1. (50 points) The operational amplifier shown in the circuit below is ideal. The diode is at
room temperature. Determine Vot as a function of Vj,. Use R=1k and Ig (the saturation

current in the Shockley equation, see page 172 in your text) = IpA in your solution.
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2. Answer the following questions about the Schmitt trigger circuit shown below.

Vout
Vin
P Vout

VJ.

l\/v\l > Vin

x

A4

(a) If Vin=0 volts and Vout=+15 volts describe what happens to Vout if Vin(t) is:
in

+15 volts

-time

1 Second
(b) Using the input/output diagram at the above right, explain hysteresis, the difference
between the upper and lower trip points, as it applies to a Schmitt trigger. How can you
change it in the given circuit.

(c) How could you modify the above circuit so that the circuit operation is no longer
centered about zero.
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3. A student built the circuit shown in Figure 1 below in order to create a Schmitt trigger, but

it was tested and the output voltage versus the input voltage behaved as shown in the right-

hand figure.

(a) You are to examine the student’s circuit and show where s/he made the error since it
clearly doesn't work like it was supposed to.

(b) Explain why the circuit behaved as shown.

(c) Correct the circuit so that it will operate as a Schmitt trigger.

(d) Now that the error has been corrected, assume Rp=10k and R3=100k and find the
value of Ry which will cause the output to switch from +10 volts to -10 volts at

approximately V¢=3.5 volts. Show all work.
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Figure 2. Graph of experimentally
measured output.

Figure 1. Circuit for problem 3.
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4.11. Consider the circuit shown in Figure P4.11. The transistors l 1mA
Q) and Q, are identical, both having Irs = 10 fA = 1074 A

and B = 100. Find Vgg and Ic,. Assume a temperature of
300K for both transistors. (Hint: Both transistors are operating
in the active region. Because the transistors are identical and l Ig +
have identical values of V[, their collector currents are equal.) g

4.12. Repeat Problem 4.11 if Q; has Irs; = 10fA = 1074 A, _
and B; = 100, whereas Q, has Irs; = 100fA = 10713 A, and L 4
B> = 100.
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4.17. Use SPICE to obtain output characteristics for an npn

BIT having I, = 1079 A, 8 = 200, and V, = 25V. Allow T -
vck to range from 0 to 10V, and let i = 0, 10, 20, 30, 40, and e S+ C, [“/ Vi + -
S0 uA.
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4.20. Consider the circuit of Figure 4.10. Assume that V¢oc =
20V, Vgg = 0.8V, R = 40k, and Rc = 2kQ. The
input signal is a 0.2-V-peak, 1-kHz sinusoid given by v, (¢) =
0.25in(2000rt). The common-emitter characteristics for
the transistor are shown in Figure P4.20. Find the maximum,

+
minimum, and Q-point values for vcg. Whatis the approximate —__ Vee
voltage gain for this circuit? -

+
4.22. Repeat Problem 4.20 for Vg = 0.3 V. Why is the gain V()
so small in magnitude? - N IVBB
[ - P
L §

Figure 4.10
Common-emitter
amplifier.
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4.33. Use the large-signal models for the transistors illustrated
in Figure 4.19 to find I¢ and Vg for the circuits of Figure P4.33.
Assume that 8 = 100. Repeat for 8 = 300 and compare the

results for both values.

+20V +20V +15V +15V +15V +15V +15V
10kQ
| Mo 47kQ 470k 6.8kQ 1 MQ 0
1MQ 470kQ 20kQ
1kQ
@ SISV T BV o = = @ =
Figure P4.33
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mo— —o00
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Ig>0 Blg>I1->0
(b) Saturation region

Iz>0  Blg>1->0

pnp

ao0—— —om

Veg >-0.5V Ve >-05V

(c) Cutoff region

Figure 4.19 BJT large-signal models. (Note: Values shown are appropriate for typical

small-signal silicon devices at a temperature of 300K.)
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4.34. Find I and V in the circuits shown in Figure P4.34. For
all transistors, assume that 8 = 100 and |Vgg| = 0.7 in both
the active and saturation regions. Repeat for 8 = 300.

