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DEFINITION

Key Point: A rectifier is a device which converts a.c. voltage to pulsating d.c. voltage,
using one or more p-n junction diodes.

The p-n junction diode conducts only in one direction. It conducts when forward
biased while practically it does not conduct when reverse biased. Thus if an alternating
voltage is applied across a p-n junction diode, during positive half cycle the diode will be
forward biased and will conduct successfully. While during the negative half cycle it will
be reversed biased and will not conduct at all. Thus the conduction occurs only during
positive half cycle. If the resistance is connected in series with the diode, the output
voltage across the resistance will be unidirectional ie. d.c. Thus p-n junction diode
subjected to an a.c. voltage acts as a rectifier converting alternating voltage to a pulsating
d.c. voltage.



TYPES OF RECTIFIERS:

» HALF WAVE RECTIFIER
» FULLWAVE RECTIFIER
» BRIDGE RECTIFIER



HALF WAVE RECTIFIER

In half wave rectifier, rectifying element conducts only during positive half cycle of
input a.c. supply. The negative half cycles of a.c. supply are eliminated from the output.
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Fig. 3.3 Halfwave rectifier

This rectifier circuit consists of
resistive load, rectifying element, i.c. p-n
junction diode, and the source of a.c.
voltage, all connected in series. The
circuit diagram is shown in the Fig. 3.3.
Usually, the rectifier circuits are
operated from ac mains supply. To
obtain the desired d.c. voltage across the
load, the a.c. voltage is applied to
rectifier circuit using suitable step-up or

step-down transformer, mostly a step-down one, with necessary turns ratio.



OPERATION

During the positive half cycle of secondary a.c voltage, terminal (A) becomes positive
with respect to terminal (B). The diode is forward biased and the current flows in the
circuit in the clockwise direction, as shown in the Fig. 3.4 (a). The current will flow for
almost full positive half cycle. This current is also flowing through load resistance R,
hence denoted as i;, the load current.

During negative half cycle when terminal (A) is negative with respect to terminal (B),
diode becomes reverse biased. Hence no current flows in the circuit as shown in the
Fig. 3.4 (b). Thus the circuit current, which is also the load current, is in the form of half
sinusoidal pulses.
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WAVEFORMS

Fig. 3.5 Load current and load voltage waveforms for half wave rectifier



NEED OF CALCULATING AVERAGE:

Key Point: Hence the output is called pulsating d.c. It is discontinuous in nature. Hence
it is necessary to calculate the average value of load current and average value of output
voltage.



Average DC Load Current ( . )

The average or dc value of alternating current is obtained by integration.

For finding out the average value of an alternating waveform, we have to determine
the area under the curve over one complete cycle i.e. from 0 to 2z and then dividing it by
the base i.e. 2rn .

Mathematically, current waveform can be described as,

iy = I, sin ot for0sot<n
i =0 fornrcsot<2n
where I, = peak value of load current

1 ¥, 1T .
Ipc i_;t-([ll' d(wt) =§;£lmsm(mt)dwt)

As no current flows during negative half cycle of a.c. input voltage, i.e. between wt=n
to wt = 2 n, we change the limits of integration.
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% {;.,. sin(ot) d(wt) = %[—m(‘”')];

- %[COS(K)-COS(O)]B - lzﬂx[-l —1]=IT“‘

Ioc = !nﬂ = average value

Applying Kirchhoff's voltage law we can write,

L, = ot

where R, = resistance of secondary winding of transformer. If R, is no;'*given it should
be neglected while calculating I .. ' a



Average DC Load Voltage (E,.)

It is the product of average D.C. load current and the load resistance R,.
Epc = IpcRy

The winding resistance R, and forward diode resistance R; are practically very small
compared to R

_ E sm

Elx = R(+R,+l-
n RL

But as R; and R_ are small compared to R, , (R; + R,)/R, is negligibly small compared
to 1. So neglecting it we get,

Eum
Eoc * %




3.3.4 R.IM.S. Value of Load Current (lgys)

The RM.S means squaring, finding mean and then finding square root. Hence RM.S.
value of load current can be obtained as,

s ™ &{ﬂmsinmt)zd(mt)=J§1;£(lmz sin? ot d(wt))
T £ t (1 =cos (20t)] d(wt) wt _sin(20t) |
= = EI 2 = I i:‘: 2 T |,

1 (= "
i L E:‘c(i) as sin(2n) = sin (0) = 0
- Im
-
lavs = l';—‘




3.3.8 Ripple Factor (y)

It is seen that the output of half wave rectifier is not pure d.c. but a pulsating d.c.
The output contain pulsating components called ripples. Ideally there should not be any
ripples in the rectifier output. The measure of such ripples present in the output is with
the help of a factor called ripple factor denoted by . It tells how smooth is the output.
Smaller the ripple factor closer is the output to a pure d.c. The ripple factor expresses
how much successful the circuit is in obtaining pure d.c. from a.c. input.

Mathematically ripple factor is defined as the ratio of R.M.S. value of the a.c.
component to the average or d.c.component.



Ripple factor y =

R.M.S. valueof a.c. component

Average or d.c.component

MNow the output current is mmpﬂsed of a.c. component as well as d.c. component.
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This is the general expression for ripple factor and can be used for any rectifier

circuit,



Now for a half wave circuit,
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3.3.13 Disadvantages of Half Wave Rectifier Circuit
The various disadvantages of the half wave rectifier circuit are,

1. The ripple factor of half wave rectifier circuit is 1.21, which is quite high. The
output contains lot of varying components.

2. The maximum theoretical rectification efficiency is found to be 40%. The practical
value will be less than this. This indicates that half wave rectifier circuit is quite
inefficient.

3. The circuit has low transformer utilization factor, showing that the transformer is
not fully utilized.

4. The d.c. current is flowing through the secondary winding of the transformer
which may cause dc saturation of the core of the transformer. To minimize the
saturation, transformer size have to be increased accordingly. This increases the
cost.



FULL WAVE RECTIFIER

The full wave rectifier conducts during both positive and negative half cycles of input
a.c. supply. In order to rectify both the half cycles of a.c. input, two diodes are used in this
circuit. The diodes feed a common load R; with the help of a center tap transformer. The
a.c. voltage is applied through a suitable power transformer with proper turns ratio.

The full wave rectifier circuit is shown in the Fig. 1.53.
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Fig. 1.53 Full wave rectifier



OPERATION

Consider the positive half cycle of a.c. input voltage in which terminal (A) is positive
and terminal (B) negative. The diode D, will be forward biased and hence will conduct;
while diode D, will be reverse biased and will act as an open circuit and will not conduct.
This is illustrated in the Fig. 1.54.
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Fig. 1.54 Current flow during positive half cycle
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The diode D, supplies the load current, i.e. i = ig;. This current is flowing through
upper half of secondary winding- while the lower half of secondary winding of the
transformer carries no current since diode D, is reverse biased and acts as an open circuit.

In the next half cycle of a.c. voltage, polarity reverses and terminal (A) becomes
negative and (B) positive. The diode D, conducts, being forward biased, while D; does
not, being reverse biased. This is shown in the Fig. 1.55.
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Fig. 1.55 Current flow during negative half cycle

The diode D, supplies the load current, ie. iy = iy, . Now the lower half of the
secondary winding carries the current but the upper half does not.

It is noted that the load current flows in both the half cycles of a.c. voltage and in
the same direction through the load resistance. Hence we get rectified output across the
load. The load current is sum of individual diode currents flowing in corresponding half
cycles. It is also noted that the two diodes do not conduct simultaneously but in alternate
half cycles.The individual diode currents and the load current are shown in the Fig. 1.56.



WAVEFORMS
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Fig. 1.56 Load current and voltage waveforms for full wave rectifier




1.26.3 Average D.C. Load Current (lyc)

I Sinet Consider one cycle of the load current iy
from 0 to n to obtain the average value which
is d.c. value of load current.

ig=l,sinot Osotsn

Load
current

's
B

Fig. 1.58 Load current waveform
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1.5 17, .
Ly =Ipc = EInLd(mt) =EJI"' sin ox d(ot)
0 0

= 2 [(-cosn)f]

I

= %[—COSK-(-CWO)] e COS W= ~1
Im
= —i-(ﬂ-(-l)l
21, -
lnpe = T _ for full wave rectifier

For half wave it is I/t and full wave rectifier is the combination of two half wave
circuits acting alternately in two half cycles of input. Hence obviously the d.c. value for
full wave circuitis 2 I /.



