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DC Biasing—BJTs

The following important basic relationships for a transistor:

VB.E =07V

IE=(.8+ IHBEIC

Ic = BIg

For transistor amplifiers the resulting dc current and voltage establish an operating point on the
characteristics that define the region that will be employed for amplification of the applied
signal. Since the operating point is a fixed point on the characteristics, it is also called the
quiescent point (abbreviated Q-point). Point B is a region of more linear spacing and therefore
more linear operation, as shown inFig.1.Point B therefore seems the best operating point in terms

of linear gain and largest possible voltage and current swing.
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Fig.1: Various operating points within the limits of operation of a transistor
FIXED-BIAS CIRCUIT
In the Fig.2, for the dc analysis the network can be isolated from the indicated ac levels by
replacing the capacitors with an open circuit equivalent.
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Fig.2: Fixed-bias circuit.

Forward Bias of Base—Emitter
Consider first the base—emitter circuit loop of Fig.3:a Writing Kirchhoff’s voltage equation in the

clockwise direction for the loop, we obtain

+VE‘C_IB-RB_ Vﬂfzﬂ

Solving the equation for the current IB will result in the following

1. = Vec— VBe
B — RB

The selection of a base resistor, RB, sets the level of base current for the operating point.
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Fig.3:a: Base—emitter loop Fig.3:b: Collector—emitter loop

Collector-Emitter Loop
The magnitude of the collector current is related directly to 1B through

Ic = BIg
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The level of Rewill determine the magnitude of Vg, which is an important parameter. Applying
Kirchhoff’s voltage law in the clockwise direction around the indicated closed loop of

Fig.3:bwill result in the following:

VCE + IC“RC - VC“C‘ =10

Vee = Vee — IcRe

The saturation current is

Load-Line Analysis
The network of Fig.4:a establishes an output equation that relates the variables IC and VCE in

the following manner:

Vee = Voo — IcRe

On the output characteristics is to use the fact that a straight line is defined by two points. If we
choose Icto be 0 mA, we are specifying the horizontal axis as the line on which one point is

located. By substituting 1c=0 mA into Equation above, we find that

Vee = Vecli—oma

Defining one point is for the straight line as shown in Fig.5.I1f we now choose Vcgto be 0 V,
which establishes the vertical axis as the line on which the second point will be defined, we find

that IC is determined by the following equation:

'D = VE‘C_ I[“R[“

Re |lva=ov
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Fig.4: Load-line analysis: (a) the network; (b) the device characteristics.

Fig.5: Fixed-bias load line.
The resulting line on the graph of Fig.5 is called the load linesince it is defined by the load

resistor RC. By solving for the resulting level of Ig, the actual Q-point can be established as
shown in Fig. 5.

If the level of IB is changed by varying the value of RB the Q-point moves up or down the load
line as shown in Fig. 4.6. If VCC is held fixed and RC changed, the load line will shift as shown
in Fig. 4.7. If IB is held fixed, the Q-point will move as shown in the same figure. If RC is fixed

and VCC varied, the load line shifts as shown in Fig. 4.8.
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Fig.6 Movement of Q-point with increasing levels of IB. Fig.7 Effect of increasing levels of Rcon theload
line and Q-point
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Fig.8: Effect of lower values of VCC on the load line and Q-point

Example: Given the load line of Fig. 4.9 and the defined Q-point, determine the required

valuesof VCC, RC, and RB for a fixed-bias configuration.

VCEZ VCCZZ[}‘: atIc-=Dn1A

I-= Vee g4 Ver=0V
Re

_VCC'_ 20V _
and Re =5 = Toma = 2 kO

7 Fee — Ve
B
Rg
ind R, — Yec—Vaz _ 20V —07V

= = 772 kKQ
Is 25 nA
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Fig.9 For example above

EMITTER-STABILIZED BIAS CIRCUIT
The dc bias network of Fig.4.10 contains an emitter resistor to improve the stability level over

that of the fixed-bias configuration.

———e- ]-‘!.-

Fig.10: BJT bias circuit with emitter resistor.

Base—Emitter Loop
Writing Kirchhoff’s voltage law around the indicated 1oop in the clockwise direction will result

in the following equation:

+Vec —IgRg — Vg — IgRg =0

Ie=(B+ 1ip

As we know:
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Substituting for IE

Vec —IgRg — Ve — (B + DIgRe =0
Grouping terms will then provide the following:
—Ig(Rg + (B + 1)Rp) + Ve — Vee =0
Multiplymng through by (—1) we have

_ Ig(Rg + (B + 1)Rg)—Vec + Ve =0
with Is(Rg + (B + 1)Rg) = Ve — Vet

and solving for Ig gives

Ig = Vee — Vae
R+ (B+ Rg

Note that the only difference between this equation for lgand that obtained for the fixed-bias

configuration is the term (B+1)Re.

the case for the network of Fig. 4.11. Solving for the current Is will result in the same equation obtained above.
Since Bis typically 50 or more, the emitter resistor appears to be a great deal larger in the base circuit. In
general, therefore, for the configuration of Fig. 4.12.

R, = (B + 1)Rg
T Vi
:
]

v

Fo

Fig.11: Network derived from Equation Fig.12: Reflected impedance level of Re.

