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Problem 1 of 3 Answer each question briefly and clearly. (30 points)

How is the voltage gain of a CMOS inverter related to the transconductances of its transistors? (Spts)
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Why are CMOS NAND gates preferable to CMOS NOR gates? (Spts)
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Why do vou need an n-channel gnd a p-channel transistor in parallel in order to have a proper “pass”

logic gate? (5pts)
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What is a “unilateral” amplifier?(Spts)
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Please indicate with an up or down arrow the effect of the following on the voltage gain (Av) of a
common source amplifier (5 pts})

Parameter | Effect on Av | Brief Explanation (optional)
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What single-transistor amplilier stage can be used W ensure very high output resistance? (Spts
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Problem 2 of 3 (35 points)

In this problem you will size a CMOS mverter with process P ter V= 0.7V, V= -0.9V,
p,Cox = 50pA/VZ, HpCox = 25HA/V2, A, = Ay =0 vl }.1. Assume equal lengthq and

VDD=5V t' ', o
For each of the following questions, muke sure that you show the expressions before you plug in

the specific values. A correct expression is worth 70% of the credit, even if the numerical calcula-
tion is incorrect!

a) Calculate the ratio W, /W, such that V), = 2.5V (for this question you can ignore the channel-
lenght modulation effect) (‘Fpts)
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b) When V;, = V)y we want the current through the inverter to be !mA. What is W, and W,
assurming that the channel length of both devices is 2um? (7pts)
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¢) Sketch and label the voltage transfer characteristic with Vp, Vi, VoL, Vou, Vum-(7pts)
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d) What are the values of NM; and NMy? (7pts)
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Problem 3 of 3 (35 points)

+5V
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A CMOS cascode transconductance amplifier and the device data are shown above. There is no
backgate effect.

Foreach of the following questions, make sure that you show the expressions before you plug in
the specific values. A correct expression is worth 70% of the credit, even if the numerical calcula-
tion is incorrect!

(a) Find the (W/L), for M;, so that the small signal transconductance ip,/v; = ImS. Assume

Ry =0Q (short circuit output current) for this part. (7pts) | ouk
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(b) Calculate the value of Vpgyag using the (W/L); calculated in part (a) such that L, = OA. (7pts)
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(c) Calculate the output resistance of this transconductance amplifier. (7pts)
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(d) What is the maximum value of the load resistor R; at which the overall transconductance is
degraded by 20% from the original value of ImS? (7pts})
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(e) Calculate the maximum voltage swing at the output of this amplifier. (7pts)
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Ve = g =25y

We need +o k?eP M3 and M3 /‘f{ Saturazon
Vsg > Vgss -V, = Vo > 2.5 =27 =4 ¢V
Vspg = Vsgq 4 l/y-‘.1 = Vour < @ A5 +0.7 = 3.2 V4
- uom, min = 1 8V Vewr, mae = 3.2V



