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CHAPTER -1 - | SEMICONDUCTOR THOERY

(Electrons and holes in semiconductors; carriers statistics,
mechanics of current flow in semlconductors hall effect )

' ATOMIC ST(RUCTURE

Every element has characteristic atoms. _

- Atoms of diffél}qht elements confaiﬁ"electrons, ‘which are completely identical.

Atoms of every element have a positively charged nucleus. Almost entife mass of the
atom is concentrated in the nucleus.

" The atomis composed ‘ofa positively charged ‘nucleus surrounded by “negatively

charged electrons and the neutrons carry no charge.
Mass of an atom is very small, mass of a carbon atom, 12¢, is-only 1.992678 x 1072 ke.

Protons and neutrons are the constituents of a nucleus. The no. of protons (called the
atomic number) and the no. of neutrons represented by the symbol Z and N respectively.

The total no. of neutrons and protons in a nucleus is called its mass number A (=Z+N).

Atom as a whole is electrically neutral and therefore contairis equal amourt of positive
and negative charges

The radius of the. electron has been estimated as 10 m and that of an atom as 10'"’

The electron surrounding the nucleus in an atom occupies different orbits.

The mass of the electron is negligible compared to that of protons and nieutrons, the mass
of the atorn depends mostly on the number of protons and neutrons in the nucleus.

The basic unit of charge is the charge of the electron. The MKS unit of charge is the
coulomb. The electron has a charge of 1.602 x 10 coulomb and that of the electron rest
miass is 9.109 x 10°! kg.

The electron has a charge of 1.602 x 10" coulomb, it follows that a current of 1. ampere
corresponds to the motion of 1 / (1.602 x 10"%) = 6.24 x 10" electrons past any cross
section of a path in 1 second.

- The valence orbit can hold no more than elght electrons. When the valence orbit has

elght electrons, it is saturated. : -

If an atom loses an electron, it becomes a positive ion with a net charge of +1. I{ it gains

" an extra electron, it becomes a negative ion with a charge of -1.

~ “Jonization potential” is the energy required to remove an electron from the outer orbit

of an atom. The size of the atom decreases considerably, as more and more electrons are
removed from the outer orbit.

The work done by the system, when the extra eléctron is attracted form infinity to the
outer orbit of the neutral atom, is kriown as the “electron affinity” and correspondingly an
increase in the size of the atom.

The tendency of an atom to attract electrons to itself during the formation of bonds w1th
other atoms is measured by the “electro negativity” of that atom.

The magnitude of emrgy released, when two atoms come together from a large distance
of separation to the equilibrium distance; is called the “bond energy™. :
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“Jonic bonding™ forms between two-oppositely — charged ions, which are produced by
the transfer of electrons from one atom to another.

Sharing of electrons between neighboring atoms results in a “covalent bond”, which is
directional.

Covalent bonding occurs by the sharing of electrons between neighboring éfbms. This is -

in contrast to the transfer of electrons from one atom to another in the ionic' bonding.

The force on a unit positive charge at any point in an electric field is, by definition, the
electric field intensity € at that point. o -
The force on a positive charge q in an-eleetric field of intensity € is given by ge, the
resulting force being in the direction of the electricfield. Thus, f;=qe

where fq is in newtons, q is in coulombs and € is in volts per meter.

The magnitude of the charge on the electron is e, the force on an electron in the field is
= -eg .The minus sign denotes that the force is in the direction opposite to the field."

A unit of work or energy, called the electron volt (eV), is defined as follows:
1ev=1602x10"1
The name electron volt arises from-the fact, if an electron falls through a potential of one
volt, its kinetic energy will inc;ease by the decrease in potential energy, or by
eV =(1.602 x 10™%c) (1V) = 1.602 x 107 J = 1eV
The force of attraction between the nucleus and the electron is ezl(ltﬁeurz }in newtons,
where e = electron charge in coulombs
r = separation between the two particles in meters
€ = permittivity of free space.
The potential energy of the electron at a distance r from the nucleus is —eZ/(41taor-), and
its kinetic energy is (l/2)mv2. o
The total energy of the electron in Joules is w = -e*/ (8meyr) [Rutherford atomic model}

This-expression shows that the energy of the electron becomes smaller (i.e., more
negative) as it approaches closer to the'nucleus. - . : .

The minimum energy required for the electron to escape from the metal at absolute zero
of temperature is called the “work function E,,”.

The total energy of electron in stationary states in Joules and in electron volts is given by
[Bohr atomic.model]. ’
W, = (-meﬁ‘) Joules

(88;5_hz{12) Where m = electronic mass in kilograms
W,=-(-me®) eV . h=Planck’s constant in Joules - seconds
(8ey’h'm”) n=orbit number
= -13/.6 eV
n'z

It should be noted that the energy is negative and therefore, the energy of an electron in
its ozbit increases 454" increases.

© Wiki Engineering

* The energy associated with an electron in

¢ The emitted radiation by its wavelen
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° ;ifto remtcl)ve_ an ellec{.ron from the first orbit (0 =1)of the hydrogen atom to outside of the
“.01'1?, that is to 1on’1,ze the atom, the energy required is 13.6 eV This is known as the
lonizAtion energy” or the “ionization potential” of the atom.

nth orbit of the hydrogen atom is ¥, = 13.6)/m*
: 2 =(13.6)/n
:e\;. e’T:li:slmel energies Ey, Ep, Ej,..... of the first, second, third, ....... 0 o(rbits )are
rop (ij ely - 3.6_, -3.4,-1.51, ....... 0 eV. The energy required to raise the atom from the’
ground state '(n = 1) to the first excited state is (13.6 - 3.4) = 102 £V. The energ
required to raise it to the second excited state is (13.6-1.51) = 12.09 eV ar;d S0 on Itai}s,

clear that 10.2 eV, 12.09 eV are excitation 1 i
102 eV, 12, : h . o
potental of he by s potentials while 13.6 eV is the ionjzation

* The lowest energy level E, is called the normal or the ground state of the atom and the

higher energy levels Ez, Es, By, ..... are called the excited states,

d rz gth A in angstroms, when elect iti
one state to the other state is o r on ransition fr_Om

A= 12,400

- ,'EZ —E; | and this energy is emitted in the form of .a proton of light.

L ]
Atomic concentration p= (Ad)/A  atoms/em?®

A = atomic weight d =density A= Avogadro number
For Germanium For Silicon

A=726 S A=28

d =532 g/cm’23 d=233 gfem’

A;=6.023x 10° molecules/ mole Ap=6.023 .. 107 molecules/ mole

- 2
Then,n=44x10 atoms/c_m3 Then,n=5x 102.2 atoms/em’

n N > - - age - . -~
si > Age , because atomic number of silicon is less than atomic number of Germanijum

B Energy Band Theory of Crystals

;[:: inter - li)itomlc spacing is gradually decreases, there will be a gradual increase in the
eraction between the neighboring atoms. Due to this interaction, the atomic wave

5 S| al Mes an ronic system WllICh SllOuld Obe t
‘unctl()] 1S over la and the ¢ t beCO C. elect he

fAnbc'nergy gap exists between the two energy bands. This energy gap is called as
orbidden energy gap Eg, as no electrons can occupy states in this gap.

The band below energy gap Eg is called Val b
Eq is callod ot £20 ence band. The band above the energy gap

The upper band, called the conduction band,

consists of infinitely large number of closely Empt ==SS=ZS=5==Z=z===z
spaced energy states. The lower band, called 7+ ==ESSESSS=SS E
the valence band, consists of closely spaced E °
completely filled energy states and only two i '

electrops are allowed in each energy state Filed SSSCZ=osfzzcco Ev
according to Pauli’s exclusion principle as lled 22====3%Es=Es
shown in fig. www.raghul.org
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« The electrons in the valence band would not move under the action of applied voltage or
field because of completely filled energy states. Therefore, the valerice electrons do nat
conduct.

o The electrons in the upper (or conduction band) can, however, gain momentum and move
since there are closely spaced empty available states in the band.

o  Atequilibrium spacing, the lowest conduction band energy is E. and highest valence band
energy is Ev. ) T

o The gap between the top of the valence band and bottom of the conduction band is called
‘energy band gap’(Energy gap).It may be large, small or zero, depending upon the .
material. . .

e The bottom of the conduction band corresponds to ZeT0 electron-velocity or Kinetic
energy and simply gives us the potential energy at that peint in space.

« Forholes, the top of the valence band corresponds to zero Kkinetic energy. .
Insulators, Semiconductors and Metals

. A very poor conductor of electricity is called an insulator; an excellent conductor is a
metal;and a substance whose conductivity lies between these extremes is semiconductor.

Insulator:- .
" For a diamond (Carbon) crystal the region containing no quantum states is several

electron volts high. (Ec= 6€V). This large forbidden band separates the filled valence
region from the vacant conduction band, and therefore no electrical conduction is
possible. Insulator is a negative temperature coefficient of resistance.
o The energy gap is so large that electrons cannot be easily excited from the valence band
to the conduction band by any external stimuli (Electrical, thermal or optical).
Metal: - This refers to a situation, where the conduction and valence bands are
overlapping. This is the case of a metal where B¢ = 0. This situation makes a large -
number of electrons available for electrical conduction and, therefore the resistance of
such materials is low or the conductivity is high.
~Semiconductor: - A substance for which the width of the forbidden energy region is
relatively small (~1eV)iscalleda semiconductor. :
e The most impoktzint practical semiconductor materials are germanium.and silicon, which
have values of Eg of 0.785 and 121 €V, respectively, at 0°K.
o Energies of this magnitude sormally cahnot Bé acquiiréd from an applied field.
s Hence thgrvalence band remains full, the conduction band empty, andthese materials are
~ insulators at very low temperatures (= 0°K). : )
e However, the conductivity increases with temperature as we explain below; and for this
reason these substances are known as “intrinsic semiconductors”. :
o Asthe temperature is increased, some of these valence electrons acquire thermal energy
. _greater than Eg and hence move into the conduction band..

o These thermally excited electrons at T > 0K, partially occupy some states in the
~conduction band which have.come from the valence band leaving equal number of holes

there.

) Thé rase “holes in a semiconductor” refers to the empty energy Jevels in an otherwise. -
filled v .

Ao A

- travel a distance of L meter in the conductor, the total number
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pO h it may ctricity, co b
Ihe importance 0{ the Ole 15 tha[ Serve as a carrier Ofele 1t ’ mpa.ra le mn

AS !he'te rature fa : 3
/ rﬂpe rc O SemlcOnductOI 1S ‘l’educed to Z€ro, all Va.leﬂce e}CCtl 0ns rémain in

valence band.

If p y Ty 5 gy
a certaimn impurity atoms are 1t lt[()duced into the Cl Stal these Iesu“ mn a“owa‘ )le cner

states which lie in the forbidd i i
Staies vt en energy gap. These impurity levels also contribute to the

A Se“\ic()l ldu(:‘ 1 \Nh th
. or matel'lal €rc is 1 m h 1 d
[ e e . : Y Condu_ctlon echanism l)re (4] i 1
i (‘ ) i A ”- h Y 1 I minates 1S caned an

o+—The energy gap E¢ for silicon d i
o energy gep I n decreases with temperature at the rate of 3.60 x 10%eVrK.

Eo(T)=121-3.60x 10* T
‘ . -and at V
. _ _ : room temperature (300°K), E¢ = 1.1 eV.

¢ Similarly for germanium, ' i

Eo(T)=0.785-223x10* T and at room temperature, Eg =0.72 eV

o The fundamental differe ! :
ol (condf:md:;flf:::fi between a metal and a semiconductor is that the former i
y means of charges (electrons) of one sign only); where as :

Se"u(:()nductor 1S blpolal ( Co g y g p p
ntains two Chal € camryin ar llC]eS ()1 opposite
Slgn(electl ons a.ﬂd llOlCS)).‘ o p |

Current Density:- 1f N elect
-1 N electrons are contained in a |
of conductor (fig) and if it takes an electron a timez’ll" zrelgtt}(])L

-of elec i
trons passing through any cross section of wire in unit time is N/T

Fig.
Thus the total . . .
amperes, i(; c[h:rlg\le p/e’;‘secold passing any point, which by definition is the current in
o [=Nq/T... 0. 2..{eq.1) Where q=1.602x 107°C .

"By definiti . : i /4
y definition, the current density, denoted by the symbol J, is the current per unit .arez; fth
of the

Co d . N . ) - .
nducting medium, i.e, assuming a uniform current distribution J =1 /A .....(eq.2)

Whele J l'S l.ll a]lll)el C (3 all(l S t]l Cross — sectio
€S per meter Squar 'y A 1 € Cross — s i n arca (in meters) Of th
(4

conductor. This becomes, by eq.1 J=Nq/TA (eq.3)
- comes, by eqrl - JENITA v .
it has been pointed out that the average, or drift, speed v m/sec of the electrons, is
e V=LT ie, T=L/vV ’
Then, the eq.3 becomes J=Nqv /LA ........... (eq.4)

From above fig. it is evi i '
. evident that LA is simply th yntaini
JLA) is the elé ! simply the volume containing th :
(N/LA) is the electron concentration n (in electrons per cubic meter)g Theul: clectrons, and so

n=N/LA And eq4 reducesto  J =nqv=pV

Where p = nq is the charge density, i i :
Where ge density, in coulombs per cubic.meter, and V is in meters per

www.raghul.org
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. , d Conductivity : : ¢ Each ofthe valence electrons of a Ge(Si) atom is shared by one of its four nearest
‘Mobility and Corductivity: ] . . et i i
o If :t):,onstéht electric field € (Volts per meter) is applied to a substance, the clcctrons ﬂelghbo".ﬂg atoms,
:wodidbe accelerated and a finite value of drift ve!gcity Vv is attained. ¢ The bonding between this electron pair is a covalent bond,

This drift velocity v is in the direction opposite to/that of the eleciric field, and its o At avery low le;nperalure (s.ay 0°K), semiconductor behaves as an insulator, since no free
¢ ! iy . . e-electric field carriers of electricity are available. :

magnitude is proportional to €. Thus V= e _ .

. I |VERE : * At room temperature, some of the covalent bonds will be broken because of the thermal
Where p (m?/ V ~s) is called the mobility of the elcctrons. energy supplied to the crystal, and conduction is made possible. ’

: lectrons with a drift velocity v constitutes a current. £ * The energy Eg required to break such acovalent bond is about 0,72 ¢ V- for ermanium
o The directed flow of e _ e S densivd - A1l e o4 : - 8
o .If the concentration of free electronis is i (electrons per cubic meter), the current density and 1.1 eV for silicon at room temperature. o

— - {(amperes per square meter) is

* Hole in alattice is designed as vacancy created by removal of electron from covalent
bond. ' D

-19
J=nqv=nque=oc¢ Where q = electron charge - 1.602 x 10 " Cand

¢ The absence of the electron in the covalent bond (incomplete) is called a hole.

- . ‘ . : 5| i * The importance of the hole is that it may serve as a carﬁer_ of electrici'ty comparablc in
is the conductivity of the substance in (ochm — mcter) . 7

Vep o = nau effectiveness to the free electron,

*  The motion of the hole in one direction actually means the transport of a negative charge
an equal distance in the opposite direction.- o

o . The conductivity is proportional to the concentration n of free electrons. .
. Mobilities of Electrons and Holes in Silicon and Germanium ) _ * . So far as the flow of electric current is

concerned, the hole behaves like a positive charge
equal in magnitude to the electronic charge. We can consider that the ho

les are physical
Species Mobility at room temperature, -mz / V-sec entities whose movement cqnstitutes a flow of current. . :
. Silicon Germanium _ ' : * Inapure (intrinsic) semiconductor the number of holes in a valence band is equal to the
Eléectrons 0.14 8?3 o oumber of free electrons in the conduction band. :
: Holes 0.05 bili is‘ about three times the hole -mobility. . ¢ Thermal agitati9n continues to produce new l.lolc.—_elecu'on pairs, whereas other hole -
» By observing the above table, the electron mobi ty ! . i electron pairs disappear as a result of recombination. .
e Fora good conductor, n is very large (~ wzf electrons / m’); for an n;sulator, nisvery - * Two types of carrier flow exist in an intrinsic semiconductor. First, there is the flow of
small (~10); and for a semiconductor, n lies between these two values. ‘ free electrons through larger orbits (Conduction band). Second, there is the flow of holes . .
o Ina certain temperature range, the electrical conductivity of a semi?onc!uctor incrfses . : through smaller orbits (Valence Band). _ , . o
" withincrease in temperature. This is because the carrier concentration increases N Conductivity of a Semiconductor o
" substantially, but the mobility of carriers decreases with increase in temperature. : ' - C 2 Ser _
subs! A ' . t rature range of 100 to 00K, kFor silicon, ¢ With each hole — elgctron pair created, two charge — carrying particles are formed.
e The Palz'a;"ezgr;)‘ ‘;meilzg;:so‘gglis)emgned for germanium, m = 166(2.33) for : * Oneis negative (free e *) of mobility py, and the other is positive (hole) of mobility p,,
= oD . or 2 ly ¢ ! ? . .. . e
:llectrons(holes). The mobility is also found to be a function of elec}tnc field ;ntensﬂy € § * The current density J is given by :
and remains constant only if &< 10° V/em in n - type silicon. For 10 <& < 10" Viem, o . - - -
varies approximately as €. For higher fields; i, is inversely proportional to € and the I=(pmtpw)ge=ce

carrier speed approaches the coristant value of 10 cm/s:_ . . Where n = magnitude of free — electron (negative) concefiation

. . ' : : == itude of hole(positive) concentration
. : Semiconductor P~ magnitu _
. Electrons and Holes in an Intrinsic Se . . ¢ = conductivit; £ = electric field and q =<lectron charge

¢ Germanium (Ge) and Silicon (Si) are the two most important semiconductors used in Hence :

electronic devices. _— NP o=(patppy)q _
R ) terials consists of a regular repetition in three dimension o . ‘ -
* T;\e @:ﬁlﬁuaigg?gi t:t?aetr;trashedmn. & *  The resistivity p is inversely preportional to the conduetivity and is given by

‘of a unit '
o Each atom in a Ge(St)crystal contributes four valence electrons, so that the atom is P=lo=1/(np+pu)q www.raghul.org
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¢ For a pure (called intrinsic) semiconductor considered here,

* n=p=n; ‘Where n; is the intrinsic concentration

¢ In pure germanium at room temperature there is about one hole — electron pair for every
2x 10° germanium atoms. . - _

*  With increasing temperature; the-density of hol€ - electron pair increases and
correspondingly, the conductivity increases.

¢ The intrinsic concentration n; varies with temperature in
2 A T3 E KT ) oL . .

1 ol e oo accordance with the relationship.

s Where Ao = material constant

S T = temperature in degree Kelvin™

Ego = energy gap at 0°K in eV

K = Boltzmann constant in ¢V/°K

- The conductivity of germanium (Silicon) is increase approximately 6(8) percent per
degree increase in temperature.

o The resistivity (reciprocal of conductivity) of a semi conductor decreases exponentially
where in metals the resistivity increases almost linearly.