1.26.4 Average D.C. Load Voltage (E,c)

The d.c. load voltage is,
. Epc =
Substituting value of I, Epc =
Ry +R,
But as R; and R << Ry hence R <<1
L

21, R
lpcRy = —
zEsm RL

r[R; +R,+R.] u[l




1.26.5 RMS Load Current ( Igys )
The RM.S. value of current can be obtained as follows :

1 ix 2
ems = o 5% ,‘ ipd(wx)
0
Since two half wave rectifier are similar in operation we can write,

=
i = J _2"’7( [ 1, sin @t]?d(o)
0

]m J}.T[w}j((‘m) as ginz o = }__Cos_z.f?_

3
T

Igms = I J%‘t[[“]o '[an—mll] =1y \}'21,;["“0]

I, "511-‘(:) as sin (2x) = sin(0) = 0

I =
RMS 2




Ripple factor

3.4.9 Ripple Factor (y)

As derived earlier in case of half wave rectifier the ripple factor is given by a general
expression,

Ripple factor = J [Lﬂ-‘ ~1
lpe |

For full wave Iams = Im/¥2 and Ipe=21,/n so,
substituting in the above equation.

2
Ripple factor = JF“‘ ’!ﬂ] -1

20, /=n

= .Jﬂ—l—l
B

Ripple factor = y=0.48

This indicates that the ripple contents in the output are 48 % of the d.c. component
which is much less than that for half wave circuit.



ADVANTAGES & DISADVANTAGES OF
FWR

1.26.15 Advantages of Full Wave Rectifier
1. The d.c. load voltage and current are more than half wave.
2. No d.c. current through transformer windings hence no possibility of saturation.
3. T.U.F. is better as transformer losses are less.
4. The efficiency is higher.
5. The large d.c. power output.
6. The ripple factor is less.

1.26.16 Disadvantages of Full Wave Rectifier
1. The PIV rating of diode is higher.
2. Higher PIV diodes are larger in size and costlier.
3. The cost of centre tap transformer is higher.



COMPARISION OF HWR & FWR

2 Ege Egm 2E,,
Epc =+ Epc = —x— Higher
3. Ipc Im 2,
o6 = == Ipc = —5— Higher
4, Poc l2 41 -
5. % N max 406 % 812 %
8. Ripple factor y=1211 vy = 0.48, Ripple contents are less
7. Ripple frequency f=50 Hz f = 100 Hz, Higher ripple frequency
reduces the size of filter components,
reducing the cosl.
8. PiV PIV=E,, PIV = 2 E,,,, Large rating diodes are.
required.
9. Transformer Normal is required Center tap is required so cost is high.
10. TUF, T.UF. = 0.287 T.UF. = 0.893, transformer gets more

utilized.

11. Core saturation

Transformer core saturation
possible

No d.c. current through transformer so
core saturation not possible.




FILTER

1.29 Filter Circuits

It is seen that the output a half-wave or full wave rectifier circuit is not pure d.c.; but
it contains fluctuations or ripple, which are undesired. To minimize the ripple content in
the output, filter circuits arc used. These circuits are connected between the rectifier and
load, as shown in the Fig. 1.67.

P Rectifier |D.C.+ : Piile |
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TYPES OF FILTERS

There are basically two types of filter circuits,
» Capacitor input filter

» Choke input filter

Since ideally, inductance acts as short circuit for d.c,, it cannot be placed in shunt arm
across the load, otherwise the d.c. will be shorted.

Key Point : Hence, in a filter circuit, the inductance is always connected in series with
the load.
The inductance used in filter circuits is also called "choke”.

Similarly, since the capacitance is open for d.c., i.e. it blocks d.c.; hence it cannot be
connected in series with the load.



Capacitor filter

The Fig. 3.20 shows a full -wave rectifier circuit, followed by a capacitor input filter.
The filter uses a single capacitor connected in shunt arm i.e. in parallel with the load
resistance R;.

In order to minimize the ripple in the output, the capacitor C used in the filter circuit
is quite large, of the order of tens of microfarads.
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Fig. 3.20 Capacitor input filter



operation

During the first quarter cycle of the rectified output voltage, obtained from the
rectifier circuit, the capacitor C gets charged to peak value E_ . This is shown in the
Fig.3.21.

Now in the next quarter cycle
from g to n, the rectifier output

voltage, shown dotted starts
decreasing. But as capacitor C is
charged upto the maximum value
- E.. it makes the conducting
_ diode reverse biased and the
Diode ourrent diode stops conducting. The
Fig. 3.21 current through diode reduces to
zero when capacitor charges upto

E... which is shown by a shaded portion in the Fig. 3.21.




Now the capacitor C starts discharging through load resistance R . As the capacitor
C is large, the time constant CR is large and capacitor discharges to less extent, from
point A to B as shown in Fig. 3.21. At this point, it can be seen that the rectifier output

voltage, in the quarter nto Tn exceeds the capacitor voltage, at point B. And the another

diode gets forward biased and starts conducting. The capacitor C, again starts charging
and quickly gets charged through the forward biased diode having very small forward
resistance. The time required by the capacitor to charge to the peak value is quite small
and diode current again reduces to zero.



Expression of Ripple Factor for Capacitor Input Filter

Fig. 3.25 (b)
Let % be the time for half cycle of a.c. input voltage.

During the time interval T, the diode is conducting and the capacitor C is getting
charged.

While in the time interval T, , the diode is reverse biased and the capacitor
discharges through the load resistance R, .



Let V, be the peak to peak value of ripple voltage, which is assumed to be triangular
as shown in the Fig. 3.26.

Fig. 3.26 Triangular approximation of ripple voltage
It can be shown mathematically that the r.m.s. value of such a triangular waveform
is
- vl'
rms m

During the time interval T,, the capacitor C is discharging through the load
resistance R, . The charge lost is,

Y ..(3.12)

]

Q
But i

CV, .. (3.13)
daQ
dt

T2,
Q = qutdlﬂmTl



As integration gives average or dc value

Hence Inc T, = CV, . (3.14)
v, = ncl
r C
Now, T,+ T, = % Normally, T, >> T,
vV =IE[I]=IDCHT-IE
f C |2 2C 2 fC
Epc
Elﬂ IDE N
RL
V. = Enc ..(3.15)




Epe

v 2CR, 1

Ripple factor = ™ = Lo % ——, Since V e
PP E e 23 Epe
: 1
Ripple factor = for full wave
PP 4S3fCR
For half wave rectifier with capacitor input filter the ripple factor is
Ripple factor = 1 for half wave

WIFCR
The product CR, is the time constant of the filter circuit.

./
243

.. (3.16)

- (3.17)



Ex.3.9: A 100 uF capacitor, when used as filtering element, has 12 V, d.c. across it with
terminal load resistance of 2 k . If the rectifier is full-wave and supply frequency is 5(
Hz, what is the percentage of ripple in the output ? Draw the neat circuit diagram.

Sol. : The circuit diagram is shown in the Fig. 3.28.

° e

>~

= ¥ R
Cc =— Epgo L
100pF |~ A0
© ||:>| = o
Fig. 3.28
Given: Ry =2kQ ,C=100pF, Ep- =12V, Supply frequency = 50 Hz
1 1

Ripple factor = —— =
PP 43 fCR;,  4+/3[50][100x107° ][2x10% ]

1
43 (50)(2x1071)
% of ripp]e in the output = 001443 x100=1.443 %

=0.01443
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Fig. 3.31 (a) Circuit diagram of choke filter
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Fig. 3.31 {b) Current waveform of choke filter



operation

In the positive half cycle of the secondary voltage of the transformer, the diode D, is
forward biased. Hence the current flows through D;, L and R . While in the negative
half cycle, the diode D, is reverse biased while diode D, is forward biased. Hence the
current flows through D,, L and R . Hence we get unidirectional current through R, .
Due to inductor L. which opposes change in current, it tries to make the output smooth
by opposing the ripple content in the output.

We know that the fourier series for the load current for full wave rectifier as,

ip =1, [E_i msiml-i cus-imt]
® 3n 15m
Neglecting higher order harmonics we get,
21 41
ip = —~-—" cos2mt e (3.20)

T In



Neglecting diode forward resistances and the resistance of choke and transformer
secondary we can write the d.c. component of current as

vV

2n _ 2Vm .. (3.21)
T ERL
Ry

While the second harmonic component represents a.c. component or ripple present
and can be written as,

I, = v?'“ for a.c. component . (3.22)

Now Z = R +j2X, =y R} +40’L? £¢ ..(3.23)

where ¢ = tan”’ 2oL . (3.24)
Ry

I, = Vi . (3.25)

JR} +40? 1



3.9.2 Expression for the Ripple Factor

Ripple factor is given by,
Ripple factor = Lems .. (3.27)
Ipc
I
where I = -Z of a.c. component
I = m .. (3.28)
3v2ny R} +40? 12
v
while Ipe = —vm . (3.29)
nR
4V,
321 R? +4a° L2
Ripple factor = ‘r“‘rz; e ..(3.30)
m
Ry
- 2 l .. (3.31)

h’i'Jl 40? 1
+
R
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‘WL—H].

