UNIT I

The process af raising the strength of a weak signal without any change in its general shape is nown
as faithful amplification.

The theory of transistor reveals that it will function propetly if its input circunit (i.e. base-emitter
junction) remains forward biased and output circuit (i.e. collector-base junction) remains reverse
biased at all times. This is then the key factor for achieving faithfnl amplification. To ensure this, the
following basic conditions must be satisfied -

(1) Proper zero signal collector current
(i) Minimum proper base-emitter voltage (I'; ;) at any instant
(rif) Minimum proper collector-emitter voltage (I,z) at any instant

The conditions (i) and (i) ensure that base-emitter junction shall remain properly forward biased
duoring all parts of the signal. Oun the other hand, condition (i) ensures that base-collector junction
shall remain properly reverse biased at all times. In other words, the fulfilment of these conditions

will ensure that transistor works over the active region of the output characteristics i e. between
saturation to cut off.

(1} Proper zero signal collector current. Consider an npn transistor circuit shown in
Fig. 9.1 (i). During the positive half-cycle of the signal_ base is positive w.t.t. emitter and hence base-
emitter junction is forward biased. This will cause a base current and much larger collector current to
flow in the cirenit. The result is that positive half-eyele of the signal is amplified in the collector as
shown. However, during the negative half-eyele of the siznal. base-emitter junction is reverse biased
and hence no current flows in the cirenit. The result is that there is no output due to the negative half-
cycle of the signal. Thus we shall get an amplified output of the signal with its negative half-cyeles
completely cut off which is unfaithful amplification.
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MNow, introduce a battery source I'pg in the base circuit as shown in Fig. 9.1 (#f). The magnitude

of this veltage should be such that it keeps the input circuit forward biased even during the peak of
negative half-cycle of the signal. When no signal is applied, a d.c. current I will flow in the collector
circuit due to gy as shown. This is known as zero signal collector current In. During the positive
half-cycle of the signal, input circuit is more forward biased and hence collector corrent increases.
However, during the negative half-cyecle of the signal the input cireuit is less forward biased and
collector current decreases. In this way. negative half-cycle of the signal also appears in the output
and hence faithfil amplification results. It follows, therefore, that for faithfiul amplification. proper
zero signal collector current mmst flow. The value af zero signal collector current should be arlsast
equal to the maximum collector current due to signal alone i.e.



(i) Proper minimum base-emitter voltage. In order to achieve faithful amplification, the
base-emitter voltage (I';z) shounld not fall below 0.5V for germanium fransistors and 0.7V for 5i
transistors at any instant.
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The base cuorrent is very small until the *input voltage overcomes the potential barrier at the
base-emitter junction. The value of this potential barrier iz 0.3V for Ge transistors and 0.7V for 5i
transistors as shown in Fig. 9.3, Once the potential barrier is overcome, the base cutrent and hence
collector current increases sharply. Therefore, if base-emitter voltage Iy falls below these values
during any part of the signal. that part will be amplified to lesser extent due to small collector current.
This will result in unfaithfinl amplification

(i) Proper minimum Vg at any instant. For faithful amplification, the collector-emitter
voltage Vpp should not fall below 0.5V for Ge transistors and 1V for silicon transistors. Thisis called
imee voltage (See Fig. 9.4).

*  In practice, a.c. signals have small voltage level (= 0.1V} and if applied directly will not give any
collector current.
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When I is too low (less than 0.5V for Ge transistors and 1V for 5 transistors), the collector-
base junction is not properly reverse biased. Therefore, the collector canneot attract the charge carri-
ers emitted by the emitter and hence a greater portion of them goes to the base. This decreases the
collector current while base current increases. Hence, valoe of B falls. Therefore, if Vg is allowed
to fall below I, during any part of the signal, that part will be less amplified due to reduced f. This
will result in unfaithful amplification. However, when ¢ is greater than V. the collector-base
junction is properly reverse biased and the value of P remains constant, resulting in faithfinl amplifi-
cation.
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The resistors Rg and Rg,form a potential divider across drain supply Vpp. The voltage V, across Rg, provides the
necessary bhias.The gate is reverse biased so that I = 0 and gate voltage is:

Ve=V2=(Vop/Re1+Re2) *Rez And Vs =V —Vs=Ve—IpRs
The circuit is so designed that Iy Rsis greater than VG so that VGS is negative. This provides correct bias voltage.

The operating point can be determined as:
Ib=(Ve—Ves)/ Rs And Vps =Vpp - Ip (Rp + Rs)

TRANSFER CHARACTERISTICS:

ip (mA)

2 Ipss
S

vgs (V)




Voltage divider bias is the most popular and used way to bias a transistor. It uses a few resistors to make sure that
voltage is divided and distributed into the transistor at correct levels. One resistor, the emitter resistor, Re also helps provide
stability.
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Determining Thevinin Voltage and Resistance:

Collector circuit
P Figure 1.31

Divider biased

*Vec Now, let us consider the collector circuit as shown in Fig. 1.31.
Voltage across Ry (Vg ) can be obtained as,
VE =IlgRg = Vg = Ve

. VB = VBE

e - .. (11)

Applying KVL to the collector circuit we get,
Vec = IeRe=Veg —Ig Rg =0
Ve = Ve = Ie Re - Ie Re .- (12)
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Applying KVL to the base circuit we get,
Vr = IgRp + Vg + (Ig +1¢) Rg

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

0 = -g:—:XRB +g+sxRE +Rg
’g:—?(RE+RB) = -Rg
i -
We have already seen the generalized expression for stability factor S given by
S - TFGAD -9
Substituting value of g—:—E in the equation (16) we get,
1+p

5 = ..(17)
Re
1+5( Reg + RBJ



S = (1+4B)(Re +Rp) _ (1+B)(Rg + Rp)
Rg+Rg+BRg R+ (1+B)Rg

Dividing each term by Ry we get,
l+R|;|fRE
S = (1+
( ﬂ} (]+ﬁ)+RH,f’RE

From equation (16) we can observe following important points

.. (18)

1. The ratio Rp/Rg controls value of stability factor S. If Rg/Rg << 1 then
equation (18) reduces to
1
S = (1+B). —— =1 R ¢ L
1+8) - o 19)
Practically Rg/Rg # 0. Bul to have better stability factor S we have to keep ratio
Rg/Rg as small as possible.

2. To keep Rg/Rg small, it is necessary to keep Rpsmall. This means that
R || R; must be small. Due to small value of R; and R;, potential divider circuit
will draw more current from V¢ reducing the life of the battery. So while
designing if we make R; much smaller than R; then parallel combination results
small Ry without drawing more current through Vcc.

Advantages of the Voltage Divider Bias

1. The resistors help to give complete control over the voltage and current that each region receives
in the transistor.

2. And the emitter resistor, RE, allows for stability of the gain of the transistor, despite fluctuations
in the B value



The collector current in a transistor changes rapidly when

(1) the temperature changes.

(1f) the transistor is replaced by ancther of the same type. This is due to the inherent variations
of transistor parameters.

When the temperature changes or the transistor is replaced, the operating point (i.e. zero signal
I and Fig) also changes. However, for faithful amplification. it is essential that operating point
remains fixed. This necessitates to make the operating point independent of these variations. This is
known as stabilisation.

The process of making operating point independent of ftemperature changes or variations in
transistor parameters is known as stabilisation.

Cmnce stabilisation 1s done, the zero signal I and Iz become independent of temperature varia-
tions or replacement of transistor i.e. the operating point is fixed. A good biasing circuit always
ensures the stabilisation of operating point.

Need for stabilisation. Stabilization of the cperating point is necessary due to the following reasons :

(i) Temperature dependence of I~

(i) Imdividuval variations

(iif) Thermal mnaway
(i) Temperature dependence of I.. The collector current I for CE circuit is given by:
Ie = Bly+Igge = B+ (B+ 1) I

The collector leakage current Iy, is greatly influenced (especially in germaninm transistor) by tem-
perature changes. A rise of 10°C doubles the collector leakage current which may be as high as 0.2 mA for
low powered germaninm transistors. As biasing conditions in such transistors are generally so set that zero
signal I, = 1mA_ therefore, the change in I due to temperature variations cannot be tolerated. This
necessitates to stabilize the operating point i.e. to hold I~ constant inspite of temperature variations.

(if) Individual variations. The value of B and I'pp are not exactly the same for any two transis-
tors even of the same type. Further, I5p itself decreases when temperature increases. When a
transistor 15 replaced by another of the same type, these variations change the operating point. This
necessitates to stabilise the operating point i.e. to hold I, constant irrespective of individual varia-
tions in transistor parameters.

