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known, And to know the characteristics of the three configurations at a glance, we study their comparison
in the tabular form given below : '

S. No. Characteristics Common-hase Common-emitter Common-collector
configuration configuration configuration

1. Input resistance Low (50 Q) *Low (1 kQ)) Very high (750 k()

2. Output resistance Very high (500 kQ) High (10 k0)) Low (50 ()

3. Currert gain Less than unity (0.98) High (100) High (100)

4. |Voltage gain Small (150) High (500) Less than one

5t Leakage current Very small (5 pA for Ge | Very large (500 uA Very large (500 pA
1 pA for Si) for Ge 20 pA for Si) for Ge 20 pA for Si)

6. Applications For high frequency For audio frequency For impedance
applications applications matching

11.19. COMMONLY USED TRANSISTOR CONNECTION

Out of the three transistor configurations, the common emitter connections are used in about 90 to
95 percent.of all the wransistor application because of the following reasons :

1. High current gain. In a common emitter connection, I¢ is the output current and Ip is the input -

current. Since the value of output current I is much more than input current /g, therefore, the current gain
in CE configuration is very high. It may range from 20 to 500,

2. High voltage and power gain. As the output resistance is nearly 50 times to that of input resistance
is CE circuit and because of high current gain, this type of transistor circuit arrangement has highest voltage
and power gain. This is the major reason for using transistor in this circuit arrangement.

3. Mederate output to input impedance ratio. The ratio of output impedance to input impedance
is quite small (about 50) in a common emitter circuit. Because of this reason, this circuit arrangement is
ideal for coupling between various transistor Il )
amplifier stages.

11.20. TRANSISTOR AS AN AMPLI-
FIER (CE CONFIGURATION) SIGNAL

A common emifter spn (ramsistor ¢
amplifier circuit is shown in Fig, 11.25. A
battery Vpp is connected in the input circuit SIGNAL
in addition to the signal. This battery provides '

forward bias voltage to the emitter-base
junction of the transistor. The magnitude of == M'l'-'
bias voltage should be such that it keeps the Ves Yee
cmitter-base junction always forward **biased npr transistor amplifier circuit
regardlcss of the polarity of the signal source. Fig. 11.25..

*We know that
AVpp

for CB configuration, r; = at constant Vg
Alp
AVpr

for CE configuration, r; =

Alp at constant Vg

From the above, it is evident that r; for CE configuration is higher than CB configuration as the value of Afg
is ia LA whereas, the value of Alg is in mA.

**1f d.c. bias voltage is not provided or its value is small, then during negative half cycle of the signal, the emitter-
base junction will be reverse biased which will upset the transistor action.

e




TRANSISTORS 181

load resistor.

Collector current analysis. The graphical representation of collector current is shown in Fig. 11.26.
When no signal is applied, the input circuit ., emitter-base junction I
is forward biased by the battery Vpp. Therefore, a d.c. collector current o
Ic flows in the collector circuit, This current is called zero signal
collector current. When the signal voltage is applied, during positive
- half cycle, the forward bias on emj tier-base junction increases, causing
increase in total collector current ic. Whereas, during negative haif
cycle, the forward biason ermitter-base Jjunction decreases which causes
decrease in total collector current iz, Thus, total collector current
consists of two components, namely :

(1) The d.c. collector current I when no signal is applied. This

is due to forward bias created at the emitter-base junction by the bias ; t
battery Vgp.

(i) The a.c. collector current fes due to signal applied in the Graph for collector current
emitter-base junction. Fig. 11.26.

Total collector-current, 0= igs + Ic.

The useful output is the voltage drop across collector load resistor Re due to the a.c. component of
current i, which flows through it because of applied signal. The purpose of zero signal collector curent
i.e. d.c. component I¢ is only to ensure that emitter-base junction is forward biased at all times,

11.21. SYMBOLS USUALLY EMPLOYED FOR CURRENTS AND VOLTAGES IN TRANSISTOR
APPLICATIONS

Usually, the symbols shown in the follgwing table are employed for currents and voltages in transistor
applications : . I

S. No, Particulars l Instamtaneous a.c. d.c. values Total or resultans
values values
L. Emiiter current ig I i
2. Collector current _ ic ic ic
3. Base current ip I ip
4. Collector-emitter voltage Uee Veg . UCE
5. | Emitter-base voltage Ueh Veg , VER

11.22, TRANSISTOR_I:,OAD LINE ANALYSIS

Before applying 4 transistor, the transistor circuit is generally required to be analysed i.e. for a given
collector-emitter voltage we must know the value of collector current, This can be obtained by plotting the

*Here sine wave is considered as 1 signal because it is convenient for testing the amplifiers, However, in actual
practice, the signal may be a speech on music ete., which is a complex wave having little resemblance to a sine wave.
Bat according to fourier series analysis, all these complex waves are the sum of a number of sine waves of different .
frequencies. Hence, sine wave in considered as a signal. ’
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ouiput characteristics and then determining the collector current at a desired collector-emitter voltage. However,
the solution of such problems can be obtained more casily and frequently by using the method known as
Ioad line analysis method. L

DC Load line

Consider a CE npn transistor circuit shown in Fig. 11,27, where no signal is applied to the input side.
For this circuit d.c. conditions will prevail and the output characteristics of such a circuit are shown in Fig. 11.28.