+10V +10V

27kQ +5V 415V
ll
v ~15V 15 MQ Q,
4 14
390 kQ2 ll 1kQ 0 ll
+
10kQ v 1kQ
22kQ
L —_Tl— L 1
(a) (b) (@)
Figure P4.34
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4.37. Consider the circuit shown in Figure P4.37. Find R, and
Rc if a bias point of Vcg = 5V and I¢ = 2mA is required.
‘What are the closest 5%-tolerance nominal values for R; and

Rc?
+15V
R, Re

V=07V
) B=100

%mom _"

-15V -

Figure P4.37
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4.42. A certain npn silicon transistor at room temperature
has B = 100. Find the corresponding values of g,, and r, if

Icog = 1mA, 0.1mA, and 1 uA. Assume that the device is
operating in the active region.
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4.45. Consider the common-emitter amplifier of Figure P4.45. +15V +5V
Draw the dc circuit and find I¢cg. Find the value of 7. Then B=100
calculate values for A,, Ay, Zin, Ai, G, and Z,. Assume that
the circuit is operating in the midband region for which the

coupling and bypass capacitors are short circuits. s
i ( v

VBEQ =07V

4.46. Repeat Problem 4.45 if all resistance values, including
R, and R, are increased in value by a factor of 100. If you
have also worked Problem 4.45, prepare & table comparing
the results for the low-impedance amplifier with those for the
high-impedance amplifier. (Comment: When we consider the
high-frequency response of these circuits, we will find that the
gain of the high-impedance circuit falls off at lower frequencies
than the gain of 'the low-impedance tfircuit does. "I‘hus, if we Figure P4.45
want constant gain to extend to very high frequencies, we should

use the low-impedance circuit.)
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4.49. Draw the small-signal equivalent circuits for the circuits
illustrated in Figure P4.49.
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(a) Common-emitter amplifier with unbypassed emitter

resistor
+Vee

(b) Variation of the emitter follower using a dc current
source for biasing

+Vee

VYee
(c) Variation of the common-base amplifier [assume that

the radio-frequency choke (RFC) is an open circuit for
the ac signals]

Figure P4.49 Amplifier circuits.



4.51. Consider the emitter-follower amplifier of Figure P4.51. +15V 415V
Draw the dc circuit and find Icg. Find the value of ;. Then
calculate midband values for A,, Ao, Zin, Ai, G,and Z,.

4.52. Repeat Problem 4.51 if all resistance values, including R,
and R, are increased in value by a factor of 100. Prepare a
table comparing the results for the low-impedance amplifier
with those for the high-impedance amplifier.

Figure P4.51
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4.56. Draw the small-signal equivalent circuit of the circuit

shown in Figure P4.56, and derive expressions for the input +Vee +VYee
impedance and voltage gain. Assume that the capacitors are
short circuits for the signals. c R,
iin !
—_— '/
R ;
+ A G l\»—l
Vin F«
>
Kkl T
Figure P4.56
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5.5. Suppose that we have an NMOS transistor with KP =
SOuA/V?, V,, =1V,A =0, L = 10 um, and W = 200 um.
Sketch the drain characteristics for vps ranging from 0 to 10V
and vgs =0, 1, 2, 3, and 4 V. Check your hand-drawn sketches
by using SPICE to plot the characteristic curves.
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5.13. Assume that an NMOS transistor is operating with
vps & vgs — Vi, as illustrated in Figure 54. Find an
expression for the resistance of the channel in terms of the
device parameters and voltages. Assume that A = 0. Given
that V,, = 1V and K = 0.25mA/V?, compute the resistance
for vgs =0.5,1,1.5,and 2V.
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5.15. Draw the load lines on the ip—-vps axes for the circuit of
Figure 5.13 for

(a) Rp =1k and Vpp =20V.

