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6-1 m SMALL-SIGNAL AMPLIFIER OPERATION

The biasing of a transistor is purely a dc operation. The purpose of biasing is to estab-
T lish @ Q-point about which variations in current and voltage can occur in response o
an ac input signal. Ir applications where small signal voltages must be amplified, such
as from an anfenna, o microphone, elc., variations about the Q-point are relatively
[ small, Amplifiers designed fo handle these small ac signals are called small-signal

amplifiers.
T3 After completing this section, you should be able to
® Understand the concept of small-signal amplifiers
R O Interpret labels used for de and ac voltages and currents

O Discuss the general operation of a small-signal amplifier
O Analyze ac load line operation
iR 0O Describe phase inversion

= AC Quantities
In the previous chapters, dc quantities were identified by nonitalic uppercase (capual)
subscripts such as I¢, Ig, Ve, and Vee. Lowercase italic subscripts are used 10 indicate ac
quantitiesof rms, peak, and peak-to-peak currents and voltages, for example, I L. I Vi,
o and V.. (rms values are assumed unless otherwise stated). Instantaneous quantities are
S- represented by both lowercase letiers and subscripts such as i, i, ip and v, Figure 61
illustrates these quantities for 2 specific voltage waveform,
1n addition to currents and voltages, resistances ofien have differant values when a
circuit is analyzed from an ac viewpoint as opposed 1o a dc viewpoint. Lowercase sub-
scripts are used 1o identify ac resistance vaiues. For example, R, s the ac collector resis-
tance, and Rc is the dc collecior resistance. You will se= the need for this distinction later.

't FIGURE 6-1

L V. can represent rms, average, peak, or peak-to-peak, but
rms is always assumed unless stated otherwise. v, can be
any instanianeous value on the curve.

1ita
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299 = SMALL-SIGNAL AMPLIFIER OPERATION

Resistance values internal to the transistor use a lowercase r'. An example is the internal
ac emitter resistance, r;.

The Small-Signal Amplifier .

A voltage-divider biased transistor with a sinusoidal ac source capacitively coupled 1o the
base and a load capacitively coupled to the collector is shown in Figure 6-2. The cou-
pling capacitors block dc and thus prevent the source resistance, R,. and the load resis-
tance R, from changing the d¢ bias voltages at the base and collector. The sinusoidal
source voltage causes the base voltage 10 vary sinusoidally above and below its dc bias
level. The resulting variation in base current produces a lacger variation in collector cur-
rent because of the current gain of the transistor.

T

FIGURE 6-2
An amplifier with voltage-divider bias driven by an ac voltage source with an internal

resistance, R,.

As the sinusoidal collector current increases, the collector voltage decreases.
The collector current varies above and below its Q-point value in phase with the
base curent. The sinusoidal collector-lo-emitier voltage varies above and below its
Q-point value 180° out of phase with the base voltage, as illustrated in Figure 6-2.
A transisior always produces a phase inversion between the base voltage and the col-
lector voltage.

A Graphical Picture The operation just described can be illustrated graphically on
the collector-characteristic curves. as shown in Figure 6-3. The sinusoidal voltage at the
base produces a base current that varies above and below the Q-point on the ac load
line, as shown by the arrows. Lines projected from the peaks of the base current, across
10 the Jc axis, and down to the Vg axis, indicate the peak-to-peak variations of the col-
lector current and collector-to-emitter voltage, as shown. The ac load line differs from
the dec load line because the effective ac collector resistance is R in paraliel with Re
and is less than the de collector resistance Re alone without R, in parallel. This differ-
ence between the dc and the ac load lines is covered in Chapter 7 in relation 10 power
amplifiers.

_1Lho-
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FIGURE 6-3
Graphica! operation of the amplifier showing the base current, collecior current, and

collector-to-emitter voltage. I, and 1. are on different scales.

 EXAMPLE 6-1

n of a certain amplifier extends 10 pA above and below the

The ac load line operatio
Q-point base current value of 50 fA, as shown in Figure 6—4. Determine the resulting
ge from the

peak-to-peak valves of collector cutrent and collector-to-emitter volta
graph. '

FIGURE 6-4
Ic (mA)
si\
74 70 pA
————————— 61 4~ 60 A
S, < (S 40 pA
kK& 30pA
21 20 pA
14 10 pA
o e

LY
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Solution Projections on the graph of Figure 6-4 show the collector current varying
from 6 mA 10 4 mA for a peak-to-peak value of 2 mA and the collector-to-emitter volt-
age varying from 1 Vio2 V fora peak-to-peak value of | V.

