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CHAPTER-1
(Lecture-1& 2)

1.1The Diode as a Circuit Element
Diodes are referred to as nbnear circuit elements because of the diode charigtic curve i.¢

. _., Vb
ip=is(e 'Mr-1) ..(1.2)
Whereig=reverse saturation current in the range of pAda-power diode
VT:KB T/q is thermal voltage(about 26 mV at rocemperature, T = 300 k
n=ideality factor(1¢<2).
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Figure1.1: a) Circuitsymbol for a diode and b) crent versus voltage for a semicondu

diode.

For most applications the n-linear region can be avoided and the devicebe modeled by
piecewise linear circuit elements. Qualitatively we daast think of an ideal diode has havi
two regions: a conduction region of zero resistased an infinite resistance r-conduction
region.For many circuit applications, this idedode model is an adequate representation ¢
actual diode and simply requires that the circuitlgsis be separated into two parts: forw



current and reverse current. Figure 1.1 shows ansatic symbol for a diode and the current-
voltage curve for an ideal diode.
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Figure1.1: a) Schematic symbol for a diode and b) currerdugevoltage for an ideal diode.

A diode can more accurately be described usingdugvalent circuit model shown in figure 1.2.
If a diode is forward biased with a high voltageadts like a resistor Ky ) in series with a
voltage source ¥py ). For reverse biasing, it acts simply as a resigtR,). These
approximations are referred to as the linear el¢mmadel of a diode.
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Figure1.2: Equivalent circuit model of a junction diode.

1.2 Load line concept of Diode:

The applied load will normally have an importantpgct on the behavior of a device. If the
analysis is performed in a graphical manner, a time be drawn on the characteristics of the
device that represents the applied load. The et of the load line with the characteristics
will determine the point of operation of the systé&8uch an analysis is called load-line analysis.

Consider the network of Fig. 1.2 using a diode hgwiode voltag®,, resistor R and a voltage
sourcel,. Due to the voltage source a current is estaldigheough a series circuit in clock
wise manner. The current direction and the defidedction of conduction of the diode is
matched so the diode is in the “on” state and cotidin has been established.



M . f‘/, Diode characteristic
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Figure2.1: Series diode configuration (a) circuif) (tharacteristic.
Applying Kirchhoff's voltage law to the series circuit ofgFi2.1 will result il
Vss-Rig-Vp=0
Ves=Rig + Vp ..(2.1)

The intersections of the load line on the chargties can easily be determined if one sir
employs the fact that anywhere on the horizonta i,=0 A and anywhere on the vertical a
Vp=0V.

whenV,=0 , then the above equation will
Vss=0+Rip
iD:VSS/R ..(2.2)
Vp=0
Similarly whenip =0, then the equation 2.1 will
Vss=Vp+ (0A) R

Vo=Veslip=0 ..(2.3)
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Example on load line analysis:
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1.3 Clipping (limiting) cir cuit:




Clipping circuits are used to transmit a part dfitaary waveform which lies above or below the
reference level. Clipping circuits are also refdr@ as voltage (or current) limiters, amplitude
selectors and voltage slicefie clipper circuits are of the following types.

» Series positive clipper

» Series negative clipper

» Shunt or parallel clipper

* Shunt or parallel positive negative

» Clipper Dual (combination)Diode clipper

The series configuration is defined as one wheeedibde is in series with the load, while the
parallel variety has the diode in a branch pardatiethe load. The type of clipper combines a
parallel negative clipper with negative bias @d B) and a parallel positive bias {nd B).
Hence the combination of a biased positive clipped a biased negative clipper is called
combination or dual diode clipper.

Example of seriesclipper:
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Example of paralld clipper:
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(b) negative bias
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Parallel-positive clipper with bias(in negative ieondition v Parallel-negative clipper with bias
should be in reverse bias condition)

Example of paralld clipper:
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DUAL (COMBINATION) DIODE CLIPPER

1.4 Comparator:




A comparator is a device which is used to sensenvamearbitrary varying signal reaches some
threshold or reference level. Comparators find igppbn in many electronics systems: for
example, they may be used to sense when a linegr r@aches some defined voltage level, or to
indicate whether or not a pulse has amplitude greatin a particular value.

The non-linear circuits to perform the operationcbpping may also be used to perform the
operation of comparison. The basic difference betwthe two is that in comparator there is no
interest in reproducing any part of the signal wara and desired portion of the input signal is
reproduced in the output port of a clipping cirauithout any change in desired wave shape.

The input signal to a comparator circuit is a ramftage linearly increases with time. The input
waveformv (t) =at for ramp type waveform

Dicde

{ Reference _

voltage ‘I_ ¥ l
0 I — ) 0

Ramp voltage

Circuit working:

* At time t < t;,the diode circuit is reverse biased as lorV;, < V. Hence the output
voltage is equal tV; from O instant to break pot;t

* From the timet=t,, the diode is forward biased and act as a clogettised and the
output follow the input i.V,,; = V;;,.

» Hence the output signal having amplitude greatan tieference signal will appear at the
output terminal and all other signal are blockedthsy reversed biased diode circuit till
the reference voltage is sensed.

» Due to the above feature, the diode is used asmpa@tor circuit to mark the instant at
whichV;, reachel.



Sampling gate:

Sampling gate is a switching circuit which is enygld to sample the amplitude of dc signal or
low frequency signal. Sampling gate is construdigdusing diodes, BJTs and FETs. A very
simple diode circuit which is sampling a voltaggmsil is given in below figure.

1, J
fa) Circuit of diode
= earnpling gate

Signal

input (K} (b} Voltape waveforms
Control

input (¥ }

Wherels=source signal which is going to be sampled.
Vin=pulse control input is applied throtR 1
,=output signal
R, andR;are the source and load resistance respectively.

When control voltage is zero or negative, the dsoD, and D, are reversed biased so
V, =0.when control voltage is zero, the diode voltageasitive, both the diodes are forward
biased. So

VA = VS + ISRS
IflsRS << Vs, VA = Vs.

