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5-1 ® THE DC OPERATING POINT

A transistor must be dc-biased in order 1o aperate as anr amplifier. A dc operating point
must be set so that signal variations at the input terminal are amplified and accurately
reproduced at the output terminal. As you learned in Chapter 4, when you bias a tran-
sistor, you establish e certain current and voltage condition. This means, for example,
that at the de operating point, I'c and Vg have specified values. The dc operafing point
is often referred to as the Q-point (quiescent point).

After completing this section, you should be able to

B Discuss the concept of dc biasin a linear amplifier
3 Describe how 10 generate collector characteristic curves fora biased transistor
O Draw a de load line for a given biased transistor circuit
T Explain Q-point
O Explain the conditions for linear operation
O Explain the conditions for saturation and cutoff

-

1 Discuss the reasons for output waveform distortion

DC Bias

Bias provides for proper operation of an amplifier. If an amplifier is not biased correctly,
it can go into saturation or cutoff when an input signal is applied. Figure 5-1 shows the
effects of proper and improper biasing of an inverting amplifier. In part (2), the output
signal is an amplified replica of the input signal except that it is inverted or 180° out of
phase. The output signal swings equally above and below the de bias level of the output.
Improper biasing can cause distortion in the output signal, as illustrated in parts (b} and
(c). Part (b) illustrates limiting of the positive portion of the output voltage 25 a result of 2
dc operating point (Q-point) being too close 1© cutoff. Part (c) shows limiting of the neg-
ative portion of the output voliage as a result of a de operating point being 100 close 10

saturation.

Graphical Analysis The transistor in Figure 5-2(a) is biased with variables Vee and
V/gg 10 Obtain certain values of /g. /c. IEs and Veg. The collector characteristic curves for
this particular transistor are shown in Figure 5_2(b); we will use these 10 graphically
iNustrate the effects of dc bias.

AN (,_\>__o . \/Aﬂ AV 0_1[\;‘/_0 vﬂ-

(2) Linear operation {b) Output vohage limited by cutoff

Ay D>t

(c) Output voltage limited by saturation

FIGURE 5-1
Examples of linear and nonlinear vperation of an inverting amplifier (the triangle symbol).

W3-
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(a) Bias circuit (b} Characteristic curves
FIGURE 5-2 i

A ransistor circuit with variable bias voltages.

In Figure 5-3, we assign three values 10 /i and observe what happens to Icand Vee.
First, Vpg is adjusted to produce an 1g of 200 tA. as shown in Figure 5-3(a). Since lIe =
o Bocle. the collecior current is 20 mA, as indicated. and

- | Veg = Voo IcRe=10V — (20 mAY220 )= 10V - 44V =56V

This Q-point is shown on the graph of Figure 5-3(a) as Q.
Next, as shown in Figure 5-3(b). Vgg is increased to produce an Iy of 300 pA and

an /o of 30 mA.
Vee= 10 V- (30 mA)(220 Q) = I0V-66V=34V

The Q-point for this condition is indicated by 0> on the graph.
Finally, as in Figure 5-3(c), Vpp is increased 10 give an /g of 400 pA and an /¢ of

40 mA.
Vee= 10 V—-{40mA)220Q)=10 V-88V=12V

Q; is the corresponding Q-point on the graph.

DC Load Line Notice that when I increases, /¢ increases and Vg decreases. When /g
decreases, I decreases and Vg increases. So, as Vg is adjusted up or down, the dc oper-
l : ating point of the transistor moves along a sloping straight line, called the dc load line,
connecting each Q-point. At any point along the line, values of /. Ic, and Ve can be

picked off the graph, as shown in Figure 5-4.
The de load line intersects the Vcg axis at 10 V. the point where Veg = Vcc- This is
the transistor cutoff point because I and Jc are zero (ideally). Actuzlly, there is a small
Jeakage current, [cpo, &t cutoff as indicated, and therefore Vee is slightly less than 10V