IC (ITlA}
4 las
ol Voo (B
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B R :
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Yee
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- 81
v . |
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0 D veo A ck (volts)
Fig. 11.27. Fig. 11.28.

Applying Kirchhoff’s voltage law to the collector circuit, we get,
Vec = Vee + IcRce
or Vee = Voo - IcRe D
In the above equation, Ve and R are the fixed values (constants), therefore, it is a first degree equation
and can be represented by a *straight line on the output characteristics. This line is known as de **load
line, when it is added to the output characteristics, it is used to determine the locus of Ve and I points
for a given value of R¢. The iwo end points of the load line are located as under :
({} The collector-emitter voltage Vg will be maximum, when collector current I =0, then, from
equation (i), we get,
VCE= VC(:'—-OXRC
ie. Vee = Voo : i)
This gives first point A (OA = V) on the collector-emitter voltage axis as shown in Fig, 11.28.
(i) The collector current I will be maximum, when collector-emitter voliage Vg = 0, then from
equation (f), we get,
O'=Vee - IcRce

S or fo=—

This gives second point B (OB = Vc/R¢) on the collector current axis as shown in Fig. 11.28.
By joining the two points A and B, d.c. load line is drawn (See Fig. 11.28).

*Yee = Vec - IcRe

1 Vee 1 \ Voo
or ic= (u %) Vg + —— where (——) and ( ) are the constants
ke R Re Rc
Hence. the above equation can be compared with the standard equation of & straight line ie. y = mx + ¢.
**As the inclination of the line depends upon R ie. load resistance, hence the name load line.

N
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With the help of load line, for any value of collector current OD, the value of Vee( = OC) can be
determined as shown in Fig. 11.28. :

11.23. OPERATING POINT ,

The point obtained by the values of Ic and Vg when no signal is applied at the input is known as
operating point.

It is called an operating point since variation of fc and Vg
takes place around thig point when signal is applied at the input.
This point is also calied quiescent (silent) point or simply Q-point
because it is a point on /¢ ~ Vg characteristics when the transistor
is silent ie. no signal at the input, The operating point can be
determined very casily by d.c. load line method and is explained

For example, it is required to determine the Operating point
at a particular base circuit current 1p, (say 10 pA). Then as per
the circuit conditions d.c. load line li.e. OA = Veg = Ve and

V,
OB = Ic:ﬁ)is drawn on the output characteristics (See
s
Fig. 11.29). The point Q, where the d.c. load line intersects the

oulput characteristic curve Ig1 = 10 UA is the operating point, In
the absence of input signal, ' Fig. 11.29,
Ic= 0D mA
and VeE = 0C volts
Example 11.13. 4 CE circujt of a transistor is shown in Fig. 11.30. Draw the d.c. load line for this
Circut, ;

° .r

I mA.

I

Ves T Vgg=6v

Fig. 11.30. ~ Fig. 11.31.
Sol. The collector-emitter voltage Vz is taken on the x-axis and the collector current I is taken on
the y-axis as shown in Fig. 1131

We know : - Ve =Vee - IcRe
To locate point A of the load line on collector-emitter voltage axis, put I = 0,
Then : VCE = VCC =6V {Ans.)
To locate point B of the load line on collector current axis, put Veg = 0,
Then _ O = Ve - Icke
Vee 6V
or ; § fe=—— =3 mA (Ans.)

Re 2K
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Transistor Biasing

INTRODUCTION

The foremost function of a transistor* is o do amplification (i.e., amplitude of a weak signal is amplified).
Usually, a weak signal is given to the base circuit of a transistor and an amplified ountput is obtained at the
collector. While doing amplification, care is to be taken that the shape of the signal must remain the same.
_ This amplification of the signal without the ch..age in its shape is known as faithful amplification.

In order to achieve faithful amplification, we have to provide some means by which the emitter-base
Junction is kept in forward-biased and the collector-base junction is kept in the reverse-biased condition
during all parts of the signal. This is known as transistor biasing, "

In fact, to obtain faithfnl amplification, the quiescent ((2) point is set usually in the middle of the dc
load line. To achieve this some means (circuitry) are provided known as transistor biasing. In this chapler,
we shail discuss the various methods of providing transistor biasing.

12.1. FAITHFUL AMPLICATION

The process by which, the strength of a weak signal is raised wuhout changing its general shape is
known as faithful amplication.

The key factor to achieve faithful amplification is t0 keep the emitter junction in forward-biased and
the collector junction in the reverse-biased condition during all parts of the signal. This can be ensured by
saiisfying the following basic conditions :

() Minimum zero signal coliector current

(if) Minimum base-emitter voltage

(iif) Minimum collector-emitter voltage.

The first two conditions [(7) and (i)} ensore that the emitier-base junction is forward-biased doring
all parts of the signal, whereas, the third condition ensures that the collector-base junction is reverse-biased
at all e times.

() Minimum zero signal collector current : When no signal is applied at the input, the current flowing

i
iC:IC'Hc 4
SIGNAL
INPUT
SIGNAL
INPUT [l|l|—k'
VBB T Voo
{a) )
Fig. 12.1.

*A transistor amplifier circuit is a linear circuit since the circuit is used as a current source another example of
Yinear circuit is an LED is derived with a transistor. However, when a transistor is used as n swilch in any circuit, it
is called a digitai circuit.

