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DC Biasing — BJTs

01.1 Introduction

The analysis or design of a transistor amplifier requires knowledge of both the dc and
the ac response of the system. Too often it is assumed that the transistor is a magical device
that can raise the level of the applied ac input without the assistance of an external energy
source. In actuality, the improved output ac power level is the result of a transfer of energy

from the applied dc¢ supplies. The analysis or design of any electronic amplifier, therefore,
has two components: the dc¢ portion and the ac portion. Fortunately, the superposition
theorem is applicable and the investigation of the dc conditions can be totally separated
from the ac response. However, one must keep in mind that during the design or synthesis
stage the choice of parameters for the required dc¢ levels will affect the ac response, and the
vice versa.

The dc level of operation of a transistor is controlled by a number of factors, including
the range of possible operating points on the device characteristics. In Section 4. 2 we specify
the range for the BJT amplifier. Once the desired dc¢ current and voltage levels have been
defined, a number of these networks must be constructed that will establish the desired
operating point—a number of these networks are analyzed in this chapter. Each design will
also determine the stability of the system. That is, how sensitive the system is to
temperature variations—another topic to be investigated in a later section of this chapter.

Although a number of networks are analyzed in this chapter, there is an underlying
similarity among the analysis of each configuration due to the recurring use of the

following important basic relationships for a transistor

Veie=0.7V (1. D
IC:‘BIB (1. 2)
L=+p]I, (1.3)

In fact ,oncetheanalysiso fthe first fewnetworksisclearlyunderstood , thepathtowardthe



solution o f the networks to follow will begin to become quite ap parent. In most instances the
base current Iy is the first quantity to be determined. Once I is known the relationships of
Egs. (1. 1) can be applied to find the remaining quantities of interest. The similarities in
analysis will be immediately obvious as we progress through the chapter. The equations for
I; are so similar for a number of configurations that one equation can be derived from another
simply by dropping or adding a term or two. The primary function of this chapter is to
develop a level of familiarity with B]T transistor that would permit a dc analysis of a

system that might employ the B]J T amplifier.

01.2 Operating Point

The term biasing appearing in the title of this chapter is an all-inclusive term for the
application of dc¢ voltage to establish a fixed level of current dc¢ voltage. 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). By definition, quiescent means quite, still, inactive.
Figure 1.1 shows a general output device characteristics with four operating points
indicated. The biasing circuit can be designed to set the device operation at any of these
points or others within the active region. The maximum ratings are indicated on the
characteristics of Fig. 1.1 by a horizontal line for the maximum collector current I¢,., and a
vertical line at the maximum collector-to-emitter voltage Vigmx. The maximum power
constraint is defined by the curve Pc,., in the same figure. At the lower end of the scales are
the cutof f region, defined by I;<C0 pA, and the saturation region , defined by Veg<{V .

The BJT device could be biased to operate outside these maximum limits, but the result
of such operation would be either a considerable shortening of the lifetime of the device or
destruction of the device. Confining ourselves to the active region one can select many
different operating areas or points. The chosen Q pt often depends on the intended use of the
circuit. Still, we can consider some differences between the various points shown in Fig. 1 to
present some basic ideas about the operating point and thereby, the bias circuit.

If no bias were used, the device would initially be completely of, resulting in a Q pt at
A—namely, zero current through the device (and zero voltage across it). Since it is
necessary to bias a device so that it can respond to the entire range of an input signal point A
would not be suitable. For point B if a signal is applied to the circuit , the device will vary
in current and voltage from operating point, allowing the device to react to Cand possibly
amplify) both the positive and negative excursions of the input signal. I, the input signal
is properly chosen, the voltage and current of the device will vary but not enough to drive the
device into cutof f or saturation. Point C would allow some positive and negative variation of

