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Midterm Exam
Winter 2010

Time Limit: 2 Hours
Open Book, Open Notes, Calculators are allowed.
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1. Consider the amplifier shown below, where Ay is an ideal voltage amplifier, the transistor operates in
saturation, and channel-length modulation and body effect are neglected. Neglect all device capacitances.

(a) Compute the input resistance, R;y,.

(b) Compute the noise figure of the circuit with respect to a source impedance Rs. Assume Ag has an
input-referred noise voltage of V_,,2

(c) Simplify the NF expression if R;, = Rg.

Riz = %\
3M|(A°")
by o N Tk 2
( \/;'"""‘1 A EC ST Nout2 \ = 4KT. ( -—“"RS : R‘)
ad Ks Rs Ks+ Rin
@ \2
R .
: ‘ \rs‘: id"RS \1.6:('-0‘ RS‘\-‘F“-)A"
ta I m 3 (2 A
D ‘ = S,elygRs) =ta R
v ® b = )= am\i‘as = 3"\ ( A.(Vax ty S) d S]
Rs
== ic\ = 3on\rv\
\ + 9, Ry -9, A R
i B = 2 2 =
\ : s (
N Nout 3 = V;. 3 A., Ry ; @
K. [\+3MR3(I-A6)}
2
e 9. K Ry GKTY9m - R
£ \ Rt i 2" R C1-Aa]
rout ¢ - —_— _L_} ’ Al
m I A. [\ +9,Rs (\-Aa)-) [+ 9mRs
— = -_;:[-_ IS \2
1 bt Nty
\r“'m =z—: VV\/oun' == NY"

cnn,

e
") Rs



(¢)

———

2 v
=>nE: 1., (Re+Rn)

+

2 L
3. A R
Q2
L1+ 3,,,'R5(I—A=)J

Rs-Ru T ( RS Re 33_ +
Rs in
YAg g e RS«-'R\a)l S St
/k
R% (’_\-rj,,,T\’s(\—Ae)]
-1
‘ n = = =
lﬁ Rm Rs 3m ( Ao")
—_ 2
I e e 5 e R SRS
R ) 4 KT

"y



2. For the circuit shown below, we express the input-output characteristic as
Iout"‘IO = al(Vin—Vo)"l‘QZ(V;'n—‘/O)z'i' MY (1)

where Iy and V; denote the bias values, i.e., the values in the absence of signals. We note that 31,y:/ Vs, = o
at Vin = Vo (or Iy = Ip). Similarly, 8I2,,/0%*Vi, = 23 at Vi, = Vp (or Iy = Ip).

(a) Write a KVL around the input network in terms of V;, and I,,; (with no Vigg). Differentiate both sides
implicitly with respect to V;,. You will need this equation in part (b). Noting that 2¢/KI; = g,,, where
K = pnCogW/L, find 81,4:/0Viy, and hence ;. el

(b) Differentiate the equation obtained in part (a) with respect to V;,, once more and compute o in terms of Iy
and g,,.

(c) Determine the I P of the circuit.
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3. The simplified Hartley architecture shown below incorporates mixers having a voltage conversion gain of
Amiz and an infinite input impedance. Taking into account only the noise of the two resistors, compute the
noise figure of the receiver with respect to a source resistance of Rs at an IF of 1/(R;C}).
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4. The sliding-IF architecture shown below is designed for the 11g band.
(a) Determine the image band.

(b) Determine interferer frequencies that can appear in the output baseband as a result of mixing with the third
harmonic of the first LO or the third harmonic of the second LO.
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1. Consider the cascade of two nonlinear stages. The first stage is described by y = a1 + a3z3 and the second

by y = fiz + 3z,
(a) Determine the overall input 1-dB compression point of the cascade in terms of the 1-dB compression points

™

of each stage.
5 (b) Determine the output 1-dB compression point of the cascade in terms of «; and §;.
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2. Consider the circuits shown below, where an ideal voltage amplifier with a gain of A; returns a fraction
of the output to the gate of the input transistor. Neglect channel-length modulation, body effect, and other
capacitances. 2

5' (a) Compute the input impedance. Can the real part become negative at any frequency? Explain in detail.
(b) Compute the noise figure with respect to a source resistance of Rs at the resonance frequency of the tank.
(c) Simplify the noise figure expression if the input is matched at the resonance frequency of the tank.
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3. The receiver architecture shown below operates with an LO frequency equal to half of the input carrier
frequency. Assume the input has an asymmetrically-modulated spectrum.

% (a) Plot the IF and baseband spectra assuming ideal mixers.
5 (b) Now suppose the first mixer experiences hard switching and introduces the third harmonic of the LO, i.e.,

it mixes the RF input with an LO of the form coswrot + acos(3wrot). Plot the IF spectrum and explain
whether or not this architecture operates well with asymmetrically-modulated inputs.
5 (c) Explain why the flicker noise at the input of the first mixer is critical.
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4. An engineer constructs the receiver shown below and chooses w; such that the second IF is zero. (Only the
I branch is shown for the sake of simplicity.) The RC-CR networks are inserted to perform a 90° phase shift at
the frequency of interest.

(a) Does the receiver reject the image? Explain with the aid of spectra at various points in the chain.

(b) Does the receiver reject the image with respect to the third harmonic of the LO, i.e., the mirror image of
w;n With respect to 3w; ? Explain with the aid of spectra at various points in the chain.
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