(fiT) Thermal runaway. The collector current for a CE configuration is given by :

T — T [ ] i T Py

Ie = BIz+(B+1)Ip,



The collector leakage current I, 1s strongly dependent on temperature. The flow of collector
current produces heat within the transistor. This raises the transistor temperature and if no stabilisation
1s done, the collector leakage current /5, also mcreases. It 1s clear from exp. (i) that if [z, in-
creases. the collector current /. increases by (B + 1) Iz, The increased /. will raise the temperature
of the transistor. which in turn will cause J-g, to increase. This effect 1s cumulative and 1n a matter of
seconds, the collector current may become very large, causing the transistor to burn out.

The self-destruction of an unstabilised transistor is known as thermal runaway.

In order to avoid thermal runaway and consequent destruction of transistor, it 15 very essential
that operating point 1s stabilised 7.e. I, 1s kept constant. In practice, this 1s done by causing I to
decrease automatically with temperature increase by circuit modification. Then decrease in Jj I will
compensate for the increase in ( + 1) J 5. keeping I-nearly constant. In fact, this is what is always

aimed at while building and designing a biasing circuit.
9.5 Essentials of a Transistor Biasing Circuit

It has already been discussed that transistor biasing 1s required for faithful amplification.
The biasing network associated with the transistor should meet the following requirements :
(f) Tt should ensure proper zero signal collector current.

(i) It should ensure that V¢ does not fall below 0.5 V for Ge transistors and 1 V for silicon

transistors at any instant.
(7i) It should ensure the stabilisation of operating point.

It has already been discussed that transistor biasing 1s required for faithful amplification.
The biasing network associated with the transistor should meet the following requirements -
(7) Tt should ensure proper zero signal collector current.

(if) It should ensure that Fz does not fall below 0.5 V for Ge transistors and 1 V for silicon
transistors at any instant.

(7i) It should ensure the stabilisation of operating pomt.

9.6 Stability Factor
It 1s desirable and necessary to keep /. constant in the face of vanations of I 5, (sometimes repre-

sented as [-,). The extent to which a biasing circuit 1s successful in achieving this goal 1s measured
by stability factor S. It 1s defined as under :

The rate of change of collector current I w.r:t. the collector leakage current *I,, at constant B
and Iy is called stability factor ie.

Stability factor, § =

dfccﬂ at constant Iy and

The stability factor indicates the change in collector current I due to the change in collector
leakage current I, Thus a stability factor 50 of a carcuit means that /- changes 50 times as much as
any change in I, Inorder to achieve greater thermal stability. it 1s destrable to have as low stability
factor as possible. The ideal value of 5 1s 1 but it is never possible to achieve it in practice. Experi-
ence shows that values of S exceeding 25 result in unsatisfactory performance.

The general expression of stability factor for a C.E. configuration can be obtained as under:

Ie = BIz+(B+Digo
** Differentiating above expression wr:t. I we get,



The metal-oxide—semiconductor field-effect transistor (MOSFET, MOS-FET, or MOS FET) is a type of
transistor used for amplifying or switching electronic signals.Although the MOSFET is a four-terminal device with
source (S), gate (G), drain (D), and body (B) terminals,the body (or substrate) of the MOSFET is often connected to
the source terminal, making it a three-terminal device like other field-effect transistors.The main advantage of a
MOSFET over a regular transistor is that it requires very little current to turn on (less than 1mA), while delivering a
much higher current to a load.

The main difference this time is that MOSFETS are available in two basic forms:

1. Depletion Type — the transistor requires the Gate-Source voltage, (Vgs) to switch the device “OFF”. The
depletion mode MOSFET is equivalent to a “Normally Closed” switch.
2. Enhancement Type — the transistor requires a Gate-Source voltage, (Vgs) to switch the device “ON”.

The enhancement mode MOSFET is equivalent to a “Normally Open” switch.

M-channel MOSFET P-channel MOSFET
Dirain Drain
Substrate Substrate
G ate | Gate
|
Source Enhancement Type Source

{normally- off)

Dirain Drain

Substrate Substrate
Gate | Gate
!
Depletion Type

Source - Source
{normally-on}
Common FET Biasing Circuits
e Fixed — Bias
e Self-Bias
e Voltage-Divider Bias
Fixed — Bias
I,DD
RD
RG
Rs
=~ =
For all FETs:
Vs
Il =0A I, =15 Io = loss(1———)°

p


https://en.wikipedia.org/wiki/Field-effect_transistor

It is called fixed-bias configuration due to Vg is a fixed power supply so Vs is fixed

Self-Bias
OVM
0
-~

“
=
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Since no gate current flows through the reverse-biased gate-source, the gate current I = 0 and, therefore,
Vs=IgRs=0

With a drain current I the voltage at the S is

Vs=IsRs anp  Is=Ip

The gate-source voltage is then

Ves=Ve—Vs=0-IpRs=~1pRs

So voltage drop across resistance Rs provides the biasing voltage Vgs and no external source is required for biasing

and this is the reason that it is called self-biasing.

Voltage-Divider Bias

+VDD

Re2




The resistors Rg and Rg,form a potential divider across drain supply Vpp. The voltage V, across Rg; provides the
necessary bias.The gate is reverse biased so that I = 0 and gate voltage is:

Ve=V2=(Vop/Re1+Re2) *Rez And Vs =Ve—Vs=Ve—IpRs
The circuit is so designed that I Rsis greater than VG so that VGS is negative. This provides correct bias voltage.
The operating point can be determined as:

Ib=(Vs—Vas)/ Rs And Vps=Vpp—Ip (Rp + Rs)

When only one transistor with associated circuitry is used for ampli-
fving a weak signal, the circuit is known as single stage transistor
amplifier.

+Vee

A single stage transistor amplifier has one transistor. bias eircuit Rl% 5k = OUTPUT
and other auxiliary components. Although a practical amplifier con- >
sists of a number of stages. yet such a complex circuit can be conve-
niently split up into separate single stages. By analysing carefully l
only a single stage and using this single stage analysis repeatedly. we
can effectively analyse the complex circuit. It follows. therefore, that 0.1V R, Ry
single stage amplifier analysis 1s of great value in understanding the
practical amplifier circuits. :
S - - _ - _ S , Fig. 10.1

Fig. 10.1 shows a single stage transistor amplifier. When a weak a.c. signal 1s given to the base of
transistor. a small base current (which 1s a.c.) starts flowing. Due to transistor action. a much larger
(B times the base current) a.c. current flows through the collector load R .. As the value of R.is quite
high (usually 4-10 k). therefore. a large voltage appears across R Thus. a weak signal applied in
the base circuit appears in amplified form in the collector circuit. It is in this way that a transistor acts
as an amplifier.

The action of transistor amplifier can be beautifully explained by referring to Fig. 10.1. Suppose
a change of 0.1V in signal voltage produces a change of 2 mA in the collector current. Obviously. a
signal of only 0.1V applied to the base will gi\ic an output voltage = 2 mA x 5 kQ = 10V. Thus, the
transistor has been able to raise the voltage level of the signal from 0.1V to 10V i.e. voltage amplifi-
cation or stage gain 1s 100.



The function of transistor as an amplifier can also be explained graphically. Fig. 10.2 shows the
output characteristics of a transistor in CE configuration. Suppose the zero signal base current is 10
pA ie this is the base eurrent for which the transistor is biased by the biasing network. When an a.c.
signal 15 applied to the base, i

it makes the base. say posi- +
tive m lhe_ first half-cyele and SIGNAL
negative in the second half- OUTPUT — CURRENT

cycle. Therefore. the base cURRENT 2 mA WpA
and collector currents will in-

erease in the first half-cyele 1.5 mA / \ ISpA
when base-emitter junction is 1 MA e 10 A
more forward-biased. How- \ /

ever. they will decrease in the 0.5 mA Ig=35pA
second half-cycle when the | | | ;

base-emitter junction is less 0 v 2v 3V 4V 5V
forward biased.

Practical circuit of Transistor Amplifier

It is important to note that a transistor can accomplish faithful amplification only if proper associated
circuitry is used with it. Fig. 10.3 shows a practical single stage transistor amplifier. The various
circuit elements and their functions are described below :

() Biasing circuit. The resistances R;. R, and Ry form the biasing and stabilisation circuit.
The biasing circuit must establish a proper operating point otherwise a part of the negative half-cyele
of the signal may be cut off in the output.

(i) Input capacitor C;. An electrolytic capacitor C;, (= 10 uF ) 1s used to couple the signal to
the base of the transistor. If it is not used. the signal source resistance will come across R, and thus
change the bias. The capacitor C,, allows only a.c. signal to flow but 1solates the signal source from

Rz- f

+Vee

SIGNAL

o

Fig. 10.3



(7i7) Emitter bypass capacitor Cg. An emitter bypass capacitor Cp (= 100uF ) 1s used in paral-
lel with R to provide a low reactance path to the amplified a.c. signal. If it is not used. then amplified
a.c. signal flowing through Rz will cause a voltage drop across it. thereby reducing the output voltage.