-
l -l but normally this can be neglected.
The dc load line intersects the I axis at 45.5 mA ideally. This is the transistor satu-
IL {1 ration point because Ic is maxXimum (ideally 50 mA) at the point where Vog =0 V and
e Ie = VeelRe Actually, there is a small voltage (V) actoOss the transistor, and Jogsay 1§
iy
WL
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FIGURE 5-3
Hlustration of Q-point adjustments.
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slightly less than 50 mA, as indicated in Figure 5-4. Note that Kirchhoff’s voltage law
applied around the collector loop gives

VCC-IORC—VCE=0

This results in a straight line equation for the load line of the form y =mx+ b as follows:

4 V.
:c=_(}¥)vce+ =

where —1/R¢ is the siope and Vix/R¢ is the y-axis intercept point,

15
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FIGURE 54 ic{mA)

The dc load line. ¢ p—
50 B
40 Ig =400 pA,
20 Jg = 200 pA
10 I Cutoff U(-= f(-m]
fc-ﬁo =0

oliéiéé'}ﬁéfovczw)

Linear Operafion The region along the load line including all points between satura-
tion and cutoff is generally known as the linear region of the transistor's operation. As
Jong as the transistor is operated in this region, the output voltage is ideally a linear repro-
duction of the input.

Figure 5-5 shows an example of the finear operation of a transistor. Assume 2 sinu-
soidal voltage, Vi, is superimposed on Vg, causing the base current 10 vary sinusoidally
100 pA above and below its Q-point value of 300 pA. This. in tum. causes the collector
current to vary 10 mA above and below its Q-point value of 30 mA. As 2 result of the
variation in collector current, the collector-lo-emitier voltage varies 2.2 V above and
balow its Q-point value of 3.4 V. Point 4 on the load line in Figure 5-5 corresponds to the
positive peak of the sinusoidal input voltage. Point B corresponds to the negative peak,

* and point Q corresponds 1o the zero value of the sine wave. as indicated. Vegg and Jeq are
de Q-point values with no input sinusoidal voliage applied.

I, fod {mA}
4

/ i
. F
7%40 f d : <§ 400 LA
20 {___200pA
e Ve (V
S 0 12 34 56 ce™
_37V-01V _ Veeo
hy==gyg - 00kA v
c) w

FIGURE 5-5 .
Variations in collector current and collector-to-emitter voltage as a result of a variation in

base current. Notice that ac quantities are indicated by lowercase iwlic subscripts.

e -
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Waveform Distortion As previously mentioned, under cenain input signal conditions

the location of the Q-point on the load line can cause on¢ peak of V,, to be limited or
clipped, as shown in parts (a) and (b) of Figure 5-6. In each case the input signal is 100
Jarge for the Q-point location and is driving the transistor into cutoff or saturation during
a portion of the input cycle. When both peaks are limited as in Figure 5-6(c), the transis-
tor is being driven into both saturation and cutoff by an excessively large input signal,

Cuweofl 0

(2) Transistor driven into saturation

Saturation

V74

Ve i
|
{¢) Transistor driven into both saturation and cutoff

FIGURE 5-6
Graphical illustration of saturation and cutoff.
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‘When only the positive peak is limited, the transistor is being driven into cutofi but not
saturation. When only the negative peak is limited, the transistor is being driven into satu-
ration but not cutoff. A good rule-of-thumb for a distortion-free output is to limit the max-
imum peak V,, swing to 0.95Vec and the minimum peak to 0.05Vec with the Q-point
ceatered on the load line.

Determine the Q-point in Figure 5-7, and find the maximum peak value of base cur-
rent for linear operation (Bpc = 200).

FIGURE 5-7

Solution The Q-point is defined by J and Vg Find these values by using formulas

. you leaned in Chapter 4.

Vep~Vee 10V-07V
Ry 41k 198 uA
o= Ppcle = (200)(198 pA) =39.6 mA
Veg=Vee—IcRc=20V ~13.07V=693V
The Q-point is at fc = 39.6 mA and at Vg = 6.93 V. Since Jeieuom = 0» YOU need to

know oy to determine how much variation in collector current can occur and still
maintain linear operation of the transistor.

