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¢ Unless otherwise specified, assume that:

e Vr=25mV

*  |VBractive) =0.7V

* |VBesan|=0.7V

* |Vegsan| =02V

* |Vee®pce orsat) = 0.3 V

* All capacitors are very large

* Body effect, base-width modulation, and channel-length modulation are
negligible
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1. In the circuit shown below, diode D1 has I; = 10'° A and n1 = 1 while diode D2
has I = 10" A and ny = 1. The total current is / = 7.48 mA. Calculate the forward

current (in mA) in diode D1.
a) 0.68 b) 0.62 c) 0.54 d) 0.58 e) 0.50

D1 D2

2. In the previous problem, compute the small-signal resistance 7, (in Q) of diode D2.
a) 4.03 b) 3.68 c)4.31 d) 5.00 e) 4.63

3. In the circuit shown below Ry = R; = 180 Q. The two diodes D; and D, are modeled
by Vpo = 0.6 V, rp = 10 Q, when conducting, and by an open circuit when OFF. Find
the value of the source voltage v, (in V) if the output voltage v is —0.70 V.

a)—4.0 b) 4.8 c)—2.4 d)-3.2 e)—1.6

4. In the bridge rectifier shown below, the RMS value of the sinusoidal voltage vs is
20 V. The diodes are modeled by a short circuit when conducting and by an open
circuit when OFF. If the average diode current is 1.3 mA, compute the resistance R (in
kQ).

a) 6.9 b) 6.4 ) 9.0 d) 8.2 e) 7.5

O
+ +

ac
line Ug
voltage
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5. The NMOS transistor shown below has ;= 1V and V4, =50 V. It is biased to give
Ves =5V and Ip = 0.5 mA when Rp = 20 kQ. Find the small-signal output resistance

R, (in Q).
a) 943.7 b) 1787.5 c) 2547.2 d) 3235.3 e) 3862.1
+Vpp
Rp

fall

6. The PMOS transistor shown below has V, = —1V and k;W/L =1mA/V>. If the

power dissipated in Rp is 0.5 mW, find Rp (in kQ).
a)3 b) 4 c)6 d)5 e)?2

+5V +5V
ioMQ l 1kQ

7. A BIT for which the Early voltage is V', = 48 V operates at Vg =2 V and at a
collector current of 100 pA. Find the value of V¢ (in V) at which the collector current
becomes 115 pA. Assume that Vg is positive and remains constant.

a) 14.5 b) 9.5 c) 12 d) 4.5 e)7
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The circuit shown below is used to establish Vg = 3 V with Vee = 10 V and
Rc=5kQ. The BJT used has =27.

+Vee
R¢
Rp
8. Determine /¢ (in mA).
a) 0.771 b) 1.54 c) 1.35 d)1.16 e) 0.964
9. Determine R (in kQ).
a) 120.4 b) 185.5 c) 46 d) 77 e)22.8

10. The circuit shown below has Rc=0.5kQ, Rg=1.0kQ, Vec=14V, Vgg=-15V,
and V=12 V. Determine the value of Rz (in kQ) so that the transistor saturates with

/jfbrced = 10.
a) 4.1 b) 4.7 ¢)3.1 d)2.7 ¢) 3.6
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11. The circuit shown below uses a PNP transistor having 8= 79. The largest value to
which R¢ can be raised while the transistor remains in the active mode, but at the edge

of saturation, is 3 kQ. Find R (in kQ). Assume Vic(gage of san = 0.3 V.
a)5.4 b) 4.5 c) 1.8 d) 3.6 e)2.7

= +12V

:

=-12V

The circuit shown below uses a transistor having f = 99. AssumeR.= 2 kQ,

Rg=2kQ, and Vec=16 V.
VCC
R
R, €
R
2 R

12. Determine Vg (in V) if R} = 80 kQ and R, = 20 kQ.
a)2.2 b) 6.8 c)4.5 dy11.4 e)9.1

13. Determine the ratio /¢ /Iz if R; = 20 kQ and R, = 80 kQ.
a)2.9 b) 2.3 c) 15.5 d) 6.3 e) 4.0
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In the circuit shown below, the transistor has = 50. It is biased in the active region
such that the BJT transconductance g,, = 50 mA/V. The resistors used are Rs = 1 kQ,

Rc=3kQ, and Rr =20 kQ.