Initially on no load condition, R; = = and hence

2
Ri
2
Ripple factor = —=0.472 - (3.32
PP 35 (3.32)
This is very close to normal full wave rectifier without filtering.
22
But as load increases, R, decreases hence 2 >> 1. So neglecting 1 we get,
L
Ripple factor = 2 : . (3.33)
W2 40’ L
R
Ry
= .. (3.34
3J2.0L e

So as load changes, ripple charges which is inversely proportional to the value of the
inductor. Smaller the value of R , smaller is the ripple hence the filter is suitable for low
load resistances i.e. for high load current applications. -



3.10 L-Section Filter

This is also called choke input filter as the filter element looking from the rectifier
side is an inductance L. The d.c. winding resistance of the choke is R, . The circuit is also
called L-type filter or LC filter. The circuit is shown in the Fig. 3.32.
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Fig. 3.32 Choke input filter
The basic requirement of this filter circuit is that the current through the choke must
be continuous and not interrupted. An interrupted current through the choke may
develop a large back e.m.f. which may be in excess of PIV rating of the diodes and /or
maximum voltage rating of the capacitor C. Thus this back e.m.f. is harmful to the
diodes and capacitor. To eliminate the back e.m.f. developed across the choke, the
current through it must be maintained continuous.




Ripple factor

The d.c. current in the circuit will be,

2 g
Ipc = = - (3.39
DC R, +R (3.39)
R = RgllRy
2 E
Epcacrosstheload = I R= = =5 R
b P n R, +R
Epc = = o ... (3.40)
Ty Rae
R
Normally, R, is much less than R, i.e. R, <<R
Then, Epe =~ 2 E, .. (3.41)

k1

Thus the choke input filter circuit gives approximately constant d.c. voltage across
the load. In other words, this filter circuit is having better load regulation compared to
that of capacitor input filter in which case the d.c. load voltage depends upon the d.c.
load current drawn. Let us calculate the ripple factor for choke input filter, based on the

assumptions already made.
The impedance Z, of the filter circuit for second harmonic component of input, i.e.
at 2eo, will be,

~ : 1
Z, = {RI]+{]2mL}+|: jEmG“R ] {;.u}



But, L <<R,and 2oL >> R, as per assumptions.

20C
Hence, | Z5| = 20l
Second harmonic component of the current in the filter circuit, will be
“Em - Em
[ _ in . in
2m zZ, 2oL
The second harmonic voltage across the load is
1 1
E = Iy x R I
m = am [zmc” ];'== M 2 wC
Since , —1—::-::R
2wC
4 B
I = 1o x 1 =3n y 1
moT M TeC 20l 20C
E, =4 Em __Em
3x 40 LC 3ne’LC

Esm ___ Eum
J2 3f2ze’LC

... (3.43)

.. (3.44)

.. (3.45)

.. (3.46)

.. (347)

.. (3.48)



Hence the ripple factor is given by,

Ripple factor = Eoms e (3.49)
Epc
32w’ LC 2 _Em
LR
R
itey
- |+ =X but R, << R
62 LCA2 R A
Ripple factor = l ... (3.50)

642w’ LC



3.12 CLC Filter or = Filter

This is a capacitor filter followed by a L section filter. The ripple rejection capability
of = filter is very good. It is shown in the Fig. 3.36.
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The rectifier output is given to the capacitor C,. This capacitor offers very low
reactance to the a.c. component but blocks d.c. component. Hence capacitor C, bypasses
most of the a.c. component. The d.c. component then reaches to the choke L. The choke L
offers very high reactance to a.c. component and low reactance to d.c. So it blocks a.c.
component and does not allow it to reach to load while it allows d.c. component to pass
through it. The capacitor C; now allows to pass remaining a.c. component and almost
pure d.c. component reaches to the load. The circuit looks like a « hence called r filter.
To obtain almost pure d.c. to the load, more such n sections may be used one after
another.

The output voltage is given by,

where V. = Peak to peak ripple voltage



3.12.1 Ripple Factor
The ripple factor for this filter is given by,

'Jix xl:l o XEE

XL Ry

The various reactances X , X¢,, X are to be calculated at twice the supply
frequency since the circuit is fed from a full wave rectifier circuit.

Hence,

Ripple factor =

|
1 20C,
I

2w,
IL - I['I']L

g



e

Ripple factor =
PP (20L) (Ry )
) A
¥ = —3

Since this = type filter employes three fitering elements, the riple is reduced to the
great extent.

If C, and C, are expressed in microfarads and frequency f is assumed to be 50 Hz
then we get,

_ N
3{27:! 5(1}3 X (CI %1078 :Cz x107% x Lx RL)
5700
¥ =
LC,CR

where C, and C, are in pF, L in henries and R in ohms.



Comparison

Table Comparison of Various Types of Filters
Tipe of Filter
None ! O L-Section m-Section
V. at no load 0.636 V, 0636 F, V. K Ko
_ _ o _ 417017, o _ 41701,
V4. at load {, 0.636 V 0636V, |V, - —= 636V, |V, — "
R, 2410 (.83 3330
i : : 0.48 . _ S
Ripple factor 1 1 6O T CHy LC LG, Ry
Peak inverse 3y Sy y 1 27
volt dgcC I{FI 1'lr'r} " . . . H




BIPOLAR JUNCTION TRANSISTOR



Before transistor, the amlification was achieved by using vaccum tubes as an amplifier.
Now-a-days vaccum tubes are replaced by transistors because of following advantages of
transistors.

s Low operating voltage

» Higher efficiency

» Small size and ruggedness and

s Does not require any filament power



Transistor types

When a transistor is formed by sandwiching a single p-region between two n-regions,
as shown in the Fig. 4.1 (a), it is an n-p-n type transistor. The p-n-p type transistor has a
single n-region between two p-regions, as shown in Fig. 4.1(b).

Fia. 4.1 Binolar transistor construction

The middle region of each transistor type is called the base of the transistor. This
region is very thin and lightly doped. The remaining two regions are called emitter and
collector. The emitter and collector are heavily doped. But the doping level in emitter is
slightly greater than that of collector and the collector region-area is slightly more than
that of emitter.



Transistor symbols

Emitler Collector Emitter P@—‘ Collector
Basze

(a) n-p-n (b) p-n-p
E C E c
°—|<]—I—B>l—° o> I <l—
B B
(a) n-p-n transistor (b} p-n-p transistor

Fig. 4.3 Two-diode transistor analogy



Why 2 diode configuration can not be
used as transistor

1. Relative doping levels in the base, emitter and collector junctions must be satisfied
to work that device as a transistor. Two normal p-n junction diodes can not satisfy

this requirement.

2. In a transistor, emitter to base junction is forward biased while base to collector
junction is reversed biased. But due to diffusion process almost entire emitter
current reaches to collector and base current is negligibly small. Thus due to
diffusion, device works as a transistor. While in back to back connected diodes
there are two separate diodes, one forward biased and one reverse biased and
diffusion can not take place. Thus maximum series current which can flow is
reverse saturation current of a reverse biased diode. Hence the combination of back
to back connected diodes can not be used as transistor.

Diffusion, process resulting from random motion of molecules by which there is a net
flow of matter from a region of high concentration to a region of low concentration



Transistor operating regions

1) Active region 2) Cut-off region and 3) Saturation region.

Region Emitter base junction Collector base junction
Active Forward biased Reverse biased
Cut-off Reverse biased Reverse biased

Saturation Forward blased Forward biased




Working of NPN Transistor

Fig. 4.6 Internal effect of forward biased junction and reverse biased CB junction



The forward biased EB junction causes the electrons in the n-type emitter to flow
towards the base. This constitutes the emitter current I;. As these electrons flow through
the p-type base, they tend to combine with holes in p-region (base).

We know that, the base region is very thin and lightly doped. The light doping means
that the free electrons have a long lifetime in the base region. The very thin base region
means that the free electrons have only a short distance to go to reach the collector. For
these two reasons, very few of the electrons injected into the base from the emitter
recombine with holes to constitute base current, I (Refer Fig. 47) and the remaining large
number of electrons cross the base region and move through the collector region to the
positive terminal of the external dc source as shown in Fig, 4.8,



Fig. 4.7 Electron flow across emitter-base junction
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Fig. 4.8 Electron flow across base-collecior junction

This constitutes collector current I.. Thus the electron flow constitutes the dominant
current in an npn transistor. Since, the most of the electrons from emitter flow in the
collector circuit and very few combine with holes in the base. Thus, the collector current is
larger than the base current.



Working of pnp transistor

The p-n-p transistor has its bias voltages Vy; and Vi reversed from those in the n-p-n
transistor. This is necessary to forward-bias the emitter-base junction and reverse-bias the
collector base junction as shown in the Fig, 49. The forward biased EB junction causes the
holes in the p-type emitter to flow towards the base. This constitutes the emitter current .
As these holes flow through the n-type base, they tend to combine with electrons in
n-region (base). As the base is very thin and lightly doped, very few of the holes injected
into the base from the emitter recombine with electrons to constitute base current, Iy, as
shown in the Fig. 4.10,
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Fig. 4.9 Internal effect of forward biased EB junction and reverse biased CB junction



Fig. 4.10 Hole flow across base emitter junction

The remaining large number of holes cross the depletion region and move through the

collector region to the negative terminal of the external dc source, as shown in Fig. 4.11.
This constitutes collector current I. Thus the hole flow consistutes the dominant current in

an p-n-p transistor.
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Transistor configurations:

» CB configuration
» CC configuration
» CE configuration



CB configuration

As shown in Fig. 4.22, in this configuration input is applied between emitter and base
and output is taken from the collector and base. Here, base of the transistor is common to
both input and output circuits and hence the name common base configuration. Common
base configurations for both n-p-n and p-n-p transistors are shown in Fig. 422 (a)
and 4.22 (b), respectively.

