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Conductor???? g

Conductors are materials or objects that allow
electric current (flow of charges) to pass
through them easily.

G ood conductor
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Conductors

Conductors
It Is an object or a type of

ma.terlal tha.t a“OWS fIOW Of makeagitcom
charge (electrical current) in one
or more directions. Fun Fact about Conductors:
Examples: Did you know that a single copper wire, as
Copper wire, Aluminium Wire thin as your hair, can carry millions of
electrons every second?
Copper Aluminum

That’s why materials like copper and
aluminium are used in power lines — they
let electricity flow freely, almost like a super-
fast highway for charges!
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Insulator??

Insulators are materials that do not allow
electric current to pass through them easily. Non-metal
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Insulators:
It Is a material in which the

Examples: Glass, Porcelain,
Paper, Rubber etc.

electron does not flow freely.
Insulators does not conduct.

Magnetic Core

|
Barriers |

Paper Insulation
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*They have very high resistance to the flow of charges.

*Their electrons are tightly bound to atoms, so they cannot move
freely.

*They are mainly used for protection and safety

- Emitting Elite Energy PREPARED BY SHILPASHRI V N,ASSISTANT PROF,DEPT OF EEE,ATMECE,MYSURU



B

4 ATME m

atme | College of Engineering

Semiconductor??

Semiconductor Is a material whose ability to
conduct electricity is between that of a
conductor and an insulator.

Non-metal
(Glass)
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At low temperature — behaves like an insulator.
*\When heated or doped with impurities — behaves like a conductor.

«Conductivity can be controlled with temperature, light, electric
field, or impurities.
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Semiconductors: . i

A semiconductor material
has an electrical

conductivity value falling
between that of a
conductor and an

Insulator. b @ 2 0 (o @ o &

Examples: Silicon, T ——— TR

Germanium, Gallium

Arsenide

Non-metal
(Glass)

@
@
v @
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L Diode y Metal Oxide
- N Semiconductor Field
Semiconductor Devices Bipolar Junction Effect Transistor Insulated Gate Bipolar
. Transistor (BJT) y (MOSFET) AR Tl e
_ (IGBT)
Fle!d Effect Thyristors ]
. Transistor (FET) >
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"Ever wondered why
your charger doesn’t

Ever wondered why your charger doesn’t
send electricity back into the socket?

That’s the diode quietly working.

a

Ly

- Emitting Elite Energy

send Electricity back into
the socket?

That’s the diode quietly
working."
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Diode
] . _ Anode Cathode

A diode 1Is an electronic component that —
allows current to flow In only one
direction _and blocks it In the opposite Depletion region
direction. (a) Basic structure

Anode (A) H Cathode (K)
Key Points:

(b) Symbol

*Made of semiconductor material (usually Silicon,
sometimes Germanium).
*Has two terminals:
* Anode (+)
« Cathode (-)

- Emitting Elite Energy
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Types of Diodes:

Standard PN diode — Rectification.
«Zener diode — \oltage regulation.
*Schottky diode — Fast switching, low forwa

drop.

Diode

Rectifier Varactor Zener Tunnel LED Photo
Diode Diode Diode Diode Diode

Cathode (-)

a
" A K A R A &

*Photodiode — Converts light into current. Schematic Symbols for Diodes
LED — Emits light when forward biased.

- Emitting Elite Energy
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1N4007 Pinout

Cathode (-)

Cathode (-)

Anode (+)

Anode (+)

1N4007

1N4007 Animation Symbolic
Representation
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Diode
Applications n [°
Rectifier — Converts AC (alternating AN | & N
current) into DC (direct current). o = 52 &b 77)
*Protection — Prevents reverse current g_‘r._-:'.;f I &
that could damage circuits. iy

Signal demodulation — Used in radios

and communication systems.

LED (Light Emitting Diode) — Special
diode that emits light when current flows.
«Zener Diode — Provides voltage

regulation.

- Emitting Elite Energy

Anode Cathode N
Anode Cathode

()

)_ C E}hnﬂlu
Anode Cathode — _(Lase)

Band
Anode
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PN Junction

A PN junction is the boundary or interface

between a P-type semiconductor and an N-

type semiconductor.

1. Formation

*P-type semiconductor — Doped with &
trivalent atoms (e.g., Boron) — creates holes oes
(positive charge carriers).

*N-type semiconductor — Doped with
pentavalent atoms (e.g., Phosphorus) — creates

electrons (negative charge carriers).