2
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Figure 1.1 Various operating points within the limits of operation of a transistor

the output signal but the peak-to-peak value would be limited by the proximity of V=0 V/
I =0 mA. Operating at point C also raises some concern about the nonlinearities introduced
by the fact that the spacing between Iy curves is rapidly changing in this region. In general,
it is preferable to operate where the gain of the device is fairy constant (or linear) to insure
that the amplification over the entire swing of input signal is the same. Point B is a region of
more linear spacing and, therefore, more linear operation, as shown in Fig. 1. 1. Point D
sets the device operating point near the maximum voltage and power lever. The output
voltage swing in the positive direction is thus limited if the maximum voltage is not to be
exceeded. Point B, therefore, seems the best operating point in terms of linear gain and
largest possible voltage and current swing. This is usually the desired condition for small-
signal amplifiers but not the case necessarily for power amplifiers, which will be considered
in Chapter 16. In this discussion, we will be concentrating primarily on biasing the transistor
for small-signal amplification operation.

One other very important biasing factor must be considered. Having selected and biased
the BJT at a desired operating point, the effect of temperature must also be taken into
account. Temperature causes the device parameters such as the transistor current gain (B,.)
and the transistor leakage current (I¢g,) to change. Higher temperatures result in increased
leakage currents in the device, thereby changing the operating condition set by the biasing
network. The result is that the network design must also provide a degree of temperature
stability so that temperature changes result in minimum changes in the operating point. This
maintenance of operating point can be specified by a stability factor, s, which indicates the
degree of change in operating point due to a temperature variation. A highly stable circuit is
desirable and the stability of a few basic bias circuits will be compared.

For the BJT to be biased in its linear or active operating point region the following must

be true:



1. The base-emitter junction must be forward-biased (p-region voltage more positive) with a
resulting forward-bias voltage of about 0.6 to 0.7 V (Si transistor).
2. The base-collector junction must be reverse-biased (n-region more positive), with the
reverse-bias voltage being any value within the maximum limits of the device.
Note that for forward bias the wvoltage across the p-n junction is p-positive, while for
reverse bias it is op posite (reverse) with n-positive, this emphasis on the initial letter should
provide a means of helping memorize the necessary voltage polarity.
Operation in the cutoff, saturation, and linear regions of the BJT characteristic are
provided as follows:
1. Linear-region operation ;
Base-emitter junction forward biased
Base-collector junction reverse biased
2. Cutof f-region operation :
Base-emitter junction reverse biased
3. Saturation-region operation :
Base-emitter junction forward biased

Base-collector junction forward biased

Selected from: Robert Boylestad, Louis Nashelsky, “Electronic Devices & Circuit Theory”,
Fifth Edition, 1992, Prentice-Hall, Inc.

Words and Phrases

BJT

transistor n.

dc and ac response of the system
assistance 7.

superposition theorem

keep in mind

synthesis stage

O N O U1 R W N

vice versa

9. operating point

10. underlying (underlie ) a. )
11. configuration n. s

12. recur (recurred; recurring) wi. , ,
13. derive wt. ,

14. all-inclusive term

15. quiescent point
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16. maximum ratings

17. abbreviate ur.

18. constraint n. ,

19. cutoff region

20. saturation region

21. current gain ( )
22. leakage current

23. swing w. n. a.

24. maintenance n. s

25. initially ad. s

26. excursion n. s s

27. proximity a. ,

28. forward-biased a. C )

29. reverse-biased a. (G
Notes

Fortunately, the superposition theorem is applicable and the investigation of the dc
conditions can be totally separated from the ac response.

, , o
That is, how sensitive the system is to temperature variations — another topic to be

investigated in a later section of this chapter.

, o

there is an underlying similarity between the analysis of each configuration due to
the recurring use of the following important basic relationships for a transistor.

)
In fact, once the analysis of the first few networks is clearly understood , the path
toward the solution of the networks to follow will begin to become quite apparent.
, ,
. networks to follow ,path .

The primary function of this chapter is to develop a level of familiarity with BJ T
transistor that would permit a dc analysis of system that might employ the BJT
amplifier.

. that .
Figure 1. 1 shows a general output device characteristics with four operating points

indicated.