¢ Semiconductor has a negative temperature coefficient of resistance where as that of a
metal is positive and of much smaller magnitude. )
For most metals the resistance increases about 0.4 percent / °C increase in temperature:

¢ The constants Ego, Ha, Hp and many other important physical quantities for Germanium
and

Properties of Germanium and Silicon

Property o Ge . Si
Atomic number........c.....e.eee 32 14
Atomic weight ........cooceiinnn 726 28.1

‘Density, g/em’.......ceeueeuennnn. 5.32 _ 2.33 1
Dielectric constant (relative)..... S e T T 12
AtomS / Cm? vveeeeeeeeeeennes 44 x 102 50 x 102
Ego, €V, at 0°K ...oovevevenernne, 0.785 121
Eg, eV, at 300°K.......c..c.n...... 0.72 1.1
;at 300°K, cm™....oeeeeee, : 25x 108 1.5x 10"
Intrinsic resistivity at 300°K, Q -cm .... 45 230,000
Hn, cm*/V-s at 300K ................ 3800 - 1300

- pp, cmY/V-s at 300K .............. 1800 500
Do, €S = VT vevreeeeeeeeenenns 99 : 34
Dy, cm’/s = Py Vi ccecnvvenecnenn. 47 , 13

Silicon are given in Table. Note that germanium has of the order of 10?2 atoms/cm’, whereas
at room temperature (300°K), n; = 10"/cm®. Hence only 1 atom in about 10° contributes a
free electron (and also a hole) to the crystal because of broken covalent bonds. For silicon
this ratio is even smaller, about 1 atom in 10 '

© Wiki Engineering

- o This probability is given by the Fermi - Dirac statistics.

' For E>>E,, E ~ Er >> KT and equation reduces to f(E)=¢€ -e ckTe
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Carrier-Concentration in an Intrinsic Semiconductor:
o The free electrons ‘0ccupy successive quantum states of increasing kinetic energy.

o The energy correspondi i 1 at 0°K i o
Ep gy ponding to the highest filled level at 0°K is called the "Fermi energy

~o At 0°K, the free electro i
2bove i empry ns occupy all the levels up to the Fermi level, leaving all those

* At temperature above 0°K, due to thermal excitati i i y
, Citation, there is a finite probabil;
_of the electrons from below the Fermi level moving to levels above El; 11y ofsome

o The probability of occupation {(E) of an energy level E by an electron is given by

fB)=___ 1
 (I+epE-E)/KT) |

1 an fn c p y Ccupatlo
. ”le l erm le\/el Ci ,be de 1 Cd as tllat level Whlc]l has a 50/ ]()bablht 01 O n

Case (1): At T=0°K
fE)=1/(1+¢) =0 whenE> Er
fE)=1/(1+e™)=1 when E < Eg
* Intrinsic semiconductor will acts as insulator for 0°K
* Case(2): At T = 300°K '
fE)=0  whenE>>E;
f(E)=1 when E << E;

As temperature increases conduction increases in intrinsic semiconductor,

KT =0.026 eV = 26 meV

Th Ec' = lowest energy lével in the conduction band =~ = -
e electron concentration n is proportional to F(E). — = : ~
noce®c ~Eg MkT

n=N.e €c- Ep)/kT —

where :
Ne=2 [(2nmikT) / b)P? (1.602 x 10792 =2 [(21rmniT)7l;2]m

|

k‘{s given in electron volts per degree kelvin (eV / °K)
Kis expressed in Joules per degree kelvin J/°K)

m, = effective mass of electron '

m = Rest mass of electron

N, = Conduction constant = 4.82 x 0% (my/m)y*? . T2 perem’

www.raghul.org
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« Similarly hole concentration is

—(E_ - E_ VKT
p=Nye € v

30 T3 3
: Where N, = valence concentration = 4. 82 x 10"* (my/my"* T"~ per cm'™.

= effective mass of hole
= rest mass of electron, because at rest hole does not exist.

¢ Theabove equations (for n and p) apply to both intrinsic and extrinsic or impure

semiconductors.
'« When an electron in a penodlc potentlal is acceleratcd relatlvc‘:‘ to the latuces ;n an electric
field or magnetlc field then the miass 01 that electron is called “effective ma
2.5 x 10" carriers / em® - —» Ge (at room temperature)

/

\1.5 x 10" carriers / cnt® s Si (at room temperature)
alent bonds that are broken for the given

n;

o Where n; is no. of carriers (or) no. of cov
temperature.

The Fermi Level in an Intrinsic Semlconductor

o In the case of intrinsic material n=p
- N, € - EVK = N, e €~ E kT
4 c .

Hence
Ee = (Ec+E)) -kT 'InNc
2 2

v

o Ifthe effective masses of a hole and a free electron are the same(i.e.,N¢ = Ny),then the

" above equation reduces to

E¢ = (Ec.+E) - -
2

o Hence the Fermi level lies in the center of the forbidden energy band.

The Intrinsic Concentration -

« Using above equations, the product of electron — hole concentrations

= NN e Ec™ ngkT =NN, €6

KT

| depend upon the
duct is independent of the Fermi level, but does
Itqe?rtxf)::ttmﬁ:xdothzcenergy gl;; Ec = E. - E.. The above equation is valid for either and
extrinsie or intrinsic material.
o Hence, for intrinsic material n= p=n;,
mass — action law)

we have the important relationship (called the

2
np=un

"~ Note that, regardless of the individual magmtudes of n and p, the product is always a
cornistant at a fixed temperature.
At room temperature, the current i .
. ? me%‘%'\segerﬂuconductor the mobility of electrons in the conduction band is greater
than the mobility of holes in the valence band.

n an intrinsic semiéonduc’tor is due to both ¢ and holes.

ACE Academy
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Donor and Acceptor Impurities

If, to a pure germanium, a small amount of impurity is added in the form of a substance
with five valence electrons, four of the five valence electrons will occupy covalent bonds,
and the fifth will be nominally unbound and will be available as a carrier of current.

The energy required to detach this fifth electron from the atom is of the order of only 0.01
eV for Ge and 0.05 eV for Si.

" Suitable pentavalent impurities are phosphorous, arsenic, antimony and bismuth (PAAB).

Such impurities donate excess (negative) electron carriers and are therefore referred to as
“donor, or n—type” impurities.

When donor impurities are added 10 a semiconductor, allowable discrete energy levels are
introduced a very small distance below the conduction band, as shown in below fig. and
therefore at room temperature almost all of the “fifth” electrons of the donor material are
raised into the conduction band. :

If intrinsic semiconductor material is “dopgd” with n — type impurities, not only does the
number of electrons increase, but the number of holes decreases below that which would
be available in the intrinsic semiconductor.

The reason for the decrease in the number of holes is that the larger number of electrons
present increases. the rate of recombination of electrons with holes.

If a trivalent impufity (Boron, Aluminium, Gallium and Indium(BAGl)) is added to an
intrinsic semiconductor, only three of the covalent bonds can be filled and the vacancy
that exists in the fourth bond constitutes a hole.

Such impurities make available positive carriers because they create holes which can
accept electrons.

“These impurities are consequently known as “acceptor, or p — type” impurities.

When acceptor, or p - type impurities are added to the intrinsic semiconductor, they
produce an allowable discrete energy levels which is just above the valence band.

A very small amount of energy is required for an ¢ to leave the valence band and occupy
the acceptor energy level E,, it follows that the holes generated in the valence band by

_theseglectrons constitute the largest number of carriers in the semiconductor material.

The doping of intrinsic semiconductor not only increases the conductivity, but also serves
to produce a conductor in which the electric carriers are either predominantly holes or €'s.

In an n— type semiconductor, the electrons are called the majority carriers, and the holes
are called the minority catriers.

In a p - type material, the holes are the majority camiers, and the electrons are the-—
minority carriers.

Intrinsic, p ~ type-and n — type semlconductors are elecmm pggmg]@,lge the total
negatiVe charge is-equal to that of total positive charge.
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Ep = Donor e;lérgy level

Valence band

Fig: Energy band diagram of n—type semiconduetor

duction band
Con E. Ea. =Acceptor energy levsl_

_____ Ea
E,

: K
Valence band 0.0leV

Fig: Energy band diagram of p — type semiconductor.

of a semiconductor bar decreases

minori i V ion inj into one-end . cere
e The minority-carrier concentration injected o e and e ion)

exponentially with distance into the specimen (as a resul iffus N
Semiconductor p’ - type: A p-type semiconductor in which the excess m

e Semicon , P - 4 : ! :
concentration is very large (i.e. more doping)-

conductor
o Semiconductor, 0 - type: An n-type semlcg(r)ldil:lcg;)r
electron concentration is very large (i.e. more doping).

which the excess conduction

Charge Densities in aESelili'cohducrt__oir:” - |
o oat tions.
gives the[;elatilonship between the electron n and the hole p concentra

- > y al , IND
A4 et Ii € llal € C pr CLi “ T
L D q th Ollcelltlatlon Of donor atoms. these aré actical a“ 10 1Zed ‘q

positive charges per cubic meter are contrib

o Hence the total positive charge density isNp + P '
ceptor-ions, these contribute Ny negative

o . Similarly, if Na is the concentration of ac
charges per cubic meter.

o The total negative charge density is N + 1. e -
. - i tive c
e Since the semiconductor is electrically neutral, th(? magnitude of the pos! .
density must equal that of the negative concentratton, 0T -

© Wiki Engineering
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o Consider an n - type material having N4 = 0. Since the number of electrons is much
greater than the number of holes in an n - type semiconductor (n >> p) then equation (1)
reduces to

n-~ ND or npz ND /
¢ Inann - type material the free — electron concentration ny is approximately equal to the
density of donor atoms. : SN T

o The concentration py, of holes in the n —type semiconductor is obtained from
NpPp = N

Thus,

pa=n/Np

o Similarly, for a p - type semiconductor

.2 )
inp—ni ; pP:NA np_ni/NA

¢ According to the law of mass action, the product of the number of electrons in the
conduction band and the number of holes in the valence band must be constant.

Fermi level in a semiconductor having impurities

e The electrical characteristics of a semiconductor material depend on the concentration of
free electrons and holes. : '

» In the case of no impurities (an intrinsic semiconductor), Er lies in the middle of the

energy gap, indicating equal concentrations of free elecirons and toles in conduction
band and valence band respectively.

¢ n-type semiconductor
Inn - type semiconductor
n~Np
n=Np=N,e & ~E; V¥

" Ec - Er=KT In (Nc/ Np)

where Np = Donor-concentration

' = atomic concentration x Doping rate

For example Germanium, doping rate =1 : 10°
" Np = (4.4 x 102) x 1/10°

Case:1 Doping increases, Np increases
andthen Np>Nc
Ec—Er=kTIn(Nc/Np) <0 - -
EC < EF .

o Asdoping concentration increases Fermi levél moves towards conduction band from
center of the forbidden gap and hence conduction increases.
Case(2) : If temperature increases, Nc increases and then N¢ > Np -
Ec-Er>0
Ec>Er

e Astemperature increases Fermi level moves towards the center of the forbidden energy
gap and hence conduction decreases in extrinsic semiconductor. :

.Www.raghul.o_rg
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L]
o Forp-type sc;rpjconducto;
=Np =pN~v ef(EF - B KT
Ef - Ev= kT ln(Nv /NA)
N = acceptor concentration

Case(1): Doping increases, N, increases
and then, Na > Nv
EF—-EV =kT ln(NV /NA) <0 .
Fr-Ev< 0 . - ,
Eq <Ev - )

o ' den
As doping increases Fermi level moves fowards valence band from center of forbidde
) .

an and hence conduction increases. )
Case(2): If temperature increases, Ny Increases
and then Ny >Np :
Er —Ev> 0
Ee> Ey )
e Fermi level moves towards the center of the
s in extrinsic semiconductor.

forbidden energy gap and hence condugtion s

decrease .
duction
—type con
n-—type p
Increases
EF goes up. EF goes down .
: Decreases
Temperature Er goes down Eg goes up ;
Increases

EXTRINSIC SEMICONDUCTOR

y is an exponential function of
the conduction band {or the holes

TEMPERATURE EFFECT ON

At very low temperature range the conductln;:
temperature. The electron excited from the donor leve o
created by excitation to the accgptf)r lev'elz _be,.c_.omes_es et
increasing temperature. So, the‘ conductivity increases as the
certain level that depends on doping concentration.

ure, the density of carriers

Increasing temperat '
mean free path of the conduction electrons of ho!es.

increasing temperaturc. .
At extraordinary high temperatures extri

will increases results in decreasing
So, the conduction decreases wnh.

nsic will behave as intrinsic semiconductor.

Drift and Diffusion Currents: ) L

i itten in the form
o The conductivity associated with the conduction electrons could be written in t

Ga=0 g where i, = mobility of the electrons
[ n

q =electron charge -

Gimilagly for hole conduction -

i‘:!; p :,, ] where pt, = mobility of holes

© Wiki Engineering

lable in increasing numbers wﬂ: -
e temperature’ increases upto
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o *The current density associated with the drift of the electrons due to-the applied field

would be given by
Ja=npage
Similarly, Jpo=p Up g€ L
»- However, an electron current may flow in a semiconductor even in the abserice of an
electriv field, i.e., if there exists a gradient of the electron density. .

¢ Consequently, one deals in semiconductors frequently with two kinds of current: a drift
current (due to the electric field) and diffusion current (due to a gradient of the carrier
concentration).

o These concepts apply, of course, to electrons as well as to holes.

o The diffusion current density for electrons is J,=q D, dn
. - dx
« D, = Diffusion constant of the electrons in m%sec.

o Similarly, diffusion current density for holes is .
Jp=-qD, dp D, = diffusion constant of the holes in m?/sec.
dx : -
» The hole current in any point x may be written as the sum of two contributions, one from
the field and one from the diffusion process:
Jpy=prpqe-qD, dp
dx

¢ Similarly, the total electron current density:
Jo=np,qe +qDydn
dx )
o There exists an important relationship between the diffusion coefficient and the mbbility
of the carriers, which is known as the Einstein relation:

For holes D= (kT/q) pp
“For electrons ,,D“ =(kT/q) pn

.= Hence, the diffusion constant is proportional to the mobility
D, =Dn = Vy

p Mo
Where V1 = kT/q =T/11,600

At room temperature (300°K), p =39 D
| k=1602x10%k |

where V1 = volt equivalent of temperature
=26 mV at room temperature

Carrier Life Time
¢ Thermal agitation continues to produce new hole — electron pairs while other hole --
electron pairs disappear as a result of recombination. :

--——=—On an average, a hole (an eléctron) will exist for t,(t,) seconds.before recombination.
This time is called the “mean life time” of the hole and electron, respectively. -

o Carrier life times range from nanoseconds to hundreds of microseconds.

® T,(1,) is the time it takes the injected concentration to fall (0 Wfa!éﬁ dngigl value.



16

The Hall voltage - 1~ vy = ed = Bvd =(BJd)/ p = (BI) L{pw),

Electronic Devices ACE Academy

Recombination is effected not only by volume impurities, but also by surface
imperfections in the crystal.

Gold is extensively used as a recombination agent.

Thus the device designer can obtain desired carrier life times by introducing gold into
silicon under controlled conditions.

The continuity equation
1t is also called law of conservation of energy in semiconductor.

The continuity equation, or the equation of conservation of charge for holes is
dp/dt=- (p - po)itp + D, (°p/dx?) - p,.d(pe)/dx

If 7, is the average carrier lifetime of holes, the (p/ty, equals the holes per second lost by
recombination per unit volume.

po(ng) is the equilibrium concentration of holes(electrons). Hole (electron) concentration

p(n) is a function of both time t and distance x.

Similarly the continuity equation for electrons is p replaced by n in the above equation.

 The diffusion length for holes is given by Lp= 1 (Dp 1)

Similarly for electrons Lq = Y(D, 7,)

From continuity equation we can say that it is the time taken by the carriers for the
concentration to become 1/e times of initial concentration.

The Hall Effect

._If a specifnen (metal or semiconductor) carrying a current I is placed in a transverse _
- magnetic field B, an electric field € is induced in the direction perpendicular to both I and

B. This phenomenon, known as the “Hall Effect”. :

w = width of tlr'xeispecimen‘_
v = drift velocity

Where d = distance between two-surfaces;
J = current density;

p = charge density.

. p=nqorpq q = charge of electron

The Hall coefficient Ry is defined by

Ry = Up=(Vyuw )/ (BI)

Ru=1/p=1/(Npq)=1/(Naq)

If conduction is due primarily _io charges of one sign, the cdnductivity o is related to the
mobility by - ' ' '

o =pp_

© Wiki Engineering
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o Ifthe conductivity is measured together with the Hail cocfficient Ry,

determined from

T hg I'-_Iz}lll.__coefﬁcmnl Ry of an intrinsic semiconductor s negative under all conditions

the mobility can be

* Inan‘extrinsic semiconductor; the Hall

coefficient Ry in ith i
temperature, n Increases with m(_:reases of

‘Applications of Hall Effect:

¢ The Hall effect is used to determine the i
(i) type of semiconductor Pollowing
(ii) carrier concentration

(iii) mobility and. -
(iv) magnetic flux density

L \')Ithy carbon is not ﬁsed as semiconductor?
e carbon (C), Silicon(Si) and Germanium (Ge) an
¢ : all have the sam
}/;lence electrons (4), but their resistivities widely differ. e mmber of
e energy required to take out an electron from these ato
will be least for Ge, followed by Si and highest for C. "
Hence, number of free electrons

(i.e., ionization eliergy Eg)

for conduction in Ge and S; are significant but negligibly

small for C.
Temperature range En-ergy gap at 0°K:
Carbon -65°C 10'225°C >5eV
Silicon -65°C'to 175°C~ 1.21 eV
Germanium -65°C to 75°C 0.78 eV

OBJECTIVES -1 )
01. Enel_'gy required to break a covalent in
semiconductor is- '
(2) always equal to 1.6 e V
(b) greater in Ge than in Sj
(c) equal to the width of the forbidden
energy gap
(d) is the same in Ge as in S;
02, The diffusion fength of a carrier
depends on -
(a) the shape of the semiconductor
(b) the life time of the carriers alone
(c) the _mobility and life time of the
carriers :
(d)-the mobility of the carriers alone.

03. Pure semiconductors are poor
conductor because

(2) they have no valence electrons

(b) all valence electrons are in € -pairs
"7 {(c) they have a number of holes

(d) there are fewer ¢ s than protons

04. fﬁt room temperature, the current in an
mtrinsic semiconductor is due to

(a) holes ™ {b) electrons
) i‘ons (d) hqles and electrons

www.raghul.org
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05. At room temperature, intrinsic carrier
concentration is higher in germanium
than in silicon because

(a) carrier mobilities are higher Ge
than in Si .

(b) energy gap in Ge is smaller than
that in Si

() Atomic no. of Ge is larger than in
St _

(d)Atomic weight of Ge is farger than
in Si

06: Current {low in a semiconductor
depends on the phenomenon of

(a) drift (b) diffusion
+(c) recombination (d)all of the above

07. The cifect of doping in intrinsic

semiconductor is 10

(@) move the Fermi level away from
the centre of the forbidden band

{b) move the Fermi level towards the
centre of the forbidden band

(c) change the crystal structure of the
semiconductor

{d) keep the Fermi level at the middle
of the forbidden band

08. n-type semiconductors
(a) are negatively charged
(b) are produced when indium is added
as an impurity to germanium-. -
(¢) arc produced when phospborusis — =
added as an impurity to silicon
(d) none of the above

09. If a sample of germanium and a sample
of silicon have the same impurity
density and are kept at room
temperature
(a) both will have equal value of

resistivity
(b) both will have equal negative
resistivity
(c) resistivity of germanium will be
higher than that of silicon
(le_re_sistiyity of silicon will be higher
© Wikl Fnginesfisgrmanium

10.Semiconductor A has a higher band
gap than semiconductor B. If both A
and B have the same dimensions, the
same number of clectrons at a given
temperature and the samc electron and
hole mobilities, then
(a) A has the sam¢ number of holes as BB
(b) A has larger number of holes than B
{c) A has lesser number of holcs than B

_+(d) any of the above statements at a. b or

¢, could be true

11. If the temperature of an extrinsic
semiconductor is increased so that the
intrinsic carricr concentration is
double, then

(a) the majority carrier density doubles
(b) the minority carrier density doubles -

(¢) the minority carrier density
" “becomes times the original value
(d) both majority and minority carricr
densities doubles

12. In a semiconductor, rate of diffusion of
charge carriers - .
(a) depends on the concentration
gradient and the mobility
(b) depends on the concentration
gradient alone.
(c) depends on the mobility alone
(d) is independent of concentration
* gradient and the mobility o

13. Donor impurity atom ina—-
semiconductor result in new
(a) wide energy band
(b) narrow cnergy band
(c) discrete energy level just below
conduction level

valence level.

