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(ELECTRICAL CIRCUITS AND ANALYSIS)

ANALOG ELECTRONIC / SOLID STATE DEVICES AND CIRCUITS

Basic semiconductor and p-n junction theory
Semiconductor diodes

Bipolar junction transistor

Transistor biasing

Basic transistor circuits

Field effect transistors
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UNIT-1
BASIC SEMICONDUCTOR AND PN JUNCTION THEORY

ELECTRONICS
“The branch of engineering that deals with the study of the dynamics and behaviour of the
electron”

“SMfAAReT 3R e & &7 S seagia Hr faRiear 3R cgaeR & 3eTTa @
FRT
MODERN TRENDS IN ELECTRONICS
o 1906 H TTEATID L3I STel JFYFH SIS ol MMTAShR ThT I1AT AT- lee De’forest
e Ig world war 2 T &rdY (&I
o 1948 H, AT HI INTATHR G A& H dgel T
o Ugallic ATS & &2 H fg@s &
o TUTe 20 auf &I BfSca HTYERT & MR R HrAd F FHe & T H @1 I
e Solgciidd voltage ,currents and powers & micro 3iR mili {57 & /o, & Tehell
3R A diee R TFARR &t ARG A A FaTA7

NEIL BOHR’S ATOMIC MODEL
1913 # e dieX 3R 31iee TEIHE §RT UFdd

Bohr model 3iX Rutherford-Bohr model, Tk YUY %
foraet uen Sier, aar A1 @ & St TRepaT AR arel
golgelal o fERT a1 § - IR dAze & Taar & g4,
et SetargIE e el GRT YT fehT 1T 3TehYTT & H1Y
TRy UT b TUTH U Bl &

N shell
M shell

L shell

K shell

Positively
charged
nucleus

o T shell & soaelal i 3 ARTH TE&IAT=2n2
*  (n=1,2,3,...: shell i1 TE&)
o ANV shell i Fa1T;

-13.56
n2

o  HIY I Slaeld &Y TEAT P HASThdT valency HeT ST &

= En= eV e1<ez<es
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CONDUCTION IN SOLIDS
o TorelT TN Y (Taga) Trerehar g & o6 Arral & ATeT#H O fohaelt 3mare & 3maer

UaTfed aia | 3T ATeldhdT aTol Uerif &Y Aol hel SATdT &1 ...
o UF SoIdgI had Uh A Soll IaEAT H gL H ST & gRT & Frdl & ATTH 8
3191 9 FhdT B |

ENERGY BAND IN SOLIDS

VALENCE BAND

The valence band is the highest range of electron energies in which electrons are normally
present at absolute zero temperature, while the conduction band is the lowest range of
vacant electronic states.

CONDUCTION BAND

The conduction band is the band of orbitals that are high in energy and are generally
empty. In reference to conductivity in semiconductors, it is the band that accepts the
electrons from the valence band.

AT
Unfilled Conduction Conduction
bands —/ band Band
Er —
e ;' ---------- } Band gap ===
—‘\ Valence
Filled _ band
bands | Valence

Band

L EEE L LS
Rttt dtd

COMPARISON BETWEEN CONDUCTOR, SEMICONDUCTOR AND INSULATOR

fardwand qTeT, TR el
Characteristics Conductor Semiconductor Insulator
1. Conductivi 1. High 1. Moderate 1. Low
ty
2. Low 2. Moderate 2. Very high
2. Resistivity
3. No forbidden gap 3. Small forbidden gap 3. Large
3. Forbidden forbidden gap
gap
4. Positive 4. Negative
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4. Temperat 4. Negative
ure
coefficient 5. Large number 5. Moderate number of
electron for electron for 5. Very small
5. Conductio conduction conduction number of
n 6. Very high 10- 6. Between conductor electron for
“mho/m and insulator conduction
6. Conductivi 6. Negligible like
ty value 7. Between conductor 10-13 mho/m
7. Negligible, less than and insulator
7. Resistivity 100-Shm-m 7. Very high more
value 8. Due to holes and free than1050hm -
8. Due to fre electron electron m
8. Current 9. Covalent bond
flow 9. Metallic bond 8. No current
10. Silicon germanium flow
9. Formation 10. Copper, aluminium,
silver 9. Ionic bond
10. Examples
10. Wood, rubber,
mica
SEMICONDUCTOR 34=ITeieh
fafihsaed I materials & S dsae (MR W a1d) 3R MR-dsFex a1 5;{30\16{
(o1& FaRfAS) & fra aretehdr B & |

HYTeIDh! b bR TYPES OF SEMICONDUCTORS

[ Semiconductor j

[

Intrinsic
semiconductor

1

Extrinsic
semiconductor

Pure form of [
Ge, Si
(n=n,=n) N -Type
Pentavalent impurity
P, As, Sb etc.
Donar impurity - N
(n>>n )

P-

|

Type

Trivalent impurity
Ga, B, In, Al
Donar impurity - N
n>>n,)
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3T 37¢aTera INTRINSIC SEMICONDUCTOR
o T RS (Y) GHAlhedey, T 3HASIS Qelehaere AT 3MS-CI3U Halehadel
el ST E,
o TH g YHIhsFR & e PIS Fecaye! e yonfa Aieg ¢ &1 safow 3maw
dTgent Y HEAT YT T AT &b FoTar ATl & oI A & fFaifiRa e &
o 37TAR® 39ATIR! F ZAfAd Selaeiar & F&aT 3R g f T Rk aldi g:n=p

aedY 31=Tered EXTRINSIC SEMICONDUCTOR

o TITCIehl &Y TTTehl H T Dl HEIT H 3UGth UTAEATT TIATUL3NT Y e ik
JUR FoRaT ST HhT & [S9e6 IMPURITIES gl ST & |

o g ISP H ITYGAT TRATIL3T Bl SIS DY UTHAT Bl ST gl AT & | HHAR W,
107 # el 1 UTATY] 1 3T fohT 1T 3r4aTereh 3 Ueh ST UIATY] gRT UTAEATd foha
STATE|

EXTRINSIC SEMICONDUCTORS

Acceptor impurity
creates a hole

0‘ - Donor impurity
contributes free
O @ O electrons -
o - C-@-. N  © 22 I
Q@ @ o Q@t; QD
o, L @7 \*Of"’l, S
o @ b
‘\"O"’
n - type

N-TYPE SEMICONDUCTOR

Mainly due to electrons

Entirely neutral

I =ihand nnh >> ne

Majority - electrons and minority - holes

SId Ueh pure semiconductor (f@ﬁﬂ"ﬁc‘f a1 aﬁ%&m) &Pl Uerdelc 3RI&dT (p, as, sb, bi)
ERT 31T fopIT SATAT &, Y UT ol Solaelal 3 § IR Soldeld ge T si P IR Sl &
1Y I ST &

o 3IUC HI UTTdl SeleFeicd b &l ST & | $H UhR, H[GAT UHATY] SiTell H dTele & forw
Teh Hh Solrelel Gled Bl & 3R Y "SI gl AT 8|
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o SIUC &I UTTdl Selarciel Hh &l STl & 3H YN, IL&AT WA ATelel &b foIT Ueh A

Solaraic & T &

P-TYPE SEMICONDUCTOR

Mainly due to holes

Entirely neutral

[ =ipand nh >>ne

Majority - holes and minority - electrons

SId Ueh pure semiconductor (@ﬁ?ﬁlﬂ a1 Eﬁ'ﬁ'ﬂﬁ) &Pl Jerdoic 3R[EdT (p, as, sb, bi)

SR 31T TohdT ST &, Al T doid Solaeial & § IR Seldel ge IT si h IR Sl &

1Y IY AT &

o IT YGAT A SoAacicd (BG) Pl IFFUIEATT OIS T &1 T IY&aT WA ST afde
Sl ol TAIPR T & Tl IR &, "acceptor” HEalTd &

o YT B TEAT A gig &A1Y, g (HHRIcHSD A dTeeh) I AT &

MOBILITY

The ability of the charge carrier to move freely and easily.