I | I le

£ c m‘:
Re .(52) Re

B B
-\:I* ,h | '-';'IF +I|,___,____I_I_i____‘|l|....._



Here, Ie = agde+licpo

The reverse saturation current, Iy, is temperature sensitive and it doubles for every
10 °C rise in temperature. Since l.y, is negligibly small in most practical situations, we can
approximately write :
le = o4 lg

I

ur e
uk - II_-'.

For a transistor, I..: = IH‘- + l(-

Iy = lg + (g I + lewo)

In = Iy = oy Ig + Lepo)
Ig = (1 —og) g = lewo
Neglecting l-go we can write,

- lg, = (1 =0y ) IE




* Input characteristics: The output (CB) Vg,
voltage is maintained constant and the input
voltage (EB) is set at several convenient levels.
For each level of input voltage, the input
current I¢ is recorded. I¢is then plotted versus
Vig to give the common-base input

characteristics.



* Output characteristics: The emitter current I;
is held constant at each of several fixed levels.
For each fixed value of I, the output voltage
Vg Is adjusted in convenient steps and the
corresponding levels of collector current I are
recorded. For each fixed value of I, | is almost
equal to I and appears to remain constant

when Vg is increased iuma

S

4

O = N W

|~

-

"l'.~

lc = 5 mA
4 mA

3 mA

2 mA
1T mA
0 mA

= VeaglV)



CE configuration

(a) n-p-n
Fig. 4.29 Common emitter configurations



Calculation of input(l;) and output
currents(l)

We have seen Ic =
Ic~Ico =
- Ic Imo
Dividing by o, s " Ga ™
M1
lox """
- Qg
Ic O =
Ic =

a&l g + lcm

o 4 Ig

lu +lc

a«_l 1 I
1-0tgc B+ l-a«] C8o

Now we define a new parameter “beta” ( 4. ) for the transistor as :

B _ L ge
dc"-l_a_‘c

It is also known as hg,.



In terms of ‘P *, the equation for I¢ becomes

|
e = Pacln+[1+Bac] lew = 14 Bac = =

The term “(Bgc+1)Icpo” is the reverse leakage current in common-emitter

configuration. It is designated as Icgo.

Iceo = (Pac+1) Ico g <<




* |[nput characteristics: The output voltage
Ve is maintained constant and the input
voltage Vg is set at several convenient
levels. For each level of input voltage, the
input current |; is recorded. Iy is then
plotted versus V;; to give the common-
base input characteristics.

A
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o
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=
o |o

Base Curre.nf Is [mA]
I

01 02 203 -04 05 06 >
Base Emitter Yoltage Ve (Volt)



* Output characteristics: The Base current I; is held
constant at each of several fixed levels. For each
fixed value of |5, the output voltage V is adjusted
in convenient steps and the corresponding levels
of collector current I are recorded. For each fixed
value of [, I level is Recorded at each V. step. For
each |; level, I is plotted versus V; to give a family
of characteristics.

T N

E-0

-

— -50} s = -0.5 mA
& -40 ls = -0.4 mA
-3 ls = -0.3 mA
O3 )

5 -20) ls = -0.2 mA
I3 s =-0.1T mA
8-

0

O >

q -2 3 -4 5 -6
Collector Emitter Voltage Vce (Volt)



CC configuration

(a)
Fig. 4.36 Common collector configurations

(b)




Calculation of input(l;) and output

currents(l;)

In CC configuration, I; is the input current and the |y is the output current. Now we
are interested in knowing how the output current Iy is related with the input current I .

We have lg = lg +l¢ (1)

Here we are not interested in I¢c and we know that I¢ = alg +Icao by substituting
value of I¢ in equation (1) we get,

lE - ls +ad‘lp +lcm)
Or (1-0g)lg = Ip +Icpo
1 1
Or | g = oo I8t 1ogg fow e (2)
We know Bac = e

|



Now by substituting 1+ . instead of l—:z« in equation (2), we get,

le = (1+Ba ) In+(1+Ba)lcso
If we neglect the leakage current Iy, then
Ig = (1+Pg)Is

I
-—5- =(14+Be)




Ig (1A)

Input characteristics To determine the input 4
characteristics, Vg is kept at a suitable fixed 100
value. The base-collector voltage Vy-1s increased

in equal steps and the corresponding increase in 20 1
Iy 1s noted. This is repeated for different fixed 607
values of Vie. Plots of V- versus I for differ- 40 ¢
ent values of V- shown in Fig. 6.14 are the |
input charactenstics.

1

1

0123 4 5 Vg(V)

-

Fig. 6.14 CCinput characteris-

s



Output characteristics The output characteris-
tics shown in Fig. ©.15 are the same as those of
the common emitter configuration.

fe (MmA)
4

Ig = 100 pA
Ig = BO uA
g = 60 uA

fﬂ = 40 p.lﬂl.
.fﬂ = Eﬂ',uﬁ.
g =0 uA

. . . . . = Vec (V)

Q0 1 2 3 4 5 6
Fig. 6.15 CC output characteristics
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WHY CE CONFIGURATION IS USED IN
AMPLIFIERS

* |T provides both voltage and current gain
more than unity

* Ratio of output resistance to input resistance
is very small(10 to 100ohms)



Common Emitter

Common Collector

Low (1ld) High (500 k1)

2. Qutput resistance Very high (1M) High (40k2) 1. Low (50X2) _

3. Input current lg | ™ In

| -
4, m current I I 7 )
5. Input voltage applied Emitier and Base Base and Emitter Base and Collector
between
] Output vollage taken | Collecior and Base | Collector and Emitier Emitter ana Coliect s
m-—-.——-—.—-——-——-——.—-—.—————-——-——-h———-———.——
I

1. Current Hungﬂcﬂm 0g = :_: B = :_E T.[]

8. Current gain | Less than unity High (20 to few High (20 to few hundreds)
hundreds)

B Voltage gain Medium Medium Low

10. Applications As a input stage of For audio signal For impedance matching

multistage amplifier amplification



Relation between alpha & beta

We know that
L
B = I .. (1)
o = TL . (@)
I.
Nﬂw, h'_ = L_" t Iﬂ
Or Ig = Ig - Kk
Substituting the value of I, in equation (1) we get,
B = - . (3)

|_|. - I



Dividing the numerator and denominator of R.H.S. of equation (3) by I;, we get,

Ic
[g
P Ic
I T¢
1~
We know that, o = 7= from equation (2)
) 4
b =910

b) Dividing the RH.S. and LHS. by 1 +  we get,

=
p 1-a
1+B - 1+P
By substituting value of B from equation (4) in RH.S. we get,
¢ o
B 1 - a
T+ R = ¢> p -
1+ P '*1?.-1 TP - T-ara

l -«

- (4)



Cancelling common denominator terms we get,
P o

1+p " l-a+a

p
@ = 7B

L




BJT BIASING

e Biasing is the process of providing DC voltage
which helps in the functioning of the circuit.

* A transistor is based in order to make the
emitter base junction forward biased and
collector base junction reverse biased, so that
it maintains in active region, to work as an
amplifier.



NEED OF BIASING

* If asignal of very small voltage is given to the input of BJT, it cannot
be amplified. Because, for a BJT, to amplify a signal, two conditions
have to be met.

» The input voltage should exceed cut-in voltage for the transistor to
be ON.

» The BIJT should be in the active region, to be operated as
an amplifier.

* |If appropriate DC voltages and currents are given through BJT by
external sources, so that BJT operates in active region and
superimpose the AC signals to be amplified, then this problem can
be avoided. The given DC voltage and currents are so chosen that
the transistor remains in active region for entire input AC cycle.
Hence DC biasing is needed



FIXED BIAS

¥EC I""’cc
tic tle
S Re 2R
§ Rg y ac R
L I 1% o ﬂumi l..l =]
B C signal B c
B + G B i
ac
input D—Jl s Vee A*L@UGE
signal ¢, Vee - Vas -
9 E e E
?le t e

(a) Fixed bias circuit (b) D.C. equivalent of Fig (a)



Base circuit of the fixed bias circuit

Base Circuit :
Let us consider the base circuit as shown in Fig. 1.9.

Applying Kirchhoff’s voltage law to the base circuit
we get,

Vec - IgRp— Vgg =0

Solving for the current I,

-V,
\&Rs > )




Collector circuit of the fixed bias circuit
Collector Circuit

We now consider the collector circuit as shown in
Fig. 1.10. Applying Kirchhoff's voltage law to the
collector circuit we get,

Vec ~lc Re — Vg = 0
Ve = Vec - Ic Re e (2)




The magnitude of collector current is given by,

lc =By .. (3)
and from equation 2 we have,
Vee = Ve
le=—g— ()

It is important to note that since the base current is controlled by the value of Ry and
Ic is related to Iy by a constant f, the magnitude of I¢ is not a function of the resistance
Re. Changing R¢ to any level will not affect the level of Iy or I¢ as long as we remain in
the active region of the device. However, the change in R¢ will change the value of Vcg.

