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Classification of Semiconductors llIll!t

GROUP OF INSTITUTIONS

Semiconductors are classified Into two
types.

= |Intrinsic semiconductors.
= EXxtrinsic semiconductors.

Intrinsic
Semiconductors:

« A semiconductor in an extremely pure form is known as Intrinsic
semiconductor.

Example: Silicon 000
0000

Germanium -4
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EOGS TIONS

= Silicon and Germanium are tetravalent
(having 4 valence electrons).

= Each atom forms a covalent bond or electron
pair bond with the electrons of neighboring
atom.



Crystalline structure of Intrinsic
Semiconductor at Low Temperature: mmt

GROUP OF INSTITUTIONS

. Silicon or Germanium

i Valence electron

()

Covalent bond
. . - . 000
Figurel.3. Crystalline structure of Silicon (or Germanium) 0000
at Low Temperature :::'
o0



Mmiet

GROUP OF INSTITUTIONS

e Atoms hence has no free electrons available for

conduction (All the valence electrons are tightly
bounded)

» The semiconductor therefore behaves as an
Insulator at absolute zero temperature (O-K)



Crystalline structure of Intrinsic
Semiconductor at Room Temperature: mmt

GROUP OF | S TUTIONS

* In previous case, the atom had no free electrons available

for conduction (i.e. All the valence electrons were tightly
bounded)

« But, At room temperature, some of the valence
electrons gain enough thermal energy to break up the
covalent bonds.

* This breaking up of covalent bonds sets the electrons
free and Is available for conduction.
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« When an electron escapes from a covalent bond and
becomes free electrons a vacancy Is created in a covalent
bond as shown in figure below:

(] Free electron
] Valence electron
0 Holes
000
. . - . 0000
Figurel.4. Crystalline structure of Silicon (or Germanium) 0000
at Room Temperature ::0



Such a vacancy is called Hole & carries a mlnt
positive charge o o o

It moves under the influence of an electric field
In the direction of the electric field applied.

The semiconductor crystal is electrically neutral
as,

Numbers of holes = Number of electrons
(Since,Hole is nothing but an absence of veu
electrons) coos



Extrinsic Semiconductors mmt

GROUP OF INSTITUTIONS

= When an impurity is added to an intrinsic semiconductor its
conductivity changes.

= This process of adding impurity to a semiconductor is called

Doping and the impure semiconductor is called extrinsic
semiconductor.

= Depending on the type of Iimpurity added, extrinsic
semiconductors are further classified as:

n-type semiconductor
000

p-type semiconductor EES:
o0



N-Type Semiconductor

. . el
When a small quantity of Pentavalent impurity:ts

added to a pure semiconductor it is called as n-type
semiconductor.

Addition of Pentavalent impurity provides a large
number of free electrons in a semiconductor crystal.

Examples for Pentavalent impurities:
- Arsenic
- Antimony
- Phosphorus
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GROUP OF S TUTIONS

= Such Iimpurities which  produce n-type
semiconductors are known as Donor impurities

= pecause they donate or provide free electrons to
the semiconductor crystal.
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GROUP OF INSTITUTIONS

To understand the formation of n-type semiconductor, consider
a pure silicon crystal with an impurity say Antimony added to it
as shown in figure 1.5

The 5t Valence electron of
the pentavalent impurity

— s — — s — — s — finds no place in the
TN T\ Efhvalece covalent bond thus, it
| ] / S ontmony becomes nearly free and
' N A travels to the conduction
St Sb S1
_ — — \\ o :-' =\ band
I I Antimony| (Sh) I
Y m.lpun‘ﬁ \ '_ )
— si — — si '_— s -
- - - (YY)
0000
. _ 0000
Figure 1.5 : n-type semiconductor ::0
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GROUP OF INSTITUTIONS

= For each Antimony atom added, one free electron will be
available in the silicon crystal.

= Though each Antimony atom provides one free electrons yet
an extremely small amount of Phosphorus impurity provides
enough atoms to supply millions of free electrons.

= Due to thermal energy, still hole electrons pairs are generated
but the number of free electrons are very large in number

when compared to holes. vee
0000
0000
000
o0
L
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EOGS TIONS

= Thus in an n type semiconductor there are three
types of charged particles:

1. Donor lon (Positively Charged)

2. Majority carriers (here electrons which are
negatively charged)

3. Minority carriers (here holes which are
positively charged
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GROUP OF INSTITUTIONS

The resulting n type semiconductor is still electrically
neutral

Here it must be remembered that ions are not free to
move, and only carriers are mobile

DONOR IONS
4 '\l . MAJORITY CARRIERS
i =" [ELECTRONS)
. [ ] o . .
' > N
[ ] it MINORITY CARRIERS
u IHOLES| :::
' °
’ ¢ - 0000
000




P- Type Semiconductor mmt

GROUP OF S TUTIONS

When a small amount of trivalent impurity is added to a
pure semiconductor it is called p-type semiconductor.

= The addition of trivalent impurity provides large
number of holes in the semiconductor crystals.

= Example:
Gallium
Indium voo
Boron c00s
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GROUP OF S TUTIONS

= Such impurities which produce p-type
semiconductors are known as acceptor
Impurities

= Because the holes created can accept the
electrons in the semi conductor crystal.
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GROUP OF INSTITUTIONS

* Silicon atom has 4 valence electrons and Gallium or BORON
has 3 electrons.

« When Boron is added as impurity to silicon 3 valence
electrons of Gallium or BORON make 3 covalent bonds with 3
valence electrons of silicon.

e The 4t valence electrons of silicon left out because of short of
one electron as shown in Fig 1.7



Voud

Hoeeon (B)
impurity

Figure 1.7 p-type
semiconductors

Si

3

S
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GROUP OF INSTITUTIONS

This absence of electron is
called a hole. Therefore for
each Boron atom added one
hole is created, a small amount
of Boron provides millions of
holes.



Mmiet

GROUP OF INSTITUTIONS

Thus in an p type semiconductor there are three types of
charged particles:

1. Acceptor lon (Negatively Charged)

2. Majority carriers (here holes which are positively
charged)

3. Minority carriers (here electrons which are negatively
charged)



The resulting p type semiconductor is still
electrically neutral

Here it must be remembered that ions are not free

to move, and only carriers are mobile

ALCEP TR LMD

£

* MAIDRITY CARRIERS
\ i —— . .
P (HOLES)
L MINCORITY CARRIERS
[ELECTROMS)

- type
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Types of Current in Semiconductors mmt

There are two types of currents in semiconductors:

1. Drift Current &
Diffusion Current

= Drift Current is the current due to flow of charge
carriers under the

Influence of external electric field.
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GROUP OF INSTITUTIONS

If on part of semiconductor has higher concentration
than other part, then there is movement of charge
carriers from higher concentration side to lower
concentration side. This process is called diffusion.

Diffusion Current is the current when movement of
charge carriers is due to concentration gradient.



Conduction in Solids: mmt

GROUP OF INSTITUTIONS

= Conduction in any given material occurs when a voltage of
suitable magnitude is applied to it, which causes the charge
carriers within the material to move in a desired direction.

= Conduction is due to electrons motion or Holes* transfer or
both.



Electron Motion: mmt

GROUP OF INSTITUTIONS

= Free electrons in the conduction band are moved under the
Influence of the applied electric field.

= Since electrons have negative charge they are repelled by the
negative terminal of the applied voltage and attracted towards

the positive terminal.



Hole Transfer: mmt

GROUP OF INSTITUTIONS

= Hole transfer involves the movement of holes.

= Holes may be thought of positive charged particles and as such
they move through an electric field in a direction opposite to
that of electrons.

Holes

Electron
S

SECRESEEY H
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GROUP OF INSTITUTIONS

= The unit of electric current is Ampere (A)

= Since the flow of electric current is constituted by the movement
of

- Electrons in conduction band
- Holes in valence band
Electrons and holes are referred as charge carriers.
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L e C t u r e 2 GROUP OF INSTITUTIONS

Working of semiconductor diode
INn no bias, forward bias
conditions & reverse bias
condition




p-n junction diode (Unbiased Condition) mmt

GROUP OF INSTITUTIONS

= When a p-type semiconductor material is suitably joined to
n-type semiconductor the contact surface is called a p-n
junction.

