EE215C

Midterm Exam
Winter 2013

‘Time Limit: 2 Hours

Open Book, Open Notes, Calculators are allowed.
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1. Consider the amplifier shown below, The transistors operate in saturation and channel-length modulation
and body effect are neglected. '

(a) Compute the input resistance, R,
(b) Compute the noise figure of the circuit with respect to a source impedance Rg. '
(c) Simplify the NF expression if R;;, = Rg. Can you compare this result with the NF of a simple CG stage?

(d) Suppose a mixer following this circuit produces an LO voltage waveform Vj coswgt at the drain of M{,
Determine the LO leakge to the antenna.
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5. A single MOSFET can serve as a “poor man’s” mixer. Suppose the device is in saturation and the output
of interest is I, Neglect channel-length modulation and body effect. Assume the device is characterized by
Ip = K(Ver — VLo }2, where Vo = B coswrot. The LO amplitude is not large enough to cause complete
switching. _

(a) Suppose Vrr = A coswyt+ Vise, where Vaso is a bias value to ensure the device is on and has the required
transconductance. Determine the voltage conversion gain of the mixer. '

(b) Suppose Vrp = Acoswii + A coswat + Vaso. Determine the [ I P, of the mixer.
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3. Consider the common-gate LNA shown below, where an auxiliary amplifier is added to cancel the noise of
M. Neglect channel-length modulation and body effect.

(a) Determine Ag so that the noise of 3 is cancelled.

(b) Determine the overall voltage gain of the circuit, Vi /Vin.

(b) Determine the overall noise figure if the auxiliary amplifier exhibits an input-referred noise voltage of V2
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4. We know that the input to a mixer can feed to the output without frequency translation if the circuit has
asymmetries. We wish to study the feedthrough of the flicker noise of M, to the output in the presence of an

offset voltage, Vo s. .
(a) Modeling M as shown on the right, where I,, represents its flicker noise, determine the total output flicker

noise voltage.
(b) Can you roughly compare this result with the flicker noise contribution of A3 as derived in class?
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