(iv) Coupling capacitor C.. The coupling capacitor C (= 10uF) couples one stage of ampli-

Various circuit currents. It is useful to mention the various currents in the complete amplifier
circuit. These are shown in the eircuit of Fig. 10.3.

(/) Base current. When no signal 1s applied in the base circuit. d.c. base current I flows due to
biasing circuit. When a.c. signal is applied. a.c. base current i, also flows. Therefore. with the
application of signal. total base current iy is given by:

ip = Iz +1i,
(i) Collector current. When no signal is applied, a d.c. collector current I~ flows due to

biasing circuit. When a.c. signal is applied. a.c. collector current 7, also flows. Therefore, the total
collector current 7 1is given by:

i = I-*i,
where I. = PI; = zero signal collector current
i, = Pi, = collector current due to signal.

(i) Emitter current. When no signal 1s applied. a d.c. emitter current I, flows. With the
application of signal, total emitter current i is given by :
pplicat fsignal, total emitt tigis g by

ip = Ip+i,
It is useful to keep in mind that :

Ip = Iz+1I,

i, = i, +i,

Now base current is usually very small, therefore. as a reasonable approximation.

I, =~ I, and i ~i

AC Analysis

The Common-Emitter Amplifier is used to achieve high voltage gain and employs a bi-junction transistor
(BJT).
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Figure 1. C ommon emitter (EE) amplifier circuit

e The AC voltage Vin is provided by an audio source such as a microphone or an MP3 player.

e The resistance RL is the load resistance or could be the resistance of an audio speaker.

e  One purpose of Cin is to prevent DC current from flowing from Vcc to Vin, and thus preventing damage to
the audio source.

e The purpose of Cout is to prevent DC current flowing from Vcc to Vout. This will prevent damage to the
audio speaker or it will prevent DC loading effects on the next amplifier stage.

Compute the voltage gain 4 = Yow
v

The AC resistance of the base-emitter junction (rbe) is calculated from:

By Olun's law, the AC base current 15 i = ;_—' (2)
(¥
The AL collectar cnrrent 15 Pombh i E)]

The AC collector current is pulled through the paralle] combination of Ry and By, So by Ohm's
Law, the ourput voltage is:

Vw =L IRR, ) (4

DC Analysis
For DC analysis, we can remove all capacitors, since there is no DC current through them. The DC

equivalent circuit is shown below.



DC equivalent circuit of a common emitter amplifier
About transistor amplifiers: When a transistor is operating as an amplifier, the DC current gain (hFE) is a
given constant value. The typical values for hFE range from 75 to 200, depending on the type of BJT. The resistors
R1 and R2 form a voltage divider to provide a stable base voltage.

By Ohm’s law. the emitter voltage is I, =1 _R, (1)
Bv KWL, the base voltage 1s I, =1, + (2)
Substituting (2) mto (1) givesus V, =V, + TR, (3)

Let’s assume the transistor is operating correctly with a base-emutter voltage (Vgg) 15 about 0.7
volts. Therefore, the base voltage i1s:

Vy =07 +I.R, @
The transistor currents obey ECL:
I =TIy +1; &)
Substituting . = A7, into (3) gives us
Tg=Tg+hpdy
=Tyl +1) ©
Substituting (6) into (4) yields
F, =07+1% @
=07+ T (f + 1R,
Ohm’s law for the base voltage through resistor R is:
Vv, =I.R, (8)
Equatmng (7) with (8) vields
By KCL, the base current can be expressed as:
I,=I,-1, (10)

Substituting (11) into (10). vields
IR, =07+(I,-I,)h,, +1)R, (11)



We can arrange (11) into the form. af, + 2], = ¢ . as follows:

. (12)
=07+ (I N + 1R, — (I Ny +11R,
Group current terms of the left side to obfain
~I (b +1)R, + LR, + L (A +1)R, =07 (13)
Simplify left side to obtain
— I + 1R, + L(R, + (b +11R, )= 07 (14)
KVL from Ve through R; and R, vields
LR + LR, =V, (15)

Equations (14) and (15) form a system of two equations and two unknowns (I; and I;). These
can be formed into a matnx equation:

e B ]

oc

(16)

The matnix equation can be solved by inverting the resistance matrix:

L] [-(hs +1)R; R+ (b +1)R,]7T07
L't R R, Vo
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The btwo transistors ( and Q; have exactly matched characteristics. The two
collector resistances R¢y and Rz are equal while the two emitter resistances R, and

"Rgz are also equal.
Thus Rcai = Rez and Rer = Rpz

The magnitudes of + Vo and — Vgeg are also same. The differential amplifier can be
obtained by using such two emitter biased circuits. This is achieved by connecting

emitter £, of Q, to the emitter Ez of Qa. Due to this, Ry, appears in parallel with Re»
and the combination can be replaced by a single resistance denoted as Rg. The base
By of Q is connected to the input 1 which is Vg; while the base B: of Q3 is connected
to the input 2 which is Vs;. The supply voltages are measured with respect to ground.
The balanced output is taken between the collector C; of Q; and the collector C; of Q;.
Such an amplifier is called emitter coupled differential amplifier. The two collector
resistances are same hence can be denoted as R¢. The complete circuit diagram of
such a basic dual input, balanced output differential amplifier

As the output is taken between two output terminals, none of them is grounded, it
is called balanced output differential amplifier.

Let us study the circuit operation in the two modes namely
i) Differential mode operation

ii) Common mode operation.

+Vee
)4
Re Re
e vﬂ +
Ry R
Qy Qa
-+ +
ez, Re =
= Signal Signal e

Differential Mode Amplifier:

in the differential mode, the two input signals are different from each other.
Consider the two input signals which are same in magnitude but 180° out of phase.
These signals, with opposite phase can be obtained from the center tap transformer.
The circuit used in differential mode operation is shown in the Fig. 2.97.

Assume that the sine wave on the base of Qi is positive going while on the base
of Q2 is negative going. With a positive going signal on the base of Q,, an amplified
negative going signal develops on the collector of Q). Due to positive going signal,
current through Rg also increases and hence a positive going wave is developed



across Rg. Due to negative
going signal on the base of
Qz, an amplified positive
going signal develops on
the collector of Q. And a
negative Boingg sigmnal
develops Across Rg.
because of emitter follower
action of Q>.

So signal voltages
across R, due to the effect
of Q; and Q2 are equal in
magnitude and 180° out of

A Centar ap transformaer phase, due to matched pair
of transistors. Hence these

Source two signals cancel each
other and there is no signal

Fig. 2.97 Differential mode operation

While V., is the output taken across collector of Q; and collector of Q2. The two
outputs on collector 1 and 2 are equal in magnitude but opposite in polarity. And WV,
is the difference between these two signals, e.g. +10 — (—-10) = + 20. Hence the
difference output V, is twice as large as the signal voltage from either collector to

ground.

Common Mode Amplifier:

In this mode, the signals applied to the base of Q and Q2 are derived from the
same source. So the two signals are equal in magnitude as well as in phase. The
circuit diagram is shown in the Fig. 2.98.

In phase signal voltages at the bases of (3 and Q2> causes in phase signal voltages
to appear across Rg, which add together. Hence Rg carries a signal current and
provides a negative feedback. This feedback reduces the commar mode gain of
differential amplifier.

While the two signals causes in phase signal wveltages of equal magnitude to
appear across the two collectors of @ and Q2. Now the output wvoltage is the
difference between the two collector voltages, which are egqual and also same in phase,
e.g. (10) — (10) = 0. Thus the difference output V, is almost zero, negligibly small.
Ideally it should be zero.

A4
Po-

*Vee

Fig. 2.98 Common mode operation



(a) Darlington Emitter Follower

The Darlinaton transistor (often called a Darlinaton pair) is a compound structure consistina
of two bipolar transistors connected in such a way that the current amplified by the
first transistor is amplified further by the second one.

A Darlington pair behaves like a single transistor with a high current gain

A general relation between the compound current gain and the individual gains is given by:
J"jDa.rIington - Jﬁl : 152 + 151 + 152
If 8, and S, are high enough (hundreds), this relation can be approximated with:
JﬁDarlingb:rn ~= Jﬁl ) 152

A darlington emitter follower is two transistors operating as one. Both collectors are tied together.
The emitter of the first is connected to the base of the second.