1.1
7. For point B if a signal is applied to the circuit, the device will vary in current and
voltage from operating point, allowing the device to react to (and possibly amplify)
both the positive and negative excursions of the input signal.
B, ) ,
N ( Do
8. Higher temperatures result in increased leakage currents in the device, thereby changing

the operating condition set by the biasing network.

b o

Exercises

1. Fill in the blanks with words taken from the text above., then translate the sentences into

Chinese:
(1) The dc level of operation of a transistor is by a number of factors, including the
range of possible operating points the device characteristics.

(2) Although a number of networks are analyzed in this chapter, there is an underlying

similarity the analysis of each configuration to the recurring use of the
following important basic relationships a transistor.
(3)Once Iy is known the relationships of Eqgs. (1. 1) can be to find the

quantities of interest.

(4)One other very important biasing factor must be considered. Having selected and biased

the BJ T a desired operating point, the effect of temperature must also be taken
into

(5)The BJT device biased to operate outside these maximum limits, but the result of
such operation either a considerable of the lifetime of the device

destruction of the device.
2. Answer the questions according to the text in English as short as possible
(1)What is called the quiescent point
(2)For the BJT to be biased in its linear or active operating point region what conditions

should be satisfied

3. Translate the following terms into English .

(D (2 3 4
€)) (6) D) (€]
(9 (10) 11D (12)

Reading Supplements
6
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DC Biasing — BJTs

1. Transistor Saturation

The term saturation is applied to any system where levels have reached their maximum
values. A saturated sponge is one that cannot hold another drop of liquid. For a transistor
operating in the saturation region the current is a maximum value for the particular design.
Change the design and the corresponding saturation level may rise or drop. Of course, the

highest saturation level is defined by the maximum collector current as provided by the

1(2 IC

Q-point
Csat [©— 1

Csat

Q-point

(a) actual (b) approximate

Figure 1.2 Saturation region
speci fication sheet.

Saturation conditions are mnormally avoided
because the base-collector junction is no longer reverse-
biased and the output-amplified signal will be
distorted. An operating point in the saturation region Rep=0 O
is depicted in Fig. 1. 2(a). Note that it is a region
where the characteristic curves join and the collector- Vor=0 V. To=lewn)
to-emitter voltage is at or below Vgg,. In addition, the

collector  current is relatively high on the

characteristics.

I f we approximate the curves of Fig. 1.2(a) by Figure 1.3 Determining Jcu
those appearing in Fig. 1.2(b), a quick direct method for determining the saturation level
becomes apparent. In Fig. 1. 2 (b) the current is relatively high and the voltage Vg is
assumed to be zero volts. Applying Ohm’s law the resistance between collector and emitter
terminals can be determined as follows:

R(‘E:E*OV

o Io. 08 (1.4)



0 +Vie
+
Be Vee=Vee
o ] -
Toe
+
V=0V

Figure 1.4 Determining Ic,, for the

fixed-bias configuration

Applying the results to the network schematic
would result in the configuration of Fig. 1. 3.

For the {future, therefore, if there were an
immediate need to know the approximate maximum
collector current (saturation level) for a particular
design, simply insert a short-circuit equivalent between
collector and emitter of the transistor and calculate the
resulting collector current. In short, set V=0 V. For
the fizxed-bias configuration of Fig. 1. 4 the short
circuit has been applied , causing the voltage across R
to be the applied voltage Vec. The resulting saturation
current for the fixed-bias configuration:
_ Ve

I(‘sa! — R(* (1. 5)

Once I¢,, is known we have some idea of the maximum possible collector current for the

chosen design and the level to stay below if we expect linear amplification.

Selected from: Robert Boylestad, Louis Nashelsky, “Electronic Devices & Circuit Theory”,
Fifth Edition, 1992, Prentice-Hall, Inc.

Words and Phrases

depict .
schematic a. n.

short circuit n.

A w Do

fixed-bias n.