Related Exercise What are the Q-point values of /- and Ve in Figure 6—4?

SECTION 6-1 L When J, is at its positive peak, I is at jts ___ peak, and V,, is at its
REVIEW peak. ®
2. What is the difference between Vg and V. ?
3. What is the difference between R, and r/? b=
6-2 ® TRANSISTOR AC EQUIVALENT CIRCUITS
To visualize the operation of a fransistor in an amplifier circuit, it is often useful to rep-
resent the device by an equivalent circuil. An equivalent circuit uses various internal
transistor parameters lo represent the transistor's operation. Two types of equivalent
circuit representations are described in this section. One is based on hybrid or h para- .
meters and the other is based on resistance or r parameters.
r Parameters
The resistance, r, parameters are perhaps easier 10 work with than the h parameters. The
five r parameters are given in Table 6-4. As previously mentioned, the jtalic lowercase
letter r with a prime denotes resistance values internal to the transistor.
FIGURE 6-7 i,
Generalized b parameter equivalent circuit for ¢ bipolar Ay . 5
Junction transistor. lia
Y e (N an h, Vour
\|/ U
O- & J o <
TABLE 6-4 >
r parameters r meter Description
e ac alpha [/} £
B ac bata (1/1,) —=
r, ac emlner resistance
rh ac base resistance
e ac collector resistance

12 -
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Because data sheets often provide only common-emitter /2 parameters, the follow-
ing formulas show how to convert them 1o r parameters.

h
hoe
, he#1
r.= p {6-8)
hee
ri=hie= 21+ hy) (6-9)
o

We will use r parameters throughout the text.

r-Parameter Equivalent Circuits

An r-parameter equivalent circuit is shown in Figure 6-9(2). For most general analysis
work, Figure 6-9(a) can be simplified as follows: The effect of the ac base resistance ry is
usually small enough 10 neglect, 5o that it can be replaced by 2 short. The ac collector
resistance is usually several hundred kilohms and can be replaced by an open. The result-
ing simplified r -parameter equivalent circuit is shown in Figure 6-9(b).

e N N
J & -}
Eo— W Eo—Wy \_/ oC
!f
ut % % B
<]
B
(2) Generalized r-parameter equivalent circuit for {(b) Simplified r-parameter equivalent circuit {or
a bipolar junction transistor a bipolar junction transistor
FIGURE 6-9

r-parameter equivalent circuits.

The interpretation of this equivalent circuit in terms of a transistor’s ac operation is
2s follows: A resistance r, appears between the emitter and base terminals. This is the
resistance “seen” looking into the emitter of a forward-biased transistor. The collector
effectively acts as a current source of &,J, or, equivalently, Bads- These factors are ™
shown with a transistor symbol in Figure 6-10.

13-
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FIGURE 610
Relation of transistor symbol te r-parameter
equivalent.

Determining r’ by a Formula

For amplifier analysis, r; is the most important of the r parameters. Instead of using /i
parameters to get 7, you can use the simple formula of Equation (6-10) to calculate an
approximate vatue.

ri= M {6=10)
Ig

Although the formula is simple. its derivation is not and is therefore reserved for Appen-
dix B.

EXAMPLE 6-2 Determine the r’of a transistor that is operating with a dc emitter current of 2 mA.

" Solution ,_25mV _25mV _
Related Exercise Whatislgifr;=8Q7 I

Comparison of the AC Beta (B.o) to the DC Beta (Bpc)

For a typical transistor, a graph of /¢ versus 1y is nonlinear, as shown in Figure 6-11(a). If
you pick a Q-point on the curve and cause the base current to vary an amount Aly, then
the collector current will vary an amount Al as shown in part (b). At different points on
the nonlinear curve, the ratio Alc/Alg will be different, and it may also differ from the
1o/l ratio at the Q-point. Since Boc = Ic/lg and B, = Alc/Aly, the vaiues of these two
quantities can differ. Remember that Boc = hre and B, = Ap.