Collector

Emitter

A Darlinaton Transistor configuration. also known as a “Darlington pair” or “super-alpha
circuit”. consist of two NPN or PNP transistors connected together so that the emitter current of
the first transistor TR1 becomes the base current of the second transistor TR2. Then
transistor TR1 is connected as an emitter follower and TR2 as a common emitter amplifier

I-:: - Ic1

I.=p,1; + B,. I,

+ Icz

But the base current, Ig, is equal to transistor TR1 emitter current, Ig; as the emitter of TR1 is connected to
the base of TR2. Therefore:
Ig, = Ig = I+ 1Ig = B lg + Ig = (B, + 1).1g
Then substituting in the first equation:
o = Bl + B (B, + 1).1Ig
I.:: = B Ig + BB Ig + B Ig

I. = ( Bq+ (Bz-EH) + B )'IB
Where B, and B, are the gains of the individual transistors.

This means that the overall current gain, B is given by the gain of the first transistor
multiplied by the gain of the second transistor. In other words, a pair of bipolar transistors



combined together to make a single Darlington transistor pair can be regarded as a single
transistor with a very high value of B and consequently a high input resistance.

Operation of Darlington Emitter Follower

This is a special case emitter follower that uses two transistors to increase the overall values of
circuit current gain (A) and input impedance (2 ).

The emitter of the first transistor is tied to the base of the second. The collector terminals are tied
together.

AC ANALYSIS

The ac current gain of the Darlington pair is the product of the individual gains. This can
easily be in the thousands. Even with the losses associated with the input and output circuits , the
overall current gain of Darlington amplifier is very high. Even though the Darlington amplifier
has a high current gain, the voltage gain (A) is slightly less than 1.

DC ANALYSIS

VBE= VBL1 - VE2
VE2=VB1-1.4V
VB1= R2/ (R1+ R2) VCC
IE2= VE2 / RE

Disadvantages:

One drawback is an approximate doubling of the base/emitter voltage. Since there are
two junctions between the base and emitter of the Darlington transistor, the equivalent
base/emitter voltage is the sum of both base/emitter voltages:

Vee = Vee1 + Vee = 2Vpe

For silicon-based technology, where each Vge is about 0.7 V when the device is operating in the
active or saturated region, the necessary base/emitter voltage of the pair is 1.4 V.

(b) Bootstrap Darlington Emitter Follower




A bootstrap circuit is one where part of the outout of an amplifier staae is applied to the
input. so as to alter the input impedance of the amplifier. When applied deliberately, the intention
is usually to increase rather than decrease the impedance.

In the domain of MOSFET circuits. "bootstrappina™ is commonly used to mean pulling up
the operating point of a transistor above the power supply.

Bootstrappina (Usina positive feedback to feed part of the output back to the input. but
without causina oscillation) is a method of apparentlv increasina the value of a fixed resistor as it

appears to A.C. sianals. and therebv increasina input impedance. The capacitor Cois the
‘Bootstrap Capacitor’, which provides A.C. feedback to a resistor in series with the base.

“Bootstrapping” increases Zin at signal frequencies without disturbing the DC bias

BOOTSTRAPPING EMITTER FOLLOWER

Vee

1o

jf‘

% ~, a2 <= Aa

The relatively low input impedance of the circuit can be increased significantly by bootstrapping . The
resistor R3 is located between the R1-R2 junction and the base of transistor Q1, and the input signal is fed
to Q1's base through capacitor C1. To make this point clearer, consider that the emitter-follower circuit
has a precise voltage gain of unity. In this condition, identical signal voltages would appear at the two
ends of R3, so no signal current would flow in this resistor, making it "appear" equal to R;, .We have,

Ri=Vi/li =hfel.hfe2.RC



UNIT 11

Class B amplifiers were invented as a solution to the efficiency and heating problems associated with the
previous class A amplifier. The basic class B amplifier is designed with its output stage configured in a
“push-pull” type arrangement, so that each transistor device amplifies only half of the output waveform.

Transformer Coupled Push-Pull Class-B Amplifier

B

Input signal V Y

e

+Vp
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P
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a) The transistors of both p-n-p and n-p-n can be used.

b) Push pull amplifier shown fig a use n-p-n and p-n-p transistor

‘ﬂ Load



c) The circuits consist of two centre tapped transformer

d) The transformer on the I/P side is known as driver transformer & the other on the load side is known
as O/P transformer.

e) The I/P signal ‘Vs’ is applied to the primary winding of the i/p transformer.

The operation of the circuit can be divided into two parts:

1) Operation in the positive half cycle of i/p:

a) In the positive half cycle of i/p, secondary voltage of the driver transformer, ‘A’ is positive & ‘B’ is
negative.

b) Base- Emitter junction of transistor Q1 is forward bias & Base- Emitter junction of Q2 is Reverse
Bias. i.e. Q1 conducts & Q2 turn off

c) Thus base current for Q1 i.e.,loz, will flow & Ib2 =0

d) Hence the collector current l.e. lcx will flow & Ic2=0

e) A positive sinusoidal voltage will appear across the load

2) Operation in the negative half cycle of i/p:-
a) In the negative half cycle of i/p ‘A’ is negative & ‘B” is positive
b) Base- Emitter junction of transistor Q1 is Reverse Bias. & Base- Emitter junction of
transistor Q2 is forward bias
c) The base current lm= 0 & ls2 will flow through transistor Q2
d) Thus in this half cycle Q1 is OFF & Q2 is ON
e) Hence the collector current i.e. Ic2 flows through the output transformer & Ic1 =0
f)  Hence a negative sinusoidal voltage will appear across the load.

Thus at a time only one transistor will conduct.
Result:

Then we can see that each transistor device of the class B amplifier only conducts through one half
or 180 degrees of the output waveform in strict time alternation, but as the output stage has devices for both
halves of the signal waveform the two halves are combined together to produce the full linear output
waveform.

Demerits:

This push-pull design of amplifier is obviously more efficient than Class A, but the problem with the
class B amplifier design is that it can create distortion at the zero-crossing point of the waveform.

Overcome:

To overcome this zero-crossing distortion (also known as Crossover Distortion) class AB amplifiers
were developed.

Outcome:

Class B Amplifier - is twice as efficient as class A amplifiers with a maximum theoretical efficiency
of about 70% because the amplifying device only conducts (and uses power) for half of the input signal.
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All semiconductor devices are very sensitive to temperature variations. If the temperature of a transis-
tor exceeds the permissible limit, the transistor may be “permanently damaged. Silicon transistors can

withstand temperatures upto 250°C while the germanium transistors can withstand temperatures upto
100°C.

There are two factors which determine the operating temperature of a transistor viz. (i) surround-
ing temperature and (77) power dissipated by the transistor.

When the transistor is in operation. almost the entire heat is produced at the collector-base
junction. This power dissipation causes the junction temperature to rise. This in turn increases the
collector current since more electron-hole pairs are generated due to the rise in temperature. This
produces an mcreased power dissipation in the transistor and consequently a further rise n tempera-
ture. Unless adequate cooling is provided or the transistor has built-in temperature compensation
circuits to prevent excessive collector current rise, the junction temperature will continue to increase
until the maximum permissible temperature 1s exceeded. If this situation occurs, the transistor will be
permanently damaged.

The unstable condition where, owing to vise in temperature, the collector current rvises and
continues to increase is known as thermal runaway.

Thermal runaway must always be avoided. If it occurs, permanent damage is caused and the
transistor must be replaced.

12.12 Heat Sink

As power transistors handle large currents. they al-
ways heat up during operation. Since transistor is a
temperature dependent device, the heat generated
must be dissipated to the surroundings in order to
keep the temperature within permissible limits. Gener-
ally. the transistor is fixed on a metal sheet (usually
aluminium) so that additional heat is transferred to the
Al sheet.

The metal sheet that serves to dissipate the addi-
tional heat from the power transistor is known as
heat sink.

Most of the heat within the transistor is produced
at the “*collector junction. The heat sink increases
the surface area and allows heat to escape from the
collector junction easily. The result is that temperature of the transistor is sufficiently lowered. Thus
heat sink is a direct practical means of combating the undesirable thermal effects e.g. thermal runaway.

Heat Sink

* 'Almost fhe m&e héat m a tranéistof 1s pfoducéd at fhe c-ollecto.r—ba-se juﬁctidn. Ifthe temperature exceéds
the permussible linut, this junction is destroyed and the transistor is rendered useless.

#*  Most of power 1s dissipated at the collector-base junction. This is because collector-base voltage 1s much
greater than the base-emutter voltage, although currents through the two junctions are almost the same.



It may be noted that the ability of any heat sink to transfer heat to the surroundings depends upon its
material, volume, area, shape. contact between case and sink and movement of air around the sink.
Finned aluminium heat sinks vield the best heat transfer per unit cost.