(b) Rp =2k and Vpp =20V.

(C) Rp = 3k and Vpp = 20V.

How does the position of the load line change as Rp increases
in value?

5.16. Draw the load lines on the ip-vpg axes for the circuit of
Figure 5.13 for

(a) RD =1k and VDD =5V.

(b) RD =1k and VDD =10V.

(C) Rp =1k and Vpp = 15V.

How does the position of the load line change as Vpp increases
in value?
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5.18. Consider the amplifier shown in Figure P5.18.

® +20V
(a) Find vgs(t), assuming that the coupling capacitor is a short
circuit for the ac signal.

(b) If the FET has V,, = 1V and K = 0.5mA/V?, sketch its 1L7MQ
drain characteristics to scale for vgs = 1,2,3,and 4 V.

(c) Draw the load line for the amplifier on the characteristics.

D
G
(d) Find the values of Vpsg, Vpsmin, and Vpgmax.
Ziyy—> s
sin(200077) 300 kQ

2kQ

Figure P5.18_ .
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5.23. (a) Find the value of Ipgy for the circuit shown in +20V
Figure P5.23. Assume that V,, = 4V, A = 0, and K =

1mA/V2. (b) Repeatfor V;, =2V, A =0,and K =2mA/V2.
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5.26. Find Ipg and Vpgg for the circuit shown in Figure P5.26.
The MOSFET has V,, =1V, A =0, and K = 0.25mA/V?2,

Figure P5.26
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5.38. Consider the amplifier illustrated in Figure P5.38. +Vp

(a) Draw the small-signal midband equivalent circuit.

(b) Assume that r;, = 00, and derive expressions for the R E I
+

voltage gain, input resistance, and output resistance.

(¢) Find Ipg if R = 100k2, Ry = 100k, Rp = 3k

’ :
Ry, =10k, Vpp =20V, V,, =5V,and K = 1mA/V2. + < ' Yo RL§
Determine the value of g, at the Q-point. Vin

v(r)
(d) Evaluate the expressions found in part (b). i

(e) Find v,(t) if v(t) = 0.25in(20007¢).

(A
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5.39. Find Vpsp and Ipg for the FET displayed in Figure P5.39, +20V
given that V,, = 3V and K = 0.5mA/V?2. Find the value of
gm at the operating point. Draw the small-signal equivalent

circuit, assuming that r; = oo. Derive an expression for the R 2 22kQ
resistance R, in terms of Rp and g,,. Evaluate the expression b

for the values given.
——oO

[':i <=

1

Figure P5.39
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5.47. Consider the source follower shown in Figure 5.33, given +Vp
that Vpp = 15V, Ry = 2kQ, Ry = 1M, and R, = 2MQ.
The NMOS transistor has KP = 50 uA/V2,1 =0, L = 10 um,
W = 160 um, and V;, = 1V. Find the value required for Rg
to achieve Ipp = 2mA. Then compute the voltage gain, input

. . . . R Cy —
resistance, and output resistance of the circuit. AM It o
iy [am I
* —
+ = b R,
0] C) V(D) rRZ b +
T 3 v, R,
-

Fost, =% GEN2e)

LK: o2

Toq- I (Vgs o—\V7ro) "=
\/GSQ: \fj‘oﬂ-" I%Q \/ﬂ 362:3, Zgé

Vy-Vs=Vgs /= Ty R - -

Vgs= \o-Togs  Rs= S (B=3 %0 en]

Fooe egn. 5,26, Ym=2K(Vgsk-\/ro)

'9u\= (L7d S

Leobng atpg 32l Whe oo pri- Fo{v““l;—L el =00

OL5 1257k )
- g0, ) Q‘V\: Ql//QZ Q¢k=é€67ﬁﬂ(
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