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Given: Unless otherwise stated use the following default values of different parameters:

IVBE(on)I ::::0.6V,IV CE(sat)I = 0.3V , VA = 100V, Vr = 25mV for both, p-n-p and n-p-n BJTs;

K = /lCoxW/(2L) = 1 mAjV2 and [Vth I = lV, 11.=0.02 V-l for both, n-type and p-type MOSFETs .

Q.1. (a) Consider the MOS current mirror shown in figure 1.a. Assume, IREF = 1 mA, Voo= 5 V, ).!nCox= 200 ~jV2,
(W/L)REF= (0.45 j..Lm/0.18urn): A = 0.1 v: for both MREFand Ml.
(i) What is the size of Mi so that Icopy is equal

to 3/REF? Use this size of Mi for the next
part of this question.

(ii) Determine the error in Icopy with respect to
3/REF if VOS1= (VGS_REF+ 2 V)

[1 + 2]
Fig.l.a

(b) Consider the current mirror shown in the Fig.
1.b. For I REF= 1 mA, what is the value of Icopy if the fJ
of NPN and PNP are 100 and 200, respectively and
VA of all transistors are very high?

~------~------~ vcc
9AE

[3]

Icopy

Fig.l.b

(c) You have a current source of 1 mA using which you have to get a current sink (connected to ground node) of

4 mA using current mirror.
(i) What is the minimum number of identical MOSFETs(i.e., every transistors having equal Will required to

construct a suitable current mirror? Draw the corresponding circuit diagram and find the numerical value of the

output impedance ("small signal") ofthe obtained current sink.

(ii) To improve output impedance ("small signal") of the current mirror constructed in previous part, what is the
minimum number of additional MOSFETsrequired to make it a meaningful cascode current mirror? Justify your

answer with corresponding circuit diagram and find the numerical value ofthe output impedance ("small

signal") of the improvised current sink.
[2 + 2]



2. For the circuit given in Fig. 2, Vcc = 10V, R1 = 7kO, R2 = 3 kO and, M1 and M2 are identical transistors.
(i) Find the value of R3 so that VDS1 = 6V. Use this value of R3 for the remaining parts of this question.
(ii) Find the values of R4 and RS so that ICQ1 = 2 Vcc
mA and VCE1 = 3V. Use these values of R4 and RS

3. A fully differential amplifier circuit is shown in Fig. 3. The positive and the negative supply voltages are, Vcc = 8V
and Vss = -SV respectively. Values of different resistors are, Rl = R2 = 2.2kO and R3 = 1.2SkO. Assume that Q1
and Q2 are identical p-n-p transistors and all three p-MOSFETs are identical having their parameter values
provided at the beginning ofthe question paper.
(i) Find the lower limit and the upper limit of the input
d.c. voltage level within which all of the transistors
are remain in "suitable" region of operation. For
subsequent two parts of this question, assume that
the input d.c. level is kept well within the two limits.
(ii) Draw small signal equivalent circuits of the
amplifier for differential mode of operation and find
the value of differential mode gain.
(iii) Draw small signal equivalent circuits of the
amplifier for common mode of operation and find the
value of common mode main.
(iv) For input signals Vin1 = 1 V and Vin2 = 1 + 0.02
Sin (2000rrt) V, find the output voltages of the

4. Circuit diagram of a feedback system is shown in Fig. 4.a. The input signal is= 2 Sin(wt) mA.
(i) When the two switches SW1 and SW2 are in
open condition, what are the values of "input

resistance", "output resistance" and "gain" of the

feedback system.
(ii) If the switch SWl is closed but the switch SW2

is kept open, then what are the values of the

feedback current if and the output voltage Vo ?
Under this condition of the switches what is the

for the remaining parts of this question.
(iii)find the small signal voltage gain from v, to Vout

in mid frequency range. Also find the upper and
lower cut-off frequencies ofthe circuit.

[Given: C1 = C2 = 11lF, C3 = 100 IlF and CL= 100 pF,
For Q1, cn = c~ = 10 pF. Cgs and Cgd of MOSFET are
very small]
[Hint: for simplicity, you may assume k: 0 V -1 for
the BJTand VAis very high for the MOS transistors]

[ 1 + 2 + 3 + 2 + 2]

amplifier.
[2 + 3 + 3 + 2]

value of the output resistance of the feedback

system.
(iii) Now, both SWl and SW2 are closed. What is
the value ofthe output voltage Vo ?

[3 + 5 + 2]
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OR ofQ. 4

For anyone of the two circuits shown in Fig. 4 (b) answer the following:

(i) Identify the feedback configuration with explicit mention of the kind of signal sensed at the output port and
the kind of signal fed back (mixed) .

(ii) Taking into account of loading-effect analyze the circuit to obtain the open-loop gain, feedback-factor,

Rin,open-loop' Rout,open-loop' closed-loop gain, Rin,closed-loop, and Rout,closed-loop' (Assume A=O for all the
MOSFETS) [3 + 7]

.-----..-0 Vout
R1

Circuit 1 Circuit 2
Fig.4.b

5. Transfer function of a two-pole amplifier is, H(s) = ( l)Ot )' where Wp1 = 2 kHz and Wp2 = 200 kHz. Al+_s_ l+_s_
WPI Wp2

feedback is applied across the amplifier, H(s), with a constant feedback-factor of {J = 0.5

c. Neatly draw the Bode-plot (both gain and phase plot) of the transfer function of the forward
amplifier H(s).

b. Neatly draw the Bode-plots (both gain and phase plot) of loop-gain {JH(s) and the feedback
amplifier (i.e. H(s) / (1 + {3H(s)) )

c. What are values unity gain frequency and the phase-margin of the feedback system?
[2 + 4 + 4]

6. (a) Draw circuit diagram of a phase shift oscillator using an amplifier having constant gain, Ao ( over the
frequency band of interest) and three identical C-R stages. The value of the identical resistors in the phase shift
network is 1.lkO. What should be the value of the capacitors (identical) in the phase shift network so that the
frequency of sinusoidal oscillation is 14kHz?

(b) Draw circuit diagram of a Colpitts oscillator. Derive the necessary condition(s) of oscillation and the
expression of the oscillation frequency. If the values of the inductor(s) and the capacitor(s) are respectively
20nH and 1nF then what is the expected frequency of oscillation?

[(2 + 2) + (2 + 2 + 2)]

_ END -
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