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BOOK

PART A

Q1

It is required to couple a voltage source V; with a resistance Rs; to a load R;

via a capacitor C.
A. Derive an expression for the transfer function from source to load

(i.e., VL/V,g).

B. Offering a Justification, Identify which Single Time Constant (STC)
i.e., either a highpass or a lowpass type is this expression?

C. For R; = 15 kQ and R; = 60 k&, find the (smallest/largest) coupling
capacitor - that will result in a 3-dB cut-off frequency no
(greater/lesser) than 500 Hz, depending on whether the transfer
function is, respectively, highpass/lowpass type.

[5+(1+1)+3=10M]

Q.2

For the common-emitter amplifier
shown below, let V.. = 10V, Ry =
33 k2 R=20k2 R:=1.5 k2, and
Rc = 2.7 k€2 The transistor has g =
150 and V, =125 V.

A. Calculate the dc bias
current /5.

B. Assuming Ry= 15 k42 and
Ri= 1.5 k&2, draw the small
signal ac equivaient Circuit
by replacing the device with
its hybrid-n: model.

[3+3=6M]

Q.3

The MOSFET in the circuit of Fig. below has V; 5V
=15V, k' W/L = 0.6 mANV?, and V.= 30V. Find
A. the values of R, Rp, and Rg so that fp =
0.2 mA; if the circuit conditions are: (i)the
largest possible value for Rp is used
while (i) a maximum signal swing at the
drain of £1.5 V is possible, and (iiijthe Xo—
input resistance at the gate is 9 MQ.
B. the values of g,, and r, at the bias point.
C. the voltage gain from signal source to
load, if the circuit conditions are:
(Mterminal Z is grounded, (iijterminal X is
connected to a signal source whose
internal resistance is 0.8MQ, and (iijterminal Y is coennected to a load
resistance of 30 kQ,. _
D. The voltage gain from X to Z with Z open-circuited and also its oufput
resistance assuming terminal Y is grounded? — Also identify Configuration

of this Amplifier circuit.

By

[64+2+3+{2+1)=14M]
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PART A

Q.1

It is required to couple a voltage source V; with a resistance Rsto a load R,

via a capacitor C.
A. Derive an expression for the transfer function from source to load

B.

C.

(i.e., VL/Vs).

Offering a Justification, Identify which Single Time Constant (STC)
i.e., either a highpass or a lowpass type is this expression?

For Rs = 15 kQ and R, = 60 kQ, find the (smallest/largest) coupling
capacitor that will result in a 3-dB cutoff frequency no
(greater/lesser) than 500 Hz, depending on whether the transfer
function is, respectively, highpass/lowpass type.

[5+(1+1)+3=10M]

Q.2

For the common-emitter amplifier
shown below, let V_, = 10V, R, =
33 k2, R,=20 k2 ,Re= 1.5 k2, and
Re = 2.7 k€2 The transistor has g =
150 and V3 =125V,

A.

B.

Calculate the dc bias
current /=

Assuming Rgyg= 15 k&2 and
R.= 1.5 k2, draw the small
sighal ac equivalent Circuit
by replacing the device with
its hybrid-rn: model.

[3+3=6M]

Q.3

The MOSFET in the circuit of Fig. below has V, 5V
=1.5V, k', W/L = 0.6 mANV? , and V,= 30V. Find

A.

the values of R,, Rp, and Rg so that I =

0.2 mA; if the circuit conditions are: (j)the _ fo .
largest possible value for Rp is used l___OY
while (i) a maximum signal swing at the 0
drain of 1.5 V is possible, and (iiijjthe Xo—
input resistance at the gate is 9 MQ.

the values of g, and r; at the bias point.

the voltage gain from signal source to

foad; if the circuit conditions are:
(fterminal Z is grounded, (il}terminal X is
connected to a signal source whose
internal resistance is 0.8MQ, and (iiij)terminal Y is connected to a load
resistance of 30 kq3,.

The voltage gain from X to Z with Z open-circuited and also its output
resistance assuming terminal Y is grounded? — Also identify Configuration

of this Amplifier circuit.

—~5V

[6+2+3+(2+1)=14M]
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PART B

Q.1

Draw the circuit diagram of MOS differential amplifier with a common mode input
voltage veu. Derive an expression for Voy and Vgs.
Let Vpp=Vss=1.5V, K'y(W/L)=4mAN?, V;=0.5V, 1=0.4mA and Rp=2.5kQ.
Find the following for MOS differential amplifier with common mode input
a) Vovand Vas
b) For Ven=0, find vs(voltage at source), ip1,ip2, Vp1,Vp2
¢) For Veu=+1V, find vg(voltage at source), ip1,ip2, Vp1,VD2