*When these two regions are joined — a PN

junction is formed. shuttersteck
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Key Regions
*Depletion Region:
« At the junction, electrons from the N-side
combine with holes from the P-side.
 This creates a region with no free charge
carriers (immobile ions only).
 Acts as an insulating barrier.

Free
Electrons

*Built-in Potential (Barrier Potential): e
* An electric field is created across the prregion | Depletion - -regor

depletion region.
» Typically ~0.3 V for Germanium, ~0.7 V

for Silicon.

shutterstock
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Diode
Operation: o S
|
Forward Bias: When Anode is e VS e
| | ' |
connected to +ve and Cathode to —ve : :
. . Forward bias Reverse bias
— depletion region narrows —
current flows. Circuit design Neat Snicket-Kieran - Tinkercad
. _ 04V 0.7V
*Reverse Bias: When Anode I1s —ve I[ : I] :
and Cathode is +ve — depletion Pl danihidasail 1? =2 meaiibaa © L
region widens — current is blocked
(except a very small leakage). — P N ' Lo P N +—
(a) J Dapletion region (o) Dapletion region fully collapsed
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Testing a Diode

A
|

{a) Forward-bias test (b)) Reverse-bias test

1)

I;'::'.I i |
\
K A K A
OPEN SHORTED
A K A K
(c) Forward- and reverse-bias tests {d) Forward- and reverse-bias tests f
for an open diode give the same shorted diode give the same 0V
indication. reading

FIGURE 2-76

Anode Cathode

Testing a diode out-of-circuit with a DMM.

i = The red (positive) lead of the meter

IS connected to the anode and the
black (negative) lead 1s connected to
the cathode to forward bias the diode.

= |f the diode Is good, you will get a
reading of between approximately 0.5
V and 0.9 V, with 0.7 V being typical
for forward bias.
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How to test Diodes Using a Digital Multimeter I J’
f
Forward T ,J
|
I
’/
Reverse Bias J Forward Bias
o — SE— L' VD
07
{ V
Breakdown! Reverse l
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DIGITAL- MULTIMETER
{ . FUNCTIONS
117 TRUE AMS MULTMETER |

l -
, J
¢ D B B Vx Meausred Parameter
) 2
I-. =

= YoltAlert

8 AeieVolz

win

Hold [ Gl 1o Function
Auto [ SiaCUBR 1 AcC Voltage/Frequency
Switch A v Dc Voltage

B ——— milli Volts/AC/DC
" Resistance

/-- R 1 Continuity Check
B 1 Diode/Capacitance

Rotary
Switch

o

Voit

De SRR Ac Current
Current
COM b -
Currentl—_ 1 NP c.@m y—— Voltage/Ohms Lead
Lead ' < FUSED I 0V

w

g
@Electronicedu

' Common Lead

B8 1-GAUGE

off
____AC
DC | Voltage
Volitage DC
Current
ohms
(resistence) 1
Continuity
Transistor Positive
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» Clippers/Clampers: "How do radios, TVs, or even

your phone shape signals so music sounds clear? —
Clippers & Clampers.*

* Transistors: "What makes your Alexa, smartphone,
or even Google servers run? Billions of tiny
transistors switching ON/OFF at lightning speed.*
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Course Code:1BEE303
Course: Analog Electronic Circuits

1. To provide the knowledge for the analysis of transistor
biasing and thermal stability circuits.

. . 2. To develop skills to design the
Objectives P )

3. To understand the importance of FET and MOSFET and
FET/MOSFET amplifiers
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Course Code:1BEE303

Course: Analog Electronic Circuits

At the end of the course the student will be able to:

COL: Explain the operating principles, characteristics, and applications of semiconductor diodes,
rectifiers and BJTs in various biasing conditions and circuit configurations.[L2]

CO2: Apply the principles of BJT biasing and small-signal amplifier circuits using different bias
configurations and transistor models, considering temperature effects, bias stability and frequency
response.[L3]

CQO3: Analyze BJT amplifier circuits to determine voltage and current gains, frequency response
and the effects of source and load resistances using various amplifier configurations and transistor
connections.[L4]

CO4: Analyze the frequency response feedback amplifiers, oscillators and power amplifier
circuits to evaluate their performance under different operating conditions.[L4]

COb: Explain the construction, operating principles, characteristics, and biasing of JFETs and
MOSFETs and Analyze DC and AC performance of FET amplifier circuits in common-source
configuration.[L4]
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Course Code:1BEE302
Course: Analog Electronic Circuits
CO-PO Mapping

PO | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | POLL | - | PSO1|PSO2
- 2 2 - 3 2 - 2 - 3 -

