
University of California, Berkeley
EECS 142

Fall 2006
Prof. A. Niknejad

Midterm Exam (closed book)
Thursday, October 17, 2006

Guidelines: Closed book. You may use a calculator. Do not unstaple the exam. Warning:
Illustrations not to scale.

Common two-port equation:

Simple trigonometric identify:

cos(x + y) = cos(x) cos(y) - sin(x) sin(y)
sin(x + y) = cos(y)sin(x)+ cos(x)sin(y)
2cos(x) cos(y) = cos(x+ y) + cos(x - y)

Distortion equations: So= al Si + a2s; + aasT+ . ..

3aa 2
1Ma = 3HDa = --8.

4 al t

Series inversion: If, Si = alSo + a2s~+ aas~+ . . ., then So = blsi + b2s; + basT + . . . where

Cascade of two power series:
CI = albl

C2 = bla2 + b2ai

Ca= b1a3+ 2b2ala2+ b3a~



Effect of feedback on distortion (not required for this test but useful)

b2= a2
~l + 1 r

b _ a3(1+ T) - 2a~j
3 - (1 + T)5

Taylor Series Expansion about x = 0

j(x) = j(O) + j'(O) x + 1"(0)x2 + jll/(O) x3 + ...I! 2! 3!

Binomial Theorem
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1. (35 points) Answer the followingquestions succinctly.

(a) (9 points) A system is described by the followingnon-linear equation

Calculate the apparent gain for a sinusoidal input signaL
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(b) (9 points) Calculate the if P2 and if P3 of the overall amplifier. Each individual
amplifier has an ifP2 = -7dBm and an ifP3 = +2dBm. Assume the
transformer is ideal and the windings are1 : 1.
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(c) (8 points) Given a power amplifier with P-1dB = +33dBm, a power gain of
22dB, find the required input power "back-off" in order to operate with a
signal-to-distortion (SDR) ratio of at least 40dB. Assume a two-tone test with
two equal power carriers. Your answer should be a power level at the input of
the amplifier that results in intermodulation produces 40dB lower than the
signal tones.
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(d) (9 points) For the transistor shown above, calculate the maximum power gain
(in dB) at 2.5GHz. Use the followingtransistor parameters: IT = 25GHz,
Ie = lOrnA, /30= 250, VA= 5V, Rb= 50, Rc = 150, Lb = 3nH, Lc = 2nH,
Gje = OF, Gcs = 0.lG1I".
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Vdd = 3.3V

- - -
2. (65points) Consider the common-gate/source-followertwo-stage amplifier shown
above. Assume the maximum transistor iT = 40GHz (VGS= Vdd),Vdd= 3.3V,
Vt = 0.3V, Cgd= OF, and Cdb= OF. Assume the amplifier is driven by a voltage
source with source impedance of 50n and load impedance RL = 500n. -
(a) (14 points) Find the maximum possible gain under an input and output

impedance match in order to meet a 1GHz bandwidth. Assume the maximum
DC voltage drop across Rl is 3V. Under this voltage gain, esti~ate the
bandwidth of the amplifier. (In this part you are adjusting 9ml and 9m2to
satisfy an input/output match.)
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(b) (14 points) For this problem, the Vdsat= 250mV and Ids,l = 15mA, and
Rl = 200 n. Design a narrowband input impedance matching network (center
frequency 1GHz) using inductors and/or capacitors. Draw the complete
schematic of the matching network and label the component values. Specify the
bandwidth of the amplifier (selectivity). (Hint: Calculate the device iT at this
bias point to determine the input capacitance.)
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(c) (8 points) What is the power gain of the amplifier under matched conditions?
Include the input matching network in your answer and assume that M2 is
biased for an impedance match at the output.
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(d) (5 points) Calculate the overall power series for this amplifier. Assume Rs = 0f2
and a square law device and neglect the device channel-length modulation.
Neglect the second stage in the analysis.
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(e) (12 points) Calculate the overall power series for this amplifier but now include
the source resistance. Assume the device is matched to the source. Neglect the
second stage in the analysis.
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(f) (7 points) Compute the if Pa of the amplifier in terms of the device Vdsatunder
impedance matched conditions. Neglect the second stage in the analysis and useyour results from the previous question.
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(g) (5 points) Why were you told to neglect the distortion of the second stage?
Under what conditions is this assumption valid?
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