+Vee

14. Determine the base current /5 (in uA).
a) 45 b) 25 c) 30 d) 35 e) 40

15. Determine the BJT small-signal resistance 7, (in ) that appears in the T model.
a) 14.0 b) 16.3 c) 19.6 d) 10.9 e) 12.2

16. Determine the small-signal voltage gain v, /v, (in V/V).
a)—0.7 b) 8.2 c)-5.6 d)-15.2 e)—10.7

The circuit shown below has / = 1 mA. The transistor is in the active region and has
p=60.

—Vee
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17. Determine the BJT small-signal resistance 7z (in k).

a)3 b) 2 c)1 d)2.5 e) 1.5

18. The amplifier small-signal input resistance R; is 200 kQ. Find the value of R (in
kQ).

a) 4.85 b) 3.25 c)2.44 d) 1.95 e) 1.63

In the circuit shown below, the BJT has =80 and V, =15 V. The BJT is biased at
Vee=5V, and Ic =1 mA. Assume that Rc = 4.7 kQ, and that Rz is 10 kQ. Vzz and
Ve are pure DC sources.

Vss

Vee
2\
Re Rc
R
A Q m

@ [ :

Re

|
||}

19. A 26 mV peak voltage at the signal source v, results in a 5 mV peak signal at vj,.
Find the value of R (in kQ).
a) 8 b) 9 c)S d)6 e)7

20. The small-signal voltage gain (Ve./vs.) is =100 V/V. Find the value of R; (in kQ2).
a)4.9 b) 7.3 c)21.3 d) 10.7 e) 5.8

21. Find the small-signal output current i,,, (in terms of v;.) when the load R; is equal
t0 20 K. ipus / Vpe =
a)—0.14g,, b) —0.12g,, ¢) —0.20g,, d) -0.16g,, e) —0.18g,

22. In the circuit shown below, the diode is ideal. The source voltage vy is a square
wave with a maximum value of V;, and a minimum value V, =—10 V. The resulting
output is a square wave with a maximum value of Vy and a minimum value of Vy.
Find the value of V; (in V) if the value of the voltage level Vy at the output is 7 V and
R; =100 Q.

a) 10 b) 8 )9 d)7 e)6
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23. In the previous problem, find the value of the resistor R; (in ), if the value of the
voltage level Vy at the output is —3.33 V.
a) 100 b) 400 c) 150 d) 300 e) 200

24. In the circuit shown below, the diode is ideal, and the source voltage is a periodic
square wave with levels —10 V (minimum) and 10 V (maximum). The period of the
square wave is 7'= 10 ms, while the time constant is 7= RC = 4 ms. Assuming that
the capacitor is uncharged initially at # = 0, find the output voltage v, (in V) at time
instant # = 7 ms.

Hint: The resistor-capacitor transient equation 18 Vi + (Vinitiai— Vina))€Xp(—t/7).

a) 7.1 b) 6.3 c)5.1 d) 5.6 e) 8.1

10V R

—VW\ >
Vs ("‘) cC —/— Vo

-10V

25. The noise margins in a MOS inverter are equal to 1.5 V. Find the value of V5 (in
V) if the output high voltage Vopis 3.1 V.
a) 1.6 b) 1.7 c) 2.0 d) 1.8 e) 1.9

In the circuit shown below, the MOSFET is characterized by k’y(W/L) = 1 mA/V* and
Vi=1V. We want to design for Ip= 1.2 mA and Vps=4 V. Assume Vpp=Vss=5V,

Rp=4.3 ke, and Rg, = 18 MQ.
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26. The required value of Rs (in Q) is

a) 300 b) 122.2 c)435.5 d) 700 e) 229.4

27. The resulting value of Vs (in V) is

a)2.84 b) 3.00 c)3.32 d) 3.49 e) 2.55

28. Find the total power dissipated in the DC power supplies, in mW.

a) 12 b) 17 c) 20 d) 27 e) 31

29. If v, = 0.01 cos(w?) V, then what is the expression of i, (in uA)

a) —24.9 cos(wt) b) —15.5 cos(wt) c) —18.4 cos(wt)
d) —20.0 cos(w?) e) —23.2 cos(wt)

30. Consider now the effect of channel length modulation by assuming V=16 V.
What is the value of the output resistance Roy (in k€2)?
a) 1.2 b) 1.6 c)3.4 d) 2.6 e) 2.1
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