3 3 2
3 3 2
3 3 2 -
3 3 2
3 3 2

N DD DN D
N DN DN
LW wWw w w
N DN DN
N DD DN DN
W w w w
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Course Code:1BEE302
Course: Analog Electronic Circuits
CO-PO Mapping

TEXT BOOKS:

1. Electronic Devices and Circuit Theory, Robert L Boylestad Louis Nashelsky, Pearson, 11« Edition, 2015

2. Electronic Devices and Circuits, Millman and Halkias, Mc Graw Hill, 4. Edition, 2015

3. Electronic Devices and Circuits, David A Bell, Oxford University Press, 5th Edition, 2008
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Course Code:1BEE302
Course: Analog Electronic Circuits
CO-PO Mapping

Need for Analog Electronic Circuits:

Analog electronics are essential for:

Signal Processing: Interfacing real-world Analog signals (sound, temperature, etc.)
with digital systems.

*Power Management: Voltage regulation, amplification, and filtering.

*Consumer Electronics: Audio systems, sensors, and communication devices.
*Industrial & Automotive Applications: Control systems, instrumentation, and

sensor interfaces.
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Course Code:1BEE302
Course: Analog Electronic Circuits

Job Prospects in India: Sectors:

Roles:

*Analog Design Engineer *Semiconductor(e.g., Texas

Embedded Systems Engineer (Analog-focused) Instruments, Qualcomm)

*PCB Design Engineer «Consumer electronics

*Test & Validation Engineer «Automotive (EVs, sensors)
*Aerospace & Defense
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Module-1:

Semiconductor Diode: Introduction, semiconductor materials, working principle and
forward and reverse bias conditions, resistance levels, diode equivalent circuit, transition
and diffusion capacitance, reverse recovery time. Half-wave and full-wave rectifiers,
necessity of clippers and clampers, different types of clippers and clampers. Zenor diode,
power Supply and series and parallel Voltage Regulators. Light emitting diodes (LEDS)

Bipolar Junction Transistors: Introduction, NPN and PNP transistors, construction,
operation. Characteristics of common base (CB), common emitter (CE) and common
collector configuration, cutoff region, active region, and saturation region. Relation
between collector current, base current and emitter current.
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Module-2:

BJT Biasing: Introduction to biasing, operating point, bias configurations; fixed-bias,
emitter bias, voltage divider bias, DC bias with voltage feedback, design of bias circuits,
effect of temperature on bias; thermal runaway, bias stabilization, stability, stability factors

of bias circuits.

BJT AC Analysis: Amplification in AC domain, Transistor modelling for small signal
analysis; resistance (re ) model of CB, CE, and CC configurations, hybrid equivalent
model CB, CE, and CC configurations, hybrid = model. Low frequency analysis, high

frequency analysis
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Module-3:

BJT AC Analysis: Determination voltage and current gains, effect of RL and
RS. General frequency considerations, low frequency response, miller’s
capacitance, high frequency response. Amplifier operation, common emitter
amplifier - DC and AC analysis (base and voltage divider bias only),
multistage amplifier, Cascade and cascode connections, amplifier frequency
response: decibel scale, Darlington circuits, analysis and design.
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Module-4:

Feedback Amplifiers: Feedback concept, different types, practical feedback circuits,
analysis and design of feedback circuits. Feedback amplifier; phase and frequency
considerations, oscillators operation, phase-shift, Wien-bridge, tuned and crystal

oscillators.

Power Amplifiers: Classification, analysis and design of Class A — Directly Coupled
and Transformer Coupled, Class B- Complementary Symmetry and Push Pull, Class C
and Class AB.
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® L

Module-5:

Field Effect Transistors: Introduction to FET, Construction, difference
between FET, JFET and metal oxide Semiconductor Field Effect
Transistor (MOSFET), N-Channel and P-Channel MOSFET In the
Enhancement Mode and Depletion Mode, Characteristics, Transfer
Characteristics, Fixed Bias, Self Bias and \Voltage Divider Bias, DC and

AC Analysis.
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Clipper Circuits or Limiters

The clipper circuits are used to remove the certain portions of the waveform above or below the
certain levels, or Between the two reference voltages as per the requirement.

There are varieties of networks that have the ability to clip-off a portion of the input signal without distorting
the remaining part of the input signal, called clipper.

Clipping circuits are also referred to as voltage (or current) limiters, amplitude selectors or slicers.

Depending on the orientation of the diode and the polarity of the reference voltage, the input signal will clip.

A clipping circuit requires a minimum of one diode (either in series or parallel) and one resistor.

