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Instructions:

1) This 1s a closed-book examination, no notes permitted. There are 2 pages of equations
provided at the end of the questions.

2) The examination consists of 7 problems with the total possible points of 50. Partial
point distribution is indicated in brackets.

3) The examination consists of 10 pages, including this page and the equation pages;
please ensure you have a COMPLETE exam book.

4) Only the Faculty Standard Calculator is permitted.

5) Write your answers in the provided Answer Booklets.

6) Show your work: Answers without justification will not receive marks. State any
assumption you find necessary to complete your answer.
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Question #1 (3 pts)

Two amplifier stages are connected in cascade to operate between a voltage source (vs)
with 1IMQ source resistance and a 1kQ load. The first amplifier stage, which is a
voltage amplifier, has an input resistance of S00kS2, an open circuit voltage gain of
200V/V, and an output resistance of 80kQ. The second stage, which is a
transconductance amplifier, has an input resistance of 100k2, an output resistance of
20kQ, and a short circuit transconductance of SmA/V.

a) Draw the entire circuit model from the voltage source to the 1kQ load. (1 pt)

b) What is the overall voltage gain, vou/Vs. Vou is the voltage measured across the
load.(1 pt)

c) Consider the output current is i,. What is the overall transconductance gain, iy/vs,
if we replace the 1kQ load resistor with a short circuit? (1 pt)
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Question #2 (6 pts)

In the following circuit, R;= 150Q, R,= 10092, E¢=1.6V. All the diodes are the same
with Vp(on)= 0.7V. The small signal resistance of each diode in forward bias is 25Q.

R
O— W\ o)
+ +
D’ R2 D2
Vin Vout
B D4 Eo Ny
o o)

a) If the input voltage isV, =5+0.001xcos(2m) V, find the DC and AC output

voltages, i.e. V,, =V, ,(DCY+V,,(AC). (3 pts)

out

b) If the DC level of the input voltage is changed to -5V as given
inV, =-54+0.001xcos2m) V, find the DC and AC output voltages, i.c.

Vi =V (DC) 47, (4C) . (3 pts)

out
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Question #3 (5 pts)

Consider the following BJT current steering circuit. All npn transistors are identical with

Bn =100, and all pnp transistors are identical with fp = 80. The operating mode for all

transistors are assumed to be the active mode, and |Vgg| = 0.7.

Vee Vee Vee Vee

’VEE 'VEE

Considering Is = 8mA, Vcc =5V and Vgg =85V,

a) Calculate I¢s and I,. (2 pts)

b) Calculate Izer and Rger. (3 pts)
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Question 4 (7 pts)

Consider the following two-stage BJT amplifier. You can assume that all transistors are
in active mode and that they have the same B. The early effect for both transistors can be
ignored.

o Vee

'VEE

a) Draw the small signal model of the above circuit. (2 pts)
b) Find an expression for Ry. (1 pt)

¢) Find an expression for Rjyy. (1 pt)

d) Find an expression for Rey. (1 pt)

€) Derive an expression for vy/v,. (2 pts)
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Question #5 (11 pts)

In the following circuit, all NMOS and PMOS transistors are operating in the saturation
region. Assume R;=200kQ, R, =400k, R; = 2kQ, Ry = 1kQ, Ry = 3kQ, Rs= 1kQ.

The transistor parameters are p,Cox = 100pA/V 2, ppCox = 50pA/V2, Vi = -Vip = 0.5V,
(W/L); = (W/L); = 10, and (W/L), = 20.

The supply voltage is Vpp = 6 V. The DC voltage at the source of M1 is zero, i.e.
Vin(DC) = Vg (M1) =0.

Note that the body effect and channel length modulation can be ignored in DC and small
signal analysis.

VDD
Voo R4 Voo
Io2
- le Ios
M3 l
Vas |
R, j 1 C1
S— . Vout
VG1 M1l
< Vi
¥ Re— = T
Rs -
Vs

a) Calculate Vg1, Ip1, I;2, Va3, and Ips and verify that all transistors are operating in
the saturation mode.(5 pts)

b) Derive an expression for R¢q and draw the small signal model of the entire circuit.
No need to calculate the numerical values. (2 pts)

¢) Derive expressions for Ry, Rin and Vou/Vs. No need to calculate the numerical
values. (4 pts)
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Question 6 [8 pts]:

In the following circuit:

Ry = 3kﬂ, sz = 7kQ, Re = 2.251(9, Rc1 = Skﬂ, Re2 = 2.25kﬂ, Rep = 2kﬂ, R =
3.3kQ, R = 2kQ, Ve = 10V, and p = 50 for all transistors. The Early effect can be
ignored for all transistors.

Vee Voo Vee Vee

§ R,, § R.3
Ry § R,

Icr1+ vlcs
QZ : Vout
é RDZ
§ Bet R, § RC:,‘

Find the values for Vy, Ic1, Ica, Lcs, and Ve and verify your assumption about the mode
of operation of all transistors. (8 pts)
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Question 7 [10 pts]:

Consider the following differential amplifier circuit. Assume that all BJTs are identical
and have |Vgg |= 0.7 V. The Early effect can be ignored for all transistors. The input
terminals are vg; and vg,, the differential input is vy = vg; — vg; and the output terminals
are vey and vea.

Rc1 = Rez = 2kQ

Rg = 5kQ

B =99 for all BJTs

a) If Vp;= -0.8V and Vp,= 0.2V, find Vg, V¢ and V¢, . (2 pts)
b) If Vgi=0.5V and Vg,= 0.5V, find Vg, Vc; and V. (2 pts)

c) Draw the small signal model for this circuit. (2 pts)

d) Derive expressions for the differential voltage gain, differential input resistance,
differential output resistance and the Common mode gain. Considering the base
voltages indicated in part (b), calculate the numerical values for these four
parameters. (3 pts)

e) If the output is connected to a resistive load Ry= 20 kQ, i.e. Ry, is connected
between v.; and v, terminals, calculate the new differential voltage gain. (1 pt)
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Diodes:
i=I(exp(v/inVy)-1)

FETs:
NMOS:
/
. - C
Cutoff. VGS < V’ ID =0 Ky\ Hn ONA
; LW
Triode: Vs > V, I, =k! T[(VGS ~V W 472 ]
Vus < VGS - Vr
Ve >V
Saturation: os =V L=t o v P+ a7,,)
VDS > VGS - V: L

Body effect: V, =V, + },(\/2¢/ TV, - \/2¢f)

PMOS:
]
Cutoff: Vg >V, 1,=0 kP’ HPCO%
Triode: Vos <V, I, =k —Z:[(VGS ¥, Wos —LV2]
Vos >Ves =V,

Vos <V,
Saturation: % " _ I, =4k, %(VGS V(14 AV,

Vs <Vss =V,

Body k), 28, Tl )

SMALL SIGNAL

2.1,
VGS_VI

gm=
W
En =kn T(VG.\'—VIXI"-’{'VDS)

gm=\/2T;‘/?/1+,t-Vw/E
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