= The p-n junction is also called as semiconductor diode.

= The left side material is a p-type semiconductor having —ve
acceptor ions and +vely charged holes. The right side material
IS n-type semiconductor having +ve donor ions and free

electrons.



pn Janction
Acceptor Ion

\ 44 GROUP OF INSTITUTIONS
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Electron (Minority Carrier) Hole (T\Ilnorlh Carrier)

VD=0

Initially there is diffusion of charge Carriers (electrons and holes)
from both sides of the junction. These free charge Carriers
recombine near the junction due to which reason is formed which
IS known as depletion region
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GROUP OF INSTITUTIONS

= Due to recombination between electron and holes a region near the
junction is formed which contains only immobile ions and there is no
fee charge carrier in this region. After formation of this region
diffusion across the junction stops.

Depletion Region

3 g olefele @ &9
SO OE 86T &
Scoelasdo
o glolesad®

= A barrier is developed at the junction which is called barrier potenfial

or cut-off voltage or knee voltage. Value of barrier potential for &eels
000

0.2-03VandforSiis0.6-0.7V o0



Biasing of p-n Junction Mit

GROUP OF INSTITUTIONS

Connecting a p-n junction to an external d.c. voltage source is
called biasing.

= Forward biasing
= Reverse biasing

Forward Bias Condition

In this condition p-type semiconductor is connected to positive
and n-type semiconductor is connected to negative terminal of the

battery. Due to this biasing we can observe following effects:



Junetion M|ot

GROUP OF INSTITUTIONS

p-side n-side
_ S HTTo |OFID
omic S FJo | o@ddd
IO 0|leoddd®
S oo |@dT @

-,
I Depletion Region
—

v

Majority carriers on both sides of the junction will move

towards the junction
Minority Carriers on both sides of the junction will move

away from the junction 000
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« As the majority carriers move towards the junction, widt

of depletion region will decrease.

« Net current across the junction is only due to majority

charge carriers and its directions from p to n.

« A minimum positive voltage is required to start
conduction in this condition. This minimum positive

voltage is known as knee voltage or cut in voltage

h
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GROUP OF INSTITUTIONS



Reverse Biasing lllll!t

GROUP OF INSTITUTIONS

= |n this condition n-type semiconductor is connected to positive
and p-type is connected to negative terminal of the battery.
Due to this biasing, following effects can occur:

Junction

p-side /n-sid:
B EEERICEEE
mdcdo|oaad
0000 |98dd
Jedo|pedd
ItDMR;gmn 000
t— 0000
v 0000
000
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e Majority carriers on both sides of junction will move away
from the junction

e Minority Carriers on both sides of junction will move
towards Junction.

Widc depletion region

Hules <« D w2 ~= Frce clectrons
| -type [ A 1 N typc
> - > .000 -thtB-B; ® 9
Q@ 9 :636 cB-:B\!): D o
@ QD sgeodeeoa @ o
Negalive ion | *ositive 1on
0000
Battery :::‘
o0
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GROUP OF INSTITUTIONS

e As the majority of the carriers move away from the
junction, width of depletion will increase

e Net current across the junction is only due to minority
charge carriers and its directions from n to p.

e In Reverse bias condition the current across the junction
IS very small and become constant at very low reverse
bias Voltage. This constant current is known as reverse

saturation current or leakage current. see
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Analysis of effect of temperature on o0
O

different parameters of diode




V-l Characteristics of P-n diode mmt

GROUP OF INSTITUTIONS

+ lrrespective of whether the diode is forward bias or reverse
bias, the current I flowing through the diode is related to the
applied voltage V, by the equation

VD/
]D:[() (e WVt — 1)

Where

Ip = Diode Current
Io = Reverse Saturation Current or Leakage Current
Vp = Diode Voltage

n (Ideality Factor) = 1 for Ge and 2 for Si

V1= Volt Equivalent of Temperature 0o .
m o 1
= 7600 Volts ( T should be in ~ K) T

At Room Temperature Vr =26 mV



Graphical Understanding of Diode Equation

Diode current equation is given by

hy
19210(8 qVT‘l) ...... 1

Unbiased Condition
V. =0
So, equation 1 becomes

[ =1 (e0™=1)=0

So, curve passes through Vb =0 and Ip = 0 i.e. origin.

Mmiet

GROUP OF | S TUTIONS



Graphical Understanding of Diode Equation mmt

Forward Bias

Condition
Vp =+ ve

+VD!"
ID :fg (E T?VT—-]_)
Vp
But e /nvr>1

So we can neglect the 1

therefore equation 1 becomes
J
— VT
ID = IGE

Hence Forward characteristics is of
exponential nature.

GROUP OF INSTITUTIONS

‘EHEII

Forward
Biased

L




Reverse Bias
Condition

Vp=-ve
_vbf
]D = [g] (E nvr — 1)

Mift

GROUP OF IHSI'ITIIT'II]HS

nvr—

Since e / ®/nvr and 1/ >

Vb / L
|
nVr ' Reverse
. Biased
Therefore equation 1 becomes |

£1 )

So reverse characteristic can be represented by straight
line. (3" quadrant)

|

H’V

o000 0®
o900 ®
L L X X

L 1



V-I characteristics of p-n junction diode

+1 (mA) | Forward
Current
Foward
Bias
Reverse "knee"
Breakdown
Voltage
; +V
o >
Reverse Voltage * Forward Voltage
Micro ampere for Ge
“Zener” Nano ampere for Si 0.3v Germanium
ener 0.7v Silicon
Breakdown
or Avalanche Reverse
Region Bias
1, | Reverse
L(uA Y Current
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In equation 1 the value of
current | also depends on n ,
which is =1 for Ge and =2 for Si

hence we obtain two curves,
one for Ge and another for Si
shown in figure below

1, (Si)=0.01 pA = 10nA
V, (Si) § Vy(Ge)

]
0+
251 l
i

GROUP OF INSTITUTIONS

1L |

(1

| (—TJ

1, (Ge)

Ge

0.1 02 03 04 0.5 06 0.7 0.8 v, (v)
FIHA  y(Ge)

~2HA

Vr (S1)

+ From these curves it can be seen that the reverse saturation
current of Ge diodes Is more.

+ This current is also known as leakage current.
+ We note that the leakage current is quite small and have hktﬁe

has been plotted in enlarged scale (in A )



Cut in voltage or Knee Voltage m nt
or Cut-in Voltage l

+ Cut in voltage V, is defined as the voltage at which 1% of
the rated current flows.

+ In practical terms, this is the voltage at which the diode
may be considered to start the conduction

For Ge, V,= 0.3v
For Si, V.= 0.7v



Temperature Dependence of V-I

Characteristic |||Iﬂt

GROUP OF |N3T|TUT|0NS
Vp {,
ID — I{] e MVr —1

Two parameters Is and VT in the expression for diode current are
temperature dependent.

The diode current

Effect of temperature:

1. Forward Bias : The characteristics of Si diode shift to left at the
rate of 2.5 mV/ deg C rise in temperature and vice versa.

2. Reverse Bias :
Saturation current: Reverse satu ration Current doubles for 10

deg Crise in temperature. |
! - |
_ Ti-T1; _ J!.Tlll' . . ‘
T loz = Tos (2 m)'[‘” (2 'm) |. 0000
R — — | _ 0000
Breakdown voltage: Voltage increases with increase in 000

: o0
temperature and vice versa. °



-+ REVERSE BIAS, V
IN VOLTS

—80 -70 -60 -50 -40 -30 ~20 =10

Mmiet

GROUP OF INSTITUTIONS

FIXED FORWARD

$
w
“
]
'
'
g CURRENT

|
= 12}
o
X < 10}
O E
S= s
<~
Z s
2

4

|
2

R

':on..... u-...--mc

-~
\‘

.
..“

-~

S 10 15 20 25 30 35 40

-

—————————

4 —— FORWARD BIAS, V
| IN VOLTS




Lecture 4
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GROUP OF INSTITUTIONS

Problems based on diode
equation and temperature effect,
lllustration of ideal and simplified

circuit representation of diode
based on approximations




temperature when a forward bias of 0.15 V is applied.
Estimate the reverse saturation current at room | ™™=
temperature.