Classification of Clippers

1.
2.

Series Clippers Shunt Clippers

Series Negative Clippers 1.  Shunt Negative Clippers Double Ended Cllppers
Series Positive Clippers 2. Shunt Positive Clippers

Emitting Elite Energy
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series with the load.

In series clippers the diode is connected in -ﬂ

Series Negative Clipper Circuit (Unbiased)

1N4001

g

v, R
20 vm,'@ 33k

+0

e

o

X

(a) Circuit diagram

$ v,

94V /\
AY -

(b) Output waveform

Series Negative Clipper (Unbiased)
Step-1: Diode Orientation: Anode is connected to the input, cathode to the resistor — load.

Step-2: Clipping Action: Diode conducts during positive half-cycle, passes it; during
negative half-cycle, it blocks — clips the negative part.
Step-3: Result: Output waveform clips below ~0.6V (diode's cut-in voltage).

- Emitting Elite Energy

!

9.4V /
v

_10V = oV

¥ =

{¢) Transfer characteristics

The diode conducts (ON) for
V= Vg
Where,

v, = Input voltage

V = Voltage drop across diode

The diode 1s in OFF condition for
Vis+ Vg
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Series Positive Clipper Circuit (Unbiased)

1N4001

4

v, R
20 Vip ﬁ“) 33k

&

T

—

{a) Circuit diagram

OV

04V

(b) OQutpul waveform

Series Positive Clipper (Unbiased)

1.Diode Orientation: Cathode connected to input, anode to resistor — load (reversed).

10V

9.4V

(¢) Transfer characleristics

in(p-p)

0+(p)

0-(p)

8V

12v

20V

2.Clipping Action: Diode conducts during negative half-cycle, passes it; blocks positive
half-cycle — clips the positive part.
3.Result: Output waveform clips above ~0.6V.

- Emitting Elite Energy
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Series Negative Clippers (Biased)

In series clippers the diode is connected in series with the load.
Case-1

|‘ o [>| q ¢ ¢ k ; The diode conducts (ON) for
Vi 2 Vg + Vg

i

Where,
v, = Input voltage

5=
o
-
m
—
1]
|
|
o
o
m
L1
™~

V= Reference voltage

0 ; V = Voltage drop across diode

Circuit Diagram _ _
Voltage on Diode Terminals
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Series Negative Clippers (Biased)

The diode conducts (ON) for
Vi 2 Vg + Vi

Where,

v, = Input voltage

V= Reference voltage

V. = Voltage drop across diode

Frt Fx

Diode ON Condition

Apply KVL to the circuit, we get;
Vi—[Vg + Vk]-Vv,=0

V,=V;—[Vg+ V] for v,=>Vg+V,
whenv,=v., Vv, =V, —[Vg+ V]
Since V + V¢ Is constant

Av, = Av,

Av
0 _ 1
Avi

Hence slope

PREPARED BY SHILPASHRI V N,ASSISTANT PROF,DEPT OF EEE,ATMECE,MYSURU
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1. Diode Operation with Bias:

Step-1: The diode turns ON only when the input voltage wr > Vg + Vi

Step-2: Vyis the reference (bias) voltage and VV,~0.6V is the diode's cut-in voltage.

Step-3: This shifts the clipping level downward, so negative parts of the input below | — (Vv + Vi)
are clipped.

Applying Kirchhoff's Law:

v, = v; — (Vg + Vi)

As Vr + Vi is constant, slope of output vs input is 1, i.e.,
Av,/Av; =1

The waveform is linearly passed above threshold, and clipped below it.

- Emitting Elite Energy PREPARED BY SHILPASHRI V N,ASSISTANT PROF,DEPT OF EEE,ATMECE,MYSURU
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Series Negative Clippers (Biased)

The diode is in OFF condition for Apply KVL to the circuit, we get;
V,<Vi+ Vi V,=IR=0
Av,
Hence slope =0
Avi
Kr
F {l + Vo
Vo ,
V; = ‘ R Vi Slope = 1 ; — Vi
| J;/X;:‘-- Vo= Ve + Vi |
n : ‘LII o : _
_ o - 0 Vi + Vi K |
Diode OFF Condition o
Transfer Characteristics and Output voltage Waveform
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Series Negative Clippers (Biased) V.=V_sinet © When V, < -Vp =>V  =-V,
o D| o v >-Vo When V. > -\ =>V_ =V,
PR
v, vﬂ Avo
s
.4 3
>t
~— L
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Circuit Operation;
R V) _ _ ~
MA——s—at 4y | for v > +V, DiodeisON vy =V
3.3k °
_ 0.6V ) : B
T ) N0l NV, 06V =, —2V v, forv,< V,  Diodeis OFF v,=v,
20 Vg \/ : ™
I
T —o — 10V ——--10V
(a) Circuit diagram {b) OQutput waveform (c) Transfer characteristics Vin(p-p) V0+(p) VO-(p)
Step 1: Circuit Setup 8V
*Diode connected in parallel with the load resistor. 12V
Cathode of diode to input signal, anode to ground. 20V

*No external bias voltage applied.