FIGURE 6-11 fe
I-versus-Iy curve illustrates the difference between
Boc = Ic/ls and B, = Alc/Alp.

(]
Icg L’c{ “ O ety
-
= s
0 0 aly

@ Boc=iclipaOpoint . (b)Pa.=alc/bip

b —
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o SECTION 6-2 1. Define each of the parameters: ;- Be, Hger and B
' REVIEW 2. Which h parameter is eguivalent 10 Bac?
3. If [y =15 mA, whatis the approximate value of r;?

"1 6-3 m COMMON-EMITTER AMPLIFIERS

' Now that you have an idea of how a fransistor can be modeled in an ac circuil, a com-
[ plete amplifier circuit will be examined. The common-emitter (CE) configuration is
o covered in this section. CE amplifiers exhibit hiigh voltage and current gains. The com-
mon-collector and common-base configurations are covered in the following sections.

After completing this section, you should be able to

m Understand and analyze the operation of common-emitter amplifiers
O Representa CE amplifier by its de equivalent circuit
D Anzlyze the dc operation of a CE amplifier
i3 O Representa CE amplifier by its ac equivalent circuit
O Analyze the ac operation of 2 CE amplifier
) Determine the input resistance
i 4 O Determine the output resistance
” O Detarmine the voltage gain
O Explain the effects of an emitter-bypass capacilor
O Describe swamping and discuss its purpose and effects
O Dessaribe the effect of a load resistor on the voltage gain
O Discuss phase inversion in2 CE amplifier
O Determine current gain
O Determine power gain

Figure 6-12 shows a common-emitter amplifier with voltage-divider bias and coupling
capacitors, Cy and C, o the input and output and 2 bypass capacitor Cz from emitter 10
ground. The circuit has 2 combination of dc and ac operation, both of which must be con-

sidered.

FIGURE 612
A common-emitter amplifier.

5~
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DC Analysis

To analyze the amplifier in Figure €-12, the dc bias values must first be determined.
To do this, 2 dc eguivalent circuit is developed by replacing the coupling and bypass
capacitors with opens (remember, 2 capacitor appears open 0 dc), as shown in Figure
6-13. Recall from Chapter 5 that the dc input resistance at the base is determined as

follows:

Rinasey = PocRe = (150)(560 Q) = 84 kQ
Since Ryngasey is more than ten times R, it will be neglected when calculating the dc base
voltage.

Ry 68 kQ
Ves|=——= |Vec= 12V=283V
B (R.m,)“ (zs.sm)2 3
and
Vg=Vp=Vge=283 V=07 V=213V
Therefore,
Ve 213V
E= RE- 5500 3.80mA

Since fc EIE, then
Ve=Vee—lcRc=12V 380V =820V

Finally, _
Veg=Ve-Ve=820V-213V= 607V

FIGURE 6-13 Voo

DC equivalent circuit for the amplifier in +12V

Figure 6=12. ___?

R

22 kf} 1kQ

bl

Ry

" Rg
6B K 560 Q)

The AC Equivalent Circuit

To analyzc the ac signal operation of an amplifier, an ac equivalent circuit is developed
as follows: The capacitors C), C,, and C; are replaced by effective shorts because we

assume that X = 0 & at the signal frequency.

-6
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AC Ground The de source is replaced by a ground. We assume that the voltage source
has an internal resistance of approximately 0 €, so that no ac voltage is developed across
the source terminals. Therefore, the Vec terminal is at a zero-volt ac potential and is

called ac ground.
The ac equivalent circuit for the common-emitter amplifier in Figure 6—12 is shown

in Figure 6-14(a). Notice that both Re and R, have one end connected to ac ground
because, in the actual circuit, they are connected to Ve which is, in effect, ac ground.

In ac analysis, the ac ground and the actual ground are treated as the same point
electrically. The amplifier in Figure 6-12 is a common-emitter type because the bypass
capacitor C; keeps the emitter at ac ground (ground is the common point in the cir-

cuit).

{a) b

FIGURE 614
AC equivalent circuit for the amplifier in Figure 6=12.