Example 1: A Ge diode carries a current of 1 mA at room ||||ﬂt

Solution:

I=1 mA, T=Room temperature, so V. =26mYV,
V=0.15V

For Ge, n=1
I1=1Io(e /vy —1)

0.15
1X1073 = Io(e /26x10-3 — 1) 000

lo = 3.1319 micro ampere T



Example 2. Calculate the forward bias current of a Si "Ilut

diode when forward bias voltage of 0.4V is applied, | swrorusmmos

the reverse saturation currentis 1.17x10°A and the

thermal voltage is 25.2mV.

= Explanation: Equation for diode current
I=lo(eVNV-1)
= where |, = reverse saturation current

n = ideality factor

V; = thermal voltage

V = applied voltage 000
0000
43
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= Since In this question ideality factor is not mentioned it
can be taken as one.
l,=1.17 x 10°A, V; = 0.0252V, n=2,V = 0.4V

Therefore, | = 1.17x109(e0-4/270.025 -1 )=

o =1.17 x 10° x (2980.9-1)= 3.486mA.



Example 3. Find the applied voltage on a forward mlut

biased diode if the current is 1mA and reverse

saturation current is 10-1%, Temperature is 25°C and

takes ideality factor as 1.5.

= Explanation: Equation for diode current

I=1,(eV/"V)-1) where |, = reverse saturation current

n = ideality factor
V; = thermal voltage

V = applied voltage
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- V;at T =25+273=298 is 298/11600 = 0.0256V, n = 1.5, |
= 1mA, |, = 10104

]
=]

I 10
V=niIn ([E) + 1)= 1.5x0.0256xIn(—; + 1) = 0.618V




Diode Equivalent Circuit lllll!t

GROUP OF INSTITUTIONS

1.Piecewise linear equivalent circuits:

In this circuit diode non-linear characteristics is
replaced by a straight line. So, resistance of diode is
constant i.e. R; is constant. Diode is replaced by

battery with resistance in series.

!

/ Rf=constant + —H—- = ~||_.,_

F.B v, *®

L _.v

Vy
000
0000
0000



Diode Equivalent Circuit lllll!t

2. Slmpllfled eqL“Valent C|rCU|tS GROUP OF INSTITUTIONS

Since diode forward resistance is low so it can be
neglected i.e. R; = 0. Diode is replaced by battery.

F.B Vo

56



Diode Equivalent Circuit lllll!t

3. Ideal equivalent circuits:

In ideal diode R;=0, V, =0 and I, = 0. An ideal diode can
be used as a perfect SWItCh

57



L e Ct u r e 5 GROUP OF INSLTUTmNs

Problems based on
series & parallel
circults of diodes




Example: 1 For the series diode configuration
shown in fig. determine V, Vi and |,

.I.
22kQ V,

Mmiet

GROUP OF INSTITUTIONS

Solution: Since the applied voltage establishes a current in the clockwise direction to

match the arrow of the symbol and the diode is in the “on™ state,
0.7V

| | _ Applying KVL

‘f’-" . 0.7-22K1,+8=0
+ +

E =8V R&22kQ V, I =3.32 mMA

2 =73V .

V=1, R=332mAX 2.2:@&'



Example:2 Determine 1, V, and V, for the following figure.

- et

GROUP OF INSTITUTIONS

. ID = ()
Solution;
‘-*’0 — [RR — IDR - (OA)R =0V
Equivalent circuit Applying Kirchhoff’s voltage law in a clockwise direction gives
/ e
-|—l D] N J_'-fl
h— 20-07-VD2-VO = 0
N D, 4+ VD2=20-0.7-0=19.3V
NV = 5.6k | §§§:
-1 - XX
o0
L

60



Example: 3 Determine V,, 1, I5; and I, for the parallel
diode configuration shown in fig. "IIDt
f_h- [}33 kgl GROUPOFINSTITUTIONS
——AAAN—— . o+
I Ir.
+ R 1 2y 1 D
E= 10V D, Y¥si D,V si V,
l ) ) T
Solution :
] Applying KVL
e 033 kQ
VW1 —o+ -0.331; KQ -0.7V+10=0
R ¥
+ i & |, =28.8 mA
E=[0V 07V= = 0IVV,
- KL _T
_I_ ” * ()
Assuming diodes of similar characteristics. we have 000
2% 18 , 0000
Ip, = Ip, = 12‘ — 12 MA _ 14.09 mA seoe
:0

KVL : VO-0.7=0 , VO=0.7V



Example:5 Determine |, V,, V, and V, for the following

. LV -
figure. "
E =10 Vo—AA—P ? oy, T
47kQ i T‘ N
R, Q22kQ V,
E,=-5V
Rk +07V=
_m—H ¢ Applying KVL
(1 +v, 10.331, KQ -0.7V + 10 =0
z1" 22kQ @R, | |1 =288 mA
- : = . -47KQI-0.7V-22KQI+5-10=0
- SV fy
| 2 1= 2.07 mA
I °
R+ (),7lv’- Vi = IR, = (207 mA)(4.7k()) = 9.73V
F?m;—"i /» = IR, = (207 mA)(2.2k(Q)) = 455V
+_h dn 22kQ QR KVI Applylng KVL :::.
= 10V : = Vo Vg —5V + 455V =0 o000
- - O 00
- | Vo =-0.45V oo
| + I _
(Il 1 Che minus sign indicates that V, has a polarity opposite to that appearing in Fig



Example: 4 Determine I, I,, and I, for the

. Mmiet

Si 3 3kC) GROUP OF INSTITUTIONS
>l — MW Applying KVL
o {7} -0.7V - 0.7V - 5.6KQ ,+20 =0
+ | I, =3.32 mA
E =20V Si WD,
- L R Applying KVL
L«M : -0.33KQ 1, +0.7V =0
. S0k 1,=0.212 mA
Solution:
Equivalent circuit Now from KCL
+07V-— l+ 15, =1,
1 8 Ipi=lo- 1
r | " L I, = 3.32 MA—0.212 mA
. 1 + =3.102 mA
— 20 vo T 07V R, Q33kQ
-T - = 000
v | QO i3
v i
5.6 kO o
= Vz +




Example: 5 Find current | through the circuit mmt
using characteristic equation of diode. The Sour o AT
terminal voltage of each diode is 0.6V. Reverse
saturation current is 10-12A.

Ay=1 K

I
- D1

.2
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GROUP OF INSTITUTIONS

+ Explanation: Let V be the voltage of diode, then by
Kirchoff's loop rule

+
3V = 2V, + IR1
+

This method of assumption contains small error but it is
the simplest method.

+
Let V be 0.6V.

+ Now the current | = (3-1.2)/1k = 1.8mA.
The Vy = V1 In((I/15)+1) = 0.58V
Hence current is (3-(2x0.58))/1k = 1.84mA. eoe



Example: 6. From the given circuit, what is the value
of current flowing through the 1 k resistor parallel to
the diodes?

"ID-"H"_._ I

Mmiet

GROUP OF INSTITUTIONS

+ Explanation: As both the diodes are reverse biased. Voltage drop across the resistor

= 10 V. Hence, current = 10 V/1 k = 10 mA.



Example 7.From the given circuit, what Is the mmt
value of current flowing through the 1 k
resistor?

+ Explanation: As one of the diodes is forward biased,
voltage drop across it = 0.7 V. Now, as this diode is Iin

parallel with the given resistor, voltage across resistor =
0.7 V => current = 0.7 mA. EES:
( X



Example 8.In the given circuit, what is the |||Iﬂt

value of the current through the series resistor | daomsmme
R,?

- 1 k§ sih S

R2
1K

— A

1ot

+ Explanation: The voltage across the diodes Is
0.7 V as they are forward biased. Hence, the
current through the series resistor = (10-
0.7)/1k = 9.3 mA. coee



GROUP OF INSTITUTIONS

Example 9. An a.c. voltage of peak value 20
V is connected in series with a silicon
diode and load resistance of 500 Q. If the
forward resistance of diode is 10 Q, find :
(1) peak current through diode

(1) peak output voltage

What will be these values if the diode is
assumed to be ideal ?



