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Problem 1. (1 point)

The MOSFETs in the circuit of Fig. 1 are matched,
having k;, (W /L), = kj,(W/L); = 1mA/V? and |V;| =
0.5V. The resistance R =1M .
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(a) For G and D open, what are the drain currents Ipy
and IDZ?

ID1 = mA

ID2 = mA

(b) For 7, = 0o, what is the voltage gain of the amplifier
from G to D? (Hint: Replace the transistors with their
small-signal models.)

Voltage gain from G to D = V/V

(c) For finite 7, (|Va| = 20V), what is the voltage gain
from G to D and the input resistance at G?

Voltage gain from G to D = V/V

Input resistance at G = k

(d) If G is driven (through a large coupling capacitor)
from a source vy, having a resistance of 20k , find the
voltage gain vg/vgig-

Va/Vsig = V/V

Answer(s) submitted:
o 0.125
o 0.125
e —999
o —T4
e« 13.3
e —29.6

submitted: (correct)
recorded: (correct)
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Problem 2. (1 point)

A source follower for which kI, = 200pA/V? V) =
20V /um, x = 0.1, L = 0.5um, W = 20um, and
Vi = 0.6V is required to provide a dc level shift (be-
tween input and output of 0.9V.)

What must the bias current be? Find g, gmb, o, Avo,
and R,. Assume that the bias current source has an
output resistance equal to 7,. Also find the voltage gain
when a load resistance of 2 k€2 is connected to the out-
put.

I REF

Bias current = mA
Im = mA/V

Imb = mA/V

re = kQ

Ao = \FA%

R, = EQ

Voltage gain with Ry = 2kQ : VIV

Answer(s) submitted:
*« 0.36
o 24
o 0.24

e 27.8

o 0.885
e 0.369
o 0.747

submitted: (correct)
recorded: (correct)

Problem 3. (1 point)

Figure shows a current source realized using a current
mirror with two matched transistors @1 and Q5.

Two equal resistances R, are inserted in the source leads
to increase the output resistance of the current source.

Given the following parameters:

IREF = SO/LA, dm = 21mA/V7 VA =5V

The maximum allowed dc voltage drop across Ry is
0.2V.

Assume that the voltage at the common-gate node is
approximately constant.

Find the maximum available output resistance R,,; of
the current source.

Trer 1
!

o Q>
R R,
Rout = kQ
Answer(s) submitted:
e 393

submitted: (correct)
recorded: (correct)
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Problem 4. (1 point)
Find the gain v,/is;4 for the case

gm1 = 2.7 mS
gm2 = 4.4 mS
51 = 105

By = 117.1
R.=1k

R. =34k
Ry, =39 k.

(neglect channel-length modulation)

VCC

lsig R e

Uo/isig:

Answer(s) submitted:

o 2313

submitted: (correct)
recorded: (correct)
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Problem 5. (1 point)

(a)

A CMOS cascode amplifier is shown in the figure above.
Both transistors @1 and @2 are identical and are biased
at a DC current I = 0.1 mA.

The given parameters for the ideal calculations are:
11nCox = 400 pA/V?

W /L =5.4pm/0.36um

Vi=5V/um

Part 1: Theoretical Calculation

Calculate the required load resistor Ry, so that the over-
all voltage gain A, = 7= is exactly —114 V/V. What
is the voltage gain of the common-source stage (the Q1
stage)?

(Ro Rinz is used the approximate formula to calculate
and Assume the transistors are operating in the satura-

tion region).

Rp = kO

Ay = V/V

Part 2: PSpice Simulation Assignment

In this part, you will verify the circuit using a real device
model in PSpice. Due to the nonlinear characteristics of
real transistors, the simulated gain will differ from your
ideal calculation.

Instructions:

1. Build the circuit in PSpice using the NMOSOP18
provided in moodle for both @1 and Q5 .You will only
modify the parameter of the Ry, other parameter just
use its default value.

2. Use an ideal DC voltage source to provide the VDD
voltage V' = 3.3 V, gate voltage of Q1 is Vdc = 0.6 V
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Vac =1 V,gate voltage of Q2 is Vde=1.5V
3. Set the resistor Ry to the exact value you calculated
in Part 1

4. Perform an AC Sweep simulation.

5. Measure the voltage gain 2o %o
Vi Vi

Submission:

Please take screenshots of:

- Your PSpice schematic .

- The AC sweep plot showing the gain Z—" 1%

Answer(s) submitted:
o 147.2
e —6.26

submitted: (correct)
recorded: (correct)
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