14. Mobility of electron in a

semiconductor

(a) decreases as the temperaturc
increases

(b) increases as the temperature
increases

(c) has no effect on conductivity

(d) is independent of temperature

"ACE Academy “Semiconductor Theory” 19

19. A semiconductor is uniformly doped
with N, acceptors and Np, donors. Let
the frec electron and  hole
concentrations be n and p respectively.
Assume that the semiconductor is at
thermalequifibtium and that 100%
ionization has taken ,place.  Then
which of the following is true?

(@ Nat Np--p-+n
(b) N~ Np=n-p
(¢c) Na Np-=pn

(d)Np - Na=n--p

15. If donor concentration Ny cquals
acceptor concentration N,; resulting
semiconductor is
(a) n-type (b) p-type  (c) intrinsic
(d) may be p or n type depending on

temperature

16. A semiconductor is damaged by a
strong current, because
(fa) Exeess of electrons
(b) Dgrease in clectrons -
(c) Lack of free electrons  (d) None

17. When a semicondugtor bar is heated at
one end, a voltage across the bar is
developed. If the heated end is
positive, the semiconductor is
(@piype  (b)n-type
(c) intrinsic (d) highly degenerate

20. Which of the following statements is
true?

(a) Silicon doped with either
phosphoro_us only or boron only is
p-type semiconductor

(b) Silicon doped with either
phosphorous only or boron only is
n-type semiconductor.

(¢) Silicon doped with phosphorous is
n-type semiconductor.

(d) Silicon doped with boron is n-type

semiconductor.

18. Hall effect device can be used {o
(a) Add two signals '
(b) Multiply two signals
(c) Subtract one signai from anather
(d) .Divide one signal by another on an
instantaneous basis

ANSWERS :

1.C 2C 3B 4D 5B 6D 7A 8C 9D 10.B
ILD 12A 13.C 14A 15C 16A 178 18B 19p 20.C

www.raghul.org
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OBJECTIVES - '
01. Diffusion of impurities in a. 05.1f an intrinsic- semiconductor is

-semiconductor is- carried out in a
furnace through which a steady stream
of impurity atoms is passed during
the entire  diffusion process. What

would be the type of profile of the

impurity atoms inside the
semiconductor?
(A) Linear
.(B) Gaussian
(C) complementary error function
(D) exponentiaj
02. Excess carriers are generaled in a
samplc of N-type semiconductors by
shining light at one end. The current
flow in the sample will be made up of
(a) diffusion flow of carriers
(b) drift flow of carriers
(c) both diffusion and drift flow of
carriers
(d) neither diffusion nor drift flow of
carriers

03. A semiconductor is irradiated with
light such that carries are uniformly
generated throughout its volume.
The semiconductor is n-type with
Np = 10" per cm3. If the access
electron concentration in the steady
state is An = 10'* per cm3 and if
Zp = 10u sec (minority carrier life
time) the generation rate due to
‘irradiation

(@)is 10Z e-h palrs/cm /sec
(b) is 10 e-h palrs/cm /sec
(c)is 10" e-h palrs/cm /sec
(d) cannot be determined as the
given data is insufficient

04. A long specimen of p-type
semiconductor material
(a) is positively charged
(b} is electrically neutral
(c) has an electrical field directed

along its length
(d) acts as a dipole

© Wiki Engineering

doped with a very small amount of
boron, then in the extrinsic
semiconductor ¢ .. formed, the
number of electrons and holes will
(a) decrease
(b) increase and decrease respcouvcly
(c) increase
(d) decrease and increase

 respectively

06. Under high electric field, in a .
semiconductor with increasing ™™
electric field o
(a) The mobility of charge carriers

decreases.
(b) The mobility of chargc carriers”
increases.
(c) The velocity of the charge carriers
saturates. o o
(d) The velocity of charge carricrs
increases.

07. A 51hcon sample is umformly dopcd
with ]0 phosphorous atoms/cm and
2 x 10" boron atom /em®. If all the

' dopants are fully ionized, the matenal

is

(a) n—type with carrier concentratlon of
10'%em®

(b) p-type w1th carrier concentration
of 10'%/cm®

(c) p-type with carrier concentration of
2x 10"%cm’

(d) n-type with carrier concentratlon of
2x1 0'%cm’

08. The probability that an electron in a
metal occupies the fermi level atany
temperature (>O°K)..

@0 ®1 (05 (d)o1

09.Pure Si is experimentally - determined
- to exhibit a carrfer-¢electron or hole )
density of 1.48X 10"%lectrons (holes)
em® at 300 %k.If the electron mobility_
and hole moblhty is 1300cm¥/Vs and
500 cm?/Vs,the resnstnvn%y of an
intrinsic Si specimen at 300k ’
(2)2.35X 10°Qm  (b) 1.18X 105 Qm
(c) 2.35X 10°Qem
(d) cannot be determined

ACE Academy
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10. Mobility p varies as T™ over a
temperature range of 100 to 400° k.

Forsilicon,m=...... for holes.
(a)2.5 (b)2.7
(c) 1.66. (d)2.33

11. In an n-type silicon, mobility is found
to be a function of electric ficld
intensity. If electric field intensity (E)
applied is in the range:

Ry :500 V/iem - 883 Viem &
=R31 500 V/iem - 8830 V/em, then for

the above ranges R, & Ry, the mobility
varies as

(a) constant, constant
by ¢!
©e’ g

(d) constant, ¢ **2

(Energy Level) and select the correct
answer using the code given below the
lists:
List-X :
A. p-type semiconductor at 0° K
B Intrinsic semiconductors at 0° K
C. n-type semiconductor at room
temperature
D. p-type semiconductor at room
temperature __
List-I1
* ~— q.Donor energy level is closed to the
conduction band
2.-Acceptor energy level is closed to
the valence band -
3. Fermi-level is very closed to
valence band
4. Fermi-level is half-way between the
valence band and the conduction
band
Codes:

— @
®)
@©
@

R
A N SN ]
el )

& fNos o

12. Match List-I (Material) with ListIl

13. Match List-1 (Current) with List[
(Variation) and selcet the correct
answer using the code given below the
lists:

List-d il

A. Hole diffusion current”

B. Electron drift current 2.pk

C. Hole drift current - 3.- dp/dx
—-D_E leclron dlffusxon current 4. dn/dx

l.nl:

Codes:

A B C D
@ 21 3 4
(b) 3 4 2 I
© 2 4 3
(d) 31 2 4

14. Match List -1 (Device) with List --IJ

(Application) and select the correct

answer using the code given below the

lists:
List-I ° List-11

A Hall clement 1. Power control

B. Varaetor diode  2.microwave mirror

C. SCR 3. Tuning element
. in tank circuit
D. Schottky - 4, Sensor
Codes: "
A B C D
(a) 2 3 1 4
M) 4 1 3 .2
© 2 1 3 4
d@ 4 3 1 2

I5. The fiee electron density in a
conductor is (1/1.6) x 102 ém'3. The
electron mobility is 10 cm% Vs. What

is the value of its resistivity?
(2)10™ Qm '
(®) 1.6X 107 Qm
©) 10” Qem
(d) 10" mho.cm™

www.raghul.org
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16 Match List-1(Type of conductor)
with List-1l (Position of Fermi
Level)-and select the correct answer
using the code given below the lists:

List-I
A. n-type semiconductor
B. P-type semiconductor
C. Intrinsic semiconductor
D. Degenerate n-type
-~ semiconductor
List — - -
1. Middle of band gap
"2. Above conduction band
3. Near but below conduction band
4. Near but above valence band

Codes: -

A B C D
@1 2 3 4
by 3 4 t 2 -
© I+ 4.3 2
@ -3 2 i 4

17. Match List-1 with List-11 and select
the correct answer using the code
given below the lists:

List-1

A, Drift current

B. Einstein's equation

C. Diffusion current

D. Continuity equation

- List I )
= ==1. Law of conservation of charge

2. Electric field

3. Thermal Voltage
4 Concerntrafion Gradien\

Codes:

A B C D
@2 1 4 3 -
(b) 4 3 2 1
{©) 4 1 2 3
@ 2 3 4 i

© Wiki Engineering

18. If in intrinsic semiconductor

Germanium at 300K (27”(1) the
charge concentration and mobilities
of free electrons and holes are 25x%
10" per CC, 3.8 x 10° cm” / v-sec
and 1.8 x 10° cm*/v- see
respectively, then its resistivity at
300K is
(2)230x 10° em  (b) 100 cm
(cy44.6 cm (d)22.3cm

19. A small concentration of minority
carries is injected into a
homogeneous semiconductor crystal
at one point. An electricfield of 10

" V/em is applied across the crystal
- and this moves the minority carriers
" adistance of | cm in 20 p sec. The
mobility (in cmvoltsec)  of the
_minority carriers is
(a) 1,000 (b) 2,000
(c) 5,000 (d) 500,000

20. In a Hall effect experiment, _
p type  semiconductor sample with
hole concentration p; is used.
The Measured value of the
hall voltage is Vi If the p — type
sample is now replaced by another
p - typesample with hole

concentration p» where p2 = 2pi,
what is the new Hall voltage Vin?
(@) 2Vm (b4 Vi

: (c) (1/2) Vmy (d) (1/4) Vi

KEYS:

Ol.c 02a 03a -04b 05d 06.a
07b 08b 09¢ 10b l1d 12.b
13d 14d 15¢ l6b 17b 18.c
19¢c 20
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PREVIOUS IES QUESTIONS:

01. A Hall effect transducer can be used to
measure
(a) displacement, temperature and
magnetic flux.”™ .
- (b) displacement;-position and velocity
(c) position, magnetic flux and
pressure
(d) displacement, positionand
magnetic flux. ~ IR
02. The Ohm’s law for conduction in
metals is
(@) J=oE
(c) JxoE

(b)J=Elo
(d) JcEfa

03. The unit of a thermal resistance of a
semiconductor device is
(a) Ohms (b) Ohms/°C
(©)°C/Ohm .. (d)°C/Watt

04. For n-type semiconductor with n = Np
andp= n/Np, the hole concentration
will fall below the intrinsi¢ value
because some of the holes
(a) drop back to acceptor impurity

states
(b) drop to donor impurity states
(c) virtually leave the crystal
(d) recombine with the electrons

05. Match List-I with List-Il and select
the correct -answer using the . codes
given below the lists:

List-I

. Drift current

. Einstein’s equation

. Diffusion current

. Continuity equation

List-II
Law of conservation of charge
Electric field
Thermal véltage
Concentration gradient

TOwEF

Call ol Al o
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Codes:
ABCD
@ 2 143
M 4 32 1
© 4 123
@ 2 34 1

06. Consider the following statements:
If an electric field is applied to an n-
. type semiconductor bar, the elcctrons
and holes move in opposite directions
due-to their opposite charges. The net
current is :
1. due to both electrons and holes
with electrons as majority carriers.
2. the sum of electron and hole -
currents.
3. the difference between electron
and hole current.
Which of these statements is/are
correct?
(a) I alone
(c) 2 alone

(b) 1'and 2
(d) 2 alone

07. Assertion(A): Hall crystal can be used
as a multiplier of two signals.
Reason(R): Hall voltage is

__ proportional to the current or voltages
applied in perpendicular directions
across the Hall crystal.

(a) Both A and R are true and R is the
correct explanation of A.

. (b) Both A and R are true but R is
" NOT the correct explanation of A.
(c) Ais true but R is false.
(d) A is false but R is true.

08. As the Fermi energy of silver is
8.8x10"? joule, the velocity of the
fastest electron in silver at 0°K (Given:
Rest mass of electron = 9.1 x 107 kg)
is
() 3.33 x 10’ m/s (b) 1.39x 10° m/s
(c) 440 x 107 m/s (d) 3 x 10° m/s
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09. Electron mobility and life - time in a
semiconductor al room temperature are
respectively 0.36 m?/ (Vs) and 340ps.
The diffusion length is
(a) 3.13 mm (b) 1.77 mm
() 3.55 mm (d)3.13cm

10. Which of the following statements
relate to the Hall effect?

1. A potential difference is developed

across a current - carrying metal strip

when the strip is placed in a.transverse

magnetie-tield. o

2. The Hall cffeet is very weak in
metals but is large in
semiconductors.

3. The Hall effect is very weak in
semiconductors but is large ifi
metals.

4. 1t is applied in the measurement of
the magnetic field intensity..

(@ 1,2and3 (b)2and 4

(c) 1,3 and 4 (d)1.2and 4

11. Assertion (A): The intrinsic Fermi
level of a semiconductor does not lie
exactly at the middle of the energy
band gap. e
Reason(R): The densities of the
available states in valance and
conduction bands of a semiconductor
are equal.

(a) Both A and R are true and R is the
correct explanation of A.
- (b) Both A and R are true but R is S
" NOTthe correct explanation of A.
(c) Ais true but R is false.
(d) A is false but R is true.

12. The conductivity of a semiconductor
crystal due to any current is NOT
proportional to - '

(a) mobility of the carrier

(b) effectivé density of states in the
conduction band.

(c) electronic charge

(d) surface states in the

semiconductor

© Wiki Engineering

13. The unit of mobility is

('d) mZV-lS-l (b) an_IS-l
«) Vsm' ) Vms'
14. [n an extrinsic semiconductor, the IHall
coefficient Ry
(a) increases with increase of
" temperature

(b) decreases with increase of
temperature

(c) is independent of the change of
temperature.

(d) changes with the change of
magnetic field.

15. Consider a semiconductor bar having
square cross — section. Assume that
holes drift in the positive x -direction
and magnetic field is applied
perpendicular to the direction in which
holes drift. The sample will show
(a) a negative resistance in positive y-
direction. -

(b) a positive voltage in positive y-
direction.

(c) a negative voltage in positive y-
direction.

(d) a magnetic field in positive y-
direction.

16. Consider the following statements for
an n-type semiconductor:
1. Donor level ionization decreases

— T with temperature. : -

_ 2. Donorlevel jonization increases
" withtemperature.
3. Donor level ionization is
independent of temperature.
4. Donor level ionization increases as
“Ep (donor energy level) moves
towards the conduction band at a
given temperature.
" Which of these statements” is/are
correct?
(a) 1 only
(c)2and4

(b) 2 only
(d) 3 only
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17. Consider the following statements for

an n-type semiconductor:

1. Eg lies below Ep at a room
temperature(T).

2. Ef lies above Epas T» 0

3. Er = Ep at some intermediate
temperature. o

4. Eg is invariant with températufe.

Where Eg is Fermi energy and Ep is

donor level energy. Which of these

statement(s) is/are correct?
—(a)land2 (b)2 and3
(c)4only (d)1,2and3

18. Assume n; = 1.45 x 10'%%cm’® for
silicon. In an n-type silicon sample, the
 donor concentrated at 300 K is 5 x
10"/em’ and corresponds to 1 impurity
atom for 10° silicon atoms. The
electron and hole concentrations in the
sample will be .
(A n=5x 10%em’ p=42x 10%/cm’
(b) n <5 x 10/em’® p> 4.2 x 10%cm?
(©)n>5x 10"/cm’ p<4.2x 10%cm’
(dyn<5x10"em’ p <42 x 10%cm’

19. A semiconductor specimen of breadth
d, width w and carrying current 1 is
placed in a magnetic field B to develop
Hall voltage vy

" perpendicular to 1 and B. Vy is NOT
proportionalto (@B (b)l
©tw (d)1d

20. Assertion (A): The conductivity of a

semiconductor is decided by the level”

of its doping and is almost independent

of its band gap value ‘irrespective of

temperature. )

Reason(R): The carrier concentration

due to doping is independent of

temperature, if it is not too low.

(a) Both A and R are true and R is the
cotrect explanation of A.

" (b) Both A and R are true but R is

NOT the correct explanation of A.

(c) A is true but R is false.

(d) A is false but R is true.

in a direction.

21. Consider the following statements

The intrinsic  concentration  of
semiconductor
1. depends</)n doping
2.  increases exponentially with
decrease of band gap of the
- -semiconductor ’
3. increases non-linearly with increase
of temperature
4. increases linearly with increase of

" temperature
Which of the statements given above
are correct?
(a)1,2and 3
(c)2and3

(b) 1 and 3
(d)2 and 4

- 22 Consider the following statements:
During an electron transition the
energy gap in an’indirect energy gap
material like silicon '
1. the momentum of the electron
changes B

2. the direction of motion of the
electron changes

3. the potential energy of the electron

changes

4. the kinetic energy of the electron
changes

Which of. the statements given above
are correct? .

(@1,2and 3 b)2,3and 4

(c)1,3and 4 () 1,2and 4

23. Assertion (A): The concentration
. measured. by Hall effect does not .
have much significance -if* the
semiconductor is non-homogeneously

doped.
Reason (R): The current density is
uniform throughout the thickness of
the semiconductor.
(a) Both A and R are true and R is
the correct explanation of A
(b) Both A and R are true but R is
NOT the correct explanation
of A
(c) A is true but R is false
(d) A is false but R is-true
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24. The mobility of electrons in a

semiconductor is defined as the

{a) Diffusion velocity per unit
clectric hield

(b) Diffusion velocity per unit
magnetic {icld

(¢) Drift velocity per unit magnetic
field

(d) Drift velocity per unit electric
filed

25. The free electron density in a
conductor is (1/1.6) x (10% cm™ The
electron mobility is 10 cm™/Vs. What
is the valuc of its resistivity?

(@) 10"Qm  (b) 1.6 x 107°Om
(©) 107Qem  (a) 10°mho e

26. The intrinsic concentration in a
" semiconductor at 300K is 10" em.
When it is doped with donor type
impurities, the majority carricr
concentration becomes 10" cm”.
What is the value of its minority
carrier density?
(2) 0.999 x 10"7em™ (b) 107em
(c) 10%cm ) 10° cm™

27. Two pure specimen of a
semiconductor material are taken. One
is doped with 10'® cm™ number of
donors and the other is doped with 10'°
cm® number of acceptors. The

- -minority carrier density in -the first
specimen is 107 ecm™. What is the
minority carrier density in the other
specimen/

(a) 10 cm’ (b) 10¥ cm?
(c) 10" cm? (d) 10° cm”
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28. Match List-I (Type of Conductor)
with List-II (Position of Fermi Level)
and select the correct answer using
the codes given below the lists:

List-1
A. n-type scmiconductor

B. p-type semiconductor SR

C. intrinsic semiconductor

D. Degenerate n-type semiconductor
List-I1 .

1. Middle of band gap

2. Above conduction band

3. Near but below conduction band

4. Ncar but above valence band

Codes:
A B C D
(@ 1 2 3 4
b)) 3 4 l 2
(¢ 1 4 3 2
« 3 2 ! 4

29. Match List - | (Material) with .
List— I (Carrier Concentration/ m’)
an select the correct answer using the
codes given below the lists:

List—1
A. Intrinsic semiconductor
B. Insulator
C. Extrinsic semiconductor
D. Conductor

List —II
“1.10% -
2. 102
3.10'®
4. 10"
Codés:

A B C D
(@ 3 4 2 1
b 2 ] 3 4
© 3 1 2 4
d "2 4 3 1
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30. Mobility is defined as
() diffusion velocity per unit field
{b) drift velocity per unit field
{c) displacement per unit field
(d) number of free electrons/ number
~ of bound electrons

31. Assertion (A): An n — type
semiconductor  behaves as an
intrinsic semiconductor at vely high

' temperatures

Reason (R): The breaking of the
covalent bonds becomes a significant
phenomenon at high temperatures.

(a) Both A and R are true and R is
the correct explanation of A

(b) Both A and R are true but R is
NOT the correct explanation of A

(c) Ais true but R is False .