Step 2: Diode Operation

*During positive half-cycle (input > 0.6 V), diode turns ON and shorts output to ground — output clipped near 0 V.
During negative half-cycle, diode is OFF, output follows input.

Step 3: Output Behavior

Positive part of waveform is clipped at ~0.6 V (close to 0 V output).
*Negative part of waveform appears unchanged at output.
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Step 1: Circuit Setup oo + , ’
Diode is connected in shunt (parallel) with the load resistor. 33k ovl .
«Cathode of the diode is connected to the input signal, and Q) Ny
anode is grounded. 20 Vyp T osv—\— Loy
No external DC bias is applied. N oev| 10V
Step 2: Diode Ope ration (a) Circuit diagram (b) Output waveform (c) Transfer characteristics
During positive half-cycle, input voltage exceeds ~0.6 V — diode

turns ON and shorts the signal to ground — output =0 V.

During negative half-cycle, diode is OFF, so the input passes Circuit Operation;

through to the output.

< - iode i -
Step 3: Output Behavior for v; = -V Diode1s ON = vg = -V

*The output waveform has its positive part clipped at ~0.6 V.
*Negative half appears at output unaltered.
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Shunt Positive Clippers (Biased)

CASE 1

v, = Input voltage
_ V= Reference voltage/ Bias Voltage
by adding a bias voltage, Veias (Vref ), in series with the V. = Voltage drop across diode

» The level to which an AC voltage is limited can be adjusted

diode, as shown in Figure.

.

+
L
-
o
2
£

Practical Ideal
diode diode [deal

N 7 D diode

—_— l-"rE o —— V,r; I'r}? + F.F..’

Circuit Diagram Voltage on Diode Terminals
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Shunt Positive Clippers (Blased)

The diode conducts (ON) for
vV, =2V +V,
Where,
= Input voltage
V= Reference voltage
V. = Voltage drop across dio

Apply KVL to the circuit, we get;
= Vg + Vi for vi>Vi+V

de Since Vi + Vi is constant

- Emitting Elite Energy

Av,=0

0o
-

=0

Av
Hence slope v"
i

v,

- Vet Vi Diode ON Condition
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Shunt Positive Clippers (Biased)

The diode i1s in OFF condition for

Apply KVL to the circuit, we get;
Vi = Vg + Vi _
R Vi—IR-v,=0
J\N\A’ I % Neglecting the drop iR
_
v,=V; forv,<Vg+V,
Vi i=0 ¥,
)T Vr Av, = Av;
e g vy
Hence slope o, =1

Diode OFF Condition
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Shunt Positive Clippers (Biased)

Circuit Operation;

Bireak point-__ Solpe =0 b Ki

_ Fo+ I __---_-"_"-_u ___----__-': [
Vo = Vg + Vi forv, =2Vy +Vy . g f \ - v

vV, =V, forv,< Vg + Vg

sSolpe =1

Transfer Characteristics and Output voltage Waveform <
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Shunt Positive Clippers (Biased) AN

| e |

CASE 2 = By turning the diode around of Case-1, the positive limiter can be modified to limit the output voltage to

the portion of the input voltage waveform above (VBIAs - 0.7V), as shown by the output waveform in

Figure
1‘ R 5 T When Vi<VR,DisON
V, V, Yo =R
l, V, ‘[ ‘1, When V. >V, Dis OFF
V =
O |

R,
/\ Vs — 0.7 V—A
R g L I. '..I
0 if[] ifl\_/ ifj + . L 0 ir{: ir]

© 49




Shunt Negative Clippers (Biased) AN

= To limit a voltage to a specified negative level,
the diode and bias voltage must be connected as
In Figure.

= |n this case, the voltage at point A must go below
(-VBias - 0.7 V) to forward-bias the diode and
Initiate limiting action as shown

= Once the diode begins to conduct, the voltage at
point A is limited to (-Veias - 0.7 V) so that all
Input voltage below this level is clipped off

When \/l < —VR ,Dis ON
Yo ™R

When \/l > —VR ,Dis OFF

V_=V
o A

50



Double Ended Clippers

Two shunt clippers can be combined to obtain clipping at two independent levels.