AndVB = VA + VD1 = VS + VD1



Vo=Vg—=Vp, =Vs+Vp —Vp,

= VS Wherd/D1 = VD

-

From the above analysis, we observed that the saignal is passed to the output signal when
the control signal is positive. The diode samplgaie has error due to differences in voltage
drops across the each diode and due to the leakagent in diode. It is applicable only where
large signal amplitude is involved and where accyira not important.

Rectifiers:

A rectifieris an electrical device that convert¢elating current (AC), which periodically
reverses direction, to direct current (DC), whiébmis in only one direction. The process is
known as rectification

Half Wave Rectifier:

The power diode in a half wave rectifier circuispas just one half of each complete sine
wave of the AC supply in order to convert it int®@& supply. Then this type of circuit is
called a “"half-wave” rectifier because it passe$ydmalf of the incoming AC power
supply as shown below.

RECTIFIER
INPUT ANODE _ CATHODE
o o OUTPUT
AC l T0 [\ {\ (\
LINE ” Vius FILTER
1 Vigak = 14 Vpys
o 0- Viavg =045 Vs
HALF ~WAVE Vi = 1.4 10 2.8 Vpyg

RIPPLE = 121%

Full Wave Rectifier:

In a Full Wave Rectifier circuit two diodes are noged, one for each half of the cycle.
A multiple winding transformer is used whose se@gdwinding is split equally into
two halves with a common centre tapped connecf{@h, This configuration results in
each diode conducting in turn when its anode teaimis positive with respect to the
transformer centre point C producing an outputrduboth half-cycles, twice that for the
half wave rectifier so it is 100% efficient as sholbelow.

a) Centretrap dioderectifier:
» The full wave rectifier circuit consists of twower diodes connected to a
single load resistanceR() with each diode taking it in turn to supply



current to the load. When poiAtof the transformer is positive with
respect to poin€, diodeD; conducts in the forward direction as indicated
by the arrows.

* When pointB is positive (in the negative half of the cycle}wiespect to

pointC, diodeD, conducts in the forward direction and the current
flowing through resistoR is in the same direction for both half-cycles. As
the output voltage across the resi®kas the phasor sum of the two
waveforms combined, this type of full wave rectifegrcuit is also known
as a “bi-phase” circuit.

* The peak voltage of the output waveform is the sasiéefore for the

half-wave rectifier provided each half of the tramser windings have
the same rms voltage value.

* The main disadvantage of this type of full wavetifet circuit is that a

larger transformer for a given power output is feggiwith two separate
but identical secondary windings making this typdéutl wave rectifying
circuit costly compared to the “Full Wave Bridge diker” circuit
equivalent.

Current Slowes
wher Oy
conducts:

Current Clowes
wihern O
conducts:

T N SN SN
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b) Diode bridgerectifier:

Another type of circuit that produces the same wutyaveform as the full
wave rectifier circuit above, is that of the FulbW Bridge Rectifier. This
type of single phase rectifier uses four individuakttifying diodes
connected in a closed loop “bridge” configurationproduce the desired
output. The main advantage of this bridge ciraithiat it does not require
a special centre tapped transformer, thereby raduts size and cost. The
single secondary winding is connected to one sidéh@ diode bridge
network and the load to the other side.

The four diodes labeled; to D4 are arranged in “series pairs” with only
two diodes conducting current during each half eyBluring the positive
half cycle of the supply, diodéxl andD2 conduct in series while



diodesD3 andD4 are reverse biased and the current flows throhgh t
load as shown below.

» During the negative half cycle of the supply, di®®& andD4 conduct in
series, but diodeB1 andD2switch “OFF” as they are now reverse biased.
The current flowing through the load is the sanmredion as before.

§ Load

e
ov

The Diode Bridge Rectifier

Load Load

Bridge diode during positive half cycle Bridge diode during negative half cycle

* The main disadvantage of a bridge rectifier is thaeeds four diodes,
two of which conduct in alternate half-cycles. Besm of this the total
voltage drop in diodes becomes double of that Beaaf centre-tap
rectifier, losses are increased and rectificatifficiency is somewhat
reduced.

Capacitor filter:

Output of half wave rectifier is not a constant B@tage (pulsating dc voltage with ac ripples)
.In real life application; we need a power suppithvemooth wave for (DC power supply with
constant output voltage). A constant output volteigen the DC power supply is very important
as it directly impacts the reliability of the elemtic device we connect to the power supply. We



can make the output of half wave rectifier smooyhulsing a filter (a capacitor filter or an
inductor filter) across the diode. In some casessastor-capacitor coupled filter (RC) is also
used.

In this filter a capacitor is connected acrossitiael during the rise of voltage cycle it gets clearg
and this charge is supply to the load during thidrighe voltage cycle. This process is repeated
for each cycle and thus the repel is reduced at¢hestoadlt is popular, because of its low cost,
small size, less weight and good characteristics.
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Half Wave Rectifier with Capacitor Filter — Qitit Diagram & Output Waveform



CHAPTER-2

(Lecture-3to 6)
Junction transistor:
. Both electrons and holes participate in the coridngirocess for bipolar devices.
. BJT consists of twgn junctions constructed in a special way and comatkat series,
back to back.
. The transistor is a three-terminal device with énjtbase and collector terminals.
. From the physical structure, BJTs can be dividew itwo groups:npn and pnp
transistors.
Metal Metal —
naype ptype n-type [+ contact  contact P n P

St B sl Coll Ee Emitter Base Collector oC
: ; Mlecta :
region region region ! ‘(LLI o region region region

Emitier-base Collector-base

junction junction
Base

(B)

Emitter
(E)

o

(EBI) {CBI

M odes of operation:

* The two junctions of BJT can be either forwarderarse-biased.

* The BJT can operate in different modes dependindp@junction bias.
* The BJT can operate in different modes dependinip@junction bias.
» Switching applications utilize both the cutoff asaturation modes

Mode EBJ CBJ

Cutoft Reverse Reverse

Active Forward Reverse
Saturation Forward Forward

Operation of the npn transistor in the active mode:

¢ Electrons in emitter regions are injected into bdwse to the forward bias at EBJ

* Most of the injected electrons reach the edge of GBfore being recombinddl the
base is narrow.

