S

e e S S

I

Figure Pi3.3

(2} What are the functions of capacitors Cy, C, and
C5 in Fig. P13.47 (b) What is the magnitude of the
signal vollage al the base of Q,?

Figure P13.4

(a) What are the functions of capacitors Cs, Cy. and
Csin Fig. P13.57 (b) What is the magnitude of the
signal voltage at the emitter of ¢,?

Vee

Figure Pia.g

13.6.

138

Problems

739

(a) What are the functions of capacitors C,, Cs, and
€3 in Fig. P13.67 (b) What is the magnitude of the
signal voltage at the source of M,?

Vi

vy

Figure P13.6

What are the functions of capacitors Cy and 'y in
Fig. P13.7?

vy

Figure Paz,7

{(a} What are the functions of capacitors Cy, C5, and
Cs, in Fig. P13.87 (b) What is the magnitude of the
signal voltage at the source of M,?

Yoo
‘RZ R4 [
RO
— ] L
HEQ s S
Yy
Ry +
= R, Rp Vo
470 kL -

Figure P43.8
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operation. However, FETs can amplify much larger signals without distortion. For the MOSFET'_
Vgy < 0.2(Vigg — Vyy) represent the small-signal limits, respectively, and can be designed (o rangs
from 100 mV to more than 1 V. i

Common-emitter and common-source amplifiers were analyzed in detail. Table 13.4 on page 731
another extremely important table. It summarizes the overall characteristics of these two amplifier
The rule-of-thumb estimates in Table 13.4 were developed to provide quick predictions of
voltage gain of the C-E and C-S stages.

The chapter closed with a discussion of the relationship between operating point design and the
power dissipation and output signal swing of the amplifiers. The amplitude of the signal voltag
al the output of the amplifier is limited by the smaller of the Q-point value of the coliector-base g
drain-gate voltage of the transistor, and by the Q-point value of the veitage across the collector g
drain-bias resistors Re or Rp.

It is extremely important to understand the difference between ac anafysis and transient analysis in
SPICE. ac analysis assumes that the network is finear and uses small-signal models for the transig
tors and diodes. Since the circuit is linear, any convenient value can be used for the signal sourcs:
amplitudes, hence the common choice of 1-V and 1-A sowrces. In contrast, transient simulations
utjlize the full large-signal non-linear models of the transistors. If we desire linear behavior in
transient simulation, all signals must satisfy the small-signal constraints. :

KEY TERMS

ac coupling

ac equivalent circuit
Amplification factor

Analysis by superposition
Back-gate transconductance
Back-gate transconductance parameter
Bypass capacitor
Common-emitter {C-E} amplifier
Common-source {C-5) amplifier
Coupling capaciter

dc blocking capacitor

de equivalent circuit

Diode resistance

Hybrid-pi small-signal model
Input resistance

Intrinsic voltage gain 4,
Output resistance r,

Small signai

Small-signal common-emitter current gain
Small-signal conductance
Small-signal current gain
Small-signal models
Terminat voltage gain
Transconductance g,

Diode conductance

PROBLEMS

maximum value of /- that corresponds to the active;
region of operation?

(a) Suppose v, (1) = 0.25s5i020007¢ V in the
MOSFET amplifier in Fig. 13.2. Wrile expressions.
for vas(t), vy, (1), and vps(z). {b) What is the max-
imum value of I that corresponds to the active
region of operation?

Figures P13.3 through P13.13 are used in & variety of
problems in this chapter. Assume all capacitors and
inductors have infinite value unless otherwise noted,
Assume Vi = 0.7V and Ay = A, unless otherwise
specified.

13.2 Coupling and Bypass Capacitors

13.1 The Transistor as an Amplifier
13.1. (a) Suppose v (t) = 0.005sin2000zr V in the 133, (a) What are the functions of capacitors Cy, Cz. and:

C, in Fig. P13.37 (b) What is the magnitude of the
signal voltage at the top of C3?

bipolar amplifier in Fig. 13.1. Write expressions
for vag(t), v.(r), and veg(t). (b) What is the
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13.9. What are the functicns of capacitors Cy, Ca, and s,

in Fig. P13.9? What is the magnitude of the signal
voltage at the emitter of (¢, ?

iy
100 k&2

Figure Pu3.g

What are the functions of capacitors Cy, Co, and Cs
in Fig. P13.10? What is the magnitude of the si gnal
voltage at the collector of (,?

(L Ve

Figure P10

Describe the functions of capacitors C, Cy, and 5
inFig. P{3.11. What is the magnitude of the signaj
voitage at the upper terminal of C,?

+Vpp

Figure P1z.11

13.12. What are the functions of capacitors Cy and ¢

Fig. P13.12?

'[' Ry
-

Figure Piz.iz

What are the functions of capacitors C| and C
Fig. P13.137

ol

+Vpp

Figure P13.13

The phrase “dc voltage sources represent’: ;
grounds™ is used several times in the text. Us
your own words to describe the meaning of thi
stateiment. '

13.3 Circuit Analysis Using dc and ac
Equivalent Circuits

13.15.

Draw the de equivalent circuit and find the'Q
point for the amplifier in Fig. P13.13. Assuni
Br =90, Ver = I8V, R, = 2k, R, = 360K

Ry = 750 kQ, Re = 270 k2, Ry = 82k

Ry =220 k€2, and R; = 910 k2.

(a)y Use SPICE to find the (J-point for the circil
i Prob. 13.15. Assume V; = oo and Iy = 5|
(b} Repeat with V, = 80V and 75 = 5 fA.

Draw the de equivalent circuit and find the Q-poil
for the amplifier in Fig. P13.9, Assume 87 =
Vee = 12V, =Vpp = 12V, g, = L'k
Ry = 5k, By = 10K, Ry = 24k, Ry = 4K
and Re = 6 kQ. '