IB'—‘

The dc load line is graphically illustrated in Figure 5-8, showing that before sat-
uration is reached, /o can increase an amount ideally equal to

Iqm-ch=60.6 mA—39.6 mA=21 mA

However, [ can decrease by 39.6 mA before cutoff is reached. Therefore, the limiting
excursion is 21 mA because the Q-point is closer to saturation than to cutoff. The
21 mA is the maximum peak variation of the collector current. Actually, it would be
slightly less in practice because Vi is DOt quite zero. The maximum peak variation
of the base current is determined as follows:

SRR
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FIGURE 5-8 Io(mA)
/ ldeal saturation
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Ideal cutoff
- 1/ Vee (V)
693V 20

Related Exercise Find the Q-point in Figure 5-7, and determine the maximum peak
value of base current for linear operation for the following circuit values: Bpc = 100,
Rc= I kK2, and Vcc"'—'24“

SECTION 5-1
REVIEW

5-2 ® BASE BIAS

1. What are the upper and lower limits on 2 dc load line in terms of Vg and J¢?

2. Define Q-point.

3. At what point on the load line does saturation begin? At what point does cutoff
occur?

4. For maximum V__, where should the Q-point be placed?

In this section and several following sections, you will learn various methods for dc
biasing a transistor circuit without using a separate base bias source. You will see the
advantages and disadvantages of each method.

Afier completing this section, you should be able to

N Analyze a base bias circuit
D Recognize a base-biased transistor circuit
0 Describe how Ppc affects the Q-point
O Describe how Vg and Iope affect the Q-point
0O Discuss the stability of a base bias circuit

Up to this point, we used a separate dc source, Vgp, to bias the base-emitter junction
strictly for convenience in illustrating transistor operation since it could be varied inde-
pendently of Vee. A thore practical method is to use Vo as the single bias source, as
shown in Figure 5-9(a), To simplify the schematics, the hattery symbal can be omitted

-W\9_
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FIGURE 5-% +Vee
Base bias. '
é Re Re
Rg
Ry +
‘\"v——‘@\i = Ve Nz
J J‘— Ve
E
é: - —
() ®)

and replaced by a line termination circle with a voltage indicator, as shown in Figure

5-9(v).
The analysis of the circuit in Figure 5-9 for the linear region is as follows. The

voltage drop across Rg is Voo — Ve Therefore,

cx g
IB=_OCR_,YE N

Kirchhoff's voltage law applied around the collector circuit in Figure 5-9(a) gives the
following equation:

Vo= IcRe— V=0

Solving for Vg, we get
Ve = Vec—IcRe (5-2)

We can neglect the leakage current, Icpo. We already know that I = Pocls: therefore,
= Vee—V;
Je= ﬁpc(———‘.x 2E ) (5-3)
Ry -

Effect of Bpc on the Q-Point

Notice that Equation (5-3) shows that /c is dependent on Ppc. The disadvantage of this is
that a variation in Bpc causes both I and Ve to change, thus changing the Q-point of the
transistor and making the base bias circuit extremely peta-dependent.

Recall that Ppc varies with temperature and collector current. In addition, there is a
large spread of values from one device to another of the same type due 10 manufacturing
variations. Therefore, a circuit using base bias may suddenly produce a distortied output
if, due to a fault, the transistor is replaced with one having a different Bpc or if a tempera-
ture change causes a sufficient shift in the value of Bpc.

-120-
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The base bias circuit in Figure 5—10 is subjected to an increase in temperature from
25°C to 75°C. If Ppe = 100 at 25°C and 150 at 75°C, determine the percent change in
Q-point values (Ic and V) over the temperature range. Neglect any change in Vge
and the effects of any leakage current.

FIGURE 5-10

Solution At 25°C, I and Vi are determined as follows:

Ve - Voe 12V=07V
I - —— ———— = mA
. ts.,c( = ) 100( — ) 113
VCE=VCC-ICRC=lZV—(Il.BmA)(56OQ)=5.67V

At 75°C, I and Vi are determined as follows:
Vee - Vee 12V-0.7V
le= —_== | = 150{ ~————— |=17.0mA
Cb""( Rg ) 5( wom)no
Veg =Vee=IcRe= 12 V= (17.0 mAX560 Q) =2.48 V

The percent change in I¢ is

[ - f -
% Ale= faasy — TCES) o 100%
Icgsy
_170mA- 11.3mA
B 11.3 mA
Notice the o changes by the same percentage as Bpc. The percent change in Vg is

% 100% = 50% (an increase)

Vegase —
cemsn = Ve 100,
Vezas,
_ 243V-5.67V
~ 567V
As you can see, the Q-point is extremely dependent on Boc in this circuit and therefore

makes the base bias arrangement very unstable. Consequently, base bias is not nor-
mally used if linear operation is required. It can be used for switching operation.

