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4.\Voltage-Feedback Bias Circuit:
Fig. 9-7a shows a voltage-feedback bias circuit.

Analysis:
<« For the input (base-emitter circuit) loop
as shown in Fig. 9-7b:
+Vee —IcRe —1gRg =Vge = 1gRg =0
lc=lc+lg=lgzl. =0, Vi o——)——
+Vee —PlgRe — 1gRg —=Vge — BlgRe =0
IB — VCC _VBE
Rg + B(Re + Re)

<« For the output (collector-emitter circuit)

loop as shown in Fig. 9-7c:

+1:Rg +Vee + IER. =V =0

[9.114]

ro_ ~
1L=1g =1,

Vee =Vee —Ic(Re +Re) [9.11b]

Load-Line Analysis:

Continuing with the approximation I¢ =1, will result
in the same load line defined for the voltage-divider and
emitter-biased configurations. The levels of lgo will be
defined by the chosen base configuration.

Design:
For an optimum design:
1
Vego ==V,
CEQ 2 cc
| _ 1 _ VCC
CQ 2 C(sat) Z(RC N RE) [9_12]
1
Ve = EVCC
Rg < B(Rc +Re)
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Other Biasing Circuits:

Example 9-2: (Negative Supply)
Determine V¢ and V; for the circuit of Fig. 9-8.

Solution:
—1gRg —Vge +Vee =0 (KVL)
_ Vee —Vee _9-0.7 _
's = Rg 100k =83uA
Bl = (45)(834) = 3.735mA
—1.Rc =—(3.735m)(1.2k) = —4.48V
= —1,R, = —(834)(100K) = 8.3V

lc
Ve
Vg

Example 9-3: (Two Supplies)

Determine V¢ and V; for the circuit of Fig. 9-9a.

Solution:

From Fig. 9-9b:
Rry = Ry|R, =8.2k[2.2k =1.73kQ
| _Vec +Vee . 20+20 _385mA
R, +R,  8.2k+2.2k

Eq, = IR, —Vge = (3.85m)(2.2k) — 20 = —11.53V

From Fig. 9-9c: o

— B —lgRy, —Vge — IeRe +Vee =0 (KVL) Ve - 20 .

le =(B+Dly Vir ;zov .
_ Vee —Em —Vee by (b) I

? Rn +(B+DR:
_ 20-11.53-0.7 —35.39,A + Ry = —
1.73K + (121)(L.8K) (7 PR

I = Bl =(120)(35.39) = 4.25mA ok B I

Ve =Vee — IcRe =20 — (4.25m)(2.7k) =8.53V I gl

Vg =—Eq — I 3Ry, =—(11.53) — (35.394)(1.73k) = By
=-11.59V (c)
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Example 9-4: (Common-Base)
Determine Vcg and Iz for the common-base configuration of Fig. 9-10.

Solution:
Applying KVL to the input circuit:
~Vee + 1gRg +Vge =0 R

_VEE _VBE . 4-0.7 —275mA p i \.J

le = Re 1.2k Ry @ 12kQ R O 240
Applying KVL to the output circuit: i =
+Veg + 1cRe =Ve =0 ~S:
Ves =Vee — IcRc i
with 1. = 1¢
Veg =10—(2.75m)(2.4k) = 3.4V Fig. 9-10
I 2.75m

lg=-S= =458
5= 5~ 60 HA

Vee T 10V

Example 9-5: (Common-Collector)

Determine Iz and Vce for the common-collector (emitter-follower) configuration of
Fig. 9-11.

Solution: &
Applying KVL to the input circuit:
—IgRg =Vge = IgRg +Vge =0
IE:(IB+1)IB R 240 kQ It
Ve —Vee i Xt
RB+(ﬁ+1)RE R£§2kﬂ
_ 20-0.7 _ 45.73uA "] e
240k + (92)(2k)
le =(f+D) 15 =(91)(45.73 1) =4.16mA Fig. 9-11
Applying KVL to the output circuit:
Ve + 1gRg +Ve =0
Vee =Vee — 1eRe =20-(4.16m)(2k) =11.68V
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Example 9-6: (PNP Transistor)

Determine Ve for the voltage-divider bias configuration of Fig. 9-12.