{d) A is false but R is.true .

32. Assertion (A): Electron mobility in
metals decreases with increasing
temperature.

Reason (R): In metals electron
" concentration in high.

{a) Both A and R are true and R is the
correct explanation of A

(b) Both A and R are true but R is
NOT the correct explanation of A

{(c) Ais true but R is false

(d) A is false but R is true

33. Which of the following can be
determined by using a Hall crystal?
1. Concentration of holes in a
p — type semiconductor

2. Concentratioti of electrons in an
n.- type semiconductor

3. Temperature of the set - up with
any type of semiconductor ,

4. Diffusion constant and life - time

. of minority carriers of any type of

semiconductor

Select the correct answer using the

code given below:

(a) Only 1 and 2
(b)1,2and 4

(c) Only 3 and 4
(d)Only2and4 -

34. Match List - I (Current ) with
List — I (Variation) and select the
correct answer using the code given
below the lists:

List -1 List-1I

A. Hole diffusion current I.n.E

*B. Electron drift current 2.p.E

C. Hole drift current 3. - dp/dx

D. Electron diffusion current 4. dn/dx

Codes: A . B C D
@ 2 | 3 4
® 3 4 2 1
© 2 4 3 1
@ 3 i 2 4

35. Match List— I (Material) with -
List — II (Energy Level) and select the
correct answer using the code given
below the lists

List—I
A. p —type semiconductor at 0 K
temperature
B. Intrinsic semiconductor at 0 K
temperature
C. n— type semiconductor at room
temperature
D. p — type semiconductor at room
© temperature

www.raghul.org



. ACE Academy

28 Electronic Devices ACE Academy
List— XX List — I -
1. Donor energy level is close o the 1. At the middle of the forbidden
conduction band energy gap
2. Acceptor energy level is close to 2. Close to the conduction band
the valence band temperature .

3. Fermi — level is half — way
between the valence band and the
conduction band:

Codes:
A B C D
@@ 1 2 3 4
by 3 4 1 2
© 4 3 2
d 3 2 1 4

36. An intrinsic semiconductor (intrinsic
electron density = 10'® m™) is doped
with donors to a level of 197 m™.
What is the hole density assuming all
donors to be ionized?

(2) 10’ m* (b) 10° m”
(c) 10 m’ (d 10°m™

37. Why does the mobility o electrons ina
semiconductor decrease with
increasing donor density?

(a) Doping increases the effective
mass of electrons

(b) Doping increases the relaxation
time of electrons

(c) Electrons are trapped by the

" donors
(d) More holes are generat&d so that
the effective mobility decreases

-38. Match List—1 (Item) with

List — I (Position) and select the

correct answer using the code given

below the lists:

- List—1I

'A. Donor energy band

B. Fermi level of p—type:
semiconductor at room

C. Acceptor energy band

D. Fermi level in intrinsic semi —~
conductor

© Wiki Engineering

3. Very close to the valence band
4, Close to the valance band

Codes:
A B C D
(a 4 3 2 1
®b 2—+*+— 4 3
c) 4 1 2 3
d 2 3 4 1

39. The electron and hole concentrations,
n and p respectively obey the relation
np= n,? where n; is the intrinsic
carrier density. This expression is valid
for which of the following?

(a) For all semiconductors under any

condition

(b) For direct band gap semiconductor
only ’

(c) For non — degenerate
semiconductor under thermal
equilibrium condition

(d) For degenerate semiconductors
having excéss electrons and holes

40. An intrinsic semiconductor is doped
lightly with p— type impurity. It is
found that the conductivity actually

" decreasés till a certain ‘doping level is
reached. Why does this occur?

(a) The mobility of holes decreases
(b) The mobility of both electrors
and holes decreases
(c) The hole density actually reduces
(d) Effect of reduction in electron due
—— to incréase in holes-€compensates

more than the effect of increases
in holes on conductivity *
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41. Assuming that the electron mobility in
intrinsic silicon is 1500 cm?” Vs at
room temperature (T == 300K) and the
corresponding -volt equivalent of
temperafure Vg : 259 mV, what is
the approximate value of the electron

. diffusion constant?

(@)40 cm?/ s (b)4cm?/ s

(c) 400 cm¥ s (d) 4000 cm? s
42.An intrinsic semiconductor with energy

gap | eV has a carrier concentrationr N

at temperature 200 K. Another

intrinsic semiconductor has the same
value of carrier concentration N at

temperature 600 K. What is the energy -

gap value for the second
semiconductor?

@ (/3)eV (b)(3/2)eV
)3 e\( (d)9eV

43. Consider the following statements:
n—type of silicon can be
1. formed by adding impurity of
phosphorous
2. Formed by adding impurity of
arsenic
3. Formed by adding impurity of
boron
4. Formed by adding impurity of
aluminum
.Which of the statements given
above are correct? -
(a) land3 only (b)3 and 4 only
(¢c)land2only (d)1,2,3and4

KEY:

la 2a 3d 4d 5d 6c
7b  8b 9b 10d 11d 12d
13.a 14b- 15¢c—_16b 17d -
18c 19d 20d 2lc 22c 23b
24d 25¢ 26d 27d 28b 29a
30a 3la 32b 33.a 34d 35b
36 37b 38d 39c 40b 4la
42a 43¢

PREVIOUS GATE QUESTIONS:

1. n-type silicon is obtained by doping
silicon with GATE - 2003
(a) Germanium (b) Aluminium
(c) Boron (d) Phosphorus

2. The bandgap of silicon at 300 K is
GATE - 2003
(b) 1.10eV
(d)0.67eV

(a) 1.369 eV
 (©)080eV

3. The intrinsic carrier concentration of
silicon sample at 300K is 1.5 X
10"%/m?, If after doping, the number of
majority carriers is 5 X 10%/m>, the
minority carrier density is G-2003
(2)4.50 X 10"/m* (b) 3.33 X 10"/m’
(€) 5.00 X 10*%m* (d)3.00 X 10%/m’

4: The bandgap of Silicon at room
temperature is  GATE ~ 2005
(a) 1.3eV (b)0.7eV -
(c)1.1eV (d) 1.4V

- 5. The concentration of minority carriers .

in an extrinsic semiconductor under

equilibriumis  GATE - 2006

(a) directly proportional to the doping
concentration

(b) inversely proportional to the -
doping concentration

(c) directly proportional to the intrinsic
concentration

(d) inversely proportional to the
intrinsic concentration

6. The electron and hole concentrations
inan intrinsic ‘semiconductor are
n; perem’ at 300 K. Now, if acceptor
impurities are introduced w1th a
concentration of N per cm (where
Np>>n; ) the electron concentration
per com’ at 300 K will be G -2007
@n; (b) n; 'LNA

{()Na-n;_ dyn?/Na
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7. Ana-type silicon bar 0.1 cm long and
100 pm2 in cross-sectional area has a
majority carricr concentration of 5 x
10°/m’ and the carrier mobility is
0.13 m*/V-s at 300K.. If the charge of
an electron is 1.6 x 10" coulomb. the
resistance of the baris G <2003~ .-
(a) 10° ohm (b) 10" ohm
(¢) 10" ohm (d) 10" ohm

8. The electron concentration in a sample

~—of uniformly doped n-type silicon at
300K varies linearly from 10"7/cm® at
x:= 010 6 x 10'%m’ at x = 2 pm.
Assume a situation that clectrons are
supplied 1o keep this concentration
gradient - constant with time. If
clectronic. charge is 1.6 x 107
Coulomb and the diffusion constant D,
= 35cm™s, the current density, in the
silicon, if no electric field is present, is

GATE -2003

(b) ~1120 Alem?

(d) +1120 Alem’

(a) zero
(c) =560 A/em?

9. The resistivity of a uniformly doped n-
type silicon sample is 0.5Q—cm. If the
electron mobility (j1,) is 1250 cm%/V—
sec-and the charge of an electron is 1.6
x 10" Coulomb, the donor impurity
concentration (Np) in the sample is

_ GATE - 2004
(@) 2x10%cm® (b) 1 x 10%cm’
(¢) 2.5 x.10%cm® (d) 2 x 10'/cm’

10. A Silicon sample A is doped with 10'®
atoms/cm’_of Boron. Another sample
" B of identical dimensions is doped
with 10'® atoms/cm’® of Phosphorus.
The ratio of electron to hole mobility is
3. The ratio of conductivity of the
sample A to B is GATE -2005°
(a)3 (b)1/3
()23 ()32
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11. The majority carricrs in an n-typc
semiconductor have an average drif{
velocity v in a direction perpendiculan
to a uniform magnctic ficld B. 'l'hcj
clectric ficld [ induced duc to Hal
effect acts in the direction

S ‘GATE - 2006

(D) Bxv

(d) oppositcio v

(avxB
(c) along v

12. A heavily doped n-typed
scmiconductor has the following data:
Hole-¢lectron mobility ratio : 0.4
Doping concentration : 4.2 x 10°
atoms/m’ _

. Intrinsic concentration : 1.5 x 10" .
atoms/m’ '
The ration of conductance of the n-
type semiconductor to that of the
intrinsic
material and at the same temperaturc is

given by GATE - 2006
(a) 0.00005 (b) 2,000
(¢) 10.000 (d) 20,000

13. Silicon is doped with boron to a
concentration of 4 x 107 atoms/cm’.
Assume  the  intrinsic  carrier

" concentration of silicon to be I.5 x
10'%cm® and the value of kT/q to be
25mV at 300K. Compared to undoped
silicon, the Fermi levcl of doped
silicon - GATE - 2008

" (a) goes sown by 0.13eV"
(b)gocsup by 0.13 eV
(c) goes down by 0.427 eV
(d) goes up by 0.427 eV

semiconductor of same

ACE Academy
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14. In a n- type silicon crystal at room

,I§.T

temperature, which of the following
<an have a concentration of

4 x10" cm™? G-2009

a) Silicon atoms

b) Holes

¢) Dopant atoms

d) Valence electrons

he ratio of the mobility to the
diffusion coefficient ina
semiconductor has the units G-2009

a) v byem. V!

) V.cm! dV.s
KEY: o
ld 2b 3a 4c 5b 6d
7a  8b 9b 10b 11b 12d
3¢ 14. 15 )
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CHAPTER - 2 P -N JUNCTION THEORY AND CHARACTERISTICS
(JUNCTION theory, different types of diodes and their characteristics)

SEMICONDUCTOR DIODE CHAR_ACTERIST[CS

The p- and n-type silicon or germanium can be obtained by adding appropriate acceptor
or donor impurity into Si or Ge-melt while growing a crystal. . . .

These crystals arc cut into thin slices called *Wafers’. Scmiconductor devices are usualtly
made on these wafers.

These are many methods of making a p-n junction as given below.

(a) ‘Alloying’ technique_ (b) Diffusion technique
(c) Vapour deposition (cpitaxial growth) and  (d) Rate - i,rowth junction.

The donor ion is indicated schematically by a plus sign (1) because, after this impurity
atom “donates™ ah electron it becomes a positive ion. The acceptor ion is indicated by a
minus sign

(-) because, after this atom “accepts” an electron, it becomes a negative ion.

Initially, lherc arc nominally only p-type carners to the left of the Juncnon and only n-
type carriers to the right. o

Because, there is a density gradient across the junction holes will diffuse to the right
across the junction and electrons to the left.

As aresult of the displacement of these carriers, an electric field will appear across the
junction. Equilibrium will be established when the field becomes large enough to restrain
the process of diffusion.

The un neutralized ions in the neighborhood of the junction are referred to as “uncovered
charges”. Since the region of the JunCllOn is depleted of mobile charges itis called the
“depletion region, the space-charge region, or the transition region”.

The thickness of this region is of the order of 10™ cm = 16 m = [ micron
The general shape of the charge distribution may be as shown in figure 1.1b.
The electric field intensity in the neighborhood of the junction is indicated in fig 1.1c.

The electrostatic-potential variation in the depletion region is shown in fig l.ld.___ -

This variation constitutes a potential energy barrier against the further diffusion of holes
across the barrier.

The form of the potential energy barrier against the flow of electrons from the n-side
across the junction as shown in fig 1.1e.

The potential barrier (or field across the junction) and the depletlon layer width (or
Jjunction width) depends upon the doping concentration on the two sides.

© Wiki Engineering
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e Atequilibrium, there is no net current flowing across the p-R junction.

¢ The current due to the drift of.carriers in the electric field must exactly cancel the
diffusion current. J,(drift) + Jp(diffusion) = 0

Ju(drift) + Jy(diffusion) == 0

Since the net hole current density is zero, the negative of the holc diffusion current
must equal the holc drifi current.  eDpdp = ¢ By pe !
dx

The potential barrier Vg called the contact, or diffusion, polentlal is of the ordcr of .
magnitude of a {cw tenths of a volt. —

. V:V d*Vidx? = - ple > Poisson equauon is satisfied inside the junction.
o VV=@V/axi=0 = Laplace equation is satisfied outside the junction.

Acceptor ion junction  Donor jon
~ ¥ \
Y H L
) Holm‘? @096@ :' ® @. @. @.& Electron
6,6,6,0:® ®, @ ®,
00006 '© @0 e,
@ @ @ CRNCRCRCRCE
p-type n-type
I<—~————-- QSem |
Space cha:}c Charge density. p
Region 167, :
®) . -

.
<
u

%
o {o

€= dV/dx ={ p/e dx

(c) \]
. : +Electrostatic potential V or
i\ iPotential- energy bartier for holes
(d) : I’ ; :
M =
=—fedx pside L~ |Vn
v=0-> ‘¢ m‘icma' Distance from junction N
Potential energy barrier for electrons

(®
) Eo n side / E=0
Distance from junction

Fig - 1: A schematic diagram of a p —n junction, including the charge -
density, electric field intensity, and potential — energy barriers -
at the junctions. (not drawn to scale.)
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THE P-N JUNCTION AS A DIODE

¢ Diode permits the easy flow of current in one direction but restrains the flow in the
opposite direction.

Forward Bias:

. Suppose we apply a voltage V such that n-side is negative and p-side is positive.
o The applied voltage V (or bias V) is opposite to the junction barrier potential V'
e . The consequences of this are:
" (i) The effective barrier potential becomes (Vo — V) and hence the energy barrier across
the junction decreases.
(1) more majority carriers will be allowed to flow across the junction.
(iii) the junction width decreases.
The current flow is prmcxpally due to majority charge carriers and is large (mA).
Reverse Bias: '
e The applied voltage V on the n-side is positive and is negative on the p-side. -

¢ The applied bias V and the barrier potential Vg are in the same direction making the
effective junction potential as V + V. As a result, the junction width will increase.

¢ The higher junction potential would restrict the flow of majority carriers to a much.
greater extent,

e However, such a field wili favour the ﬂow of minority carriers (as’ they have opposite
charges).

s So, the reverse bias current will be due to the minority carriers only.
e Since, the number of minority carriers is very small as compared to the majority carriers.
the reverse bias current is small (~ pA).

THE SHORT-CIRCUITED AND OPEN-CIRCUITED P-N-JUN_CT[ON:‘

¢ [Ifthe voltage V applied to the p-n junction is set equal to zero, the p-n junction would be
short-circuited.

¢ Under this condmon no current can flow (I = 0) and the eléctrostatic potential Vo remains
uncharged and equal to the value under open circuit condltlons

¢ The sum of the voitages around the closed loop must be Zero, the junction potential Vy
must be exactly compensated by the metal to semiconductor contact potentials at the
ohmic contacts.

It is not possible to measure contact difference of potential directly with a voltmeter
across an open-circuited p-n junction diode and the voltmeter would read zero voltage.

BAND STRUCTURE OF AN OPEN CIRCUITED P-N JUNCTION:

*  The Fermi level must be constant throughout the specimen at equilibrium.

¢ The Fermi level Eg is closer to the conduction band edge Em in the n-type material and
closer to the valence band edge Eyy in the p-side.

The conduction band edge Eepin the p material cannot be at the same level as Ecq, nor
can the valence band edge Evy, in the n-side line up with Ey,. Hence the energy band

-dlagram fora -p-n junction appears as shown i i
icated. 1 S
i ¢ b in fig.2 Where a shift in energy lev.els Ky is
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EU = qu —Eeu = Evp K= E + | %)

This energy Eq represents the potential encrgy of the electrons at junction.

P - region pace n - region ~—->
. . harge
Conduction band region
Ep s ,
KL s E, Conduction band
|:‘|~.' [ ) 4\ Fen
o L T e
Evp A

Valence band -

Fig - 2: Band diagram for a p-n junction under open-circuit conditions.
This sketch corresponds to fig (1e) and represents potential energy
for electrons. The width-of the forbidden gap is Eg in eleclron volts.

From figure, . _ ) )
E¢—Evp=12E¢~E;and ¢y -Ep=12 Eg-E; FKEg = forbidden encergy gap
By adding the above equations

Eo=E+E;=Eg~ Een - Er) - Er - Evp)

|£G=kT In [(N(.;N\:)/n;Z]J —
[EC,, Er=KTIn (NLIND)J = () KT=26meV
[LF ~Evp=KkTIn (Nv/Nj -

The E’s are expressed in electron volts-and-k has the dimensions of electron VO]LS per degree
Kelvin.The Contact difference in potential Vy is expressed in volts and is numerically equal
to Eg and it is depends only-upon the equilibrium concentrations, and not at all upon the
charge density in the transmon region(space charge reglon)

" Other expressions Yor &, ar —
| Es=kTIn NgNy = kT ‘In Ppo = kT In o - 4)
nj Pno Ny
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Rewriting the above equation (4) in another form

A
Ppo = Puo e“’,Oll‘:’T - ) A
Npo = npo €o T P i n

Since Vg / V1-=E¢/kT cusrent

Fig--3: The hole and electron-current components 1, hole currentR
vs, distance in a p-n junction diode. The space-

/\I“,I , electron
current

I,,,. electron current Ipn', hole current

charge region at the junction is assumed to be
negligibly small. , Bz

x-0 distance

- THE CURRENT COMPONENTS IN A P-N DIODE

» When a forward bias is applied to a diode, holes are injécted into the n-side and electréns
into the p-side. h
-o  The number of these injected minority catriers falls off exponentially with distance from
the junctioﬁ as shown in fig.(3)

e The symbol Iq(x) represents the hole current in the n material, and I(x) indicates the
electron current in the p-side as a function of x.

» Electrons crossing the junction at x = 0 from right to left constitute a current in the same
direction as holes crossing the junction from left to right.

Hence the total currentIatx =0 is
1= 150(0) + Lap(0)
*  Consequently, in the p-side, there must be a second component of current Ey, which,
when added to I, , gives.the total current I. Hence this hole currcnt in fhe p-side Lpp(a

majority carrier current) is given by

Loy =1 = Lupiy)
o This current is plotted as a function of distance as shown in fig.(3) as is also the
corresponding electron current ;7 in the n material.
o For an un symmetrically doped diode, Ipa # Inp.

o The current in a p-n diode is bipolar in character since it is made up of both positive and
negative carriers of electricity. -

o The total current is constant throughout the device, but the proportion due to holes and
that dug to electrons varies with distance.

© Wiki Engineering
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~ Taking the derivative of equation (6)
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OUANTITATIVE THEORY_OF THE P-N DIODE CURRENTS
Concentration, p,

If the forward bias is applied to the diode, holes are ’\ T A

injected from the p side into the n miaterial. The concentration 1 material

Pa of holes in the n-side is increased above its thermal

equilibrium value py, and, is given by PO
P®) =Pt Bl0) e (5) )

Where the parameter L, is called the diffusion length for holes in

the n material.