It sﬁmuld be realised that the use of heat sink alone may not be sufficient to prevent thermal
runaway under all conditions. In designing a transistor circuit, consideration should also be given to
the choice of (7) operating point (i7) ambient temperatures which are likely to be encountered and (777)
the type of transistor e.g. metal case transistors are more readily cooled by conduction than plastic
ones. Cireuits may also be designed to compensate automatically for temperature changes and thus
stabilise the operation of the transistor components.

12.13 Mathematical Analysis

The permissible power dissipation of the transistor is very important item for power transistors. The
permissible power rating of a transistor is calculated from the following relation :

amb

P _ TJ ma T, amb
total 9
where P, ., = total power dissipated within the transistor
Timae = maximum junction temperature. It is 90°C for germanium
transistors and 150°C for silicon transistors.
T = ambient temperature i.e. temperature of surrounding air

The unit of 8 is °C/ watt and its value is always given in the transistor manual. A low thermal
resistance means that it is easy for heat to flow from the junetion to the surrounding air. The larger the
transistor case, the lower is the thermal resistance and vice-versa. It is then clear that by using heat
sink, the value of 8 can be decreased considerably. resulting in increased power dissipation.

1. Explain working of series fed directly coupled Class A amplifier, also give their advantages and
disadvantages.



12.8. Maximum Collector Efficiency of Series-Fed Class A
Amplifier

Fig. 12.6 (7) shows a "“series — fed class 4 amplifier. This cireuit is seldom used for power amplifi-
cation due to its poor collector efficiency. Nevertheless, it will help the reader to understand the class
A operation. The d.c. load line of the circuit is shown in Fig. 12.6 (i7). When an ae signal is applied
to the amplifier, the output current and voltage will vary about the operating point Q. In order to
achieve the maximum symmetrical swing of current and voltage (to achieve maximum output power),
the O poimnt should be located at the centre of the de load line. In that case. operating point is I.=
Ved2Re and Vg =V /2.

+ VCC Yy} C
V(_-(_.ER(
o % % fe Lveclre -
POWER
TRANSISTOR

A

(1)
Maximum v, o, = Vee
Maximum i, ©-p) = Vee'Re
] 2
} _ Yew-nXlew-p _ VeeXVee/Re _ Ve
Max. ac output power, P, (max) = 5 = 2 = SR,
7, v
D.C. power supplied, Py, = Ve I = Ve (%} = ﬁ
= C
P V>./8
Maximum collectorn = —oman) . 100 = ‘?}C—RCXIOD = 25%
Fe Voo /2R,

rms. value = L [Peﬁk-m-peﬂk Valug}
. V2
= 0.5 % 0.707 x peak-to-peak value
** Note that the input to this circuit is a large signal and that transistor used is a power transistor.




Thus the nmxi!mum collector efficiency of a class A series-fed amplifier is 25%. In actual practice,
the collector efficiency is far less than this value.

The purpose of class A bias is to make the amplifier relatively free from distortion by keeping the

signal waveform out of the region between OV and about 0.7V where the transistor’s input
characteristic is non linear.

Class A design produces good linear amplifiers, but are waste of power. The output power they
produce is theoretically 50%, but practically only about 30 to 40%.

Characteristics:

To achieve high linearity and gain, the output stage of a class A amplifier is biased “ON” (conducting)
all the time. As a class A amplifier operates in the linear portion of its characteristic curves, the single
output device conducts through a full 360 degrees of the output waveform.

Class A Power Amplifier

O +Vee Operating Curve

Operating

Vout Paint

Cz
T = s
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1 - o Ov L—_p
= I

Transformer — Coupled Class A Power Amplifier
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With Vcc supply, the magnetic flux in the transformer core causes an induced emf in the
transformer primary windings. This causes an instantaneous collector voltage to rise to a value of twice the
supply voltage 2Vcc giving a maximum collector current of twice Ic.

Efficiency:

The ratio of the AC output power delivered to the load to DC input power applied is referred to as
conversion efficiency. It is also called as collector circuit efficiency in case of transistor amplifier.

power delivered to the load _ Fout

Efficiency (n) =
d.c. power iaken from the suppiy Fin

The r.m.s. Collector voltage is given as:

_ 1E"Hrl?(nlazﬁ:) : VC(min) _ 2Vee -0

22 22

VcE

The r.m.s. Collector current is given as:

_ IC(maX) : IC(min) _ 2l -0

22 22

The r.m.s. Power delivered to the load (Pac) is therefore given as:

Icg



2Vee , 2l _ 2V 21c
22 2-f2 8

Paec = Vg *Icg =

The average power drawn from the supply (Pdc) is given by:
Pac = Voo >lc
and therefore the efficiency of a Transformer-coupled Class A amplifier is given as:

Pac — 2VCC ZIC % 1009
Pac BVeoele

M(max) —

Drawbacks:

As the output device is “ON” at all times, it is constantly carrying current, which represents a
continuous loss of power in the amplifier. Due to this continuous loss of power class A amplifiers create
tremendous amounts of heat adding to their very low efficiency at around 30-40%, making them
impractical for high-power amplifications.

Also one big disadvantage of this type of circuit is the additional cost and size of the audio transformer
required.

15.15 Tuned Class C Amplifier

So far we have confined our attention to tuned class 4 amplifiers. Such amplifiers are used where RF
signal has low powerlevel e.g. in radio receivers, small signal applications in transmitters. However,
owing to low efficiency of class 4 operation, these amplifiers are not employed where large RF (radio
frequency) power 1s involved e.g. to excite transmitting antenna. In such situations, tuned class C
power amplifiers are used. Since a class C amplifier has a very high efficiency, it can deliver more
load power than a class 4 amplifier.



Class C operation means that collector current flows )
for less than 180°. In a practical tuned class C amplifier, e
the collector current flows for much less than 180° : the
current looks like narrow pulses as shown in Fig. 15.17.
Aswe shall see later, when narrow current pulses like these
drive a high-Q resonant (i.e. LC) circuit, the voltage across
the circuit is almost a perfect sine wave. One very impor-

tant advantage of class C operation is its “high efficiency. m m m
Thus 10 W supplied to a class 4 amplifier may produce -

only about 3.5 W of a.c. output (35 % efficiency). The 0
same transistor biased to class C'may be able to produce 7

W output (70 % efficiency). Class C power amplifiers not-

mally use RF power transistors. The power ratings of such Fig. 15.17
transistors range from 1 W to over 100 W.

15.16 Class C Operation

Fig. 15.18 (i) shows the circuit of tuned class C amplifier. The circuit action is as under:

LESS THAN 180°

(/) When no a.c. input signal is applied. no collector current flows because the emitter diode
(i.e. base-emitter junction) is unbiased.

+Vee

EMITTER DIODE

Fig. 15.18

(i{) When an a.c. signal is applied. clamping action takes place as shown in Fig. 15.18 (77). The
voltage across the emitter diode varies between + 0.7 V (during positive peaks of wnput signal) to
about -2V, (during negative peaks of input signal). This means that conduction of the transistor
occurs only for a short period during positive peaks of the signal. This results in the pulsed output i.e.
collector current waveform is a train of narrow pulses (Refer back to Fig. 15.17).

(#i7) When this pulsed output is fed to the LC circuit, *“sine-wave output is obtained. This canbe
easily explained. Since the pulse is narrow, inductor looks like high impedance and the capacitor like
a low impedance. Consequently. most of the current charges the capacitor as shown in Fig. 15.19.
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bence across the load R, . the voltage is zero. Therefore the output voltage

i itive half les become zero. 3 £
s m[).u;ﬁv:g thie negcycative half cycle of the mpul‘ vo_luge. the diode' l::
reverse bias condition hence behaves as an open circuit. At this conditi
e circuit acts as a voltage divider. R,

i Vm
The output voltage will be —— Ry

Generall >R
| ! ?mfocey ‘}m voltage = —Vm.



ve the negative haif cycje
i ipper : If it is decided to remo tiv
o= Ne'g“w:hs:u'\)l': thing to be done is (o reverse the polarities of the pyy
o.r o -'“pu'-'xr\'inu.; circuit. The clipper is then called as Negative C_“Ppe -
dlodcwm mit-c clipper the output voltage during negative half cycle is zerq,
:'::terom the negative half cycles are removed or clipped off.
3. Biased Clipper : If Itis required to remove some portion of positive
o;' negative half cycles of the applied signal clipper may be usu!. The
biased clipper consists of a diode with a battery of V V.olts. A portion of
each positive half cycle will be clipped as shown in the dlam. H?“evcf.
the negative half cycles will appear without any change. This clipper is

called biasd positive clipper.
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Fig 1.29 Biased Clipper

The circuit working is as following. The diode will conduct heavily
so long as input voltage is larger than +V. When the input voltage is larger
than +V. the diode acts as a short and the output is equal to +V. The output
will be +V so long as the input voltage is higher than +V. During the
period the input voltage is lesser than +V, the diode is at reverse bias and
behaves as an open circuit. Therefore, most of the applied input voltage
appears across the output. This istheprocusbeingadoptedbylhepiased
positive clipper to remove input voltage above +V._ During the negative

portion of negative half cycles of input voltage, the only thing to be
followed is t0 reverse the polarities of the battery or the diode. Then the
circuit will be called as biased negative clipper '



4. ?f’m bination _C“pper : Combination clipper is a combination of biased
positive f"_‘d negative clippers. With a combination clipper. a portion of
both positive and negative half cycles of input voltage can be clipped or

removed.
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Fig 1.30 Combination Clipper
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The circuit working is as follows. When positive input voltage is
larger than +V . the diode D, is conducting heavily while diode D, is at
reverse bias. Therefore, the voltage +V ;. drops across the load. The output
remains at +V| as long as the input voltage exceeds +V ;. During the negative
half cycle. the diode D, is conducting heavily and the output remains at
—V, as long as the input voltage is larger than —V2. Between +V, and -V,
no diode is on. At this condition, the applied input voltage appears at the

load.

