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sitive tovers: In any amplifier employing a transistor the collecty oo

sitive to each of the following parameters. -

B: increases with increase: in temperature st

Vie!: decreases about 7.5 mv per degree Celsius (°C) increase-in tem,
rrent): doubles in value for every Iﬂ?ﬁ'i Tay:

temperature

N

Ico (reverse saturation cu

'R 'ﬂz

o

~ Any orall of these factors can cause the bias des | point
of operation. Table 4.1 reveals how the level of /., and ¥, changed with increase
in temperature for a particular transistor. At room temperature (about 25°C) [y = e
0.1 nA, while at 100°C (boiling point of water) Jeq is about 200 times larger at 20 . .
nA, For the same emperature variation, 8 increased from 50 to 80 and Ve dropped Ly
from 0.65 to 0.48 V. Recall that 7, is quite sensitive to the level of VB&,WM VAT
levels beyond the threshold value,

Y T

w
T

fos e
|', TABLE 4.} Variation of Silicon Transistor
Parameters with Temperature

Yy
4 5

PS5

- .

T(°0) lco (nA) 8 Vee(V) '
- i -

—65 02x 1073 20 A
25 0.1 50 0.65 s

"N 100 20 80

$ el 175 33x10°

.. ansistor collector characterist
°C to a temperature of 100°




i sH o d i
»
S pA
1 4k 30 pA
|
a0 ua |
3 ! 0 uA

Q-paint 30 pA I
0 pA 2

L

0 pa

l; \ 0 KA .f \ Ta® OuA

| —
'I. fq"—'ﬂﬁl-‘ "c.lf_-za-’(ly;r \
1 |

Ver

I 1 I o~ =t I
0 3 1045 s 0 Ve  © s 04 s ) ¥,
’I'?ﬂ; ﬂ’r LT
(m) {hj

Figure 4.65  Shift in dc bias PoinL{Q-point) due to change in temperature:
(3} 25°C; (b} 100°C,

be at all satisfactory, and considerable distortion may result because of the bias-pomt
shift. A better bias circuit is one that will stabilize or maintain the dc bias initially
set, so that the amplifier can be used in a changing-temperature environment.

Stability Factors, S(I.,). 5(Vgy). and S(3)

A stability factor, S, is defined for each of the parameters affecting bias stability as

listed below:
Al

Sleo) = i (4.51)

: Al-
Fan) = 2
’ S(¥Var) AVur (4.52)
- el Mf.' =a
S(8) A8 J (4.53)

In each case, the delta symbol (A) signifies change in that quantity. The numerator of
cach equation is the change in collector current as established by the change in the
quantity in the denominator. For a particular configuration, if a change in [, fails to
produce a significant change in [, the stability factor defined by S(/.,) = Al /AL
will be quite small. In other words:
Networks that are quite stable and relatively insensitive to temperature varia-
tions have low stability factors.

In some ways it would seem more appropriate to consider the quantities defined
by Eqgs. (4.51-4.53) to be sensitivity factors because:
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The higher the stability factor the more sensitive the network to Vil

1ations in
that parametey

The study of stability factors requires the knowledge of differential calculus. Our
purpose here, however. is to review the results of the mathematical analysis and to
form an overall assessment of the stability factors for a few of the most popular bias
co_nﬁguraliuns, A great deal of literature is available on this subject, and if time per-
mits, you are encouraged to read more on the subject.

SU¢cp): EMITTER-BIAS CONFIGURATION

For the emitter-bias confi guration, an analysis of the network will result in

1 + RplRy

5”_60] =(B+ l)'tm (4.54)

For Ry/R: > (B + 1), Eq. (4.54) will reduce to the following:

I— Slleo) = B+ f_l (4.55)
as shown on the graph of S(/c) versus Ry/R; in Fig. 4.66.

L1} I, o)
Stabedity fautin

—

)rﬂﬂ{&w%‘:s,ﬂﬂ

1 i f.l‘_ Figure 4.66 Varation of sta-
1 Al Re bility factor S{1-5) with the re-
\se l{l'nl' Ry I) sistor ration Rp/Re for the emit-

'

ter-bias configurarion

For Ra/Rp < 1, Eq. (4.54) will approach the following level (as shown in Fig.
4.66):

I o o Kl
Sleo) = (B + 1) B —=] (4.56)

revealing that the stability factor will approach its lowest level as Ry hecum_cs suffi- |
ciently large. Keep in mind, however, that good bias control normally requires that §
Ry be greater than Ry. The result therefore is a situation where the best stability lev-
els are associated with poor design criteria. Obviously, a trade-off must oceur that
will satisfy both the stability and bias specifications. It is interesting to note'in Fig.
4.66 that the lowest value of S(/p) is 1, revealing that /- will always increase at a
rate equal to or greater than [ Ao .

For the range where R /Ry ranges between 1 and (£ + 1), the stability factor will
be determined by

(4.57)
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:;;s;?oxvﬂ in tEig. 4.66. The results reveal that the emitier-bias configuration is quite
anic when the ratio Rp/Ry is as small as possible and the least stah] the s
ratio approaches (8 + 1). i

(?alcuiatc the stability factor and the change in /o from 25°C to 100°C for the: tran-
sistor defined by Table 4.1 for the following emitter-bias arrangements

(a) Ry/Ry = 250 (R, = 250R,) '

(b) Ry/R:= 10 (Ry = 10Ry),

(C} R},\ngz 0:01 (R;.; = I(]GR,;J.