» Electrons at the edge of CBJ will be swept intdemtbr due to the reverse bias at CBJ.

«  Emitter injection efficiency) = ‘£n (ign + igy)
n p



« Base transport fact@e;) = lc"/iE
n

« Base transport facte) = lC"/l-E =yar <1

e Terminal currents of BJT in active mode:
ig(Emitter current) =g, (electron injection from E to B) 4z, (hole injection from B to
E)
ic(Collector current) =i.,(electron drift) +i-5,(CBJ reverse saturation current with
emitter open)
ig(Base current) %z, (hole injection from B to E) +z,(recombination in base region)

Forward-hiased Reverse-hinsed

L

Injected hﬂlei [
electrons (i)

Thetransistor asan amplifier:

* A BJT circuit with a collector resist®c can be used as a simple voltage amplifier.

» Base terminal is used the amplifier input and tbkector is considered the amplifier
output.

* The voltage transfer characteristic (VTC) is ob#dirby solving the circuit from low to
highVgg.

* Cutoff mode:
OV <Vgp <05V &i.=0
Vo =Veg = Vee

* Active mode:
Vgg > 0.5V & i #0
Vo =Vee — icRe

e Saturation mode:
Vg further increases
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Transistor Configuration:

Depending upon the terminals which are used asmmnom terminal to the input and output
terminals, the transistors can be connected ifiall@ving three different configuration.

1. common base configuration

2. common emitter configuration

3. common collector configuration

Common base configuration:

* In this configuration base terminal is connected asmmon terminal.

* The input is applied between the emitter and baswaibals. The output is taken between
the collector and base terminals.

Emitter Base  Collector

E_# N P N F_«c Eo °C

Input Input Output
B . ‘ B Be : o B
(a) Common-base connection.
o C

* Input characteristics: The output (CB) voltage isimmined constant and the input
voltage (EB) is set at several convenient levets.dach level of input voltage, the input

currentlg is recordedlg is then plotted versu¥eg to give the common-base input
characteristics.



» Output characteristics: The emitter curréatis held constant at each of several fixed
levels. For each fixed value bf, the output voltag®/cg is adjusted in convenient steps
and the corresponding levels of collector curierdre recorded. For each fixed value of
le, Icis almost equal tb= and appears to remain constant wkieg is increased.

Common emitter configuration:

* In this configuration emitter terminal is connecteda common terminal.

» The input is applied between the emitter and baswuitals. The output is taken between
the collector and base terminals.

c
e T e e

N Collector
B 0——-—-——' = Base Output B o——{ Output
N Emitter
it : Input

E I £ E

(b) Common-emitter connection.

* Input characteristics: The output voltageg is maintained constant and the input voltage
Vge IS set at several convenient levels. For eacH Eviaput voltage, the input currehg
is recordedl is then plotted versiége to give the common-base input characteristics.

» Output characteristics: The Base currgnis held constant at each of several fixed levels.
For each fixed value di, the output voltag®/ce is adjusted in convenient steps and the
corresponding levels of collector currditare recorded. For each fixed valuelgf I¢

level is Recorded at eadlce step. For eachs level,l¢ is plotted versu¥ce to give a
family of characteristics.
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Common collector configuration:

In this configuration collector terminal is connected as a common terminal.

The input is applied between the base and collector terminals. The output is taken between the
emitter and collector terminals.

N Emitter
B P |Base  Output B o——————< Output
N Collector
by Input

Ceo I C c CiC

(c) Common-collector connection.

Input characteristics: The common-collector inpudracteristics are quite different from
either common base or common-emitter input charniattes. The difference is due to the
fact that the input voltag@/gc) is largely determined b{}f/ec) level.

Vec = Ves + Vec

Ves= Vec-Vac
Output characteristics: The operation is muahilar to that of C-E configuration. When
the base current igo, the emitter current will be zero and consequentlycarrent will
flow in the load. When the base current is incrdafiee transistor passes through active
region and eventually reaches saturation. Undes#iteration conditions all the supply

voltage, except for a very small drop across thedistor will appear across the load
resistor.
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Phototransstor:

The phototransistor is much sensitive semicondyshato device than the p-n photodiode. it is
usually connected in common-emitter configuratioithwthe base open and radiation is
concentrated on the region near the collector janct

Vee

R

Vour
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CHAPTER-3
(Lecture-7to 10)

Transistor at low frequencies:

The transistor can be employed as an amplifyingcéethat is, the output ac power is greater
than the input ac power. The factor that permitsaarpower output greater than the input ac
power is the applied DC power. The amplifier igially biased for the required DC voltages and
currents. Then the ac to be amplified is givenngsit to the amplifier. If the applied ac exceeds
the limit set by dc level, clipping of the peak imrg will result in the output. Thus, proper
(faithful) amplification design requires that the @d ac components be sensitive to each other’s
requirements and limitations. The superpositiootém is applicable for the analysis and design
of the dc and ac components of a BJT network, gaénmgithe separation of the analysis of the dc
and ac responses of the system.

BJT Transistor modeling:

* A model is an equivalent circuit that represenesAlC characteristics of the transistor.
* A model uses circuit elements that approximatebgteavior of the transistor.
* There are two models commonly used in small sigi@abnalysis of a transistor:

i. 1, model

ii.  Hybrid equivalent model

Two port device and hybrid modd:

» For the hybrid equivalent model, the parametersiafmed at an operating point.

¢ The quantitieB;, h,..hs., andh,, are called hybrid parameters and are the compsnent
of a small — signal equivalent circuit.