203
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through the collector 15 known as zero signal collector current (/). For fa hiull amplification, the value

of zero signal collector current must be more than or equal (o the peak value of collector current due to
signal alone, i.e. '

Zero signal collector current > peak value of collector current due to signal alone
Ic > i, {(peak)
INustration : Consider a circuit shown in Fig. 12.1. When no signal is applied, a d¢ current ¢ will

flow in the collector circuit due to Vpp. This collector current is known as zero signal collector current I
(say i value is 1 mA). ’

Now, suppose a signal is applied to the input circuit which gives a peak collector current of 1 mA.
In this case, during positive hal(-cycle of the signal, the input circuit is more forward biased and hence the
colleclor currentincreases, whereas, during negative half-cycle, the input circuit is less forward biased and
the collector current decreases. However, a complete amplified signal is obtained at the output, as shown

in Fig. 12.1 (b). This is because Je = i (peak valug).

i i
'l
LR | ic
+ 4L
1-5mA :
PEAK OF ig=1mA
— PEAK OF ig=1mA
0-5mA B i o =
[ I=0-5mA : lc=0
L ot =1
0 0
(a) (&)
Fig. 12.2.

Now, consider a circuit in which zero signal collector current is set at 0.5 mA (i.e. fr = 0.5 mA). If
the same signal is applied at the input which produces a peak collector current of 1 mA. Then some part
of the negative half-cycle of the signal will be cut off {shown by shaded
portion in Fig. 12.2 (a) and a distorted signal is obtained at the output.

If the zero signad collector current is set at Z€ro (Le. I¢ = 0) then .8
complete negative-holf-cycle of the signal will be cut off as shown 4
in Fig. 12.2 (b).

Thus, it is concluded that 1o obtain faithful amplification, the
zero collector current I must be set equal o or more than the peak
of collector current due i signal only,

Ge
Si

(i) Minimum base-emitter voltage : In order (0 achieve
faithful amplification, the potential barrier at the base-emiiter junction
must be wiped off, The value of potential barrier for Si imnsistor is
0.7 V and for Ge transistor it is 0.3 V. Therefore, the base-cmitter
vollage Vpg should not fall below 0.7 V lor 8 and 0.3 V for Ge
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transistor. In fact, the base current Ip is very small until the *input voltage overcomes the potential barrier
at the base-emitter junction. Once the potential barrier is overcome, the base current and hence the colleetor
current increases quickly (See Fig. 12.3).

However, if at any part of the signal, the base-emilter voltage falls below the above-said values, then
that part of the signal will not be amplified to the required extent and there will be distortion in the amplificd
signal.

(ii)) Minimum collector-emitter voltage. In order to achieve faithful amplification, the collector-
emitier voltage Vg should not fall below 1.0 V for Si transistor and 0.5 V for Ge transistor, called knee
voltage (See Fig. 12.4).

1
|
¥ Si

= Ve = -V,
ol 1oy o8

(a) ()
Fig. 12.4.

When the value of Vg falls below the above-said values, the collector junction will not be properly
reverse biased. Thercfore, the collector will not be able to attract the charge carriers emitted by the cmitter
and hence a greater portion of them goes to the base. This decreases thé collector current while the base
current increases. Hence, the value of -falls.

Hence, if the value of Vg falls below Vi, during any part of the signal, that part will be less amplified
due to reduced . Thus, a distorted output signal is obtained.

12.2. TRANSISTOR BIASING

The process by which the required conditions such as proper flow of zero signal collector current
and the maintenance of proper collector-emitter voliage during the passage of signal are obtained is known
as transistor biasing. ;

The basic purpose of transistor biasing is to keep the emitier junction forward-biased and the collector
junction properly reverse biased during the application of signat so that faithfu! amplification can be achicved.
The biasing can be achieved either by using bias batteries Vg and Ve or by applying associating circuitry
with the transistor. Generally, the latter method is employed since it is more efficient.

The circuitry which provides the necessary conditions of transisior biasing in known as biasing circuit.

In fact, a transistor biasing sets up the quiescent point Q (or operating point) on the d.c. load line,

12.3. SELECTION OF OPERATING POINT

While designing a biasing circuit, various transistor ratings such as maximum coliector current /¢ (e
maximum collector-emitier voliage Vg ¢, cle. are kept in view for safe operation of the transistor. In
ihe amplifier circuits, a load resistance R is connected in the collector circuit, Then a de. load line AD
corresponding to this resistance Re is drawn on the output characteristics as shown in Fig, 12.5. The operating
point will lie somewhere on this load line. Depending upon the base current, the operating point may lic
al C, Dor E

*In actual practice, a.c. signals applicd at the input have small voltage level ( < 0.1 V) and if they are applied
directly, they will not be in position to drive any collector current. | -

L o Py e Ry et Py Eyr ey Frr oy BRSPS
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Sol. Ilere Vee=9V :; Rc=4kQ
(7} For faithful amplification, Veg =1V for silicon transistor,
Maximum voliage atlowed across Re=9-1=8V

Maximum allowed collector current = % =2 mA
The maximum collector current should not be allowed 1o rise above this value otherwise it will result

in unfaithfull amplification.

(fi) When the signal is applied, the collector current can at the most be allowed to fail to zero during
the negative peak of the signal.

