EE140/240A Problem Set 6

sashank@berkeley.edu
Due: Mar 11, 2024

For all the problems in this homework, assume p,C,, = 0.5mA/V?
, Vrn = 0.3V, for the NMOS transistors, assume p,C,; = 0.4mA/V? |
Vrp, = 0.4V, for the PMOS transistors. Also, assume that the channel length
modulation parameter A = 0, unless otherwise mentioned. Numbers adjacent
to the MOS transistors indicate the (W/L) ratio of the transistors.

Problem 1. For the cascode amplifier in Fig. 1, assume Cy; = 25{F, Cyq =
10fF, Cy = 10fF, Cy = 10fF. Assume R4y = Rp, and Ry < R4, Rg. The
exact frequency response of this cascode amplifier turns out to be of the form
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Under certain conditions and at low enough frequencies, we saw that we
could approximate the response as,
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(a) In this part, assume Rg = 2k, Ry = 40012, and A = 0. Compute the
full frequency response of the form equation (1), and the approximate
frequency response of the form equation (2).

(b) Compute the 3-dB bandwidth from both the accurate response (you
may use any computational tool for this) and the approximate response.
Which time constant dominates the frequency response? Compare this
problem to problem 2(a)/2(b) of HW5. What do you observe in terms
of which time constant dominates the frequency response, and the lo-
cation of the zero?
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Figure 1: Problem 1

(c) In this part and the subsequent part, assume Rg = 2kQ), R = 20kS2,
and A = 0. Compute the full frequency response of the form equation
(1), and the approximate frequency response of the form equation (2).

(d) Compute the 3-dB bandwidth from both the accurate response (you
may use any computational tool for this) and the approximate response.
Which time constant dominates the frequency response? Compare this
problem to problem 2(c)/2(d) of HW5. What do you observe in terms of
which time constant dominates the frequency response, and the location
of the zero?

Problem 2. In lecture, we saw a PMOS common source amplifier with an
NMOS active load. Now, we will consider the following NMOS common
source amplifier with a PMOS active load (Fig. 2). Assume A = 0.1/V for
this question. You may ignore \ for easier DC bias point calculations.

(a) For what bias voltage Vi will we have both transistors M; and M, to
be in saturation? What is the range of DC voltages V,,; such that both
My and M are in saturation?
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Figure 2: Problem 2

Assuming, both M; and M, are in saturation, what is the small-signal
gain Uyt /Ui -

Compute the large-signal Vi v/s V,,; characteristics similar to what
was derived in lecture for the PMOS common-source amplifier. Ana-
lytically, compute the V,,,; as a function of V; in the different operating
regions. You may use the small-signal approximation just for the re-
gion where both are in saturation. Mark different relevant points on
the curve, where transistors transition into different operating regions.

Fig. 3 shows a complete circuit of Fig. 2, including a source resistance
Rs = 1k€) and a feedback resistor R, for stable biasing. What should
the value of Ry, be to ensure that it does not affect the small-signal
gain computed in part (b)?

Problem 3. Consider the inverter circuit shown in Fig. 4. The symbol of
the inverter is also shown.

(a)

Compute the trip point voltage of the inverter V% in terms of (uC,,) .
(/Lcoz>n7 VTp7 VT’n7 VDD; (W/L)p and (W/L)n
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Figure 3: Problem 2(d)
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Figure 4: Problem 3

(b) Assuming that we want a drain current of ImA, and a trip point voltage
V& = 0.5V, what should the sizes of the NMOS and PMOS transistor
be? You may assume a supply voltage Vpp = 1.1V.



(c) Plot the Vj, v/s V,,; characteristics for the inverter in part (b). Assume
A = 0 for both NMOS and PMOS transistors. Analytically, compute
the V,,; as a function of Vg in the different operating regions. Mark
different relevant points on the curve, where transistors transition into
different operating regions.

Problem 4. Consider the circuit shown in Fig. 5. A 1x inverter is the
inverter from Question 3(b). A 2x inverter has NMOS and PMOS transistors
of twice the size. Assume \, = A\, =0, and Rg = 2kQ2. Assume C; = 10fF,
Cy = 25tF, C3 = 10fF.
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Figure 5: Problem 4

a) What is the purpose of Ry;,? Assuming Rp;, is infinite, compute the
P g g g p
small-signal gain from v, /v, at really low frequencies. You may ne-
glect the capacitances for this question.

(b) What amplifier is this, and what is the purpose of the 1x inverter?

(c) Compute the full-frequency response vpu:/vin(s). You may use results
from previous homework, with detailed justification.

Problem 5. Consider the differential amplifier shown in Fig. 6. Assume
that the devices are all biased in saturation. Compute the following in terms
of incremental parameters (g,,, r,) of the respective transistors and the re-
sistors Ry, Ry. Assume that M; and M, have identical sizes. Vg, Vg1 are
gate bias voltages for the respective transistors. v, and v, are small-signal
common mode and differential mode inputs, respectively.

(a) What is the differential mode gain (vep — von)/va?
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Figure 6: Problem 5

(b) What is the common mode gain vop/Vem, Yon/Vem?

(c) What is the common mode rejection ratio (CMRR)?