Solution
i Ryl Ry
@) (o) =(B+ 1)1 + —2808
s I+ 8+ R_;,J_R;.'
— 51 L4250\ _ o f251
51 + 250 301

=42.53
which begins to approach the level defined by B + | = 51,
Al = [S(Ueo)(Alpp) = (42.53)(19.9 nA)
= (.85 M.A
: o ] =1 RH.-JR;_.'
(b) S{Zco) = (B + 1) 1+ 8+ RpRy
14+ 10 11
=Sl —=—— =1
(SI i 1(1_) 2 ((;]' )

=02
Al = [SUeop)(A Icp) = (9.2)(19.9 nA)
= 0.18 pA
i - = RR."'R_I._‘
(€) Stlco) = (B + 1) 1+ B+ RylRz
= 5] L"ﬂ!l_.)_ .01
: (51 +0.01) (5|_01J

It

1.01

which is certainly very close to the level of | forecast if Ry/Ri: <1

Al = [SUco(A Ieo) = 1.01(19.9 nA)
= 20.1 nA

Example 4.28 reveals how lower and lower levels of leo for the modern-day BIT
transistor have improved the stability level of the basic bias configurations. Even
though the change in /. is considerably different in a circuit having ideal stability
(5 = 1) from one having a stability- factor of 42.53, the change in /. is not that sig-
nificant. For example, the amount of change in /.- from a dc bias current set at, say,
2 mA, would be from 2 to 2.085 mA in the worst case, which is obviously small
enough to be ignored for most applications. Some power transistors exhibit larger
leakage currents, but for most amplifier circuits the lower levels of I, have had a
very positive impact on the stability question.

FIXED-BIAS CONFIGURATION

For the fixed-bias configuration, if we multiply the top and bottom of Eq. (4.54)
by R and then plug in R, = 0 £, the following equation will result:

Sleo) = B+ 1 (4.58)
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Figure 4.67 Equivalent circuit

for the voltape-divider gonfigura-

Lo,
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Note that the resulting equation matches the maximum value for the emitter-bias
configuration. The result is a configuration with a poor stability factor and a high sen-
sitivity fo variations in feo)

Voltage-Divider Bias Con figuration

Recall from Section 4.5 the development of the Thévenin equivalent network ap-
pearing in Fig. 4.67, for the voltage-divider bias configuration. For the network of
Fig. 4.67, the equation for S(leg) is the following:

15 Rl
Sico) = (B + 1y = (4.59)

Note the similarities with Eq, (4.54), where it was determined that S(/5) had its
lowest level and the network had its greatest stability when Re > Ry. For Eg. (4.59),
the corresponding condition is Reg > Ryy, or Ryyy/Re should be as small as possible.
For the voltage-divider bias configuration, Ry, can be much less than the corre-
sponding R of the emitter-bias configuration and still have an effective design.

Feedback-Bias Configuration (R 50 Q)

In this case.

1 +Ra/Re
Stlco) = (B+ 1) @‘_f_—”m (4.60)

Since the equation is similar in format to that obtained for the emitter-bias and volt-
age-divider bias configurations, the same conclusions regarding the ratio Rp/R, can
be applied here also.

Physical Impact

Equations of the type developed above often fail to provide a physical sense for why
the networks perform as they do. We are now aware of the relative levels of stability
and how the choice of parameters can affect the sensitivity of the network, but with-
out the equations it may be difficult for us to explain in words why one network is
more stable than another. The next few paragraphs attempt to fill this void through
the use of some of the very basic relationships associated with each configuration.

For the fixed-bias configuration of Fig. 4.68a, the equation for the base current is
the following:

Ry

Voo =W,
< =
Iy = —€C— Ve

with the collector current determined by
Ie= Bl + (B + 1)lep (4.61)

If 1~ as defined by Eq. (4.61) should increase due to an increase in {co, there is
nothing in the equation for /; that would attempt to offset this undesirable increase
in current level assuming Vg remains constant). In other words, the level of I would
continue to rise with iemperature, with [, maintaining a fairly constant value—a Very
unstable situation.

For the emitter-bias confi guration of Fig. 4.68b, however, an increase in /- due
to an increase in I, will cause the voltage Vg = I.R; = I Ry to increase. The result
15 a drop in the level of Iy as determined by the following equation:
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A drop in /5 will have the effect of reducing the level of /- through transistor ac-
nd thereby offset the tendency of /- to increase due to an increase in tempera-
e. In total, therefore, the configuration is such that there is a reaction to an increase
- in /¢ that will tend to oppose the change in bias conditions.
~ The feedback configuration of Fig. 4.68¢ operates in much the same way as the
~ emifter-bias configuration when it comes to levels of stability. If /- should increase
~due to an increase in temperature, the level of ¥, will increase in the following equa-

&

e

Voo — Vap— Vsl
b A ;i L2l (4.63)

d the level of /; will decrease. The result is a stabilizing effect as described for the
mitter-bias configuration. One must be aware that the action described above does
ppen in a step-by-step sequence. Rather, it is a simultaneous action to maintain
tablished bias conditions. In other words, the very instant /. begins to rise

he network will sense the change and the balancing effect described above will take

-most stable of the configurations is the voltage-divider bias network of Fig.

If mem}:dmon BRe = 10R, is satisfied, the voltage ¥, will remain fairly con-

changing levels of /- The base-to-emitter voltage of the configuration is de-

{ Vep = Vg — V. If I should increase, Ve will increase as described
Iy, which will try to offset the increased level of Ie.

the following equation for the




Solution

(a) Eq. (4.65): S(Vge) = .,_R%

___loo_
240 k(1

-0.417 x 1073
Ale = [S(Vye)[(AVe)
=(—0.417 X 1073)0.48 V — 0.65 V)
= (0417 X 107%—0.17 V)
=709 pA
(b) In this case, (8 + 1) = 101 and Ry/Re = 240. The condition (f
not satisfied, negating the use of Eq. (4.67) and requxrmgﬂ:e

Eq. 464y S(/se) = m%iﬁ