2*11‘1A= 1 mA

Zero signal collector current, I =

At positive peak of the signal, ic=lg+i.=1+1=2mA
At negative peak of the signal, ic=1-1=0
{(iti) Peak value of the signal collector current = 1 mA

ic 1 mA o :
Peak value of the signal base current, ig = B = =20pA (. ic=pip

12.4. INHERENT VARIATIONS OF TRANSISTOR PARAMETERS

q Inspite of remendous advancement in semiconductor technology, the transistor paramcters (such as

f B and Vpp) vary between wide limits even among different units of the same type. For example, 2N3054
is an npn general purpose power transistor having -25 to 100 i.e. P for one transistor may be 25 and for
the other it may be 100, although both of them are 2N3054 transistors. Similarly BC 147 is a silicon npn
transistor having B 100 to 600. This inherent variation in the transistor parameters of the same typé is because
it is not possible to control the base width with the present semiconductor technology. A minute varation
in the base width changes its parameters.

The inherent variations of transistor parameters may change the operating point, resulting in unfaithful
amplification (i.e. distorted output signal). Therefore, while designing the biasing circuit, this property of
transistors is taken into consideration. The biasing circuit is designed which can work with all the transistors
of one type whatever may be the value of P or Vpg.

12.5. STABILISATION

The quiescent point or operating point is represented by zero signal collector current I and Vg, It
either of the two changes, the operating point is shifted.

Causes of unstabilisation. An amplifier or transistor is said to be unstabilised when its operating point
is shifted. Generally, it occurs because of the change in collector current. The collector current iffa transistor
changes rapidly when

({) the temperature changes (it affects I¢).

(i) the transistor is replaced by another one of the same type. This is due to the inherent variations
of transistor parameters (i.e. ).

Effect of temperature on Ic. The collector current is given by the relation ;

Ig =Bl + Icgo where Icpo = (B + 1) Icpo

e Ic=Blg+ (B + Dicpo D)

"The collector leakage current Iopo is greatly influenced by the temperature. Under working conditions,
the flow of collector current produces heat within the transistor. This raises the temperaiure of the transistor
and increases Icpp. This in turn increases the collector current I¢ as I¢ = Bip + (B + 1) Icpo. The rise in
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collector current further increases the temperature resulting in further increase in fcpo. Such a cumulative
effect leads to thermal runway.

The self-destruction of an unstabilised transistor due to rise in temperature is called thermal runway.

Effect of inherent variations of transistor parameters. When a transistor is replaced by another
of the same type, that may have different parameters. Since collector current [ = Blg + (B + 1) Icpe. the
valoe of I will be different if the new transistor having different value of B is applied. Hence the inherent
variations of transistor parameters shift the operating point when it is not properly stabilised.
Need of stabilization

In order to avoid thermal runway (i.e. self-destruction of transistor because of rise in temperature)
and to nullify the effect of inherent variations of transistor parameters, it is very essential to stabilise the
operating point i.e. to fix the operating point at all conditions. In practice, it is done by selecting a suitable,
biasing circuit which decreases I antomatically with the rise in temperature (or rise in § while replacing
the transistor). Then decrease in f/p will compensate for the increase in (B + 1) Icpp, keeping /¢ nearly
constant. Hence, the associated circuitry can be applied to stabilise the operating poinl in the transistors.

Thus stabilisation may be defined as ;

The process of making operating point independent of temperature ckanges or inherent variations in
transistor paramelers is called stabilisation.

12.6. REQUIREMENTS OR ESSENTIALS OF A TRANSISTOR BIASING CIRCUIT

From the discussions in the above sections, it may be summarized that transistor biasing is reqmred
for faithful amplification: The biasing circuit should meet the following requirement ;

() It should ensure proper zero signal collector current and Vg f.e. it should establish the operating
point in the centre of the active region of the characteristics, so that the signal may not cut off at any part.

(i) It should ensure that Vg does not fall the required limits (1 e. 1.0V for Si and 0.5 V for Ge
(ransistors),

(i) It should ensure the stabilisation of collector current against temperature variations.

(iv) It should ensure to make the operating point independent of transistor parameters.

12.7. STABILITY FACTOR
It has already been discussed that the stability of the aperating point means the value of /¢ remains
constant even though there is variation in Icgg (or Ice) because of rise in temperature. The extent to which
a biasing circnit achieves this goal is measured by the stability facior. It may be defined as under :
The rate of change of collector current Ic w.r.L. the rate of change of collector leakage current Icpo
(or Ic) at constant Iy and B is called stability factor.

dl :
i.e. Stability factor, S= _TE— at constant /p and p
co :

In fact, the stability factor shows the change in collector current /¢ because of the change in collector
leakage current Ico. The lower the value of stability factor, greater is the thermal stability of the transistor.
The ideal value of stability factor is 1 but it is never achieved in practice. However, the values of § below
25 results in satisfactory performance.

General expression of stability factor for CE configuration. The collecior current is expressed as :
Ic=Blg+ @+ 1 Ico
Differentiating the above expression wr.t. Ic, we get
d CHB B + 1} di dlp ( +1)
V=B o+ B+ yidco=B o+ g =P i : s
G+ _ dlp
S e dl-

or
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or so_ Bl

p
C

12.8. METHODS OF TRANSISTOR BIASING

So far, in the various transistor amplifier circuits, the biasing was done by applying two batteries Vg
in the input and Vec in the output circuit. However, in the interest of simplicity and economy, this biasing
amrangement is never applied in the actual circuits.

