ECE 422 Fall 2008

Test 1 (10/28/08)
Total # Pages 6 Total # Problems 5

Attach your one page of notes to this test

Name SoLU TION

1. (20 points)
2, (25 points)
3. (30 points)
4, (10 points)
5. (15 points)

Total (100 points)
GOOD LUCK

Note: All bulk connections that are not shown are tied to the appropriate supply voltage.
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1. a) Plot the g, gmb, Zas, for an n-channel MOSFET as a function of Vpg for a value of
Vgs > V1. (20 points)
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b) Identify the regions of operation for M1 and M2 and calculate the voltage V, as
shown. Vio=0.7V, k =100pA/V?, y =0,1=0.
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¢) Identify the regions of operation for M1 and M2.
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2. Write the expressions for the small-signal low-frequency quantities as shown
Assume all transistors are biased in saturation and have identical small-signal

parameters. Ignore the body effect and assume that g,,r, >> 1 (25 points)
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3. a) For the amplifier shown calculate the dc gate bias Vgs for M1 to have a bias
current of 100 pA. Also calculate the values of the dc drain current of M3 and the
drain voltage of M1 for this bias condition (15 points).
n-ch: Vio=0.7V, kK =100pA/V?, y =0.6V"?, =07V, A =0.02V""
p-ch: Vio=-09V, k=50pA/V?, ¥y =05V, 9 =07V, 1=0.02V"
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b) Calculate the low frequency small-signal voltage gain A, = v,/v; (10 points).
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¢) Calculate the output resistance of this amplifier (5 points).
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4. Draw the low frequency small-signal circuit for the configuration shown and derive
an expression for the voltage gain of this circuit. Assume gmp = 1gm and gmr, >> 1

(10 points).
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S. a) Derive the expression for the differential mode low frequency small-signal voltage
gain for the amplifier as shown. Assume gmi = Zm2 = Zmx, Em3 = Emd4 = Emys Ems = 8m6 =
gmz. Take r, to be infinity and ignore the body effect (10 points).
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b) Draw the half circuit for calculating the common-mode gain. Assume g,r, >> 1 and
ignore the body effect (5 points).
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