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1. Voltage-Divider Bias

A more practical bias method is to use Vccas the single bias source, as shown
in Figure. To simplify the schematic, the battery symbol is omitted and
replaced by a line termination circle with a voltage indicator (Vcc) as shown.

A dc bias voltage at the base of the transistor can be Lely — +Vec
developed by a resistive voltage divider that consists of R1
and R2, as shown in Figure.

VCC is the dc collector supply voltage. Two current paths

are between point A and ground: one through R2 and the
other through the base-emitter junction of the transistor and
RE.

To analyse a voltage-divider circuit in which lsis small compared to I, first

calculate the voltage on the base using the unloaded voltage-divider rule:

Once you know the base voltage, you can find the voltages and currents in the circuit, as

follows:
Ve= Vg — Vg
and
Vi
=L =—
C E Ry
Then,

Ve = Vee — IcRc

Once you know V- and Vg, you can determine V.
ce=Ve— Ve
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EXAMPLE 5-2 Determine V- and I¢- in the stiff voltage-divider biased transistor circuit of Figure 5-10
if Bpe = 100.
FIGURE 5-10 Ve

R¢

1.0 kQ2
Ry Ry
5.6k 560 2

Solution  The base voltage is

Vp = ( ke )vct:( kM )wv =350V

R, + R, 15.6 kQ)
So,
Ve=Ve— Ve =359V -07V=28V
and
e
Therefore,
Ic = I =5.16 mA|
and

Ve =Vec —IcRe =10V — (5.16 mA)(1.0k(2) = 4.84 V
Ve =Ve— V=484V -280 V=195V

Related Problem  1f the voltage divider in Figure 5-10 was not stiff, how would Vj be affected?

DC Input Resistance at the Transistor Base The dc input ..

resistance of the transistor is proportional to Sy, so it will

Ry Rivgase) looking in
at base of transistor

change for different transistors.

ﬁm: Ve
H]H[EAEEI = I—
.

1
|
|
|
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EXAMPLE 5-3 Determine the dc input resistance looking in at the base of the transistor in Figure
5-12. Bpc=125and Vg =4 V.

FIGURE 5-12

+Vee

Re
560 0}

Rg
1.0kQ2

_Ve—07V_ 33V _

Solution I R “10Ka 33 mA
B BocVa _1254vV)
Ringase) = A = vy = 152 kQ

Related Problem  What is Rynpasg) in Figure 5-12 if Bpe = 60 and Vg = 2 V?

2. Thevenin’s Theorem Applied to Voltage-Divider Bias

To analyse a voltage-divider biased transistor circuit for base current loading

effects, we will apply Thevenin’s theorem to evaluate the circuit.

R;
Vin=| ——— |
TH (R|+R}) CC

and the resistance is
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Sl
'I'i-cc
o

(a ib) (ch

Vim — Ve — Vae — Vg, =0
Substituting, using Ohm’s law, and solving for Vy,
Viu = IR + Vae + [eRg
Substituting Iy /Bnc for Ip,
Viu = Ie(Re + R/ Boc) + Vae
Then solving for I,

Vg — Vg
Rg + Ryu/Poc

I

3. Voltage-Divider Biased PNP Transistor

pnp transistor requires bias polarities opposite to the npn. This can be
accomplished with a negative collector supply voltage, as in Figure (a), or with

a positive emitter supply voltage, as in Figure (b).
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{a) Negative collector (b) Positive emitter (¢) The circuit in
supply voltage, Vi supply voltage, Vi (b) redrawn

In a schematic, the pnp is often drawn upside down so that the supply voltage

is at the top of the schematic and ground at the bottom, as in Figure (c).

Vim+ IgRmy — Ve + [eRe =0

By Thevenin's theorem,

R
Rows = 2
TII R+ R
The base current is
I:
Ig=——
® 7 Boc
The equation for [ is
—Vin + Ve

L. =
. Ry + Ryu/Boc

The equation for I, is

Viu + Vg — Ve
Rg + Rru/Poc

f|1=
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EXAMPLE 5-4

Solution

Find /¢ and Vi for the pnp transistor circuit in Figure 5-15.

FIGURE 5-15

This circuit has the configuration of Figures 5-14(b) and (c). Apply Thevenin’s
theorem.

B ” 22k N -
e (Rn + Rz)VEE - (22 kQ + 10 m)wv = (0.688)10V = 6.88 V

RiR,  (22k0)(10k82)
Ri+R 22k + 10k

Use Equation 5-8 to determine /..

_Viut+ Ve — Ve _688V+07V—-10V_ 242V _
£ Rg+ Rmu/Poc 1.0kQ +459 Q 1.0459 k)

The negative sign on J; indicates that the assumed current direction in the Kirchhoff's
analysis is opposite from the actual current direction. From /i, you can determine I
and Vi as follows:

Ic =1 =231 mA

Ve =IcRc = (231 mA)(2.2k() =5.08 V

Ve = Vee — R = 10V — (231 mA)1.0kQ) = 7.68 V
Vece=Ve— V=768V —-508V=26V

= 6.88 k()

RTH=

—-231 mA
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