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1. Base Bias

Base bias is common in switching circuits, and it has the advantage of
simplicity because it uses only one resistor to obtain bias. Figure shows a base-
biased transistor. The analysis of this circuit for the linear region shows that it
is directly dependent on SDC. Starting with Kirchhoff’s voltage law around

the base circuit,
+Voro

cc — V.ien — Vae =0
Substituting IyRp for Vi, you get
Voo — InRg — Ve =0

Then solving for Iy,
_ Ve — Vae
Ry

Kirchhoff’s voltage law applied around the collector circuit in Figure 5-19 gives the fol-
lowing equation:

In

cc — IcRe — Vg =
Solving for Vg,
Vee = Vee — IcRc

Substituting the expression for Iy into the formula I- = Byl yields

Vee = Vi
I{_‘ — BI’.II'_‘( CC z BE.)
E
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EXAMPLE 5-8 Determine how much the Q-point (I, Vp) for the circuit in Figure 5-20 will change
over a temperature range where By increases from 100 to 200.

FIGURE 5-20

Ve
+12V

R
560 £)

Solutlon  For Bpe = 100,

Vee — Var 12V-07V
Ieay = BDC(%) = IM(W) =342 mA
Verny = Vee — IeayRe = 12V — (342 mAXS60 ) = 10.1 V
For Bpe = 200,
Vee — Var 12V-07V
o = e 5 8) = 20 555 ) <64 ma

Veway = Vee — logy Re = 12V — (6.84 mA)(560 2) =8.17 V
The percent change in /¢ as Bpc changes from 100 to 200 is

oy — Ieqy

%Al =
& ( Ieqy
_ (6.84mA — 342 mA

Jios

343 mA )lOO%zlm%(anmcmase)

The percent change in Vg is

AT (chm = Verny
Ve
_ (8.l7V — 101V
- 10.1V
As you can see, the Q-point is very dependent on By in this circuit and therefore
makes the base-bias arrangement very unreliable for linear circuits, but it can be used
in switching applications.

)IOO%

)100% = —19.1% (a decrease)

Related Problem  Determine I if Bpe increases to 300.
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2. Emitter-Feedback Bias

If an emitter resistor is added to the base-bias circuit, the result is emitter
feedback bias, as shown in Figure. The idea is to help make base bias more
predictable with negative feedback, which negates any attempted change in
collector current with an opposing change in base voltage.

To calculate IE, you can write Kirchhoff’s voltage law (KVL) around the base

circuit.
Vee
)
—Vee + InRp + Vo + IgkRe =0
Substituting Iy /Bpc for In, you can see that I is still dependent on Spe. R,
Ve — Vie
I = cC BE ‘-r.‘
Rg + Ry /Bnc \J~,
Ry
EXAMPLE 5-9 The base-bias circuit from Example 5-8 is converted to emitter-feedback bias by the

addition of a 1 k{) emitter resistor. All other values are the same. and a transistor with
a Bpc = 100 is used. Determine how much the Q-point will change if the first transis-
tor is replaced with one having a Bpc = 200. Compare the results to those of the base-
bias circuit.

Solution  For Bpe = 100,

foo—po Vee—Vee __ 12V-03V
O Re 4+ Re/Boc 1k +330k0Q/100

Veeay = Vee — Ieay(Re + Re) = 12V — (2.63 mA)(560  + 1 k) =790 V
For Bpe = 200,

=2.63 mA

e Vece — Vee 12V-07V
coy=Ile= R: + Ry /Boc  1kQ + 330k /200

Vee) = Vee — Iea(Re + Rg) = 12V — (426 mA)(560 ) + 1kQ) =535V

=426 mA
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The percent change in I is

Iciy — 1 426 — 2.
%A1c=(—c"1 c“’)100%=( 2 ";"23 '3:3 "‘A)Im% = 62.0%
) :
o ch)—vcm)) _(5.35V—7.90V) B
%A Ve —( Veer 100% = 700V 100% = —32.3%

Although the emitter-feedback bias significantly improved the stability of the bias for a
change in Bpc compared to base bias, it still does not provide a reliable Q-point.

Related Problem  Determine I if a transistor with Bpc = 300 is used in the circuit.

3. Collector-Feedback Bias

In Figure , the base resistor RB is connected to the collector rather than to
VCC, as it was in the base bias arrangement discussed earlier. The collector
voltage provides the bias for the base-emitter junction.

Analysis of a Collector-Feedback Bias Circuit By Ohm’s law, the base current can be
expressed as

_ Ve — Vae
Rn
Let’s assume that [ == [y. The collector voltage is

o
Ve = Voo — IcRc
le+ 1y l? R
Also, B

In

RB
Ic —WA—s
Ih=— BALL :
. BI)C‘ Jr|; l}'[

Substituting for V- in the equation Iy = (Vi — Vap) /Rp. 44_@)
v

IC _ VCC B ICRC B VBI:' -
BI]C RB

The terms can be arranged so that

IcRp
Boc
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R
fc( Rc + _R) = Vee — Vae
DC

o= Vee = Vi
- =

Rc + Ry/Poc
Since the emitter is ground, Vg = V.

Vee = Vee — IcRe

EXAMPLE 5-10 Calculate the Q-point values (I and Vi) for the circuit in Figure 5-23.

FIGURE 5-213

Solution Using Equation 513, the collector current is

Voo — Ve 10V —-07V
== = :?mﬂﬁ
© Re+ Ra/Boc 10k + 180k /100

Using Equation 5-14, the collector-to-emitter voltage is
Vee = Voo — IcRe = 10V — (788 pAX10 k)) = 212V
Related Problem Caleulate the (-point values in Figure 5-23 for B = 200 and determine the percent

change in the Q-point from B = 100 to Bpe = 200.

Open the Multisim file EXMO05-10 or LT Spice file EXS05-10 in the Examples
folder on the website. Measure [i- and Vi-g. Compare with the calculated values.
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