Related Exercise I Bpc =50 at 0°C and 125 at 100°C for the circuit in Figure 5-10,
determine the percent change in the Q-point values over the temperature range,

%AVCE'-‘

% 100% =~ 563 % (adecrease)

g )
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SECTION 5-2
REVIEW

251 = EMITTER BIAS

Other Factors Influencing Bias Stability

In addition to being affected by 2 change in Bpc, the bias point can be affected by
changes in Ve and Icao- The base-to-emitter voltage, Vgg, decreases with an increase in
temperature, As you can see from the equation for I, 2 decrease in Vgg increases Ig.

_ Vec—Vee

The effect of a change in Ve is nepligible if Voe >> Vi (Vec &t least 10 times greater
than Vgg). )

The reverse leakage current, Icgo, has the effect of decreasing the net base current
and thus increasing the base vollage becausc it creates a voltage drop across R with a
polarity that adds to the base bias voltage, as shown in Figure 5-11. In modemn transis-
tors, Icpo is usually less than 100 nA, and its effect on the bias is negligible if Vgp >>

IcpoRe-

FIGURE 5-11 +Vee
Eﬁcﬂ' Of I cBo= ?
Re
Icno
+Vgs o— Wi
IcecRe

1. Whatisan ad§antagc of base l;:ias over ﬁsing two separate dc supplies?
2. What is the main disadvantage of the base bias method?
3. Explain why the base bias Q-point changes with temperature.

5-3 ® EMITTER BIAS

Although this method of biasing requires two separate dc voltage sources, one positive
and the other negative, it does have an important advantage as yqu will learn.

After completing this section, you should be able to

® Analyze an emitter bias circuit
O Discuss the effect of Bpc and Vg on the Q-point
0 Explain how to minimize or essentially eliminate the effects of Poc and Vpg on the
stability of the Q-point
O Discuss emitter bias for a pnp transistor

122 -
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An emitter bias circuit uses both a positive and a negative supply voltage, as shown in
Figure 5-12. In this circuit, the Ve supply voltage forward-biases the basc-emitter jumne-
tion. Kirchhoff's voltage law applied around the base-emitter circuit in Figure 5-12(a),
which has been redrawn in Figure 5-12(b) for analysis, gives the following equation:

Vee —JpRs = Vae —IeRe=0
Solving for Vg, we get
VEE=J'BR3 +IERE+VBE
Since I = I and Ic = fipdp.
Ig
lp=—
"~ Boc

Substituting for [, we get

i
(——_E )RB + IERE + VBE = VEE
Boc

Factoring out /g yields
R
JE(—-E- + RE) + Ve = Vs
Boc

Transposing Vg and then solving for /g, we get

_ V-V
= R+ RefBoc -4
Since fc 5 !E'
Vee—Vee
oz —m—m—— 5-5
= Re + RofPoc 6-5)

The emitter voltage with respect to ground is
Ve=-Vee+IeRe (5-5)
The base voltage with respect to ground is
Va=Ve+ Ve (5-7)
The collector voltage with respect to ground is
Ve=Voe=TcRé (5-8)

Subtracting Vg from V¢ and using the approximation I = /g, we get
Vee=Voc = IoRe — (-Vee + IsRe)

Vg = Voot Vg — IRc + Re) (5-9)

123
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+¥ee

(@) ()

FIGURE 5-12 !
An npn trausistor with emirter bias. Polarities are reversed for a pnp. Single subscripts

indicate voltages with respect to ground.

EEXAMPLE 5-3

Find /g, /¢, and Vg in Figure 5-13 for fipc = 100 and Vgg = 0.7 V. Draw the dc load
line.