In actual practice, a single source of supply (V) is employed with the necessary biasing circuitry.
The basic principle of the biasing circuitry is to obtain the required value of Iz (and hence I¢) from Ve
in the zero signat conditions. At the same time the value of collector load resistor R is selected such that
Ver shonld never fall below 1 V for silicon and 0.5 V for germanium transistors.

The following are the most commonly used biasing arrangements employing single supply source :

{1) Base resistor biasing (ii) Feedback resistor biasing

(i) Emitter tesistor biasing (1v) Voliage divider biasing.

12.9. BASE RESISTOR BIASING

The base resistor biasing for an apn transistor is shown in Fig, 12.11. Here, a high resistance Rp (of
several hundred k€2) is connccted between the *positive end of the supply and the base. The required zero
signal base current I is provided by Vc. The supply also keeps the base positive w.r.t. emitter and hence
makes the base-emitter junction forward biased.

+VCC

+E

Fig. 12.11. Fig. 12.12. ~ Fig. 12.13.

Circuit analysis. While analysing the circuit, generally we make the equations to determine the value
of Rp for the required zero signal collector current. Let I be the required zero signal collector current. Then

Ig= E- A{0) (since I = Blp)

B

*In case of pnp transistor, the negative cnd of the supply is connected to the collector through R, and resistor
Rp is connected between —ve end of the supply and base. 5
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Considering only the input circuit shown in Fig. 12.12 and applying Kirchhoff's voltage law (KVL).
to the base-emiiter loop, we get, :

Voo = IpRp + Vg

or IgRp = Voo - Vg
Vee — Vapp
or Rp = ek D)
Ip

The value of Rg can be determined from the exp. (i) as the values of Ve and I are known and
Vpr can be seen from the transistor manual.
Since the value of Vgp is quite small as compared to Ve, it is generally neglected to simplify the
expression. Then
Vee
RB = —i;'-
It may be noted that Ve is a fixed known value and Ip is fixed by the operating conditions, therefore,
this biasing method is sometimes called fixed biasing method.
As the operating point is represented by Ic ; Vg, therefore, for the selected value of I, we have to
determine the value of Vg, For this consider only the outpat circuit shown in Fig, 12.13.
Applying Kirchhoff’s voltage law (KVL) to the collector-emitter loop, we get,
Vee = IcRe + Ve
or Vee=Vee - IeRe N(a
Stability factor : It is given by the exp.

g B+l
{_pdls
dic
In this biasing arrangement, fp is  independent of I¢. Therefore dlg/dic = 0. Substituling this valne
in the above exp., we get,
S=p+1
Thus, the value of stability factor in fixed biasing method is very high which shows its poor thermal
stability.
Advantages
(f) In this biasing method, calculations are simple and it is easy to. obtain the required conditions,

(if) Simple in construction as only one resistor Rp is required to set the conditions.
(¢i) There is no loading of the source as no resistor is employed across base-emitter junction,
Disadvantages '
({) 1t provides poor thermal stability (high stability factor) and there are chances of thermal runway.
(i) This method provides poor stability against inherent variations of transistor parameters. For instant,
if f increases due to transistor replacement, then I~ also increases by the same factor as Ic = Blg where
Ip is constant,

In fact, in this biasing arrangement no means are provided to check a self increase in collector current
due to temperature rise and individual variations. Due to these disadvantages, this method is rarely employed
is practical circuiis.

Example 12.2. A base resistor biasing circuit is shown in Fig. 12.14. Determine (i) the collector current
Ic and collector-emitter voltage Veg. Neglect small Vg and assume B = 60. (ii) If Ry in this circuit is changed
to 200 k2 and transistor is considered 1o be silicon npn.
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Also neglecting Vg,

Vee 6
s =75 kQ
Re=71""% HA
% error = %ﬁi X 100 = 2.529 % (Ans.)

Commenis : This error is too small and should not be bothered at all. Moreover the resistors available

in the market ordinarily have tolerance +10%. Hence, it is not very incorrect 1o neglect Vg and /¢-go while
doing calculations.

When B changes to 40 and Icpe to 10 pA due to rise in temperature ;

Ic=PBlp + (B + Dicpo =40 x 7792 pA + (40 + 1) x 10 pA
=3116.8 + 410 = 3526.8 tA = 3.527 mA  (Ans.)

Comments : It may be noted that the collector current has increased by more than 50% due to change

in parameters by the rise in temperature, Hence, il is concluded that the operating point is shifted doe the
rise in temperature in this biasing circuit. '

12.10. FEED BACK RESISTOR BIASING

The feed back resistor biasing is also known as collector to base

resistor biasing. This biasing arrangement for an #pn transistor is shown +Veo
in Fig. 12.20. Here, a high resistance Rp is connected between lo+lg
collector and base. The required zero signal base current is determined

by collector-base voltage Vg and not by V. Hence, the base-emitter Rc

Junction is forward biased and base current I flows through Rg. This
in turn causes the zero signal collector current /¢ to flow in the circuit.

base (input) through Rp. This means that feedback exists in the circuit, -
The base currentdepends upon the collector voltage. That is why this
circuit is also called a voltage feedback biasing circuit.

