMPARATOR | & . 'E""
REFERENCE E o] EXTERHAL CAPACITOR
OUTPUT FORYCO
DEMOOULATED [I 5] EXTERNAL RESISTOR
OUTPUT FORVED

14-Pin DIP Package

Basic Block Diagram Representation of 1C 565
The important electrical characteristics of the 565 PLL are,:

-

e gy . S vty 3 Pt
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Operating frequency range: 0.00111z10 500 Khz.
Operating voltage range: 4610412y

Input level required for tracking: 10mv rms min to 3 Vpp
mn

Inputimpedance: 10 K ohms typically.

Output sink current: 1mA

Output souree current: 10 Ma

O vt
15K 00%,F R4 Ans.
cy Ve £ 6 841—0 AN
SE/MNE 56
s 7o L
1
oX A cq AM
T input
- LOWHPASS
LRy
<t ov—
)
) WO e
MW —=—d] PHALE
3 , MeUrER QUTRIT
ber S — W ot
PHISE COKAUDA o |
R : NS ALK i
Voo ot i
JuuL | '
1 w0 |
I |
] 1
L N -
YRl Yl
L1 =]
oy -y
NE/SE 565 PLL Block Dingrom

The center frequency of the PLL is determined by the free
running frequency of the VCO, which is given by
four =1.2/4R,C,

The filter capacitor Cy should he large enough to climinale
varlations in the demodulated output voltage in orqey |

stabilize the VCO frequency. |
The lock range ML & caplurc range fc of PLL is given by,

SM=4+78 fout/V Hz
Where [ = free running frequency of VCO (Hiz)
V =(+Vce) - (-Veo) volts
§T=t( §L/25)BO10)C, )%

E;:plnin AM Detection using PLL.
AM Detection — A PLL can be used to demodulate Ay

signals as shown in the Fig.

Mulliplier De
vco (hapse | (pp [Tl
PLL ol P output
| OUPULY detactor)
Phase
shift 90°

The PLL is locked to the carrier frequency of the incoming
AM signal. Once locked the output frequency of VCO is
same as the carricr frequency, 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 of phase
with the incoming AM signal under the locked condition,
both t‘he signals applied to the multiplier are in same
phase.Therefore, the output of the multiplier 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 detector exhibits a high degree of selectivity and noise
immunity which is not possible with conventional peak
detector type AM modulators.

‘where R1&C1 are an external resistor & a capacitor Q10. Define FM Detector

connected to pins 8 & 9.

The VCO free-running frequency for is adjusted
externally with Ry & C, to be at the center of the input
frequency range.

CI can be any value; R; must have a value between 2 k
ohms and 20 K ohms. )

Capacitor C, connected between 7 & +V.

The detection of FM radio signals is a diode application,

F
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; 5
wadutated carried Asynchronous FSK detector consists of two band pas
::‘:qq o Audio frequency filters, two envelope detectors, and a decision circuit.
ot signal
H ‘ | ( Following is the diagrammatic rcprcscntatlon.
\ \\ i Dickhe . DPF
| pl =y el |y
_] Capacitons { [ _L ‘ | Envclope
T e i B * :\\" *|. detector
\FUVY,
3 L | SO b FSK outout
T \ 3 = n pecision | QUtP
i bl — — | cirenit
Foont L .
The e time constant by much greatecthan T
the perind of the carmee and much less than ~ - —
the peiiod of the signal. . o 4 B Envelope
' * tletector
Q1. Explain FSK modulation and demodulation, opF | N

Ans. FSK Modulator : The FSK modulator block diagram
comprises of two oscillators with a clock and the input
binary sequence. Following is its block diagram.

FSK Transmitter

Asynchronous FSK Detector

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
= : '. 1o the envelope 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
FSK : waveform to a rectangular one..

modulated B Synchronous FSK Detector : The block diagram of’

wave Synchronous FSK-detector consists of two mixers with

local uscl"_atof circuits, two band pass filters and a decision

: ; <hstEyst ] circuit. Following is the diagrammatic representation.
f; e il 8PF '
i~
- e - > "~
ey A2, e N
- message Bitrate f, « f,  FSK e :
) Input Decislon | Outpu
Circuit
‘ ' - BPF
Flg FSK Transmitter ‘ _ s 25 -
The two oscxllators producing a higher and a lower < o ~,
TN frcquency S|gna|s arc connected to a switch along with ~
= ‘ammcma'lclock.'l‘o avoid lhe nbruptphasc discontinuities 5
: of the output waveform during the transmission of the : Synehronions FSKDetlccmr :
internall . o : .
MESIaEE; 8Eiock isapphed to both;hcdotscllllat::rs t " % The FSK signal input is given to the two mixers with local
o the transmitter so SRR
Thetinary ml;:utrsequence ts #pp :f ( :; bi o oscillator circuits. These two are connected to two band
e binary input. ) .
istorhoossthe fraquensiesaccor u?g ° ' np pass filters. These combinations act as demodulators and
FSK Demodulator : There are different methods for . . g
. : ) R the decision circuit chooses which output is more likely
demodulating a FSK wave. The main methods of FSK ;
) and selects it from any one of the detectors. The two
detection are synchronous detector and synchronous : vz e :
: . signals have a minimum frequency separation.For both of
‘[ detector, The synchronous detector is a coherent one,
| ) , : the demodulators, the bandwidth of each of them depends
| while asynchronous detector is a non-coherent one.

v : on their bit rate. This synchronous demodulator is a bit
‘ Asynchronous FSK Detector : The block diagram of e MaEar e 2t

» —

mny

Py 1Y
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complex than asynchronous type demodulators.
Q12. Explnin Frequency Synthesizers.
Ans. Prequency synthesizers are used to generale the local
signnl determines which RF channel will be received andlow
before being transmitted by the PA-antenna combination.
transceiver's tuning system; in practice, the frequency synth
Important design aspects which need to be taken into 8

dissipation of the PLL building blocks.

-
-
-
-
- -

nsclllnlnr(I.O) si

ccountarc

L”‘c““'“cgrmcdﬂ. y
rf(u
iy,

lin (ransceiver systems. The frequep,

gnn ;
band information will el
l'.']n,”-c

pannel the hasc-
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OBJECTIVE QUESTIONS AND ANSWERS  Answer: d 5 e
: i n e ;

1. How to obtain a desired amount of multiplication in 5. Determine the offset. eql{e Y queﬂfﬁy translation,

frequency multiplier? when the output and input frequency are given as 75k,

d 1000Hz. ]

a) By decreasing the multiplication factor anjslkHz b)20 KHz

b) By increasing the input frequency \ a)zg iz d) 14 kiz

¢) By selecting proper divide by N-network L 2

d) None of the mentioned : . Answer: b : & .
Answer: ¢ . 6. The frequency corresponding to logic 1 state in FSK s

] called !

2 Calculate the output frequency in a frequency multiplier . : 3

if, f, = 200Hz is applicd to a 7 divide by N-network. a) Space ﬁ-equency ; by Merk fiequetcy

a) 1.2kHz b) 1.6kHz ¢) Both mark and space frequency

) 12kHz d) 1.9kHz 9 None of the meqtioned
ArieErge Answer: b ' ‘

7. Find the frequency shift in FSK generator?

3. For what kind of input signal, the frequency divider can

be avoided frequency multiplicr? 8)230Hz b)250 Hz

a) Triangular waveform  b) Square waveform c) 180 Hz d) 200 Hz

c) Saw tooth waveform  d) Sine waveform Answer: d ]
Answer: a 8. Which filter is chosen to remove the carrier component
4. What must the typical value of n for a frequency in the frequency shift keying?

multiplication / division? (n->order of harmonics) a) Three stage filter  b) Two stage filter

aynd” 12 byn>11 ' c) Single stage filter ~d) All of the mentioned

c)n<10 dyn=7 ~ Answer: a -




Ccsleulate the output frequency in a frequency

itfin= 200Hz s applied to

g)12kHZ |

¢)1.2kHz
Answer )

j0. For what ki
be avoided frequency multiplier?