And the injected or excess concéntration at x = 0 s

_Pu(0) = pa(0) ~ pss e
Thediffusion hole current in the n-side is given by

injected or excess chargc

*I X ‘ ' distance, x

junction
Liu=-AqD, dpo | — (7) Fig - 4: Defining the several components of
x| - o hole concentration in the n side of a forward

—biased diode.

and substituting in equation (7) we obtain

Ion(x) =Aq D,P,(0) el ®)
Lp - o

This equation verifies that the hole current decreases exponentially with distance.
Where q~charge of an electron

THE LAW OF THE JUNCTION

o Ifthe barrier potential across the depletion layer is Vg, the.n '

sogee -

o T pp—fp.i eVB T ___ (9) - A

This is the Boltzmann relationship of kinetic gas theory.
o Ifwe apply_abo_ye equation to the case of an open-circuited p-n junction, then
pp=ppmpn=p"0andvs=vo. . A .

* Consider now a junction biased in the forward direction by an applied voltage V.
¢ Then theibamer voltage Vs is decreased from its equilibrium-value Vo by the amount V
or T T

Vl|;= Vo—-v

Vo = equilibrium value
At the edge of the depletion laygf, x =0, pa = pa(0), then the above equation(9) is

Po=pu(0) ™ YV [ (g
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. v N
. . . e
Combining this equation with the above said equation(5), i€, P =P € o T

We obtain,

«]aw of the junction”. It indicates that, for a

s boundary oo e ion (0) at the junction is greater than the thermal-

forward bias (V > 0), the hole concentration pn

. equilibrium value Pno. - . . intan
el A similar é[:quilation', valid for electrons, is obtained by interchan

equation(11). .
The hole concentration P

Pu0)=pro (¢ =1

ging p and n in above

(0) injected into then-side at the junction’is given by
n ° .
(12)

THE FORWARD CURRENTS: '

ction into the n-side at x=0 is given by

o The hole current Ip(0) crossing the jun
Y
Ipo(0) = AqDppro 'V -1
Ly
o The electron currentL,,.(()_
equation by interchanging n and p, or
| AV

Lyy(0) = AqDang (¢ T =1)
Lo
The total diode current 1 i

I=L (' v -1

5 crossing the junction into the p-side is obtained {rom above

s the sum of 1pa(0) and Lyp(0), or

where  lo=AqDgpn + Aqll)“npo
- Lp. an

. ” ' i ntration. -
s called the “reverse saturation current. and depends on _<.lopmg c01__1c<i sation. .

Hence Ibi e
2 Pae = M

L=Ad Dp + Do |m n

L.,ND LnNA ND

2 ~| 1KY -lJ -V kT 2
ere n; [ = A € G ! =n; /N\

3 £ - n
Wh T Ao'l GO 0 GO pe

In other form,

L= Aq iliz VT(EE +_l,l_n__]

LpND = LnN A
From Einstein equation, Dy/itp = Do/t =V
+_1

LaGp
6a=Npptaq and p=Natrd
a voltage which is numerically. equ
Bid@ﬁﬂée recombination of cartiers,

...... (13)

L= A nd Vrtapty | 1
LiyOn

where,
V(;O is
voltsClfviie ¢ F
I=lge"'"'r -1

al to the forbidden gap energy in electron
then the total current T
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Where " ~ 2 for small (rated) currents and " ~ 1 for large currents.
1 ~ 2 for silicon
1 ~ 1 for.germanium

o I depends on material and it is fixed for a given device. But varies with temperature

12 =01 % 2I(T2-T 110

d

o Where I; (Io2) is the reverse saturation current at a temperature T (T’2).
¢ I doubles for every 10°C rise in temperature. That is, it increases 7% / °C. .
o [y is in the range of microamperes for a germanium diode afid Tiatio amperes for a silicon
diode. . N
v

Since n = 2 for small currents in silicon, the current increases as eV, for the first
several tenths of a volt and increases as e"''y only at higher voltages.

THE VOLT-AMPERE CHARACTERISTIC:
For a p-n junction, the current I is related to the voltage V by the'equation
I=h(e"'™: -1) — (13 M| for Ge
.2 for Si

V=T /11,600 =26 mV at T = 300°K.
At room temperature,

(a) When the voltage V is positive and several times Vr , the unity in the paranthesis
of equation (13) may be neglected. i.c., eW“VT >>1,

‘/
N Iye /“VT

" “Accordingly except for a small range in the neighborhoéd of the origin, the current -
increases exponentially with voltage. T

(b) When the diode is reverse-biased and |V| is several times V-, I ~ - Iy. The “reverse
current” is therefore constant, independent of the applied r;:verse bias. Consequently, Iy is
™ :

referred to as the “reverse saturation current” - /2
" Atareverse biasing voltage V, the diode Z
characteristic exhibits an abrupt and marked departure from ;|
-equation (13).-At this critical voltage a large reverse 24
current flows, and the diode is said to be in the e 1 . ,
“bl'eak dOWl'l region”. ,.¢ 0.1 -. 05 0.1 0.2 ¥, A
[ L1.0
_ o . . '
Fig - 5: The volt ampere charactenstlc eV, > HA
" —foragermanium diode.
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DIODE RESISTANCE
The static resistance R of a diode is defined as the ratio V/I of the voltage to the

oy

~current."Typical values for a silicon planar epitaxial diode are V5 = 0.8V at Ir = 10mA
(corresponding to Rr = 80Q) and Ig = 0.1 HA at Vg = 50V (corresponding to Rg = 500M).

40 Electronic Devices "~ ACE Academy

The Cutin Voltage, Offset, break-point, or threshold voltage (Vy):

Below Vy the current is very small (say, less than | per cent of max. rated voltage).
Beyond Vy the current rises very rapidly. Vy=0.2 V for Ge, 0.6V for Si.

For smz}]l signal operation the dynamic, or incremental, resistance r is an important
parameter and is defined as the reciprocal of the slope of the volt-ampere characteristic,
r=dV/dl. The dynamic resistance is not a constant, but depends upon the operating voltage.

The reverse saturation current I0 in a Ge is normally larger by a factor of about 1000

than the 10 in a silicon diode of comparable ratings. Since n = 2 for small currcats in Si, the 1

increases ase"' "¢~ only athigher voltages. - B E The dynamic conductance g = 1/r is
The resistance R, cutin voltage Vy, power dissipation and noise margin of Germanium is less— ¥ . ViV '
. - - G= ﬂ = Ioe T=1+ Io
N T T ~stope,”

than the silicon. But Germanium is not used in switching characteristics. : 'b dv. nVr NV VR /-
‘ R f
The temperature dependence of p-n diode characteristics: for [V/Vy| >> 1, g is small and r is very large. /
. For forward bias, I >> Iy, and r is given by
. . ‘ T 0.V Y

_ The dependence of 10 on temperature T is given approximately by
: L=kT"eVeo MVT
‘Where k is constant and qVgo (q is the magnitude of the electron charge) is the
forbidden gap energy in Joules:

Fig - 6: The piecewise linear characterizatiz:

r=mVr) /I ..(15)
- of a semiconductor diode.

ForGe:n=1 m=2 Vgo=0.785V ~_ Foran avalanche diode, 'V, =Vg, and Ry is the dynamic resistance in the breakdown region.
ForSi:n=2 m~15 Vgo=121V _ : )
Taking the derivative of the logarithm of above equation, we find : : Type Model Characteristics

1 dly =7d (nl) = m + Vgo _ N Ideal device o o I
10 dT dT T nTVr . Ideal diode ’
: s .

At room temperature, d(Inlp)/dT = 0.08 /°C for Silicon and 0.11 / °C for Germanium. .

) S ' Simplified model ——Df— | b

The 10 increases approximately 7 percent / °C for both Si and Ge. Since (1.07)10 ~ 2.0, we : \Z: zqezl
-conclude that the “reverse saturation current(lo)” approximately doubles for every 10°C rise o ode 0 Ve Vo
.in temperature. o : ) L : v Piece wisé fihear o-—-"——-'\fv\(—{>l—0 Ip —
i . . . o . . | P 3 - _
Consider a diode operating at room temperature (300°K) and just beyon,d-;}?i 1 — . ~ {model N R : Tw : T
) - = - e | diode )
Then we find, 0 Vr Vo
v = {-2.1_ mV/°C for Ge _ . . . -
dT -2.3 mV/°C for Si _ 1 _ TRANS!TION OR SPACE CHARGE (OR DEPLETION REGION) -
CAPACITANCE (Cy)

Since these data are based on “average characteristics”, it might be well for conservative

design to assume a value of ~The parallel layers of oppositely charged immobile jons on the two sides of the

junction-form the transition capacitance, Cr, which is given by

dY/dT;-Z.S mV/eC. L (14) _ S . Cr=(eA)/ W
'.L_for either Ge or Si at room temperature. : S - Where (= €,¢;)-is-the permittivity of the material, A is the cross-sectional area of the
. - . - Junction and W is the width of the depletion layer over whiich the ions are uncovered.
For Germanium, an increase in temperature from room temperature (25°C) to 90°C ,increases The net charge must be zero across the depletion region will satisfy the condition

‘the 10 to hundreds of microamperes, although in Silicon at 100°C the I0 has increased only to
some tenths of a micro ampere. :

© Wiki Engineering k 7 www.raghul.org
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Where .
Na=acceptor concentration ; Np=donor concentration;
Wy width of the depletion region in p-side;
W= width of the depletion region in n-side;

The effective barrier potential across the junction is
Ve=(@NAa W3 /2 ...(17) if Na<<Np then W>>W, .

The total depletion width, W is given by _
' ' Y

W= _28eVg [N;ﬂ\ﬂ [ (18)
¢ L NN

where, . .
‘Vg=(Vy—V), Visthe applied voltage and Vj is the barrier potential, or the contact
potential. :

» When no external voltage is applied, i.e., V.= 0, the width of the depl;eti‘on regign ofap
n junction diode is of the order of 0.5 microns. The movement of majority carricrs
across the junction causes opposite charges to be stored at this distance W apart. This
depletion region acts as a dielectric between the two conducting p- a_n_d n-regions.
Therefore, these regions act as a parallel plate capacitor whose transition capacitance Cr

is-approximately 20 pF with no external b_i;is.

¢ When forward bias +V is applied, the effective barrier potential, Vg = [V — (+V)), is
lowered and hence the width of the depletion region W decreases and Cy increases.
Under reverse bias condition, the majority carriers move away from the junction, thereby
uncovering more immobile charges. Now the effective barrier potential,
Vg = [Vy— (-V)], is increased and hence, W increase with reverse yollagc and Cy
decreases correspondingly. ' S

T

) ﬂ The ;alucs;aﬂCL range 'frérﬁ 5+t0 200 pF, the lgrger_ ; being for the high power
diodes. This property of voltage variable capacitance with the reverse bias appears in
varactors, Vari-caps or volta-caps.

DIFFUSION (OR STORAGE) CAPACITANCE (Cy)

The capacitance that exists in a forward biased junction is called a di.t'thsi_()n or storage
capacitance (Cp), whose value-is-usually much larger than Cy; which exists in a reverse-
biased junction. This is also defiried as the rate of change of injected charge wnh.app.hed
voltage, i.e., Cp = (dQ/dV), where dQ represents the change in the number of ml_norlly .
carriers stored outside the depletion region when a change in voltage across the diode, dV is
apploed. Diffusjon capacitance Cp is proportional to diode forward current, I. Therefore,

Cp =1 /(nV1), where t is the mean life time for héles and electrons..'[he.values of Cp range
from 10 to1000 pF, the larger values being associated with the diode carrying a larger anode
-current,I.
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~applications as given below.
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The effect of Cy, is negligible for a reverse-biased p-n junction. As the value-of Cp is

inversely proportional to frequency, it is high at low frequencies and it decreases with the
increase in frequency. /

Co=(Lyg)/ D, g=dI/dV.. . g= conductance .
1=L,*/D,. g=1/MV¥y""" " t=mean life time of carriers,
C|) =1g ’ CD =ql/ ('I]VT) N

For areverse b_ias ‘g’ is very small _and Cp may be neg_lected comp_a;e_d_ with Cy. Fora
forward current, Cpis usﬁally much larger than CT. Déspffe thé‘ l'a;rge'vélue ;)f C,;, the time
constant rCy may not-be excessive because the dynamic forward resistance r = 1/g is small.

rCp=1

Hence the diode time constant equals the mean lifetime of minority carriers, which
lies in range of nanoseconds to hundreds of microseconds: C : '

Charge-Control Description of a Diede:

I=QD,)/L=Qk
This is very important equation states that the diode current is proportional to the stored
charge of excess minority carriers.

Thus, in the steady state, the current I supplies minority carriers at the rate at which
these carriers are disappearing because of the process of recombination.

'DIODE APPLICATIONS

An ideal p-n junction diode is a two terminal polarity sensitive.device that has zero
resistance (diode conducts) when it is forward biased and infinite resistance (diodc does-not
conduct) when reverse biased. Due to this characteristic the diode finds number of

(i) rectifiers in d.c power supplies

(i) switch in digital logic circuits used in computers o

(iii) clamping network used as d.c yestorer in TV receivers and voltage multipliers

(iv).c!ipping circuits used as wave/ shaping circuits used in computers, radars, radio and TV
receivers. - : :

(v) demodulation (detector) circuits.

The same PN junctipn with different doping concentration finds special applications as
follows: : .

(i) detectors (APD, PIN photo diode) in optical communication circuits

(ii) Zener diodes in voltage regulators

(iii) varactor diodes in tuning sections of radio and TV receivers -
(iv) light emitting diodes in digital displays

(v) LASER diodes in optical communications

(vi) Tunnel diodes as a relaxation oscillator at microwave frequencies.

BREAKDOWN DIODES

Diodes which are designed with adequate power dissipation capabilitics to dberate in
the breakdown region may be employed as voltage-reference or constant voltage devices.
Such dibdes are known as avalanche, breakdown, or Zenerdi"d‘?ﬁ/wwmaghul.org
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The reverse voltage characteristic of a semiconductor diode, including the breakdown
region is shown in fig.7 (a). By reverse biasing, the diode is operating in the breakdown
region as shown in fig.7 (b)

The diode will regulate the load voltage against variations in‘toad current and against
variations in supply voltage V because, in the biéak down region, large changes in diode
current produce only small changes in diode voltage.

The upper limit on diode current is determined by the power dissipation rating of the
diode.The thermally generated electrons and holes acquire sufficient energy from the applied
potential to produce new carriers by rémoving valence electrons from their bonds. These new
carriers, in furn, produce additional carriers again through the process of disrupting bonds.
This cumulative process is referred to as “avalanche multiplication™. It results in the flow of
large reverse currents, and the diode finds itself in the region of “avalanche breakdown”.

Even if the initially available carriers do not acquire sufficient energy to disrupt
bonds, it is possible to initiate breakdown through a direct rupture of thc bonds because of the
existing of the strong electric field. Under these circumstances the break down is referred to
as the “zener breakdown”. This zener .effect is now known to play with breakdown voltages
below about 6V. B

If the reference voltage is above 6V, where the physical mechanism involved is
avalanche multiplication, the temperature coefficient is positive.
However, below 6V, where true zener breakdown is involved, the temperature coefﬁcwnt is
negative.

The zener breakdown voltage decreases with temperature. The value of the avalanche
voltage must increase with increased temperature.

] The capacitance across a breakdown diode is the transition capacitance. High power

avalanche diodes have very large capacitances. Cy is from 10 to 10,000 pf are common.

Fig — 7: (a) The volt-amperecharacteristic 6f an avalanche, or Zener, diode. .
(b) A circuit in which such a diode is used to regulate the voltage across Ry, against
changes due to variations in load current and supply voltage.

TUNNEL DIODE
A p-n junction diode has an impurity concenfration of about 1 part in 10 ‘With this

amount of doping, the width of the depletion layer, which constitutes a potential-barrier at the -

junction, is of the order of 5 microns (5 x 10 m). If the concentration ofimpurity atoms is
greatly increased, say, to 1 part in 10® (corresponding to a denisity in excess of 10" fem®), the
device characteristics are completely changed. This new diode was announced in 1958 by
Esaki.

Tunneling phenomenon: The width of the junction barrier varies inversely as the square
root of impurity coneentratlon and therefore is reduced from 5 microns to less than 100A

© Wiki Engineering
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(l()'6 cm). This thickness is only about one-fifth the wavelength of visible ligit.

Class1cally a particle must have energy at least cqual to the height of a potential
barrier if it is to move from one side of the barrier to the other. However, for bariers as thin
as those estimated above in Esaki diode, the Schrodinger equation indicates that there is a
large probability that an electron will penetrate through the barrir. This quantum mechanical
behavior is referred 1o as “tunncling”, and hence these high-impurity density p-n Juncuon '
devices are called “tunnel diodes™.

Sz
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Fig -- 8: (a) symbol for a tunnel diode
(b) small-signal model of a tunnel diode in the negatlve resistance region
" (c) the volt-ampere characteristic of a tunnel diode.

Characteristics of a. Tunnel Diode:

The tunnel diode exhibits a negative resistance characteristic Letween the peak current
I, and the minimum value I, called the valley current. The tunnel diode useful in pulse and
digital circuitry. The small-sighal model for operation in negative resistance region is
indicated in fig.8.(b)

Tunnel diode is used as very high speed switch. Switching times of the order of a
nanosecond are reasonable and times as low as 50 p sec have been obtained: A second
application is as a high frequency (microwave) osc1llator The voltages V.and Vp have
negative temperature coefficients of about 1.0 mV/°C:.’

Tunncl diode Applications: ' .
1. Tunnel diode is used as an ultra-high speed switch, switching speed of the order of ns
or ps - . :
As’logic memory storage device
As microwave oscillator
" In relaxation oscillator circuit
As an amplifier.

Nk N

Advantages |
1. Lownoise 2.Easeof operation 3. High speed 4. Low power

Disadvantages

1.—Voltage range over which it can be operated is 1 V or {ess.

2. Being a two terminal device, there is no isolation between the input and output circuit.

WWW.'ra'g"h'uI.org'
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OBJECTIVES
01. Reverse recovery current.in a diode 06. The junction capacitance of a p-n
depends on junction depends on
{a) forward field current (a) Doping concentration only
{b) storage charge (b) Applied voltage only
(c) temperaturc (c) Both Doping concentration
(d) P1v Applied voltage only

02. Choose proper substitutes for X and Y

to make the following statement
—correct Tunner diodc and Avalanche
photodiode are operated in X bias and
Y bias respectively.

(a) X:reverse, Y:reverse

(b) X:reverse, Y:forward

(c) X:forward, Y :reverse

(d) X:forward, Y :forward

'03. The values of voltage (Vyy ) across a
tunnel -- diode corresponding to peak
* and valley currents are Vyand V,
respectively . The range of tunnel -
diode voltage -Vp for which the slope
-, of its I - Viycharacteristics is negative
would be
(@ Vp<0 (b)0<Vp<V,
(©) VpsVp<V. (@ Vp2V,

04. A tunnel diode is
" (a) High resistivity p -n junction diode
(by A-slow switching device- .
(c) An-amplifying device
(d) A very heavily doped p-n diode

- 05.Ina p'n junction diode under reverse

bias, the magnitude of electric field is

maximum at

(a) the edge of the depletion region on
the p-side

(b) the edge of the depletion rcgion on

the n- side

1c)the p'n junction

“d) the centre of the depletion region
ohthe n- side

© Wiki Engineering

(d) Barricr potential only

07. Under small signal operation of a
diode
(a) its bulk resistance increascs -

(b) its junction resistance predominates”

(¢) it acts like a closed switch
(d) it behaves as a clipper

08. The reverse current of a silicon

diode is

(a) Uighly bias voltage scnsitive

(b) lighly temperature sensitive

(¢) Both bias voliage and
tcmpcerature sensitive

(d) Independent of bias voltage and
temperature

09. In switching diode fabrication, a
dopant is introduced into silicon
which introduces additional trap
levels in the material thereby
reducing the mean fife time of
carricrs This dopant is
(a) Aluminium  (b) Platinum
(c) Gold (d) Copper -

10. The diffusion potential acrossapn

Jjunction.

