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1. In the circuit below, V. is adjusted such that V,. = 0V.

a) Draw the low-frequency small-signal differential-mode half-circuit model. Calculate the values
of all low-frequency small-signal parameters (r,’s, etc.).

b) Calculate the value of the low-frequency small-signal differential-mode gain, Ag,,, of the circuit.

¢} Draw the low-frequency small-signal common-mode half-circuit model. Specify the values of all
low-frequency small-signal parameters.

d) Calculate the value of the low-frequency small-signal common-mode gain, A, of the circuit.

e) Because of manufacturing imperfections, the values of resistors Ry and R, are slightly different:
Ry = Ry +AR/2and R| = R, + AR/2 with R, = 10k and AR = 0.05R,. Calculate the low-
frequency small-signal common-mode to differential gain, A4y, and the common-mode rejection
ratio, CMRR.

) Describe a circuit modification resulting in at least a two-orders-of-magnitude improvement of
the CMRR. You do not need to design the modification.
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Q3)

1
W3ap = C.Rim
1
i
2w * 500MH !
* = —
& z 10pF = Ry,
R, = 31.80
Ry =— = gm = 31.4mS
9m
Ic
Im =——>=>1 =1, = 785uA
Vr

Vo,Low Frequency — is * Ry = Ry = 1kQ

Rx
Vo

s (3) cs(d) 1dc (¥) Vbias

Q4)

We know from previous that the resistance looking down from the output node is:
RO,Down = ng'Oz

This resistance is probably much larger than 2k so we can assume the low frequency
gain is:
10

a, = —gmRL = gm =ﬁ= 5mS



The dominant pole is in input since the resistance is larger than output (R;) and the
cascade node (1/g,,)- Also the capacitor is larger since there is miller effect and the
gate-source capacitor.
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w =
348 Rs(Cgs,l + 2Cov,1)

1
21 * SO00MHz = >
R, (§ WLC,, + WCyy + zwcov)
1
21T * S0O0MHz = >
10K (§ W0.18 * 10e — 15 + 3W * 0.2¢ — 15)
W =~ 11.05um

w
Im = |2 T.uncoxID

I, = 678uA

Viear = Wg—"‘ = 270mV

Tﬂncox
Ves = Vasar + Vep = 670mV
VBias,min = Viasar + Vs = 940mV
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5. In the circuit below, M| and M> are used as switches to control current flow between nodes V| and
V5. The control voltages V. and V5 are set to 0V and 3V to turn the switch on, and 3V and 0V to
turn the switch off.

Determine the minimum width of M} and M; required such that the maximum resistance R, be-
tween nodes V) and V5 is 1001 when the switch is on and V| varies between 0V and 3V for V5 = V).
Choose Ly = Ly = 180 nm. For which value of V| does R,, reach its maximum?

Relevance: thousands of switches like this one tick along in the analog-to-digital and digital-to-analog
converters used in audio and video cards, cameras, or radios.
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