N=pe

M=v/e; m2/vsec

R TP Y ATeTehdT CONDUCTIVITY OF INTRINSIC SEMICONDUCTOR

TR TUATeIR HT ATThdT S U 3TdRep 3L dTEeht & PRUT BldT &1 ar s

TRATIL3T & &I Seldgial &b ST HIY HEHAISAD &, SHOIT ntp T, ATl b foIT IS Heh 1Ay
AT oTel aidT ¢ ST 38 I3 foRdT ST &, df $ Aeddioie 94 1T & HRUT ¢ AT & AR
T YR FS Solagiel ATelet o folt 3 &l AT & |

Yi=Nnj
N=p=n;
Yi=Nid Un+ Nid Wy
aTeT 379Teleh Y TTelehdT CONDUCTIVITY OF EXTRINSIC SEMICONDUCTOR

IR 31Tl T ATThAT Sedch 3T ITELY JTAA TEhT o PIRUT BT &l

For n-type

Yh-Nq n Ng=n
For p-type

Zp=pPq Hp Ma=p
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P-N JUNCTION
o TU-UA eI YATeIh b Teh el & 37eX &I bR bl ATl ATHIAT, N-UhIT
IR TF-YPR & T T A A1 Sehd gl
(EPRTeHeR) TaT 3 et &1 feme e, e M o
o "UH" (FPRIcHT) UaT H [agd FT § AT URATIL3 L.
35 aTedY Ty 2% seeReTAT Y T A 1w R
UATE oY ehelol Teh fERM 3 STerIe A oA i 3fAfd

el
o W-UA ST SITUIT gRT AT SATAT &, IS ATAM B & DFeizleigﬁn
3eTIT-31eT9T Zehal &1 3TN fEhAT ST E | g
FORWARD BIASING

e When the p-type is connected to the positive
terminal of the battery and the n-type to the negative
terminal then the p-n junction is said to be forward-biased.

e  When the p-n junction is forward biased, the built-in electric field at the p-n junction
and the applied electric field are in opposite directions

e This results in a less resistive and thinner depletion region.

FORWARD BIAS OF THE p-n JUNCTION

o Battery induced electric field e Built-in electric field
@ Conventional current © Electron current

REVERSE BIASING

e When the p-type is connected to the negative terminal of the battery and the n-type
is connected to the positive side then the p-n junction is said to be reverse biased.

e In this case, the built-in electric field and the applied electric field are in the same
direction. When the two fields are added, the resultant electric field is in the same
direction as the built-in electric field creating a more resistive, thicker depletion
region

BY-ROHIT KUMAR SIR
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e The depletion region becomes more resistive and thicker if the applied voltage
becomes larger.

REVERSE BIAS OF THE p-n JUNCTION

No current flow

g

@ Battery induced electric field | @ Built-in electric field

CURRENTS IN SEMICONDUCTOR
DIFFUSION CURRENT YdR 9T

T IR-TATT &7 J 3Its Alchgdre A TSl hRIX 3T FigdT F A= Gigar &3 F Frar ¢ 3R
S IIHTT Pl JER URT gl STl &

For n-type For p-type
— oD dn _ _aD dp
Jn =qDn_— Jn = —qDp -~
Dn=diffusion constant for e- Dp=diffusion constant for e-
dn . . dp . .
2= concentration gradient 5.= concentration gradient
DRIFT CURRENT
o 9 HYATED UaTd WX Teh FI 817 SHRTRT ST &, ol 3T argeh Ueh AR ara aar
T & & |
o 37T TR I I T Tt TGeh THTT Uh URT TATAT § Tordl "TeTd URT" & & H ST
ST &
J=nqu
N-type P-type
Jn=nqun Jp=nqLp
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Direction of flow

. of electrons
Semiconductor

Bar
Holes —» ¢ e o' [%] @+« —Electrons
o *_* 4, |_
@ © o @ @ |
Direction of flow of holes
I,
+ '
E
TOTAL CURRENT
For n-type
. dn
Jn=Nqnt ana
For p-type

. d
jp=nqyip+(—qDpP )
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UNIT-2

SEMICONDUCTOR DIODE AND ITS APLLICATIONS

DIODE
« 3TA1S &l ST Barsa § g al selaes ala &
« [&fepiar 3R FHAATH D 318arerep! o1 3TN SRS HT TADIH 1 30T & Torw fhar

ST

DIODE SYMBOL
H-regian E__Ili_! P-region
ST o 2ol o, o o o
= o e = 2 (=) O+ + 3
oo 690 oS [Covs S o 2 Anode Cathode
© 8 Coselsls 8599 o
© 2 e e o did oD o (—+—] (-)

| Layer 1
| ]

= -free electrons

Positive Denor ion
Megative Acceptor ion
+ Holes

Potential difference |
across the junction

DEPLETION LAYER
o U 37A&TT 879 dd Ie1dT & oTd Solacie 3R g P ATgdT drel 8731 3 thel SITd &,

e Charge-less region.

CHARACTERISTICS OF DIODE

The following are the characteristics of the diode:

Forward-biased diode

When the positive terminal of the battery is connected to p-type of material of the diode.
Reverse-biased diode

When the negative terminal of the battery is connected to the p-type of material of the
diode.

Zero biased diode

When the diode is zero-biased, the voltage potential across the diode is zero

e n UBR & IYATID P ToIT, TG dof & BRUT Seldeid p YbR & IYATID H 3R
I AT &

J p-typeﬁﬂﬁmﬂ?-ﬁ%_«;{n-type*%ﬂﬁﬁﬁwmm%,wm
WW%WWW%W%WWacceptor}ﬁTdonorionsEﬁGE{fIFT
© | 38 U I 37T&TT X (depletion layer) Hed &
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IDEAL DIODE

+ —
Anade Cathode

F " F
L N’
Closed circunl

Forward biased

CHARACTERISTICS OF IDEA DIODE

Reverse
breakdown
voltage

Forward
current

Reverse bias
Reverse Voltage

T

-50 pA: Germanium
-20 pA: Silicon

)

Forward bias
‘L Forward Voltage (V)

[ 1A Reverse
L ] 300 mV: Germanium b current
'I 690mV: Silicon

Forward-biased diode Reverse-biased diode

(1) mA 4 Forward

cu rrC”/
Forward bias

T >
' Forward Voltage (V)

Reverse
breakdown
voltage
Reverse bias
(v) “Reverse Voltag

1
-50 pA: Germanium L 1 300 mV: Germanium
-20 pA: Silicon 630mV: Silicon

-1)UA
FTHAY Reverse
current

VI characteristics of Diode

THICKNES OF DEPLETION LAYER

1 . :
t=7 N= doping concentration

DIODE CURRENT EQAUATION
I=Ip+IRr

I=Ip+(-Io)

I=I-Io

I=(ToeV4/"Vt — 10)

I=IO(eVd/th _ 1)

EINSTEIN RELATIONSHIP
D_Dn_DP_ vt = 26mV at 300°K
W un  pp

- +
Ancde Cathode
—o o—

Crpen circuit

HReverse blasad

Current (l)

le

Forward
bias region

Voltage (V)

<€ 5 >

/
Vg Ve

Reverse
bias region

o= reverse cureent; minority current
Vd=voltage across diode

n=1 for Ge; n=2 for Si

Vt= volt equivalent to temp
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DIODE RESISTANCE
1. Static resistance(DC) 2. Dynamic resistance

Vdc av
Rs=— e Rd=r=— Py

a1
g=5, 8 conductance

DIODE CAPACITANCE

1. Transion capacitance (Ct; RB) 2. Diffusion capacitance (Cd; FB)

_EA d

d = +/Vr; alloy type dXI

d = 3/Vr; grown type Cd = v
I

Cd = tm

TYPES OF DIODES

Light Emitting Diode
Laser diode
Avalanche diode

Zener diode
Schottky diode
Photodiode

PN junction diode

TYPES OF DIODES @BYJus

H@@@@

Nk w N E

Junction Zener Tunnel Schottky Varactor
Diode Diode Diode Diode Diode
Diac Triac Light Emitting  Photodiode
Diode (LED)
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LIGHT EMITTING DIODE (LED)

When an electric current between the electrodes passes through this diode, light is
produced.

light is generated when a sufficient amount of forwarding current passes through it.
In many diodes, this light generated is not visible as they are frequency levels that
do not allow visibility.

LEDs are available in different colours. There are tricolour LEDs that can emit three
colours at a time. Light colour depends on the energy gap of the semiconductor
used.

LASER DIODE

It is a different type of diode as it produces coherent light. It is highly used in CD
drives, DVDs and laser devices.

These are costly when compared to LEDs and are cheaper when compared to other
laser generators. Limited life is the only drawback of these diodes.

AVALANCHE DIODE

This diode belongs to a reverse bias type and operates using the avalanche effect.

When voltage drop is constant and is independent of current, the breakdown of
avalanche takes place. They exhibit high levels of sensitivity and hence are used for
photo detection.

ZENER DIODE

It is the most useful type of diode as it can provide a stable reference voltage. These
are operated in reverse bias and break down on the arrival of a certain voltage.

If current passing through the resistor is limited, a stable voltage is generated. Zener
diodes are widely used in power supplies to provide a reference voltage.