3) Trian gular wave form

b) 1.6kHz
d)1.9kHZ

nd of input signal, the frequenc

b) Square waveform
c) Saw tooth waveform

d) Sine waveform

Answer:3a)
11. How toobtaina desired amount of multiplicatio

frequency multip]ie;?
a) By decreasing the multi

ing the input frequency
network

plication factor

b) By increas
c) By selecting proper divide by N-
d) None of the mentioned
Answer : €)
12. What must the typical value of n for a freque
~ multiplication/ division? (n->order of harmonics)

a)n<12 - p)n>11

c)n<10 " dn=7

ncy

multiplicr

a7divide by N-network.

y divider can

nin

state in FSK is
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Answer : d) ‘
13. The frequency corrcsponding to logic 1
called ;
b) Mark frequency

a) Space frequency
c) Both mark and space fre

d) None of the mentioned

quency

Answer : b)
hosen to remove the carrier component in

14. Which filteris ¢
the frequency shift keying?
" a) Three stage filter b) Two stage filter
c) Single stage filter d) All ofthe mentioned.

Answer - a)

15. Determine
when the output and inp

the offset frequency of frequency translation,
n as 75kHz

ut frequency are give

and 1000HZ
a)35kHz b) 20 kHz
)29 kHz d) 14 kHz
Answer : b) : ’
16. Find the frequency shift in FSK generator? ‘
a) 2'30 Hz b)250 Hz )
¢) 180 Hz d)200 Hz

Answer : d)
-
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L T UNIT 04|

ANALOG TO DIGITAL AND DIGITALTO
ANALOG CONVERTERS

Q1. Describe Ansalog and Digital Data Conversions.
Ans. Anslog To Digital Conversion : The natural state of audio an

QUESTIONS AND AN SWERS

d video signals is analog. When digital technology was not .,

around, they are recorded or played back in analog devices like vinyl discs and cassette tapes. The storage capacity of thes.
devices is limited and doing multiple runs of re-recording end editing produced poor signal quality. Developments in digits

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

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

recorded audio and video signals to be heard and viewed again, the reverse process of digital to analog conversion (DAC)
is ussd ADC and DAC are al: 0 used in interfacing digital circuits to analog systems.

i - 2 o An

Analog p— | — | Binary Binary | —1
s')g%’g? ADC = outpul  inpu — DAC _1_‘535%3?
input_t_ = e L

Sampling rate : The analog signal is continuous in time and it is necessary to convert this to a flow of digital values. It is
therefore required to define the rate at which new digital values are saﬁ:pled from the analog signal.

Accuracy : An ADC has several sources of errors. Quantization error and (assuming the ADC s 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 clock jitter
and is revealed when digitizing a time-variant signal (not a constant value).

Quantization error : Quantization error is due to the finite resolution of the ADC, and is an unavoidable imperfection in all
types of ADC. The magnitude of the quantization error at the sampling instant is between zero and half of one LSB.At lower
levels the quantizing error becomes dependent of the input signal, resulting in distortion.

Non-linearity : All ADCs suffer from non-linearity errors caused by their physical imperfections, resulting in their output to
deviate from a linear function (or some other function, in the case of a deliberately non-linear ADC) of their input. These
errors can sometimes be mitigated by calibration, or prevented by testing.-

D To A Converter- Specifications : D/A converters are available with wide range of specifications specified by manufacturer.
Some of the important specifications are Resolution, Accuracy, linearity, monotonicity, conversion time, settling time and
stzbility. ‘

Resolution : Resolution is defined as the number of different analog output voltage levels that can be provided by a DAC.
Or zliernatively resolution is defined as the ratio of a change in output voltage resulting for a change of 1 LSB at the digital
input. Simply, re<olution is the value of LSB.
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gesolution (Volts) = VoFS /(2n - 1)= L5
increment Where “n” is the number of input bits
\FS' is the full scale output voltage.

« Accuracy : Absolute accuracy is the maximum deviation

petween the actual converter output and the ideal
converter output. The ideal converter is the one which
docs not suffer from any problem. Whereas, the actual
converter output deviates due to the drift in component
values, mismatches, aﬂmg, noise and other sources of
£TOrS.
* Linearity : Lmeanty error is the maximum deviation in
step size from the ideal step size. Some D/A converters are
having a linearity error as low as 0.001% of full scale,
* Monotonicity : A Digital to Analog converter is said to
- be monotonic if the analog output increases for an increase
i the digital input. A monotonic characteristic is essential
in control applications. Otherwise it would lead to

beless than = (1/2) LSB at each output level. Hence all the
D/A 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 of the Amplifier. D/A converters speed can

time. .
Q2. Define Digital to Analog Converters. '
Ans, ADlgrtal to Analog Converter (DAC) converts a dmta]
input mgnal into an analog output signal. The digital signal
is represented with a binary code, which is a combination
 of bits 0 and 1. This chapter deals with Digital to Analog
: .Converters in detail The block diagram of DAC is shown

. inthe follomngﬁgure- -

Digital
Digitzl to ' Analog
g , _
Input Analog Outpu':
‘ Converter

oscillations. If a DAC has to be monotonic, the error should 7

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

Lincar Integrated Circuits

binary inputs and a single output. In general, the number
ofbinary inputs of a DAC will be a power of two.

Q3. Weighted resistor for the digital to analog Converter.
Ans.Weighted 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, I/2 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 currént

V(1)

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

can be converted to voltage with the help of a converter
circuit by an using operational amplifier (OP AMP). Finally
then we get the produced voltage is analog in nature and
will be proportional to the digital i inputs. Now see the circuit

bellow
' Digitally -
 Controlled ;
Switches " pq R _
2 - a— _'O,.O'C"o—o‘\mo—_—
MSB b2 2R ‘
b3 4R
,_ig.-o---owv-

bn ‘
2*(N-1}.R

' V- tsa

It may be observed in the circuit dlagram that different
values of resistances are used at the dmtal 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, /22, .... I/ 2N-1. Since the

resistarice values are weighted in accordance with the
binary weights of the 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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’IJ". ' | triangular waves by a PWM generator. Aq , rc“i;c"“n /
:’. | A’?alog olp |_ vam pulse widih of the PWM signal is determingy In‘:l, ty
f 'E mV Z the output voltage. Advantages of this Methog :rhln.l
'f,'lﬁ vl y relative simplicity based on the use of 5 feedby Tu1
‘55 sy b 7/ consisting solely of voltages, the ability to COontro| “k‘m
| av b Z : on-time, and high noise tolerance. Possible dm""buk;nm
1 . the complexity of the phase compensation circuy a‘ e
‘_} 3BV b /7 cumbersome design process. . ol
f| BVE / 3 -4 Voltage mode cantrol i
i 18V. K V4 . l ¢ A voltinga-n-ly feedback loap makes contrd Nt
i 'S | simoke , .
] / | S I N TN NN SH ’ ¢ The ab Iy to control shorter on-time - U
1 ‘ 00 oo 010 o1 100 101 90 141 Dighallp |« Hah misetolerance oo | A

Q4. Explain R-2R ladder D/A converter and its uscs, | ¢ Complex prasn companszin crculy -

Ans. To avercome huge range of resistor used in weighted

resistor D/A converter, R-2R ladder D/A converter j§ —— - comeeee- : R

Current mode : The current mode is a modificatjo, of
voltage mode control, where the inductor current in the

S R S i

introduced. In my previous post I discussed about
weighted resistor D/A conver.er. ‘

Use of R-2R ladder D/A converier : As we know the vital clreuiis detected -antl ysed, instead of the triangule
problem in weighted register D/A converter is use of huge pEvElomEsised iniihe volice m.o de control. The curey
range of different resistance. Suppose we have to design sensing cari'alto be dane by using the on-esliagse o
8-bit weighted register D/A converter then we need the high side MOSFET or a current sense resistor instead of
resistance value 20R + 21R +...+ 27R. So the ]argest the inductor current. Since the current mode has two types
,‘ resistor corresponding to bit b8 is 128 times the value of of feedback loops: voItagg loop and current loop, the
the smallest resistor correspond to b1. But in case of R-2R. control exerted is l:e]atiVEl)’ complex. However the current
ladder D/A converter, Resistors o f only two value (R and mode provides the advantage of a substantially simplified

2R) are used. Now in bellow see the simp!e ladder network. 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.