Signal (AC) Voltage at the Base An ac voltage source is shown connected to the input
in Figure 6-14(b). If the internal resistance of the ac source is 0 Q, then all of the source
voltage appears at the base terminal. If, however, the ac source has a nonzero internal
resistance, then three factors must be taken inte account in determining the actual signal
voltage at the base. These are the source resistance, the bias resistance, and the input
resistance at the base. This is illustrated in Figure 6-15(2) and is simplified by combining

@ v, Rinion =Ry | R 1l Rinsbasel:
v T, in

III
|

(a) (b)

FIGURE 6-15
AC equivalent base circuil.

TS
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Ry. Ra, 200 Ripguase in parallel to get the total input resistance, Ringon, 85 shown in Figure
6-15(b). As you can ses, the source voltage V, is divided down by R, (source resistance)
and R,,, so that the signal voltage at the base of the transistor is found by the voltage-

divider formula as follows:
Rin
V.=
b (R, +R;, )V‘

If R, << Ripguay then Vo =V Vi the input voltage, V;,, to the amplifier. 1.

Input Resistance To develop an expression for the input resistance as seen by an ac

L
source looking in at the basz, we will use the simplified r-parameter model of the transis- i
tor. Figure 6-16 shows the transistor connected with the external resistor Re. The input -
resistance Jooking in at the base is by

Vi _ Yo
—fn -2

R =
in{base) fiu lb

The base voltage is
Vb =1, rr;
and since [ =/,
I
I = —-
ac
Substituting for V;, and /,, we get
v, Ir:
Rinhasey = = }i'—
b etHac
Cancelling /., we get
Rinttocey = Bacre 6-11)
FIGURE &-16

r-parameter transistor model (inside shaded
block) connected to external circuit.

I
Te
-
@ Vi 1) l E
B
Rg

|[}
|

L8 -
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The total input resistance seen by the source is the parallel combination of Ry, R,, and
Rimpaser

Ringioy = R | R2 || Rinase) (6-12)

Output Resistance The output resistance of the common-emitter amplifier looking in
at the collector is approximately equal to the collector resistor.

Rou=Re (6-13)
Actually, R, = Re || rZ, but since the internal ae collector resistance of the transistor, rg, is
typically much larger than R, the approximation is usually valid. For exarple, the partia]
data sheet in Figure 6-5 gives minimum values for the 2N3904 of A, = 0.5 X 107 and
h,. = 1.0 uS. (Siemens and mhos are the same unit; mhos is the older designation
but Siemens is the current standard.) From these values, r2 can be calculated using Equa.
tion (6-8).

. hetl  05%107+1

re= e 10 RS =1 MQ

EXAMPLE 6-3

Determine the signal voltage at the base in Figure 6~17. This circuit is the ac equiva-
jent of the amplifier in Figure 6-12 with a 10 mV rms, 300 Q signal source. /g was
previously found to be 3.80 mA.

FIGURE 6-17
Rl

300 0

v, Ry Ry
10mv 22k <~ 6.8kf)

Solution First, determine the ac emitter resistance:

re= 25;:\! - 3§omnYA =680
Then,

Rinhasey = Bac re = 160(6.58 ) = 1.05 k2
Next. determine the total input resistance viewed from the source:

1

Riniony = R1 i R2 | Rinipasey =~ 1 1 =873Q)

72k T E8Ka | 1.05KQ

L9 -

o
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The source voltage is divided down by R, and R, so the signal voltage at the
base is the voltage across Ripgo-

Rivcon 8730
v of Rien \, (SN g ver44mv
b (R,-i-R,-,.(,,,,)V‘ (11?3:2)10“1 744m

As you can see, there is attenuation (reduction) of the source voliage due 10 the source
resistance and amplifier’s input resistance acting as a voltage divider.

Related Exercise Determine the signal voltage at the base of Figure 6-17 if the
source resistance is 75 § and another transistor with an ac beta of 200 is used.

Voltage Gain of the CE Amplifier

The ac voltage gain expression is developed using the equivalent circuit in Figure 6-18.
The gain is the ratio of ac output voltage (V,) 1o ac input voltage at the base (V).
Ve

A -V_"‘"..._
v Vi, v,

Notice in the figure that V, = o, J.Rc = { Rc and V, = L1 Therefore,

IR

A==
1re

The /, terms cancel, so

a=Xe (6-14)
r‘

Equation (6-14) is the voltage gain from bas¢ to collector. To get the overall gain of
the amplifier from the source voltage to collector, the attenuation of the input circuit must
be included. Attenuation is defined as a gain of less than | and results in 2 reduction of
the signa! voltage. The attenuation from source to base multiplied by the gain from base
1o collector is the overall amplifier gain. Suppose the source produces 10 mV and the

FIGURE 6-18
Egquivalent circuit for obtaining ac voltage
gain.

