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DC Operating Point
Floyd ber

Bias establishes the operating point (Q-point) of a transistor
amplifier; the ac signal o)

moves above and below
this point. Load line

For this example, the dc : — " dooua
base current is 300 LA. 00uA= b
When the input causes the s
base current to vary between | Vs W)
200 pA and 400 pA, the
collector current varies
between 20 mA and 40 mA.

Chapter 5: Transistor Bias Circuits
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A signal that swings A practical way to establish a Q-point is to form a voltage-
outside the active R divider from V.

signal

8 i d g R, and R, are selected to establish V. If the
L oI e DD N divider is stiff, /5 is small compared to /,. Then,

For example, the bias / \ VoAl [ R, v
has established a low Q- ) A RER S
point. As a result, the e \ / EXamllle. Uy

Sl ot Y \ Determine the base voltage for the circuit.

because it is too close to 7 o i )
Slllllll')“’ T ( R+R, JVC“

cutoff. ;‘ ot \
‘ ‘ :( 12kQ

27kQ+12 kQ

J(+15 V)= 462V

Verg
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k The unloaded voltage divider approximation for Vy gives
Follow-Up:

reasonable results. A more exact solution is to Thevenize
What is the emitter voltage, Vi, and current, /g? e the input circuit.

soluli““: Vin = VB(no load)
Vg is one diode drop less than Vj: 27k 2k =4.62V
Ve=4.62V-07V= 392V s : \ Ry =R|IR, =

+Vee

Applying Ohm’s law: i \ =8.31kQ
V. 392V The Thevenin input

“E = = 5.76 mA circuit can be drawn
R. 680Q

E
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Now write KVL around the base emitter circuit and solve
for Ig.

Vi = IRy + Ve + 1pRy

Vi =V

TH _ VBE

L=

Substituting and solving,
4.62V-07V

6800 +831KO/
and Vi, = IRy, = (5.43 mA)(0.68 kQ)

=3.69V

= 543 mA
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A pnp transistor can be biased from either a positive or negative supply.
Notice that (b) and (c) are the same circuit; both with a positive supply.

~Vee

]

+ Ve
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Emitter B

Emitter bias has excellent stability but requires both a
positive and a negative source.

Vee
For troubleshooting analysis, assume that Vg +I5V

for an npn transistor is about —1 V.

Example:

Assuming that Vg is —1 V, what is Ig?
Solution:
el Ve e Ve GND
s e, o s
E R, 75KQ 1.87 mA

Rc
3.9kQ
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Multisim allows you to do a
quick check of your result.

1]
oC: 1040 ™
oc 100

o
<
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[xamllle: Determine /y; for the pnp circuit. Assume a stiff
voltage divider (no loading effect).
Solution:

V= — v,
i R‘+R2]EE
( 27 kQ
27 kQ+12kQ

](+15.0 V)= 104V

Vo=Vy4+Vy = 104V+07 V=111V

Vee—Ve _150V-111V _

R, 680 Q

5.74 mA
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A check with Multisim shows that

the assumption for troubleshooting
purposes is reasonable.

For detailed analysis
work, you can include
the effect of Bpe. In
this case,

<
| B creun | B9 enter s el

For telp, pressF -
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Base bias is used in switching circuits because of its
simplicity, but not widely used in linear applications
because the Q-point is 3 dependent.

Base current is derived from the collector supply
through a large base resistor.

Example:

What is /5?

Solution:
g, <Yee=0TV _ISV-0TV _, 0,
R, 560 kQ
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Emitter-Fee:

An emitter resistor changes base bias into emitter-feedback
bias, which is more predictable. The emitter resistor is a
form of negative feedback.

i ; s +Vee
The equation for emitter current is found

by writing KVL around the base circuit.
The result is: Re

Voo mVos !
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Collector-Feedback B

Example:

Compare /- for the case when = 100 with the case when p = 300.
solution:
When B = 100, e

Ve =V. 15V-0.7V
= o s = 2.80 mA

e =
R ﬁ% 18kQ+330kQ0
DC

When B = 300,
i Voo Wi 15V-07V
[+

= = =493 mA
R, 330 kQ,
R.+ %DC 1.8 kQ+ AOO
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Base Bias
Followu:

Compare Vi, for the case where = 100 and = 200.
solution:

For B = 100: I, =PI, =(100)(25.5 pA)=2.55 mA
Vee =Vee —IcRe

=15V - (255mA)(1.8kQ) =104V
For B =300: I =PI, =(300)(25.5 uA) =7.65 mA
Vee =Vee —IcRe

=15V - (7.65mA)(1.8kQ)=123V
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Collector-Feedbz

Collector feedback bias uses another form of negative
feedback to increase stability. Instead of returning the base
resistor to Vi, it is returned to the collector.

The equation for collector current is found
by writing KVL around the base circuit.
The result is

+Vee
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Q-point The dc operating (bias) point of an amplifier
specified by voltage and current values.

DC load line A straight line plot of I and Vi for a
transistor circuit.

Linear region The region of operation along the load line
between saturation and cutoff.

Stiff voltage A voltage divider for which loading effects
divider can be ignored.

Feedback The process of returning a portion of a
circuit’s output back to the input in such a way
as to oppose or aid a change in the output.
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1. A signal that swings outside the active area will be
a. clamped
b. clipped
c. unstable

d. all of the above
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3. Assuming a stiff voltage-divider for the circuit shown,
the emitter voltage is

+Vee

a.43V ey
b.5.7V
c.6.8V
d.93V

o rson Education. Upper Saddle River, NJ, 07458,
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5. If you Thevenize the input voltage divider, the Thevenin
resistance is

+Vee

a.5.0kQ ey
b. 6.67 kQ
c. 10kQ
d. 30 kQ
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2. A stiff voltage divider is one in which
a. there is no load current
b. divider current is small compared to load current
c. the load is connected directly to the source voltage

d. loading effects can be ignored
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4. For the circuit shown, the dc load line will intersect the
y-axis at

+Vee

a.5.0 mA v
b. 10.0 mA
c. 15.0mA

d. none of the above

6. For the circuit shown, the emitter voltage is

a. less than the base voltage
b. less than the collector voltage
c. both of the above

d. none of the above
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7. Emitter bias 8. With the emitter bias shown, a reasonable assumption for

. . L troubleshooting work is that the
a. is not good for linear circuits

a.base voltage =+1 V Vee

b. uses a voltage-divider on the input +I5V

. . b. emitter voltage = +5 V
c. requires dual power supplies & X0

d. all of the above c. emitter voltage = -1V

d. collector voltage = V¢
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9. The circuit shown is an example of 10. The circuit shown is an example of

a. base bias a. base bias
b. collector-feedback bias b. collector-feedback bias

c. emitter bias c. emitter bias

d. voltage-divider bias d. voltage-divider bias
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Answers:
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