* Current made control ety A :
¢ Modificd valage mode controt

¢ Detects and usas drcait ndactor current —_

Instead of snangular waves _|E |
¢ High stabil ty of tre feedback oop

! B g RO
Binary ladder network for D/A conversion. + Susstantially smplified phasz compensaticn L|é . :I,

— tircult design .
. « Fastar Inad L-ansient response than valtaga

- % . modn : :
Q5. Explain Voltage Mode and Current-Mode. ¢ Noise to current dezection Fezdback loog must te addressed

Ans. Voltage mode : Voltage mode control represents the most Q6. Switches for D/A converters, .
basic method, in which only the output voltage is returned 4 < The Switches which conn ects:the digital binary input (o
through a feedback loop. The differential voltage, which the nodes of a D/A converter is an electronic switch.

is obtained to compare the output voltage with the Although switches can be made of using diodes; bipolar
reference voltage by an error amp, is compared with

Incsar AT
awt [ \xo
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dl
m\slstors Field Effect transistors or MOSFETs,

here are four main configurations used as switches for
pACs. Theyare:

(i Switches using overdriven Emitter Followers,

(i) Switches using MOS Transistor- Totem pole MOSFET
gwitchand CMOS Inverter Switch,

(iif) CMOS switch for Multiplying type DACs,

(iv) CMOS Transmission gate switches,

These configurations are used to ensure the high speed .
* switching operations for different types of DACs.

Switches using overdriven Emitter Followers : The bipolar
transistors have a neghgtble resistance when they are
operated in saturation. The blpolar 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,

Switches using MOS transistor:

Totem pole MOSFET Switch : As shown in the figure, the
totem pole MOSFET Switch is connected in series with
resistors of R-2R network. The MOSFET driver is
connected to the inverting terminal of the summing
op-amp. -

CMOS Inverter Switch : The figure of CMOS 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.

CMOS switch for Multiplying typé DACs :The circuit
diagram of CMOS Switch is shown here. The heart of the
switching element is.formed by transistors M1 and M2.
The remaining tranéistors accept TTL or CMOS compatible

 logic inputs and provides the anti- -phase gate drlves for
_the transistors M1 and M2.

CMOS Transmission gate switches :The disadvantage
of using individual NMOS and PMOS transistors are
threshold voltage derp (NMOS trahsistor passing only
minimum 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 OV acting as a ideal switch. The
following cases explain the operation.

Q7. Describe high speed sample-and-hold circuits.
Ans. Sample-and-hold (S/H) is 2n 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
subsequent processing. Taking advantages of the excellent
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
leéhnology is shown in Fig. 1, where Vi, is the input signal,
M1 is an MOS transistor operating as the sampling switch,
Ch s 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 usiﬁg only one MOS transistor and one capacitor.
The operation of this circuit is very straightforward.

K

‘Sampls ~ e
CK: E ey
Track Y} Hold M ]
‘ i it Cs_[ VW

- —Y

-

Fig. 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. Whenever
 ckishigh, 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 the Ch will keep Vout equal to
the value of Vin at the instance when ck goes low.
Unfortunately, in reality, the performance of this S/H circuit
is not as ideal as described above. The two major types of
errors occur. .They are (_ﬁhar'ge injection and, clock feed

~ through, that are associated with this S/H implementation.
Three new S/H techniques, all of which try to minimize the

errors caused by charge injecnon and/or clock feed
through,

Q8. Describe Flash A/D Converters.
Ans. Flash ADCs are 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 digital signal 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 we want 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, and so on. The
more resolution we want, the bigger and more power-hungry
the Flash ADC becomes - and the sample rate has to be
reduced. For that reason, the 8-bit resolution i generally
the “sweet spot” for these ADCs, Flash ADCs can operale

into the low GS/s and still provide an 8-bit resolution.

\/

In

— +

) -
AMA—TMNWA— =
]

s

Fig. Flash ADC diagram
Q9. Successive Approximation ADCs (SAR). ?

Auns. The “bread and butter” ADC of the DAQ world is the SAR

S

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

low-end A/D cards, where a single ADC chip is “shareg
by multiple input channels (multiplexed A/D boards), ¢, "
configurations where cach input channel has its own A Ne
for truc simultancous sampling.

The analog input of most ADCs is 5V, which | why
nearly all signal conditioning front-cnds proviq, .
conditioned output that is the same, The typical SAR De
uses a sample-and-hold circuit that takes in the cond; tione
analog voltage from the signal conditioning front-end A,
on-board DAC creates an analog reference voltage equal

to the digital code output of the sample and holds a circyj,
Slant convarsion

b3 icgrslor (SAR) eod 57
o contul loie 7
AEA e ‘

Wy et P Yl

&

-

. 4

Dygiulizd tput

N bits

Referenca voltags

Typical SAR block diagram
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.SAR ADCs do not haye any inherent
anti-aliasing filtering (AAF), so unless this is added before
the ADC by the DAQ system, if the-engineer selects too
low of a sample rate, false signals (aka “aliases”) will be
digitized by the SAR ADC. Aliasing is particularly
problematic because it is impossible to correct jt after
digitization. ' '

Q10. Define Single slope ADC (Integrated ADC ) and draw its ckt diagram. ‘ _
Ans. Single slope adc circuit : The input voltage is applied to the positive terminal of the comparator while the reference voltage

is obtained after being integrated through the integrator. Both of the voltages get compared through the comparator,

Yilegrator

B

A
L 3

J
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Th o input voltage is a function of time t, The reference

soltage keeps on integrated until the output voltage of

ine comparator becomes equal to the input voltage,

The general output voltage of the integrator is given as
VO =1/RC(-Vrw)dt

n the cquation, we can sec that the reference voltage is

pegative, SO the slope of the integrated output voltage

qurns out to be positive,

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

Linear Integrated Circuits
VO=T*V, /RC
At time T, the output voltage is equivalent to the input
voltage. So, we can say
Vin= T*Vt /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

Below is.the schematic diagram of a single slope analog

c Clk
R— ee—
— AW — \ Qﬂ
ref : > " |— Binay
v an
: - VigigFaadiy)
k ~Fig. single slope ADC circuit ‘ /

to digital converter:

It consists of an mtegrator, 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 the 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

Qi1 _
- Dual slope ADCs are accurate but not terribly fast. The
principle way they convert analog to digital values is by -

counting,

Explain Dual Slope A/D Converters.

using an integrator. The voltage is input and allowed to
“runup” for apenod oftime. Then a known voltage of the

: opp051te polanty is applied and allowed to run back down

to zero When 1t reaches zero, the system calculates what,

‘ the mput voltage had been by companng the run-up time

......

slopes for which this'techniqﬁe hésl 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,

A ]
Ramp up ' E Ramp down
[]
‘
™ Vis A
S v Vo
n2 E VH-
Vi '
: AN T
— ot ——t—{  § iTme
— t —
—_— —

Typlcal Integrating 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 type of A to D cony
variable frequency source are counted for o fixed period. It

is possible to make an A/D converter by counting the
cycles of a fixed-frequency source for  varin
For this, the analog voltage required to be converted t0
proportional time period.

As shown in the diagram a negati
is applicd to an integrator, whose output is connee

ble period.

ve reference vollngc-VR
ted to

—V“-—f\'N'\F-
Ansiod
voltape:
Sk i
i
]
i
Voltage |----=---- o !
Ve o ;
vy ! i /_'l
y “t !
" i '
H 1 b
1 ' S
Ve : £
] T ; :
1— —
Ven ¥
0

Fig. Conversion process - -

Q13. Define Oversampling A/D Converter.