SCHOTTKY DIODE

It has a lower forward voltage than other silicon PN junction diodes.

The drop will be seen where there is low current and at that stage, voltage ranges
between 0.15 and 0.4 volts.

These are constructed differently in order to obtain that performance. Schottky
diodes are highly used in rectifier applications.

PHOTODIODE

A photo-diode can identify even a small amount of current flow resulting from the
light. These are very helpful in the detection of the light.

BY-ROHIT KUMAR SIR
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e This is a reverse bias diode and used in solar cells and photometers. They are even
used to generate electricity.

P-N JUNCTION DIODE

e The P-N junction diode is also known as rectifier diodes. These diodes are used for
the rectification process and are made up of semiconductor material.

e P-N junction diode includes two layers of semiconductors. One layer of the
semiconductor material is doped with P-type material and the other layer with N-
type material.

e The combination of these both P and N-type layers form a junction known as the P-N
junction. Hence, the name P-N junction diode.

P-N junction diode allows the current to flow in the forward direction and blocks the flow
of current in the reverse direction.

APPLICATION OF DIODES

o Rectifiers

o Clipper Circuits

e Clamping Circuits

o Reverse Current Protection Circuits
o In Logic Gates

o Voltage Multipliers

CLIPPERS

fFerar @ |fdhe a1 & S 3aqe vl dgwis (Aa AT & ed i sdred 2

POSITIVE CLIPPER

In a positive clipper, the positive half cycles of the input voltage will be removed.

The circuit arrangements for a positive clipper are illustrated in the figure given below.
NEGATIVE CLIPPER

The negative clipping circuit is almost the same as the positive clipping circuit, with only
one difference. If the diode is reconnected with reversed polarity. The circuits will become
for a negative clipper.

BY-ROHIT KUMAR SIR
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A D &
TS T A [ H . ,g-*"-"
2 A /\Time—} s 0 Time
HRVAY LI SN RAVAV,
B NL NS (IR T O .
s Vv B aV
® -
Input Waveform Output wavefonm

(a) Positive clipper

o Pt .

D:;
1
S
B

abeyon ndu)
<
M
s
oA ind
= =
=
E |
5]

w
abe

L -
Input Waveform Output waveform

(b) Negative clipper

CLAMPERS
FelFTH I Hiche g § SN 3AYS TH AT Bie &l Teb 37eT91 ST FAX UL EATATT RS LA &

Clampers are those circuits which shift the input ac wave form to a different dc level
Positive clamper

in a positive clamper circuit, the input waveform is shifted upward above the Ov reference
line. Here is the circuit diagram of a positive clamper circuit.

" A
I AVAVA X 2w T

Input Waveform

-
o)

.

[ %]

<

3

0¥ Output Waveform
Positive Clamper Cireuit

1. Negative clamper

e The negative clamper shifts the whole input waveform downward.

e Here is the circuit diagram of a negative clamper circuit.

BY-ROHIT KUMAR SIR



https://www.electricaltechnology.org/wp-content/uploads/2021/09/Negative-Clamper.png
https://www.electricaltechnology.org/wp-content/uploads/2021/09/Negative-Clamper.png

17 |Page

1L
Vin ral °T 9 ¢
2 :
w4 Vi
o[ 1 ] & = —Vm
o (] g Un_
Input Waveform =i Output Wavefarm

Megative Clamper Circuit

DIODE AS A RECTIFIER
o TH IFCHRR Ueh A 3URIOT & AT UeAmad 9RT (AC) 1 uRafdd aidT &, S JH -

T W TERAT Pl ST ST &, UcT&T URT (DC) H, S hael Teh & 7 ggc &
o RRTH HURAA S=acI R AT ST & | URHAT St GUR & &G H AT I &, FAI D Tg
TaAT Y feQm ot "I pIar &

Half wave rectifier

o THITA-%S TTATS &b BIh-dd I hhA H IT dT TH dd &l Uiteried IT Jaifed 3T
UTH & ST &, STelfeh GERT 3T €elieh &l il & |

o T SAYC I BT chelel T B JTSEYC eh UGl &, AT ool el &Il ¢

o Th-dqg Y[Fefhdhere & forw RieTar-that Tcars 3 Rierer arale, a1 3ft-that Avars & A
&I T BT &

laa
I \/ t

Average or DC value

—

RMS value
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v _Vm
rms =—
Efficiency
L. Pdc 100
= *
efficiency Pac
efficiency = 40.6%
Ripple factor

e Content of AC is present in DC output

Irms
Rf = ’(Idc -1

Rf=1.21
Form factor
Kf = Vrms _ 17
Vde

FULL WAVE RECTIFIER

o THh Po-dg UFCHRT U IHM3cYc W P 3AYS dahid &l Teh 8RR ¢adr
(TPRTcHD IT APRIcHS) A TRafdd FaT & |

o Fol-dg YFeFdher $A9e dawial & g Yai H Tafed ST (SRNTT ) A Jed
&aT ¥, 3R wes 374 3ihad 3¢y dlees gaT v |

o T3S 3R UH X ¢T3 TABIER, IT foleT DifehIR eI H IR 3rA1E AR fondT off welt
A (Tex U & e SawieR afed) Hr sd et g

o THITeT Tolhsaex SIS, BidA HUS AT HIFAF TAS dTel 3o 3113, IR BR- AT
fa-ars fost Rivrar ddiaed & w0 d AT aa €
1. TAPPED FULL WAVE RECTIFIER

T/\\/\E 3|w5| ﬂ] M\

For +ve half cycle
e D1=0N; D2==0FF
For -ve half cycle
e D1=0FF; D2=ON
Vdc=0.636Vm

2. BRIDGE RECTIFIER

BY-ROHIT KUMAR SIR
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AC Input

DC OQutput

For +ve half cycle
e D1D4=ON; D2D3==0FF
For -ve half cycle
e D1D4=0FF; D2D3=0N
Vo=Vin
Average or DC value

1 2w
Vo =— j Vind6
2m J,
2Vm
Vo=——=Vavg
RMS value
1 T
Vrms = |— J V2de
2m J,
v Vm
rms =—
V2
Efficiency
L Pdc 100
= %
efficiency Pac
efficiency = 81.2%
Ripple factor

¢ Content of ACis present in DC output

Irms2
Rf = (Idc) -1

Rf = 0.48
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SUMMARY OF RECTIFIERS
Particulars HW RECTIFIER FW RECTIFIER BRIDGERECTIFIER
No. Of diodes 1 2 4
Vdc Vm 2Vm 2Vm
T R T
Vrms Vm Vm Vm
2 V2 V2
Rf 1.21 0.48 0.48
Efficiency 40.6% 81.2% 81.2%
Kf 1.57 1.11 1.11
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UNIT-3
BIPOLAR JUNCTION TRANSISTOR

o Teh ZITAE Teh YhR T IATeTh SUSUT & TodehT 3T fagd Udrg A1 dicest &
aTele 3R g=geic el & forw fham 31 HepdT &

o T IO el ¥ A Uh Fad 3R Ueh TFUHHIIR & &G H B Al

o IO T oY 3UNOT & fHHT 3T Selagifces Hohdl & Yare &t faafya a
PRI e & forw fpar srar &

PARTS OF A TRANSISTOR
Base:
e This is used to activate the transistor.
e Dopingis very less, thin region and the resistivity is very high
Collector:
e Itis the positive lead of the transistor.
e Collects charge carrier emitted from the base
Emitter:
e Emits charge carrier either electron or holes.
e It’s the most heavily doped.

e [tisthe negative lead of the transistor.
PARTS OF A TRANSISTOR

E - Emitter

=*— B - Base

C - Collector

SITSIEeX & UaR types of transistor
afihe 3 3T SUN9T S8 FFaT SITAT &, 38 3MUR W HET FG U &l YR & ZIToTeey e ¢

dr-uea-dt giforees:
o  Ig SISIE! BT Uh YR & STT Ueh UA-YDHR T AT & & UT-UepR T A1 & i ger
T TET ST & |
o VA FITHINAA H, Barsd e & UdTe ol AT e | fiuadr giferee # 2 foheed
Sl @t ¥ ot e a1 o @ ¥
e 3TAIS & arfY 3R 3R G} 30X Y FHAL: HFeI-9T A 3R TR 3118 & &7
A ST ST B
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N-P-N Transistor:

o U CIOIEEX H, TH Teh p-YhR I A UTUIT SAT & n-UhR Hr AT & & Alsig
vl

o N-P-N gifoIex el TG & HHASIR Hehdl ! AT Tehell I TBTl o TolT ST FRaT
STl

o TAUITS CITOIEeX H, Seldgicd UTHCT & deoldel 81T H Tel IId & fordd TROHEITRT
giforeeX 3 Fe &1 [AATOT BT & | Tg eiforeex afthe 3 cargs ®U & 3ueT fohar Srar
el