Veg = V-V ... (5)




Similarly,

Vee = Vg —=Vg

Where, Vi : Base voltage
In this circuit, Vg = 0,

and

Vee = Vg

Ver = Ve

.. (6)

- (7)

.. (8)



mmp  Example 1.1 : For the circuit shown in the Fig. 1.11. Caleulate Ig,1¢,Ver, Ve, Ve
and Vge. Assume Vgr =0.7V and B = 50.

> Figure 1.11

Voo
+ 10V




Vee = Ve _ 10-07
Rg 220x 103
Ic = Blg =50 x 4227 x 10-% = 2.1135 mA
Vee = Vee-IcRe =10 -2.1135 x 10-* x1.2x103
= 74638 V
Ve = Vgg =07V
Ve = Vcg = 74638 V
Vac = Vg-Vc =0.7 -74638 = - 6.7638
The negative voltage Vi indicates that base-collector junction is reverse biased.

Solution : IB =

= 4227 pA



DC LOAD LINE

For fixed-bias circuit, we have

I — v{:[_'-v[_'}: - "l'r[_'{_' _ 1 .."r
C Re Re Re CE
B 1 . Vo
- ‘[n—c]‘“"-‘”ﬁ

By comparing this equation with equation of straight line y = mx + ¢, where m is the
slope of the line and c is the intercept on Y-axis, then we can draw a straight line on the
graph of I- versus Vo which is having slope - 1/Rc and Y-intercept Vec/Re To
determine the two points on the line we assume Vg = Vo and Vg = 0.

a) When Veg = Veei Ie=0 and we get a point A and
b) When Vg =0 ; Ie=V/Re and we get a point B



The Fig. 1.12 shows the output
characteristics of a common emitter
configuration with points A and B,
and line drawn between them. The
line drawn between points A and B
is called d.c. load line. The 'd.c'
word indicates that only dc
conditions are considered, i.e. input
signal is assumed to be zero.

The d.c. load line is a plot of I
versus V. For a given value of R.
and a given level of V.. Thus, it

0 Ve =V represents all collector current levels
Cut-off region LB
and corresponding collector-emitter voltages that can exist in the circuit. Knowing any one
of I, Iz or Vi, it is easy to determine the other two from the load line. The slope of the
d.c. load line depends on the value of R.. It is negative and equal to reciprocal of the R.




SELECTING OPERATING POINT

The operating point can be selected at different positions on the d.c. load line : near
saturation region, near cut-off region or at the center, ie. in the active region. Refer
Fig. 1.13. The selection of operating point will depend on its application. When transistor is
used as an amplifier, the Q point should be selected at the center of the d.c. load line to
prevent any possible distortion in the amplified output signal. This is well-understood by

going through following cases.

Case 1 : Biasing circuit is designed to fix a Q point at point P, as shown in Fig. 1.14.
Point P is very near to the saturation region. As shown in Fig. 1.14 the collector current is
clipped at the positive half cycle. So, eventhough base current varies sinusoidally, collector
current is not a useful sinusoidal waveform. ie. distortion is present at the output
Therefore, point P is not a suitable operating point.



sitive peaks
r saturation region gives clipping at the po

t nea

Operating poin

iml



Operating point near cut-off region gives clipping at the negative peaks

Case 2 : Biasing circuit is
designed to fix a Q point at
point R as shown in Fig. 1.15.
Point R is very ne the
lg =0 cut-off region. As shown in

Vee —e Fig. 1.15 the collector current
is clipped at the negative half
cycle. So, point R is also not a
suitable operating point.




Operating point at the centre of active region is mest suitable

)
vl'_."E —

Case 3 : Biasing circuit is
designed to fix a Q point at
point Q as shown in Fig. 1.16.
The output signal is
sinusoidal waveform without
any distortion. Thus point Q
is the best operating point.



VARIATION OF Q-POINT

Two important factors are to be considered while designing the biasing circuit which
are responsible for shifting the operating point.
1) Temperature
1) Ico : The flow of current in the circuit produces heat at the junctions. This heat
increases the temperature at the junctions. We know that the minority carriers are
temperature dependent. They increase with the temperature. The increase in the
minority carriers increases the leakage current loy,
lkro = (1+B) leso .« (9)
Specifically, Iopo doubles for every 10°C rise in temperature. Increase in Icg in turn

increases the collector current,

e = Blg+ lwo - (10)



2) Vygg : Base to emitter voltage Vi changes with temperature at the rate of
2.5 mV /°C. Base current, Iy depends upon V. As base current Iz depends on Vg,
and I- depends on lg, I depends on Vy;. Therefore collector current I changes
with temperature due to change in V. The change in collector current change the
operating point.

3) Py : Ps of the transistor is also temperature dependent. As B, wvaries, I- also
varies, since I = f§ Iy. The change in collector current change the operating point.



REQUIREMENTS OF BIASING CIRCUITS

i) The emitter-base junction must be forward biased (forward biased voltage 0.6 V to
0.7 V) and collector-base junction must be reverse biased (within maximum limits).

Le. the transistor should be operated in the middle of the active region or operating
point (Q point) should be fixed at the center of the active region.
i) The circuit design should provide a degree of temperature stability.

iii) The operating point should be made independent of the transistor parameters
(such as B).



ADVANTAGES OF FIXED BIAS

* [T IS SIMPLE IN CONSTRUCTION

* Q POINT CAN BE PLACED ANYWHERE IN
ACTIVE REGION BY ADJUSTING VALUE OF Rg



Disadvantages

* The circuit does not provide a check on I,
which increases with temperature.

e = Blg+Iero
* Since I; & I. are fixed change in beta shifts
operating point.

I "E' Ili



) Example 1.4 : Design a fixed biased circuit using a silicon transistor having B value
of 100. V¢c is 10 V and dc bias conditions are to be Vcp =5 V and I = 5 mA.

Solution :
» Figure 1.20
Vec® 10V Applying KVL to collector circuit we get,
' ! Ve = Vee =IcRe =0
lg=? RO Re *IC.SM . RC=V(*(- "V(‘c =‘0—5=1K
T Ie SmA
}_ce.sv I SmA
S e R

Now, applying KVL to base circuit we get,

VMe=IpRa-Vege = 0

Yoo -V 0.7
Vee - Vige _ 10 -7 _ 186 kO

R
i ™ © S0pA




STABILITY FACTOR

* |t indicates the degree of change in operating point due to
variation in temperature.

 There are 3 variables that are temperature dependant

we can define three stability factors as below :

dl Al '
i) S = = = or S=FF_{ e (1)
co VBE, B constant 0 VBE, P constant
I
ii) s = aavc or § = AAJC )
BE [CO, P constant 5 ICO, B constant
dlc Al
iii) §” = -a—i or §"=— .. 3)
B ICO, VBE constant B ICO, VBE constant




STABILITY FACTOR (S)

For a common emitter configuration collector current is given as,

Ic = Bls+lcro
or Ic = Blg+(1+P)Icso .. (4)
When Icpo changes by Alcgo, Ig changes by dlg and I- changes by dl¢ . So this
equation becomes,
dic = Balg+(1+B)dlceo
) _ ala alCBO
~1 =8 31c +(1+B) 3.
dlp - d1cro _ a](_-
g Ale +B i . 6 3 Icso
a1 31 cno s = —U*P) .. (5)

l_ﬂ 31;- = (1+ﬂ}

dle
~ dlcso : 1-P(alg/dlc) ‘

" 9le 1+B

The above equation can be considered as a standard equation for derivation of stability
factors of other biasing circuits.

1-B(dlg/dlc)




STABILITY FACTOR (S) FOR
FIXED BIAS CKT

Vee

lg = R

When IB changes by alu, \é*r and VBE are unaffected.

I
%I—B =0 - I¢ is not present in the equation.
C

Substituting this value in equation (5), we get,

1+B 1+

> = 1-B@lp/0lc) 1-0

S = 1+B (6)



STABILITY FACTOR (S')

dlc

Sgav&

ICO B constant
From equation (4) we have,
lc = Bleg+ B +1) 1o
Now representing I in terms of Vg we get,

Lo (VCCR-BVBE) + (B + 1) Iogo

_ BVee BV

Ic Ry R, +(B+1) g
dlc B _-B
avw = O-E-#O--ﬁ;

s

Rg

. @)

... (8)



RELATIONB/W S & S/

We know that S=1+Band §' = ——

Rg
Multiplying numerator and denominator by (1 + f) we have
o . —BU+P
Rp (1+P)
§ = __P3  S=1+p .. (9)

Rp(1+P)



STABILITY FACTOR (S")

g - e
aﬂ VBE. ICO constant
From equation (7) we have Ic = BX:C-B::E +(B+1) o
dlc _ VCC_VBE) - =1
—a—B_-(RB Rg *lcao'la‘*[cso-a
-a-l—ﬂc- = -1-65 Since l.=%md Ig >> Icgo -+ (10)

RELATION B/W S & S!

