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Question 1:

Consider the 3-stage amplifier connected with negative feedback as shown in the figure below.
The transfer function p(s) =p,(s)iy(s)k4(s), where p,(s), p(s), and Hy(s) are all voltage amplifiers
(voltage-in, voltage-out).
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All stages p;(s), py(s), and py(s) have Ry, =0 Q and R, =0 Q. Answer the following questions:

(a) What is the feed-forward transfer function A(s) ? (1 point)

(b) What is the feedback transfer function B(s)? (1 point)



(c) Write an expression for the amplifier 's phase margin? Is the closed-loop amplifier stable or
unstable?

(3 points)



(d) Sketch a Bode plot of the amplitude and phase for the loop gain AB(s). Identify the phase margin
directly on the plot. (3 points)



(e) It is decided to replace p,(s) with a single time constant circuit having a transfer function Hs(s) =1
(1+s/wy) such that o, shall be the new dominant pole of the 3-stage amplifier u(s). Select the pole
frequency @, such that the closed loop amplifier will be stable with a phase margin of at least 45
degrees? (2 points)



Question 2:
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The circuit on the left shows a circuit for a three-
stage amplifier in which the stages are directly
coupled. The amplifier, however, utilizes bypass
capacitors, and, as such, its frequency response
falls off at low frequencies. For our purposes
here, we shall assume that the capacitors are
large enough to act as perfect short circuits at all
signal frequencies of interest. Assume | V| =

0.7 V, =100 and neglect Early effect. Also,
neglect the base current in all DC bias
calculations.

(a) Find the dc bias current in each of the three transistors. (2 points).



(b) Determine the transconductance g of each transistor shown in the circuit. (1 point)

(c) Find the input and output resistance of the amplfier circuit. (2 points)



(d) Compute the overall voltage gain v /v,. (3 points)



(e) Find the frequency of the high-frequency pole formed at the interface between the first and second
stages. Assume that C“2=1 pF and C ,=12 pF. (2 points)




Question 3:

(a) Draw the block diagram of a single-loop negative feedback system. Label critical signals and write a
set of equations that describe it's operation. (2 points)

(b) What is the priminary purpose of using negative feedback for amplfiier design? What is the
potential drawback of such a scheme? (2 points)
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(c) Assuming a single-loop negative feedback system, determine the corresponding parameters A, p and
o, and its product AP for the following circuit. Assume the device lambda's are all equal to 0.1 with

process parameter pC,y~=100 pA/VZ2 Draw the corresponding block diagram for this amplifier. Identify
in the circuit below the location of the error signal used in your analysis. (5 points)
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(c) continued

(d) What 1s the closed-loop gain Af? (1 point)
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Question 4:

It is required to analyze the high-frequency response of the CMOS
amplifier shown to the left. The DC bias current is set to 50 pA.

t 4 For Q,,

| V=15V,
| W/L =100 um/2 pm
B | $—o1  C,=0.2pF
¥ Cyq= 0.015 pF
C,4,=20 fF

Vi For Q, and Q;,
|

= = 1,Cox=40 HA/VZ,
[V,=20 V
W/L =20 um/2 pm
Cg=0.2 pF
Cgq=0.015 pF
Cy=20 fF

Assume that the source resistance of the input signal generator is 50
ohms . Also, for simplicity assume that the signal voltage at the
gate of Q, is zero.

Based on the information given above, find:

(a) Low-frequency voltage gain. (4 points)
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(b) Estimate the 3-dB frequency. State clearly the method used. (6 points)
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(b) continued
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Question 5:

The circuit on the left shows a circuit for a
differential amplifier with an active load. Here Q,

and Q, form the differential pair while the current
] | source transistors Q, and Q, form the active loads
for Q;and Q,, respectively.

i
Y
! L | The dc bias circuit that establishes the appropirate
RS 20—l 0 Ql_—.ll---—o —vul2 dc voltage at the drains of Q, and Q, is not shown.
e ] —— g% [0 The technology avaliable is described as follows:
" ¢ _ 2
I 1,Cox=100 uA/\; ,
25V —
ppCOX—4O HA/VZ,
L V,m:‘th':O.SV,
V, =20V,
[V ArJ=20 V.

Design the circuit above such that the following specifications are met:

(i) Differential gain A =100 V/V.

(ii) Iy gr=1=100 pA.
(iif) The dc voltage at the gate of Q, and Q;is+1.2V.
(iv) The dc voltage at the gate of Q,, Q,and Qyis-1.2 V.

Specify the value of R and the W/L ratios for the 7 MOS transistors (8 points + 2 points for
presentation). For dc bias calculations, you may neglect channel-length modulation effects.

16



Question 5 continued
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Question 5 continued
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