» The description of the hybrid equivalent model wiigin with the general two port

system.
I I,
-
| 0————==0 e - I
P +
¥ Vo
v
- i -
'g——————— e e = - ———— ——"



The four variable#, 4, hy,, h,; andh,, are called hybrid parameters (the mixture of

variables in each equation results in a “hybrid’afeunits of measurement for the h —
parameters).

hq1= h; (input resistanQeVi/ 1-|
tly,=0

h,, = h,(reversed voltage gainy%,
]

1;=0
hy1 = he(forward current gain)lf/ll
l
Vo=0
h,, = h,(output admittance)lﬁ/v
o]
I;=0

i

AA—— y

wv, N\, § h,

wif

P

h
——
r
+
r
o

Hybrid equivalent circuit

Common Base configuration - hybrid equivalent dircu  Common Emitter configuration - hybridudgalent circuit

Essentially, the transistor model is a three teafriwo — port system.

The h — parameters, however, will change with eactiiguration.

To distinguish which parameter has been used octwisi available, a second subscript
has been added to the h — parameter notation.

For the common — base configuration, the lowerdetser b is added, and for common
emitter and common collector configurations, tteels e and ¢ are used respectively.



Configuration I I, Vi Vo
Common emitter Iy L. Ve Vee
Common base L. L. Ven Ven
Common Collector Iy I, Ve Ve

Input and output current and voltage of differeansistor configuration in terms of h-parameter

* Normally h, is a relatively small quantity, its removal is apgmated byh, andh,V, =
0, resulting in a short — circuit equivalent.

* The resistance determined B}%O is often large enough to be ignored in compartsca

parallel load, permitting its replacement by anropeircuit equivalent.

+ % ] + B
! bl |
% o
_ | ] -
* # —
Simplified structure of hybrid model
Analysis of transistor amplifier using h-parameter:
— + +
"r:'
R
. i
ig: — Transistor ¥, g i
@)

Two-port system



by ; ) . am
=+ hy j ? ‘I
R, +
+ e o3 1 h, V, r\’ ; f?ffb 1/ho . — Ry
AL : =
— |

[s
L
[

Substituting the complete hybrid equivalent ciréaib the two-port system

For analysis of transistor amplifier we have toedeiine the following terms:
« Current GainAi):IO/I_
L

« Voltage gainﬂv):VO/ V.
L
« Input impedancﬂl-)=vi/1.

« Output impedancﬁ(;):VO/ I

Current Gain:

Applying Kirchhoff’s current law to the output circuit of the hybricuéglent circuit

10 =1+ hf]b=V0/1 +hf
/n,

1,=V,h, + hel)

SubstitutingV,, = —I,R; gives us

I, = hel, — hoIoR,

Rewriting the above equation we have
I,(1 + hoR,) = hel,

I h
SOthat Ai: O/Ib: f/1+hoRL

Note that the current gain will reduce to the faanilresult ofA; = hif the factorh,R, is
sufficiently small compared to 1.



Voltage gain:
Applying Kirchhoff's voltage law to the input cirguesults in

Vi = by + Y
Substitutingl, = a+ hORL)/hf and/, = —V"/RL in the above equation and solving %}/Vi

—h:R
_ fL
we getd, = hi + (hiho — heh)R,

In this case, the familiar form, = _thL/h_of will return if the factor(h;h, — heh, )R, is
l
sufficiently small compared tai.

Input impedance:

For the input circuitV; = h;I, + h,.V,
T / _1

Substitutind, = — "/RL, A= "/Ib

So that the equation above becoies h;I, — h, R, A;I,

Solving for the ratig"/lb, we obtain

7, =V /1,= hi = hy R, A;(substituted, in the equation

Output impedance:

The output impedance of an amplifier is defineeahe ratio of the output voltage to the output
current with the signdf; set to zero. For the input circuit with=0,

—h,V,
[ = rvo
i /R + Iy
Substituting this relationship into the followingueation obtained from the output circuit yields
10=V0h0 + hflb

o

heh,
o= (" in, 1 sy

In this case, the output impedance will reducén&ofamiliar formzZ, = 1/h for the transistor
0

when the second factor in the denominator is gefiity smaller than the first.
Emitter-Follower:
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Emitter-follower configuration

The above configuration is called as emitter fokbovbecause its voltage gain is nearly
equal to unity i.d}, = V; which means change in input voltage is nearly etguahange

in output voltage.

In this configuration emitter follows the input saj. Here input resistance is very high
i.e. in the range of kilos and output voltage ispMew i.e. in the range of tens of ohms.
Hence common use of common collector is as a bstége which transfers resistance
from high to low resistance over a wide range efifrency with voltage gain of unity.

It also increases the power level of signal.

=1 _ _hfc/
A=/ = 1+ hy.R,

V:
Z;= l/]b = hie + hyeAiRy

|4 R
Ay = O/Vl. =4 L/Rl.

heoh . .
Y, =hye — 757/, WhereR. andR, is source and load resistance.
h;c. + R;

Miller's theorem and its dual:

The introduction of an impedance that connects #igplnput and output ports adds a

great deal of complexity in the analysis processe @chnique that often helps reduce
the complexity in some circuits is the useMifier's theorem.

Miller's theorem applies to the process of creaéiqgivalent circuits. This general circuit

theorem is particularly useful in the high-frequgnanalysis of certain transistor

amplifiers at high frequencies.

Miller's Theorem generally states:



Given any general linear network having a commoemiteal and two terminals whose
voltage ratio, with respect to the common termiigagiven by:
v, = AV,

* |If the two terminals of the network are then intemected by impedance, Z, an
equivalent circuit can be formed. This equivaleimtwt consists of the same general
linear network and two impedances; each of whiamtha network terminal to common
terminal. These two impedances have value

z | | | |
I I 1s in out 2s
1i 2i > | General Linear | * , *

> General Linear - + ! Network | +
+ T"' Network “‘[‘ + with

) in ) with .— out V] 7 VE =A V] 7, \2
\--1 \*2 =A Vl \-'2

- ] o —s |

(a) (b)

Miller Equivalent Circuits
(a) Interconnecting Impedance (b) Port-Shunting Impedan

Cascading transistor amplifier:
The two-port system approach is particularly usébulcascaded systems whetg;, A,,, A,
and so on, are the voltage gains of each stage lmatded conditions that i,,is determined
with the input impedance t4,,acting as the load a@r,. For4,,, A,; will determine the signal
strength and source impedance at the inpdt,§a The total gain of the system is the determined
by the product of the individual gains as follows:

Apr = Ay Ay Ay -

and the total current gain by
Z.
Ajr = —Ayr lL/RL

/o= i /"’:z iy

+o——— — -

Cascade system



CHAPTER-4

(Lecture-11to 14)
JFET (Junction FET):

The FET is a three terminal (i.e. drain, gate aodree), unipolar voltage controlled device.
There are two types of such devices MOSFET (Metad® Semiconductor FET) and JFET
(Junction FET). Again the JFET is classified intewhannel JFET where current conduction
occurred due to electrons and p-channel JFET wharent conduction occurred due to holes.
In JFET gate to source junction is always in res@rbias condition and drain is always high
potential than source.