FIGURE 5-13 +Hee
+H Vv

Re
1kQ

Re
4.7kQ
Ve
-0V
Solution
Vee — V. I0V=-07V 3V
! EE__BE 23NV i80mA

E= R+ Reffoc  47KQ+4TKQ/100  5.17kQ

l'c"_-'l'g= 1.80 mA
Veg=Voc+ Vee —Ic(Re+ R =10V +10V - 1.80 mA (5.7kQ)=9.74V

Jc and Vg are the Q-point values for the circuit in Figure 5-13. The dc load line ts
graphically illustrated in Figure 5-14. The approximate collector saturation current is
determined as follows:

Vee=(=Veg) 10V=-(=10V) 20V

= = =351 mA
Re+Rg 5.7kQ 5.7kQ .

!C{sa:) =

124 -
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The collector-to-emitter voltage at cutoff is
Vegtamom = Voo — (-Veg) = 10 V= (10 V) =20V
The dc load line, illustrated in Figure 514, shows that /¢ can increase an amount ide-
ally equal to
Moy = lewan — I =351 mA-1.80 mA =171 mA

before saturation is reached. /e can decrease by 1.80 mA before cutoff is reached. As
you can see, this circuit is biased slightly closer to saturation than to cutoff.

FIGURE 5-14 l_c
‘j‘ Idzal saturaion

Iy =351 mA L

\\\
1 S ’?Q
| \
]
I R
) "
I
| ideal cutoff
: \_‘f / )
0 T . s
9.74 Vee— (V) =20V

Related Exercise Find Jg, fc. and Vg for the circuit in Figure 513 with the follow-
ing component values: R = 100 kQ, Re = 680 Q, Rg = 3.3 KQ, Ve = +15 V, and
-VEE = ~15 V. Assume BDC = 150.

Stability of Emitter Bias

The formula for [z shows that the emitter bias circuit is dependent on Vg and Boc, both
of which change with temperature and current.

Vee — Ve

BT RE + RBIﬁDC
If Rg >> Ry/Bpe. the equation becomes

i /
o Vee — Vie

Ip=
E RE

This condition makes Jg independent of Spc.
A further modification can be made if Vgg >> Vpg,

This condition makes /g independent of Vge.

If I is independent of Bpc and Vgg, then the Q-point is not affected appreciably by
variations in these parameters. Thus, cmitter bias can provide a stable Q-point if properly
designed.

125
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EEXAMPLE 54

Determine how much the Q-point in Figure 5-15 will change over a temperature range

where P increases from 85 to 100 and Vgg decreases from 0.7 Vio06 V.
FIGURE 5-15 +Vee
+20V
Re
4.7k
Re
—A
L 100k
Re
10kQ
..-I’EE
-0V

Solution For Bpe =85 and Ve = 0.7V,
Veg -V v-07V
EE_BE 20V-01 =173 mA

Ieslg= =

CEIET R s Ryffoc  10KQ+100K2B5

Vo= Vee— IcRc =20V - (LT3 mA)A47 kQ)y=119V
Vg=—Vee + [eRg =20 V+(1.73 mAX10 kQ)=-27V

Therefore,
Vep=Ve-Ve=119V-(-27V) =146V

For fpc = 100 and Ve = 0.6V,
- Vee~Vee _ 20V-06V
C=e= R tRgfBpc  10kQ+100 k100
Vc=VCC—ICRC=20V-(1.85mA)(4.?lcQ)=11.3V
V= —Vee +[gRe =-20 V + (1.85 mAX10 KQ)=-15V

=1.85 mA

Therefore,
Veg=Vc-Ve=113V - (-1.5V)=128V
The percent change in [ as Bpc changes from 85 to 100 is

1.85mA-1.73 mA
173 mA x 100% = 6.94%

The percent change in Ve is
128V-146V
128V
Related Exercise Determine how much the Q-point in Figure 5-15 changes over a
temperature range where Bpc increases from 65 to 75 and Vg decreases from 075V
to 0.5 V. The supply voltages are +10V.

x 100% = 14.0%

126,
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Emitter-Biased PNP

Figure 5-16 shows a pnp transistor. with emitter bias. The basic difference is that the
polarities of the supply voltages are reversed from those of the npn. The operation and
analysis are basically the same, as Example 5-5 illustrates.