Applications of Clipper :
I. Clipper circuits are oftenly used in radar applications.
2. Clippers are used in digital computers.
3. Clippers finds wide use in radio and Television receivers
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The value of Ryy generally lies betesen 4K ang KD I
Vg B ntrodwced between the hase ferminals Reeepang the .r;““"
;ﬂ_ the valzage will bo drvided acroes Ry, and Ry, Veltage s R

—

7. As more holes are introduced a condition of saturai

reached. Now the emitter current is controlled by emipay
only. The device is now at ON state.

o]
on il g
Power &PN

8. If a negative pulse is given to the emitter then mep"’"ﬂ(’tlm » 1§ v Rg,
reverse biased and the emutter current is cut off Now, the Uy it ag OFlF 1 Ry * Py Vag
State.
Equivalent Circuit : Vif Vg =By /Ry + Ryg,

ThF equivalent circuit is shown in the figure. The resistance affered Tha catio V1 / Vg, is known as inetrinsic stand off ratis . |t s
by the Silicon bar i¢ called inter-base resistance Rgg- The inter base emoted by Greek lettes 1),
resntance 1 denoted by two resistors in series

: __ Pm
B, Rg * Ry

The value of 1) usually mvailable betwesn 0,21 and 0,42
VEa =1 Vgp

The valtage 1 Vg dropping scross By, revense biases the diode. As
4 resalt the emitter current becomes zero. If & rising positive voltage is
spplaedd 1o the aenicter, the diode will bacome forwand biased When the
impunt waltage exeseds 1V by W, the farward bias voltage drop across

the Silican diode,
Fig3.19 Vp=1 Vg + Vp
Ry, isth Vhare
23 the fesistance between Byand the poént at which the omiteer Vi — Peake point voltage
3 ! . 3 -

J;:::: ';: Rg it the fesistance available between B, and emitrer Vi — farward valtage drap across Silicon disds
i w]@ In: sh(:m  varigble. The repson is depending upan the {07V
vminubyadjo::’r;:r::m?mmm?nlmm“mmmr When the di D is conducting, holes are injocted from P-type
i bt voltage is applied to the LUT, the inter base material to the netype bar. Tt are swept dawn towards the By

Raup = Rg) + Ry ‘ *eeminal This decreases the resistance between eeitser and By Therefore

EMITTER CHARACTERISTICS OF 1T

The graph shows the carve beivaees emimer vallags Vil amd gy,
ermimer careent (i) & UJT.
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Fig 100
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1. In the cut-off Region, as the emitter voltage increases a small leakage current passes through the device.

2. After reaching certain emitter voltage Vg , The emitter voltage reaches the peak point P.At this point, peak
voltage Vp and peak current Ip. If le current is still increased the emitter voltage Ve starts decreasing. This
region is called as Negative Resistance Region.

3. The Negative Resistance Region is continuing until valley point V is reached. After the valley point , the
UJT is drain to saturation.



UJT Relaxation Oscillator

The UIT relaxation oscillator is as shown in the figure. The
discharging of a capacitorthrough UTT can develop a saw tooh outpt.
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32.9. Circuit Operation of Astable Multivibrator

The circuit operation of an astable multivibrator is easy to understang

Wiu,‘e

shown in Figure 32.5. These waveforms arc at the basc and collector of "““iuo“ x

Figure 32.5 (a) shows the waveform for
the base voltage of transistor O, (i.e., vp,)
and Figure 32.5 (&) for the collector
voltage of tramsistor Q, (ie. Vc,)-
Similarly Figure 32.5 (c) shows the
waveformm for the base voltage of
transistor O; (i.e., vy,) and Figure 32.5 (d)
for the collector voltage of transistor O
(Le., »c)). The circuit operation may be
explamned as follows:
1. When the dc. power supply
(¥cc) is switched ON, (say at 7 =
0) onc of the transistor will start
conducting morec than the other
due to some imbalance in the cir-
mataeiinwmt“ 6
©, start conducting more than that
of transistor ;. Then because of
positive feedback, the transistor
O, will be driven into sat S
lﬁm&m“.oﬂ;m
at £> 0, the transistor Q, is ON
and Q} is OFP. Thus at r > o’
Ve, = Vaegeo (Le., 0.7 V for sili-

1Q, ON O, 0FF . Q'k:
OFF :O'Ou- i
] < . Q; ON §°'°"FE
Vae - ' '
@ Ve, ol
prh g
'ft Vee
ve,
()] l/v‘:.:
[+
|
@ v )
e
L Ve
v,
<2
(o | L )
= n A -
—Time (f—
Fi.-)LS.WMm.Ihebaemdcoﬂecmc‘mhﬁ
., @1 and O3 in astable multivibrator.



;. As soon as the voltage Iy increases, above the cut-in voltage (i.e., 0.5 W for silicon ran-
sistor), the F‘“"_i"‘mﬂ-"ﬂzm corfducting. It occurs at £ = f,. As the transistor O goes
into saturation, its collector voltage (v ) falls 10 Vep oo The fall in voltage v, causes
an equal fall, (ie. Voo — Vg = Foc) in voltage va, because the two are capacitively
coupled. The fall in voltage vy, cuts-off the transistor {; and its collector voltage (ve,)
starts rising towards Foe with a time constant v = B¢ - €. The rise in voliage Fi, is coupled
through capacitor , to the base of the transistor (J:, causing a small overshoot in voltage
va,- Scon the woltage Fg, sertles ot Mg pary e 0.7 W level Thus at ¢ = ry, the tansiswor
o, is OFF l.nn:lQ;1:Dﬂ_ﬁevﬂmmﬁﬂﬁiﬁwmvmhnﬁﬂﬁ?h&l‘

Voo, ve, = Fae = Ve @an and v, = Fop g )
i. During the time § > § (L, when (2 is OFF and ) is ON} the voltage vy TSES CXpO-

nentially with time constant T3 = Ry - Oy towards Feeo .._'ut § = Ty, the voltage vy, rcaches
the cut-in level (ie. 0.5 V) and a reverse transition takes place (fe.. ) turmns O and
(% turns OFF). The voltage levels for ¢ > fp are ¥a, ™ Ve jas Y, T Vs (sanp VB, 1S IEgative

the same as for r = 0.
mdmz-Fcc.Thusth:vu&ttgslevuhfwr?tgm _
i i mmuhm.themlmgnmd
may be moted that for an astable multivibrator, wsing _
:MELEWﬁHEI:uﬂ}DEtfﬂrlﬂiﬂﬂitﬂiﬂlﬁ?ﬂtnnli‘iﬂtmm:!llhtﬂwﬁnﬂnw#nm

re 32.5 must be inwverted, if PP transistons are used.