(a) decreases with increasing doping
concentration

(b) increases with decreasing
doping concentration

(c) does not dcpend on doping
concentration )

(d) increases with increasing in
doping concentration

11. The transition region in an open
circuited p-n junction contains
(a) free clectrons only
(b) holes only
(c) both free electrons and holes
(d) uncovered immobile impurity
ions
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12. In a p-n diode, hole diffuse from p-
region to n-region because
(a) there is higher concentration of
holes in p-region /
_ (b) holes are positively charged
* (c) holes are urged to move by the
barrier potential
(d) the free electrons in the n-region
attract the holes

13. In an unbias¢d p-n junction. the
junction current at equilibrium is
(a) due to diffusion of majority

carrier
(b) due to diffusion of minority
carrier T :
(c) zero due to equal and opposite
currents crossing the junction
(d) zero because no charges cross
the junction '

14. In an unbiased p-n junction, zcro
current implies that

(a) the potential barricr has

disappeared. )

(b) number of holes diffusing from
n-side equals the numbcr of

- electrons diffusing from n-side
to p-side .

(c) no carrier across the junction.

(d) total current crossing the junction
from p-side to n-side equals-the
total currerit crossing the junction

from n - side to p-side.

15. The 6'V.zener diode shown in figure
haszero zener resistance and a knce
current of 5 mA. The minimum valuc
of R so that the voltage across it does

not fall below 6 V is —_—
500
\\- l _
fAN | J

Tlov “L[ev sR

(@) 1.2KQ )80
©500  {)oQ

16. The built in potential {diffusion
potential) in 2 p-n junction

(a) is equal to the difference in the
fermi level of the two sides,
expressed in volts.

(b) increases with the increase in the
doping levels of the twp sides.

(c) increases with the increase in
temperature. . :

_(d) all of abovc

17. A zener diode works on the
principle of

(a) tunncling of charge carriers
across the junction

(b) thermionic emission

(c) diffusion of charge carricrs across

* - the junction

(d) hopping of charge carriers across
the Junction

18. The depletion capacitance C, of an
abrupt p  n junction with constant
doping on cither side varics with
reverse bias Vg as

(@) Cy o Vi (b) G o V!
©Cre V' (@«

19.The static characteristic of an
adequately forward biased p-n
Jjunction is a straight line, if the plot is
of '

(a)logIVslog V(b) logi Vs V
(c)I VslogV @dI1VsV

20. Silicon diodc is less suited for low
voltage rectifier operation because
(a) It can withstand high temperatures
(b) Its reverse saturation current is low
(c) Its cut-in voltage is high
(d) lts breakdown voltage is high
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21. In a junction diode

(a) The deflection capacitance
increases with increases in
reverse bias.

" (b) The deflection capacitance
decrease with increase in
reverse bias.

(c) The diffusion capacitance
increases with increase in the
forward bias.

_(d) The diffusion capacitance is much
higher than the deflection
capacitance when it is forward
biased.

22. The depletion region in semiconductor
p-n junction diode has .
(a) electrons and holes
(b) positive and negative ions on
Either side
(c) neither electron nor ion
(d) no holes

23. A p-n junction diode's dynamic
- conductance is directly proportional
to?
(a) the applied voltage
(b) the temperature
- (¢) its current
(d) the thermal voltage

24. For diode current of 1 mA, at 275C, a

- Ge diode requires a forward bias of

- ~0.2165 V where a Si-diede requires a

FB of 0.872 V. The ratio of reverse
saturation current in Ge diode to that in
Si diode to theclosest approximation is

(@.L (b)3x10° _
©)4.7x 10° d6x10°

775 The diffusion capacitaﬁ:e; of a forward
biased p+ - n junction diode with a
steady current I depends on

(a) width of the"depletion region. -
(b) mean lifetime of the holes.

(c) mean lifetime of the electrons.
(d) junction area.
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26. Why is an €xternal pass resistor used
in a voltage regulator?

(a) FFor short circuit protection.

(b) For increas ng the current that
regulator can andle

(c) For increasing the ou put voltage

(d) For improving the rcgulation.

27. Two p-n junction diodes are connected
back to back to make a transistor
Which one of the following is correct?

() The current gain of such a transistor
will be high :

(b) The current gain of such a

- transistor wil be moderate.

(c) It cannot be used as a transistor
due to large base width.

(d) It can be used only for p-n-p
transistor

28.What is the reverse recovery t me

of a diode when sw tched from

forward bias Vg to reverse b as Vg ?

(a) Time taken to remove the stored
m nority carriers

(b) Time taken by the diode voltage to
attain zero value

(c) Time to remove stored minority
carriers plus the time to bring the
diode voltage to reverse bias Vg

(d) Timetaken by the diodc current to
‘reverse ' '

29. Match List-I (p-n junction diodes) with
List-II (Bias condition) and sclect the
correct answer using the code given
below the lists: )

List-1 List-II
A. Zener Diode 1. Forward bias -
B. Solar cell 2. Reverse bias
C. LASER diode
D. Avalanche Photodiode

A B C D
@1 2 12
®) 2 1 1 2
©2 2 2 —t
@z2 1 2 2
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30. Match List-I (Diode) with List-1I
(Application) and select the correct
a‘rzﬁfy using the code gtven below the
lighs®

List-I !
A, Varactor diode
_B.Tunnel diode
C. Photodiode
D. Zener diode

List-IT
1. To charge auxiliary storage
batteries ’
2. Best choice for silicon ICs
3. Suitable for ICs of III-V
4. ligh frequency switching circuit

A B C D
() 2 1 4 3
®3. 1 4 2
©3 4 1 2
@2 4 1 3

31.Match List-I (Diode type) with List-I1
(important properties) and select thc
correct answer using the code given
below the lists:
List- 1
A. Zener Diode
B. Gunn Diodc
C. Schottky Diode
D. Tunnel Diode

“List-II :
1.Negative resistance device fabricated
using semiconductor like Si, Ga, As,

Ge etc. can be operated at a frequency
of 10GHz
2.Quantum mechanical tunneling with

very thin depletion layers under
reverse bias operated as a reference
voltage sources

3.Negative conductance device,
operates on the principle of transfer
of electron " from one region of
conduction band to
another

4. Metal — semiconductor diode, have
rectification properties

Codes:
A B C D
(a) 2 4 3 1
®) 1 34 2
(cy 2 3 4 1
@ 1 4 3 2

32. Match List-I (Devices) with List-1l

(Property) and select the correct
“answer using the codé given below the
lists:

- List-I

A. Silicon diode

B. Germanium diode

C.LED :

D. PIN diode

List-Il
1. High frcquency applications
2. Very low reversé bias saturation current
3. Low forward bias voltage drop
- 4. Cut-off wavelength

Codes:

A B C D.
(a) 1 3 4 2
(b) 2 4 3 1
() 1 4 3 2
) 2 3 4 1

33. In the energy band diagram of an open
circuited pn junction, the cnergy band
of n-region has shilted relativc to that
of p-region. ’

(a) downward by Eo
(b) upward by Eo- .
(c) downward by Ey/2
(d) upward by Eg/2

77 34. A p-n junction in series with a 100Q2
resistors, is forward biased so that a
current of 100 mA flows. If the voltage
across this combination is
instantaneously reversed to 10V at
t =0, the reverse current that flows
through the diede at t =0 is

approximately given by
(a) 0 mA (b) 100 mA
{c) 200mA (d) 50 mA
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35.The change in barrier potential of a
silicon p — n-junction with
temperature is
(a) 0:025 volts per degree C
(b) 0.250 volts per degree C

38. Each diode in figurc can be described
by a cut - in voltage and zero
resistance. If the cut - in voltage of
diode D1 is 0.2 V and of diode D2 is
0.6 V, the magnitude of current I,

ACE Academy

41. The peak current through the resistor
of ¢jrcuit of figure, assuming the
diodes to be ideal, is

1kQ

1
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44. Figure shows an electronic voltage
regulator. The Zener diode may be
assumed to requirc a minimum
current of 25 mA for satisfactory
operation. The value of R required

(c) 0.030 volts per degree C through - D1 s _ ~_mA and Wy — - for  satisfactory operation  is
(d) 0.014 volts per degree C magmitrde - of current .through D2 is %D __ ohms.
m .
36. Consider the following circuit ) A'I\I(\}\}\(Q O2sinet ——4v NII\{N' d
_1.5_, Rs : . - . ? . ) h Yl : —|— el )
iz) i%_.. R ' 0V Doy 21000
. S — - 100V N D2 (@) 12mA (b)4 mA T fJ o
Vi v, Ry 16 mA )8 0
9. L © @ 8mA (@) 50Q ©)20Q
42. The circuit in figure shows zener — (©80Q )35Q

regulated dc power suppty. The :
zener — diode is ideal. The minimum - 45. A zener diode in the circuit shown in
_ value of R, down to which'the output the figure below, has knee current of

(a) 20 mA, 0 m (b) 10 mA, 0 mA
©)15mA,0mA  (d) 25 mA, OmA

Zener diode has zener vcltags _
Vz =16 V at a minimum iz of 15 mA.

D . X : ) ) ] i voltage remains constant is 5mA and a maximum ailowed power
o} | 39. In_ﬁgure,l’IV*feqmred for the diode ¥ : dissipation of 300mw. What are the
_ 100 is . ) ; 3 T+ ;’;’\g minimum and maximum load
(D300sinot % (a).300 V () 100V , -, X ;:_unent; that (‘:ank be drawn safely
=100V . () 200V (d) 400 V . : 214V N 15V RL rom the circuit, keeping th¢ output
T . _ . ) voltage Vpat 6 V?
If V,= 24 + 3 V and Ry, varies from ) _ - . : M;'(\)’\Q ' T4
250 Q to 2k Q, Find the value of Rg to o d e e T .' ' 4J- L
maintain regulation 40. A voltage v = 4 sn_n ot is dpplle.d o | @279 () 45Q /__+/ 9 .
(@) Rs > 55. 92 b) Re < 123.04 the terminals A-and B of the circuit ; \4 JANBNRERE Y Vo
RO R ey shown in figure. The diodes are - ©15Q @249 . T p 'l
) Rs <63. (@ Rs>23. assumed to be ideal. The impedance ' -

43X In the circuit of figure, the 5 V zener
diade requires a minimum current of
- 10 mA. For obtaining a regulated

offered by the circuit across the

(2) 0 mA; 180 mA (b) 5 mA, 110 mA
termina!s A and B in !dlo - ohms is

() 10mA, 55 mA (d) 60 mA, 180mA
KEYS: - _ -~ R

37. For the circuit shown below Vy is__
given. by 2 + 0.1 sin ot) volts-

Assuming Vp = 0.7 V and diode as x >} : ' - o output of 5 V, the maximum : L
linear device the output voltage Vy is D2 D1 . permissible load current ] is 0la 02.c 03c 04d 05c O6c
given’byIOO o : (D4sinot Z10kQ : mA and the minimum ' ‘ ' ' ’
o | . _ . g 10 kQ : power rating of zener diodeis___ W. 07b 08b 092 10d 11.d 12a
T T ﬁ l 1000 13¢ 14d 15b 164 17a 18c
Vi ——- : 1 - -V @35 (b) 20 ——— IV i .
100 Q - Zam0 (cy10 (d) None of these . _ . ) 19b 204 21b 22b 23c 24c
, L ' , 25b 26a 27c 28a 29b 30c
(2)0.59 sin 0t V (2) 40 mA and 0.05 W lc 32d 33a 34b 352 36
(6)0.36 +0.59 sin @t V (b) 10 mA and 0.20 W 3le R ' ’
%)0:94+0.04 sin ot V (©)25mAand0.10W . 37c 38b 39b 40c 41d 42b
@1.2+063sinwtV

) 5mA and0.15 W
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PREVIOUS IES QUESTIONS:

01. A p-n junction diode’s dynamic
conductance is directly proportional to
(a) the applied voltage
(b) the temperature
(c) its current
(d) the thermial voltage

-02.7The AC resistance of a forward-biased
p-n junction diode operating at a bias

voltage *V’ and carrying current ‘I’ is
(a) zero
(ba 'co_nstant value independent of V
and |
(e Vi
(d) AV/AL

03. Match List-I (Devices) with List-Il
(Property) and select the correct
answer using the codes given below
the lists: )

List-I -

. Silicon diode

. Germanium diode

LED

. PIN diode

List-1I
1. High frequency applications

SEel- S

2. Very low reverse bias saturation
current
3. Lew forward bias voltage drop
4. Cut-off wavelength
Codes:
ABCD
(@ 1 3 42
® 2 4 31
© 1 43 2
@ 23 4 1

)4. The depletion layer across ap”-n
junction lies
(a) mostly in the p - region
e | (b)mostlyinthen-- region
(c) equally in both the p+ and n—-
. regions
" (d) entirely in the p* —regions

© Wiki Engineering

05. Assertion (A): The diode cument is
controlled by minority carricr injection
over a potential barrier. In the forward
bias condition, the minority carriers arc
incrcased exponentially. -

Reason(R): At High'forward bias, the =

~ electric field in the neutral regions is
no longer ncgligible as thc minority

‘charge density appreaches the majority
charge density. The diodc starts to = -

———behave like an ohmic device.
(a) Both A and R arc true and R is the
correct explanation of A.
(b) Both A and R are true but R is
NOT the correct explanation-of A.
(c) A is true but R is falsc.
(d) A is false but R is true.

06. Match List-I with List-Il and sclect
the correct answer. using the codes
given below the lists:
. lAiSt'l -
A. Zener Diodc
B. Gunn Diode
C. Schottky Diode
D. Tunnel Diode
List-11
1. Negative resistance device
fabricated using scmiconductors
like Si, GaAs, Gc etc. can be
operated at a frequency of 10 GHz.

2. Quantum mechanical tunncling -

with very thin dcpletion layers
under reveisc bias operated as a
reference voltage sources.

3.. Negative  conductance = device,
operates on the principle of transfer
of electron .from one refion of
conduction band to another.

4. Metal - semiconductor diode, have
rectification properties.

Codes:
ABCD
(@ 2 4 3 1
() 1 3 4 2
¢ 23 41
d 1 4 3 2
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07. The change in barricr potential of a
silicion P-N junction with
temperature is
(a) 0.0025 Volts per degrec C
(b) 0.0250 Volts per degree C
(c) 0.0030 Volts per degree C
(d) 0.0014 Volts per degree C

08. The diffusion capacitance of a p-n
junction diode
" '(a) increases cxporientially with

forward bias voltage.

(b) Decreases cxponentially with
forward bias voltage.

(c) Decreases linearly with forward
bias voltage:

(d) Increases linearly with forward bias

voltage.

09. The reverse current of a silicon diode
is
" (a) Highly bias voltage scnsitive.

(b) Highly temperature sensitive.

(c) Both bias voltage and temperature
sensitive ’ o

(d) Independent of bias voltage and
temperature.

10. Depletion capacitance in a diode
depends on
1. Applied junction voltage
2. Junction built-in potential
3. Current through junction
4. Doping profile across the junction
Select the correct answer using the
codes given below
(a)land 2. (b) 1 and 3
(c)1,2and 4 (d)2,3and 4

11. The depletion region in a

semiconductor p-n junction diode has

(a) Electrons and holes

(b) Positive and negative ions on either
side

(c) Neither electrons nor ions.

(d) No holes.

12. When a junction diode is used in
switching applications, the forward
recovery time is
(a) qf the order of the reverse recovery
time

(b) negligible in comparison 10 the
reverse recovery lime.

(c) greater than the reversc recovery
time ’

(d) equal to the mean carrier life time ©
for the excess minority carriers.

is correct? A tunnel diode is always

biased

(a) by a d. ¢ source .

(b)_in the middle of its negative
resistance region

(c) in the positive resistance region
nearest to zero

(d) in the reverse direction

—14. A tunnel diode is
(a)-High resistivity p-n junction
diode-
(b) A slow switching device
(c) an amplifying device
. (d) A very heavily doped p-n
junction diode

15. The junctior. capacitance of a p n
Jjunction depends on
(a) Doping concentration only-
(b) Applied voltage only

{c) Both doping concentration and
applied voltage

(d) Barrier potential only
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16. Match List - 1 {Diode) with
List - - II{Common Application) and
select the correct answer using the
code given below the lists: /

. List-1
B. PIN diode
C. Zener diode
D. Photo diode
List-11 °
1. Reading of film sound track
2. High frequency oscillator circuits
3. Very high frequency switching

circuits
4. Reference voliage.
Codes:

A B C D
(@ 4 3 2 1
b 2 1 4 3
c 4 1 2 3
@ 2 3 4 1

17. The doping concentration on the .

n—side of a p - n junction diode is -

enhanced. Which one of the

following will get affected?

(a) Width of the depletion region on
n - side

(b) Width of the depletion region on
p - side

{c) Width of the depletion region on

bothside -~ - T
(d) No change in width of depletion
region

18. In step. — graded p -- n junction diode,

what is the ratio of depletion - region
penetration depths into p and n
regions (if the ratio of acceptor to
donor (if the ratio of acceptor to
donor impurity atoms’ densities is
1:2)?

@2:1 (b)4:1

'(c) 1:2 dl:4

© Wiki Engineering

19. What is the typical value for the ratio
of current in a p - n junction diodc in
the forward bias and that in the
reverse bias?

(@)l (b)10

(c) 100 (d) 1000

20. Consider the following statcments for
-~ ap~njunction diodc:
1. It is an active componcnt.
2. Depletion layer width decreases
with forward biasing
3. In the reverse biasing case.
saturation current increascs with
"increasing temperaturc.
Which of the statements given -
above are correct?

cpramt !

(@1,2 and 3 (B) 1 and 2 only
(c)2and3 only (d) I and 3 only
21. Consider lhe'foilowing stalcments
pertaining to tunnel diodes:

1. Impurity concentration is high

2. Carricr velozities are low

3. They have currcent - controlled
V-- 1 charactcristic..

Which of the statcments (s) given
above is/ are corrcct?

(@lonly  (b)2and3only.
(c)1and3only (d)1 and 2 only

KEY:

tce 2d 3d -4b 5¢  6c
7a 8a 9b 10c 11b 12b
13b 14d 15¢ 16d 17a 18a

19d 20a 2la
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PREVIOUS GATE QUESTIONS:

1. In the figure, silicon diode is carrying a

constant current of 1 mA. When the
temperature of the diode is 20°C, Vp is
found to be 700 mA. If the temperature
nscs to 40°C, Vp becomes
approximately equal to

GATE -2002

"

Vp
L
(a) 740 mV (b) 660 mV
(c) 680 mV (d) 700 mV

. Choose proper substitutes for X and Y

to make the following statement
correct Tunnel diode and Avalanche
photodiode are operated in X bias and
Y bias respectively.

GATE - 2003
{a) X: reverse, Y: reverse
(b) X: reverse, Y: forward
(c) X: forward, Y: reverse
(d) X: forward, Y: forward

3. A Silicon PN junction at a temperature

0f 20°C has-a reverse saturation current ~
of 10 pico-Amperes(pA). The reverse
saturation current at 40°C for the same
bias is approximately. GATE — 2005
(@)30pA (b) 40 pA

(c) 50 pA (d) 60 pA

4. The primary reason for the widespread
use of Silicon in semiconductor device

technology is GATE -2005

() abundance of Silicon on the surface

of the Earth.
(b) larger bandgap of Silicon in
comparison to Germanium.
{c) favorable properties of Silicon-
~ dioxide (Si0»).
{d) lower melting point.

5. The values -of voltage (Vp) across a

tunnei-diode corresponding to peak
and valley currents are V, and V,
respectively. The range of tunncl-diode
voltage Vp for which the slope of its I-
Vp characteristics is negative would be
GATE - 2006

(@ Vp<0 (b)0<Vp<V,
(©VpsVp<V, (d)Vp2 V,

6. In a p'n junction diode under reverse

bias, the magnitude of electric ficld is

maximum at GATE -2007

(a) the edge of the depletion region on
the p-side :

(b) the cdge of the depletion region on
the n-side .