Weh'mwht5=1+ﬂand5"=l—c

p
Multiplying numerator and denominator by (1 + f§) we have
gv - lc(+P)
B+H)
s” Ic S c S=14+8 .. (11)

S Ba+p



VOLTAGE DIVIDER /SELF BIAS CIRCUIT

Voltage divider blas circuit

Vee

Fig. 1.29 shows the voltage divider bias
circuit. In this circuit, the biasing is
provided by three resistors : R;, Ry and
Rg. The resistors R; and R; act as a
potential divider giving a fixed voltage to
point B which is base. If collector current
increases due to change in temperature or
change in B, the emitter current I also
increases and the voltage drop across Rg
increases, reducing the voltage difference
between base and emitter (Vye). Dueto
reduction in Vg, base currently and
hence collector current I- also reduces.
Therefore, we can say that negative
feedback exists in the emitter bias circuit.
This reduction in collector current I
compensates for the original change in I.



Base circuit

Let us consider the base circuit as shown in Fig. 1.30.

Voltage across R; is the base voltage V. Applying the
voltage divider theorem to find Vi, we get,
_ R, (I)
VBT R I R, () ¢ - O

R; -
Vg = R R, X Voo Al -5 ... (10)




Collector circuit

Now, let us consider the collector circuit as shown in Fg. 131.
Voltage across Rg (Vi ) can be obtained as,

1""'F, = lgRg = Vg — Vig

I _ Vi~ Vi
E = RF

Applying KVL to the collector circuit we get,
Voo = IeRe = Ng = Ig Rg =0
Wi =VWr - lceRe -1 Rg ... (12)

.. (11)

We can use simplified /approximate analysis when

BRg 2 10R;




iy Example 1.11 : For the circuit shown in Fig. 1.33. B = 100 for the silicon transistor.
Calculate Vg and Ic.

> Figure 1.33

+10V

R1=1ﬂl;ﬂ§ %%#1&&

l—v,
S L =
G
stsmg Re = 5000 ¢,

- ]




Solution : Since BRg = 50,000 = 10R;
We can use approximate mﬁl}rﬂis
R, 5x 10

= = x10=333V
Ve R, +R; Vec 10x10* +5x%103

We know that, Vi = V-V =333-07=263V
Vg _ 263V

and g = R, ~ 500 = 526 mA
g 5.26x 10~}

We know that, Ig = 1+ﬁ' 101 = 52.08 pA

and Ic = Blg =100x52.08x10 % = 5208 mA

Applying KVL to the collector circuit we get,
Vec= kRe=-Vg-IgRg =0
Me = YWoo- IcRe-Ig Rg
10- 5208 103 x 1x10* - 5.26x 10~ * x 500
2162 V



msp Example 1.12 : For a circuit shown in Fig. 1.34, Voc = 20V, Rc =2 kQ, B = 50,
ng = (0.2 V,
Ry =100kQ Ry =5kQand Ry = 100 Q Calculate Iy, Vcr & I .

P Figure 1.34




Solution : Since BRg = 5000 < 10 R; we have to use exact analysis.

Vc = R [I+Ig]+IR;
Vec ~1s Ry
R, +R,
Voo = Ry [I+1g]+ Vge +1g Re
Weknow that, Iz =lg+lc=15+B1ls
- Ve = Ry[I+Ig]+ Ve +(1+B)Ig Re

Substituting value of 1 we get,

% = R [“Kl‘;k' +l.]+vu +(1+B) I Ry
! 2

- l =
-e

[ Vee = lg Ry +1g Ry +1g R,
Ry +R,

R,

:|""""|1F. +(1+PB)Ig R¢

-1'41:' +1g R,
R, + R,

R,

]*VHH +(1+P) I R



Substituting values of V¢, Ry, Ry, Vg, B and Rg

20+ Igx 5x 108
100x 10* + 5x 10°

20 = 19.047619 + 47619 Iz + 0.2 +5100 I
0.752381 = 98619 Iy
Iy = 7629 pA
As o = Bly = 50 x 76.29 pA = 3.814 mA
Applying KVL to collector circuit we get,
Ve = leRe+ Ve +1g Rg
= IcRe+ Vg +(1+B)Ig Rg
Vee = Vo -lcRe-(1+B)Ig Rg
Veg = 20-3814x10°3 x2x10° - (51)x76.29x 10" ¢ x 100
= 11.9’3\1

We get, 20 = lOOXIO’[ ]*0.2+(Sl)lax100



STABILITY FACTOR (S)

Thevenin's equivalent circuit for voltage divider bias

For determining stability factor S
for wvoltage divider bias we will
consider the equivalent circuit as seen

8, in the previous section. Fig. 1.38 shows
AN
Ry the Thevenin's equivalent circuit for
. voltage divider bias.
T =
) Here Thevenin’s equivalent voltage
Vy is given by
R; x Vcc
v'r R] . R:_ and

the R; and R; are replaced by R which is the parallel combination of R; and R; .

‘R R;
R, + R,

Rg =

Applying KVL to the base circuit we get,

Vi = IgRg + Ve +(Ig +1c) R



Differentiating w.r.t. I and considering Vg to be independent of I we get,

3l dlg
0 - -aI—CXRB"’él—CXRE*RE
al
-a-%(Re*Rs) = - Rg
1 ~Re ... (15)

m - Reg+ Rp
We have already seen the generalized expression for stability factor S given by

- 1+B
S = 13 BT ... (16)

Substituting value of g—:ﬁ in the equation (16) we get,

S = 140 .7
1+8( s

‘ 5 - {]+ﬁ}{R—E+RH}_{1+B][RE+RE]
~ Re+Rg+PpRg  Rg+(1+P)Rg




Key Point: Stability factor S for voltage divider bias or self bias is less as compare to other
biasing circuits studied. So this circuit is more stable and hence it is most commonly used.
(Advantage of self bias or voltage divider bias circuit.)

Advantages:

» Stability factor is less

» More stable

Disadvantage:

»Require more components than
usual is the drawback of this method



STABILITY FACTOR(S')

Stability factor S’ is given by

dlc

§ =
d Ve

100.B constant
It is the variation of I with Vgg when I and B are considered constant.
We know that,

l(~ = (l +B)lco +B|g (20)
V-r = lgRg + Vge +(Ig +Ic)Rg
Vee = Vr-(Rg +Rp)lg-Relc ... (21)

By writing equation (20) in terms of 1y we get,

. 4 lc-(l;b)lm @




Now, substituting I in equation (22) we get,

Vee = Vr-(Rg +m;)[lc '“;B““’

_ Re*Rp)lc  (Re +Rg)(1+B)Ico

]-Rslc

= V Rgl
b B p s
Vee = Vr- [(1*5)R5+Rn]lc+(R£ +Rp)(1+B)Ico . (23)
B p
Differentiating the equation (23) w.r.t. Vg with Iy and B constant we get,
- _[RB +(1+B)Re | dlc
1 =10 B 3 Ver + 0
dlc B -B
dVpe  Rp +(1+B)Rg e (24)
5.’ = _ﬂ

Rg +{_1+ﬁ]RE -+ (25)



RELATIONB/W S & S/

We know from equation (17)

1+Rg/Rg
1+f+Rp/Rg
Multiplying both denominator and numerator by Ry we get,
(1+B)(Re +Ryp)
Rp+(1+p)Rg

5 1
(1+B)(Rg +Rp) Ra+(1+B)Re

| . .
Ryt (14P)R, ™ oquation (25) we get,

S = ]+ﬂ

S =

Substituting value of

- ____S p
(1+P)(Rg +Rg ) i“E*Rl}'{I"“ﬂ}

s = -B

.- (26)



STABILITY FACTOR(S")

Stability factor S is given by

o _ e

aB 1CO. VBE constant

It is the variation of I¢ with B when Ico and Vge are considered constant. We recall
equation (23) which is

Vee = Vr -

[Re +(1+B)Re ] +[(RE *""""'"’]n
( o0

B B
[Re +(1+B)RE | ,
= Vyr- B Ic+V ... (28)
where V! = [(RB‘*RE)(BH)]MO =(Rg +Rg)lco v o Bp>>1

If we write equation (28) in terms of I we get,

_ B(Vr+V = Vg)

le = RoFRe (14B) o V)




Differentiating equation 29 and taking V' independent of f§ , we get,
dlc  Rag+Reg(1+P) Vy +V = Ve )-B(Vy + V'~ Vg )Rg
ap (Rg+Rg (1+B)?)