Ans. Oversampling ADCs (OSADC) 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 higher linearity than Nyquist ADCs.

erter, Here the cyeles of

P

) - : P : 2
Fig. A/D Using Voltage To Time Co

. making the implementatio

. BASICS OF OVERSAMPLING SIGMA-DELTA

Lincar Inicgrateq Cirgy
J|h

¢ comparator. The outpy o,

sl Or th
he output of the ey, .
alqr

the inverting inp i
comparator s at 148

i an Va. '
T pe Jow and gwitch S remains open, "
At=T, ye goes 10 cn

o switch S is closed, "]Frc;-y djscharg,-n
50 the NAND gate Is disableq, The

S NS [ NLDIL
g% » Binary
1 - autput

! .BO

pversion

itional advantage of using OSADCs is the very
Jow quantization noise power at low frequencies, which is
peneficial for DMT applications. This is because more bis
can be modulated on the lower frequency carriers where
the signal is less attenuated by the telephone line, The
major drawback of OSADCs is that arelatively high clock
frequency must be used if the signal bandwidth is large,
n difficult. Therefore techniques
to reduce the oversampling ratio (OSR) of the converter

Anadd

are of interest.

CONVERTERS : The basic principle behind oversampling
sigma-delta modulators is to trade signal bandwidth for
resolution. The quantization noise of a low resolution ADC
is high-pass filtered to yield a low quantization noise at
low frequencies. The noise at high frequencies is removed
by a digital filter before the signal is decimated to generate
the final output of the converter. A first order sigma-del
modulator is shown in Fig.. It contains an ADC, &
integrator, 3 DAC and a subtractor. The resolution of th
ADC is low, usually only 1 bit. The digital output y(nl)i
fed back through the DAC and subtracted from the inp
signal. The output of the subtractor is accumulated inthe

. “
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kst —
| mcd by the ADC, The integrator can
[ tc

in ither continuous-time or discrete-time, but a
¢

i cretetime integrator is more common and will only be
1§

considere i ;
be invcsligade by using a lincar model for the modulator.

y(T)

-

Integrator ADC

DAC

figure : First order sigma-delta modulator.

We assume that the quantization error e(nT) in the ADC is white
noise uncorrelated to the input signal. )

quantization noise is high-pass filtered. If the signal
bandwidth is small compared to the sampling frequency
only a small portion of the quantization noise appears in
the signal band and a high resolution results. The ratio
between the signal bandwidth and the Nyquist frequency

4 here. The performance of the modulator can

1.

. where is the sampling frequency and BW

is called the oversampling ratio (OSR), i.c.

osp=2:!2
BV

the signal
bandwidth. _
For the first order modulator the resolution increases by
1.5 bits for every doubling of the sampling frequency. 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 of 2 second order modulator
is shown in Fig. There are now two integrators in the loop
and the output signal is given by .

Y(z)=22X(2)+( —2"')'2 E(2)

OBJECTIVE QUESTIONS AND ANSWERS

A 5 bit ladder has a digital input of 11010. Assuming that

- 0 coresponds to 0 V and 1 corresponds to +10V, its

output voltage will be:

- 1.H65V 2.-6.5V
3.-8.125V 4.48.125V
* Answer: 4
~¢— 2 The fesolulion of an 8 bit DAC will be:
117255 | 2.1/8
3.1/128 4,1/64
Answer : 1 K :
3, A 6-bit ladder D/A converter has a maximum output of 10
_ o ; : , V. The output for input 101001 is approximately '
Fig. : Linear model for first order sigma-deltamodulator. 1.42 2.6.5 ’
Alinear quél of tltm modul_ator is shown in Fig.. Ifa 1 bit 3.55. 4.92
quantizer is used, the gain in the integrator, 2, willonly , .o i
- ‘affect the voltage swing at the output of the integrator not g o
é it s sigﬁal.‘"l‘hé e gain factor must be 4. 1Ifthe rffsolutlon ofa dlg_ltal-to-analog converter is
compensated for in i mo del of the quantizer. The approxlma-te]y 0.4% of its full-scale range, then it is a/an
2-domain output signal is given by ' : :
. 3 1. 1 6-bit converter 2. 10-bit converter
Y(z)=z" . X(2)+(1-2"").E(2) 3. 8-bit converter 4. 12-bit converter
Hence the input signal is only delayed while the Answer:3

5. . A8-bitAlD converter is used overa span of z;aro to2.56 V.-

The binary represcntation of 1.0 V signal is
1.01100100 2.01110001
3.101001 0 4.10100010

Answer ! 1
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6. The resolution of 4 Bit counting ADC is 05 V For an
analog input 5.8 volt the output of ADC willbe ___—

1.1100 2 1
3.1010 4.101
Answer : |

7. A D/A converter has SV full-scale input voltage and an
accuracy of + 0.2%. The maximum crror for any output

voltage will be

1.SmV 2.10mV

3.20mv 4.1mV
Answer: 2

&  A4-bitR-211 digital to analog converter using Inverting
op-amp has a reference of SV. What is the analog output
for the input code 10107

1.3.125Vv 2,0.78125V
3.-3.125V 4.03125V
Answer: 3
9. The present resolution of an 8-bit D/A converter is
1.0.392% 2.17256
3.17255 4.(A) and (C) both
Answer: 4

10. The difference between analog voltage feprese_r':ted by
two adjacent digital codes of an analog to digital
converter is :

1. Accuracy 2. Resolution

3. Quantization 4. Precision
Answer:2
11. A 10-bit 0/A converter is calibrated over the full range
from 0 to 10 V. If the input to the D/A converter is 13A (in
hex), the output (rounded off to threc decimal places) is
v :
Answer:3.050-3.080

~12. Minimum number of bits required to represent maximum
value of given analogue signal with 0.1% accuracy is:

1. 8 bits 2.9 bits
73.|0 bits 4, 12 bits
Answer:3 '

13. Which one of the following analog to digital conversion
methods called potentiometric type analog to digital
converter? '

1. Successive approximation method

Linear Inte

Brateq G,
- me conversion method 3

. Voltage 10 ti '
e frequency conversion method

Jtage to
3. Voltag method

4, Dual slop¢ integration

Answer & 1 , : ’
4, A 5-bit DIA converter has & eLent output i

. e iy,
currentl, = 10mA s produccd foradigital inputof My

ital i 0
the value of | 'forndigualmpu:of”m]wmbe Iy
1.12.5mA 2. Ij: :12
3, 155mA 4,14,

Answer : 4 -
15. A10-bitADCh

ou'[pul is (I | 1 l l 1 I 1 l 1)1- Thc qUanﬁz.alion error Onhg

ADC in millivolt s
Answer: 5 ' . |
16. Fora10-bit digital ramp ADC using 500 kHz | ock,
maximum conversion time is
T 2.2064 pis
3.2046ps 4.2084 pis
Answer:3

17. The advantage of using a dual slope ADC in a digity|
voltmeter is that
1. iits accuracy is high
2.its conve'rsion time is small
3. jt gives output in BCD format
4. it does not require a comparator

Answer : 1 e

18. Maximum value of signal to noise ratio of an 8 bit ADC
withan UPrange of 10V willbe

2.43.8dB

1.50dB
3.489dB . . - 4.49.8dB
Answer:4 - :

19, Assume worst cése SNR of a 10 bitADC is 57 dB. Ifthe
resolution is increased by 2 bits, the resulting SNR wil

be approximately : © ]

1.67dB : 2.69dB

3,45dB 4.74dB
Answer:2 .