CASE 1
W '
2IAN N by
Vi :
["l-"i'_ T T T‘R;
o * &

Circuit Diagram

- Emitting Elite Energy

Voltage on Diode (D,) Terminals

Note:

Vg, and Vi, are positive
Vg, forward biases D,
Vg, reverse biases D,
Vr2 > Vry
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Double Ended Clippers

- Emitting Elite Energy

The diode D, conducts (ON) for
Vi = Ve — Vi

Where,

v, = Input voltage

V ;= Reference voltage

V. = Voltage drop across diode

Apply KVL to the circuit, we get;

Diode D, ON Condition

Av
0 _ 0
Avi

Hence slope
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£ Clamper Circuits

al

A Clamper adds a dc level to an ac voltage.

Clamper circuits can also be referred to as D.C Restorers, Baseline Stabilizers, DC Reinserters, Level Shifter

Classification of Clampers
1. Positive Clampers
2. Negative Clampers

Assumptions

1. The time constant T = RC is designed to very large by selecting large values of R
and C.
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; Clamper Circuits
e — N T W
Clamping circuits will clamp an input signal to a different DC level or they are used to add dc level (positive

or negative) to the input AC signal, it moves the entire signal up or down to place the peaks at the desired

reference level.

The positive clamper circuit adds the

L‘ -, = - -
) }| . ) Input Waveform Output Waveform positive dc level to the input signal
¥ i T
Viraic] when it shifts the signal to the upward
| Rl itive sides, both th ti
" P w4 SEETTE \ Vo — or positive sides, bo e negative
Vin > CLAMPER peak and the zero levels will meet,
\/ \/ e Vout > which is called the positive clamper
l 5 | v Time  cjrcuit
Input Waveform . i .
a A simple negative clamper circuit is used
i} |‘-E . . ) & T X to add a negative level to the ac output.
+ =
i Vout When it shifts the signal to the
. V4 | NEGATIVE T DC Level _ e sig
' V. CLAMPER max downside or negative side, both the
n e .
N oot ad e positive peak and the zero levels will
e . . : v Figure 1 v meet, which we refer to as the

negative clamper circuit™’



Positive Clamper Circuits

The positive clamper circuit adds the positive dc level to the input AC signal.

c = The diode conducts during negative half cycle.
) ' 2
i} = The capacitor gets charged to a voltage level of VV,
, 7N % R (Peak of the input)
= The charging time constant ist= RC.
Circuit Diagram = The diode is in OFF condition during positive half cycle.

= The capacitor gets discharged into R.
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(a)

(b)

_ ™

POSITIVE CLAMPER OPERAT“

O

+

= The operation of this circuit can be seen by considering the
e 2 g, first negative half-cycle of the input voltage. When the input

voltage initially goes negative, the diode is forward biased,

allowing the capacitor to charge to near the peak of the input

(Vp(in) - 0.7 V), as shown in Figure(a).

= Just after the negative peak, the diode is reverse-biased. This is

because the cathode is held near Vp(in) - 0.7 V by the charge

on the capacitor. The capacitor can only discharge through the

my | o |
DA high resistance of RL.

= So, from the peak of one negative half-
cycle to the next, the capacitor
discharges very little. The amount that

Is discharged, of course, depends on

the value of RL.
56




4 ATME

atme | College of Engineering

If the capacitor discharges during the period of the input wave, clamping action is affected. If the RC time constant is 100 times the period,
the clamping action is excellent.

An RC time constant of ten times the period will have a small amount of distortion at the ground level due to the charging current.

The net effect of the clamping action is that the capacitor retains a charge approximately equal to the peak value of the input less the diode
drop. The capacitor voltage acts essentially as a battery in series with the input voltage. The dc voltage of the capacitor adds to the input
voltage by superposition, as in Figure(b).

If the diode is turned around, a negative dc voltage is added to the input voltage to produce the output voltage as shown in

s %9 I

-

Negative clamper 57

Figure

—T
]
= (]

=

ol



Negative clamper operation

A-rl‘l;

atme | Colle -~

. ,v.”f a
A N (Yolly)

0.7V

- - ~43V

~9.3 V-
» The magnitude of R and C must be chosen such that the time constant, T = RC, is large enough to ensure that the voltage

across the capacitor does not discharge significantly during the interval when the diode is non-conducting.