+ Solution : ""Dt

+ Peak input voltage = 20 V
Forward resistance, r;= 10 Q
Load resistance, R,= 500 Q
Potential barrier voltage, V=07V
The diode will conduct during the positive half-cycles of
a.c. input voltage only.

'Fl'.'z F[] =0.7V 10 £2
4 ,—H—w X —O0—> Il—r A
+20V | +|
5 \/ > @ V. 5000<  Vou G“ 20V 500 €2
BT \V0 S -
% # kA =




or

() The peak current through the diode will occur at
the instant when the input voltage reaches
positive peak i.e. Vin=VF =20V

Ve = 1, +[I,}Pmk[r +R/]

V. -F 20-0.7 19.3 _
n . =-+-—-= = —=A =378mA
B e+ R, 104500 510 "

Peak output voltage = (I3,

cX Ry = 378 mAx 500 82 =

Mmiet

GROUP OF INSTITUTIONS

189V



ldeal Diode Case: m'“

For an 1deal diode, put ¥,= 0 and re=0 in equation (i).
Ve = Uppear X By

0V |
or — R_L =00 40 mA

Peak output voltage = (I ., X R; = 40mAx500Q = 20V
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LeCture6 GROUP OF suos

Explanation of two
breakdown conditions under
reverse bias conditions,
Zener diode As Shunt voltage
regulator




Breakdown Mechanism in Reversed Biased Diode mlot

GROUP OF INSTITUTIONS

If the reverse-bias applied to a P-N junction is increased; a point
will reach when the junction breaks down and reverse current
rises sharply. This specific value of the reverse bias voltage is
called breakdown voltage (V,). The following two processes

cause junction breakdown due to the increase in reverse bias
voltage.

(1) Zener Breakdown

(2) Avalanche Breakdown



Mmiet

GROUP OF INSTITUTIONS

Zener Breakdown:

* |t occurs in highly doped diode. In highly doped diode width
of depletion region is narrow.

« SO0 electric field is very high in the depletion region. So,
force is very high.

« This high force pulled the valence electrons into conduction
band by breaking covalent bonds.

« These electrons become free electrons which are available for
conduction.

A large no. of such free electrons will constitute a large
reverse current and called the Zener effect.

« Zener breakdown occurs less than 6 V.

« Temperature coefficient Is negative. (raising (g
temperature will cause smaller breakdown voltage) 5533



Mmiet

GROUP OF INSTITUTIONS

Avalanche Breakdown

It occurs in lightly doped diode. In lightly doped diode width
of depletion region is wide.

 So electric field is low. So, force is low. This low force
cannot break the covalent bonds.

« . As we increase the reverse voltage applied to the diode,
the kinetic energy of minority carriers increases.



While travelling, these accelerated minority carriers will cmiﬂt

with the stationary atoms and impart some of the kinetic EXEY”
to the valence electrons present. These valence electrons will
break their covalent bonds and jump into the conduction bond to
become free for conduction.

Now these newly generated free electrons get accelerated.
They will knock out some more valence electrons by means of
collision. This phenomenon is called as carrier multiplication or
Avalanche effect.

Avalanche breakdown occurs greater than 6 V. cee

0000
Temperature coefficient is positive. (raising the temperatuigees
o0

will cause larger breakdown voltage) .
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GROUP OF INSTITUTIONS
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Zener Diode
Miet

e Zener diode iIs a special diode,

which works in breakdov ' g
. Forward
o Itis used for voltage regt Curtnt '
Forward
Bias
Region
| : l Reverse Bias M;_JF‘J
Vg Ve
Symbol L. * Forward ET;S
Z{min) Ve
0.3-07v
“Zener" Breakdown
Region
I
I (rias) 4
o verse )®
Constant \ Ezrrsnl )

Zener Voltage -Ix



Equivalent Circuit; lllll!t

GROUP OF INSTITUTIONS

'I[“Vg‘u"z -

N

$— < —>+
\

A
_Iﬁk T
OJ;C. e



Zener Diode as Shunt Regulator m
10t

.{R GROUP OF INSTITUTIONS

*‘ R
AW
l' I7 l I
T +
= A

() Variable Viand fixed RL

a) If V; is increased then I, also increase. Since I, Is constant so
increment in Iz will increase 1. But 1;should be less than 1.
So, output voltage remajns cqpstant.

{77 <97

Mp=—p— 1 T
000

TIR :TIZ-I_IL'Z o0

™ Constant



b) If V, Is decreased then |, also decrease. Since |, IS "Ilnt
constant so decrement in I, will decrease |,. But |,
should be greater than |,.,. So, output voltage

remains constant

-V,
lIRz lR Zl

Llpg=ll;+1;.......2 Constant

(ii) Fixed V, and variable Ry

a) If R, is increased then I will decrease. Since I; is constant so
decrement in I will increase I,. But I, should be less than
l7max)- SO, Output voltage remains constant.

pl= Y g
LR, TR XY

Ip="1,+1; ...2 444
o000
Constant o0
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GROUP OF INSTITUTIONS

b) If R, is decreased then I will increase. Since Iy is constant so
increment in I, will decrease |,. But I, should be greater than
l7min)- SO, Output voltage remains constant.

/4 V
IL T= —L = —Z
R, R
Constant L=lI;+;T .. 2

000
0000
0000
000



Steps for Solving Zener Diode Numerical

GROUP OF INSTITUTIONS
1. Determine the state of the Zener diode by removing it from the network and
calculating the voltage across the resulfing open circuit.

R1Vi +
R+R; (= v R

[ V = Vy, the Zener diode 1s on. and the appropriate equivalent model can be substituted.
[f V < Vy, the diode 1s off, and the open-circuit equivalence 1s substituted.

). Substitute the appropriate equivalent circutt and solve for the desired unknowns, ~ eee



L e Ct u r e 7 GROUP OF INSLTUTmNs

Problems based on
voltage regulator




Example:1 For the Zener diode network of Fig. 2.115, determine Vy, V. Iz, and P,
b. Repeat part (a) with R; = 3 k().

+ W -
R
—AM——
1kQ t
]
+
V{,—__—lﬁv VZ=10v'x R 12kQ W,
B Py =30 mW -
l *—
FIG. 2.115
Rk
AN I
1kQ l‘&
+
+ +

Mmiet

Solution: GROUP OF INSTITUTIONS
o RV sy
R+R 1k} + 1.2k()

Vi =V=8T73V
Vp=V. =V, =16V -873V="T27TV
I, =0A

Pz — Vzlz = Vz(OA) =0W

RV 3KQ6V)
CR+R1KQ +3kO

Since V = 12V 1s greater than V_Z =10V,

000
the diode 1s 1n the “on” state coe.

o0

®



Mmiet

GROUP OF INSTITUTIONS

VL = VZ =10V
+ W Vp=V, =V, =16V-10V=6V
R V. 10V
AN I =—=——=333mA
1kQ l;z R, 3kQ
+
V 6V
+ + ‘R _ VY
B - - IZZIR_IL
.L = 6mA — 3.33mA
= = 2.67TmA

The power dissipated 1s
P; = VzI7; = (10V)(2.67mA) = 26.7 mW

which is less than the specified Pzy = 30 mW.
eo0s
o0



Example:2

For the network of Fig. 2.119, determine the range of Ry and [; that will result in Vg

being maintained at 10 V.