- 150-
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FIGURE 6-19

Base circuit attenuation and overall gain. '
VoV, Amplifier
gain —
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source resistance and input resistance is such that the base voltage is 5 mV. The atienua-
tion is therefore 5§ mV/10 mV = 0.5. Now assume the amplifier has a voltage gain from
base to collector of 20. The output voltage is 5 mV x 20 = 100 mV. Therefore, the overall
gain is 100 mV/10 mV = 10 and is equal to the attenuation times the gain (0.5 X 20 = 10).

Overall gain is illustrated in Figure 6-19.
The expression for the attenuation in the base circuit where R, and Rinan aCt as 2

voltage divider is
Vb R inltof}

Attenuation= - =
Vs R: + Rs’n{mn

The overall gain, A, is the product of the attenuation and the gain from base to collec-
tor A,

Vi
Al=|— A
: ( 3 )A. (6-15)
Overall

]

£ain

—iw—1—fL)
- ? Rl:

= o8 "
=

Effect of the Emitter-Bypass Capacitor on Voltage Gain The emiter-bypass capaci-
tor provides an effective short to the ac signal around the emitter resistor, thus keeping

the emitter at ac ground, as you have seen. With the bypass capacitor, the gain of a given

amplifier is maximum and equal to Rofre-

The value of the bypass capacitor must be large enough so that its reactance over
the frequency range of the amplifier is very smail (ideally 0 Q) compared to Rg. A good
rule-of-thumb is that X¢ of the bypass capacitor should be at least 10 times smaller than
Rg at the minimum frequency for which the amplifier must operate.

10X S Re

15\ -

& -
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| exameres 64

The capacitance value is determined at the minimum frequency of 2 kHz as follows:

Select a minimum value for the emitter-bypass capacitor in Figure 6-20 if the
amplifier must operate over a frequency range from 2 kHz to 10 kHz.

FIGURE 620 Voo

IOX("=RE
Re 560Q
Xe=To =10 ~¥%

S 1
T X 2%(2 KHZ)(56 Q)

This is the minimum value for the bypass capacitor for this circuit. You can use a
larger value, although cost and physical size usually impose limitations.

=142 IJ.F

Related Exercise If the minimum frequency is reduced to | kHz, what value of
bypass capacitor must you use?

Voltage Gain Without the Bypass Capacitor To see how the bypass capacitor affects
ac voltage gain, fet’s remove it from the circuit and compare voltage gains.

Without the bypass capacitor, the emitter is no longer at ac ground. Instead, R is
seen by the ac signal between the emitter and ground and effectively adds to re in the
voltage gain formula.

Re
= 6-16
r:+RE ( )

L

The effect of R is to decrease the ac voltage gain,

-\52 -
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[EXAMPLE 6=5 Calculate the base-to-collector voltage gain of the amplifier in Figure 6-12 without
and with an emitter bypass capacitor if there is no load resistor.
Solution From Example 6-3, ri = 6.58 Q for this particular amplifier. Without C,,
the gain is
Re 1 kQ
A== =1.76
ri+Rg 56658 Q
With Cs, the gain is
R 1kQ
E——=——=152
r,  658Q
What a difference the bypass capacitor makes!
Related Exercise Determine the base-to-collector voltage gain in Figure 6-12 with
R bypassed, for the following circuit values: Re = 1.8 kQ, Re =1 kQ, R, = 33 kQ,
and R, = 6.8 kQ.
1
Effect of a Load on Voltage Gain  'When a load, R, is connected to the output through
the coupling capacitor C. 2s shown in Figure 6-21(a), the collector resistance at the sig-
nal frequency is effectively Re in paralle] with R,. Remember, the upper end of R¢ is
effectively at ac ground. The ac equivalent circuit is shown in Figure 6-21(b). The total
ac collector resistance is
= KRR
‘ Re+ R I3
Replacing R¢ with R, in the voltage gain expression gives
R
A=— (6-17)
rf
FIGURE 6-21

A common-emitter amplifier with an
ac (capacitively) coupled load.