PNP NPN
Collectar Emitter Collector Emitter
N B
Base Base
Collector Collector
Base Base
Emitter Emitter

Current amplification factor («, 3, Y)

For common base mode
Ic
o = —; for dc
Ie
Alc

azA—Ie;forac

For common emitter mode
Ic
B= Ib
Alc

B=2n

; for ac

For common collector mode
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le =1b+ Ic; devide by Ib

y=1+98
1 1+
a B
(ay) =8

Range of currents

e leandIcarein mA
e [bisin micro-A

e Alphaislessthan 1
e Ie>Ic>Ib

o a<B<y

OPERATION OF TRANSISTOR

e NPN I &l 3cdoid n-USR O Tl g/ AT o &, sufov sgaeas

daTedh Seldeil ald &

o I IT-TTHKR S HRAS IIES BT & dl Selgeld UA-CBU &9 I UI-ersy
8T &Y 3T TSI 3R TeUTETD dIEh B¢ TA-CIBU &7 T 31T J&dr|
o 39 3 UH-gEX A e § A 3 FTRE W yaiRa @9 arell URT @ FEH A

P O TSTUT P

o S SR Nad arEs aidr & d 8¢ 3 Foldeld SRE § Y Id Id §,
AN T & &3 & g F dl &F ga4ar & 3R @Y P Fie vared el

el

Emitter
junction

P

Collector
junction

Il

Forward bias

Reverse bias
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TRANSISTOR CONFIGURATION AND CHARACTERISTICS

AT AR (CB), AHAT TGS (CC) 3R AT Scdoid (CE) & T H i YR

F g 1
COMMON BASE CONFIGURAION (CB)

common between input and output terminals

Ve _:

|
|I|+

Ve

+||I
|

Common base configuration

COMMON BASE CHARACTERISTICS
Input characteristics
It is the graph between Vgg and Ig

Rin — aVbe_ i
in= ETP very very sma
IE A vV VvV
CB2 CB1

>V

Output characteristics
It’s the graph between Vcgand I¢

BE

cB2

In Common Base (CB) configuration the base terminal of the transistor is

CB1
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E N La— REtive RPagles

f 50 I I = 50maA

T -40) Ik = a0ma

5 . =

034 Iz = 30mA

o -20] e = 20rmA

210 e = 10ma

] — e = Oma
0 i Cut off zaq .

-1 - fx] "3 -4 L
Collector Base Voltage Ve [Vali)

Vcb>Vce>Vbe
dVch )
Ro = ETE ;very large in mega ohms
Voltage gain
Ap — Veb o ]

V= Vbe’ visveryvery large

Current gain
Ic
Ai = E;Ai approx.equal to 1
Applications

e Voltage amplification
e Current buffer

COMMON EMITTER CONFIGURATION

e In Common emitter (CE) configuration the emitter terminal of the transistor is

common between input and output terminals
Ic

==

o
A

Output

+

|nput NPN Transistor

Qi

Q-

I
—
—
-
Transistor Common Emitter(CE) Configuration

Input characteristics
It is the graph between Vgg and Ig
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. dVbe
Rin = S5, Very very small

B A

B1

cEt Ve Ve > Vg,
>V,
Output characteristics
It's the graph between Vcgand I¢
IC ¥ 3
las 83> lg,> |
IB2
IB1
> VCE
Vbc>Vce>Vbe
dVec ]
Ro = e ;very large in mega ohms
Voltage gain
av =2 ap>1
V= Ve
Current gain
Ic
Al == 5 Ai approx.equal to 1
APPLICATIONS

e Used as power amplifier

COMMON COLLECTOR CONFIGURATION

e In Common collector (CC) configuration the collector terminal of the transistor is

common between input and output terminals
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—
Vec —T l -
Common collector configuration
Input characteristics
It is the graph between Vgc and Ig
Ri dVbc high
in=——:hi
arp "9
IB A
Ver Vg, Veeo> Ve

» Vg

Output characteristics

It’s the graph between Vceand I
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B3

B2

B1

Vbc>Vce>Vbe

Voltage gain

Current gain

Applications
e Voltage buffer

e Current amplifier
¢ Impedance matching

COMPARISON OF TRANSISTOR CIRCUITS

Vce

Av = —; Av approx. 1

Vbc'

Ie
Ai==—;Ai > 1

Ib

> IB1

CHARACTERISTICS CE CB CcC
Zi dVbe dVbe dVbc
alb dle alb
Zo dVce dVbc dVce
dic dlc dle
Av Vce Vbc Vce
Vbe Vbe Vbc
Ai Ic Ic Ie
Ib Ie Ib
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TRANSISTOR LOW FREQUENCY ANALYSIS

H-PARAMETER

. i . '

111, 2 2 11120 2,
peun Y O BN
A ki Linear _
'Il'j\" Circuit SHORTIVz=0 Vg Circuit )

’1 E 1' Er

Output Short Circuited Input open circuited

Vi=h11l1+h12V>
I2=h21l1+h22V>

h11 = TE V2 = 0: hi = input impedance
h12 = %: I1 = 0: hr = reverse voltage gain

h21 = Tk V2 = 0: hi = forward current gain

V1
h22 = 7 V2 = 0: hi = output admittance

'UI‘I h12'ﬁ"2@ :'I‘E--I |1 {} h.!l VE

Equivalent nebwork of a fwa port network Interms of h-parameters
o TT-WIHIY Al &1 3UANT e & dA gl fadwor & faw frar Srar
?\-, - garor & Helddr paf ©H voltage gain, current gain, input
impedance and output admittance IdT &d &
o CTIIFR & A IR fAHUT &, T THIANHRR (TIfoeeX) A Ta-IRefie
AT & GIY deoT ST AT &

LOW FREQUENCY (SMALL SIGNAL) ANALYSIS (approximate analysis)
e hr can be neglected
e hoRL can be neglected
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Equivalent T- network

LOW FREQUENCY ANALYSIS OF COMMON EMITTER TRANSISTOR

Current gain

Il Ic _ hfelb

A= ="~ " Ib

Input impedance

)i V1 [hie.lb+ (1 + hfe)lbRe]
"“TIp "~ Ib

Zi = hie+ (1 + hfe)Re

Voltage gain

Ay — Vo 1IRl (—Ic)Rl
L I 7]
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o — [_II‘;,RI] _AiRL
() 7

Output impedance

LOW FREQUENCY ANALYSIS OF COMMON COLLECTOR

Vee
W & e s 1: i+ MR
e %
g " B Re
Current gain

Input impedance

;i V1 _ [hic.Ib+ (1+ hfe). IbRe]
T b

Zi = hic+ (1 + hfc)Re

Voltage gain
p Vo AiRe
VEViT zi
Output impedance
Vo
Zo =—=Re

BY-ROHIT KUMAR SIR




32|Page

input resistance is very high
CCis also called emitter follower
Impedance matching

Voltage buffer

Current amplifier

LOW FREQUENCY ANALYSIS OF COMMON BASE

Te= (1+ W8)ze

Current gain
Il Ic  (—=hfb)le
e P
Input impedance
7i = V1  [hib.Ib]
LT le e
_ [hib + (1 + hfb)Ie] )
Zi= Te = hib(1 + hfb)
Voltage gain
Vo IeRl IIRl  AiRI
Av = — = = — = -
Vvyr vi V1 Zi
Output impedance
Zo="2— R
T

e Voltage amplifier
e Current buffer
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e Wide band amplifier

H-PARAMETER RESULTS

h-parameter CE CB CC
Hi 1100ohms 22ohms 11000hms
Hr 2.4%104 2.9%10+4 1
Hf 50 0.98 51
ho 24*10¢ ohms! 0.29*%10-¢ ohms! 25*%10¢ ohms!
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UNIT-4
TRANSISTOR BIASING

TRANSISTOR LOAD LINE ANALYSIS
OPERATING POINTS
S HfAPAH FHT Heldel Hie & fow v #d W R fear srar &, o a8 &g v-
38T W Al &, o 6 aqfa ﬁg (saturation points) & 3fear 3R PO el &l /Y
&, ST AAPAA FHT Hodel TAR Aees & AU T AT AT el &, o a8 g
TFH-318T WX AlS[G @19, S fF (cut-off points) ¥
o S 37 gl faig3h @ T arell Y@ W=l Sl ¥ ar UEr @ @ 3R 3@n
load line &gl ST HehdT & T SHTGIU el SATAT & &Il Ig oils W HT3CYe
P Udlh %I g% @I, 3 output characteristics curve UX G S %, ar e
ﬁg TR UG daTdr & TS operating points &gl SIAT &
o 3H WM Ulse @l quiescent point or simply Q-point 3 HET ST &1 TH Gy
ufdese fig & @dd ¥, dfdhd Q-points &1 TI 386 e & fhar e & &
vl Rvae g & dasg, cifoeex afhg &9 & T &1 30 & u aw
R & AT A e &I ¥ FHST ST bl &l
e TH Tlfol¥ed TP 3T TFUAIBRIR & FT A R &l ¢ oid Jg Tfhd aF &
oaT & 3R S9 39 Fg-ulsc W Hdlfeld & & ol TN ST &, dl ahieR
yadd grd gar B
o BUHA TFCATHhAT AucAer i AThd TeThl saqe e & Q /&y o umd
el T UTKAT 1 I T fhAT Sl § STd 30D Y W TH f{octor o@man

ST ®
DC LOAD LINE
The value of collector emitter voltage at any given time will be

VCE=VCC-ICRC

As Vcc and Rc are fixed values, the above one is a first degree equation and hence will be a
straight line on the output characteristics. This line is called as D.C. Load line.

