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The DC Operaing Point

A transistor must be properly biased with a dc voltage in order to operate as a
linear amplifier. A dc operating point must be set so that signal variations at
the input terminal are amplified and accurately reproduced at the output
terminal. The dc operating point is often referred to as the Q-point (quiescent
point).

Bias establishes the dc operating point (Q-point) for proper linear operation of
an amplifier. If an amplifier is not biased with correct dc voltages on the input
and output, it can go into saturation or cutoff when an input signal is applied.
Figures shows the effects of proper and improper dc biasing of an inverting
amplifier.

» In part (a), the output signal is an amplified replica of the input signal
except that it is inverted, which means that it is 180" out of phase with
the input. The output signal swings equally above and below the dc bias
level of the output, VDC(out).

/— Amplifier symbol

(a) Linear operation: larger output has same shape as input
except that it is inverted

» Improper biasing can cause distortion in the output signal, as illustrated
in parts (b) and (c). Part (b) illustrates limiting of the positive portion of
the output voltage as a result of a Q-point (dc operating point) being too

close to cutoff.
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(b) Nonlinear operation: output voltage
limited (clipped) by cutoff

» Part (c) shows limiting of the negative portion of the output voltage as a

result of a dc operating point being too close to saturation.

{c) Nonlinear operation: output voltage limited
(clipped) by saturation

Graphical Analysis The transistor in Figure 5-2(a) is biased with V- and Vg to obtain
certain values of I, Ic, Ig, and Vg. The collector characteristic curves for this particular

transistor are shown in Figure 5-2(b); we will use these curves to graphically illustrate the
effects of dc bias.

I~ (mA)

60 600 pA
501 500 A
40 400 pA
304 300 A
20 200 pA
10 100 A

> Vee (V)

D243 345 6728910

(a) DC biased circuit (b) Collector characteristic curves
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In Figure 5-3, we assign three values to Iz and observe what happens to /- and Vg
First, Vgg 1s adjusted to produce an Iy of 200 A, as shown in Figure 5-3(a). Since
I = Bpc I, the collector current 1s 20 mA, as indicated, and

Ve = Vee = IcRe = 10V — (20 mA)(220 ) = 10V — 44V =56V
This Q-point is shown on the graph of Figure 5-3(a) as Q,.

Next, as shown in Figure 5-3(b), Vgg 1s increased to produce an I of 300 pA and an
I of 30 mA.

Ve = 10V — (30mA)220 ) =10V — 66 V=34V
The Q-point for this condition 1s indicated by (7 on the graph.
Finally, as in Figure 5-3(c), Vgg 1s increased to give an Ig of 400 uA and an I of
40 mA.

Vee = 10V — (40mA)(220 Q) =10V - 88V =12V

()5 1s the corresponding Q-point on the graph.

I (mA)

220 () 20 mA

200 A

d

lc (lnA)

Iy = 300 xA

R e 1

Vee V)
(b) Increase /3 to 300x A by increasing Vgp
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I (mA)
Iy

6{]-.
40 mA

501
| 10, s Iy = 400 pA

-_ 30

204
10

= = 0 T ! ' ' ! ' ' 2 9 10 Ve (V)
(c) Increase [ to 400w A by increasing Vi

FIGURE 5-3

llustration of Q-point adjustment.

Linear Operation The region along the load line including all points between saturation
and cutoff is generally known as the linear region of the transistor’s operation. As long as
the transistor 1s operated in this region, the output voltage 1s ideally a linear reproduction

of the input.
Ie Ie- (mA)
.
Saturation point 604
I'C(sat) L

Iy =400 pA
DC load line

Ig = 300 pA
\ Iy =200 pA
\ Cutoff paint
"/ - Vg 0 I S——— Mepa=0
Ve 1 2 3 4 5 6 7 B 9 10 Ve (V)

(a) (b)

FIGURE 5-4
The dc load line.
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Vag-07V 37V-07V

= = = 300
’so Ry 10kN pA

Ieg = Boc Ing = (100)(300 pA) = 30 mA
Verg = Vee — leoRe = 10V - (30 mA)220 ) = 3.4V

FIGURE 5-5

Variations in collector current and collector-to-emitter voltage as a result of a variation in base
current.

EXAMPLE 5-1 Determine the Q-point for the circuit in Figure 5-7 and draw the dc load line. Find the
maximum peak value of base current for linear operation. Assume Bpc = 200.

Solution  The Q-point is defined by the values of /¢ and V.

Ves—Vee 10V =07V
— = |
Ry 47kQ Jsun

VCE - VCC — IcRc =20V—-13.07V = 693V

IB=

FIGURE 5-7
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The Q-point is at i = 39.6 mA and at Vo = 6.93 V.
Since Iojeyorry = 0. you need to know I¢.y) to determine how much variation in
collector current can occur and still maintain linear operation of the transistor.
Voo 20V

i =—= = 6.6 mA
O sat) RE 330 0

The dc load line is graphically illustrated in Figure 5—8, showing that before satura-
tion is reached, I can increase an amount ideally equal to

Towa — Icg = 60.6 mA — 39.6 mA = 21.0 mA

However, I can decrease by 39.6 mA before cutoff (- = 0) is reached. Therefore, the
limiting excursion is 21 mA because the O-point is closer fo saturation than fo cutoff.
The 21 mA is the maximum peak variation of the collector current. Actually, it would
be slightly less in practice because Viggy 15 not quite zero.

FIGURE 5-8 I (mA)

',_f Ideal saturation

a6

Met+--—---

[deal cutoff
- ‘I’JC'E |I"f'-]

I
g 6.93 20

Determine the maximum peak variation of the base current as follows:

Iqpeaty 21 mA
Boc 200

= 105 pA

‘ri": peak) =

Homework

Find the Q-point for the circuit in Figure 5-7, and determine the maximum
peak value of base current for linear operation for the following circuit values:
Bpc =100, R, =1.0 kQ, and VCC =24 V.
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