[TOM]
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Q.2

Draw the neat circuit diagram of bipolar Op-Amp and briefly explain each stage

[10M]
in this multistage amplifier.
+15VY
Rr=20kn .
Ry =3 k03
4%
Rs= 157 mEE $R=3K0
-5V f Y
FI:GUHE 7.43 Afourstage bipoler op amp.
Q.3 | With the use of a general structure of the feedback amplifier, derive an [10M]

expression for closed loop gain and prove the folowing properties of negative
feed back

a) Gain Desensitivity

b) Bandwidth Extention

c) Noise Reduction

d) Reduction in Nonlinear Distortion

8.1 THE GENERAL FEEDBACK STRUCTURE

' Figure 8.1 shows the basic structure: of a feedback . amplifier. Rather than showing. voltages

and cirrrents, Fig. 8.1 is a signal-flow diagram, where &ach of the quanmnes Xican, represent

elther a voltage or a current signalk The open-loop amphﬁer has a gain A; thus its output x,, is
related to the | mmt by .

x‘;. e Axx (8.1)
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FIGURE 8.1 General siructure of the feedback amphﬁer This is a signal-flow diagram, and the quantities
xrepresent elther voll;age or current signals.

The output X, is fed to the load as weli asto a feedback network, which produces a sample of
the cutput, This sample x is related 1o x; by the' feedback factor 3,

xf = ﬁx (8 2)

The feedbick mgnal xf is .subfracz‘ed from the source signal x,, which is the mput to the com-
- plete feedback amplifier,! to produce the signal x;, Whlch is the input to the basic a.mphﬁer

Xp= K= ®3)

Here we note that it is this subtraction that makesthe feedback tiegative. In éssence, nega-
tive feedback reduces the signal that appears at the mput of the basic amplifier..
Imphcat in the deser JF' on above is that the source, the load, and the feedback network
-dp notload the basic amplificr. Thal is, the gain A does not depend on any of these three net-
works. In: practhe this will not be the case; and we shall have to find 2 method for casting a
real cireuit ifito the'ideal structure dcplcted in Fig. 8.1. Figure 8.1 also implies that the for-
ward transmission occurs crtircly through the basm amplifier and the reverse transmission
OCCUTS, entu‘cly through the fecdbick network.
The gain of the feedback amplifier can be obtamed by combmmg Egs: (8. 1) through'(8:3):

A== A (84)
x

1+4B

. The quantity AB is called the ioop gain, a name that follows from Flg 8:1. For the feedback,
to-be negative,. the ioop gain Af3 should be posmve, that'is, the. feedback signal % should
have the same s1gn as x,, thus resuliing in a smaller difference s1gnal x;. Equation (8:4) indi-
cates that for positive Afthe gain-with-feedback Apwill'be. ‘sinaller than the open-loop gain A
by the quaﬂtlty 1+ Af3, which is called the amount of feedback..

If, asis the: case in many circuits, the loop gain Aﬁ is large, Aﬁ & 1, theén from Bq. (8.4).
it follows that: A, == 1 /f3, which is a very interesting result: The gain. of the feedback ampli- -
ﬁer is-almostentively determined by the feedback network. Since the feedback network usu-
ally. consxsts ‘of passive components, which usually can be chosen to be ‘as accurdte as one
wishes, the advantage of ncgative feedback in obtaining dccurate; predictable, and stable
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821 Gain Desensitivity |
The effect:of rnegative feedback on desensitizing the closed-loop gain was demonstrated in
Exercise 8:1, where we saw that a 20% reduction i the gain of the basic amplifier gave rise
- toonlya 0.02%:r_educ_ﬁor_1 in the gain of the closed-loop amplifier. This sensitivity-reduction
pr'ope;{yicanbc:;z_mélyticaﬂy established as follows:
Assanie thatﬁ is‘constant, Taking differeritials of both sides of Ed. (8.4) results in
a, = 4 @7
_ A1+ AP
Dividing Eq- (8.7) by Eq. (8.4) yields '
. i dA; _ o L d_é .
A (1+A ﬁ) A
whiich says that the percentage change in Ay (due to variations in some- circuit parameter) is
smaller than the percentage change in A by the amount of feedback. For this reason the
amount of feedback, 1 +Ap, is also known as the desensitivity factor.

82.2 Bandwidth Extension

Consider an-amplificr whose high-frequen y response is characterized _by:a"sil__lgle.polﬁ. Its
gdiin at mid and high frequencics can be expressedas - ' '
AM
A S 3.9

S - ()3 145/ 0y )
whf;'r_e;A;g,,:_denotés the midhand gain and @is the upper 3-dB-frequency. Applicationt of
negative feedback, with a froquer icy-independent factol B, around this amplifier results in a
closed-loop gain A(s) given by - . '

Als
| | )= T RAG)
Sybsﬁmﬁl}g for A(s) from Eq. {8.9) results, aftf_;xf a little manipulation, in
Alsy = 8.10
) L4s/oy(1+4,5) .10