To obtain A
When collector emitter voltage Vcg = 0, the collector current is maximum and is equal to
Vee/Re.
Vce =Vcc — IcRc
0 =Vcc—IcRc

IcRc =Vcc
[ Vce
C = —
Rc
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B
Vee *Veg (volts)

To obtain B
When the collector current I = 0, then collector emitter voltage is maximum and will be

equal to the VCC. This gives the maximum value of IC.
VCE=VCC-ICRC
VCC=VCC

BIASING OF TRANSISTOR
« IR I8 Thellch & THEGH TAT FRIA GRS I BT & AR PHelee
R a9 @Iar &
o TE TS D FishT 81T H I@dT &
« URUY & I§ dehelleh ST AUAH TRecT & Fa9 # Q-fig ol TR aardl &

Stability factor(s)
e Itindicates the variation in Q-point with respect to variation temperature

The various types of biasing methods are:
e Fixed Bias
e Collector to base bias
e Voltage divider bias

FIXED BIAS OR BASE BIAS
o IIFHI & 3T & I 9 99 AT hars Yoredg arafder oY el Srar &

o THhd AP BT (3ETEIUT & AT, Teh Jed) P YA iforel & Polded IR
Ig a1 & fow forar STar &, erelifeh 37ereT Sy &1 oY Iuer fRAT ST Gehar

Y
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Apply KVL at input loop
Vcc — IbRb —Vbe =0

Ih = Vce —Vbe
~ Rb
(Ic)Q = BIb

And KVL at output loop

Vee —IcRc —Vee =0

(Vce)Q =Vcc — IcRc
ADVANTAGES
o M g wh Toher GfaUd IR grT AR fohar ar & AR e agd

e B

e The stability factor(s) for fixed bias is greater than one

DISADVANTAGES

o Ifh IIH 9 P gRI W fhar ST &, $AAT deldel e WY B & FATUIA
Bl &

e B (I, 100 3R 200 & drI) & V&P 3Td Hedl dTal Bie-Rvaa gifFER
(S, UTaR TifeieeX del) & o, TE BIEHINRIA thermal runaway @l &7 Tl
Bl |

USES
o IWIh Jdfafed AT & wRol, aw dfhe d AT gaoe & 339 AR
& wft fpar Srar ®
o TP 3T JFR Tihe H forar Sirar & Sier ciforexr &1 3uar fag & 9
# forar ST B
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VOLTAGE DIVIDER BIAS or EMITTER BIAS

o diceol A9 Il UfaQel R1 3R R2 T SUANT &lch FeIr—AT T &1 R2 & 3191

dledal TIACT STeRIA &l a1 &l Bl

o ufaRidl R1 3R R2 & 3R =9 grI, ifoeey & Hared fig & p . & Faad

JATIT ST HbhT ©

o UTIYT Pl P& Il § NS 3T B A & e 3P R addqT &R

UTH IR Fhd &
-+ -
T
lll“éﬁl R, llc
I = v__
B
E
|21'$_R2 R. lle
L

In this circuit the base voltage is given by:

Vee(R2) B Ib(R1R2)

Vb = voltage across R2 =

_ Vee(R2) ded b <« [1 = 22
~ R1+ R2 Proviee TRl

Vb = Vbe + IeRe
For the given circuit

Veo) | Vb
s ’
" ((B+ 1)Re +R1||R2)

(Ic)Q = BIb

Apply KVL at output loop
Vcc —Vce —IcRc —IeRe =0
VceQ = Vcc — IcRc — IeRe
VceQ =Vcc — IcRc — (1 + B)IbRe

R1+R2 R1+R2

e The stability factor in this biasing is nearly equal to one=1

BY-ROHIT KUMAR SIR




38| Page

ADVANTAGES:

« TRFET fig B HeaAdr & Forer Fac &

o TUATT # deelrd b e AR fdg |

USES:

« 3 & T A Flbe A EAT AR o1 38 WWh Fihe & foU <aus &0 @

3UANT A &l

Collector to base bias

Apply KVL at input loop
Vee — (Ib + Ic)Rc — IbRb — Vbe = 0

b = Vece —Vbe
" Rc+ BRc+Rb
IcQ = BIb
And KVL output loop
Vee — (Ib+ Ic)Rc —Vece =0
Vceq =Vcc— (Ib + Ic)Rc
THERMAL RUN AWAY

o THh gifoFel # faqH 8 arel AP ALY §I ¥ 30D dolded o9
ST WX fadqd gl drell AT &

o Toldel dF SAIA W 3cUeed AR I IfAEeX @ Ser 3R g i
H Tl ol 39 TUfd & aforer &1 " A" FEl AT &l

e tempT»lcoT»Ic?
o PdT= VceQ)(IcQ) T
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g Ig increases \
/ Power dissipation increaseg

Resistance of
the device decreases

This will increase the
temperature of C-B junction

Thermal Runway Process

Thermal resistance
e The steady state temperature rise at the collector junction is proportional to the
power dissipated at the junction.
e The unit of thermal resistance is °C / W for a low power.

Tj—Ta < Pd

Tj —Ta = 6Pd
9_Tj—Ta
~ Pd

Tj=Junction temperature in °C

Ta= Ambient temperature in °C

Pp= Power dissipated at Collector base junction

6 =Constant of proportionality referred as Thermal Resistance

Condition for thermal stability
e When the rate of heat generated at collector junction is less than the
rate of heat dissipation at collector junction i.e.

. oPg _ 0Pd
aTj aTj

. aPg 1
aTj 7}

e Vce< % ; thermal stability

Vee
e Vce> - thermal run away

ACLOAD LINE
o Ifg Ig Az a5 had I TN S ¥ S il o Sl arafder e
ST §, ofdhad 1S saAYe fAvde A€l ooman Srar §, df 0 oS s ar S

g T8 Pel AT ©
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o Safh Sl dictsl & WY Th saAYc {veAel o) @9 W Adl & ded Wi 718
A5 o, 0T oIS bl THT olis S dhel SfidT &l

o g TH IR RN Az ABAl B Th IH FH QT AT &, dF Tg FAST ST
gohdT & fF I g 8§

AC loadline
|C T /
B~ 15mA
Ig = 10mA
Vin Ig = 7mA
O VCE i : Ig = 5mA
! / DC loadline
T — >
— ' : ' VCE

. ﬁﬁﬁQ-ﬁQmHﬁ-ﬁgwmﬁﬂ%ﬁglU?ﬁ?vl’lgcdlsdaSHd-nua—i

From the above figure,
Vce = (Rc||R1)Ic
rc = (Rc||R1)

The current Ic at saturation point

VceQ
Ic(sat) = IcQ + —
re
The voltage at cut-off point
Vce(off) =VceQ + Icq.rc
Maximum current
IcQ = IcQ(Rc||R1)
by adding quiescent currents the end points of AC load line are

VceQ
Ic(sat) = 1cQ + —
rc

Vce(off) =VceQ + IcQ(Rc||R1)
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UNIT-5
FIELD EFFECT TRANSISTOR

e FET is a semiconductor device whose operation is based on the effect of the field

e Output current is controlled by induced electric field

e For normal functioning FET is reversed bias in input circuit
Application

e Voltage variable resistor

e RF and FM amplifier

e Inautomatic gain control

e In digital circuit low frequency amplifier

¢ In oscilloscope as amplifier

e IC fabrication

Comparison between BJT and FET

Particular BJT FET
Charge carrier Electrons and holes Either electron or holes
Device type lox Ii; cccs Idx Vgs; vcis
I/P circuit biasing Forward bias Reverse bias
Ri Very low Very high
Noise Very noisy Less noisy
Type NPN or PNP N-channel or P-channel
Current gain Ai Defined Not defined
Voltage gain Av High Low
Cost High low
TYPES OF FETS