Multiplying numerator and denominator by (1 + 8 ) we get,
_ (1+B)Rp+Rg)(Vr+ V'~ Vge)
(1+B)[Rp+Re (1+B)][Ra+Re (1+B)]
S(Vr + V' = Vge )
(1+B)[Ra+Rg (14B)]

(1+B)(Re +Ry)
Ra+ (14B) Re

Since S =

from equation (26)

du

V=1

dt

dv

dt




Multiplying numerator and denominator by p we get,
dl¢ _ ﬂ[v~|-+".|"—vm’._}5 Ic S

3P ~ PB(1+B) [Re+Re (1+B)] B(1+P) - G0)
. _ B{\"T'l'v’—vmg}
Biwce ' T TR+ Re (148))
, e IcS -
S T R TR R - &)

Thus, change in collector current due to change in f is

Ic S
B17p) P

Al = S” P =



Small signal analysis of amplifiers



BASIC TRANSISTOR AMPLIFIER

The Fig. 6.13 shows basic ampiuier circuit. From the Fig. 6.13 we can notice that to
form a transistor amplifier only it is necessary to connect an external load and signal
source, along with proper biasing. Fig. 6.13 represents a transistor in any one of the three
possible configurations.

L 2

+ ot Lll

v v Ry
=
z ' Y,

-

20

—

Fig. 6.13 Basic transistor amplifier
We can replace transistor circuit shown in Fig. 6.13 with its small signal hybrid model



H-parameters or hybrid parameters

* h parameter of two port network is a square
matrix of order 2x2. Basically it is a way to
represent a two port network. It is also known as
hybrid parameter. In this form of representation,
voltage of input port and current of the output
port is expressed in terms of current of input port
and voltage of output port.

* Thus, the h parameter for a two port network is
defined as


https://electricalbaba.com/concept-of-electricity-what-is-current/

Vi hit he] | 1T

12 hat  ha| | V2

=V =hqylg+hepVo o (2)

=l =haqly +hooVo. ...



Why h Parameter is called Hybrid
Parameter?

* h parameter is also called hybrid parameter. This
is because of the method of calculation of
individual element of h matrix. Short circuit
condition of input port is assumed for the
calculation of h;; and h,,.

* While open circuit condition is assumed for
hy, and h,, calculation. Thus we see that, both
open circuit and short circuit terminal conditions
are assumed in the calculation of h,,, h,, h,; and
h,,. This is the reason, it is also called hybrid
parameter.



Calculation of h Parameter:

* Let us consider a two port network. Let V, |,
V, and |, are the input voltage, input current,
output voltage and output current
respectivelv.

11

I\” Two Port Network




* Assuming the short circuit condition at the
output terminal, we get

V,=0
* Now putting V, =0in (2), we get
Vi=hyly

hy;=(Vy/ 1))
* Similarly putting V, =01in (3), we get

l, = h21'1

hy =(1,/1)



* Again assuming input port of the two port

network to be open circuited, the input voltage
will be zero.

,=0

* Now putting |, =0in (2), we get
V,=hy,V,
hy,= (V1/Vz)

* Similarly putting I, =0 in (3), we get
I, =h,,V,
h,, = (Iz/vz)



H parameters of two port network

N (V4 /h) Condition: Qutput port of the two port network is

ho: (o1 11) short circuited i.e. V=0

12 (V4 1Va) Condition: Input port of the two port network is
0 open circuted ie. 14 =0

N2 (I 1'V7) P




Since h,, is the ratio of input voltage and input current
when the output port is short circuited, therefore it is
known Input Impedance. Its unit is ohm.

h,, is the ratio of output current and output voltage
when input port is open circuited, therefore it is
called Output Admittance of the network. Its unit is
mho.

h,, is the ratio of input voltage and output voltage
when input port is open circuited, therefore it is
called Reverse Voltage Gain. It is a unit less quantity.

h,, is the ratio of output current and input current
when output port is short circuited, therefore it is
called Forward Current Gain. It is a unit less quantity.



Equivalent Circuit Representation of h
Parameter:

We can replace transistor circuit shown in Fig. 6.13 with its small signal hybrid model

as shown in Fig. 6.14.
~ vzo §>

Fig. 6.14 Transistor amplifier in its h-parameter model

Moﬂ—<——0~

Let us analyze hybrid model to find the current gain, the input resistance, the voltage
gain, and the output resistance.



Current gain(A,)
Current Gain (A ;) :

For transistor amplifier A; is defined as the ratio of output to input currents. It 1s
given by,

A, = L, =1 e (1)

Here [, and [, are equal in magnitude but opposite in sign, i.e. Iy =~12
From the circuit of Fig. 6.14 We have,

I = hyl; +h, V3 ses )
Substituting V, = = 1; Ry in the equation we obtain
I = hyly +h, (=12 Ry )
[ +ho 2 Ry = hi |
(1+hgRy) 12 = he Iy

I, hy .
I = Thke —> A =__I_;_ _ hy J
L




Current gain(A)

It is the current gain taking into account the source resistance, Rs if the model is
driven by the current source instead of voltage source. It is given by

I, I, L
Ay = 2 et 7 (3 ... (4)

"
>

j,

_Q z,g v, = R 32 I,
14 4
I section of d model I section of d model with
o s T Ml o gl

Fig. 6.15



Looking at Fig. 6.15 (b) and using current divider equation we get

LR
h = 7Z7R;
Lo R
'l- - Zi+R|

R
Aﬂdhmce Aii = ?i"*Rl



Input impedance (Z))

As shown in the Fig. 6.13, R; is ‘he input resistance looking into the amplifier input
terminals (1, 1” ). It is given by,

V
R, = ﬁ ... (6)
From the input circuit of Fig. 6.14, we have
Vi = hy I; +h: V; ..m
V. h; I, +h
H, zi_‘l::ill:\&_
i
V.
Z; = hi+h,—ﬂ!- ... (8)
Substituting Vi==Ih R =A; 1 R . (9)
In the above equation we get,
h; Ai I R
Zi = hi+——1— “ = h; +h; A; Ry .. (10)



Ny

Substituting A =-1+h, R,
h, hy Ry
We get, Zi = hNi-T3hoR, - (1)

Dividing numerator and denominator by R we get

h; h;
Zi = hi-yR ¥R,

h, h; 1
Z; = h; “Y; +h. | where Y| =R, .. (12)

From this equation we can note that input impedance is a function of the load
impedance.



Voltage Gain(A,)

It is the ratio of output voltage V; to the input voltage V; . It is given by

From equation (9) we have,

~ Aj _I; R ALRL
Av = Vi = Z

. I 1
Since, v =7z

... (13)

. (14)



Voltage Gain(A,)

Voltage Gain (A,,) : It is voltage gain including the source. It is given by,

V.. Vo Wy
Vv
Ay = A,xﬁ- ... (16)
by Looking at Fig. 6.16 and applying potential
+f divider theorem we can write,
v, R, _ zl
_i Vi = R, +7Z; Vs
Vi Zi
Fg- 6.16 Vs - R.+Z,

V
Substituting value of -ﬁ* in equation 16 We get,

'zl
Aw=Ay . T37 .. (17)

A R A Ry
R,‘*‘Ri : A? = Zi e {]'E]

]



Output admittance(Y,)

It is the ratio of output cw. ™t to the output voltage V;. It is given by,
Iy

Yo = 3 withV, =0 .- (19)
From equation (2), we have, I = b I, +h, V3
Dividing above equation by V; we get,
Yo = hy l'l,.,rl_"'"hu -+ (20)
2

From Fig. 6.14, with V; = 0 we can write,
R‘ l'|I +h| Il L hr FI = ﬂ e (21}
(Ry+hi)ly = -h V;



l' -hr

Y, = R.+h ... (22)
I
Substituting value of V—|2 from equation (22) in equation (20), we obtain,
hy hy
Yo = be - 7R - (23)

From this equs son we can note that output admittance is a function of the source
resistance.



Power Gain(A,)

Power Gain ( Ap ) : It is the ratio of average power delivered to the load R, to the
input power. Qutput power is given as
P, = V, I =-Va I, .. (24)

Since the input power is P, = V| 1, the operating power gain A, of the transistor is
defined as

P, Vi, > R A R
F="PT=_VIII=Awﬂi=AiE_I_ SAy = Z ... (25)

A




Relation between

From equations(18) and equation(5) we have

ARy

Ay = Z. +R,

A; R

and A, = Z, +R,

Taking rati.. of above two equations we get,

Aw _ Ry
Ai; - R!-

Re
ﬁ'\i- "'ﬁ-"ls 'Rﬁ

AVS & AIS

.. (26)






GUIDELINES FOR ANALYSIS OF
TRANSISTOR CIRCUIT

In the previous section we have seen generalized transistor circuit analysis using
h-parameters. There are many transistor circuits. Circwuts may consist of different biasing
techniques, different configurations and so on. The 2nalysis of such transistor circuits for
its small signal behaviour can be made by following simple guidelines. These guidelines
are :

1. Draw the actual circuit diagram.
2. Replace coupling capacitors and emitter bypass capacitor by short circuit.
3. Replace d.c. source by a short circuit. In other words, short Vcc and ground lines.

4. Mark the points B(base), C(collector), E(emitter) on the circuit diagram and locate
these points as the start of the equivalent circuit.