7 Dhraie €400

Lo b
e L FELnm

L= B A

Junction field-effect transistor (JFET)
Advantages of JFET:

« Very high input impedance order o — 101° ohm.

e Operation of JFET depends on the bulk material ezuricarriers that do not cross
junctions.

* Very high power gain.
* Smaller in size and having high efficiency.

V-l characteristicsof JFET:

As JFET is a voltage controlled device, its drainrent is depend upon the gate to source
voltage and drain to source voltage Ipédrain current) is a function df;s(gate to source
voltage) and/ps(drain to source voltage).

VGS

Wherdp = Ipgs(1 — Vgs(cut off)

)2, Vesceutorr) = Ve



4 Ip (ma) Locus of pinch-off values
Ohmic |  Saturation Region
Region |
Ipss 3] T Fes=0V
Vas=-1V
Vgs=—2V
cs=—3V
= AV =T
: : : Lo 2
10 15 20 25 Vs (V)

Fy(for Vgg=0V)

Drain characteristic
n-Channel JFET characteristics Wighs = 8mA and/, = —4

* Ipgs is the maximum drain current for a JFET and isndef by the conditiong;s=0 and
Vps > Vp wherel/p is the pinch off voltage.

» For gate-to-source voltagéss less than (more negative than) the pinch-off lettet
drain current is 0 Al = 04).

* For all levels ofV;s; between 0 V and the pinch-off level, the curréntwill range
between,ss and 0 A, respectively.

Transfer characteristics:
The transfer characteristics of JFET is betwkewersusV;s whenV,, is kept constant.

Iy (mA) 4 A I, (mA)

Vos=0V

Voe=-1V

Fos=—2V
Vos=—3V

— Vas=—4V

15 20 25 s

Transfer Characteristics

o WhenVGs =0 V, ID :IDSS'
b When VGS=VP1ID =OmA

FET small signal modd!:




The ac analysis of an FET configuration requiresd #h small-signal ac model for the FET. A
major component of the ac model will reflect thetfdnat an ac voltage applied to the input gate-
to-source terminals will control the level of curtefrom drain to source. The three major
component of ac model are as follows:
» Drain resistancerf) - It is the ratio of change in drain — source voltam¢he change in
drain current at constant gate source voltage.

AV,
D = DS/AID‘

* Transconductancgyf,) - it is the ratio of change in drain currentth@ change in gate
source voltage at constant drain source voltage.

AV gs=constant

_Alp
gn=""/ AVgs
AV pS=constant

_ —21055/ _ V(;s/
So Gm VGS(cutoff) ( VGS(cutoff))

« Amplification factor () - it is the ratio of change in drain source vgédo the change in
gate source voltage at constant drain current.

_ AVpg
u= /AVGS
Sopu =1p X gm

JFET biasing:

For the JFET to operate as a linear amplifier, @point should be in the middle of the

saturation region, the instantaneous operatingt poust at all times be confined to the saturation
region, and the input signal must be kept suffitjesmall. For selection of an appropriate

operating point for a JFET amplifier stage propiasing is needed. Similar to BJT, JFET is
having three types of DC biasing.

* Fixed-bias configuration
» Self-bias configuration
» Voltage-divider configuration

FET asvoltagevariableresistor:

» FET is operated in the constant current portioitobutput characteristics for the linear
applications.



* In the region before pinch off, wheVgg is small the drain to source resistange&an be
controlled by the bias voltaggs. In this region, FET is useful as a voltage vdeab
resistor (VVR) or Voltage Dependent resistor.

* In JFET the drain source conductamgdor small values o, which may be expressed

asgqy = Gaoll — (VGS/VP)l/Z]whereng is the value of drain conductance when the bias

voltageVis zero.

« The variation of the rd witlv;s can be closely approximated by_ T, IS

"/ 1-kvgs)
drain resistance at zero gate bias and K cons&gdrdlent upon FET type.

» Small signal FET drain resistance rd varies witpliapl gate voltag®;sand FET act like
a variable passive resistor.

Common drain amplifier:

FET AC Equivalent Circuit:

Ip = gm%s + 1/1"d Vs

7, | &% 2w

FET ac equivalent circuit
JFET source follower (common drain) configuration:

In a CD amplifier configuration the input is on thate, but the output is from the source.
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AC equivalent circuit of CD amplifier

D
I""gs f gmrg; Td
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CD ac equivalent circuit

* Input impedanceZ; = R
* Output impedanceSettingV;=0V will result in the gate terminal being connettirectly
to ground as shown in figure below.

Irg': f Em 'Irg: T RS

DeterminingZ,of the above diagram



z,="fy =%) 1
0 Vo(a‘FR—S‘Fgm)

which has the same format as the total resistahttee® parallel resistors. Therefore,

1
Zo = rd”Rs”g_m

For r; =10Rg, Z, = 14l|R;
* Voltage gain:
A, = E _ 9m(allRs)
y=—=

V; 1+ gm(rallRs)
— gmR
Ay =T S/1+ngS
T4210R;
Since denominator is larger by a factor of oneghi@ can never be equal to or greater
than one.
MOSFET:

* MOSFET (Metal Oxide Semiconductor Field Effect Tsitor) is a unipolar , voltage
controlled current device and is a device in whecinrent at two electrodes drain and
source is controlled by the action of electric diet another electrode gate having in
between a semiconductor very a thin metal oxiderlaWlOSFET is classified into two
types i.e. enhancement type and depletion type.