Collector-Emitter Loop
The collector—emitter loop is redrawn in Fig. 4.13. Writing Kirchhoff’s voltage lawfor the

indicated loop in the clockwise direction will result in:
+IeRs + Veg + IcRe — Ve =0
Substituting Iz = I and grouping terms gives
Vee — Vee + Ie(Re + Rp) =0

and Vee = Vee — Ie(Re + RE)
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The single-subscript voltage VE is the voltage from emitter to ground and is determined by

Ve = IgREg

4 |

while the voltage from collector to ground can be determuned from

Vee= Ve — Vg
and VC‘ = VCE =+ VE
or VC‘ = Vc[‘ - ICRC‘

The voltage at the base with respect to ground can be determined from

Vg = Veoe— IgRp

or VB = VBE + V_E

EXAMPLE 4.4: For the emitter bias network of Fig. 4.14, determine:
a) lIg, b)lc, C)Vce, d)Vc, €)Ve, f)Vs, 9)Vac

s 20N
-
2 kil
430 k02 § 10 uF
r— '
0 uF
v —) fi-w
—
10} = 40 pF
ilized .
s - - Fig.14
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Solution:

g Vee=Vse _ 0V-0TV
(@) Eq. (4.17): Iy = (B+ DRz 430 kQ + (51)(1 k)

193V
= = 40.1 uA
481 kO ~
(b) I = BIz
= (50)(40.1 pA)
= 2.01 mA

(c) Eq. (419): Vee= Vee — Ic(Re + Rp)
— 20V — (201 mA)2 kQ + 1kO) =20V — 6.03 V
=13.97V
(d) Ve = Vee — IcRe
=20V — (201 mAY2kQ) =20V — 402V
=1598V
(&) Ve=Ve— Vez
=1598V —-1397V
=201V
or Ve =I1gRs = IR
= (2.01 mA)(1 k)
=201V
() V=V + Vg
=07TV+201V
=271V
(g) V=V — Ve
=271V —1598V
= —13.27V (reverse-biased as required)

Saturation Level
The collector saturation level or maximum collector current for an emitter-bias design can be

determined using the same approach applied to the fixed-bias configuration: Apply a short circuit

between the collector—emitter terminals.

Vee

Ie, =—%—
““” Re+Re

The addition of the emitter resistor reduces the collector saturation level below that obtained with
a fixed-bias configuration using the same collector resistor

EXAMPLE 4.6: Determine the saturation current for the network of Example 4.4.
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1. = Vee
o =—LcC
*  Re+ Rg

20V 20V
2KQ+1k0 3kO

= 6.67 mA which is about twice the level of Icqfor Example 4.4.

Load-Line Analysis
The load-line analysis of the emitter-bias network is only slightly different from that encountered

for the fixed-bias configuration.
The collector—emitter loop equation that defines the load line is the following:

Vee = Vee — Ie(Re + Re)

Choosing I~ = 0 mA gives

Vez = Vecl I.—0mA

as obtamned for the fixed-bias configuration. Choosing Vier = 0V gives

Vee

Jo=—"—"—
Re+ R |F=0V

As shown in Fig. 15. Different levels of IBQ will, of course, move the Q-point up or down the
load line.
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e

Fig. 15: Load line for the emitter-bias configuration

VOLTAGE-DIVIDER BIAS
The bias current Icoand voltage Vcegwere a function of the current gain (B) of the transistor.

sincef is temperature sensitive
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Fig.16: Voltage-divider bias configuration.Fig. 17:Defining the Q-point for the voltage-divider
bias configuration.
There are two methods that can be applied to analyze the voltage divider configuration.The exact

methodcan be applied to any voltage-divider configuration. The second is referredto as the
approximate methodand can be applied only if specific conditions are satisfied. The approximate

approach permits a more direct analysis with a savings in time and energy.

Exact Analysis
The input side of the network of Fig.16 can be redrawn as shown in Fig.18. The Thévenin
equivalent network for the network to the left of the base terminal can then be found in the

following manner:

B
AN
R’
- Fer Ry 2
i3
+i -
Thevenin

Fig.18: Redrawing the input side of the network of Fig. 16.
Rin: The voltage source is replaced by a short-circuit equivalent

R, = Ry||R>
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R,V
Ep="Vp =2 "=
- Rl I Rl
AN + o
Rl + L
== Ver Ri@Tla, °m

'L Fig.19: Determining Ey,
Isgcan be determined by first applying Kirchhoft’s voltage law in the clockwise direction for the

loop indicated:

Em — IpRm — Vg —IgRg =0
Substituting g = (8 + 1)Ig and solving for I yields

__ Em— VEe
R, + (B + 1Rg

Ig

Once lgis known, the remaining quantities of the network can be found in the same manner as
developed for the emitter-bias configuration. That is,

Vee = Vee — Ie(Re + Rg)

EXAMPLE 4.7: Determine the dc bias voltage VCE and the current IC for the voltage-divider
configuration of Fig. 4.20

+22V
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Fig.20: Beta-stabilized circuit for Example 4.7.
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R, = Ry||R>

_ (39 k(3.9 k)
39 k) + 3.9 k)

RV ee
Ry + Ry

_ Gokm@ev) _ .,
39 kQ + 3.9kQ

_ Em— Ve
" Rp+ (B + URe

_ 2V -07V _ 13V
355k + (141)(1.5 k) 355k + 211.5 k0

= 6.05 ud
Ic=pIs
= (140)(6.05 pA)
= (.85 mA

=355k}

E‘_['h=

Vee = Vee — Ic(Re + Rp)
— 22V — (0.85 mA)(10 k() + 1.5 k()
=22V -—-978V
=12.22V

Assist. Lecturer: AMMAR ISSA ISMAEL



