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INSTRUCTIONS:

1. Use the values of physical constants provided below.

2. SHOW YOUR WORK. (Make your methods clear to the grader!)
3. Clearly mark (underline or box) your answers.

4. Specify the units on answers whenever appropriate.

PHYSICAL CONSTANTS
Description Symbol Value PROPERTIES OF SILICON AT 300K
Electronic charge q 1.6x10" C Description Symbol Value
Boltzmann’s constant k 8.62x107° Band gap energy Eg 1.12 eV
eV/K Intrinsic carrier concentration n; 10" cm™
Thermal voltage at 300K Vy= 0.026 V Dielectric permittivity &i 1.0x10™"
kTlq F/cm

Note that V1 In(10) = 0.060 V at 7=300K

SCORE: 1 /15
2 /15
3 /20
4 /15
5 /15

Total: /80




Problem 1 [15 points]: Cascodes
a) What is the advantage of using a BJT (Q,, as shown below on the left) rather than a resistor (Rg, as shown below on the
right) to achieve a high value of output resistance (Ry.)? [3 pts]
Q, provides a large desenerochon vesistance (~15,) withowt
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b) Suppose a PNP cascode is to be used as a 0.1mA current source, as shown below. What should be the values of the bias
voltages V3, and Vi,? Assume that Is = 107'°A for each BIT, and that the Q, collector junction is forward-biased by no
more than 0.3V to ensure that O, operates in active mode. Ve =2.5V. Note that *"%*%6 = 10", [8 pts]
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¢) Suppose that a PNP cascode is to be used as a voltage amplifier, as shown below. Which transistor (O; or O,) should be
used as the amplifying device? Explain briefly. [4 pts]
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Problem 2 [15 points]: Current Mirrors
Consider the circuit shown below:

VCC a) What is the purpose of the transistor Orgr? [2 pts]
IRer G\)REF Seneraﬁes o bias vo I-}aﬁe
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.Lr, REF QRrer QIJ Py for e base of Fne curvent -mirepe
A mA .
. X E Hansistor Q.

b) Derive an expression for /.o, in terms of Jrgr and m, neglecting the effect of the transistor base currents. [3 pts)
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¢) Considering the effect of the transistor base currents, what is the etror in I,,,? [8 pts]
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d) How can the error in /., be reduced, without changing Jzer? [2 pts] '
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Problem 3 [20 points]: Frequency Response
Consider the amplifier stage shown below. Assume that ¥, # o for Q; and Q..

Cyy =

a) Write an expression for the low-frequency voltage gain. [4 pts]

. : o o .
This 1s & common -enitler stase with "R¢' = roaHf(Jz. :

i A= '3*“1((0\ H raz\)

b) Why is the voltage gain of this amplifier dependent on the signal frequency? [2 pts]
The BI37:s have j%hv‘i‘i on CAP acitances, whose tmpecdances def:m;(
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¢) Draw the BJT junction capacitances (Cy1, Cy1, Ces1, Cra, Cp2, Ccsz) On the circuit diagram above. [6 pts]

d) Use Miller’s theorem to derive an expression for the bandwidth. Assume that the dominant pole is associated with the
input node. [6 pts]
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e) Considering your answers to parts (a) and (d) above, describe the trade-off between voltage gain and bandwidth. [2 pts]
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Problem 4 [15 points]: MOSFETSs
a) Consider a long-channel MOSFET with the I-V characteristic as shown below.
i) What is the threshold voltage (V1) of this device? [2 pts] I, [mA]

From-the plot, V4 = 0.5V, 2
Vpsat = Ves ~Viy =3 Vi, = Vs Vosat =0.5V

ii) Indicate (by drawing a dashed curve on the plot) how the /-V

/ VGS= 1V

characteristic would change if ¥s-V1y were to be decreased
by a factor of 2. [3 pts] 4
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b) Indicate how the small-signal parameters of a long-channel MOSFET would change, if the gate-oxide thickness were to

be decreased. Assume Vss-Vry remains the same. Give qualitative explanations for your answers. [6 pts]
MOSFET Parameter will (check one)
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¢) Whatis the channel length modulation effect? [2 pts]
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e) Why does the drain current eventually saturate in a short-channel MOSFET, as the drain-to-source voltage (Vpg) is
" increased? [2 pts]
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that 3 A << v, for each MpSFET
Problem 5 [15 points]: MOSFET Amplifiers Assume
Consider the MOSFET amphfier stage shown below. Assume that 4 # 0 for each of the long-channel MOSFETs.

Voo a) What type of amplifier is this [2 pts]? Circle one of the
following, and justify your answer:

R.; ,1\(33 v Common Base Follower Cascode
- out ' .
Re €4 2, 7 Toput signil is applied o gate of M.
Vin Wy “ ’ My Rou Ow{'?wf' Sl‘jr\a«{ Is taken ']Q/om dr&un cﬂf M.
r / u ;1 b) What is the purpose of transistor M;? [2 pts]
R; Ry o
n

M
Il 1 Mz sevves as a current source.

¢) What is the purpose of the capacitor C;? [2 pts]

C, !§ usea{’}o coixzf;@, Qyi?gg lné)mff! ¢$fffgjg 5/_5}742/( ﬁ Ve ?aiff-«

w[ he A“‘f}?§lhﬁ Pans/s7vr f’“’z} wi}}‘i\ouf %l%:f"’”% "‘a"i*é
DC bms

) Derive expressions for the low-frequency voltage gain (4,), input resistance (Ry,), and output resistance (R,u). [9 pts]
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