FIGURE 5-16 =Yec
Emitter-biased pnp transistor.

*
R

Determine Ve, Vg, and Vg in the circuit of Figure 5-17. Assume Bpe = 100 and Vg =
0.7 V. Notice how the transistor is oriented in this diagram with the positive emitter
supply at the top and the negative collector supply at the bottom.

FIGURE 5-17 +Vee
+20V

Solution
Vee — Vae 20V-07V
fe=lg= = =1].
c = E= R RofBoc 18 kG + 100 k€100 102 mA
Ve==Vee +IcRe=-20 V+(1.02 mA)6.8 kQ) =131V
Ve = Ves—JeRe =20V - (102 mA)(18 kQ) = 1.64 V
Therefore,

Veg=Ve-Veg=-131V- 1.64V==147V

VA S
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Related Exercise Does V¢ become more or less negative if R is increased? Will an
increase in Re change the collector current significantly? Calculate the collector volt-
age if Rcis 8.2 kQ.

SECTION 5-3
REVIEW

1. Why is emitter bias more stable than base bias?

2. For an emitter-biased npn transistor, what is the approximate relationship of Vg and
Vy? For a pnp transistos?

3, What is the main disadvantage of emitter bias?

4. An emitter-biased pnp transistor has dc supply voltages of £15 V. If Rg is 10 k€,
what is the emitter current?

5.4 ® VOLTAGE-DIVIDER BIAS

Next, you will study a method of biasing a transistor for linear operation using a resis-
tive voltage-divider. This is the most widely used biasing method, for reasons that you
will discover in this section. This method is actually a form of emitter bias using a sin-
gle supply voltage.

After completing this section, you should be able to

B Analyze a voltage-divider bias circuit
() Discuss the effect of the input resistance on the bias circuit
O Discuss the stability of voltage-divider bias
0O Explain how to minimize or essentially eliminate the effects of Bpc and Vgg on the
stability of the Q-point
O Discuss voltage-divider bias for a pnp transistor

A de bias voliage at the base of the transistor is developed by a resistive voltage-divider
consisting of R, and R 2s shown in Figure 5-18. At point A, there are two current paths
to ground: one through R: and the other through the base-emitter junction of the tran-
sistor.

FIGURE 5—.13 ) Iy+1p +V
Voltage-divider bias.
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If the base current is much smaller than the current through R,, the bias circuit can
be viewed as a simplified voltage-divider consisting of R; and Rj, as indicated in Figure
5-19(a). If Iy is not small enough to neglect compared to /», then the dc input resistance,
Rintoasey from the base of the transistor to ground must be considered. Rmm) appears in
paralle]l with R, as shown in Figure 5-19(b).

FIGURE 5-19 +Vee +Vee
Simplified voltage-divider. ¢ ?
=R, =R
g = Looking in at base
!
J“ A l_'—-———l
[}
- |
SR 3 = R
=ha 2k e
(a) Unloaded {b) Loaded

Input Resistance at the Base

To develop a formula for the dc input resistance at the base of a transistor, we will use the
diagrarn in Figure 5-20. Vy is applied between base and ground, and fpy is the current
into the base as shown. By Ohm'’s law,

Vin
o™

Kirchhoffs voltage law applied around the base-emitter circuit yields

V= Ve + el
With the assumption that Vpg << JgRg, the equation reduces to
Now, since /g = Ic = Pocla.
Vin = Boc/aRe
The input current is the base current:
In=1Ip
By substitution,
R - h - BD’C‘r BRE
INGase) = 7 = &
N B
So,
R MN(hase) = BDORE (5—1 0)

_129_
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FIGURE 5~20
DC iﬂplﬂ resistance is V;,\'II;N\.