There are two types of Field Effect Transistors:

e Junction Field Effect Transistor (JFET)

o Metal oxide semiconductor Field Effect Transistor (MOSFET
Essential Information concerning FETs

« FETE YR & 8ld & 9 @ v el fSieet ale &g §U § 9gaeds
argeh gRT fordm ST & 3R 38 YR dgHEdsD dlsl algeh SUDOT Bl ¢

o CEU TE BN STel adA YdTe ATT § § HeUaEdd dredh & HROT BT ©
3R 39 YR 30 3cUEEIS ITel digh SUBIUT el SIdT o

. Tasw & by da6l & ACTH T solaciad @Id F dTell # Jarfed aid gl
NfAP Tuh et cfFaor hsaed] TR T Aed &1 Ad efAae 3R
e & T Uk &TAAr § 3R A9 i ATIhdT AT Th B &
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There are three terminals when it comes to FET:

e Isis the term used for the current that enters through our first terminal that is the
source.

e Ipisthe term used for the current that leaves the channel through the drain (D). The
voltage between drain to source is Vps .

e The channels conductivity is modulated by the gate (G). Ip can be controlled by
applying a voltage at G.

TYPES OF FIELD EFFECT TRANSISTORS

D D
G
G
S S
JFET MOSFET
Transistor Transistor

JUNCTION FIELD EFFECT TRANSISTOR
o JFET IT SIaRIT Hled Sthac gifoited Td8 Tl UbR & Hles-gthae cifaeel H
q UH & dBUeR SR ifareed & fauwd, JFETs decs faafa Basa &I
e JFETH gdaa udrg TP AU dTeehl & PRUT BT &1 STelieh, dioier &,
THAI YaTe HeUHEs 3R ag@ede sl agd aldl & HROT Sl & b
IIATT UdTE & foIw hael FTABIR TS dTed [SFHER &, ATHSA
AR
o SIOHRIA &TF-UHTG glfoieel &l Ugell hprRfiel Algel 1953 H I 1T AT|
JFET CONSTRUCTION
o TT-JTT FUBRSE H, FrAa q-ersy Hr A &, 3R Ferdee va-esy B §,
Stafep O A SITHSET H FRTIT TA-23U &Y aiar &, 3R sEadre frar s
arell Fedee W-ersy aiar &l
o JFET Qdlhsdel TRTI & TF od ddel & I &l Jid 3R ATl daiaria a1
& T 31¢aTee A & Udd OR W INfAG Tuh yera fhe s
e TP Y-TBY JATHSA H P hRIcHD el ald &, 3R Ife Juwser & a2
TEIT # soldeid gld &, dl 38 TA-TI3U SIUHhsel Hhal STl ¢l
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N
G S

N-Channel JFET

Drain

Gate Gate

p-type
material

p-type
material

N-type
subtrats

Source

G | s
D
P-Channel JFET

Drain

Gate

N-type-
material

Gate

N-type
material

p-type
subtrate

Source

JFET OPERATION

o 3ISU A JFET &I HRIVUTGH Pl M T TS H Joledl b FHASIT &l
Ife IS Feprac o B ol Gl P Fell & UPT & ATCTH F U Far®
O T TodT &, Jfchd 39X & USU Hl AT Aaisd &, dl urel & ydre
AT & AT B

o 81h 3 & ¥ JFETHH Pl &l Jal el JFETH 3J&U &, 3R STeT
UaTe Ueh URT & a{Ie) §| 70T SR & AR e $Hiar-Uefel &
3T X T e Tl B AIRT W Fhd I

o I HIF 3R AT W BIS alecsl el AT AT &, Al Aol Sl &
yare & o T 3 AT &1 Sid @-U SJaE b Ray aes 949
arell YarIdr &ef &I &, A ddel el T Bl e FhIT @ AT &
3R IATHESE P Pe-34h AT -3 T F ST T B

Drain Drain

Gate Gate

Depletion
layer

Gate

Depletion
layer

Depletion
layer

Source Source
Saturation mode Pinch-off mode

JFET Types
Depending on the source of current flow, JFETs are classified into two types as follows:
The classification is based on whether the current flow is due to electrons or holes.
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N-CHANNEL JFET
o in n-channel JFET source consist of lightly doped n-type silicon bar
o Gate is heavily doped
The schematic of an n-channel JFET, along with its circuit symbol, is shown below.

Gate Gate
@) Q)
Drain — Source |
D S Drain Source
(D) ©) 0) S)
(@) (b)

P-CHANNEL JFET

The schematic of a p-channel JFET, along with its circuit symbol, is shown below.

Gate Gate
(@)
Source Drain
) (D)
(a) (b)

Junction Field Effect Transistor Applications
Some applications of JFET are listed below:
e JFET is used as a switch
JFET is used as a chopper
JFET is used as a buffer
JFETSs are used in oscillatory circuits
e JFETs are used in cascade amplifiers
JFET Advantages
Some advantages of JFET are listed below:
e JFET has a high impedance
e JFETs are low power consumption devices
e JFET can be fabricated in a smaller size, and as a result, they occupy less space in
circuits due to their smaller size.
JFET Disadvantages
Some disadvantages of JFETSs are as follows:
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e [t hasalow gain-bandwidth product
e The performance of JFET is affected as frequency increases due to feedback by
internal capacitance.

CHARACTERISTICS OF JFET

N- CHANNEL JFET
Drain characteristics/ output characteristics

Ip(mA)
+ Ohmic Saturdion Region Breakdown
20 |+—m - L
Ipes Ves =0 l ;
15 | Vas=-Tv [
|
| Vs =-2v
VDS 10 4 |
| Vas=-3v
I
'||Iu||r \ /| | Vs =-dv
= i
G5 %/ Pinch-off Region
+ Y 0 1
G - D |:|- Ve = V= (V)

CASE-1 Vgs=0; Vds=+ve
ST g Vds deid §; Soiderd & AigdT 3 gig & HRoT gfig & dRoT 1d iyl -
3Th diecst & dIg BT A & Sidl &l

CASE-2 Vgs=+ve; Vds=+ve
g NNTg dedl &, 3 # gedl Wd gc Jdl & el PRI H I&IT 98 AT

zafolv gadh URUTATIRY 33ST A gig Bl &

CASE-3 Vgs=-ve; Vds=+ve
-ve Vgs & PRUT RehIepioT I d¢ STl &; Aol hRAT DI T&IT HA & dl &,

sHh URUMATIRT ATSST H Pl 3T &
CASE-4 Vgs=-Vp; Vds=+ve
3 AHA H Bl H Wd HAhdA & 3R dqar A s g (A1 71F«) & S

Y

Vp- pinch-off voltage

Volatge at which Id saturates, is called pinch-off voltage(Vp).
Idss- drain to source saturation current

current obtained at Vp is called Idss

Transfer characteristics

Ug-3% dlecs W 3 ¢ T dlecsl @R IIC dlecsl 3R 3 de & a9
o Faudr @i S &1 S9 de g Awg # g § ar gifoer & AregA
T gea arell 3IfASdd 39 URT QA AT 3 Fe (IDSS) BT &
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Vgs(+ve); Id increases Ip
Vgs(-ve); Id decreases D
c — lpss
rE
S L 2
Transfer | 2
N_ﬁ:lsér]rnel Curve | {c_-EJ:
=
-Valar_um I
-Vas _ > +Vis
Gate-source Voltage
P-CHANNEL JFET
Drain characteristics
It is the graph between Vds and Id
CASE-1; Vgs=0; Vds=-ve ~id Ohmic Saturation ED)[BG’;?;C’OWH
Vgs=-ve dge WY, $HI Ao ¢ b Al & idag | e |
BRUT ST d¢ ST & aifh I8 3 qEire Y=LV
When Vds=-Vp, Id saturates +2
CASE-2; Vgs=+ve; Vds=-ve +3
due to reversed bias gate terminal depletion —% —
layer increases in Id (For Vgs = 0)
CASE-3; Vgs=-ve; Vds=-ve
due to forward bias across gate, the depletion layer reduces and Id decreases.
transfer characteristics
g Uitoifed IC dlecsl 3R 3 @e & dg Eiar Io .
ST §1 Yedd nIdAd JFET & A d AT B9 1
DSs— G
Afther oM9] oSt 1 YNFar 3R Arel & URT A _
%Q]T fﬁm %IZ—‘I %| E Transfer s
';I-:j Curve P-channel
& JFET
(]