* There is no direct electrical connection between dhte terminal and the channel of a
MOSFET. It is the insulating layer 6i0,in the MOSFET construction that account for

the very desirable high input impedance of the cvi

1 ".-II-'"' n-linng] ] Fegnm
1

e 2 I
wri-clinsmeal
Metal comtucts 2 Motaltic .~ o
. P
' ", -
F

cunlaes |

‘.I:' s, madimed
{Sowrre) TG : T

n-Channel depletion-type MOSFET. n-Channel enhancement-type MOSFET.



Although there are some similarities in construttend mode of operation between
depletion type and enhancement type but in casgepletion type there is a channel
between source and drain terminals which is abieezase of enhancement type.

The transfer function of depletion type MOSFETame as the JFET transfer function.
MOSFET can be operated with either a positive negative gate. When gate is positive
with respect to the source it operates in the ecdraent—or E-mode and when the gate

is negative with respect to the source, it operateepletion-mode.

vas=+1.5V
X 16 Vgs=+1.0V » 12
7] -
£
< =
= £ = :
£12 2z = 1
8 & = Br '
e - "
g &= '
£ E [
c
3 8 Ves= -1V Lo 8 :
= 27 =
B a2 =z 4l i
& s 3 = '
Vas= -2 V 3 :
4 I
Ves= -3V i
(e Inse 1 Vasion
o N 2 . 5
P a 12 16 20 ves (OFF el
- N (QFE) — GATE-SOURCE VOLTAGE, —s
rain >ource voitage Vo n vVolts r
9 Vas INVOLTS
Drain Charecteristics Transfer Characteristic

The equation for the transfer characteristic of BSFETS is given as:
Ip = K(Vgs — VGS(Th))2
wherelp,=Drain current
V;s=Gate to source voltage

Vescrny= Threshold voltage

K:ID(on) /
(Vas — Vascrny)?

The Hybrid-pi CE Transistor Model:

The hybrid-pi or Giacoletto model of common emitiensistor model is given below.
The resistance components in this circuit can beioeéd from the low frequency h-
parameters.

For high frequency analysis transistor is replazgdhigh frequency hybrid-pi model and
voltage gain, current gain and input impedancelatermined.
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The hybrid -pi model for a transistor in CE configion
* 1,p,=0hmic base spreading resistance

* vp.=Small change in voltage across base emitter joimcti
* 1,.=resistance between B'and E

* ¢p=diffusion capacitance between B' and E

* 1= resistance between B'and C

* ¢, .= diffusion capacitance between B' and C

* 1..=resistance between C and E

*  gmVpe=cCUrrent generator

Hybrid -pi conductance and capacitance:

All the resistance components in the hybrid-pi maden be obtained from the h parameters in

CE configuration.

» Transistor Transconductange,():”Cl/VT

wherel-=collector current in mA
Vr=thermal voltage which is nearly equally to 26mAa@im temperature.

heo V.
« The Input Conductancgf,.)= "¢ " |IC|:gm/hf
e

wherehg,=short circuit current gain of CE configuration
* The Feedback Conductangg(.)= hyreGpre
whereh,.=reverse voltage gain when the input is open-diecli

» The Base Spreading Resistangg(= hjo-7p/e



whereh;,=input resistance with output shorted
The Output Conductangg()= hoe-(1+hse) gpic

whereh,,=conductance with the input open circuited.

Hybrid -pi capacitance:

There are basically two types of capacitances ifjupation diode i.e. one is junction
capacitance and other is diffusion capacitance.
The active mode BJT has one forward biased pnipm&nd one reverse biased pn
junction. in case of npn BJT the capacitances &s®ocwith pn junctions are labeled
asry,=junction capacitance associate with reversed Bigs:)

Cje= junction capacitance associate with forward tdsBJ

C4.=diffusion capacitance associate with forward iaSBJ
The diffusion capacitance and junction capacitassociated with forward biased EBJ
are appeared parallel and can be combined as

Cr = Cje +Cge = Cye

Typically C, is in the ranges from fraction of pF to few pF whasC, is in the ranges

from few pF to tens of pF, which is dominate®y.

Variation of hybrid-pi parameter:

Parameter Variation with increasing
el Vel T

Im Increasing Independent Decreasing
Tpb Decreasing Increasing
The Decreasing Increasing Increasing
Cr Increasing Decreasing

Cu Independent Decreasing Independent
hse Increasing Increasing Increasing
hie Decreasing Increasing Increasing




The CE short-circuits current gain:

an important high frequency characteristics of grstor is unity-gain bandwidttff). this is
defined as the frequency at which short-circuitent gain

I
hye =7/ 1b‘

s.cload
has decreased to the value one.

T [
Zin =
The hybrid-pi circuit for a single transistor wihort circuit load
Applying KCL at collector terminal provides an etjoa for short circuit collector current

Ie = gmVn _j(‘)Can
At input terminal B,

Vie = Iy-Zin = lp-1 (Zc, + Zc,)

1 _
V. = I,. [r_ +jw(Cr +CH]T

T
. 1 . —
Ic:(gm _]wCu) Ib' [;'l'](‘)(cn +C )] !
I —jwC
hfe — C/Ib — (gm ] H) .
[a +]w(CT[ + Cu)]

. 1z
asgm > |jwC,| thereforehy, = I/ o0 (e v

The above frequency resporigg is in the form of single pole low pass circuit.



il 4B . -
ey oy w (log scake)

The short-circuit CE current gain vs. frequency
The 3-db frequency dhy.,|is given by

1
wp = m andﬁo = OIm"

The frequency at Which1fe| declines to value 1 is to denotedugswhich can be determine as

follows
Bo
he,l =1=
el [1+ jw(Cq + CTy]
. , T
:80 = [1 +]w(CTL' + Cﬂ)rﬂ:] =1 +](‘)_ﬁ

Forwr > wg, wr = gm/C,, +C,

fr=9"oncc. + C)

Common emitter at high frequency:




all external capacitors are assumed to be shanitsrat high frequencies and are not
present in the high frequency equivalent circuitds the external capacitors are large

when compared to the internal capacitances,csa)/jZ)C gets small as the frequency or

capacitance gets large).

simplify the small signal circuit by making thelfmhing observations and
approximation:

C..is very small and may be neglected.