Iy

kQ X
0 AN 4 Iy
+ R J,IZ l
Ly =32 mA
o- i
R;V:
VL — VZ — :
R, + R

RV (1k)(10V) 10k

R, = = = =250 )
Vo~V S0V - 10V 40

T i _ V2
Lm{l.'( RL RL

10/ 250=0.04 A

min

Mmiet

GROLP OF INSTITUTIONS

Ve=V,—V, =50V - 10V =40V

Vp 40V

— 40mA
Rk H

IR:

I, = I~ Iz =40mA - 32mA = 8 mA

v, 10V
, =t = = 1.25kQ
"o 8mA




Example:3
Determine the range of values of V; that will maintain the Zener diode 1n the “on” state.

miet

— I
! Vi V7 20V
+ 200 llz _1 [ =—=-t= = 16.67 mA
+ RL RL [.2 k()
Vi v =_220me RQL2KQ Vi
" - IR['I]‘:].X = IZIM —|_ IL
o : = 60mA + 16.67mA
Solution: = 76.67 mA
The minimum turn-on voltage V; = V; s determined by
RV . V. =1Ip R+V;
L i max max
Vp=Vz=
R + R
= (76.67mA)(0.22k()) + 20V
Bt R = 1687V + 20V
Imin
Ry = 3687V .
000
(1200 ) + 220 Q)20 V) 00
= =23.67V oo
1200 ) *
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LeCturGS GROUP OF suos

Working of Half wave and
Full wave rectifiers




RECTIFIERS mlnt

GROUP OF INSTITUTIONS

= Rectifiers are circuits which converts ac into pulsating dc or
bipolar signal into unipolar signals.

= Redctiflers are grouped into two categories depending on the
period of conductions.

= 1. Half-wave rectifier.
= 2. Full- wave rectifier.

« Centre tapped full-wave rectifier
000

Bridge rectifier 0000
0000
000
o0



lalf-Wave Rectifier

The transformer is employed in
order to step-down the supply
voltage and also to prevent
from shocks

The diode is used to rectify
the a.c. signal while , the
pulsating d.c. Is taken across
the load resistor R

Supply (|

Mmiet

GROUP OF INSTITUTIONS

Primary Secondary

{
' Diode

Load

L

Step-down Transformer



Working lllll!t

GROUP OF INSTITUTIONS

During the +ve half cycle, the end X of the secondary is +ve and
end Y iIs -ve . Thus, forward biasing the diode. As the diode is
forward biased, the current flows through the load RL and a
voltage is developed across it.

ON
¥ L
Vin L | 1 Diode Vour
—-\J =\
T | | l
000
o - 44
Y 000



During the —ve half-cycle the end Y Is +ve and end X is

—ve thus, reverse biasing the diode. As the diode is ""Et
reverse biased there is no flow of current through RL | sewormsmmos
thereby the output voltage is zero.

Half Wave Rectifier Waveforms

Vin T D|0de Vout
‘ (V) = Vi
— \\/ _
\_\ ‘r". +]
- l Vm
Vi | ,
NN
| | |
Yout | | | | | ) (X X )
v | f | ‘ | Half-wave signal : :::
m \ : | ,' \ : | } | | / o000
- |\ :'
0 T 2z



FULL-WAVE RECTIFIER

GROUP OF INSTITUTIONS

Full-wave rectifiers are of two types
* Centre tapped full-wave rectifier
* Bridge rectifier



Centre Tapped Full -Wave Rectifier m
11

D4

4

RL

e L A
input , .
-—)
R DC output

-~
>

Centre tap

Secondary
winding
v };
/ D2
Primary
windin
g Centre tapped
transformer

GROUP OF INSTITUTIONS

Current flows through the
load resistance in the same
direction during the full cycle
of the input signal.

Centre tap transformer is
used where secondary
winding Is divided in two
equal halves at the middle

point of the winding.



Working llI|I! t

¢ POSltlve Half CyCIe GROUP OF INSTITUTIONS

* Diode D1 is short circuited and D2 is open circuited. Current
flows through the upper half of the secondary winding.

V

m

Vo
AC
> input
0p T f ”
2 0 T t
2
000
4 0000
0000
000



* Negative Half Cycle: |||I|!t

GROUP OF INSTITUTIONS

 Diode D2 is short circuited and D1 is open circuited. Current
flows through the lower half of the secondary winding.

- ‘i'f'
/\ !ﬁ\/\m
I I\
Y I
I\ . / .
0 z\/r r of T T 1
2 2
Vin
o0
000
-000
000



Complete input and output waveform can be shown a s“llnt

GROUP OF INSTITUTIONS

1 ‘l.“!.
Vm
T n .
0 T I
) |
kY J
V,
Y A W S W Il'-rl_la' = {i_f‘h,_“’llin
3 o 0000
) 0000
000
o0



Bridge Rectifier |||I|!t

GROUP OF INSTITUTIONS

The bridge rectifier uses four diodes connected in bridge pattern.

+
Vm
- Vi
0 I\/T r
)
o
ooe
Full-wave bridge rectifier :::3
[ X



Operation of Bridge Rectifier m
10t

GROUP OF INSTITUTIONS

* Positive Half Cycle:

Diode D1 and D3 are short circuited and D2 and D4 are
open circuited. Current flows through D1 and D3 to give the
output voltage across the resistor.




* Negative Half Cycle: mmt

GROUP OF INSTITUTIONS

Diode D1 and D3 are open circuited and D2 and D4 are short
circuited. Current flows through D2 and D4 to give the output
voltage across the resistor.

AV

) _I\\//T { i
2
V

0000
0000
000
o0



mict

L e C t u r e 9 GROUP OF INSTITUTIONS

Different parameters of
rectiflers and comparison
between rectifiers on basis
of these parameters




Different parameters of Half Wave Rectifier llllﬂt

GROUP OF INSTITUTIONS

Let v =Vpsin be the voltage across the secondary winding.

Hence the circuit current = (VmSin/(RL #rfj=ImSing
Vo KL = 10ad resistance

Where Iy RL - re= diode resistance
1) DC or Average Output (Load) current Ig:| ii) DC or Average Output (Load) Voltage V,,
1 Vae = 1gc X R)
li. = Z_J [, sinf db I
T Jg ==XR,
I, "y
=5 [=cosdl; =—" _XR
. n(RL + rf)
= —=[~cosm + cos0] Ifre=0
21 V
Im[ D 41]= L, v Vi = ?’":0.31811,"
JA =1 JAl o | 000
If diode is not ideal 444
I Im V V ::.
de = Ve = "‘n L=0318(V,-V,)| @




iii) rms output (Load) current Irms

1 T
IdC= —f (Im sine)z do

T'Jg
1 2T

= Efo (I, sinB )% df
I2 (™ /1-cos26

_ \/ﬂj( coS )d@
2m ), 2

I,%1 SmZO]
2 g

L

(1—0) - (stn ~ smgX 0)]

I

s = 7

iv) rms output (Load) voltage V.., :

Mmiet

GROUP OF INSTITUTIONS

Vrms = Irms X RL

In
=ZXR
7 L
v
=—— —XR,
Z(RL+T'f)
HHZO
V
= i,
0000
000
o0
L



v) Ripple factor(r): "I nt
« The output of rectifier has ac component ( also l

known as ripple) and dc component both.

* Ripple factor measure, how much amount of ac component
IS present in the output.

* S0, the effectiveness of a rectifier depends on the magnitude
of ripple in the output.
« Smaller the ripple more effective is the rectifier.

“The ratio of rms value of a.c. component to the d.c. component in the rectifier
output is known as ripple factor”

=1 3:
IdC 444
000
o0



* By definition the effective (ie rms) value of total load current is given by "Ilut

Iac = \/ ITZmS - IC%C GROUP OF INSTITUTIONS
Where |,.= value of dc component

.. = rms value of ac component
* Divide both R.H.Sand L.H.S. by |, we get

Iac

I — 15
Idc Idc e de
Irms)z
r= (_ 1
Idc
I 2
m/2
=l -1
\ "/
7-[2
= |5) -1 022,
0000
=121 o
o

So, ripple factor of half wave rectifier is very high



vi) Rectification efficiency or Power conversion efficiency(n):

Ifre=0

dc output power  Py(dc)

ac input power  P;(ac)
I3 XR,
I X (R +17)

() xm
(’m/z)2 X(R, +7)

_4XR
- m2X(R,+7y)

4
Nmax = ﬁ
Mmax = 40.6 %

So, efficiency of half wave rectifier is low.

Mmiet

GROUP OF INSTITUTIONS



vii) Peak Inverse Voltage (PIV): mmt

GROUP OF INSTITUTIONS

It is the maximum reverse voltage that can be
applied across a diode without damaging it.

For half wave rectifier PIV =V, ( Voltage across
secondary winding.)

viii) Ripple frequency or output frequency (f,):
It is the frequency of output wave In rectifier.