20. ‘A Dualslope ADC has C = 0.34 nanofarad and R=1X0
has charging and discharging time for some voltage of
12 nsand 9 ns respectively. The reference Voltage is23

as a full-scale 0f 10.230 V whep the diy
Iy

A

a4
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“iatwill e the peak voltage reached by triangular. — Answer; |
' (¢ during charging? b e :
2.7.0004V . In which of the following types of AID converter does

I.(’D(’ﬁ\ the conversion time almost double for every bit added to

L6094 v 4,02347V the device?
m“‘ﬂ: 1. Counter type A/D converter

AMONE the following four, the slowest ADC (analog-to-
) df.l‘al converter) is

parallcl-comparator (flash) type
7. Successive approximation type
3, Integrating type
4. Counting type

ypswer s 3

ﬁ In dual slope type of ADCs, an input hold time is
1.Almost zero i 2. Higher than that of flash
type ADCs _
3. Longest 4. All of the above

aswer:2 ;

7. The fastest type of Analog to Dlgllal converter is ‘
1. Counter type . 2. Tracking type

3. Successive approximation tjrpe
4. Parallel comparator type
Answer : 4 ;

2. Find the resolution of a 10-bit AD converter for an mput
range of 10 V.

1.97.7mV 9.77mV

3.0977mV © U 4.97TmV
Answer : 2 ' '

25, An8-bit, umpolar successwe approximation Reglster
type ADC is used to convert 3.5 V to digital equivalent
_output. The refercnce voltagc is +5V. The output of the
ADC at the end of l.h:rd ‘clock pulse after start of

- ~ conversion, is - - .o
110100000 : 2.10000000
3.00000001 - 4,00000011.

- Answer : | - :

2. Which of the following is NOT one of the analog to
digital (AID) conversion techniques?

1. Single slope integration method

2. Successive approximation method

3, Voltage to-lime conversion method

4, Voltage to frequency conversion method

2, Tracking type A/D converter

3. Single-slope integrating type A/D converter

4. Successive approximation type A/D converter
Answer : |
28. A 6-bit ADC has a maximum precision supply voltage of

20 V. What are the voltage changes for each LSB present
and voltage to be presented by (1001 10), respectively?

1.0.317Vand 2.06 V ‘-
2.3.17Vand 12.06V
3.0317Vand 1206V
4,3.17V and 1.206V
Answer : 1

29. A temperature in the range of —40° Cto 55° C is to be
measured with a resolution of 0.10 C. The minimum
number of ADC bits required to get a matching dynamic " -

" range of the temperature sensor is

1.8 -2.10
312, 4.14
Answer:2 '
30, The number of comparators in a 4 bit flash ADC is
1.4 2.5
3.15 . 4.16
Answer : 3
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WAVEFORM GENERATORS AND SPECI4],
R Cs
FUNCTIONI

QUESTIONS AND ANSWERS e :‘\Vh ‘:r:i:::: lt::l::;:s::)n, A Multivibrator is a twougy,
Q1. Explain Sinc Wave Generator ? and writc its working Ans. r:s‘;slancc coupled amplifier with positive feedback rmge
pri‘nci[-)lc. the output of one ampliﬁcr to the input of the other, Twm
Ans. A circuit that is used to generate a sine wave is calleda sir_lc transistors are connected in feedback so that one Conl‘ro[:
wave gcncr.ator. This is onc kind of waveform that appears the state of the other. Hence the ON and OFF states of the
from elccfncily outlcts of home. This waveform can be whole circuit, and the time periods for which the transistor;
observed in AC power as well as applicable in acoustics. are driven into saturation or cut off are controlled by the
We know that there are different types of waveforms that conditions of the circuit. The following figure shows the

are generated by different electronic devices. So each block dia ofa Multivibrator.

waveform generates different scunds. A sine wave is one -

kind of signal that is utilized in acoustics. To design the -«

sine wave generator circuit, there are different types of Feed back

components are required like an integrated circuit, resistors, ) d g )

capacitors, transistors, etc. ¥

: . Seco
First — nd 7,
Stage _ | Stage |
Block Diagram

Q3. Define Triangular Wave Generator with the help of suitable
.~ diagrams. - ) e . :
Ans. A triangular wave generator is an electronic circuit, which
generates a triangular wave. The block diégram of a
triangular wave generator is shown in the following figure

.

Square Vfave

Triangular
Wave

Sine Wave Generator
Working Principle : This is an outstanding tool to generate
sine waves using wave drivers otherwise speakers. The
frequency range of this generator will range from 1Hz to :

- Integrator

Generator

200 Hz & the sine wave's amplitude to be changed. Students

can notice the nature of quantum for standing wave models 5 < ! . .
The block diagram of a triangular wave generator contaits

when the sine wave generator jumps from one resonant y -
frequency to others. This generator includes in-buijjt .'mamly two blocks: a square wave generator and a1
memory that permits it to find out the latest and primary integrator. These two blocks are cascaded. That means,

: the output of square wave generator is applied as an input

frequencies for extra exploration.
i 5 = £ ~! k_‘
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of integrator. Note that the integration of a square wave is
qothing but 3 triangular wave.The circuit diagram of an

op-amp based triangular wave generator is shown in the

following figure -

e
We have already seen the mrcmt dlagrams of a-square
wave generator and an mtegrator Observe that we got the
above circuit diagram of an op-amp based mangular wave -
generator by replacing the blocks with the respective

- circuit diag’rafns in the block diagram of a triangular wave
generator. - “ :

Q4. Explain Sawtooth Wave Generator.

Ans, A Imear non-smusmdal 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

T1=T2

375 (——71—-)4—1'2—5@-1'1 —aé—TZ——"'
% Sawtooth wave '
\\ :
~._\ TA#T2
T2 56 T13—=T2 56T 19émT2 —5>

Sawtooth Wave Generator
The applications of a sawtooth waveform are in frequency/
tone generation, sampling, thyristor switching, modulation,
etc. A non-sinusoidal waveform is nothing but a sawtooth
waveform. Because its teeth look like a saw, it is named as
a sawiooth waveform. In an inverse (or reverse) sawtooth

Linear Integrated Circuits

waveform the wave suddenly ramps downwards and then
rises sharply.

The infinite Fourier series is .

Xreversesavtooth (1) = 24 /”Z (-1 )k sin(27kft)

k=1

A conventional sawtooth can be constructed using

x.ra'u rtooth (‘ ) =

A Aisin(brkﬂ)
2 T kK

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 that contains aliasing
distortion.” '

N=50

-

Synthesis Sawtooth
waveform. The graphical representation of a sawtooth QS Describe ICL8038 function generator.

waveform is given below:
- Triangular wave

Ans.The ICL8038 is a function generator chip, capab]e 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 of course

a must on the work bench of an electronics hobbyist. The

circuit here is designed to produce waveforms from 20Hz
to20kHz.The

ICL 8038 has to be operated from a dual power supply
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Function Generator Cireult Diagram

The circuit needs a dual power supply. A +15 =15 power

supply as shown in the circuit is enough for the purpose.
The frequency of the output wave form can be adjusted

using R7.It must bea 100K Log POT.

The duty cycle can be adjusted using R3 ,a 1K POT,
The distortion of the wave form can be adjusted using RS

,a 100K POT,

Square,triangle & sinc waveforms can be obtained

simultancously at pins 9,3,2 respectively.

Q6. Explain the IC 555 Timer also sketch the its Pin Diagram

Ans.

and write Specifications.

The 555 timer IC is an integral part of clectronics projects,
Be it a simple project involving a single 8-bit micro-

controller and some peripherals or a complex one involving

system on chips (SoCs), 555 timer working Is involved.

These provide time delays, as an oscillator and as a flip-

flop element among other applications.Depending on the
manufacturer, the standard 555 timer package includes 25
trznsistors, 2 diodes and 15 resistors on a silicon chip
installed in an 8-pin mini dual-in-linc package (DIP-8).
Variznts consist of combining multiple chips on one board.
However, 555 is still the most popular, Let us look at the
pin dizgram to have an idea about the timer Integrated
Cireuit (IC) before we talk about 555 timer working,

[}
Tredvld ——

L

3 §
Crrttd e

thoner L S

(O I) 4 —
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| ‘l ’
f
{ Vreoeter '_.4
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—

L
ssIfiimersc: block diagram

555 (imer working:

Ground E
Trigger ]j
Output [_3__

Reset [4]

pin configuration,

—_ |
8] +viec

7] Discharge

’E’ Threshold

. E| Control Voltage

555

8 pin DIP configuration

P Indlagram and description :

Purpose

Pin Name
1 GND
2 TRIG
3 ouT
- RESET

Ground reference voltage, low level (0 V)
‘The OUT pin goes high and a timing interval
starts when this input falls below 1/2 of CTRL
voltage (which is typically 1/3 Vee, CTRL
being 2/3 Vee by de faultif CTRL isleft 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
voltage applicd to this pin.

