EE 140/240A ANALOG INTEGRATED CIRCUITS SPRING 2014
Vladimir Stojanovié¢

Homework 2

Due: Friday, 7 February 2014 at Ipm
This is an individual assignment!

PROBLEM 1 (10pts):

Derive the expressions for input resistance Rin, output resistance Rouz, voltage gain Av = Vour/Vin as
a function of small-signal parameters (i.e. gm, rpi, ro, etc.) and given circuit elements for circuits
in Figure 1a,b. Assume that all capacitors have infinite values.
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Figure 1

PROBLEM 2 (10pts):

An NMOS transistor has parameters W=10um, L=1pm, k'=190uA/V?, 1 =0.02V", 1,=80A, ¢;= 0.3V,
Vi=0.6V and N4=5x10"cm™. Ignore velocity saturation effects.

(a) Sketch the Ips-Vps characteristics for Vps from 0 to 2V and Vgs = 1V.

(b) Sketch the Ips — Vs characteristics for Vps =2V as Vg varies from 0 to 2Vwith Vsg =0 and 1V.

(¢) Derive and sketch the complete small-signal equivalent circuit for the device with Vgs=1V,
Vps=2V, and Vsg=1V. Use yw1=0.7V, Csvo=Caro=201fF, and Cge»=5fF. Overlap capacitance from gate to
source and gate to drain is 2fF.

PROBLEM 3 (10pts):

For circuit in Figure 2 sketch the Vo(V7) output characteristic as V7 goes from 0V to VDD=2V.
Mark the regions and type of operation for both M1 and M2. Assume Vi = Vi = 0.5V and k; =
10k2. Find V7 for which the small-signal gain is the largest.
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PROBLEM 4 (10pts):

Derive the expressions for input resistance Rin, output resistance Rour, voltage gain Av = Vour/Vin as
a function of small-signal parameters and given circuit elements for MOS circuit in Figure 3. As-
sume that all capacitors have infinite values.
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PROBLEM 5 (10pts):

Derive the expressions for input resistances Rins,2, output resistances Row 2, voltage gains Avi =
Vout1/Vin, Av2 = Vour2/vin as a function of small-signal parameters and given circuit elements for BiC-
MOS circuit in Figure 4. Assume that all capacitors have infinite values.
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Figure 4
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EXTRA PROBLEMS FOR EE 240A STUDENTS:

PROBLEM 5 (10pts):

Derive the expressions for input resistance Rin, output resistance Rour, voltage gain Av = Vour/Vin as
a function of small-signal parameters and given circuit elements for circuit in Figure 5. Assume

that all capacitors have infinite values. Determine the biasing resistor values RE, RB, RC to max-
imize the output swing and voltage gain. Assume =100, Ic=1mA, Va=co and Rs=10Q.

Vec

¢, |
L Vo

__,)\ Ru
L Rs
- }K::]CS Vi e
Rew

Figure 5

PROBLEM 6 (10pts):

Derive the expressions for input resistances Rins,2, output resistances Rowi,2, voltage gains Avi =
Vout1/Vin, Av2 = Vour2/vin as a function of small-signal parameters and given circuit elements for circuit
in Figure 6. Assume that all capacitors have infinite values.
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Figure 6
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PROBLEM 7 (10pts):
Determine the small-signal transconductance i3/(v2-v;) for circuits in Figure 7a,b, as a function of
small-signal transistor parameters.
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