Notes

1. The term saturation is applied to any system where levels have reached their maximum

values.

o

2. Saturation conditions are normally avoided because the base-collector junction is no

longer reverse-biased and the output-amplified signal will be distorted.

b

b o

3. Change the design and the corresponding saturation level may rise or drop. Of course,

the highest saturation level is defined by the maximum collector current as provided by
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the speci fication sheet.

o

. Level ,specification sheet R
4. If we approximate the curves of Fig. 1.2(a) by those appearing in Fig. 1.2(b), a
quick direct method for determining the saturation level becomes ap parent.
1. 2Ca) 1. 2(b) ,
5. Forthe fixed-bias configuration of Fig. 1.4 the short circuit has been applied , causing
the voltage across R¢ to be the applied voltage Vc.
1.4 s »Re
Veeo



Exercises

1. Fill in the blanks with words taken from the text above, then translate the sentences into

Chinese.
(1) A saturated sponge is that cannot another drop of liquid.
(2)Saturation conditions are normally avoided the base-collector junction is no longer

reverse-biased and the output-amplified signal will be

(3)Once I, is known we have some idea of the maximum possible collector current for the

chosen design and the level to below if we linear amplification.
(4)Note that it is a region the characteristic curves join and the collector-to-emitter
voltage is or below Vigw. In addition, the collector current is relatively high

_ the characteristics.
2. Translate the following terms into English .
(L (2) (3) €9
(5) (6) (MRe (8

10
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555 Timers Basics

02.1 Introduction

HERE IS THE PINOUT OF A 555 CHIP.

(Note: A 7555 is the CMOS version of the 555 and uses a fraction of the 555’ s power.

Pinouts are the same. )

MULTIVIBRATOR

585 Timer Pinout

555s are configured as a multivibrator by

(r—

a v adding a few components to the pins. This is a
circuit that oscillates from ome state to another

over time, in this case, creating a square wawve.

Trigger & T lhschup
There are two basic forms of timers, both being
multivibrators.
Fhupaui =. ' Thvesiailil
Monostable Multivibrator.
lieami .. ! S . . .
Yilisgr A monostable multivibrator circuit has an
Tap ¥iem output that stays in a given state (say +9 V)

until a separate signal triggers the timer. The state of the output is then shifted to 0 V and

will remain in that state until a pre-determined time is
reached. The output then goes back to +9 Vs, waiting for a
new trigger signal to come in. See the figure to the left for a

graphical representation of this. This circuit is also called a

ONE-SHOT or PULSE-STRETCHER.

Ouipul
(Pin3)

(Pin2)
Trigger Signal

9V

The timer the output changes states for is determined by a Resistor/Capacitor

combination that will be described in the Monostable section of this site.

11



Astable Multivibrator .

9V

An astable multivibrator spontaneously switches|from|one dtate o andther {say +9 V

ov

to 0 V to +9 V...). The time it stays

high and the time it stays low are determined by the values of the external components. This

will be described in the astable section of this site.

02.2 555 Timers: Astable

A 555 set in the astable mode is basically an oscillator. It changes states by itself

according to the support components you choose. On(high) then Off (low) then On then

off. .. See the schematic below. The LED will turn on for approximately one second and off

for one second then on... You can download the EWB version of this circuit to run the

simulation or the PCB Gif to make a PCB board. 1 usually just build them on a breadboard

myself.

555 Astable Multivibrator

P LED/D1
R1
1kQ2

— Vi T
T 535
—cND Ve[ —
—TRL DIS
OUT THR
RES CON

4L R2
T 0.0l pF 150 kQ

4 cC1

T 10 wF

Copyright 1999, by John Adams-Basic Electronics. COM

Note: The old version of this
circuit was inefficient for certain
applications. Please use this newer
version in your projects. The LED
lights with a low signal from the
output pin now and the 1 Q resistor
is replaced with a common 1 KQ
version. Schematic By John Adams:
Feel free to use in class or for

projects.

Description of Circuit:

This circuit requires very few
external components. The main
three are R1, R2 and Cl. C2 is

merely there to prevent instability

problems. R3 limits current to the LED. A 9 V battery is shown but you can use anything

from 4.5 to 12 Volts. I use either a 9 V Battery or an adaptor set to 6 V. If you want to

interface the oscillator to a TTL circuit you must match that voltage, typically +5 V.

Use a 150 K and 1,000 Q resistor in this newer
circuit. The timing is nearly the same as the one that
was previously posted.