""'v"calsmff}

+War
4 r GE
0o———

Gate-source Voltage
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MOSEFET - Metal Oxide Silicon Field Effect Transistors
Ao 3rarss RAfewia Hies sthae gifotel f9A 3MdR 9T MOSFETs & &q

A ST ST &, Seldeifaied 3UPIUT Bid & foieTepl 3UAT Ffhe & dlecsT &
aa a1 g & fow frar S €1 I8 & adaa f@af3d suawor § 3R i
cffaal grr fAffa &1 MOSFET & effaeli & a1H 39 UhKR &:

o Hd

¢ TR

o dTell

e MR

MOSFET CONSTRUCTION
MOSFET & &fdhe &l HHAR W fAe=aR aufar Sidr &:

Gate _
Source Drain

Body
o UI-e/3U THEFE MOSFET HI TUR AT &

o YN & &l UPR Th n-YbR H YEAT & Y IHcAfAh 20 fpe
t o9 3@ & n+ & &0 F Rfga ear Jrar g

o 3MMYUR & HKIY 3T aral &1 A, i &Aa 3R Al fir scufa 2 #1
o HeHIC B WA gl & ToIu TATerhid SS3HTFaATSS P Teh WA &h
Y aftd &

o TPl STEHTFATSS & FUW Teh Udell Fogelcs Ul HI Tole @I ST
t 3R Ig guRT & ¥U & FF &

o Jc cfAAS @I Udell Urg M Told & R AT AT &

e 3 & UA-C3U &l & f aleest Aid #l g T Sl Tfhe gamar
ST &l
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WORKING PRINCIPLE OF MOSFET
o I9 I W dledal SIMAT ST &l Ueh Tagd &9 ScUed BT & S Aol &

6 TS B dedIdT &, el Seldelal Dl Ydig aidT &l

o A &1F Todar dler g, Barsy B Arelhdr 3deT & ded< @,

MOSFET Types
e MOSFETs are of two classes: Enhancement mode and depletion mode. Each class is
available as n-channel or p-channel; hence overall they tally up to four types of
MOSFETs.
The classification of MOSFET based on the construction and the material used is given

below in the flowchart.
‘ MOSFET

v

[ Enha_ncement] ‘ Depletion
mode mode
[ P-channel ][N-channel] [ P-channel ” N-channel]

Depletion Mode
S e cfFiTd W IS dicesT el aidT &, al AeTel IFTADIH ATelhdT @IaT &1 T

e effad W Aiees AT A PRIcHSD IT FPRIcHSD aIdl &, dl JTel ATelehdl P @l
ST B

Enhancement Mode

SIq Ae T W B dleesT el Bial &, al Barsd darferd F8 gl ¥ 59 e
AT W HRABAH dlecst eIl &, ol 3arsq adt g8 dAreiehel fe@rem &

Symbols of N-Channel MOSFET Symbols of P-Channel MOSFET
oD oD oD oD
- —
G | [ G |9 G | |P G \
o — o H
@] S ] S o) S o) S
Enhancement Depletion Enhancement Depletion
mode mode mode mode
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D-MOSFET E-MOSFET
At Vgs=0 channel is present At Vgs=0; chsnnel is absent
As Vgs increases, channel decreses As Vgs increases ; channel increases
At Vgs=Vp, channel vanished and Id At Vgs=Vp; Id is maximum
becomes zero

OPERATING REGIONS OF MOSFET
A MOSFET is seen to exhibit three operating regions. Here, we will discuss those regions.
Cut-Off Region

o He-3Th &8 UF VAT &7 & o PIg Aol Il el 3R 9% aRumaTasy,
MOSFET &g & Sfuar| 38 f&ufa 3, MOSFET Ush geol aa dr aig gder

P &l

e Ves<Vmu=>Ips=0
Ohmic Region

o 3NHF &7 U VAT 817 § el NAvE & A A gfg & @Y adAT
(3MS3TY) dodT &1 STd MOSFETs &l 30 &9 & Faifad et & forw aamar

ST &, a0 37T 3UANT TFTNBIRRT & &7 A RIT 1T &l

e Vgs> Vg and Vru < Vps < (VesVGS - V) => MOSFET acts as a variable Resistor
Saturation Region

o Hf@ &7 A NEww # gfig F drasic MOSFET &1 Ids fRR g1ar & 3R 1 ar
Vds fUa-3iT% diecsT Vp & Hed ¥ 3ifAd & Srar &

o 33U YA & dgd, Basd Ueh d¢ Tad H IR HH WM [Fadh AT O
ESITH P Teh HJH Hed Uarfed aidm &l

o FAdeidd, Sia ot THNTIURSE d RBafRier TR Fa i aTRAT Bl ©
dr Ig JRfEer &7 g1 S &

e Vgs>>Vrgand (Ves - Vru) < Vbs < 2(Vgs = V1H) => Ips = Maximum

ENHANCEMENT MODE
o TcgHdAC FAIS MOSFET 3HAAR WX TfoieeX & UdR & 3UeT fohar Srdr &l

S8 YR I MOSFET AT §U ¥ Yol [&aT & e’ § &ifh I diecs
T AN W g Farford A& e ¥

o IfE Ta-ddel e cfHAa W FHRIcHAS dlecst (+ delTd) ey fovar J1aT &,
ar Jaa gofoa aar & 3R d9d & ATCIH A ATl BT gde SdT &

o I TE IUT dlecsl 3P FPRIcHASD & Sl § al I & s 3k Jaa
& HAIH F 39 A o 3R 9 ar ¥
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o e 3R I dlecsl LT AT ABRICHS (-dreiTd) & o giforeeX dg &l
Tl & IR A9 IR-vaedg TAfa & §1 a7 319 &7 &6 THd ¢ &
Tegigdc Al MOSFET &l A diecsl dadol &l deidl &

P-CHANNEL E-MOSFET N- CHANNEL E-MOSFET
e Initially channel is absent e Channel is present
e Vgs=-ve; Vds=-ve, to increase the size e Vgs=Vgs; Vds=+ve to increase the
of the channel channel

Current equation
Id = k(Vgs — Vt)?; k = constant
Vt=threshold voltage

V-1 CHARACTERISTICS
o UcEHC AIE MOSFET &1 V-I characteristics @ f¢@mar a1 & ST 3 He (ID)

3R -9 aleesl (VDS) & T a9 T &l
o 3IWIH 3Hhs ¥ THAA 3fHAD, A 3R FHe-3w a3 I [affe a3 A
THITAURESE A g & STIER B SW@T|

V-1 Characteristics Of Enhancement Mode MOSFET

ID(mA) ohmic Saturation

W

+VGS
VGS=+5.0V

VGS=+4.0V

VGS=+3.0V

VGS=+2.0V

VGS=+1.0V

VGS=0V

VGS =0

Cut-off
3 8 10 12

(+ve)

N-CHANNEL MOSFET AMPLIFIER
o BJTs&I Jolell &, MOSFETs # dgc ®hel cHhsded el g, oraer 3719 & b

alecol &l offd 3T Tl @9| SHTeIT, MOSFETs (FHY FETs) 3HAIR WX
TFTAHRR Tfthe 3 3uAer a8 e ard €

o TA-IAol TeglHdic TANTHUDSE BT 3ULNT Pl §U HITl-FST 'Folld T
TFIBRI Afhe W A Iid AT & 1Y Ua-Jdd Tegidde AlS
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MOSFET 3 &l el & &I & & SEAATS ThaAT el dTell TFTThRR
gfthe &1 depletion S MOSFET UFUBRRT JFET TSFUIBRRT & T &l

e MOSFET & 34 Ufaiy &l di arad ufaiy gRT fadiyd fhar Siran & i
gage ufaidt gRT 3cUed &dT &1 38 TFINBRIR Hidhe &1 33eye f&Hvde
Solcl Bl & @ifeh ST ¢ alecst (drsll) 3h glar & ol gifeieey dref &
T & 3R S diees (d1Sl) & oiar § dl gifereex d¢ & ST &l

N-Channel MOSFET Amplifier
vdd

¢
I
’—: I-—OVout
S = ([

e The general MOSFET amplifier with common source configuration is shown above.
This is an amplifier of class A mode.

e Here the voltage divider network is formed by the input resistors R1 and R2 and the
input resistance for the AC signal is given as Rin = RG = 1M\

