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1. The circuit below is a differential Sample-and-Hold
circuit. Each NMOS transistor acts as a switch,

controlled by the clock PHI.
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a) Assume that PHI is high (Vpy; = 5V) and each NMOS

L1 f%> transistor is in the triode region, with Vpg = 0V. Find W/L
to give an on-resistance Ry of 40 kQ for each transistor.

Assume the two inputs are both 0 V for this calculation.
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b) It is important that the capacitors and transistors are
closely matched. You are allowed 200 (Um)2 of total area for
the top plates of the two capacitors, Sketch the layout of

the top plates for the two capacitors. Give the dimensions
(For this part, the most

‘Don't worry about the

of the capacitors on your drawing.
important thing is capacitor matching,
-3 dB frequency of the filter or the capacitor values.)
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3~. A two-stage op amp is shown below. It was designed to have
a bias current IB = 20 A, However, due to a layout error, the
op amp is operating with a bias current IB = 10 MLA, which is
half of the design value. For each parameter below, relate the
value of the parameter when IB = 10 UA to the value of the
parameter when IB = 20 YA. (That is, find the scale factor
that relates the two values.)

Assume DC biasing places all the transistors in the

saturation region for both values of IB, and further assume

that all capacitances do not change when the bias current

changes. o
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a) How does the low-frequency voltage gain, av=Vout/Vid,

change?

ay(IB = 10 HA) = vour/vid = éL: *ay (IB = 20 pAa)
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b) slew rate(IB = 10 Ha) = 2 'slew rate(IB = 20 uA)

Cc) The output resistance of the op amp is Rgut.

op amp Rgout (IB = 10 {A) = D/L ' [op amp Reut (IB = 20 ua))
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d) dominant pole: p3;(IB = 10 HA) = O'BS 'p1(IB = 20 MA)
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e) The non-dominant pole is p3:

p2(IB = 10 pA) = C)’q—\'-pg(IB = 20 pa)
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> f) The upper limit of the op-amp output voltage swing is

\ +
Vout

Circle one:

N+ ) X
Vout (IB = 10 pA) is LESS THAN, SAME AS

N\ +
Vout (IB = 20 }.lA)




3. A fully differential op amp with common-mode feedback is
shown. Assume all transistors are saturated, and assume Ml
= M2 = M3 = M4 = M5. All transistors have W/L = 50. Ignore
all capacitances except Cp.

A2\

’t

—

| zaM
<::) a) What is the DC drain current in M5? Ip(M5) = l



b) What is the differential-mode gain? ved/Vid =
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c) What is the slew rate? dVgg/dt = L’ful_\_{- VL’YID‘-M
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A fully differential op amp with common-mode feedback is
shown. Assume all transistors are saturated, and assume Ml =
M2 = M3 = M4 = M5, All transistors have W/L = 50. Ignore
all capacitances except Cr.
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a) What is the DC drain current in M5? Ip(MS) = ‘:L?/*/\
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Y, Use Blackman's impedance formula to compute the output
Compute the return ratios
Assume the

resistance of the circuit below.
with respect to the gy controlled source of M1.

transistor is saturated. Give the results in terms of Ry and
transistor parameters that could be computed, such as gm, ro.

etc. Ignore all capacitances in this problem.
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a) What is Rout when gp(M1)
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¢) What is RR(gp(Ml) with output port shorted)? <i>
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d) Now applying Blackman's formula, what is Rgout ©f this

feedback circuit? J
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