1. For each of the following circuits, determine the drain current and drain source voltage of the MOS
transistor and its region of operation.
The transistors parameters are as follows:
NMOS: V= 0.5 V, A= Yn= 0, tnCox = 200 pA/V2.
PMOS: |[Vip| = 0.5 V, A= 7p=0, upCox = 100 pA/V?,
Vop=3 V, (W/L)a= (W/L)p =5 pm/0.5 um , [;=1.25 mA, Vx=1 V,and Ri=R2=1 kQ
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2. In the following circuit assume that the bulks of the two NMOS transistors are connected to ground,

A=0, and y=0.

a) Assuming that Inias > 0, what is the region of operation of transistor M,?
b) Does the region of operation of M; depend on the relative sizing of the transistors. In other word,
does it depend on the values Wi, W, L;, and Lo.
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3. This question is based on Problem 2.13 of the textbook by Behzad Razavi: The transit frequency, f,,

of a MOS transistor is defined as the frequency at which the small-signal current gain of the transistor is
equal to unity (while the source and drain terminals are held at ac ground).

(a) Show that:

frm—8m
28(Cos +Cop)

(b) Using square-law characteristics (long channel equations that we have seen in class), show that for
an NMOS of size (W/L) that operates in saturation region we have
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This relation shows th dependence of speed of operation to the technology feature size and to the supply
voltage.

(c) Assuming that in the subthreshold region of operation the drain current of the device is given by:
Yas
I D= 1 (113 ”VT
where n=1.5 and Vr=kT/q (V1=26mV at the room temperature), and using the equation in part (a) of this
question, find an expression for the fr of a MOS device when it is operating in the subthreshold region.

(d) Compare the result of part (c) with that of part (a) for the f7 of the same transistor and comment on
the relative value of f7 of the transistor when it is operating in the active region compared to when it is in
the subthreshold region.



4. Calculate the small-signal output resistance (Vx/Ix) of the following circuits based on the circuit
components and the small-signal parameters of the transistors. Assume A#0 and y#0.
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5. In each of the following circuits, assuming that the transistor is operating in the saturation region and
No A= ya=0, find the small-signal gain (Vouw/Vin) as a function of circuit components and the transistor’s

small-signal parameters.
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