» During the positive half-cycle, diode is forward biased and shorts out the effect of the resistor, R. This results in small RC
time constant so that the capacitor will charge to peak value (diode drop is considered) very quickly. During this interval, the
output voltage is almost short-circuited voltage, Vo = + 0.7 V (diode drop alone).

» During the negative half-cycle, diode will be reverse biased. Therefore the effective output voltage is the voltage drop across

the resistance, R.

» \oltage drop across R = drop across capacitor + input voltage = - (V-Diode drop)-V =-4.3-5=9.3V
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» Transistors can be broadly classified as unipolar and bipolar based on the charge carriers taking part in the conduction.
> In a unipolar transistor the conduction is due to majority charge carriers alone while in a bipolar transistor the conduction is due to both

majority and minority charge carriers.
n-type p-type n-type

: Collect
Emitter Emitter | Base |[Collector Collector orecter : ‘
(E) region[| region |region (C) Base —Bp ¢ i
NPN Transistor
yi
Emitter-Base — Collector-Base Emitter =
junction (EB)) Base junction (CBj)
(B)

» A BJT or a Bipolar Junction Transistor is a three terminal two junction semiconductor device and the conduction here is due to both the
charge carriers. Hence it is a bipolar device and it amplifies the electrical Signal as they are transferred from the input the output.

» A BJT has Two PN Junctions, one junction is forward biased and the other is reverse biased. The forward biased junction has a low
resistance path whereas a reverse biased junction has a High Resistance path. The weak signal is introduced into Low Resistance circuit

and output is taken from the High Resistance circuit. Therefore, a transistor transfers a signal from a low resistance to high resistance
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YV VvV

BJT STRUCTURE

BJT is classified into two types based on the structure (NPN & PNP).

A NPN transistor consists of two n-layers in between which a p-layer is sandwitched. Similarly, the pnp transistor consists of two p-

layers in between which a n-layer is sandwitched.

vV V V V V

sectional area.

n-type p-type

The transistor consists of three terminals-the Emitter, Base, and Collector.

The emitter layer is the source of charge carriers and it is heavily doped with a moderate cross-sectional area.

The collector collects the charge carriers emitted by the emitter region and hence has a moderate doping and a large cross-sectional area.
The base region is in between these and it acts as a path for the movement of charge carriers.

In order to reduce the recombination of electrons and holes in the base region, this region is lightly doped and is of narrow cross-

Emitter Emitter | Base
(E) region [ | region

Emitter-Base —

junction (EBj) Base

(B)

n-type
Collector Collector Terminal | Nature of doping | Cross-sectional area
e (C) Emitter Heavy Moderate
Base Light Narrow
Collector-Base ¥
Sunction (CBI) Collector Moderate High .
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Bipolar Junction Transistor (BJT)

The BJT is constructed with three doped semiconductor regions separated by two pn junctions

C (collector) C

|

|

Rase-Collector
; ", junction 1 Junctions of Transistor
hase) = P . Base-Emitter == L Collector — Base Junction
Lﬂ: junction Li O Base- Emitter Junction
E (emitter) E
(b) npn (c) pnp
Operating regions of BJT
Operating Emitter-Base Collector-Base :
: : : Function
Regions Junction Junction
Cut-off region Reverse Biased Reverse Biased OFF Switch
Active region Forward Biased Reverse Biased Amplifier
Saturation region Forward Biased Forward Biased ON Switch

Collector Collector

Bﬁ@ Ba&@

Emitter Emitter
P-n-P

n-P-n

Symbols.

The arrow on the emitter inside the
transistor symbols points in the
direction of conventional current

64
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Bipolar Junction Transistor: BJT is a three terminal component, which is constructed with three doped semiconductor

regions separated by two p-n junctions; the three regions are Emitter (E), Base (B) and collector(C). There are two types of
BJT, such as a) NPN b) PNP

NPN transistor has N-type emitter & collector and a P-type base, while PNP has P-type emitter & collector and a N-type

base as shown in figure 1(a) and (b).

| Electrons > | Holes >
Emitter(p) Base(n) Collector(p) Emitter(n) Base(p) Collector(n)
Collector Collector = « <o
ig vl O—% " O.——D A == = HH
Base ] —» c Base O—>p o Oo—> *—> >
NPN Transistor PNP Transistor I e O—> = i H. >
. ¥ ic —> P o— _B°f o—» P n > Jilo n
Emitter Emitter O ;__, = i = &=
o—>p o8 O—> v e *—> >
o—»p o e *~—> s » aa
£ )
4
< Ves >4€ Ves > Tk —Vg—|— Vg —> L
Iy Iy
| | (14 (| 1] |
| 1
v L Ve Vee
(a) (b)
o—» hole 65

e—» electron
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n-type p-type n-type
Emitter Emitter | Base [ Collector
(E) region[| region |region