(c)the p'n junction

(d) the centre of the depletion region
on then-side.

7. Which of the following is NOT

associated with a p-n junction?
GATE - 2008

{a) Junction Capacitance

(b) Charge Storage Capacitance

- .(c) Depletion Capacitance

(d) Channel Length Modulation

8. At 300.K, for a diode currénf af 1 mA,
. = certain germanium diode requires-a-

forward bias if-01435 V, whereas a
certain silicon diode requires a forward
bias of 0.718V. Under the conditions
stated above, the closest approximation
of the ratio of reverse saturation

““current in germanium digde to that in

silicon diodeis GATE - 2003
(a1 )5
() 4x 10° (d) 8 x10°
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9. In  an abrupt p-n junction, the doping .

concentrations on the p-side and n-side
are Na=9 x 10'%/cm’ and

Np = 1 x 10'%cm’ respectively. The
p-n junction is reverse biased and the
total depletion width .is 3pm. The

depletion width . on " the p-side is. -

GATE -2004
(a) 2.7um (b) 0.3pm
(c)225pm (d) 0.75pm

- 10. A Silicon PN junction diode under -

~reverse bias has depletion region of
width 10pm. The relative permittivity
of Silicon, € = 11.7 and permittivity of
free space £, == 8.85 x 102 F/m, .
The depletlon capacitznce of the

diode per square meter is
GATE - 2005

(a) LOOpF (b) 10pF

(©) 1pF (d) 20pF

11. A p'n junction has built-in potential of
0.8V. The depletion layer width at a
reverse bias of 1.2 V is 2um. For a
reverse bias of 7.32 V, the depletion

layer width will be

GATE - 2007
() 4 pm (b)4.9 pm
(¢) 8 pm (d) 12 pm

12 Consider the following assertions.
'S1:"For Zener effect to occur, a very
abrupt junction is required
S2: For quantum tunneling to occur, a
Very namow  energy bamer is
required—
Which of the followmg is correct?
GATE - 2008
(a) Only 82 is true
i (b) S1 and S2 are both true but S2 is
“not a reason for S1
(c) S1 and S2 are both true and S2 is a
reason for S1
(d) Both S1 and S2 are false.
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Common Data for Qﬁcstions 13 and 14:

Cofisider a silicon p-n junction at room
temperature having the following
parameters:
Doping on the n-side ~ 1 x lOl7 em?
Depletion width on the n-side- - 0.1 pm
Depletion width on thg p-side - 1.0 ym
Intrinsic carrier concenttation - ©-

, 1.4 10" cm™
Thermal voltage -- 26 mV
Permittivity of free space

885 10MF.
-} L

_cm

Dielectric constant of silicon = 12

13. The built- in potential of the j _|uncll<)n
a)is 0.70'V
b)is 0.76 V
c)is0.82 V-
d) cannot be estimated from the data
given.

14. The peak clectric field in the device is
0a) 0.15 MV . em™, directed from
) p - region to n- region.
b) 0.15 MV . cm™ directed from
n - region to p- region.
¢) 1.80 MV . cm™ directed from
p - region to n- region.
... d)1.80 MV . cm™ directed from
" n-region to p- region..

KEY:
b 2c¢ 3d 4a 5c 6c
7d 8c 9b 10b 1la- 12a
3. 14 '

CHAPTER -3 TRANSISFOR THEORY (BJT, FET)
e

TRANSISTOR
Transistor was first invented in 1948 by J. Bardeen and W.I{. Brattain of Bell Telephone
Laboratories, UJ.S.A.
It consists of two p-n junctions back-to-back and is obtained by sandwiching cither p-

type or n-type semiconductor between a pair of opposite type of semiconductors.
Obviously, there arc two types of transistors.
(a) p-n-p transistor: Here two blocks of p-type semiconductor termed : as emitter and

collector are separated by a thin block of a-type semiconductor {termed as base).

(b) n-p-n transistor: Herc two blocks of n-type semiconductor (ternicd as emitter and
collector) are separated by a thin block of p-type semiconducior (lermed as base).
You will note that all the three blocks of a transistor shown in below fig are not equal.
Further, for getting tiansistor action, the doping ievels in the dlf ferent blocks arc kept
different as under:

o Emitter: This is the left hand block of the transistor. It is of modcrate size and heavily
doped semiconductor. This supplies a large number of majority carriers for the current
flow through the transistor.

« Base: This is.the central block. It is very thin and lightly doped.

o Collector: This collects a major portion of the majority carriers supplicd by the cmitlcr.
The collector side is moderately doped and larger in size(to w1lhsland lhc temperature
generated at the collector) as compared to the emitter. :

Emitter Collector Emitter Collector

Base

p-i-p Transistor_ |

n-p-n Transistor -

Figl: Symbols for n-p-n and p-n-p transistor

If the arrow mark is towards the base, it is PNP transnstor if if is away then it is NPN
transistor.

The arrow mark on the emitter specifies the direction of current when the emitter base
junction is forward biased. When the PNP transistor is forward biased; holes are imjected

“into the base. So the holes move from emitter to base.

The conventional current flows in the same direction as holes. So arrow mark is
towards the base for PNP transistor. Similarly for NPN transistor, it is away.

www.raghul.org



ACE Academy

58 Electronie Devices
{a) ( _
p-emitter n-Base  p-collector n-cmitter p-Base  n-collector
region region
¥ig2. Bias T et st Ve
Voltage 1 [
applied e A h
(@ pnp o
transistor EHE.
and (b) n- et Ie
. po R Tl C Iy :
transistor. %lr %Il} }} il I}
Vi Vea Vin: “Vep

. For understand the "action of a- transistor. we have-to consider the nature of
depletion layers formed at the emittcr-base p-n junction and-basc-collector p-n junction.
In general, the emitter-base junction of a transistor is forward biased while collector base
Junction is reverse biased as shown in fig2.
This figure also shows the two depletion layers formed at the emitter-base junction and
collector-base junction. Since the cmitter base junction is forward biased (as welt as duc to
. heavy doping of the emitter), this depletion layer will be narrow while the collector-base
junction being reverse biased will be relatively wider.
The forward bias voltage Vg is small (0.5 to 1 V) while the reversc bias vollage Vg is
considerably high (5t0 I15V). - - ' :

Consider the case of a biased p-n-p transistor shown in fig2. As the emiticr base
junction is forward biascd, a large number of holes (majority carriers) from p-typc emitter
block flow towards the base. Thesc constituté the current through the emitter, I These holes
have a tendency to combine with the elcctrons in the base-region (giving only a very small
base current, Ig) beeause the base is lightly doped and very thin (this constructional featurc

. is the key of transistor-action).

' Most of the holes coming from the emitter are ablc to diffuse thfough the ‘basc -
region, these holes sec the favourable negative potential at the collector and hence they easily”™ -

reach the collector terminal to constitute the collector current, Ii-. It is obvious from the above
argument that the emitter current is the sum of collector current and basc current.

g=lc+lg (Ic>>1p)
o Similar.desc;[iption can be made for a biased n-p-n transistor as shown in fig2. Here the
electrons (instead of holes as in p-n-p transistor) are the majority carriers supplied by the n-

type emitter region which cross the thin p-base region and are able to reach the collector to
give the collector current, I¢.

© Wiki Engineering
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Transistor Circuit configurations

Basically, there are three tvpes of circuit connections (calied configurations) for
operating a transistor.

1. Common-base (CB). 2. Common-emitier (C15), 3. Common-collector {(CC).

The term common is uscd to denote the electrode that is common to the input and
output circuits. Because the common clectrode is generally grounded, thesg modes of
operation arc frequently referred to as grounded-base. grounded-emitter and grounded-

_ collector configurations as shown in below figure for a PNP- transistor.

——Since 2 transistor is a 3-lerminal device., one of its terminals has to be common tothe™

input and output circuits.

CB Configuration

[n‘this configuration, cmitter current Iy, is the input current and collector I¢: is the

‘output current. . o
The input signal is applicd beiween the emitter and base whercas output s taken out

. {rom the collector and base as shown in below [igure.

The ratio of the collector current to the emitter current is called dc alpha (owg) ot just
‘0. of a transistor '
dg=a I/l .

It is also called forward current transfer ratio (byg). In-hyep. subcript # stands f(_)‘r forward

and B for common-base. E
B 13 I
w P o
(h) N

The o. of a transistor is a measure of the quality of a transistor: higher the valuc of @, better
the transistor in the sensc that collector current more closely cquals ihe emitier carrent.
Its value ranges from 0.95 to 0.999. Obviously. it applics onlx o €13 conliguration of a

_transistor.

l(: faN ¢ 2 lg - ,ﬂOW, ln=" S T (Llr-'—'(l - (1)||; B 1_[_1‘ l(' t llg)
Incidentally, there-is also an a.c. @ for a ransistor. 1t refers 0 the ratio of change in
collector current to the change in ciniiter current.
o e = Al/Alg
It is also. known as short-circuil gain ol a transistor and is writicn as hp,
It may be noted that upper casc subscript *FB” indicates dc valuc whereas lower case
subscript */b” indicates ac valuc.For all practical Purposcs, Olac= Qac = O g
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CE Configuration

Herc, input signal is applied between the base and emitter and output signal is taken
out from the collector and emitter circuit. As secn from above figure.4(b). Iy is the input
“current and I¢ is the output current.

The ratio of the d.c. collector current to d.c basc current is called de beta (Ba.) or just p of
the transistor.

B=I¢/Ig or Ic=BIg

It is also called common-emiitter- d.c. forward transfer ratio and is writtcn as hpg. It is
possible for B to have as high a value as 500.
While analyzing ac operation of a transistor, we usc a.c B which is glven by
Bac=AlIc/ Alg.
It is also written as hg
- Relation Between o and B

B = I(:/ln anda= I(;/IE ﬁ/(l = lE/In

a=B/(1+p) '.--B=a/(1-a)

“u—m=lu1+m-

CC Configuration
In this case, input signal is applied between basc and colicctor and output slgndl is
taken out from emitter-collector circuit. Conventionally speaking, here lgis the input
current and Ig is the output current as shown in above figure.4(c). The currcnt gain of the
circuit is :

Il de B B (qap)=y
Ig Ic I  « B/1+pB)

. Relationship Between lransnstor Currents ) X )
- While deriving various equations, following definitions should be kept in mlnd i

(l=(l(_/ lE)a B\= X/ ln), o= ._-B_ and B =_Q
- 1+8 - 1-a
@) Ie=Plg= ol = TBI;? I
Ig
(ll) IB—I(/B ]+B—(1 (l) Ie

_} ——

I - .
(lll) I(:, = I(: la= B

—#%uﬂnmn=

(iv) The thrce transistor d.c. currents always bear the follov'gi’ng relation
lp,:ls':l(;::l:(l-a):ar-

Incidentally. it may be noted that for ac currents, small letiers ., i and i, are used.
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Leakage Currents in a Transistor

{a) CB Configuration

“The leakage current Icgo where the subscripts CBO stand for “Collector to Base with
emitter Opcn Very often, it is simply written as I¢o . [t should be noted that
(1) Icgo is exactly like the reverse saturation current Is or Iy of a reverse-biased dl()de
discussed.
(i) Icpo is extremcly temperature- dcpends because it is made up of thermally-gencrated
minority

cqmcr.s. Icno doubles for every 10° C rise in temperature for Ge and 6°C for Si

e 7T Total cellector currentis actually the sum of two components:
(i) current produced by normal transistor action i.c. component controlled by emitter
current. Its value is a I; and is due to majority carricrs.
(u) temperature-dependent leakage cunenl I duc to minority carricrs.
Lle=alp + 1o :
Sincc Ieg<<1I¢ henee = I¢/ ]1; :
wle= Bla+ (1+B)co
CE Conﬁguration

lor a common—cmlltcr circuit of an NPN transistor whose base lead is ()pun Itis
found that despite Ig -+ 0, there is a leakage current from collector to crmitter. 1t is called
Iceo, the subseripts CIiO standing for ‘Collector to Emitter with basc Open’.

Taking this leakage current into account, the current distribution through a C/: circuit
becomes

Lc=Ply + Iceo = Blg + (1 + B)lco=Plg +Ieo / (1 - a) -

() -~ I¢=alg/(l-a) +1¢o/(l-0)

Now Blu o Ig, Substituting this valuc above, we get,

=alg + ko

Also, I3 = Il - ]( e o
— Substllutmg the value of-lefrom above, we th(,

(i) Ig =Ig - aly; — Icgo = (| o) Ig = Iceo
Thermal Runaway

10°C rise in temperature in Ge and for every 6°C rise in Si.

Any increase in I¢o is magnified (1 + ) times i.e. 300 (o 500 times. Even a slight increase
in I¢o will affect J¢: considerably.

As I¢ increascs, collector power dissipation increases which raises the operating
temperature that lcads to further increase in I¢:

If this succession of increases is allowed to continue, soon ¥¢ will increase beyond safe
operating value thereby_damaging the transistor-itself - a condition known as . thermal
runaway. .

www.raghul.org
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Importance of V¢

The voltage i is very important in checking whether the transistor is
" (a) defective, (b) working in cut-off
{c) in saturation or well into saturation
When V¢ = Ve, the transistor is in cut-off i.e. it is turned OFF
When Vi <0, the transistor is in saturation i.e. it is turned {ully ON.
When Vg is less than zcro i.c. negative, the transistor is said to be well into saturation. In
practice, both these conditions arc avoided.
For amplifier operation. Vg =% Vee.

Normal operation ol a lmlmstor lies between the—&hﬂu lwo extreme condltlum ol cut-off

and saturation. :
4Vpa Ve

A7
(et

5
R

Is

ICRL o V(‘c

I Fig.5

V 0 ey
Ve ilv“ BJ1

. Saturation
(b)

1ay

()pcrating Regions

) A BH has two junclions i.e. basc- cmlttcr ‘and basc-collcclor junctions cither of
which could be forward-biascd or reverse-biased.  With two junctions. there are four

possible combinations of bias condition. , .

(i) both junctions reverse-biased. -

(ii) both junctions forward-biased. R

(iii) BE(Basc-Emitter) juniction forward- brased -BC(Base- Collector)Junctlon reversc-biased.

(iv) BE junction reverse-biased, BC junction forward-biased.

Since condition (iv) is generally not used, we will tabulate the remaining three conditions
below. -

Transistor Operation Regions — ~

BE BC o o
Junction Junction Region )
RB* RB Cut-off oo
FR** FB Saturation
Fiy RB . Active

*Reverse-biased, **forward-biased
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(a) Cut—off

This condition corresponds to reverse-bias for both base-emitter and base-collector
junctions. In fact, both diodes act like open circuits under these conditions, which is true
for an ideal transistor. In cut-off, Veg=Vce

(b) Saturation

This condition corresponds to forward-bias for both base-emltter “and base-coilector
junctions. The transistor becomes saturated i.e. there is perfect short-circuit for both base-
emitter and base-collector diodes. In this case, Vo = 0.

(c) Active Region
This condition corresponds to forward-bias_for base-emitter junction and reverse bias

for base-collector junction. In this case, Vg > 0.

BJT Switches

Very often, bipolar junction transistors are used as electronic switches. With-the help
of such a switch, a given load can be turned ON or OFF by a small control signal. This
control signal might be the one appearing at the output of a -digital logic or a
microprocessor.

When using BJT as a switch, usually two levels of control signial are employed. With
one level, the transistor operates in the cut-off region (open) whereas with the other level,
it operates in the saturation region and acts as a short-circuit.

Typical n-p-n transistor-junction voltages at 25°C .

Veesa | VBEsawration | VBEacive | VBEcuin= VI | VBE.cutoft
Si 0.2 0.8 0.7 0.5 0.0
Ge |01 . .]03 0.2 0.1 -0.1

The entries in the table are appropriate for an n-p-n transistor. For a p-n-p iransistor
the signs of all entries should be reversed.

MAXIMUM VOLTAGE RATING

Even if the rated dissipation of transistor is not exceeded, there is an upper limit to the

maximum allowable collector-junction voltage since, at high voltages, there is the possibility
of voltage breakdown in the transistor.

Two types of breakdown are p0551ble .avalanche breakdown and reach-through discussed
below.

Avalanche Multiplication:

~The maximum Teverse-biasing voitage-which may be applied before breakdown
between the collector and base terminals of the transistor, under the condition that the emitter
lead be open-circuited, is represented by the symbol BVcgo.

Breakdown may occur because of avalanche multiplication of the current Ico that
crosses the collector junction.

As a result of this multlphcatlon the current becomes Mlco, in which M is thc factor by
which the original current I is multiplied by the avalance effect.

At a high enough voltage namely, BVcgo, the multiplication factor M becomes
nominally infinite, and the region -of breakdown is then attained. Here the current rises
abruptly, and large changes in current accompany small changes‘ﬁ‘{"%fbﬁ@i‘%l@age
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The avalanche multiplication factor depends on the voltage Vg between collector and base.
We shall consider that

M= 1 .
1-(Ves/BVcno)'

The parameter n is found to be in the range of about 2 to 10, and controls the sharpness of
the onset of breakdown.

An analysis of avalanche breakdown for .the CE configuration indicates that the
collector-to-emitter breakdown voltage with open-circuited base, desngnated BVU 0, 1S

BVceo =BVero "V1/heg

For an n-p-n germanium transistor, a reasonable value for n, determined experimentatly, is n
= 6. If we now take hgr = 50, we find that BVcgo = 0.52BV cgo.
Reach-through:

The second mechanism hv which a transistor’s usefulness may be terminated as”the
collector voltage is incteased is called punch-through, or reach-through, and results from
the increased width of the collector-junction transition region with increased collector-
junction voltage (the Larly effect). :

As the voltage applied across the collector junction increases, the transmon reyon penetratcs
deeper into the collector and base. Because neutrality of charge must be maintained, the
number of uncovered charges on each side remains equal. Since the doping in the base is
ordinarily substantially smaller than that of the collector, the penetration of the transition
~ region into the base is much larger than into the collector Thls process is known as Early
Effect, or Basc-width Modulation.

PARAMETERS | _CB - CE | cc

1. Ri 10Q 1kQ 100kQ
! . F
2. Ro 100k B T (1o S B (' N
3.DC current gain | a=I¢/lg B=1cls y=Ie/lg
. . (0.95 10 0.99) (50 to 500) (51 to 501)
4. Voltage gain Very High Medium =1 s
5. Application Radio frequency Audio frequency Buffer .
. voltage amplifier

-voltage amplifier
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FIELD EFFECT TRANSISTORS

The acronym ‘FET” stands for field effect transistor. It is a three-terminal unipolar solid-
state device in which current is controfled by an electric field as is done in vacuum tubes.
Broadly speaking, there are two types of FETs:

(a) junction field effect transistor (JFET) Sl
(b) metal-oxide semiconductor FET (MOSFET) ' e

Itis also called insulated-gate FET (IGFET).

It may be further subdivided into :

(i) depletion-enhancement MOSFET i.e. DE-MOSFET

(ii) enhancement-only MOSFET i.e. E-only MOSFET —
Both of these can be either P-channel or N-channel devices. .

| The FET family tree is shown below :

FET
i
I _ ] )
Junction FET (JFET) Metal-Oxide Semiconductor FET
(MOSFET/IGFET)
| " 1
DE-MOSFET E-onlv MOSFET
N-Channel P-Channel N-Channel P-Channel ) N-Channel P—Cﬁannel
Dp+ VDD Dp—Vnn D + VDD De_ an'L D + VI)D D, .. Vion
_ G G .G, G .
. ¥ s
s s s S s

Junction FET (JFET) - -
(a) Basic Construction ) '
FET can be fabricated with either an N-channel or P-channel though N-channel is
generally preferred. For fabricating an N-channel JFET, first a narrow bar of N-type
semiconductor material is taken and-then two P-type junctions are diffused on opposite sides

‘of its middle part . These junctions form two P-N diodes or gates and the area between these
gates is called channel.

