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EE115A Midterm Tuesdav, November 8, 2005

Name (person on left): _Name (person on 1"ight):—

(3 points for name on all pages, 2 points for names of persons on left and right)

Note: For all problems, assume A = 0 (infinite output resistance), each discrete

capacitor has C = oo, and the body effect is negligible. Assume the thermal voltage is
0.025 V.

Problems 1 - 2;

Figure P1.

With some thoughtful design, the circuit in Figure P1 can be used as either a linearized
common-source amplifier or source follower. Assume each transistor has identical
k,"(W/L)=1mA/V® and V;=1.1 V. Rp = 10 kQ, Rg; = Rg; = 10 MQ and Vop=10V.

You have access to a 5V source and a 2V source (as well as ground and the 10V supply)
to use as biases.
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Problem 1 (20 points):
Assume you want to use the circuit in Figure P1 as a source follower.

a) (5 pts): From the following regions of operation of the MOS (off, deep triode,
triode and saturation), which operating region is most desirable for Q;? Why?
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b) (5 pts): What bias(es) would work for Vg; and Vg,? Why?

v/

Assume you want to use the circuit in Figure P1 as a linearized common-source
amplifier.

c) (5 pts): From the following regions of operation of the MOS (off, deep triode,
_j.Ariode and saturation), which operating region is most desirable for Q;? Why?

d) (5 pts): Assume you select Vg =2V. What bias should you use for Vg, to
maximize the gain? Why?
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Problem 1 (20 points):
Assume you want to.use the circuit in Figure P1 as a source follower.

a) (5 pts): From the following regions of operation qf the MOS (off, deep triode,
triode and saturation), which operating region is most desirable for Q;? Why?

/
/
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b) (5 pts): What bias(es) Wduld work for V/g; and Vg,? Why?

Assume you want to use the circuit in Figure Pl as a linearized common-source
amplifier.

¢) (5 pts): From the following regions of operation of the MOS (off, deep triode,
triode and saturation), which/operating region is most desirable for Q;? Why?

d) (5 pts): Assume you select Vg, =2V. What bias should you use for Vg, to
maximize the gain? Why?
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Problem 2 (15 points):
When using the circuit in Fig. P1 as a common-source amplifier, you decide to increase

the gain further by connecting V,; directly to ground. Let Vg, =2 V. ,T;
zos ]
~ — :' -

a) (3 pts) Calculate the gain at the quiescent point. '
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b) (10 points) Calculate the maximum input voltage swing for which Q is still saturated.

Y P 4T VARY ; T - Vip =W _
/ I/',

| 1/

— J /’

a ~ | - A
My ___-/ i - —c\ = |
I
o/..
V05 V + 0,56l V


Maksim
Rectangle

Maksim
Rectangle


o/

Name:
7

Y smdenwn:‘
EE115A Midterm (DY Tuesday, November 8, 2005
Problem 3 (30 pts, 10 points each for a, b, ¢):

Find the gain, input and output resistances for these circuits. Assume Q, is in saturation.

Hint: For (c), Rin = R || Rin (from all other elements).
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Problem 4: (20 pts): )
Diode D;hasIg=1X 10" andn=1.1. Find I for Vpp=(a) 10 V, and (b) 1 V. Points
are awarded based on error from the exact answer.

Viop
|1l R4=900 Q
D, R,=100 Q
Figure P3.
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Problem 5 (10 points):
Assume you have a transconductor with the current vs. voltage plot shown in Figure P4.
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Figure P4.

a) (3 points) Express the transconductance as a function of the small-signal current i, and
small-signal voltage vg.

b) (3 points) Express the transconductance as a function of the large-signal current ip and
large-signal voltage vgs.
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¢) (4 points) Do the definitions lead to the same or different results at the bias point?

~ Why?
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