RR,

- = r—

{2} Complete amplifier (b} AC equivalent (Xe, =0)

~-\B63_

Rr=Rc"RL
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When R, < Re, the voltage gain is reduced. If R, >> Re. then R, = R and the load has
very little effect on the gain.

EXAMPLE 6-6

Calculate the base-to-collector voltage gain of the amplifier in Figure 6-12 when a
load resistance of 5 kQ is connected to the output. The emitter is effectively bypassed
and r/=6.58 Q1.

Solution The ac collector resistance is
RoR, (1 RS kQ)

.= = = Q
R Re+Ry 6 kQ 833
Therefore,
R. 8330
TR 658Q 127

The unloaded gain was found to be 152 in Example 6-5.

Related Exercise Determine the base-to~collector voltage gain in Figure 6—=12 when
2 10 kO load resistance is connected from collector 10 ground. Change the resistance
values as follows: Re = 1.8 kQ, Rg = 1 k& R, =33 kQ, and Ry = 6.8 k&1, The emitter
resistor is effectively bypassed and ro =10 Q.

Stability of the Voltage Gain

Although bypassing Rg does produce the maximum voltage gain, there is a stability
problem because the ac voltage gain is dependent on r! (A, = Re/r}) and r/ depends on /g
and varies considerably with temperature. This causes the gain 10 be unstable over tem-
perature because when r; increases, the gain decreases and vice versa.

With no bypass capacitor, the gain is decreased because Re is now in the ac circuit
(A, = Rcf(ri + Rg)). However, with Rg, the gain is much less dependent on r: if Rg >> 1,
the gain is essentially independent of r because

Swamping r; to Stabilize the Voltage Gain Swaniping is a method used to minimize
the effect of r/ without reducing the voltage gain to its minimum value. This method
“swamps” out the effect of 77 on the voltage gain Swamping is, in effect, a compromise
between having a bypass capacitor across Rg and having no bypass capacitor at all.

In a swamped amplifier, Rg is partially bypassed so that a reasonable gain can be
achieved, and the effect of 7/ on the gain is greatly reduced or eliminated. The tota] exter-
nal emitter resistance, Rg, is formed with two separate emitter resistors. Rg, and Rga. as
indicated in Figure 6-22. One of the resistors, Res, is bypassed and the other is not.

Both resistors (Rg, + Rep) affect the de bias while only Rg, affects the ac voltage

gain.

A= —F

’
rr"."REl

~15k -
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If Rg, is several times larger than r.. then the effect of r! is minimized and the approxi-

mate voliage gain is

R
== (6-18)

FIGURE 6-22
A swamped amplifier uses @ partially
bypassed emitter resistance 1o achieve gain

stability.

amplifier in Figure 623, Assume that the

Determine the voltage gain of the swamped
for the frequency at which the amplifier is

bypass capacitor has a negligible reactance
operated. Assume ri=209Q.

FIGURE 6-23

Solution Rp is bypassed by Ca- Rey is more than ten times r; so the approximate

voltage gain is
Re 33kQ

=2===10

A=—"=x
Rgy 3300

Related Exercise ‘What would be the voltage gain without C;? What would be the
voltage gain with C; bypassing both Rg, and Rea?

—155-
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The Effect of Swamping on the Amplifier’s Input Resistance The ac input resis-
tance looking in at the base of a common-emitter amplifier with Re completely bypassed
is R; = Bucr’. When the emitter resistance is partially bypassed, the portion of the resis-
tance that is unbypassed is seen by the ac signal and contributes to the input resistance by
appearing in series with r.. The formuta is

Rinpase) = Baclre + Rgy) (6-19)

Pkase Inversion in a Common-Emitter Amplifier

The output voltage at the collector of 2 common-emitter amplifier is {80° out of phase
with the input voltage at the base. The phase inversion is sometimes indicated by a nega-
tive sign in front of voltage gain, —A,. The next example pulls together the concepts cov-
ered so far as they relate to the common-emitter amplifier.

EEXAMPLE 6-8

For the amplifier in Figure 6-24, detefmine the total collector voltage (de and ac).

FIGURE 6-24 Vee .
+l0V © 7 Bpe=150
Boc =175

0mVv

Solution Two sets of calculztions are necessary to determine the total collector voltage.