current I,
Referring Fig. 12.20, the loop equation for the input circuit is Fig. 12.20.
Vec = ReIc + Ip) + IpRy + Vg 8
or VCC = ICRC + IB(RC + RB} + VBE
or Ip(Rc + Rp) = Voo — IcRc - Vg
Veec - IcRe) - V,
or Rp = (Ve - IcRe 2B, Re i)
Ig
Writing loop equation for the output circuit, we get
Vee = Veg + U + IpRe Liip)
o Vee = Vee - IcRe (neglecting Ip since Ip < < Ip)

It may be noted that the collector (oufput) is connected to the

E
Circuit analysis e
While analysing the circuit, generally we make the equations
to determine the value of Rg for the required zero signal collector

Substituting this value in eqn. (), we get,
Ve - Vag Vee - Vae
B~ < B == RC o o O 4
Ip In
Vee le
g

Rp = ..(iV) (since Ry < < Rp)

where Ig=—
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For determining the operating point, consider eqn. ({) and put I = Bip, we get, -
Vee = BlIpRc + Ip(R¢ + Rp) + Vpg

or Voo = IglRp + (B + DRI + Vpg
- oo Vee-Vee - Ve »
B= RB -+ (B + l)RC - RB + BRC

For determining Vg, consider eqn. (i) ;
Voo = Ve + g + I0Rc

or Vee= Voo - Ug + IR = Vee - IcRe (Vi)
Stability factor. The stability factor of this type of biasing arrangement is less than B+1),ie.
S<@+1 '
Advantages

(1} It is a simple biasing arrangement as only one resistor Ry is required.
(if) This biasing circuit provides some stabilisation of the operaling point as expiained below :
Suppose temperature increases, this causes increase in Icakage current and at the same time there is
increase in B due tw inherent variation in parameters. This increases the collector current since
Ic = Blg + (B + 1)Icpo. As the collector current increases, the voltage Vg, decreases as Vee = Vee - IcRe.
Vee - Vae
TR [see egn. (iif}]. This decrease
B
in base current in turn decreases the collector current to bring it to original value. Hence, there is a tendency
of this circuit to stabilise the operating point,

Disadvantages

The decrease in Vg causes decrease in base current since Ip =

(1) The stability factor of this biasing method is quite high. Hence, the operating point does change, although
to lower extent, due to temperature rise or inherent variations in parameters,

(i) The resistor Rp not only provides dc feedback for stabilisation of operating poing, but it also causes
ac feedback. This reduces the voltage gain of the amplifier which is not desirable. Because of this
drawback, this circuit is seldom used in operational amplifiers.

Example 12.7. Determine the emitter cirrent and collector voltage V¢ in the circuit shown in Fig.
12.21. Comment on the results. '

Sol. The loop equation for the input circuit is,
Vee = (e + Ig)Rc + IpRp + Vg = IcRc + Ig(Rc + Rp) + Vg
= PlgRc + Ip(Rc + Rp) + Vp = Iz[(B + DR¢ + Rg) + Vi
Vee-Vee | Vee

= = lecting V.
or Iy Rz + B+ DRc - Rp+ PR (neglecting V)
Here, Vec=12V; Rg=600kQ ; B = 100
and Re =600 Q = 0.6 k2
- 12.¥ « 12V __ 1818 A

600 kQ + 100X 0.6 kQ 660 kO
~ Collector current, /e = Blp = 100 x 18.18 = 1818 HA = 1818 mA
Emiuer current, Iz =Jc+ g & I = 1.818 mA (Ans.)
Collector voltage, Ve = Vg = Ve - IcR¢ = 12-1.818 mA x 0.6 k2
) =12-109=1091V (Ans.)
Comments ; It may be noted that Vg = 10.91 V which is slightly less than V. Hence the operating
{quiescent) point in very near to the cut-off region,
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have been base bias resistor circuit then collector current would have been increased to four times. Hence,
this method of biasing in better d:an titre base bias resistor method.

10V

A=100

Fig. 12.23. Fig. 12.24.
Example 12.10. ¢ is desired to set the operating point using feedback resistor method of biasing wt
Ic=1mA; Vg = 8V. What will be the value of Rc and R if Vee = 12V, Vg = 0.3 Vand B = 100 7
(ii) What will be the new operating point if B changes 10 150 assuming all other values for the circuit
to be the same ? " .
Sol. The required feedback iesistor biasing circuit is shown in Fig. 12.24.
Veeo = VCE + IcR¢
Vee-Ver 12-8
RC — —
Ic 1 mA
i Ic 1mA
BR=—1=
B 100
Using simple relation
Vee-Vee  8-03
Iy~ 001 mA

= 4 k2 (Ans.)

Also, = (0.01 mA

Rp = 770 kQ (Ans.)

(7} If B changes to 150
. Vee - Ve 12 -03

Base curment,  Jp = e = 770 K + 150 < 4 K

Collector current, [o = flp = 150 x 8.54 pA = (.281 mA

Collector emitter voltage,

Ver=Veo-IcRe =12 - 1281 mA x4 kQ =6.876 V

The new operating point is 6.876 V, 1.281 mA (Ans.)

Comments : The results show that this biasin g arrangement does not provide the required stabilisation.
12.11. EMITTER RESISTOR BIASING

‘The emitter resistor biasing for an apn transistor is shown in Fig, 12.25. It is just a madlification to
the base resistor biasing circuit. In this biasing an additional resistor Rg is connected in the emitter. Hence
this circuit contains three resistors Ry, Rg and Re.