NOTE: If the LED is not bright enough, use a
smaller value resistor in place of R3.

12

Th= Ti=2 sec
LED OFF 1 SEC.

:

Tl= 1 SEC.
LED ON

Ti




Unit 02 555 Timers: Basics

The TIME HIGH (LED OFF) and TIME LOW (LED ON) are determined by R1, R2
and C1. Let’s call the TIME HIGH Th and the TIME LOW TI. The total time is Tt.
The formula to solve Th is:
Th=0.693XC1 X (R1+R2)
In our circuit above R1 is 1,000 Q (1 K), R2 is 150,000 Q (150 K) and the Capacitor is
. 000,01 Farads (10 microfarads). Let’s solve for Th.
Th=.693X.000,01X(1,000+150,000)
Th=.693X.000,01X151,000
Th=1. 042 Seconds
Now to figure out the Time low, we use the same formula ignoring R1.
TI=0.693XC1XR2
TI=.693X.000,01X150,000
T1=1. 035 seconds
All that left to figure out is Time Total. Just add the TI and Th.
Tt=Th+TI
Tt=2.077 seconds
If you want to convert this to frequency instead of time:
F=1/Tt
F=.5 Hertz (Hz) or cycles per second.
You may ask why I used such a small resistor for R1. Doing this gives nearly the same time
on as off. The ratio of time ON to total time is called Duty Cycle. The example circuit we
made has a duty cycle of 1 22 or 50 % (50 % on and 50 % off) The reason the 1 K resistor is
used instead of a 1 Ohm unit is because the 1 Ohm was causing a high current situation. The
1 K will produce almost the same results and not fry a low power 555. To see how you would
make a circuit with a longer time high (LED OFF) and shorter time low (LED ON), work
out this example:
C1=10 microfarad (. 000,01 Farad)
R1=150 K
R2=47 K
Th=.693X.000,01X197,000
Th=1. 365 seconds.
TI=.693X.000,01X47,000
Tl=. 33 seconds
This produces a circuit with the LED

on for . 33 seconds and off 1. 4

—_

seconds. It’s duty cycle is now 3 #% or
75 %. There is a simple formula to figure out duty cycle.

Percentage of Duty Cyle= (Th divided by Tt) X100
We will go more into duty cycle in later sections.

13



CHECK OUT THE 555 CALCULATORS TO INSTANTLY FIGURE OUT Th, TI,
Frequency and Duty Cyle.

This example created a square wave form. Using the 555 in the Astable mode you can
create other wave forms as well. We will see more circuits that create triangle and others in
later 555 sections. A high frequency oscillator built with a 555 can be used to power a
speaker, creating a sound waves. An example would be to create an alarm speaker driver. If

two 5557s are chained together, many sound effects can result.

02.3 555 Timers: Monostable

Monostable multivibrators can be configured in many ways. The following is a one-shot
timer hooked to an LED. When the switch is flipped on then off, a signal is sent to the
trigger pin. The LED will light for 2 and 3/4 seconds before going out (timing-out). The
blue line(TR1) is the trigger signal (positive 6 V to 0 V when switched) and the red line
(OUT) is the output. You can download the EWB version of this circuit to run the
simulation or the PCB Gif to make a PCB board. 1 usually just build them on a breadboard

myself.
"— Battery/V1 R1
- sV = 100 kO
R2
Swilch/S1 10k 555 Timer/U1
555
[Space] GND vl |
° TRL  DIS
o~ OUT THR 1 a
RES CON 25 uF
LED/DI 1
R3 B
470 Q

Schematic By John Adams: Feel free to use in class or for projects.
Description of Circuit;

This circuit requires very few external components. The main two are R1 and C1. C2 is
merely there to prevent instability problems. R2 is used to hold the trigger high until the
switch brings it to ground (low). Note that the IC wants a negative going trigger. R3 limits
the current of the LED. A 6 V battery is shown but you can use anything from 4.5 to 12

Volts. T use either a 9 V Battery or an adaptor set to 6 V. If you want to interface the timer

14