Step 1: Determine the dc bias values. Refer to the dc equivalent circuit in Figure
6-25.

RlN(b:.y.) = ﬁDC(REI + Ra) = 150(940 Q) =141 kQ2

Since Rinase) 15 more than ten times larger than Ry, it can be neglecied in the
dc base voltage calculation.

R
Ve =(—3—)Vcc=(—Lm—)10 V=175V

R, +R,y 47kQ +10kQ
Ve=Vp-07V=175V-07V= 1.05V

V, 1. :

I E 0 i2ma-

= Re +Rez 9400
Ve=Veo—lcRe=10V = (1.12 mAY4.7kQ) =4.74 V

~\h6 -
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FIGURE 6-25
DC eguivalent for the circuit in Figure
6-24.

Step 2: The ac analysis is based on the ac equivalent circuit in Figure 6—26. The first

thing to do in'the ac analysis is calculute re
25mV _ 25 mV =10
! E 1.12mA

res

Next;detetmine the attenuation in the base circuit. Looking from the 600 Q
source, the total Ry, is

Rizion = Ry | Ra 1| Rimtncr
Ringhoser = Barlrs + Ret) = 175(492 Q) = 86.1 KQ
Therefore,

Rimeory =47 KQ I 10K [ 86.1 KQ =T7.53 k2
The attenuation from source to buse is

: Vb R:‘mmﬂ 7.53 kQ
== = =093
Attenuation V. = R+ Ruwny 6000+ 7. TR0 0.9

Before A, can be determined. you must know the ac collector resistance R..

RR, (A7KQN4TKQ) -
R.= = =427kQ
‘= RetR, 4TKQ+47KQ 27k

The voltage gain from base to collector is
R. 427kQ

The overall voltage gain is the attenuation times the amplifier voltage gain:
’ Vb
Al= (-‘7) A, = (0.93)9.09) = 8.45
“The source produces 10 mV mms, so the rms voltage at the collector is

V.= AV, = (8.45)(10 mV) =84.5 mV
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321 & COMMON-EMITTER AMPLIFIERS

I'h
o R
"Rllikz Rc + RL
v, (73 825k
10mV

FIGURE 6-26
AC egquivalent for the circuit in Figure 6-24,

The total collector voltage is the signal of 84.5 mV ms riding on a dc level of
4.74 V, as shown in Figure 6-27(2). where approximaie p2ak vatues are shown. The
coupling capacitor C; keeps the dc leve! from getting 10 the output. So, V,,, is equal o
the ac portion of the collector voltage, as indicated in Figure 6-27(b). The source volt-
age is shown to emphasize the phase inversion.

4.86V-——-

T\

(&) Source and output ac voltages

FIGURE 6-27
Voltages for Figure 6-24.

Related Exercise 'What is A, in Figure 624 with R removed? I
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322 & SMALL-SIGNAL BIPOLAR AMPLIFIERS

Current Gain
The current gain from base to collector is I/I, or B, However, the overall current gain
of the amplifier is

I

I, is the total signal current from the source, part of which is base current and pant
of which is the signal current in the bias network (R, ]| R2), as shown in Figure 6-28. The

total current signal from the source is

I =— Y
7 Rion *+ Rs

Power Gain
‘The power gain is the product of the overall voltage gain and the current gain,

A= ALA; (6-21)

- FIGURE 6-28 |
Totol input signal current (directions shown are for the positive half-cycle of V,).

r—y
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323 a COMMON-EMITTER AMPLIFIERS

SUMMARY OF THE COMMON-EMITTER AMPLIFIER

CIRCUIT WITH VOLTAGE-DIVIDER BIAS

R’

*Vcc
(=]

ke G

L

Gy
Niuo—)|

§32 RE TC:
__.J=' _— —_

©

B Input is at the base. Output is at the collector.
® There is a phase inversion from input to output.
m C; and C, are coupling capacitors for the input

and output signals.

B C, is the eminer-bypass capacitor.

W All capacitors must have a negligible reactance at

the frequency of operation.

m Emitter is at ac ground due to the bypass

capacitor.