The equations to calculate the gate voltage and drain current for the above amplifier circuit

are given below.
v ( k2 ) vdd
= —_—] Xk
9= \R1+R2

D ==
RS

Where,

Vi = gate voltage

Vs = input source voltage
Vbp = supply voltage at drain
Rs = source resistance

R1 & Rz = input resistors
CURRENT EQUATION FOR JFET AND D-MOSFET

Vgs
Id = Idss(1 ——)% ... ... .. 1
d = Idss( Vp ) eq
_0ld  2ldss (1 VgS) 9
gm= WVgs  Vp Vp €4

From eq.1
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Putting in equ.2

Vgs | Id
Vp .|Idss
_ 2ldss | Id
gm= Vp .Idss
B Id _ 2ldss
gm=gmo |;o—;gmo = Vp

2
gm=— V—p\/ld. Idss; gmo = max transconductance

FET PARAMETER
AC drain resistance

Trans-conductance

Amplification factor

d=2% g5 = constant
rd = ——;Vgs = constan
= old ; Vds = tant
gm = 5y 5 Vds = constan
_ovds d
H=Gvgs —9™T
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POWER MOSFET

TP YR T MOSFET St 3Td TR &Y Qs . AHTeIAT &, 39 Power MOSFET &
®U H ST AT &1 HA dlecst 3T H HHET MOSFETs T Jorell H, A
MOSFETS f&af<iar &l 3ea a1fd & Gesled s dgd 98X Dl i &1 SHPI
Tareld fagid @ MOSFETs & T &l

IR TUh FT T YT T S drell Afh MOSFETs M-dTel Teaiddic-AlS,
Ud-dad Tegi@de-AlS IT Td-Udd Braad Al 3R fi-dad 3o Al §1
erfeh MOSFET 31gfa 100 foheliegst da Pl dig 3% &1 Afh MOSFET Udiieh
Jr feErr I ¥

D[y o

S

- —
ot ont

= .

DIy o S
P - Channel N - Channel
MOSFET MOSFET

Y dT-cfaa Rfora fasg § s A efiaa & 3R v [eaa oo &
YA H P A & i IJg Aid 3R ATelr efdadt & & adaa ared &t
AIT T TFH| adATT TTAd &IAAT 10Volts-1000Volts T Jhersd dieeat T

aftd Rl TFEIRR & aRIEN B

Operating Principle

HTATT MOSFETs & THT, 3H UBR & MOSFETs 3 A W dlecst &l
gt Fid 3R arell S g <fAdal & g ale & yare &t Tag 3R
IGRIEGECTT

T dR 9 dlecst IIC TfAde R o] & ST &, did 3R e il &
g TP A FARAT ST Fehdl & AN PIC & YaTg d HFATT &l B

droty alecs (AE-TIY) B deThT, d9d ded? & S 3R 3MEeT (39 )
96 STUaT| 9T, 9 AR 37 S @l dlecsl & A9 AT §OY oArd & qHHIOT
W AR Hwm|

Current equation

Id = k(Vgs — Vt)%; k = constant
Vt=threshold voltage
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POWER MOSFET CONSTRUCTION

e 3TH Al UT, UraX MOSFETSs Uegiddc UhR &ld &1 MOSFET &l daiy & fow

diecst I @ gea & forw e gg@ Wa &1 3uAeT fRar ST &1 ake
MOSFET &l TR F¢a1eR 3THR I gl & 3R 3987 ar W anfder @
$H YR I FIHAT BT YA F&T &I ¥ URT & YdTE &b &7 Pl P el &b
foT forar Srar €1 @ I8 g Ai9-Te Iawey 3R 3a-Tee JaiF B A
Geji

Source || Gate ll Source

| e
Gote oxide Channel| P-Body

Loyer

Parasitic
ar

/' N- Drift

Body diode

N+ Substrate

Drain
MOSFET Tl &, p-UhR T ALT W &l R Hel ST & STdich n- W Pl
Ierd &7 el ST &1 Hid 3R ATl SR 318 Wl & Hedihed & HJAR 30
WRd Pl Tob &1 H 3T fhaT 1A §1 I§ 981 89 39 MOSFET & forw
SheTd diceol dd PYIM| UTaRk MOSFET f@&Tor &, ugel 3R 3@ et wd
n+ W &l J&T A W WAHAF WA § Fdfh ATell Wd IHTdA WA &l
n+ p n- n+ I TAAT TegiHAC AB A nddel MOSFET &1 oifehed dq1-dael
THNTAURSE! hl T H FHrhr AT ifter 3R e &1 g9 [aATor &,
Ne effiad WY d-esy § a7 a8 § =i arg 3R darerd & 9T v
HFATSS W Il & S Teh alehcll §3T Wl & & H el el ¢l

I MOSFET & 3AYc W Ueh Acel eSS Aellehseel Hufddd aaram § o
1000 pF & W HI e 3Td &1 &l ATFass Wd WR T AT dd cfFHad ar
T I & o Faforpla Ss3iferaEs a6 9AHA Hh ScpE Iogalc
0T UGl Hidl &l

Power MOSFET Circuit

o UIGX MOSFET &fdhe A fgm@mar = ¥ 38 wfdhe #, 39 afhe & e cfAad
g 3T arell &1 Ple SRS Fl Foll 37 <fFad & @Y T e 3R 30
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SIRT dieesl & SIRU AT fAaa & @ dd el haT AT &1 ATl 3, Th
HHRICHD dlecsl Il & HUET gicl &1 al $Her TROmHA B &6 & 100
dfec T T P sollcd @l ST |

ab
+
F A
|_.
JI‘- 21— Internal
integral diode
+0S; - i Vps'N'e8
- ||:|.
Vgs
» & v
-5

o Ifg AT AT W 3V AT YaTcHD dlecsl oIMAT AT & af I efdAad &
arr fafola & @de W Th HuTcAd AT ORT fhar S @har &1 ar ?-
Wd T URAT T WRd a9 el 3R solaeldl S drel argdi & 3d9d
HACTH & T8 & 3HFATT 9l T YR, Th HBRIcHAD T dlecst ATell
cfiiaar @ dia a& yae & yare & forw v ddg dad T Har &1 IE,
AT AT W dlecst IRT dael I TS dF BT 3R 30 @ T e &
gare AU fFar S Iapdr §

Power MOSFET Characteristics

e 39 T A dleee 3R 39 e & dig RAAWAT g Tiar ST § 5 vDs 3R
Id ¥ AT ST &1 38 Ik # A9 &1 A §, 37T he-37, NfAa &7
3R "@gfal
e SId MOSFET & fhdT off ufitahea & faa & ®u & 3ualer fpam Smar &
a1 Rarsw 3NfAe & &t & fiaRk FH BT AR TE aR T/ BT W
e HTH B AT A & H, Giehd 3raeear & A ARk & U Bl
HH P HT Gihar & a7 ST b ¢

o TH IR Sd AC-HIY & dlecsl AMes dlecsl H JoT H HH @ ST &,
Ul MOSFET &he-31h &1F & @laT| Sehsi3el ¥ &y el & oy, 34 & |
ded JhSI3 dlecsl ] diccsl & Joidl # a3 gl aifen| a fRaewea
& Bl
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o faSTell MOSFET 3N1fdes 31aTam & ell S & o 39 &9 & et ey
HA BT & TJT HIEAT H, 3T P 34 ¢ A b diccol d ITHIT FadT
gl ¥l

o IE had I ¥ T AT & dleesd W AN Far &1 e efiaar @
dicest AMes decst B JoaT # HAUS am &1 I F did deb alecst
d6d T 37 C S|

ADVANTAGES

o The next breakdown does not occur.

e Very simple Gate driving circuit

e Very simple to switch ON & OFF

e Itusesa high switching frequency to operate

e Thermal stability is good due to the positive temperature coefficient of power MOSFET
o Less on-state resistance

e Less expensive

e Small size

e Itisavoltage-controlled device

e Needs small power to hold it within the activated condition.
o Switching speed is fast

o For commutation, an extra circuit is not necessary

DISADVANTAGES

o The on-state voltage is extremely high beyond the MOSFET. Thus, the dissipation of on-
state power is high.

e The blocking capacity of this MOSFET is not symmetric so they can block high forward
voltage instead of high reverse voltage. So, we need to fix a diode for guarding the
MOSFET.

BY-ROHIT KUMAR SIR




57| Page

e They require special care while using or else they can be damaged because of the fixed

electricity.

APPLICATIONS

e UPS (Uninterrupted Power Supplies)
e Relay driver

e SMPS (Switch Mode Power Supplies)
e Industries

e High-frequency based inverters

o Used within power amplifiers

e In motor controlling

e Display driver
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