= 8.54 uA
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Circuit analysis
The circuit may be analysed for determining the operating point
. To do this, equations can be framed for the input and output circuits.
Writing the loop equation for the input circuit, we get,
Ve = IpRp + Vpg + [gRg
or Voo =1pRp + Ve + (B + DipRg
[since Ig = (B + 1)/g]

Vee - Vag
Rp+ (B + DRg
Neglecting Vpg since it is very small

or IB =

Veo
or Ig= ——
5 RB + ﬂRE (i)
BVcc - Ve
Collecter current, fr = Bl = = WG ;
=Py Rp+ PBRg, R+ Rp/p 4 }
Writing the loop equation for the output circuit, we get, Fig. 12.25,
VCC = ICRC + VCE + IERE
or Vee = VYec - (Re + Rpic (.ic=1Ip) (iif)

‘Thus, the operating point can be obtained by using eqn. (i} and (7).
Similarly, for the given operating point, the value of Rp and Rg can be determined by using eqn. (if)
and (i1) provided the other data viz Vec, Rc and B are known,
-Stablllsatmn
Let us see the effect of increase in temperature on the operating point Q. For this rewrite the loop
equation for iriput circuit ;
VCC = IBRB + VBE #+ IERE
Vec - IgRg — Vg

or Ip=
Rp
Vee ~ IgR
or Ig= ﬂ[\’ﬂ (since Vpg is very small) ()
B

As the temperature increases, the leakage current increases. This increases the collector current I as
well as emitter current Ig. As a result voltage drop IgRg increases which reduces the numerator of equation
(iv} and hence the current Ip reduces. This results in reduction of collector current, Thus, an increase in
collector current is brought back to its previous value by the sequence of events. Hence, the stability of
the operating point is improved to large extent by inserting a resistor in the emitter circuit.

The stabilisation is improved by inserting Ry in the emitter circuit. This resistor is present in the output
side as well as the input side. Therefore, a feedback occurs through this resistor. ‘fhe teedback vouage 15
proportional to the emitter current fg. Hence, the circuit is also called current feedback biasing, circuit.
Stability factor. The stability factor of this type of biasing circuit is quite less than (B + 1).
_Advantages
(1) Although three resistors Re, Rp and Ry, are employed in the circuit, still it is quite sumple to eerun
(i) It provides far better stabilisation.
Disadvantages
(i) The stability factor of this biasing is quite high. Hence, the operating point does chznge, although to
lower exteni, due to temperatore rise or inherent variations in parameters,




A TEXT BOOK OF ELECTRONIC PRINCIPLES

(i) The ¢c feedback helps in the st uysation of operating point but at the same time ac feedback reduces
the voltage gain of the amplifier. This is an undesirable feature. However, this drawback can be remedied
by putting a capacitor Cy across the resistor Rg. The capacitor Cr offers very low impedance to the
ac current (signal) and does not allow it to pass through Rg and hence ac feedback is restricted. Thus
the process of amplification remains unaffected.

This biasing circuit is also not used practically because of the following reasons

I Vee
Refer to equation (i) ie., Ic= m 5

For stability, the denominator should be independent of B. It is only possible if Rg > > %. This
condition can only be obtained either using Rg of very large value
or by using Rp of very small value. Now, a large value
of Rp will cause a large voltage drop across it and to obtain a
required () point we have to apply a voltage source Ve of high
value. On the other hand if Rp is of very low value we have to
USE a separale voltage source of low value for base circuit. Both
these alternatives are quite impractical. Hence, this biasing circuit
is not used practically.

Example 12.11.. Calculate the values of three currents in the
circuit shown in Fig, 12.26.

Sol. Here, Vee=12V R =2kQ ;

: Rp=1MQ = 1000 kQ ;
B=SOandRE=le_

Loop equation for the input circuit
Ve = IpRp + Vg + IgRg

where lg=Ic+1Ig=Blp+ I =B + DIy
i Ve = IgRp + Vg + (B + DIgRg Fig. 12.26.
: : Vee - Vpe Ve o
or Ip = m =Rz i+ 1Rg ¢. Veg =0, neglected)
12V 12V
- = =11.1 Ans,
1000 kQ + 80+ D) x 1 k& 1081 kQ2 HA (Ans)
Collector current, [0 = Blp = 80 x 11.1 = 888 PA (Ams.)
Emitter current, fg=1Ic+1Ip =888 + 11.1 = 899.1 pA (Ans.)

Example 12.12. Caleulate the vaiye of Rp in the biasing circuit shown in Fig. 12.27 so that the
operat_ing point is fixed of Ic = 6.4 mA and Vep =3V, B =80 '

Sol.
; ‘
Base current, Ig= EC = 6'4831A = 80 pA
Now, Voo =IgRy + Vpp + (B + DipRg
Veeo - (B + DIgR
or 3 Rp = 2 (B] YsRg neglecting Vgp -
B [
10-(80+ 1) x 80 x 10-¢ x 500 10 - 3.24 _
- = = 84- k Iy
: 80 x 10-6 " 80 x 10-6 - 043 KQ (Ans.)
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Fig. 12.27. Fig. 12.28.