For half wave rectifier

fr = fi




Different parameters of Centre Tapped Full -Wave

Rectifier and Bridge Rectifier.
Let v =Vpsin be the voltage across the secondary winding.

Mmiet

GROUP OF INSTITUTIONS

Let I = Iy, sinf be the current across the secondary winding.
v,  Ru=load resistance

Where [,

RL T’f

) DC or Average Output (Load) current lg:

1 T
Idc - — f Im sind d@
T Jy

= % [—cosb]j

[
= % [—cosm + cos0]

L, ~
= [-C-D+1=—

r= diode resistance

ii) DC or Average Output (Load) Voltage V ;.

Vdc = ]dc X RL
20
=—XR
T L
2V
=— ™ ¥R,
T[(RL ‘|‘T'f)
HHZO
Vg = —=0.636V,
If diode is not ideal -
20—V coes
Vv, (’"n )—0636(V -V, o




iii) rms output (Load) current Irms

iv) rms output (Load) voltage Vi, "Ilot

1 T GROUP OF INSTITUTIONS
Irms = % j (Im sinB )2 do Vrms - IrmsX RL
O —%XR
= ZXR,
12 (T (1— cos26 v
=[x j ( ) db = = XR,
" 0 2 \/i(RL + Tf)
_|In j” [e sinzer
v
12 sin2m  sin2X0 Vims = Tm
m
ez | - 2
2m [(” 2 ( 2 2 )]
Im 000
Irms = = -8
0000
\/i 000
o0



v) Ripple factor(r):
o J(%) B
Idc
I, 2
] ( /i) _,
ZIm/
\ T
_ <L>2_1
J\2v2
r = .48

n:

VI) Rectification efficiency

Mmiet

dc OutplLt power . PO (dC) GROUP OF INSTITUTIONS
ac input power  P;(ac)
I5. X R,

T s X (R, + 1))

2

) (ZImén) XR,
(’m/ﬁ) X (R, +7y)

~ 8XR,
_nZX(RL+rf)

.812
n= r
f
1 +RL
000
Ifr;=0 Nmax =-812 ::::
000
L X

Nmax = 81.2 % ¢




vii) Peak Inverse Voltage (PIV):

Mmiet

GROUP OF INSTITUTIONS

For Centre tap:
PIV = 2Vm

For Bridge :
PIV=Vm

viii) Ripple frequency or output frequency (f,):
For full wave rectifier fr=2f;

Disadvantages of Centre tapped full -wave rectifier

« Since, each diode uses only one-half of the transformer
secondary voltage the d.c. output is comparatively small.

. It is difficult to locate the center-tap on secondary windingedte

the transformer. 444

« The diodes used must have high Peak-inverse voltage. o



Comparison between HWR & FWR

Mmiet

GROUP OF INSTITUTIONS

. Full Wave
S.No. Parameters Half Wave Rectifier
Center-Tapped Rectifier Bridge Rectifier
1 Operation C'?I.l ducts uring Conducts during both the half cycles Conducts during both the
positive half cycles. : half cycles
2 | Number of diodes 1 2 4
The average (dc) . r ) .
3 load voltage o o o't
4 | RMS load current Iy/2. [ / \E . I / JE .
5 Ripple Factor 1.21 0.48 0.48
6 Efficiency 41%. §1.2%. §1.2%.
L ] ¥ ¥ ' ‘
1 PIV Vo Wy Va :::
: o
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Numerical based on
rectifiers




Example:1 Determine the output waveform for the
following figure and calculate the output dc level and mlnt

required PIV of each diode.
LV _T_
10V
- vﬂl
0 I\/T t
2
Solution : ’
* Positive Half Cycle: ,
. . Vo==V
LV + + + v, 0 2 t
10V ““é' \ 1
0 - QK0 Vo =7 Vimax
_— . of 1 1
0 %- f 2 ]\llg 7 000
2 i 0000
= & 0000
0 1 ::Q
V0=§X10 VO:5V.



* Negative Half Cycle:

So out waveform will be:

2 kQ

INSTITUTIONS

- Migt

L

2 kQ




Example:2 Determine V5 and required PIV rating of

each diode. mlnt

GROUP OF INSTITUTIONS

+ o

-100V

Solution : Vo= 100
%utput waveform:

* Positive Half Cycle: * Negative Half Cycle: « Output waveform

100 100




EXample.o AN a.C. Supply or Zou V IS appiliea to a Nnait-

wave rectifier circuit through a transformer of turn ratio mlnt

10 : 1. Find (i) the output d.c. voltage and (ii) the peak
Inverse voltage. Assume the diode to be ideal

Solution -

10:1 IDEAL
‘ »

230V

\

Primary to secondary turns is

N,

Fz =10

R.M.S. primary voltage
=230V
Max. primary voltage 1s

Vom = ({2 ) X rm.s. primary voltage
= (2)x230=3253V

GROUP OF INSTITUTIONS

Max. secondary voltage is

Nz 1 .
V. =V x—= = 3253x— =3253V

sm pm N| 10
)
I
Idc. - ?m
y, = “uxR = 2w = 323 - 56y
n T n

(i1) The peak inverse voltage is
equal to the maximum secondary
voltage, I.e

000
. v coos
Peak nverse voltage = 32.53 .:.
e



Example:4 A full-wave rectifier uses two diodes, the
Internal resistance of each diode may be assumed
constant at 20 Q. The transformer r.m.s. secondary
voltage from centre tap to each end of secondary is

50 V and load resistance is 980 Q. Find : (i) the mean

load current (ii) the r.m.s. value

Solution :
I = 0Q R=%0Q

Max. ac. voltage, 7. = 50xy2 =707V
4 07V

Max. load current, [, = —2—= — =70.7mA
It R, (20+980)Q
1)
21 2x70.7
Mean load current, [, = —* = = 45 mA

n I

of load current

i)
RM.S. value of load current 1s

_ L 07 _
Imw = T’: == = 50 mA

Mmiet

GROUP OF INSTITUTIONS



Example:5 In the centre-tap circuit shown in Fig, the
diodes are assumed to be ideal i.e. having zero internal
resistance. Find :(1) d.c. output voltage(il) peak inverse
voltage (i) rectification efficiencv

‘ 5-1 IDEAL

i N

YT
230 V S | .

[ tﬁ i %mon

L . ¢ i / =
Solution : IDEAL

Primary to secondary turns, N1/
=5

RM.S. primary voltage =230V
. RM.S. secondary voltage
=230x(1/5)=46V

Maximum voltage across secondary

= 4642 =65V

Maximum voltage across half
secondary winding 1s
V=652 =325V

N2

(i) Average current, Idc =

2V _ 2x325 _ 0207 A
nR,  wx100

(i) The peak inverse
voltage Is equal to the
maximum secondary
voltage,

PIV = 65V
g,
(i) Rectification efficiency] = o=
'
L
Since 1, = 0

Rectification efficiency = 81.2 %
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Lecture 11

Different types of clampers
and steps to draw their
waveforms, Problems based
on clampers




Clamper Circuits: |
A clamper is an electronic circuit that changes the DC Ie»ﬂ!@gm‘!s

signal to the desired level without changing the shape of the applied
signal.

* In other words, the clamper circuit moves the whole signal up or
down to set either the positive peak or negative peak of the signal at
the desired level

A clamper is made up of a capacitor, diode and resistor.

« Clamper circuits are of three types:

1) Negative clampers

1) Positive clampers 000
iii) Biased clampers g;g:



Negative Clamper Circuit

$h C
I
V 0 °
FO—| :
> y R
0| T T t ’
2
-V o o

In Positive Cycle:
 In positive cycle diode is forward

(=]

o

biased and acts as a short circuit. C

e So capacitor is quickly charged to ¥ H =1
voltage V because time constant(RC) v r
Is low -
Applying KVL V= () |
V+V-V,=0 1 |

SoVp=0

GROUP OF INSTITUTIONS



In Negative Cycle:
* In negative cycle Diode is reverse
biased and "acts as open circuit.