5. Replace the transistor by its h-parameter model.



Consider a common emitter amplifier with voltage divider bias circuit as shown in the
Fig. 6.17 (a)

Guideline 1 : Draw actual circuit diagram

Guideline 2 : Short coupling and bypass capacitors

Guideline 3 : Short \¢ and ground lines

Guideline 4 : Mark points B, C, E and locate these points as the
start uf the equivalent circuit

3 .
' (—om
C, C,
Mg —i—
a,§ Re :f:cs
= 2.

(a) Actual circuvit diagram (b) Circvit with capacitors as a short circuit



(¢) Circuit with Vec and ground short circuit  (d) Circuit with B, C and E points located
Fig. 6.17
Guideline 5 : Replace transistor by its h-parameter model
and calculate effective R, (R}) and effective R, (R5).
For example, in above circuit R = R, || R, || R
and R; =R, || R¢.

With these guidelines we will analyze CE,CB and CC amplifier circuits in coming
sections.




Example 6.1 : Consider a single stage CE amplifier with R, = 1 kK R, = 50 K,
Ry=2 K, Re=1K, Ry =12 K, hy, = 50, h, = 1.1 K, h,, = 25 pA/V and h,, = 2.5x10-4,
as shown in Fig. 6.18.

: Iy V.
Find A, R, A, A =T, Avs-medR,




‘lc —hlt

a) Current gain A, =

I 14+hoR%:
Where Ri = ReJIR . =1K| 12K =54545Q
-50
Ai = [IBuA/ V(G545 - 932

b) Input resistance R, = h, + h, A, Ry

= 1.1 K + 2.5x10"% x(-49.32)x545.45

= 1093 Q

V. A; Ry -4932x545.45

d VOlnsc m A' — vb = Ri = 1m3 = - 2‘-61

d) Overall input resistance R; = R, | R, || R,=1093 | 50 K || 2 K = 696.9 Q

V: V. ¥
e) Overall voltage gain A, = V: = \f;x'ufh

L]



Looking at Fig. 6.20 and voltage divider equation we get,

v VR VK
T b~ R,+R;} " V.  R,+R;
+
V. % ' V. V R}
s‘_ Vb " - ‘\n;'g;V§ﬁ<i£3== l\v)(l{’4fnz

. 69.9
Fig. 6.20 = 2461 X771 36969 = 101
IL lL l Ib
f) A i(for circuit) = L™ R xl:xl’

Looking at Fig. 6.21 and 6.22 and using current divider equation we have,
b b,

Rg= R, lIR; R




_I:RC

IL = Rc+RL

I _ R

| - Rc'l'R[_

IIRB

I'" = RB+R1
R;|R,=50K|| 2K = 1923 K
Ry
R5+Ri
Iy I. Iy -Re¢ Ry

I, Hlb“l, = Rc+ Ry x 49.32 x Rp+ K,

1K 1.923K
1K+ 2R 49327 93K+ 1.093K ~ ~ 1429




ANALYSIS OF CE CIRCUIT USING
SIMPLIFIED HYBRID MODEL

Let us consider the h-parameter
equivalent circuit for the amplifier, as
shown in the Fig. 6.31.

R Now, see how can we modify this
model so as to make the analysis simple
without greatly sacrificing accuracy ?

Since 1/h,, is in parallel with R,

Fig. 6.31 and Re if 1/h,, >>R( || Re, then hy
may be neglected. If we neglect h, the

collector current |, is given by I. = hg Iy. Under these conditions the magnitude of the
voltage of the generator in the emitter circuit is,

hre [Veel = bl (Ry || Re) = hehge Iy (R || Re)

l ]
2




i
5"3 = . Since hhg ~ 0.01, this voltage may be

R, T T neglected in comparison with the h .1, drop
; Vv, Sh, D""'b RV, across h;, provided that R || R¢ is not too
v large. We therefore conclude that if the load

‘- rl‘ 3 F‘] , l_‘| resistance R; || R is small, it is possible to

j:-‘ IRo R, neglect the parameters h, and h, in the

h-parameter equivalent circuit. Fig. 6.32

Fig. 6.32 Approximate CE model shows the approximate h-parameter
equivalent circuil.

Current Gain : From Table 6.2 the CE current gain is given as

= l(' — h&.
A‘ = lb = l+hmR|,
By neglecting h_, we have, A ~ ~hg (1)
Input Impedance : From Table 6.2 the CE input impedance is given as
Ri=he +h ARy

By neglecting h,, we have,
R, = h, ..(2)



Voltage Gain : From Table 6.2 the voltage gain is given as

+(3)
Output Impedance : From Table 6.2 the CE output impedance is given as
Y, = h,, - Eb-"f['{ —i -(3)
By neglecting h,, and h,,
Y, = 0
R, = == A8

R, =R, || Ry = Ry = R .(5)




ANALYSIS OF CC CIRCUIT USING
SIMPLIFIED HYBRID MODEL

We have seen the simplified CE
model, in which input is applied to base
and output is taken from collector, and
emitter is common between input and
output. The same simplified model can be
modified to get simplified CC model. For
simplified CC model, we have to make
collector common and take the output

Fig. 6.37 Simpiified CC model from emitter, as shown in the Fig. 6.37.
The hy, I, current direction is now exactly
opposite that of CE model because the current h, Iy always points towards emitter.




Current Gain : It is defined as the ratio of output to input currents

IL‘I 'I{
A‘izn‘!_ﬁnl-"hﬁ .“{ﬁ}

Input Resistance :

v

From Fig. 6.37 we obtain R = g
Applying KVL we have
~Lh -, R =0

Vo = bh +L R,

Vy o

T = Mty R

I,n _Ie
R, -lh he+ M+hJ R | o (o= 1= =1+hg e 7

The above equation shows that input impedance of CC is higher than the CE
configuration.



Voltage Gain (A) :

. ’ Vu IHRL A i Rl. ln —IE
Itis given as Ay = Vi = LR, = R "'A‘izﬂnﬁ

Substituting values of A; and R, we get

(1+hg) Ry
Av = R+(0+h Ry

[

Ovutput Resistance R, :

It is the ratio of output voltage V, to output current I, with V, = 0

Applving KVL we have,
Vo=l R~ Iy =V, =0
V, = ~L,R-h, = V,=0=-1 & +h,)

i
L, = -4k,
V,., “lb{R,-i-hk}

e

I, = - (l'l"hle]lh

1 | but always less than 1 -+ (1 + hg) Ry >> hy, ...

...(8)

©)



Ve Rohy
Y=, ToR,

... (10)

The output resistance R, of the stage, taking the load into account is given as

R, =R, |ﬂ - (1)




- n-l'-ll'-"- -y AT ATY ETEIwEw WET T ETh WYY TR prTRETR R W TEFT N

The approximate CB model can be drawn by giving input to emitter, taking output
from collector and making base common. The Fig. 6.41 shows the approximate CB model.

Current Gain (A;) : It is defined as a ratio of output to input currents
- e -hklb

A= T, =T, = “thly ~k=hebandl=-(+h)l
AL 121‘:,. .. (12)
The above equation of CB shows that its current gain is always less than one.
Input Resistance (R)) : It is defined as ratio of input voltage to input current
Ve -hilp
R = T=imgn ¢ Ve-hehandl=-a e Rl
h
IR* B 1+:,.. ... (13)




Voltage Gain (A)) : It is defined as a ratio of output to input voltages
Vo Io Ry A R
A=V LR TR

Substituting value of A; and R, we get,

e (14)

V, = 0

When V, = 0, the current through input loop I, = 0, hence I, = 0 and R, = ==
The output resistance R}, of the stage, taking the load into account is given as

Ro=R, IR, ==|IR, =R - (15)




Comparison of amplifiers

Common-Emitter (CE)

Common-Base (CB)

Common-Collector (CC)

Parameters Amplifier Amplifier Amplifier
Input .
resistance Moderate fr. Low rg High BRg
Output : :

esistance High R¢ High Rc Low re

. . I .

Voltage gain High -* High = About 1
Current gain High 8 Low, about 1 High (1 + )
Power gain High Moderate Low

Phase shift 180° 0° 0°




Effect of coupling capacitor

5151 Effect of Coupling Capacitors

Recall that the reactance of a capacitor is X, = 1/2xf.. At medium and high
frequencies, the factor f makes X, very small, so that all coupling capacitors behave as
short circuits. At low frequencies, X increases. This increase in X, drops the signal
voltage across the capacitor and reduces the circuit gain. As signal frequencies decrease,
the capacitor reactances increase and circuit gain continues to fall, reducing the output
voltage.



Effect of bypass capacitor in amplifier

5.1.5.2 Effect of Bypass Capacitors

At lower frequencies, the bypass capacitor C¢ is not a short. So, the emitter is not at
a.c. ground. X in parallel with Rg (Rg in case of FET) creates an impedance. The signal
voltage drops across this impedance reducing the circuit gain. This is illustrated in Fig. 5.5.

*Vee * Voo
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