” [ EXAMPLE 56 Determine the dc input resistance at the base of the transistor in Figure 5-21.
Boc = 125.
” - FIGURE 5-21 +ee
Re
560 G
i RE
4. 9 1kQ2
L}{_: Solution Risibase) = ﬁDCRE'-‘ (125)(1 kQ) = 125kQ
Related Exercise What is Rinpases if Boc = 60 and Re =910 Q in Figure 5-217 i

Analysis of a Voltage-Divider Bias Circuit

A voltage-divider biased npn transistor is shown in Figure 5-22(a). Let’s begin the analy-
sis by determining the voltage at the base using the voltage-divider formula, which is

U ’. ‘ developed as follows.
. Rinepuser = PocRe

The total resistance from base to ground is

- | R: [ BocRe

i

Bl
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FIGURE 5-22 : +ee
An npn transistor with voltage-divider bias.
|
o~
Ry

Bocfe

1“

A voltage-divider is formed by R, and the resistance from base to ground in parallel with
R, as shown in Figure 5-22(b). Applying the voltage-divider formula yields

{__RlBocRe \y ~
VB-(RF"(R:“ BDC“RE))“CC =10

If BocRe >> Ra. then the formula simplifies to

Vee (5-12)

Once you know the base voltage. you can determine the emitter voltage, which
equals Vp less the value of the base-emitter drop {(Vge)

Ve=Vg~Vee

The emitter current can be found by using Ohm’'s taw.

3
'l

Once you know g, you can find all the other circuit values.

chl'E

le= _Yl:ﬁg (5-1 3)

Re
Ve=Vee—IcRe
"CE = VC - VE
Also, you can express Vg in terms of Ic by using Kirchhoff’s voltage law as follows:

VCC - fcRc—feR[: - VCE'—‘O

“\3\—
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Since Ie = /¢,
VCE = Vcc - fcRc = fcRE

Ve & Voo = Ie{Rc+ Re) (5-14)

E;XAMPLE 5-7

!

Determine Vg and I¢ in Figure 5-23, where fipc = 100.

FIGURE 5-23

Solution First, determine the dc input resistance at the base 10 se¢ if it can be
negiected.

Rincomse) = BocRe = (100)(560 Q) = 56 kQ2

A common rule-of-thumb is that if two resistors are in parallel and one is at least
ten times the other, the total resistance is taken 10 be approximately equal to the small-
est value although, in some cases, this may result in unacceptable inaccuracy.

In this case, Ringasey = 10R2, 50 neglect Rinmasey- In the related exercise, you will
rework this example taking Rinmase) into account and compare the difference. Proceed
with the analysis by determining the base voltage:

R .
v.,s( 2 )vcc=( S0k )10v=3.59v

R +R, 15.6 kQ2
So,
Ve= Vg~ Vpe=359V~-07 V=289V
and
Ve 289V
IE RE 560 Q 5.16 lTlA
Therefore,
Ic= 5.16 mA

132 -
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and

Veg 2 Vec = Ic{Rc+ Rp =10V -5.16 mA(1.56 k) =195V
Since Vg > 0V (or a few tenths of a volt), you know that the transistor is not in saru-
ration.
Related Exercise Rework this example taking into account RiNbase) and compare the
results. ﬂ i

5-5 @ COLLECTOR-FEEDBACK BIAS

Anather type of bias arrangement is the collector-feedback circuit. This type of circuit
is a negative feedback connection that provides a relatively stable Q-point by reducing
the effect of variations in Boc. It is also a simple circuit in terms of the components

reguired.

After completing this section, you should be aple fo :

M Analyze a collector-feedback bias circuit
O Discuss the effect of negative feedback
0 Explain how the coliector feedback maintains 2 relatively stable Q-point over tem-

perature

In Figure 5-28, the base resistor Ry is connected 1o the collector rather than to Ve, s in
the base bias arrangement discussed earlier. The collector voltage provides the bias for
the base-emilter junction. The negative feedback creates an “offsetting” effect that tends
10 keep the Q-point stable. If [c tries 1o increase, it drops more voltage across Re, thereby
causing V¢ to decrease. When Vi decreases, there is a decrease in voltage across Rs,
which decreases f. The decrease in Jp produces less Ic which, in tumn, drops less voltage
across Re and thus offsets the decrease in Ve

FIGURE 5-28
Collector-feedback bias.