Thus the feedback arnplificr wilt have a midband gain of Ay /(1+A M,B) and an upper 3-dB
frequency @y given by

i gy = “’H(l +AM5') o (B1D)-
It follows tHat the. upper 3-dB frequency is increased by:a factor equal to the amount of

feedback. o S
. Similary, it can be shown that if’ the open=loop gain is characterized by & dominant low--

fl:équehéy_polé'-gii/ing rise to a lower 3—d.B--§ﬂ'équenCy o, then the feedback amplifier WLH

have a-lower 3-dB frequency o, .
Dy

L Note that the amplificr bandwidth is incfif:é_é_sed_by the same factor by which its 'midbang. -
~gainis decreased, mmainraining ihe gain-bandwidth product at a constant value. e
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8 2.3 Noise Reduction

‘Negative: feedback can be employed to reducc the noise. or mterference in‘an ampliﬁer o,
more precisely, to increase the ratio 1sfgna] to noise. Howcver ‘a5 'we shall now explain,
 this noise-reduction process is possible only under certain condmous. Consider the situation
illustrated in Fig. 8.2. Figure 8.2(a) shows an. amplifier with gain Ay, an ifiput signal V,, and
noise, or interference, V), Tt is assumed that for some reason this amplifier suffers from
Doise: and that . the noise can be assumed to be introduced at the input of the amplifier. The

gnal—te-nmse ratio for this amj; litier is . .
SIN = V.4V, _ . (8.13)
Consider next the circuit in Fig, §.2(h), Here we assume: that itis  possible’ to build another
amphﬁer stage with gain A, that does not suffer from the noise problem. If this is.the case, .-
then we may precede our original amplifier A; by the clean amplifier 4, and apply negative
feedback arotnd the overn!l casende of such an amount as to'keepthe Gverall gain constant..
The oiitput voltage of the cireut in iz, B.2(b) can be found by superposition:

A1A2 ; A . 1
= +V, = (8:14)
e VAR YA 4B

'Ihus the slgnal—to-no;se rauo at the output becomes

S =Yag, 8.15)
NV,
‘which is Az times higher than in ihe original case. _ o .
We emphasize once miore fil the improvement in signal-to-noise tatio by.the .applfca-.
tion of feedback is possililc iy if v can precede the noisy stage by a (relatively) noise-

free stage. “Thi§ situation, lmwc ver, is not wicommon in practice. The best example is found.-.
in the output power-amplifier stzze of an audio amplifier. Such a stage usually suffers from
probiem known as power-supiy hum. The problem arises becauise of the large currents
_ thai this stage draws from the pe.er supply and the difﬁculty mprowdmg adequaig. power-: _
supply ﬁlteﬁhg inexpensively. The power- output stage is required to provide. larg ) g
gain but little or no voltage gain. We may therefore precede: the power i o
sinall- s1gnal amplificr that provides large voltage gain, and apply aIarge amount of negatzve- X
feedback, thus rostoring toe o tape gnin to its original value: Since the small—mgnal amph—

hefly (and hence betler regulated) power supply, it will not

fier can be fed from an
suffer from the Lum peobion. e lium at the output will then be reduced by the amount of

- the voltage gain of this adder - renmplifier.

PAGES OF7




8.2.4 Reduction in Nor'inear Distortion

Curve (a) in Fig. 8.3 shows the transfer characteristic of an amplifier. As mdicated, the char-
acteristic is piecewise linear, with the voltage gain changing fronr 1000 to.100 and then to 0.
This ronlinear transfer characteristic will resalt in this amplifier generating a large amount
of nonlinear distortion.

. The: amphﬁcr transfer charscteristic can be considerably linearized (i.e., made less.non-
linear) through the application of ncgative feedback. That this is possible should not be:too
surprising, since we have already seen that negative feedback reduces the dependence ‘of. the
overall closed-loop amplifier gain on the open-loop gain of the basic-anplifier: Thus large -

vy (V) A

() (b)

R N T SRS W T S ! R R T T R
—0.08 —0.06 —004 —002 f 0.02 004 006 008
s v (V)

,.V"ﬂ‘ P
L iy
- ; :
/"‘J —2 7
E

—4 E',_

To llustrate, tet us apph negative [eedback with = 0. 01 to the amplifier whose open- -
loop voltage-transfer characto=istic is depicted in Fig, 8.3.The resylting transfer chamctenstlc
of the closed-lnop ampliticr - Hiown In Fig. 8.3 as curve (b). Here the slope of the ‘steepest
segment is given by o Lo '

I

'\.&‘\‘
[
1

11T T
1+1000% 0.01
weol is given by
100

A :_—__' - =
2T F100%0.01 30

=.90.9

and ﬂje 'élbpe of the next sco

* Thus the order-of- magnitude chanee in <lope has been considerably reduced. The price paid; of

!

course, is arecur"'n: Ve o ealn, G has if the overall gain has to be restored, then apre- .

amplifier shouid iw added. ;n campiifier-should not present a severe nonbnear—mstorhon
problem, since it will be desl ey with smallér signals.
Finally, it should be note! that negative Tfeedback can do nothing at 21l about amplifier

saturagion, since in saturation m gain is very, small (almost zerc) and hence the amount of
feedback is aleo vory soall 1+ st zorn),

Q.4

a) Draw the circuit diagram of Class B output stage amplifier and derive the
expression for Power conversion efficiency.