« Since Time constant (RC) is high. So,
capacitor maintains its voltage during

c
+|\-

r— D R
+

< |

Applying KVL
V-V-Vo=0
SoVo=-2V

Input-Output th

bV,
v
o T T t
7
VE--
f i
| |
| |
| !
I |
| |
4 Y, I |
I |
of T T t
)
000
0000
0000
o000




Positive Clamper Circuit

Jr V;

V

0 T T ¢
2

-V

In Negative Cycle:

e In negative cycle diode is
forward biased and acts as a
short circuit.

e S0 capacitor is quickly
charged to voltage V because
time constant (RC) is low

Applying KVL
V+V-Vo=0
SoVo=0

]

+ O

———
o

o |

< |

GROUP OF INSTITUTIONS



In Positive Cycle: Input-Output Waveform "Iiut

GROUP OF INSTITUTIONS

o In Positive cycle Diode is reverse biased
and "acts as open circuit.

'} VI'
o Since Time constant (RC) is high. So, capacitor 4
maintains its voltage during negative cycle.
KVL o T Tt
+V+V-V0=0 2
VO= 2V
C
i
= | 0
LA
+
V - Y R
I 0




Biased Clamper Circuits

GROUP OF INSTITUTIONS

* When a dc supply Is used in the clamper circuits then they
are known as biased clamper circuit.

VY

v { 0
- - 0 .
C , r!
= "If + R L;J /
! % r Vi=—_ ?
v o —= 1 0 — l
bY;
Y
[
' + N ; T
61
. v + R, Ly : : : o
0| T T Vo — _ i 0000
2 l— ViE - 000
- _ - = [
v o—=1 5 ! e




Example 1 Sketch the output for the following circuit

#
-
]\ i
\y D k Vo
Lo

ﬂhsi I 1 ge a+ye cdambey.
J Loy bOS|+IV¢ e 04)&—

Dyoc}(’ s #01 wavel bzo,/ec/ and acks g4 q Chor!

C!TCUl+ Jo Ca})O(Hmr i€ Chonges LL,HD Vo c
V. i l%

Abbhing - KVL

/?\
—20V-Vp +20v —0 o?ov Vo
So ) C
(\) \QOY Qﬁeqa.}vw ¢ (@g_

Dlede FS Qeveyde bzadec/ OW/ 065 Qs Oen

Clved+ Capacitor %thms the VO“P'}"jQ
dum? fb‘)ﬁ(iaﬁ\“ Ojc ¢
‘lo\l

b byt iy kvl

=il
‘20\/ VD—Q_D\/_O &OV__

= 1’\/O:—Ho\'/)

Tohot - oubhut waveform 2

Ve
A
420
i
) o
___\_“)y - .__.7-4’——

IHET

GROUP OF INSTITUTIONS



Example:2 Sketch the output for the following circuit

v

|
|

Mr /(f C A+
| 7\{_ Ve XZSP gRL\/o
J g Ry ( )o,’—
! —
Pr: "o 8 aresolte Clomper y
(-l) for boiftie ¢ Je. : Ci“.:/ —o

Dibde ft Fom
and 9
14 @afgw\jzv Cbmjcr upfo
fb KvL
_.\/C -7 4"2 'HO =0

bhaief L4

lovrg

=

+
]

i

(“) or Hve Cﬁc‘pe

Diode 3 Yevere blavey. So

-'wt

Lo

dfede aeke qg o}aen ePreult - oy o \/o
Copacitor matntalns %’J VoNyc , oiv_i_ [
duvmjt Ve ¢ RA
Apblite  KyL
77
-11.3 -VO-10=0
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Example:3 Sketch the output for the following circuit

I I

N ¢ * 0
0V TR % '
Vi - R v
0 [ =10V
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20V 0 .
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Example:4 Find the output tor the Tollowing circuit. Diode

Is of Si. "Ilut

VY, f=1000Hz C=1 LLF GROUP OF INSTITUTIONS
10 o H s 2 O
= 4
0 20 B % B 2% R 7
Vi R&100kQ v,
+—
V=35V

Solution: Clamper is positive so we starts the analvsis from neaative cvcle.

Ve
In negative cycle Diode is forward T .
biased and ‘acts as short circuit. So _0"7+V l- +
capacitor charges up to voltage 24.3 V SV
20 V — R v oeee
Applying KVL ; ’ 553:
V. +0.7V-20V-5V-V;=0 . s o

So V=243V



Applying KVL
+24.3V -V5-20V=0
SoVy=43V

In Positive cycle Diode is reverse
biased and "acts as open circuit. Since
Time constant (RC) is high. So,
capacitor maintains its voltage during .

Mmiet
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negative cyCcIe. iy B
—t— —
243V +
+—— v
V= :I : 0V <
Applying KVL
243V - V4 +10V=0 SV
0 oo [

So Vg =343V
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Voltage
multiplier




Voltage Multiplier Circuit.

Mmiet

GOOS TIONS

 \Voltage-multiplier circuits produce a dc output voltage that
IS some multiple of the peak ac input voltage to this circuit.

« On the basis of multiplying factor, voltage multiplier circuit

can be classified as:

1. \oltage Doubler
2. \oltage Tripler
3. \oltage Quadrupler



* Voltage doubler is again classified as: oot o sunons

= 1. Half Wave Voltage Doubler

= 2. Full Wave Voltage Doubler



Full wave Voltage Doubler Circuit

o In full wave doubler a full wave rectifier is used.

o Clamper circuit is not used.

r 0
D, +
AC
input ‘ ‘-:” — |
gy
K] 0
D

Mmiet
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Working mlut
° POSltlve CyCIQ:- o ° Negative Cycle: GROUP OF INSTITUTIONS
D, is forward biased so it is on but D, D, is forward biased so it is on but

ISTeverse _ D, is reverse biased so it is off. So,
biased so it is off. So, capacitor C, capacitor C, charges up to voltage
charges up to \V;
-
voltage V. —x Y Nonconducting
Conduct o - ”"_jl
D, ‘onducting AC D,
R 0
¥ -~
| ‘ ‘{n "'T"_VIII
: C| + Y |
v, | =V + |
I _
S +
| L
: ‘ o
I
| == _
| | VO - V01 U VCZ KH
| H'H'a
: I =Vn+Vp D, ~ Conducting
L ——_
=2V o
D\ .

Nonconducting



Half Wave Doubler, Tripler, Quadrupler Circuit

Mmiet
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Vn
+
s Tripler (3V, ) -
y 2 \
. - |t \
toq G ] /Dl\ / Ds \ time 3
T
AC o |
input } Vm !D! xDz ¥D3 ID4 _‘é‘-
Cz C4 .
— - It
M — L
2 2,

LT
+~———— Doubler(2V,)

Vi

Quadrupler {4V, )



Working -

o First Positive Cycle: o Second Positive Cycle: —

D, Is on. So, capacitor C,

D, is on. So, capacitor C,
charges up to voltage 2V,

charges up to voltage V|,

et Negative Cvl Applying KVL

Irst Negative Cycle:

' VLY V- Ves+ Vi + Vi =0
D, Is on. So, capacitor C, S0 Vs = 2V

charges up to voltage 2V, o Second Negative Cycle:

Applying KVL Applying KVL
'Vm +VC2 'Vm = O 'Vm - 2Vm + VC4 + 2Vm - Vm = 0
000
S0 Ve = 2Vm S0 Vs = 2Vin eoee
000
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Clippers: Introduction,
types and problems




Clipper Circuits: ml t

GROUP OF INSTITUTIONS

Clipper: Clipper is a circuit which is used to clip-off or remov&"Soie
portion of input waveform. Clippers are of following type.

1) Positive clipper
11) Negative clipper
1) Biased clipper

1) Positive clipper: A positive clipper removes the positive half
cycle of the input voltage. Positive clipper is of two type:

a) Series Positive clipper:

i . ] 000
b) Shunt plosive clipper: EES:
o0



a) Series Positive clipper:

Operation:

In positive cycle diode Is reverse
biased. So, diode Is off and output
will be zero.

In negative cycle diode Is

forward biased. So, diode is On
and nuitniit will he nenative inniig

a) Shunt plosive clipper: mlnt

Operation: arouP o TN

In positive cycle diode Is
forward biased. So diode Is on
and output will be zero.