Emitter-Base —
junction (EB))

Emitter

Base

(B)

Collector

=L

Ba

YL AL

=
Se

(C)
Base
Collector-Base
junction (CBj)

NPN

e ] o—3 |o—t Ic
. —
Collector Emitter — 06— | o——
0 =] ==

Base

Collector Collector

Emitter

Circuit C
Symbol

For a bipolar transistor to conduct correctly,
Base- Emitter Junction is to Forward Biased

Collector — Base Junction as to Reverse Biased

Bipolar NPN transistor the Collector must always
more positive with respect to both the Base and

the Emitter terminals

Ib provides the input and Ic provides thésoutput



A T M E CURRENTS AND VOLTAGES

matman | Callana Af EnAainaarinA

» Transistor has Three basic configurations:
Common Emitter Configuration — has both Current and Voltage Gain.
Common Base Configuration - has Voltage Gain but no Current Gain,

Common Collector Configuration = has Current Gain but no Voltage Gain

» Bipolar Transistors have the ability to operate within three different regions:
Active Region — the transistor operates as an amplifier and Ic = B.1b
Saturation — the transistor is “Fully-ON" operating as a switch

Cut-off — the transistor is “Fully-OFF” operating as a switch
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I

!

AR P o7 4 \
F
E C E %
Re e
T I OUTPUT
SIGNAL . 2 OUTPUT —
_l_ SIGNAL I
o SIGNAL |
1 hilal
V V |1
EE R VBB . : "
Common Base NPN Transistor Circuit Common Emitter NPN Transistor Circuit Common Collector NPN Transistor Circuit

In a common base configuration, Input is applied between Base and Emitter Input is applied between the Base and
Emitter current I is the input current and and output is taken between Collector and Collector and the output is taken between
collector current I is the output current. Emitter Terminal the Emitter and Collector terminals
F 3
R{:‘
‘T‘ _T_ QUTPUT
OUTPUT OUTPUT _:__
L SIGNAL A1, 3 |
{ SIGNAL I
%, I | . | L !
! Ui : il .
Ver Ves Vs Vee | i
. . . . . . . 68 . .
Common Base PNP Transistor Circuit Common Emitter PNP Transistor Circuit Common Collector PNP circuit



B ATM.E

BASE
EMITTER ¢ COLLECTOR

n ) n | -

== FORWARD | REVERSE —
BIAS BIAS -

PNP Transistor Working

BASE
COLLECTOR

P n P

EMITTER

p— FORWARD
BIAS

REVERSE
BIAS

Biasing Arrangement

n p n
— | —p | P
Ji -— -— — i
—p | —p j
—p ‘\B —
i |
\ ] ! i1 o
VEp Ve
P n P
‘f_ o ' = - = [ I_
- £ o > (o » | o - C
o - o e | o0—o
I o— \ o—
l 1 I
— ¥ Sjp | 3!

o
=]

BC reverse- §
biased

_\‘_

+
MA—— —
+ /«r -
__ BE forward-
_—|_ biased
(a) mpn
BC e verse-
biased
AMA— —
_ +
gl /"' +
—_— BE forward-
T hiased
(b} pnp 69



Biasing Arrangement & Transistor Curren

|\|4 FA)rmorM E: Ic+Ig !BIsverysmall comparedto IE or Ic. The cag
. Lowercase italic subscript Indicate AC quanti liESs

+
Ie o
{ - BC reverse- §
biased

N -

= /

—
=
B ——

_'—|
|+

\ﬁ- K BE forward- _
- __|_ biased
(a) npn (a) mpw
PNP Transistor Working () npn
P R IF.T
- BC reverse-
1 ) hiased § Ry B
o I ) \.. B M\ Ve _-—_
_ r’F" — I +
ﬁﬂ#ﬂ H!::} —_ — 1 B
] + V —
'E - + BB —— I
— / + .
& o — BE forward-
+ * biased
= — —_= — .
(B) prp (b) pnp

ib) pnp
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Voltage Divider Bias Stabilisation

Method - 1 Method - 2 Method — 3
SI(’H — 1 | 16 S ﬁ 53 _ IC‘](RB | RE)
1+ 8 (Rﬁﬁﬁ) Vor T R (1+ B)Rg " Bi(Rp+ Rp(1+ B2))

(thrc RB — RTH-) (With RB = RTH’)
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Thank You
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