[5+5=10M]
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f}f[.f‘ R L
—

» Complementary Pair (an npn, Qy and a pnp,Qp)
» PUSH PULL Or-ration - Only one conducts at a time — Quy pushes
(sources) into In~: Ip pulls (sinks) from load

» Biased a! zero - rrent active devices conduct only when signal is present
2
_ l V;)—-peq.i ,_ g I/ofpeak V
77 - i ce
2 R, 7T R,
174
T = DEK o
= sy =785%
4 iec
2T
PDmax = 2 _‘\__
TR,

b) A BJT is spacifie to have a maximum power dissipation Ppy of 3W at an
ambient temper:iure Tao OF 25°C |, and maximum junction temperature
Tumax=207"C. Firt the following

.  The therm=alreszi~~roe Bja

The maxinum vwer that can be safely dissipated at an ambient
temperature of =70

The junction t- =erature if the device is operating at Ta=30°C and is
dissipating 0.5/ ~f power.

7.1, 200-25

)0,

As

i) L.

jii) T, =7,

=358.33°C/W

S max ~]—'A — 200 ~ 60 = 2 4W
0, 58.33

+0, P, =30+5833x0.5=59.16°C
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PART A

Q.1 An overdrive voltage for an NMOS differential amplifier is 0.4V and has a W/L 25x2+2x2=9M
ration of 60, U,Co=200uA/V?, Va=10V and Rp=5kQ, Find bias current (1),
Transconductance (gm), output resistance (r,) and differential gain (Aq).

Q.2 Find the values of resistance Ry to Ry for the following BJT op-amp circuit shown 1.5x6+2=11M
below
+10V
‘ l2mA
Ry §Rz Rs Ra
+6V l/? Qs
+6V
Qu Qs |2mA
+01Qa Q,
Sm%
Vid
I <
|1mA oM —1g
o OV
R7 5mA
Q3
Qg [ @5 gRS Re
ﬁlmA Kl ama
~ i
-10V
PART B
Q.1 The basic 2-stage CMOS OP-AMP, shown in figure below, is fabricated in a 2+2+4=8M

process for which V' ar=|{V'ap|<15V/ium. If all the devices are of 1.25um long;
Vov1=0.3V; and Vove=0.6V Find:
i. both individual stage gains and the overall gain.
ii. the OPAMP output resistance obtained when the second stage is biased
at 0.6mA
iii. the value of C¢ that results in unity-gain frequency, f=120MHz assuming:
(iYa 2500 resistance is included in series with Cc and (ii)trans-conductance
of 1% and 2™ stages, respectively are: 1.5mA/V and 2.5mA/V.
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Q.2  The amplifier shown in figure below is biased to operate at Ip=2mA; and 243+3=8M
gm=2mA/V. Neglecting r,, find
a) the mid-band gain and
b) the value of Cs that places f,_ at 20Hz.
c) the amplifier's fy, assuming an R =10KQ is connected at the output. Assume
“reasonable/most appropriate” values for the MOSFET parameters including
internal capacitances by explicitly indicating needed values assumed.

Vo

- By = 10k

Vi

~Vsg
Q.3 The current source circuit shown in Fig. below utilizes a pair of matched pnp 2+1+1=4M
transistors having 1s=107° A, B=75 and |Va|=45V. It is required to design the
circuit to provide an output current 1=1.5mA at Vo=3V.
i. What values of Irgr and R are needed?
i. What is the maximum allowed value of Vo while the current source
continues to operate properly?
ii. 'What change occurs in lg corresponding to Vo changing from the maximum
positive value of -5V?

V=5V
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Course No: EEE F244 ECE F244 INSTR F244 Course Name: MICROELECTRONIC

- CIRCUITS

Evaluation componeni: TEST-2 (GPEN BCOK) Date & Time: 12-05-2013, SUNDAY,
10:15AM TO 11:20 AM

PART B
Solution for Q. No.1; Page Ng.1/2

The basic 2-stage CMOS OP-AMP The basic 2-stage CMOS OP-AMP, shown in
figure below, is fabricated in a
process for which V'an = [Vap| < 15
Vipm. If all the devices are of

R
1.25pm long; Voy1=0.3V,; and

7! Vovfs:O. 6v

o—i 28 223 }_g" - oy £ F!nd
b e
I

(D) . y a) both individual stage gains

2 [:Qa_“—il:gﬁ and the overall gain can be

| ‘ ‘ computed employing the given data
= s and using the relations in Egn

Nos.9.11, 9.12 and 9.13 of the prescribed Text Book:

Ar=-gm1 (Fozllros) = -2Naal{(1/[Vzl) + (1/]Vaa]);

Aa=-me(ToslIre7)= -2Vt {(1/[Vael) + (1/Vaz])}

and overall gain is A*Ag.

b) when the second stage is biased at i.e., Ipg=0.6mA, the OPAMP output

resistance can be obtained using the relation as in Egqn. No.9.16 of the

prescribed text book; which is: res=[Vasl/los.
c) Using the relations in Egn. 9.16; 9.27 and 9.37 of the prescribed Text

book, the vailue of Cc that results in unity-gain frequency, fi=120MHz
assuming: ()a 250Q resistance is included in series with Cc and (ii)trans-
conductance of 1% and 2" stages, respectively are: 1.5mA/N and

2. 5mA/N;

+Von

Solution for Q. No.2:

The amplifier shown in figure below is biased to operate at Ip=2mA; and gn=2mA/V.
Neglecting ro,

a) the mid-band gain and

§A’“ - 1 kG Given that: 1p=2 mA; gm=2mA/V,
lg?" ----- oL Prescribed Book page No.311 Egn. No.4.89 is:
el G __ Gmrp _  2x10 _
| ,ilm; Ay = Tromey | 1+2x6 = 1.5384V/V
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b) the value of Cg that places f_ at 20Hz. Page No.2/2
Assuming that C.y or Cp are infinity and thus the

low frequency is response is only due to Rs and
Cs f, = 20Hz

 2n(IRs)Cs
Here the R contributing to the high frequency pole
is: Reg = Rsl|Rout, in which Rou=roll(1/gm) following
the Egn.4.105 on page 318 and/or using Fig.4.51
of prescribed text. Student can assume rp=« i.e.,

an ideal MOS, Cs can be found using above egn.
¢) Assuming an R =10KQ is connected at the output and the by using the values of
MOSFET parameters of the prescribed text Example No. 4.12 on page 331-332,
the ampilifier's fu,can be determined using the expression for the same (as on

. s _ 1 _ 1
page 332 of prescribed text: fi; = 2n(ReigllRe)Cin  27{Cqst[1+gm{RpIIRLIITo}Cga])RsigliRe

Solution for Q. No.3

b5V Matched pnp transistors of the circuit shown in Fig. has: 1s=107°

| A, B=75 and |Va|=45V. To design the circuit such that its output

R

Q:‘I ; current 1;=1.5mA at Vo=3V:

! ! y . i
T S a) lger can be computed using I, = 1ng - the needed can be
FREE Y { ie; =
Rg ; . Ve Vcc-ﬁ/c/g . .
computied from the refations: R= = in which: Vg = Ve
..L Trgr IREF
= I
= VT g R L A—
15{14};&}
A

b) the maximum allowed value of Vo while the current source continues to
operate properly
Vomin Occurs when Qg is on the edge of saturation or Vgc=0.3V. Therefore,

: VDmax is5- VCEsat= 5-0.3=47V.

¢) Change that occurs in lo corresponding to Vo changing from the maximum
positive value of —Vee(=-5V) can be computed by solving the relationship:

4 A ~(~-V . Al
[p=id = 2o ZYomax—(Vee)  oomnmyta from it the value of: 22 x 100.
Io Al Alg A
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PART A

Q.1 Draw the circuit diagram of the single stage CE BJT amplifier and using its small [1.5+1.5+2x6=15M]
signal equivalent model derive an expression for the following
[. Input resistance

H. Output resistance

. Voltage gain

IV. Open circuit voltage gain

V. Overall voltage gain
i vi. Short circuit current gain
' .2 For the circuit shown below, draw a complete small-signal equivalent circuit utilizing [3+3+2+2=10M]
an appropriate T model for the BJT (a=0.89), Your circuit should show the values of
all components, including the model parameters. What is the input resistance Ry, 7
Calculate the overall voltage gain?

+9V
10k
Cl'z
[
|| °
Rey=500 c, Ry=10kQ
Vsig 0 3mA
PART B

Q.1 Sketch the complete hybrid-r model (valid at high-frequencies also) of an npn transistor. [3+2.5x2=6M|

Compute the values of C, and C,.
Assume: the npn transistor is operated at Ic = 0.5 mA and Vg =2 V and has (iflow-

frequency value of B () = 100, (ii)Early Voitage, V, = 40V, (fi)Forward base-transit
time, 7= = 25 ps, (iv)Base -Emitter Junction (EBJ) Capacitance at zero voltage,Cpo = 15
fF, (v)Colfector Base Junction (CBJ) Capacitance at zero voltags, C, =25 fF,
(vi)Collector-Base Junction (CBJ) buift-in Voltage, Ve = 0.7 V, (vi)grading coefficient,
meay = 0.5, and (viii)Base spreading resistance, r, = 11042
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Q.2 By employing a 10A current in the voltage divider of the circuit of Fig. shown, in order to
operate the MOS transistor in saturation with Vp biased 1 V from the edge of the friode
region, with /p=/ mA and Vp = 3 V, find the values of all the resistors and voltages
indicated in the figure.