Solution:
Testing: PRe 210R,
(120)(1.1k) >10(10k)
132k >100k2(satisfied)

10 uF

v, = r2Vec _UOK)(S) _ 5 44, i
R +R, 47k +10k ol
Vg =V —Vge =-3.16 — (-0.7) =-2.46V 10kQ
1.1 k&2
Ve 2% _ 5 24mA

IC_E_RE_l.lk i

—1.Rg +Vee — IcRe +Vee =0 (KVL)

Vee = Vee + 1e (Re +Re) Fig. 9-12
= —18+ (2.24m)(2.4k +1.1k) =—10.16V

Exercises:

1. For the fixed-biased configuration of Fig. 9-2a with the following parameters:
Vee = +12 V, S =50, Rg = 240 kQ, and Rc = 2.2 kQ, determine:

lsg, lco, Vceas Ve, Ve, and V.

2. Given the device characteristics of Fig. 9-13a, determine Vcc, Rg, and Rc¢ for the
fixed-bias configuration of Fig. 9-13b.
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For the emitter bias circuit of Fig. 9-4a with the following parameters:
Vee =420V, =50, Rg =430 kQ, Rc =2 kQ, and Rg =1 kQ, determine:
IB; IC1 VCE! VC’ VE; VB and VBC'

Design an emitter-stabilized circuit (Fig. 9-4a) at lcg =2 mA. Use Vcc =+20 V
and an npn transistor with g =150.

Determine the dc bias voltage Vce and the current Ic for the voltage-divider
configuration of Fig. 9-6a with the following parameters: Vcc = +18 V, f =50,
R; =82kQ, R, =22kQ, Rc =5.6 kQ, and Rg =1.2 kQ.

Design a beta-independent (voltage-divider) circuit to operate at Vego = 8 V and
lco = 10 mA. Use a supply of Ve =+20V and an npn transistor with g = 80.

Determine the quiescent levels of Ico and Vceq for the voltage-feedback circuit
of Fig. 9-7a with the following parameters: Vcc = +10V, =90, Rg = 250 kQ,
Rc=4.7kQ, and Rg =1.2 kQ.

Prove that Rz < A(Rc + Rg) is the required condition for an optimum design of
the voltage-feedback circuit.

Prove mathematically that Icq for the voltage-feedback bias circuit is approximately
independent of the value of beta.

Fig. 9-14 shows a three-stage circuit with a V¢c supply of +20 V. GND stands for
ground. If all transistors have a f of 100, what are the Ic and Vg of each stage?

. . . 120V
10uF é 2kQ 3KQ

) ._| I_ 10,44F _':
— 104F

10uF
50kQ)
I—’_/\N\/_‘—| I_‘ Vo
%mom 0.56kQ) %BkQ 3O %0.68k§2
e GND

Fig. 9-14
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Bias Stabilization

Basic Definitions:

The stability of system is a measure of sensitivity of a circuit to variations in its
parameters. In any amplifier employing a transistor the collector current I is sensitive
to each of the following parameters:

d I (reverse saturation current): doubles in value for every 10°C increase in
temperature.

d |Vgg| (base-to-emitter voltage): decrease about 7.5 mV per 1°C increase in
temperature.

<« p (forward current gain): increase with increase in temperature.

Any or all of these factors can cause the bias point to drift from the design point of
operation.

Stability Factors, S(lco), S(Vee), and S(B):

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

Al ol
S(lgg) = —C = e [10.1a]
AICO alco Vge ,A=const.
Al ol
S(Vge)=——=—° | [10.1b]
AVBE aVBE lco,A=const.
Al ol
5(8) =2 - Zc [10.1c]
A/B 818 lco Vg =const.

Generally, networks that are quite stable and relatively insensitive to temperature
variations have low stability factors. In some ways it would seem more appropriate to
consider the quantities defined by Egs. [10.1a - 10.1c] to be sensitivity factors because:
the higher the stability factor, the more sensitive the network to variations in that
parameter.

The total effect on the collector current can be determined using the following
equation:

Alc =S(leo)Alco + S(Vpe )AVige + S(B)AS [10.2]