UNIT -V

Swilcning voirage regulator is also k
- nown as switched

supply (SMPs). The working of SMPs is differi ng from th e iyt
series regulator in the following way. In seri e e

'] is used to obtain a controlled voltage drop ew]s regulator. a pass transistor
transistor can be used as a "Controlled S‘-vitc;.e':'ealst, ::: S:;APS- the pass
either safura_te::l or_ cutofl state. Therefore the p(;wer g'i‘ve:, operated at
pass_dev-c_e is in ?ilscne_t,e pulses instead of steady current fl across the
efficiency is obtained since the pass device is used as a lowoivl:l-pedﬂ‘a er
switch. _lf_!he pass device is at cutoff condition. there will be no curr:_f:
hence dissipates no power. When the pass device is in saturation siate, 3
very small voltage drop occcurs across it hence dissipates only a sm;ll
amount of average power, giving maximuim current to the load. In both
the cases, the power wasted in the transistor is very small and most of the
power is transmitted to the load Hence SMPs exhibits ve oad effici
in e 1ansc of 7O 20924 s TSI,

Switching regulators are available in variocous configurations such
as flyback. push—pull, feed——forward, and nonisolated single ended or single
polarity types. The switching regulators can be operated in three different
modes namely; s_tep—dovvn, step—up or polarity inverting.
A basic switching regulator essentially consists of four parts namely:

1. Voltage sourse (Vin)
2. Switch (S5)
3. Pulse generator

= 4. Filter (F) )
The basic switching regulator is as showm in the figure.
Filter
F1
Supply _ | =
voltage  ———— —
Y AR = generator
‘ vp‘ube

Fig 5. 34 Basic switching regulator.
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Fig 5.37 Switching power supply wave




I'ts ot paan
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The Comparator a operates as a pulse width mod
1 ulator
SqUAre Wave Va of period T. The duty cycle of the SQuUATe wave is

is &
T It “ari i
gj'l.l'ﬂﬂ: by TI 'I'Ti . aries with ‘U‘mm and in turn varies with the
- sion of ¥V, The -nul.1:_rut Wa Opertes a steering logic circuit shown by
che jashed block. It consists of a 40kH= oscillator cascaded with O flip—
flop. It produces two complementary cutputs Vo and Vi,
The output Ve, and V,;of AND gates A; and A, are as shown in
the figures. These waveforms are given at the base of 2, and sy,

Depending upon, ON condition of €0y or Q,, the waveform at the input of
the transformer will be a square wave. The rectified output Vi is shown

in the figure. The switched Mode power supply circuit shows that the
output current flows through the power switch., The power switch consists
af transistors 0y and Q5. low resistance inductor and the load. By using a
low loss switch and a filter with high guality factor, the comversion
MJMMmmmbeachimﬂ_
Suppose, these is a rise in de output voltage.

comparator 1 rises., This changes the inter section between triangular
As a result time period T, decreases. In turn, it

waveform and V..
decreses the pulse width of the waveform. Smaler the pulse width, lowers
the average value of the dc output VvV, [In this way, the initial rise in dc

output has been nullified.
The switched Mode power supply has better performance thanlinear
regulated power supply. For SMPs, very high frequency signals in the
range of above 40kHz are applied. The transistors Q, and O, are used as
switches. They become alternately on and off at 20kH=z. Once again O
Hfhb&mm&smfm&smal]duraﬁnnaﬂdmunﬂmgligiblepmm_ It
mﬂ}'heubumadlhmdiehighuperﬁngﬁaquencyﬂlmmsumnfmtﬂler
transformers, capacitors and inductors hence decrease in size and cost are

achieved.

Then “V_, of

Limitations:
| The rectifier is connected QIIECUY IO a.C line hep,
) ; z : =
rectifiers. capacitors and switching transistors Musy “.\Q
voltage. With,

stand the peak line , )
SMPs is more complex and needs external compo“ems“ke

inductors and transformers.
in responding to transient loa

3 SMPs is sl - G '

compared to the conventional series regulator.
The Electro—magnetic and radio—frequency interference
are there in SMPs. : )

N



Half-Wave Controlled Rectifier

o
AC
Supply Tm [ &= B
l +

Figure 30 Halfwave comntrolled rectifier
In this case ac voltage connected to thascm.thmmthelnadrmlwmm

connected in series with anode. To control the pmaummrsimﬂmemwrph

lnnartadtnthaﬁteulmulLThEMHuppjytuhaemwrbedintudnsupplyhuppm
to the primary of the transformer. The peak inveras voltage appearing across the

sacondary should be less than the reverse breakdown voltage of SCR. So that it wil
not breakdown during the negative halfl of ac supply. Otherwise a diode needs to be

connected In serfes with a resistor ‘r” to blowck the reverse voltage on the gate during
the negative half cyele.

Operation

1. When adjusting the variable resistance r, a suitable gate current is made to Aow
then, SCR condoecte during the positive halfl cycle. Suppose the gate current is
adjusted tp such a value that SCR closes at a positive value V; which is less
than peak voltage Vi, So, when the secondary voltage becomes V) in the positive
half cycles then SCR starts conducting. Beyond this voltage SCR continues to

conduct {ill the voltage becomes zero.
2. Duringthe negative half cycle of ac voltage, the SCR will not conduct regardless
of the gate voltage because the anode is necative with respect to cathode.



Figure 31 Input-output waveforms: of HW controljeq rectifier

the start of the next posltivehaucycle,wheutbeaeeoammm
“me SCR conducts. From figure 31 itisdearthatﬁﬂng&ngeisu

e duction angle ¢ is (180-)

Again

W W
The average current Iy, = I_lf- ET‘:_:[“'““’“] (108,
V. W
w‘hann={b.than[m.—ﬂgl_ amnd whunc:-mt-.lmr-:i:l}:

m:hmthﬂmmartheﬂﬂnganglaﬂ,thanmﬂhrmthaw“m
viceversa LT |



Full-Wave Controlled Rectifier

_Theﬂg'u.re azmmaﬂrmmﬂrsmtmwmmﬂﬂummmm
mwracmﬂﬂwmmmmummﬁmdwmﬂ’a-mwmm
SCR's get their supply from two gate control eircuits.

Operation
Suppose the gate corrents are so adjusted that SCRs conduct as the se

voltage (across hall winding) becomes V;. During positive half cycle of input the
upper end is positive while lower end is negative. Due to this reason, SCR I conducts,
of course only when the woltage across upper hall of the secondary becomes V. Sg
the shaded position of positive half cycle will pass through Ry as shown in

figure 335
Vi
: “;,ﬁ'—“‘l Y
- I -} +v:r|1 -
3 v, TN ﬂ'—‘\lﬂiﬁl! wavefom

P
I 4 st

]
—HRa

1

AL " —Vim ;
Irmpsun - Clutput waisform
voltags i ;

v- H 1
el .5
st:‘i;:]*ﬁ—vﬁ—l
2
Figure 32 for controfled rectifier Figure 33 Output Waveform of FW
controlled recitifier

During negative half cycle of ae, the upper end of secondary becomes negative
while lower end becomes positive. Under this situation, SCR II conduets, only when

the voltage across the lower half of the secondary becomes Wy, now a current flows

UJT Triggered Controlled Rectifier

mminm

Figure 35 TJT triggered SCR
phase control

T triggered SCR phase control

The SCR's are generally used in power control circuits. In these cirenits the
conduction period of SCR vau be varied by varying the voltage applied to control
angle controls the power delivered

circuit. The value of phase angle or condoetion
to the load. To deliver the maximum power the firing angle o must be Zero therefors

memmmmfmmmim.nmmrmqmmhmmmmm
value, the firing angle les bebtween 00 io iﬁtﬂ,hmmnﬁjmtthaﬂrmgmu
SCR, a eontrol circuit is required. Such a cdircuit is shown in figure 35,
The operation can be explained as follows the SCR is in OFF state 1JT
s umitil
fires, when I'._]:Ie UJT fires the capacitor will discharge gquickly through the resistor
Ry This positive pul&ewiﬂtumﬂﬂth&EH'JR.ThaSERwﬂlrEmhtnsﬂN, until the

SﬂHLEueWappruﬂmaEzamﬂithjﬂ-pﬂlnL the SCR will turn
the entire negative cyole. - OFF thm-'ml



ncee

t
jreuit called filter. tfier outpy,.
c

Rectified

37 gt —_— T~

N S -\-_ ’ s Oﬁ 53

YY) o= e 2 2%

v 1 T € o-s

ot—> -

o

Fig 5.6 Filter

A filter circuit contains passive circuit eleme
capacitors, resistors and their combination. The fil
gpon the electrical properties of the passive circuit
allows the direct current to pass through it but
current. A capacitor passes the alternating cu
current. 5

The given figure displays the concept of a filter. The output of a
fullwave rectifier is given as the input of the filter. The output of the filter
circuit is not exactly a constant d.c. level. It has a small amount of a.c.
component which effect will be almost negligible. Therefore, a filter circuit
is a circuit which minimises the unwanted a.c. component of the
rectifier output and allows only the d.c. component to reach the load.
The important filters can be listed as,

1. Inductor Filter 2_ Capacitor Filter

3. Inductor - Capacitor Filter 4_ 7t - Filter.

nlf such ag inductors,
tlering process depends
elements. An inductor
blocks the alternating
rrent but blocks the d.c.