Assume: |V =T Vand k,W/L =0.6 mA/N?.

[1x4+1x3=7M]

+16V

Q.3 The source follower of Circuit shown in Fig. employs a MOSFET biased to have gn =5
mA/N and rp=20 k2.
[.  Draw the small signal equivalent model

.  Derive the expression for overall voltage gain

.  Find
a. the open circuit voltage gain,Ay
b. the output resistance (Rouw).
¢. the voltage gain if R. = 1.5 kQ

[1+3+2x3=10M]
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Ve t0¥)

Let ug determine Input resistance , voltage gain and

output resistance by replacing the BIT with its hybrid n
small signal model.

‘.l
l:’ &
E -
|
Ry

g

“»Unilateral

#R.,=R;and R,,,=R, @

At the amplifier input we have C%) = T which for RB ® r, becomes
)} " i i’ i % we note that
RHEE=RB|!RE i I Yy = U;
T n . ' U= Y o
where R, &s the inpat resistance looking info the base, Sincs the emitter is grounded, Fet Rsig
RE, =re

Noimally, e select Ry 3 r,, with the resalt that At the output of the amplifier we have

.. e (@) TS IRIR -
The fraction of source signal Uy that appears |

- = : t Replacing . by 7 we can wrile for the veltage gain of the amplifier proper;
across the nput terminals of the amplifier proper can be found from that is, the voltage gain from base to collector,
R _ (Rgilr,

=g, A, = g (r l oW Ry @
; T - B L LA, v s
U ¥ Ra+ Ry H(Rptr+ Ry

The open-circuit voltage gain

A, can be obtained by setting Ry = oo
Ay = —8alr, i RC)

The output resistance R, can be found

since typically r; R, resulting in . from the equivalent circuit by look ing

A, =-g,Re back into the output terminal while
@ short-cireuiting the source ;.

Since this will result in v;= 0, we see that

Ry =Rz, @




P A

r,® R,
R 2 Re _
- unilateral amplifier R, = R,
voltage gain A corresponding to any particular By,

A=Ak
R;+R,

Ry > 71y the overall gain wit! be highly dependent on B

This is not  desitable property since f varies considerably
berween units of the same transisior type,

if Rz <€ 1y, we sec that the
expression for the overall-
voltage gain reduces:to

Gx) = - m(RC " RL " ;'ro)

short-circuit current gain, A,

This can beeasily done by referring o the
amplifier equivalent circuit:

R; is short circuited, the current through
it will:be equal to —g, 2,

Ips = —BmUx

Since v, is related to i; by
Uy =T = iRy,

23-03-2013

The overall voltage gain from source toidad, G,
can be obtained by multiplying (v;/v4,) by A,

(RB u r n:)

SR Ty + R e 1R IR

For the case R > r,, this expression simplifics to

4 = _BRMRIr,) @

v
et Rsig

which is the gain A,;
in other words, when R, is small,

the overall voltage gain is almost
equal to the gain of the CE circuit proper,
which is independent of .

the short-circuit current gain can be found as

&

i
= "?‘f = —ngfn
i

R.

1n
|4, reduces to B, by definition,
the short-circuit current gain of the
common-emitter configuration.

:RB”rﬂ RB$>rx,
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Note : Answer all the guestion,

assume any missing data suitably

SETA
Q.1 | Match the expressions given, below, with the terms by indicating matching terms: A to H against each O%ﬁ
expression, )
A (Terms) B (Expressions)
A. Voltage Gain i, PJP Lcli
B. Current Gain fi.  PLx100/Pg [ E]
C. Power Gain fii. PyctP-P; [ H]
D. Open Circuit Voltage Gain V. VoV [ Al
E. Open Circuit Transresistance v. /i [ B]
F. Efficiency Vi, if- <y < :—* [ 61
v v
. R
G. Amplifier Saturation vil. A {}f} [ D1
H. Pdissipated viit, AvoRi I—JE
Q.2 | Lower frequency part of an Amplifier's frequency response is typically that of High pass single Time 0'5’;2“;
Constant Circuit while its high frequency part is typically that of LOW pass Single Time Constant
Circuit.
Q.3 | Fora BJT to function like an Amplifier, its Emitter Base Junction should be Forward biased while its 0‘5’;2,\:
Collector Base lunction should be Reverse biased.
Q.4 | A Common-emitter amplifier operated with V.=+10V is biased at V=+1.0V. 0-5+1_+§$
a. Itsvoltage gain is: -360; )
b. Its max. allowed output negative swing without the transistor entering saturation is: 0.7V ;
c. The corresponding maximum input signal permitted is: 1.94mV
3 | For the transistor circuit shown in Fig, below, assume a=1 and vg:=0.5V. Find V¢ and V. for Vg=0V? 1’;\:
é') 5mA
Ans:
VC
v [ i k.ﬂ. VE= -OOSV
o Vf: VC= 4.5\’
?1 A %1 kit
Q.6 | Introducing a resistor in the emitter of a common emitter amplifier stabilizes the dc operating point im
against variations in:
A. Only the temperafure
B. Only the B of the transistor Ans: C
C. Both temperature and
D. None of the above

PAGE10OF2




iMm

resistance between base and emitter (r.)