This output is driven to approximately 1.7V
below+Vec, orto GND. '

A timing interval may be reset by driving this
input to GND, but the timing does not begin
again until RESET riscs above approximatcly
0.7 volts. Over rides TRIG which overrides
threshold.

~ TS
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Provides “control” i : .
§ CTRL B access to the internal integraled circuit whose basic purpose is to regulate the
voltage divider (by default, 2/3 Vce). unrepulated i ‘ defined
The timing (OUT hiah i gulated input voltage (definitely over a prede
g TR igh) interval ends when range) and provide with a constant, regulated output
the voltage at threshold is greater than that at voltage.
CTRL(2/3 Vceif CTRL s open),
;7 DIS Open collector output which may discharge a SHa DIAG fAM OF1QYOLTAGE REGULZTOR
capacitor between intervals. In phase with FEEOBACK
output. ' AMPLIRIER .~ 3;::::;“
§ 57 Ve Positive supply voltage, which is usually
between 3 and 15 V depending on' the™ L
variation. :
Some important features / Specifications of the 555 timer:
g . . S UNREGULATED REGULATED
555 timer is used in almost every electronic circuit today. pur ouTPUT
For a 555 timer working as a flip flop or as a multi-vibrator, veuase SERIES . ; flaiors
. ' : . (O——{ PASS ELENENT O .
ithas a particular set of configurations. Some of the major
features of the 555 timer would be,
* It operates from a wide range of power ranging from +5 T
Volts to +18 Volts supply voltage. LIMITING
Sinking or sourcing 200 mA of load current. s
[]

Q7

Ans.

The external components should be selected properly so
that the timing intervals can be made into several minutes
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 of 50 parts per million (ppm)
per degree Celsius change in témperature 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,

Describe IC Voﬁhge Regulators.

A voltage regulatoris one of the most widely used
clectronic cirbuitr}} in any device. A regulated voltage
(without fluctuations & noise levels) is very important for
the smooth functioning of many 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 IC
based voltage regulator. An example of 1C based voltage
regulator available in market is the popular 7805 IC which
regulates the output voltage at S volts. Now lets come to
the basic definition of an 1C voltage regulator. It is an

Qs.

Ans.

Explain Three terminal fixed and adjustable voltage
regulators. .

Fixed Voltage Regulators : These regulators provide a
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 IC’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. A negative fixed {roltége 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
Input| requlator {Output
input Common Oulput
O -0

vl

€c

12
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Adjustable Voltage Regulator :
regulator is a kind of regulator v
voltage can be varied over arange,

of . i .
the same; known as posilive adjustable voltage regulator
and negati

Ve adjustable regulator, LM317 is a classic
example of positive adjustable voltage regulator, whose
output voltage can be varied over a range of 1.2 volts to 57
volts. LM337is an example of negative adjustable volmgcl
regulator, LM337 is actually a complement of LM317 which
are similar in operation & design; with the only difference 2.
being polarity of regulated output voltage.There may be
certain conditions where a variable voltage may be required.
Right now we shall discuss how an LM317 adjustable
positive voltage regulator IC is connected. The connection

An adjustable voltage 1.
hose regulated output
There are two variations

i nmplif'nc

Linear Integrageg Cir
ity

Reference Generating block : The tcmpcrahll
fa

compensated Zener diode, constant curren g, "

voltage reference amplifier logethcr from the refere,
gencrating plock. The Zener diode is used to Benery
fixed reference voltage internally. Constant currep, s
will make the Zener diode l(., Opcratc. s Point g,
applicd to the Non —inverting terminal of error ampj;

7,
Ca
iz
fea
tiy
fiey

"The Unregulated input voltage £Vcc is applieq ¢, e

voltage reference amplifier as welI’as cr.ror amplificr
ErrdrAmplIﬁcr : Error amplifier is a high gain dim“cmia]
r with 2 input (inverting & Non-inverting) Th
Non-inyerting terminal is connected to the imerna“y

" generated reference voltage. The Inverting termiy, .

connected to the full regulated output voltage,

diagram is shown below. 3. Series Pass Transistor. : Q1 is the internal series p,
i ) transisgor which is driven by the error amplifier, Ty,
! —IN OUT . aty e d s Be ctually acts as a variable resistor & regyjy,
+ LM 317 I l s AEETEE the. output vdit?gc- The collector of transistor Q| ;,
_VIN AD) VREF R1 lh Vour . connected to. the Un-regulate'd .po.wer supply. The
It : - > AR " maximum collector voltage of Q1 is limited to 36Volts, Tp,,
l maxlmum current which can be supplied by Q1 is 150ma_
I 4. Circuitry to limit the current : The intemal transistor gy
AD) - js used for current sensing & limiting. Q2 is normally OF
R2 ; P _h—énsﬁton It turns ON when the IL exceeds a predetermine
/7{7,7 “Low. voltage, Low .current is capable of supplying load
Fig. Adjustable Voltage Regulator using LM317 i voltage which is _egual to or between 2 to 7Volts.
B HLY ~Vload=2to 7V and Iload=50mA
Q9. Define IC 723 General Purpose Regulator and write its e G0 S s :
e : M S 1 TR TE |1
Ans. The simplified functional block diagram can be divided in - s ks
to 4 blocks. Correat bt | 2 13| Frequency compensatn
v c;gg&‘:g‘ - Current sense 3l , ._11 Vee -
' 1 Iy L2 : '
1 : g bwectirgloput | 4 €73 11| ve
lwm ; ._N;mrln-.-uﬁnglw& 5 i S Vo
TEWPLEATIFE .
e ML N (P STRIEY 1SS L b,
KIUFIER jmﬂ Vee 7 = B |Ne .
1, =
RON ISVERTING Vo :
el .. , Features of IC723: i
o : .
{uania 1. Unregulated dc supply voltage at the input between 9.5
i ‘ Y &40V PR
‘v— REENT  CURREAT ‘2. Adjustable regulated output voltage between 2 to 3V.
i M1 sixe P &
1
3.

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

e T W
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lJm:‘ e additional transistor used, ILmax upto 10A is

bmmablc

positive OF Negative supply operation
" ernal Power dissipation of 800mW.,
puiltin short circuit protection.

Very low temperature drift.

High ripple rejection.

Monohthic Switching Regulator.

;Thc pA78540 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
features of the pA78S40 switching regulators are:

- Step up, down & Inverting operation
" Operation from 2.5 to 40V input
80dB line & load regulations
Output adjustable from 1.3 to 40V
Peak current to 1.5A without external resistors 3y
Variable frequency, variable duty cycle device
The internal switching frequency' is set by the timing

S e e

capacitor CT, connected between pin12 & ground pin 11.

The initial duty cycle is 6:1. The switching frequency &
duty cycle can be modified by the cun'ént limit circuitry,
IPK sense, pin14, 7 the comparator, pin9 & 10.

Comparator : The comparator modifies the OFF tlmc of
the output switch transistor Ql & 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 terminal via the voltage divider network.

MHonpw, e

(™Y Lirent ket
. , bt Tense  Camenar  Camenar
D) ‘o] ] '| | | |14| [] [+e]

:"Jrﬂ 7—1} ¢

L% '!'_ $pn ‘|
I_'l‘:'?.-‘.: ™
L e T

et [ Heotwew Yer Ut Mgy Uoos Uisde
Cnpn el Ispua o.ifny s c::': b Ano'dr c-ﬁode

Fig. Functional block diagram of pA78540
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Fig. Pin diagram of Monolithic Switching Regulator.

In the Inverting mode the non — 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 outpixt 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 fulls, the
off time of the system decreases.