L
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Analysis of Collector Feedback

By Ohm"s law, we can express the base current 2s

_ Ve-Vee

Ia=
B Rs (5-16)
Let’s assume that J¢ >> Ig. The collector voltage is
Ves Vee—IcRc
Also,
Ic
Ig=——
®*” Boe
Substituting for /g and Ve in Equation (5-16), we get
le _ Vec—lcRe—Vee
Boc Rg
We can rearrange the terms 50 that
]
fs , IcRe=Vec = Vee
DC
“Then we can solve for I as follows: .
IR + Re/Boc) = Vee = Ve
Vee— Ve
[ —— 5-17
€™ Rc+Re/Boc (-17)
Since the emitter is ground, Veg = Ve.
Veg=Vec—IcRe (5-18)

Stability Over Temperature

Equation (5-17) shows that the collector current is dependent to some extent on Boe and
Vge. This dependency, of course, can be minimized by making Re >> Re/Bpc and Vee >>
Vge. An important feature of collector-feedback bias is that it essentially eliminates the
Boc and Vg dependency even if the stated conditions are not met.

As you have leamed, Boc varies directly with temperature, and Vg varies inversely
with temperature. Refer to Figure 5-29. The circuit has initial values of Ig, /¢, and Vcg as
indicated in part (a). In part (b), as the temperature goes up, Ppc goes up and Vg goes
down. The increase in Ppc acts to increase Ic. The decrease in Vg acts to increase /g
which, in turn also acts to increase Ic. As ¢ tries to increase, the voltage drop across Re
also tries to increase. This tends to reduce the collector voltage and therefore the voitage

g e P
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{d) Initial response (o temperature drop

{¢) Stabilized at lower temperature. T

FIGURE 5-29
Collector-feedback stabilization of Q-point values over temperafure.
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across Rp. thus reducing Jp and offsetting the attempted increase in I¢ and the attempted
decrease in V. The result is that the collector-feedback circuit maintains a stable Q-point,
as indicated in Figure 5-29(c).

‘The reverse action occurs when the temperature decreases, as illustrated in Figure
5-29(d) and {(¢).

ﬂzXAMPLE 5-10 Calculate the Q-point values (/¢ and Vg) for the circuit in Figure 5-30.
FIGURE 5-30 Vee
+i0V
Solution Use Equation (5-17):
Vee = Ve 10V-07V
fe= = =
€= Pt Roffe ~ 10K+ 100 KGI00 0 PA
The collector-to-emitter voltage is
Veg=Voc—IcRe =10V - (845 RAXI0KQ)=1.55V
Related Exercise Calculate the Q-point values in Figure 5-30 for Boc = 250. J
SECTION 5-5 1. Explain how an increase in Bpe causes a reduction in base current in a collector-
REVIEW feedback circuit.

2. 1n a certain collector-feedback circuit, Ry =47 k€, Re=2.2 kQ, and Vee =15 V1T
Ic=5mA, whatis /g?

-\36-
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SUMMARY OF TRANSISTOR BIAS CIRCUITS

npn transistors are shown. Supply voltage polarities are reversed for prp transistors.

BASE BIAS EMITTER BlAS
+V,
Veo 8 Q-point values (/c = Ig) & B Q-point values (fc =)
B Collector current: s Collector current:
Jo=B (_‘icc_‘ﬁ) Re| g o VeE—Vee
bc RB Ry €= Rg + RB’BDC
| g - I.""L g .
® Collector-to-emitter l_" = M Collector-to-cmirter
voltage: = voltage:
VCE=VCC"ICRC RE VCEEVCC+ VEE

VOLTAGE-DIVIDER BIAS

COLLECTOR-FEEDBACK BIAS

—I{Rc +Re)

B (Q-point values (Ic=/g)
B Collactor current:

Ry .
Viee=V,
, _(R,+R3) cc= VBE

c= RE

B Collector-to-emitter voltage:

Vee = Ve = IctRe + Re)

Ic

Ry voltage:

II}

Vee @ Q-point values ({c=1g)
M Coliector current:

_ Vee—Vee
" Re+Re/Poe

M Collector-to-emitter

VCE = VCC - ICRC
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