Ans: §_|S_Q_

Q.7 | In a CE transistor amplifier, if collector—emitter voltage increases the instantaneous operating point:
A, Moves up the load line A
B. Moves down the load line Ans: A
C. Moves at right angle to the ioad line
D. Remains stationary
Q.8 | For the following BJT circuit, what is the collector current and voltage at the collector point? 1+1=2M
+H2V
Ans:
Collector Current= 1.6mA
Voltage at the collector= 4,48V
/™9 | Refer to the following figure. Determine the minimum value of Ig that will produce saturation. M
+10V
Ans: 10.425uA
Yc
p=200
VCE{M})=0°2 V
Q.10 | Forthe common-emitter amplifier ac equivalent circuit, all capacitors are M
A. effectively shorts.
B. effectively open circuits. Ans: A
C. not connected to ground. -
D. connected to ground.
Q.11 | A BJT having p=200, is biased at a dc collector current of 1mA. Find the value of small signal input 1M

SPACE FOR ROUGH WORK:
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SETB
Q.1 | Intreducing a resistor in the emitter of a common emitter amplifier stabilizes the dc operating point m
against variations in;
A. Both temperature and B
B. Only the B of the transistor Ans: A
C. Only the temperature
D. None of the above
Q.2 | For the following BJT circuit, what is the collector current and voltage at the collector point? T+1=2M
+1gV
Ans:
Collector Current= 1.6mA
Voltage at the collector=2.48V
- Q.3 | For the common-emitter amplifier ac equivalent cireuit, all capacitors are M
A. not connected to ground
B. effectively open circuits. Ans: C
C. effectively shorts
D. connecied to ground,
Q.4 | A BJT having B=100, is biased at a dc collector current of TmA. Find the value of small signal input M
resistance between base and emitter (r;)
Ans: 2.5k0
Q.5 | For the transistor circuit shown in Fig. below, assume a=1 and ve=0.7V. Find V; and V. for Vp=0v? 1+21n:

PAGE1OF2




Q.6

Match the expressions given, below, with the terms by indicating matching terms: A to H against each

0.25x8

Remains stationary Ans: C
Moves at right angle to the load line ns: X
Moves up the load line

Moves down the Ioad line

oo w>

expression. =M
A {Terms) B (Fxpressions)
A. Voltage Gain i.  PJP L cl
B. Current Gain i, Pyx 100/Pq [E ]
C. Power Gain iii.  PactPrPL [ H]
D. Open Circuit Voltage Gain V. VoV [ A]
E. Open Circuit Transresistance V. ofh [ B
: i_ L
F. Efficiency vie =<yt [ G1]
v P
.. R
G. Amplifier Saturation vil. Ay {R_j} LDl
H. Pdissipated viii. AvoRi LE]
Q.7 | A Common-emitter amplifier operated with Vec=+10V is biased at Vee=+1.0V. o.5+1_+g$
a. ltsvoltage gain is: =360;
b. Its max. allowed output negative swing without the transistor entering saturation is: 0.7V;
¢. The corresponding maximum input signal permitted is: 1.94mV
Q.8 | Refer to the following figure. Determine the minimum value of Ig that will produce saturation. M
+I12V
Ans: 12.55pA
Yo
p =200
¥ CE{_,,,,«)=0.2 vV
Q.9 | Fora BIT to function like an Amplifier, its Emitter Base Junction should not be Reverse biased while 0'5’12,;
its Collector Base Junction should be Reverse biased.
10 . : : : . . 0.5x2=
;'Q Lower frequency part of an Amplifier's frequency response is typically that of High pass Single Time M
Constant Circuit while its high frequency part is typically that of LOW pass Single Time Constant
Circuit.
Q.11 | in a CE transistor amplifier, if collector-emitter voltage increases the instantaneous operating point; M

SPACE FOR ROUGH WORK
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Note : Answer all the question,

Puration: 20 Minutes
assume any missing data suitably

Write your answers only in space provided

SET A
Q.1 | Match the expressions given, below, with the terms by indicating matching terms: A to H against each D-fixg
expression. : . =2M
A (Terms) B {Expressions)
A. Voltage Gain i.  PJ/P [ ]
B. Current Gain i, P x100/Py [ ]
C. Power Gain i, PactPrP [
D. Open Circuit Voltage Gain V., v/ [ ]
E. Open Circuit Transresistance v. /i [ ]
- . — L
F. Efficiency Vil %— <y <F [ ]
v v
- R
G. Amplifier Saturation vil.  Ags {}'{f} [ ]
_ H. Pdissipatad viii. AvoRi [ ]

Q.2 | Lower frequency part of an Amplifier's frequency response is typically that of Single 0.5x2=
Time Constant Circuit while its high frequency part is typically that of Single Time M
Constant Circuit.