Inductor Filter

We used to refer it as choke filter. It has an inductor which is
introduced between the rectifier ans the load resistance. The rectifier ouiput
gives a c. components as well as d c. components. Whenever the KON
Sutput passes through inductor, it passes d.c components perfectly an:s'l
offers a high resistance to the a. c. components. Hence, the a.c. componen



——/——‘—_. emd AT U .S WWIsiprararieass SaIvIIT T ——
of the wd"ﬁ'idmouoz,':::.:i:?::tductor filter should contain d ¢ :;cl::: A 1he
'“‘!}ald:d;ct’i’ce. it consists a small a.c component. The ripple facto, :'rme
:;:; inp fiter (The ripple factor can be defined as the ratio of rms Var...::
ac component of output voltage to the d.c. component of output voitagy,
is given by

Ry

Ry
e — ———————
U ias/2 o L 1330 L

r — ripple factor

R, — Load resistance

® — angular frequency = 2rcf
L — Inductor in henrys r

- . fi=SOH=z=
55 5 Filter
-53 Rectifier ; := * = o K
ER | romr BE[CTT Tar
f \( \[‘ 3 - [ Yde componan
ol > o * wt—

= Fig 5.7 Inductor Filter
S ”‘;M?“ the ripple factor is proportional the load resistance and
fw“"e"e‘ PI‘OPOﬂc‘:otml‘:o the lndneto;..'i"he inductor filter is more suitable
m“m'ma: ol rrents when the load resitance will be small. The ac
of°°'a“"°"° el uo':lm.of a filter can be decreased if we use an inductor
":"h. da < noted that an inductor of a high value will also
have igher d.c. resistance which makes a lower d.c. output voltage.

Capacitor Filter
Capacitor filter i Inboe
Larigar Vafiiss of load resistitice sre roei e L (OF lkht loads (in which
L T e, are required) The function of a capacitor

figure dispiays a hiaf \wave rectifies ripples or pulsations. The following
T with a capacitor filter.
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Fig. 5.8 Half - Wave rectifier with capacitor filter

a.c. input voltage and

tively. The third one shows the

-
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it is explained in terms of the following

The operation n-f the circu
waveforms. The first and second figures show the

the half wave rectifier output respec

waveform of an filter cutput voltage.
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While applying the positive half cycle oﬁﬁemi e

diode is forward biased. It makes the capacitor 1o charge Quicky, " he
Yo
g

maximum possible value of voltage (Vm). The diode forwarg
as negligible. There is no resistance in the charging pat - '&&ma.q
“ept “%

forward resistance therefore the charging time is almost zerg H
- fitnce the

capacitor follows the charging voltage.
As the a_c. input voltage begins to decrease below its maximugy
VIIQ‘

the capacitor returns its charge. During the negative half cycle of
the
as shown by

input, the capacitor discharges. through the load resistance
the curve ab. It is to be noted that the capacitor cannot discharge
the diode because it'is reverse biased. The time constant for dixhaw

eiais b > Tging is

. " . >3
3 .

given by, L
T =3 CD RL rise»

As time constant becomes larges, capacitor discharge will be less
Usually t.he,dis‘cha’ggﬁ.ig time constant is kept 100 times larger than the
charging time. Hence the capacitor does not have enough time to discharge
appréciably. Due fo this the capacitor maintaines a large voltage across
the load resistance (Ry). 3

During the next half cycle, when the input voltage exceeds the
capacitor voltage as indicated by point "b" the diode is once again forward
biased. The capacitor chalgec to its maximum value of the voltage. During
the negative half cycle the diode becomes reverse biased and capacitor
discharges through R; . — NI =

Due to the continuous charging and discharging of a
is a ripple present at the filter output. It is given by

1 2850
T A/3fCR, C. R,

capacitor, there

Where,
C — capacitance in Farads
f — frequency = SOHz

R; — Load resistance in ohms.
Smaller the value of this ripple will be the filtering action.

. — " — .
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Fig. 5.10 LC filter.

The other names of L.C filters are inductor input filter, choke input filter
or LC section. The ripple factor is given by ’

V2 : 1.195

. . = o=
P 122, LC LC

Where L-is in henrys and C in uFs.

=t Filter o
The fllter section is appeauing, like letter m(pie) therefore called 2z =
filter. It is also called capacitor, input filter or CLC filter. This is used
where a low output current and a high d.c. output voltage are required.
If has two capacitors C, and C, and an inductor. The pulsating output
from the rectifier is given at the input teminals of the x filter. The filtering
action is as follows. Capacitor C, allows a low reactance 10 a.¢ component
of rectifier cutput. At the sametime it exhibits infinite resistance tothe d.c
component. Hence the capacitor C, by passes majority of a.c component
- 1o the ground. Remaining d.c. component moves towards L.
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The inductor L exhibits a high resistance to the g.c. Com
- Ponen;

rectifier output and admit all d.c. components, The action of C, fﬁsr'mu:
to C,. It by passes a.c. which could not be blocked by an jng L

Resulting, only the d.c. component is available at the output.

The ripple factor is depends on the product of the capacitance valies
of Cy and C;. The d.c. output voltage will be high only if the value of
capacitor C; is large. Therefore mt filter will be designed with a large
wvalue of capacitor C,.

The ripple factor of a i - filter is given by,

r= 1 5700
4/20?C) C; L Ry Cy Ca LRy
Where,
Ci. C; — Capacitors in Farads
L = inductor in henrys
RL - resistance in ohms.

4. Explain in detail about half wave rectifier circuit and compare their performance.

Rectifier:
Rectification is the process of converting AC to DC. The circuit which is
used for this purpose is known as rectifier. Rectifiers are of two types:

1. Half wave rectifier

2. Full wave rectifier
In a half wave rectifier, DC is available at its output terminals during one
half cycle of the AC input, whereas in a full wave rectifier DC is obtained
during both half cycles of the AC input.

Half wave rectifier using diode:

Assemble the half wave rectifier circuit using P-N junction diode as shown
in image(1). Terminal A in the secondary is connected to the P section of
the diode and the other end N is connected to B terminal through load R .
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* The AC is supplied across the primary of a transformer.

* During one half of the cycle, A is positive with respect to B. This
makes the P-N junction diode to conduct as it is forward biased and
the current flows through the load R, as shown in the image(2).

* During the next half cycle the point A is negative with respect to B.
In this state, the diode does not conducts because it is reverse biased

and hence no current passes through R,.

* Thus current passes through the Ri only during positive cycles.

Hence this circuit is known as half wave rectifier.

Using the definitions reported in the previous section, we get the following results:

»

T x
B =iij(1)d1=LIVS sin(@t)dr =— .
T % 2n - T

And, similarly, we can calculate the other parameters:

/= lfvz(z)dt— : IVZ sinz(a'n)dt—Vs
i AR Al 12

The current in the secondary of the transformer can flow only when the diode conducts and the

it is equal to the current in the load:
"

DC

o ) A
2



2
1 4
=l — | =—=0405
7 [FF] e
RF =+FF*=1=121.

The poor performance of this rectifier i1s also confirmed by the utilization of the transformer. |
Eq. (14), we get

TUF =0.323 (or TU/F =0.286 according to some authors).

A Input wave form

Vin

ol

i j Output wave form
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SERIES REGULATQR

The following figure shows a series op-amp reg,)
essential parts of the voltage series regulator circyjy are‘aw' Cirey;,
1. Series pass transistor
2. Reference VO‘tage circujt
3. Error Amplifier
4.

Unregulated I
power TL
supply <

TN

any ﬂmon in output vo.llage. The transistor k is also connected as
anemi sl o::er The emitter follower offers sufficient current gain to
oper 'mR . The output voltage has been sampled by the potential
of the em',‘R’mmm and it is fedback to the negative input terminal
s mamphﬁer. The sampled output is compared with the reference
the erar ar o rerence voltage is obtained by a zener diode. The cutpat of
; amplifer drives the series pass transitor. Suppose the output voliags
variation in load current, then the sampled voitage B0

also increase where, the feed back factor is decided by
o)

R, + R,
In turn, it reduces the output voltage of error diff-amp due to the 180°
phase difference. The output of the error amplifier V' is vien to the base of
series transitor which is used as a n emitter follower. ’I"herefore output
follows V,_ hence V, also reduces, It implies that the increase in V,, is
nullified. In a similar way, reduction in output voltage also gest nullified.



1. A linear power supply supplies constant voltage while a switched power supply doesn’t
2.A linear power supply is much simpler than a switched mode power supply

3.A switched mode power supply is more power efficient than a linear power supply

4.A switched mode power supply is more likely to create noise than a linear power supply
5. SMPs is more complex to design and needs external components like inductors and

transformers.
6. SMPs is slow in responding to transient load changes compared to linear series regulator.