Consequently, as the output current nears its maximum
IoMAX, the off time approaches its minimum value.

Inall 3 modes (Step down, step'up, Inverting), the current
limit circuit is completed by connecting a sense resistor
Rsc, between IPK sense & Vec.

The current limit circuit is activated when a 330mV potentlal
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 voltage drop, VD, across the internal power
diode is used to determine the value of inductor L offtime
& efliciency of the switchiné regulator.

Q. - Explain Switched Capacitor Filter ICs MF10,
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Ans. Switched capacitor filter MF10: The MF10 contains two of
the sccond-order universa| filter scctions found in the
'0 sccond order filters or
Iter can be built, As the MFS and MF10
sections, the design procedure for them

MFS, Therefore with MF10, tw
one fourth-order fi
have similar filter
is same,

v
_'1 L SN an

P Cle (e . B
é:a!—yi

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

Ans, Frequency to Voltage convertors (F-V) A

- - F-V convertors applications: Tachometer in motor speed
control Rotational speed measurement.

- Two types of it: Pulse integrating Phase locked loop

,’ - v

Output 0

doviation voRage -
-

- F-V convertor produces an output voltage whose amplitude is

a function of input signal frequency.
. VO=kffi kfissensitivity of F-V convertor

It is basically a FM discriminator.
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Fig. (F-V) convertors using (VFC32) I/P O/P Graph

Input frequency is applied to comparator A.

Resistor R acts as feedback element. .

Capacitor Ci enables charge-balancing,

High pass network conditions input signal

Fornegative spike of v 01, comparator COMP triggers on¢

shot multivibrator with threshold 7.5V The output of

multivibrator closes the switch SW, for a time TH, thi
s causes voltage Vo to build up and inject thru R and ti

continues until current out of summing input of opampis

equal to that injected by Vo through R continuously.

Vo=10-3*TH*R*fi - asTH=7.5 C/IX10-3

Ripple Voltage, Vr(max)=7.5 C/Ci

Voltage to frequency convertor :

N
\
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’ - ple: Charee balancing technique-the process of .M 380.
Pt:::'ging and discharging results in frequency proportional Features of LM380:
:0 input signal FO= kVi I.  Internally fixed gainof 50 (34dB) :
| when switch SW is open the current flows into capacitor 2. Output is automatically self centering to one half of the
| i and charges it, and node voltage Vol produce ramp supply voltage. L
down. 3, Output s short circuit proof with internal thermal limiting.

to on
rurns transistor QON for time TH.

The threshold of mono shot = 7.5V and
TH=17.5C/10-3
puring TH , V01 ramps upward by amount
S Vol1=(lmA- 1)) TH/Ci

Time duration TL for vol toreturnto 0 is

TL=C S VOli
TL+TH =1mATH/Ii =T
FO =Vi/7.5RC

to

1

b

el i
I | T
= W E . -ﬁ— ]-;c‘l

.i:, i I

Fig. Voltage to Frequency convertors (F-V) using (VF32) and
I/P O/P Graph .

Q12. Describe Power Audio Amplifier IC LM 380.

Ans. Small signal amplifiers are essentially voltage amplifier that
supplies their loads with larger amplifier signal voltage.On

- the other hand,’.lafge signal or bower amplifier supply a

large signal current Ed current 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 boosters at the output of the op-amp '
To use specialized 1Cs designed as power amplifiers like

when V01 =0 CMP triggers and sends a triggering signal 4.
« shot multivibrator that closes the switch SW and 5.

Input stage allows the input to be ground referenced or ac
Wide supply voltage range (5 to 22V).

6. Highpeakcurrent capability.
7. Highimpedance.
n ,v.:IQ
og A{gm
' 0
wun
!
pTPald
I
-
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Q12
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Fig. Funtional block diagram of Power Audio Amplifier
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Fig. Pin diagram of Power Audio Amplifier LM 380
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Bypass

Noninverling 2
input ¢

3,7.16,10, 11, 15
Inverting 6

W

mpul Ground

Ground

Fig. Block diagram LM380

Q13. Define Video Amplifier and its ckt diagram,

Ans. There are times when you wani to view the video clips
taken by your camera on your TV. You can do so by
interfacing the video output of the source device (camera)
to the video input terminals of the TV. However, at times
the video signal level needs to be raised before it is fed to
the TV. Presented here is a simple video amplifier to take
care of your problems. '

WA — —
J ]
[ 1 ———————
WAL {
AN 8 51
" = BACGIEE |
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Fig. : Comparative signal levels ina 1 VPK-PK PAL video
between any two line sync pulses
APAL video amplifier is expected to have a 3dB bandwidth
of 5.5 MHz The waveform levels of a | VPk-Pk PAL video
signal between any two line sync pulses (separation 64
Us) are shown in Fig. 1. The waveform shows that each
scan line lasts 64 ps, of which only 52 Uscontains active
video or picture data. The video level (variable) lies
between OV and 0.7V and the blanking level extends from
0V down 1o -0.3V (for 12 Us). The black level or blanking

I.inear Inteprag, ey

( 0V, the white level or peak videq 1, ol \"

araa '
level sta peak (-ve) level is-0.3y "y

lac
and the sync pu o
A simple video amplificr cireuitThe RT-R2 djyg,, -

flinsts the DC level of the video, while the 5. g,

(

::c:\vnrk adjusta the pain. You may replace hoth ”"‘d

with two 4.7-kilo- .ohm (or 5-kilo-ohm) trimpgy, -

adjustment of the NC level and the gain. The 75. ”'lm .
f you feed the videc i

(R3) may be discarded if'y ) from by

outpuf-impedance stage.

(l

h,,

Fig. : Circuit of a simple video amplificr

Q14. DefineIsolation Amplifier with the help of ckt diagram
and its applications. :

Ans. Au isolation amplifier or a unity gain amplifier provides

isolation from one fraction of the circuit to another fraction,

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

the circuit. The main function of this amplifier 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 electrical safety battier as

 wellasisolation. These amplifiers 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 amplifier which docsn’t have any

conductive contact among input as well as output sections.

Consequently, this amiplifier gives ohmic isolation among

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




yalues

/

s Jcakage as well as a high amount of diclectric
) Ldown voltage. The typical resistor and capacitor
e ofamplificr among the input & output terminals are
esister <hould have 10 Tera Ohms and capacitor should
pave 10 picofarads.

Fig. Isolation-amplifier

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 of an 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 will be drawn less
from the power supply.

E : i Circuit After
_ Circuit Before Amplifier
- | Amplifier ’
Desavorrles - | -
e 'Y 21 I—
Circuit
Power
Source

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

rnk”hﬂn 39 Linear Integrated Cjﬂi‘f

impedance of an op-amp is low then it draws a vast amount
of current,

Isolation Amplifier Applications:

I. These amplifiers are normally used in applications like
signal conditioning. This may utilize different bipolar,
CMOS, & complementary bipolar amplifiers which include

chopper, isolation, instrumentation amplifiers.

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 of an 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 withina black box with pins
for connectivity. The input circuit takes the incoming
signal, whether the signal isAC or DC, and uses the signal
to turn 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 photosensor a 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”
‘ Pholosensor

“Transmitler”
LEDor IRED

- 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 difTerence
expected between the input and the output. The
Optocoupler is used 1o transmit analog or digital
information between circuits while maintaining clectrical
isolation at potentials up to 5,000 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/ fibre optic IC.

Ans,
Clmrarnmn Ogrlbemi
L Tl V1] outpast
O rinedectrom o Oploniacironia
CrwTvrsen, ‘_ U bone trrrven - bt
[ (reremtvemr ) —.[ Procesaing === ‘:?v“m:.::r:'
e ——
Opsticw! byl
(=)
- Mopomsior
i R e mmag 00000 " panscceccrsscscemooed -
| Orver Rocerver ¢
- - B=toas= ] Cioctronica
E_ =t H ntors i
e i U | T e PR |

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

The optocouplers are available in the IC form MCT2E is

the standard optocoupler IC which is used popularly in -

many electronic application.