Q.3 | For a BJT to function like an Amplifier, its Emitter Base Junction should be biased while 0.5x2=
its Collector Base Junction should be biased. i

Q.4 | ACommon-emitter amplifier operated with V=+10V is biased at V=+1.0V. 0.5+1+0.5

a. Itsvoliage gain is: ; w2
h. Its max. aflowed output negative swing without the transistor entering saturation
is: ;
- c. The corresponding maximum input signal permitted is;
¢ 5 | For the transistor circuit shown In Fig. below, assume a=1 and vge=0.5V. Find V: and V¢ for Vg=0V? 1+21];
Ans:
VE=
Ve=
1w

Q.6 | Introducing a resistor in the emitter of a common emitter ampilifier stabilizes the dc operating point

against variations in:
A. Only the temperature
B. Only the B of the fransistor
C. Both temperature and g
D. None of the above

Ans:

PAGE1 OF 2




M

Q.7 | Ina CE transistor amplifier, if collector—emitter voltage increases the instantaneous operating point:

A. Moves up the load line ' Ans:
B. Moves down the load line ’
C. Moves at right angle to the load fine

D. Remains stationary
Q.8 | For the following BIT circuit, what is the collector current and voltage at the collector point? 1+1=2M
+12V
Ans:
Collector Current=
Voltage at the collector=
Q.9 | Refer to the folfowing figure. Determine the minimum value of Ig that will produce saturation. M
+I10V
Ans:
Ve
B=200
Vespay=0.2V
.10 | Forthe common-emitter ampiifier ac equivalent circuit, all capacitors are im
A. effectively shorts.
B. effectively open circuits. Ans:
C. not connected fo ground.
D. connecied to ground.
imM

Q.11 | A BJT having B=200, is biased at a dc collector current of 1mA. Find the value of small signal input
resistance between base and emitter ()

Ans:

SPACE FOR ROUGH WORK:
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SETB
Q.1 | Introducing a resistor in the emitter of a common emitter amplifier stabilizes the dc operating point im
against variations in:
A, Both temperature and B
B. Only the B of the transistor Ans:
C. Only the temperature
B. None of the above
Q.2 | For the following BJT circuit, what is the collector current and voltage at the collector point? | Le=2m
+I0V
Ans:
Collector Current=
Voltage at the collector=
Q.3 | For the common-emitter amplifier ac equivalent circuit, all capacitors are iM
A. not connected to ground
B. effectively open circuits. Ans:
C. effectively shorts
D. connected fo ground.
Q.4 | ABJT having B=100, is biased at a dc colfector current of 1mA. Find the value of small signal input M
resistance between base and emitter (r.)
Ans:
Q.5 | For the transistor circuit shown in Fig. below, assume a=1 and vg=0.7V. Find V¢ and V. for Va=0V? 1+l =
20
Ans
VE=
V&=
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Q.6 | Match the expressions given, below, with the terms by indicating matching terms: A to H against each o
expression. =
A (Terms) B (Expressions)
A. Voltage Gain L. PJ/P [ ]
B. Current Gain i.  PLx100/Py [
C. Power Gain iii,  PytPP [ ]
D. Open Circuit Voltage Gain iv. Vv [ ]
E. Open Circuit Transresistance Ve - ofk [ ]
. L_ L
F. Efficiency viio =<y <t [ ]
v o
" R
G. Amplifier Saturation vii.  Ajs {R_:} [ ]
H. Pdissipated viil. AvoRi [ ]
Q.7 | ACommon-emitter amplifier operated with Ve=+10V is biased at V=+1.0V. 0-5+1_+5M5
a. Its voltage gain is: ; )
b, Its max. allowed output negative swing without the transistor entering saturation
is: ;
o . _The corresponding maximum input signal permitted is:
.8 | Refer to the following figure, Determine the minimum value of I that will produce saturation, M
+I2V
Ans:
Yc
p=200
V CE(m!)=0-2 V
Q.9 | Fora BJT to function like an Amplifier, its Emitter Base Junction should not be biased 0.5x2=
while its Collector Base Junction should be biased. M
Q.10 | Ltower frequency part of an Amplifier’s frequency response is typically that of Single 0.5x2=
Time Constant Circuit while its high frequency part is typically that of Single Time ™
Constant Circuit.
Q.11 | In a CE transistor amplifier, if collector—emitter voltage increases the instantaneous operating point; 1M
A. Remains stationary Ans:
B. Moves at right angle to the load line
C. Moves up the load fine
B D. Moves down the load line

SPACE FOR ROUGH WORK
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