7:e>> (R¢|IRL), 7.e SO may be neglected simgd|R.||R;, is dominated bR ||R,.

Tyie 1S SO much larger than all other resistancesitimaay be considered “open” and
removed from the circuit.

Tppr > 1,,:S0 it may be neglected i.e.

1 = Vble

Riy = RB”rrr
The reflection ofCy,. to the input and output circuits using Miller'stirem.



CHAPTER-5
(ecture-15 to 2

Classification of Amplifiers:

Classification of amplifier done on the basis of
I.  Frequency range
II.  Method of operation
lll.  Ultimate use
IV.  Type of load
V.  Method of interstage coupling
The frequency classification includes DC (from zBeguency), audio(20Hz to 20KHz),
video or pulse(up to few megahertz),radio frequéadgw kilohertz to hundreds of
megahertz) and ultrahigh frequency(hundred to thodsnegahertz).
According to the method of operation amplifier dinéde into
. Class A
. ClassB
lll. Class AB
IV. ClassC
The classification according to use includes vatagpwer, current or general-purpose
amplifier.
In general, the load of an amplifier is impedanidee two most important special cases

are resistive load and the tuned circuit operatieg its resonance frequency

Distortion in amplifier:

The types of distortion that may be exist in anilieither separately or simultaneously
are nonlinear distortion, frequency distortion aethy or phase shift distortion.
Nonlinear distortion: it is due to the production of new frequenciethi@ output which
are not present in the input. This distortion isietimes referred as “amplitude
distortion”.



* Frequency distortion: it exists when the signal components of diffefeequencies are
amplified differently. It may be caused by interdalices such as capacitor and coupling
circuit.

* Phase-shift distortion: it results from unequal phase-shifts of signatlliifferent

frequencies.

Frequency response of an amplifier:

» Consider a sinusoidal signal of angular frequenagpresented ¥, sin(wt + @). If
the voltage gain of amplifier has a magnitude A dredsignal suffer a phase chaége

then the output will be
0
AV, sin(wt + @ + 0) = AV, sin[w (t + Z) + @]

» If the amplification A is independent of frequeranyd if the phase shiét is proportional

to frequency, then the amplifier will followed tivgut signal although the signal will be
shifted in time b% It means both amplitude and time delay respoasesensitive

indicator of frequency distortion.
» For an amplifier stage the frequency charactermmty be divided into three regions.

i.  Mid-band frequency: the region of frequency where the amplificatiowl aelay
is reasonably constant i.e. gain is nearly equah&&

ii.  Below mid-band frequency: in this region, the active circuit may behave as
simple high pass circuit. The response decreasedeitreasing frequency and
output approaches to zero.

iii.  Above mid-band frequency: in above mid-band frequency, the circuit behaves

like a low pass circuit and the response decreagbksncrease in frequency.

L ow frequency response:

In the low-frequency region of the single-stage BITFET amplifier, it is th&k-C combinations
formed by the network capacitals C; and C; and the network resistivparameters that
determine the cutoff frequencies. In fact,R& network similarto the below can be established

for each capacitive element and the frequenayhath the output voltage drops to 0.707 of its



maximum value determined. Once th&off frequencies due to each capacitor are deébexan
they can be compared to establish which will deteenthe low-cutoff frequency for the system.

o= 1% 0 o ' o] o—C o—y—a
+ p + + + o+ +
- - _ 3 S
s 4 Q o]

(@) (b) ()

Fig (a):R-C combination that will define a low cutoff frequency
(b):R-C circuit at very high frequencies
(c):R-Ccircuit at low frequency i.ef =0

The output and input voltages are related by thi&age-divider rule in the following manner:

_ RV,
Vo="""/r 4+ x,

_Vo; _ -
=" - jx) = /1 C) /1 — j(xr RC) /1 J(zfszc)

1

1-jdh

AV=

Wheref1 = 1/27'[RC
In the magnitude and phase form,

VO/V / * tan~
/1 + f1

f1

Low frequency response of BJT amplifier:

For any BJT configuration, it will simply be necasg to find the appropriate equivalent
resistance for thér-C combination and the capacit6isC; and C;will determine the low-

frequency response of the network.



Loaded BJT amplifier with capacitors that affea tbw-frequency response

C,: It is normally connected between the applied se@nd the active device, the general form
of theR-C configuration is established by the networke total resistance is na + R; and the

cutoff frequency is
=1
fis = /on(r, + R)C,

WhereR,= source resistance

R;= input resistance of the active device

I

I—
R, -
— ¥ System
|

Determining the effect of on the low frequency response

C.: The coupling capacitor is normally connected leetwthe output of the active device and the
applied load, thdr-C configuration that determines the low cutoff freqoye due t@,. appears
and the total series resistance is iy R,and the cutoff frequency dueGpis determined by



1
fie = /2n(r, + r)C,
WhereR, = load resistance

R,=output resistance of active device

System ~— Ry V,

A

Thévenin
Determining the effect of .on the low frequency response

Cr: The cutoff frequency due dg can be determined using the following equation

fie = Yamrc,

WhereR=the resistance of active by seen the emitter

]!
|
|

System e

Determining the effect afzon the low frequency response

The highest low-frequency cutoff determined’hyCr; andC;will have the greatest impact since

it will be the last encountered before the mid-bkvel.

L ow-frequency response of FET amplifier:



The analysis of the FET amplifier in the low-frequg region will be quite similar to that of the
BJT amplifier. There are again three capacigrg,. and C;will determine the low-frequency

response of the network.