In negative cycle diode is
reverse biased. So diode is off

and output will be negative input
A R

Shunt positive clipper Output waveform



11) Negative clipper: A positive clipper removes the negative hal
cycle of the input voltage. Negative clipper is of two type:

a) Series Negative clipper:
Operation:

In positive cycle diode Is
forward biased. So diode is on
and output will be equal to input
voltage.

In negative cycle diode Is

D
A .
\ >| ' [ ”

Vmay

SU% Vi

§RL V- vman oo M- U'

I
- '._.l,, 2 t/\ V\|
P S 4 \
) vaverorm | |
F |

Series negative clipper

mict
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b) Shunt negative clippeér:

Operation:

In positive cycle diode is
forward biased. So, diode Is
on and output will be equal to
Input voltage.

Ri

: | | | |
nput waveform X
B

Shunt negative clipper




1) Two Way clipper: a
Biased clipper is used to clip-off or remove a small pol"lﬂ*

positive cycle or negative cycle or both. This is achieved by atidi#g a
battery in series with diode.

A R
T Vma - | + Vg | === -
Vst
v
b | +| A—
“Vmar feeeeae¥ens IR R
Input waveform Output waveform
B

Dual (Combination) clipper



Operation: ‘ mint

First, we find the transition Vi .
voltage: Vin
Vy1 - VBl =0 A% -
Vi1 = Vi

Vya *+ Vi, =0

Vy2 = -Vp, ~VE2 |

1) V. <-Vg, Vo /]

D, OFF, D, ON Vm -

So V,=-V,, Vel

i) -Vg, =V, = Vg,

D. OFF, D, OFF

So VL=V -VB2

i) V, > Vg, ~Vm

D. ON, D, OFF

S0 Vg, = Vg,




cCXadlfiplie. 1l FIrd e output 101 trie 10nOowirigy
CIrcuit.
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Example:2 Sketch the output for the following

o \
CIrcult. |
- 6

™ 20 g T 7

/\ | VP S StOZY Yo
7 t e 1.3y
9. T
RV Sk |

%;P“ TrondiHom  Vodtese

Mmiet
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VV\ —~ o F 532 L J
WY, - R
Y
—— 5.3 ;.
; - J
My +F +T3=1 ‘f Y 5553

V) = —QV L 000
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L —F 6y —QV o

- —O é AMPW ~
AN
|

\ 7L

(Ll” VIPy g

DioN, Dy ot | coes
0o

Vo= +5b °




CXdlTiple.o SKELCI re outputl 101 e TOHOWITg

CIrcuit. LT

i ay GROUP OF |NST|TUT|0NS
1 V\ \§ \} +

fowltsg. I
T -

\§

SoduBon

Trang?Hon VolHage, (\/v
TOn\/“f-—\—\: 0 W )
V= ¥

8 —

(1) VARyAY Q‘.L)‘ Vecy
\\/0 :L\V \\/0:\/‘0\




CXdlTiple.4 SKELCI tre outputl 101 e 1TOHOWwITg
circint. | lIIII"[

JANEEINNE >
Yoo

S Transihim Vo $WV” )

W+ =
Wz -Qv




AdlTIPIE.o SKeELCl trie output 101 trie 10Howirg
CIrcult.

et

TIONS

M
§Eﬁ§ TMA]%'W \/bJ}JM&C
) \p —5= 5

+A4 W= 5

l

Abbly i }(vL

5 —Vo +Viz0

F/\’ = W-5 \
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Special
Purpose diodes




Special Purpose two terminal Devices

= Varactor Diodes

* Tunnel Diodes

= Light-Emitting Diodes
= Photo Diodes

= Liquid-Crystal Displays

Mmiet
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Varactor Diodes (Vari Cap)
Symbol:

Anode M‘athode

=) D

= \aractor diode Is used in reverse bias condition. In revers
diode capacitance Is given by

C=sc=
‘w

= |f reverse voltage Is Increased then width of depletion
layer will iIncrease. So, C will decrease. If reverse

voltage Is decreased then width of depletion layer wi$bss

decrease. So, C will increase. 00



Characteristics:

Application:
1) FM modulator
2) Tuning circuit
3)In TV recelver

4) In Radio recelver

Mmiet
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Tunnel Diode
Mmift

GROUP OF |NSTITUTIONS
Anode ﬁ Cathode

Tunnel diode symbo
Tunnel diode is very highly doped diode.
The doping of Tunnel diode is 1000 times greater than simple

diode.
So, depletion layer is very narrow and is of the order of 10 nm.

Working principle:
In p-n junction a potential barrier exists. According to classical
mechanics an electron can pass the barrier if it has an energy
equal or greater than energy of potential barrier.
If doping is very high then according to quantum mechanics ases
electron with energy less than barrier energy can penetrate theseee
barrier or cross the barrier, This effect is called tunneling eﬁect"

and such diode are called Tunnel diode.
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Ec P-Type N-Type

P-Type N-Type

3
=
E 3
g No

Tunnel

Current

/ & A small tunnel current
> =
o Voltage (V) Volage V>

P-Type N-Type Ec P-Type N-Type

A A
e Maxi g
Maximum
s — o : YY)
it o
< o 0000
&
Tunnel Current ‘ . . .
starts decreasing . . .
L X
>
>

P ——— Voltage (V) [



P-Type

Ec

Current (])

Ev

&

No tunnel current
Maximum
Forward current

Voltage (V)
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V-1 characteristics of Tunne

Point A to B: Current increases till
point B at very low voltage due to
tunnelling effect.

Point B to C: Current decreases till
point C. At point C current is
minimum and diode shows
negative resistance.

After point C: Tunnel diode woks
as normal diode.

A

B Negative-

resistance

: ‘/regiun
|
-\l .

[urjneling C
A curtent

Vp Vv
Application:

1) Microwave application

2) Microwave oscillation
3) Binary memory.

n
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Light Emitting Diode (LED)

Mift

« Light emitting diode (LED) is a special diode which give Tight—
when forward biased. Materials like gallium, phosphorus and

arsenic are used for the manufacturing of LED.

72

1
)
Anocdle Cathodle k)
5

S.N. | Material Colour
(aN Blue (at 5 V)
GaN White (at 4 V)
(GaAsP Red (at 1.8 V)
GaAsP Orange (at2 V)
(aP Green

Working principle:

When LED is forward biased then hole in p-type and electron in n-

type start to cross the junction and recombine with each other. o6

LED produce light in recombination.

Simple diode (Si or Ge) produce heat in recombination process.eBtd



Recombination

of free electrons

& holes
Holes ” —>

Emltted photons

Emltted Ilght

J

/ST

Free electrons
< 9

Application:

1) Used in digital clocks.
2) Used in calculators.

Mmiet
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3) Used in mobile, TV display.
4) Used in seven segment display.

FCRONKOIAA
Q 9 o
P-type N-type
Depletion
region
o=
V-1 characteristics:
S < 100
O
E
iz
g
S 50 ¢+
: > -
0 0.5 0.5 0.5

Forward Voltage In Volts —————»

Forward Bias V-I Curve



Photodiode

f : GROUP OF INSTITUTIONS

Anode |> I Cathode

Working principle:

 When a light or photon is used to illuminate p-n junction then
photon hits the immobile ions present in the depletion layer.

« If energy of photon is greater than 1.1 eV than covalent bond
will break. So, electron hole pair are generated.

* Due to electric field, electron-hole pairs move away from the
junction. Hence, holes move to anode and electrons move to

the cathode to produce photocurrent. This entire proce§§:|§

known as photoelectric effect. 3



Incident photons

i

%%i%

D 0 a
- G '@ ®! . .o
(—.—Q O_+_>
= 2 0 <« 9 <9 a: &
l’ ® ‘o a? D
P-type Y N-type
Depletion or intrinsic
region

]

—

V-1 characteristics of photodiode:

Reverse bias Forward
voltage bias voltage
-4 -3 -3 -1 05 1.0
-V« ———— —+——+—*V
Dark current =
=100
2 P
—1200] 3 §
0 =
= w
~
_44 3
—1" 400
MA

« ©

«— €
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Application:

1) Optical communication system.
2) Medical devices

3) Solar cell panels.

4) Smoke detectors

5) Camera light meters, and street lights