12.12. VOLTAGE-DIVIDER BIASING

‘The voltage divider biasing for an npn transistor is shown in Fig. 12.28. In this biasing circuit, two
resistors R) and R; are connected across the supply voltage Ve and provide the necessary biasing. Whereas,
a resistor connected in the emitter circuit R provides stability. Since the resistors R; and R, form the voliage
divider hence the name voltage divider biasing. The voltage drop across R, forward bias the base-emitter
Jjunction and causes the base current. Hence, collector current flows which sets up the zero signal conditions.
This is the most widely used method of providing biasing and stabilisation to transistor since the operating
point, in this case, can be made almost independent of B (beta).

Circuit analysis

The circuit can be analysed either by using approxunauons or by accurate method (applying thevenin
theorem). Usually, approximate analysis are employed since it provides resonable *accuracy.

Consider the input section of the circuit. Let current 7y flows through resistors R,. As she base current
Ip is very small, therefore, it can be assumed that same current /; flows through the resistors Ry (e,
I 21 >>Ig).

Applying Kirchhoff's voltage law to the input circuit, we get,

VCC IlRl + 1Ry

or Il = _V_CE__
Ry +R;
Voltage across resistor R,
Vy= Ry = (%) Ry | : NG
Writing loop equation in base emitter circuit, we get,
Vo= Vpe+ Vg
or ’ Vo = Vpe + IgRg (since Vg = IgRp)

*It will be justified in the examples to follow.
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Vi~V .
or Ig = b il {7
Rg
Since Ie=1Ig
Jo = Vo - Vag
Rg
In all practical circuits V; > > Vg, therefore, Vg in comparison to V3 is neglected. Thus
V2
[e2 - i
C=Rp (i)

Applying erchhoft" s voltage law to the output (collector) side, we get,
VCC IcRc + VCE + IERE
or Vec=IcRe + Vep + IcREe (Ic=ip
or VCE = VCC = IC(RC -+ RE) (W)
Stabilisation

In the above analysis, we have seen that B does not appear in any of the expressions. It reveals that
the operating point is independent of this parametérs (B). It means that if we change the transistor with same
type having different value of J3, the opperating point will not be affected at all. Hence, a good stabilisation
is ensured.

On the other hand, if the collector current increases due (o rise in temperature this will cause greater
voltage drop across the emitter resistance (/cRg). As the voltage drop across Ry(ie* Vi) is independent of
I¢, therefore Vg decreases (since Vgg = V3 — IcRg). This in tun causes to decrease Ig. The reduction in
Ip restores the original. value of collector current I¢.

Stability factor. It can be shown mathematically that the stability factor of this blasmg circuit is 1
which 15 an ideal one. However, in actual practice, its stability factor is around 10.

Advantages

The voltage divider biasing curcuit provides saperb stabilisation, therefore, this biasing circuit is
invariably employed for transistor biasing.

12.13. THEVENIN ANALYSIS OF VOLTAGE DIVIDER BIASING CIRCUIT

Before analysing the voltage divider biasing circuit of a transistor by Thevenin's theorem, let us have
an idea about this theorem. This theorem simply siates that a complicated network can be reduced toa voltage
source Vyy, in series with a resistor Ry, across the given pair of terminals AB. Where

Vin = The open circuit voltage between the required two terminals A and B called Thevenin voltage, and

Ry, = The equivalent resistance of the neiwork as seen from the two terminals with all other vollage

sources replaced by their internal resistance called Thevenin resistance.

Considering the voltage divider biasing circuit shown in Fig. 12.29. To Thevenise the circuit on the
left of the terminals AB, reduce the circuit as shown in Fig. 12.30 to determine the Thevenin voltage V.

V R
Vi = WCCR?' x By = E—l_f}; X Ve (1)

To determine Thevenin resistance Ry, reduce the circuit as shown in Fig. 12.31. Here, Ry and R; are

just in parallel, then
R{R;
Rl s R2

Vee
* oy e T g
VZ_(R1+R2)R2

R[}l = .(”')
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The resultant Thevenised circuit is shown in Fig. 12.32. Accurate calculations can be made from this

circuit as given below :

|
R, §
i A
—Vee ‘
T T
. Ry é ‘Ih
B
Fig. 12.29, Fig. 12.30.
The loop equation for the input section can be written as
V,}l = IBR;;, + VBE + IERE ...(fff)
or Vin = IgRip, + Vpg + @ + 1)IpR;,
U Ig =@+ Mp]
or Ine—Yn—VeE _ Vin -
5 R+ B+DRg ™ Ryp+PRp
BVr}z

Collector current, fc=fiy= _R_-TBF ...(ﬁ)
th E

The loop equation for the collection circuit can be written as
Vee = Vep + IcR¢ + IgRy

or ‘ Vee = Veg + IcRe + IcRg CoIg=1p)
or Veg = Voo - (Re + Rp)le

Although we have made the accurate calculations, but it will
be scen in the cxamples 1o follow that approximate calculations
also yield the same results. Therefore, approximate calculations are
usually employed.

Example 12.13. For the circyir Shown in Fig. 12.33, draw
the dc load line and determine the operating point. Assume
Vae =03 Vand B = 60 Jor the transistor used.

Sol. To draw dc load line, consider the exp.

VCE = VCC_IC (RC + RE) (l)

Fig. 12.31.

Fig. 12.32.

To locate point A on the collector emitter voltage axis. Put /o = 0 in exp. (1), then

Vee=Vee=12 v
Hence, 0OA=12V

To locate the other poitt B on the collector current axis put Veg = 0 in the exp. (i), we get,

0= Voo - Ic(Re + Rp)

iy