EQUIVALENT CIRCUITS AND FORMULAS

DC equivalent

m DC formulas:

f RallBocke ),
Ve -(Rl + R i BocRe )R

cC

l[[

AC equivalent

-160-

m AC formulas:

e 25 mV
.= IE
Rintpase) = BaJ .
_Rc
’_ Vb
A= ( v, )Ar
I -
A Iin 3
A =A;Ai. I
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SUMMARY OF THE COMMON-EMITTER AMPLIFIER, continued

-

SWAMPED AMPLIFIER WITH RESISTIVE LOAD

W ' ‘ m AC formulas:

1 _Re | R
~ Rg

Rinpasey = Boc= Baclre + Rer)
W Swamping stabilizes gain by
minimizing the effect of re
& Swamping reduces voltage
gain from its unswamped

L, value.
M Swamping increases input
][-'-’i.- pesistance.
e B Load resistance reduces volt-
age gain.
it
Via
R‘. = Rc i\ RL

! { R\¥R: < Rm
e

L uc equivalent

o SECTION 6-3 1. In the dc equivalent circuit of an amplifier, how ar¢ the capacitors treated?

b REVIEW 2. When the emitter resistor is bypassed with a capacitor, how is the gain of the
amplifier affected?

3. Explain swamping.

4. List the elements included in the total input ‘resistance of a comrmon-emitter

[ E--‘--‘ amplifier.

o 5. What elements determine the overall voltage gain of common-emitter amplifier?

5 6. When 2 load resistor is capacitively coupled to the collector of a CE amplifier, 18

& _ the voltage gain increased or ?

7. What is the phase relationship of the input and output voltages of 2 CE amplifier?

L
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6-4 COMMON-COLLECTOR AMPLIFIERS

FIGURE 6-29 . 4,
Emitter-follower with voltage-divider bias. >

6-5 COMMON-BASE AMPLIFIERS

+Yeo

RC C\
C: FC ’l'
I___< B R =RCIR,
-':_- I RI. s J":,
Vi E —

Via© %_ - =

~L~ My

(a) Complete ciscuit with Joad (b} AC equivalent model

FIGURE 6-34
Common-base amplifier with voltagedivider bias.
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66 ® MULTISTAGE AMPLIFIERS

e

Several amplifiers can be connected in a cascaded arrangement with the output of one
amplifier driving the input of the next. Each amplifier in the cascaded arrangement is
known as a stage. The basic purpose of a multistage arrangement is to increase the

overall voltage gain.
After completing this section, you should be able to

® Discuss multistage amplifiers and analyze their operation
O Determine multistage voltage gain
D Express the voltage gain in decibels (dB)
O Determine the loading effects in 2 multistage amplifier
O Analyze each sizge to determine the overall voltage gain
O Discuss capacitive coupling in multistage amplifiers
O Describe a basic direct-coupled muliistage amplifier
O Describe a basic transformer-coupled multistage amplifier

Multistage Voltage Gain

The overall voitage gain, A;, of cascaded amplifiers, as shown in Figure 6-36, is the
product of the individual gzins.

A: = Ale\-‘)AvB rec A (6-34)

where 1 is the number of stages.

Tnput > > A = Ay o Output

FIGURE 6-36
Cascaded amplifiers. Each triangular symbol represents a separate amplifier.

Voltage Gain Expressed in Decibels

Amplifier voltage gain is often expressed in decibels (dB) as follows:

: Akaﬁi?’29‘iﬁéi; (6-35)

This is particularly useful in multistage systems because the overall voltage gain in dB jg
the sum of the individual gains in dB.

Aliamy= Aviamy + Avziay -+ Avmiap) (6-36)
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m EXAMPLE 6-12 A certain cascaded amplifier airangement has the following voltage gains: 4, = 10,
Ayz = 15, and A5 = 20. What is the overall voltage gain? Also express cach gain in
decibels (dB) and determine the total voltage gain in dB.
Solution Al = AgAada = (10(15X20) = 3000

Avl(dB) = 20 log 10=2004dB

A\‘I(GB) =20 log 15=235dB

A‘-z(dg) =20 IOg 20=2604dB

Alqs;=20dB +23.5dB +26.0dB =€9.5dB

Related Exercise In a certain multistage amplifier, the individual stages have the
following voltage gains: A,y = 25, A, =5, and 4,3 = 12, What is the overall gain?
Express each gain in dB and determine the total voltage gain in dB. E

N6k