[
M,

= - - -- -

Capacitive elements that affect the low-frequeresponse of a JFET amplifier

C;: The coupling capacitor between the source andd¢hee device, the ac equivalent network

will appear as shown in below figure. The cutoffiduency determined kg will then be

1
fie = “fam(r,,, + R)C

WhereR;=input resistance of active device i.e.in FEEER,;

R,;,=source resistance

sig

System

Determining the effect of; on the low-frequency response

C.: The coupling capacitor between the active desitdthe load the network. The resulting

cutoff frequency is

_1
fie = “/2n(r, + R,)C,

WhereR ,=output resistance of active device



R; =load resistance

System —— § Ry System —— —_

Determining the effect af.and’s on the low-frequency response

C,: It is the source capacitance and the resultingffdrequency is
—1
fie = “fan(r,)c.
WhereR,,=R;l| gi whermr,; = .

High frequency response:

At the high-frequency end, there are two factoed thill define the 3-dB point: the network
capacitance (parasitic and introduced) and theuéegy dependencelgt. (5).
In the high-frequency region, tlRC network of concern has the configuration appeainntpe

below figure. The gain of the following RC netwaskgiven by

2 1
V —_———————
1465
Wheref,=cutoff frequency of a device
1
Fis
o A A o
+ +
V. C v,
o : °

R-C combination that will define a high cutoff frequgnc



High frequency response of BJT amplifier:

During high frequency response various parasitipaceances @, C.. and C,.) of the
transistor have been included with the wiring cépaces (,,;, C,,,) introduced in the network.
The capacitancé€;includes the input wiring capacitarttg, the transition capacitan€g,, and
the Miller capacitancey, the capacitance,includes the output wiring capacitadgg, the
parasitic capacitancg,, and the output Miller capacitar@g . In general(,.the capacitance is
the largest of the parasitic capacitances, Wjththe smallest. In fact, most significantly the
network consists of’,,andC,. and do not include .unless it will affect the response of a

particular type of transistor in a specific areapplication.
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High-frequency response of BJT amplifier
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High-frequency ac equivalent model of BJT amplifier

The Thévenin equivalent circuit for the input andpmt networks of the above network is given belBar.
the input network, the3-dB frequency is defined by



fu; = 1/27I(RTh1)Ci
WhereRzy,, = RlIR, IR, |IR;
C; = Cy, + C, + Cpe = Cyy, + Cpe + (1 — A)Che
Similarly for output network, the 3-dB frequencydisfined by
fur = om(ry, ),
WhereRz,, = R|IR I

Co = Cy, + Cy, + Cpe

R =R R B 1| %, Ry, =RcllRe Il 7,
ANA : AAN

En, 0\ = A,

1]
1

(@) (b)

Thévenin circuits for the input andputtnetworks of the network

High frequency response of FET amplifier:

The analysis of the high-frequency response oFB& amplifier will proceed in a very similar
manner to that encountered for the BJT amplifieher€ are interelectrode and wiring
capacitances that will determine the high-frequentyracteristics of the amplifier. The
capacitors,s andCy, typically vary from 1 to 10 pF, while the capacitaid,,is usually quite a
bit smaller, ranging from 0.1 tol pF.

The cutoff frequencies defined by the input angattircuits can be obtained by first finding

the Thevenin equivalent circuits for each section.
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High-frequency ac equivalent model of BJT amplifier
For the input circuit,

-1
fu, = /Zn(RThl)Ci
WhereRz,, = Rgig||R¢

Ci =Cy, + Cy, + Cys = Gy, + Cpe + (1 — Ay)Cyq
For the output circuit,

—1
fu, = /Zn(RThZ)CO
WhereRry,, = RplIR, |7y
CO = CMO + CWO + CdS

Cu,=(1 = 1/4 )Cga
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The Thevenin equivalent circuits for the (a) inpincuit and (b) output circuit

Bode plot:

» Bode plot consists of two plots both have logarithfinfrequency on x-axis.
1. y-axis magnitude of transfer function, H(s), in dB
2. y-axis phase angle

» The plot can be used to interpret how the inpugcs the output in both magnitude and
phase over frequency.

Procedure to draw magnitude plot in bode plot:
Stepl: Determine the Transfer Function of the syste

K(S+Z
Hs) = KT Aoy

Step 2: Rewrite it by factoring both the numeraiod denominator into the stand&odm

b KZl(Z% + 1)/
s) =
spl(Pil+ 1

Step 3: Replacswith j? Then find the Magnitudef the Transfer Function

Kz, (G + 1)
H(w) = ! / Jjw
jwPr G+ 1)
1
Kz, (7 +1)
20log,o H(jw) = 20log,, 1 / iw
jwPy (P—1 +1)

W
2y 1| — 20log;oljw| — 20logo|Py|
1

= ZOIOglolKl + 2010g10|21| + 2010g10

jw
+ 2010g10 — + 1|
Py
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Figure (a): Effect of constant on magnitude plot.
Figure (b) and (c): Effect of pole and zero at iorign magnitude plot respectively.

Figure (d): Effect of pole and zero not at origimmmagnitude plot.

Procedure to draw phase plot in bode plot:



Step 1: the original transfer function

KZy(p+ 1)

JjwP; (P— +1)

1

Step 2: the cumulative phase angle associatedtwgHunction are given by

LKLZIL(]Z—W +1)

4jw4P14(P— +1)
1

Step 3: Then the cumulative phase angle as a mofithe input frequency may be written as

LH(jw) = 2(K + 7, + (’Z—W+ 1)—W—P1-(L—W+ 1))
1 1

LTF +90 deg
> (log)
(@)
= TF >
-90 deg
(b)
+90 deg

ZH / / +45 deg

0.1z 1 102100z

(©)
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(d)
Figure (a):Effect of Zeros at the origin on Phase Angle
Figure (b): Effect of Poles at the origin on Phasgle
Figure (c): Effect of Zeros not at the origin oreBé Angle

Figure (d):Effect of poles not at the origin on Phase Angle

The RC coupled amplifier:

O
Vee
Re

§ 3
H Ten lenmed

%H! Re 7

A cascade common emitter (CE) transistor stage

rd s

* It has excellent frequency response in an audguiacy range and cheaper in cost.
» The drawback of this approach is the lower fesqqy limit imposed by the coupling

capacitor and poor impedance matching.



