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1. (20 points) Assume that v,(f) =10sin27, V. Sketch and label the voltage transfer

characteristics of the circuits shown in Fig. 1.
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2. (20 points) In the circuit of Fig. 2, Vsig 1S @ small sine-wave signal with zero
average. The transistor 8 is 100 and ¥z is 0.7 V.
(a)Find Ry and R to establish a dc emitter current Ir = 0.5 mA and a dc collector

voltage V¢ =+5V.

(b)For the transistor r, = 20 kQ, draw the small-signal equivalent circuit of the

amplifier and find the voltage gain Vol Vsig.
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3. (10 points) Figure 3 shows a Miller integrator. If the integrator capacitor is shunted

by a resistor Ry, how will the transfer function be modified? How will the

frequency of the integrator pole be changed?
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4. (20 points) Consider the two-stage CMOS opamp in Fig. 4 with the following

device geometries (in pum).
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Fig. 4

Transistor | Q Q Qs Q4 Qs Qs Qy Qs
W/L 20/0.2 | 20/0.2 | 6.25/1 | 6.25/1 | 100/2 | 25/1 | 100/1 | 100/2
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Let Irer = 90 pA, V., = 0.45V, ¥, = —0.45 V, 41,C.,, = 400 pA/VZ, 11,C.,, = 100
RA/V?, Vipp=1.8V, Vss=0V, and [V = 10 V.

(a) For devices Q,, and Qs, evaluate I, |V, gn, and r,. Neglect the effect of ¥,
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on all bias currents.
(b)Find the overall dc open-loop voltage gain 4 =V, / (Viy — V).
(c) Also find the input common-mode range, and the output voltage range.

(d) What are the slew rate and unity-gain frequency of this opamp if Cc = 1.6 pF?

5. (20 points) A voltage-to-current converter employing series-series feedback via
resistor Ry. The p-channel MOSFETs, Q; and Qq, have the same dimension (W/L),
and the n-channel MOSFETSs have the dimension (W/L) shown in Fig. 5. Now, all
MOSFETs are operated in saturation region and MnCor =20 HA/V 2 V=1V,

[V4 =100 V for all MOSFETs.

(a) What is the value of I,/V; obtained for large loop gain?

(b) Use feedback analysis to find a more exact value for 1,/V,.

(c) If the output voltage is taken at the source of Qs, what closed-loop voltage gain
is realized?

(W/L); = (W/L),

Q: 1

yA
Qs 200/10
10 kQ
Qs Q:
36/10  36/10 Rr 60 uA
Vs | 20 kQ a

6. (10 points) Consider a wideband low-gain amplifier stage, as shown in Fig. 6(a).
Transistors Q; and Q, have the same threshold voltage V;, the same channel length

L but different widths ; and W,. They are biased at the same Vg and have the
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same unity-gain bandwidth wr. Use the MOSFET equivalent circuit of Fig. 6(b) to
model this amplifier stage assuming that its output is connecting to the input of an

identical stage. Prove that the voltage gain V,/V; is
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