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
sometimes a high value pull down resistdnce 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 of a fiber-optic
communication facility.

The block diagram shows the opto-electronic-integrated
circuit (OEIC) and the major components of a fiber-optic
communication facility.
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- OUESTIONS AND ANSwp

1y Which among the following Iy e ¢ teature)y

characteristic/s of an integrated op-amp?
i b. High reliability
a. Small size

c. Low cost & less power consumption

d. Al of the above

ANSWER: (d)

2) Inatypical op-a
dual-input unba
differential amplifier?
a. Input s;tage
c. Output stage

ANSWER: (b)

mp, which stage is supposed to be ,

b. Intermediate Stage
d. Level shifting stage

lanced output or single-ended Outpyy

3) In differential mode of op-amp, if output voltage is eq

to the difference between outputs of individual
transistors, its amplitude will be
of signal voltage yielded at collector to ground.

a. twice b. thrice -
c. four times ‘d. one-fourth times
ANSWER: (a)

Y

— the amplinyd,

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

‘unbalanced output’, if

a. Output voltage is measured between two collectors

~b. Output is measured with respect to ground
~ ¢. Two input signals are used :
d. All of the above
ANSWER: (b)

5) Input offset current is basically defined as the algebraic

the base current of two transistors.
b.-difference between
" d. division of

a.sumof ~
c. product of
ANSWER: (b)

6) Unipolar belongs to
integrated circuits.

: technology/ies of

a. Hybrid b. Monolithic
c.Bothaand b d.lNone of the above
ANSWER: (b)

7) Which among the following belong to the category of
bipolar technology? -

A.JFET. B.MOSFET
C. P-N junction isolation
+ D.Di-electric isolation

\.




BURL op-amps

6! Linear Iniep ez ——
dofa

yashan
MT B&C
7,A8P d.A&D

nC& D
:©) o
,&hﬂs\\'ﬂ‘: op-amp rechnology/ics exhibit/s low current
fhic
0 \\1;'rcin of sinking capacity?
SOB,poiﬂf op-amp b.CMOS op-nmp
BICMOS op-amp d. All of the above
\g*\’ER ()
es are involved in bipolar op-amp?

) “0“1 many Stag
b.3

22 -
d.6

¢4

_.\NSWER' ®)
s, which type of noise occurs due to discrete

fcurrent in the device?
b. Burst npise

d. Flicker noise

flow 0
a. Shot noise
c. Thermal noise

ANSWER: (3) _
11) Whichamong the following is nonhnear application of
op-amp?
a.V to I converter ""'b. Comparator
c. Precision rectifier d. Instri;mentation amplifier
ANSWER: (c) :
12) Whatisthe feedback factor of vo]tage follower circuit?
a.Zero . b. Unity :
c. Infinity . d. Between zero & one
ANSWER: (b)
13) Fornon-inverting adder, which theorem is apphcablc to
determine the expression for output voltage?
a. Thevenin’s b. Norton’s
c: Miller"s o ¢. Superposition
CANSWER: (@) '
: 14) Wh:ch among the fol]owmg is/are the requ:rement/s of
 an instrumentation amplifier?
a. High slew rate : b. High input resmtancc
¢. HighCMRR “d. All of the above
ANSWER: (d)

P ™

15) Foratemperature controller circuit comprlsmg
instrumentation amplifier, which among the following is-

adopted as a temperature sensor?
a. Thermistor b. Sensistor
c. Thyristor d. Thermocouple”

_ANSWER: (2)

16) Which parameter/s is/arc used to indicate the spe¢

comparator?
a. Response Time b. Propagation Delay
c..Bolh aand b d. None of the above

time acquired
of its transition

ANSWER: (¢)
17) Basically, response li

by the comparator to acco
ponding to the voltage st¢

me is defined as the

mplish
corres p at the input.

a.20% b.50%
c.70% d. 100%
~ ANSWER: (®) | .
18) Foran ideal comparator, what should be the value of the
response time? g
a. Zero b. Unity .
c. Infinite d. Unpr_edictable :
ANSWER: (@ ¥ S VT
le in

tor circuit plays a crucial ro

*19) Zero crossing detec
erfect

ion of input sine wave intoap

at its output R . .
b. square wave

d. pulse wave

convers

a. triangular wave
- ¢. saw-tooth wave
ANSWER: (b)

20) For reducing the e
~ " what-would be the

ffects of input offset in comparator,
possible value of input offset

LAY

.voltage?
a.Low b. Moderate
¢. High d. None of the above
ANSWER: (2) |
21) Inweighted resistor DAC, how- many res:stor/s per b1t
is/are required? :
a.One b. Two
c. Three d. Four
ANSWER: (a) - .
22) In DAC, resolution increases with the .- _in 2
number of bits, 1
a. Increase ’ 'b. Decrease -
c. Constant - d. None of the above
ANSWER: (2) )

23) Which'among the following characteristics of D/A
converter occur/s due o resistor and semiconductor
aging? : - '

a. Speed
c. Long term drift

b. Settling time
d. Supply rejection
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ANSWER: (c)

24) Tn DACs, which type of error/s specify/ies the amount
by which the actual output of DAC differ from ideal
straight line transfer characteristics?

a. Lincarity error b. Offset error
c. Gain ervor d. All of the above
ANSWER: (a)

25) Offsetervor is basically defined as the non-zero fevel of
analog output especially when all the digital inputs are

a0 b.1
c.Bothaandb d. None of the above
ANSWER: (a) :
26) Basically, PLL isused to lock
a. Is output frequency
b. Phase to the frequency A
c. Phase of the input signal ?
d. All of the above
ANSWER: (d)
27) Incommmunication circuits, PLL is currently appliceble for
a. Demodulation zpplications
b. Tracking a carrier or synchronizing signal
c.Bothazndb
d. None of the zbove
ANSWER: (c)
25) Inthe locked state of PLL, the phase error between the
input & output is Ak ‘
2 Mzximum b. Moderzate
¢. Minimum d. All of the 2bove
ANSWER:(c)

29) Once the phase is locked, the PLL tracks the variation in
the input frequency. This indicates that
2. Output frequency changes by same amount as that of

imput frequency
b. Output frequency does not change as that of input

frequency
¢. There is no relation between input & output

frequencies
d. None of the zbove
ANSWER: (2)
30) In PLL, the capture range is always
rznge.
2. Grezter than
c. Less than

the lock

b. Equal to
d. None of the above

| ANSWER: (c)

Lstlivan llllcgrarcd C;_
L.‘.‘

ANSWER: (©)
1) Which among
voltage of a regy

a. Load current
c. Temperature

VER: (d) '
ANS‘“mich performance parameter of a regulator is ety
32) he change in regulated load voltage due to Vatiay

as specified range at a constant [, n

the following factors affect/s the R
lated power supply? »
b. Input voltage

d. All of the above

1
o

rrent? ; :
:uLoad reg“laﬁon b. Line regulation

¢. Temperature stability factor
d. Ripple rejection
ANSWER: (b) .
33) The% load regulation o
ideally & practically
a. zero, small b. small, zero
C. ZETD, Jarge d. Iarge, Zero
ANSWER: (2) - .
34) Switching regulators are Series type regulators, which
has em———
e increased, increased
b. increased, reduced
. ¢ reduced, increased
d. reduced, reduced

fa power supply should pe

power dissipation & efficiency.

35) Inalinear IC voltage regulator, series pass transistor

always operatesin ____ region.
a Active. b. Saturation

c. Cut-off d. All of the above
ANSWER: (2)
36) Which among the following compression techniques is/
are intended for still images? : . .

a JPEG b.H263
¢. MPEG d. All of the above -
ANSWER: (2) i

37) Which lossy method for audio compréssion is
responsible for encoding the difference between two
consecutive samples? .

a. Silence Compression
" b. Linear Predictive Coding (LPC)
-c. Adaptive Differential Pulse Code modulation _
(ADPCM)
d. Code Excited Linear Predictor (CELP)

ANSWER: ()