The two P-regions are internally-connected and a single lead is brought out which is

__called gate terminal. Ohmic contacts (direct electrical connections) are made at the two ends
of the bar-one lead is called source terminal S and the other drain terminal D.

When potential difference is established between drain and source, current flows along
the length of the “bar’ through the channel Jocated between the two P-regions.
The current consists of only majority carriers which, in the present case, are electrons.
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Daglasien regtan P-channel JFET is

‘g ran - similar in construction

except that it uses P-type bar and
two N-type junctions. The
majority carriers are holes which
flow through the channel located
between the two N-regions or
gates.

3 Fig. shows, the basic structure of
— e T an_n-channel field-effect

transistor. The normal polarities
of the drain-to-source and gate-to-source supply voltages are shown. In a p-channel FET the
voltages would be reversed.

Followmg FET notation s worth remembering :

01. Source. It is the terminal through which majonty carriers enter the bar. Smce carriers
come from it, it is called the source.

02. Drain. Itis the terminal through which majonty carriers leave the bar i.c. they are
drained out from this terminal. The drain-to-source voltage Vi drives the drain current Ip.

03. Gate. These are two internally-connected heavily-doped impurity regions which form
two P-N junctions. The gate-source voltage Vs reverse-biases the gates.

04. Channel. It is the space between two gates through which majority carriers pass from
source-to- drain when Vps is applied.
Schematic symbols for N-channcl and P-channel JFET are shown in the above Figures. It
must be kept in mind that gate arrow always points to N-type material(channel).
(b) Theory of Operation
‘While discussing the theory of operation of a JFET, it should be kept in mind that
‘1. Gates.are always reversed-biased. Hence, -gate current Igis practically zero.
— —2. The soiurced terminal is alwaysconnected to that end of the drain supply which
provides the necessary charge carriers.
In an N-channel JFET, source terminal S is connected to the negatlve end of the dram
voltage supply (for obtaining electrons).
In a P-channel JFET, § is connected to the positive end of the drain voltage supply for
getting holes which flow through the channel.”
Let us now consider an N-channel JFET and discuss its workmg when either Vgs or

Vs 6F both are changed. - Drain D ‘_‘

f ¥
Fig.7. Circuit symbol for an _ n-channel FET. b
(For-ap-channel FET the arrow at the gate junction Gate G +
points in the-opposite direction.) For an n-channel FET, ——¢—— Vs = Vpo
Ipand Vps are positive and Vs is negative. Fora __ lo -
p<channel FET, Ip-and Vpg are negative and Vgg VGG Vs T Is _
is positive. _l_ Source § - 1

© Wiki Engineering

ACE Academy Transistor Theory (BJT,FET) 67

(i) When Vgs =0 and Vps=10

In this case. drain current Ip = 0, because Vps = 0. The depletion regions around the P-N
junctions are of equal thickness and symmetrical .

{ii) When Vgs =0 and Vg is increased from zero
For this purp(‘_)‘s_e,;t_ljg_'JFE'[’ is connected to the Vpp supply as shown in Figure. The
electrons (which are the majority carriers) flow from S to D whereas conventional drain
current I, flows through the channel from D to S. ’

‘As Vps is gradually increased from zero, Ip increases proportionally as per Ohm’s law.
It is found that for small initial values of Vps, the N-type channel matcrial acts like a

—-— resistor of constant value. It is so because Vpg being small, the depletion regions are not

large enough to have any significant effect on channel cross-section and. hence, its
resistance. Consequently, Ip increases linearly as Vpy is inicreased from zero onwards .

The ohmic relationship betweén Vpg and Ip continues till Vi reaches a.certain critical -
value called pinch-off voltage Vpp when drain current becomes constant at its maximum
value called Ipgs.

The SS in Ipss indicates that the gate is shorted to source to make sure that Vgs = 0.

This current is also known as zero-gate-voltage drain current.

Under pmch off conditions, separation between the depletion regions near lhe drain end

reaches a minimum value . It should, however, be carcfully noted that pinch-off does
“not mean ‘current-off”. In fact, Ip is maximum at pinch-off.

When Vpg is increased beyond Vpo, Ip remains constant at its maximum value Ipss upto
a certain point. It is due to the fact that further increase in Vg (beyond Vo) causes
more of the channel on the source end to reach.the mmlmum width.

"As more of the channel reaches the minimum width, the resistance of thé channel
increases at the same rate at which Vpg increases.
In other words, increase in Vps is neutralized by increases in RDS _
- “Consequently, Ip = (Vps / Rps) remains unchanged even though Vs is increased.
Ultimately, a certain value of Vpg (called Vpso) is reached when JFET breaks down and
Ip increases to an excessive value.

(iii) When Vps=0 and Vs is decreased from zero

In this case, as Vs is made more and more negative, the gate reverse bias increases
which increases the thickness of the depletion regions.
As negative value of Vs is increased, a stage come_s_w_hen the two depletion regions

touch each other. In this condition, the channel is said to be cut-off. This value of Vg
which cuts off the channel and hence the drain current is called Vgsom.

It may be noted that Vasem = — Veo of {Veo |=[Vasem |-
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(iv) When Vg is negative and Vpq is increased
As Vgs is made more and more negative, values of Vp as well as breakdown voltage are -
decreased.
Summary. Summarizing the above, we have that
(i) keeping Vs at a fixed value (either zero or negative), as Vs is increased, I initially
increases till channel pinch-off when it becomes almost constant and finally increases
excessively when JFET breaks down under high value of Vps. As Vs is kept fixed at
progressively higher negative valucs, the values of Vp as wcll as breakdown voltage
decrease.

(i) keeping Vps at a fixed valuc, as Vs is made more and more negative, Ip dcercases il it
is reduced to zero for a certain value of Vg called Vsiony.

Since gate voltage controls the drain current, JFET is called a voltage-controlled device.

A P-channel JFET operatcs exactly in the same manner as an N-channel JEET except that
current carriers are holes and polarities of both Vpp and Vs are reversed.

Since only one type of majority carrier (either electrons or holes) is used in JFETs, they are
called unipolar devices unlike blpolar junction transistors (BJ I's) which use both elcctrons
and holes as carners :

‘Static Characteristics of a JFE:T

We will consider the following two characteristics:
(i) Prain characteristic

1t gives relation between Ip and. VDs for different values of Vg (which is called running
variable).

(ii) transfer charactcristic
It gives relation between Ip anc_l Vgs for different values of Vps.
JFET Drain Characteristics With Vgs= 0

Such a characteristic is shown in Fig.8. and has been alrcady discussed bneﬂy in Art.
It can be sub-divided. mto followmg four_mglons ' —

R

1.0hmic Re egioOA - - -K—Ohmlc : Pmch off - ,
R«

This part of the characteristic egion (Saturation)
is linear indicating that for low \ Region

* - - —— ]
velues of YDS, current varies Mg > Breakdown
directly with voltage following S ;
Ohm’s Law. It means that JFET- Ioss C cgion

behaves like an ordinary resistor
till point A (catledknee) is reached.

2.Curve AB T |
In this region, [p increases
at reverse square-law rate upto 0 Vp Vs Va
point B which is called pinch-off point. —
The drain-to-source voltage Vps Fig.8.
corresponding o point B is called
pinch-off-voltage Vp. But it essential
to remember that pinch-off does not mean current-off.
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3. Pinch-off Region BC '

1t is also known as saturation region or amplified region.Here, JEET operates as a

constant-current device because Ip is relatively independent of Vs .

It is due to the fact that as Vps increases, channel resistance also increases
proportionally thereby keeping Ip practically constant at Ipss.

It should also be noted that:the reverse bias required by the gate-channel junction is
supplied entirely by the voltage. drop across the channel resistance due to flow of Ipss and
none by external bias because Vg =0. .

Drain current in this region is given by Shockley’s equation.

Vasiom

. [D=IDSS[]_ %G-S] = Ipss {l- J——]

P
It is the normal operating region of the JFET when used as an amplifier.

4. Breakdown Region

If Vps is increased -beyond its value corresponding to point C (called avalanche
breakdown voliage), JFET enters the breakdown region where Ip increases to an excessnve
value.

This happens because the reverse-biased gate-channel P-N junction undcrgoes _
avalanche breakdown when small change in Vipg produce very large changes in Ip.

It is interesting to note that increasing values of Vps make a JFET behave first as a
resistor (ohmic region), then-as a constant-current source (pinch-off region) and finally, as a
constant-vollage source (breakdown region).

Transfer Characteristic:

It is a plot of Ip versus Vs for a constant value of Vg and as shown in fig.9. It is similar
to the transconductance characteristics of a vacuum tube or a transistor.
It is seen that when Vgs = 0,

ID = l[)ss and when 11) 0 V(;s Vp

‘The transfer characteristics approximately

Ipss

2 2 :
1- Vs 1- —Yes Constant
Ip =Ipss Vp ) =loss Vasiom .

The above equation can be written as
|

Vs = Vasiapl - ‘\/ b ' il -2V 0
, Ipss| Vas

—— Fig.9.

This characteristics can be obtained from the drain characteristics by reading of Vgs and
Inss values for different values of Vps.

Small Slgnal JFET Parameters

The main parameters of a JFET when connected in common-source mode are as under
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{i) AC Drain Resistance rg
It is the ac resistance between drain and source terminals when JFET is operating in

the pinch-off region. It is given by

1g = change in Vps  at Vgs=constantor rs=AVps at Vgs=constant
change inIp Alp

An alternative name is dynamic drain resistance. It is given by the slope of the drain
characteristics in the pinch-off region. It is sometimes written as rys emphasizing the fact
that it is the resistance from drain to source.

Since ry is usually the output resistance of a JFET, it may also be expressed as on
output admittance ys. Obsiously, yos =1/ ry. It has-a-very high value.
(ii) Transconductance, gy,
1t is simply the slope of transfer characteristics.
gm=changeinlp at Vps==constant or gn=
change in Vg AVgs

at Vps=constant

Its unit is Siemens (S) earlier called mho. It is also called forward transconductance
(g or forward transadmittance yis
The transconductance measured at Ipgs is written as g,

‘Mathematical Expression for gy, )

The Shockely equation is Ip = Ipss E— %ﬂﬂ
P

= 2Upss|y _»‘_IGS
A\’ Vp

when Vgg = 0, = 8mo

L P
From the above equzgons, wehave g -gmo | 1- Voss |= g...!,\ / Io_
. Vp . [I)SS

(iii) Amplification Factor, p
Itis glven by p=change in Vps atlp=constant or p=AVps at Ip=constant
changc in Vg . AVgs
It can be proved from above that

H=gnXTy

(iv) DC Drain Rcsnstance, Rps
It is also called the static or ohmic resistance of the channel. Tt is given by

Rys = Vps/lp

S Bme = 2lpss
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Advantages of FETs
FETs combine the many advantages of both BJT's and vacuum tubes. Some of their
main advantages are:
1. high input impedance,
2. small size,
3. ruggedness,
4. long life,
5. high frequency response .
6. fow noise, .
. 7. negative temperature coefficient, hence betier thermal stability,
8. high power gain,
9-a-high immunity to radiations,
10. no offset voltage when used as a switch (or chopper),
11. square law characteristics.

The only disadvantages are-:
Lsmall gain-bandwidth product.
2. greater susceptibility to damage in handling them.

‘MOSFET or IGFET

It could be further subdivided as follows:
0] Depletlon-enhancement MOSFET OR DE-MOSFET-
This MOSFET is so called because it can be operated in both depletzon mode and
enhancement mode by changing the polarity of Vs.
When negatwe gate-to-source voltage Vs is apphed, the N-channcl DE-MOSFET
operates in the depletion mode.
However, with positive gate voltage, it operates in the enhe~cement mode.
“Since a channel exists between drain and source, Ip flows cven when Vg~ 0.
That is Wihy DE-MOSFET is known as normally-ON MOSFET,

(ii) Enhacement-only MOSFET
As its name indicates, this MOSFET operates only in the enhancement mode and has

" no depletion mode. . —

It works with large positive gate voltages only. 1t differs in construction from the DE-
MOSFET in that structurally there exists no channel between drain and source.
Summary:
Hence, it does not conduct when Vgs = 0. That is why it is called normally OFF
MOSFET. -
In a DE-MOSFET, I, flows even when Vgs=0.
. Itoperates in depletion mode with negative values of V.
As Vgs is made more negative, Ip decreases “till it Ceases when Vgs =
Vesig=V1(Threshold).
It works in enhancement mode when Vg is posmve
. In the case of E-only MOSFET ,Ip flows only when Vggexceeds Vgs=Vry .
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DE-MOSFET
(a) Construction

Like JFET, it has source, gate and drain. However, as shown in aboveFrgurc 10, its
gate is insulated from its conducting channel by an ultra-thin metal-oxide insulating film
(usually of silicon dioxide SiQ;). Because of this insulating property, MOSFET is
alternatively known as insulated-gate field-effect transistor (IGFET). Here also, gate
voltage controls drain current but main difference between JFET and MOSFET is that, in
the latter case, we can apply both positive and negative voltages to the gate because it is
_insulated from the channel. Moreover, the gate, SiO; insulator and channel form a parallel-
- plate capacitor.Unlike JFET, a DE-MOSFET has only one P-reglon ot N-region called

-~substrate. Normally, substrate is shorted the source internally.

(b) working

(i) Depletion Mode of N-channel DEMOSFET

when Vgs = 0, electrons can flow freely from source to drain through the conducting
channel which exists between them. When gate is given negative voltage, it depletes the N-
channel of its electrons by including positive charge in it.

—Greater the negative voltage on the gate, greater-is-the reductlon in the number of electrons
in the channel and, consequently, lesser its conductivity. In fact, too much negative gate
voltage called Vo=V can-off the channel.

For obvious reasons, negative-gate operation of a DE-MOSFET is called its depletion mode
operation.
(ii) Enhancement Mode of N-channel DE-MOSFET

The circuit connections arc shown in above Figurel0. Again drain current flows from
source to drain even with zero gate bias. When positive voltage is applied to the gate, the
input gate capacitor is able to create free electrons in the channel, which increases Ip.
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As positive gate voltage is increased, the number of induced electrons is increased -
conductivity of the source-to-drain channel is increased and, conscquently, mcmasmo
amount of current flows between the terminals. That is why, positive gatc operation of a
DE-MOSEET is known as its enhancement mode operation.

Since gate’current in both modes is negligibly small, input resistance of a MOSFET is
~incredibly high varying from 10'° Q to 101Q. In fact, MOSFET' input current is the leakage
current of the capacitor unlike. the input current for JFIET which is the Icakage Lunenl of a
reverse-biased P-N junction -

Teon - (b)
o, mA Ip, mA : Fig.11: (a) The transfer curve (for
6 Depletion « |>Enhancement Vos = 10 V) & (b) The drain
Inton) = 61— fnent charac}crlslrcs. for an n-channel
4] T T MOSIFET which may be used in
_ either the enhancement or the
5 | tiq deplction modci .
v Static Characteristics of a DE-
0¥ . MOSFET _
T 0-3 -2 -1 0 1 2 3 VgV It acts in the enhancement mode
Vs(OFF) ' .. : ~when gaice is positive with respect
f (a) to source and in the depletion modc

when gate is negative. As usual, Vgsep=Vr represents the gate-source voltage
(threshold voltage) which cuts off the source-to-dnun current. The transfer characteristic is
shown in above Figure.11.

For a given Vps, Ip flows even when Vs = 0. However, keeping Vs constant, as Vi is

made more negative, I kecps decreasing till it becomes zcro at Vs - Vasiop™ V- When
used in the enhancement mode, Ip increases as VDS is increased posmvcly

Enhancement-only N-Channel MOSFET

This N-channel MOSFET (also called NMOS) finds widc application in digital

" circuitry. A$ shown in above Figure in the NMOS, the P-type substrate extends all the way

to the metal-oxide layer.

Structurally, there exists no channel between the source and drain. Hence, an NMOS can
never operate with a negative gate voltage because it will induce positive charge in the
space between the drain and source, which will not allow the passagc of eleetrons between
the source S and drain D. :

Hence, it operates with positive gate voltages only.

With Vgs =0, Ip is non-existent even when some positive Vyg is applied. It is found
that for getting significant amount of drain. current lp, we have to apply sufficiently high
positive gate voltage Vgs. This voltage is found to produce a thin layer of free electrons
very close to the metal oxide film which provides channel for electrons (and hence acts like

-N-type inversion layer or virtual N-channel). _

The minimum gate-source .voltage which produces ‘this N-type inversion
layer(channel) and hence drain current is called threshold voltage Vgsgny=Vr. When Vs <
Vs@y(=Vr), Ip =-0. Drain current start only when Vigs > Vgsan(=V1). For a given Vps, as
Vs is increased, v1rtual channel deeps and I increases.
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A P-channel E-only MOSEET (PMOS) is constructed like NMOS except that all the P-
and N-rcgions are interchanged. [t operates with negative gate voltage Vs only.

COMPARISON OF JFET AND BJT _
1. FEET operation-dcpends only on the flow of majority carriers-holcs for -channel I1:Ts and

electrons for N-channel FETs.. Therefore. they are called Unipolar devices. Bipolar
transistor (BJT) operation depends on both minority and majority current carricrs.

2. As FET has no junctions and the conduction is through an N-type or P-type semiconductor
material(channel), FET rs Icss noisy than BJT.

3.-As the input circuit of FIT is reverse biased, l‘l T CXhlbllS a much hlgher input lmpcdancc_

(in the orderof 100 MQ) and lower output impedance and therc will be a high degree of
isolation between input and output. So, FET can act as an excellent buffer amplifier but the
BIJT has low input impedance because its input circuit is forward biased.

4. FET is a voltage controlled device, i.c. voltage at the input terminal controls the output
current, whereas BJT i ¢ current controlled device, i.c. the input current controls the -
output current.

5. FETs are much easier to fabrrcatc and are particularly suitable for ICs becausc they oceupy: B

lcss space than BJTs.

6. The performance of BIT is degradcd by neutron radiation because of the reduction in
minority- carrier lifetime, whercas FET can tolerate a much higher level of radiation sincc .

they do not rely on minority carriers for their operation.

7. The performance of FET is relatively unaffected by ambient temperature changes. As it has
a negative temperature coefficient at high current levels, it prevents the FET from thermal

breakdown. The BJT has a positive temperature cocflicient at high current levels which .

leads to thermal breakdown.

8. Since FET does not sufter from minority carrier storagc effects, it has higher switching
speeds and cut-off frequencies. BJT suffers from minority carrier storage effects and
therefore has lower switching speed and cut-off frequencies.

9. FET amphﬁcrs have low gain bandwidth product due to the j junctron capautrve effccts and
produce more signal distortion except for small signal operatron

10. BJTs are cheaper to produce than FETS.
APPLICATIONS OF JFET '

1. FET is used as a buffer in measuring instruments, receivers since it has high input
impedance and low output impedance.

2. FETs areused in RF amplifiers in FM.tuners and communication eqmpment for the low
noise level.

3. Since the input capacitance is low, FETs are used in cascade amplifiers in measunng and
test equipments.

4. Since the device is voltage controlled, it is used as a voltage variable resistor in operational
amplifiers and tone controls.

5. ¥ETs are used in mixer circuits in FM and TV recervers and communication equipment
because inter modulation distortion is low.

6. Tt is use® N B4 G RCuits because frequency drift is low.
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7. As the coupling capacitor is small, FETs are used in low frequency amplrﬁers in hearing
aids and inductive transducers.
8. FETs are used in digital circuits in computers, LSD and memory circuits because of its

small size.
9. As voltage-variable resistor (VVR) in operational amplifiers and tone controls etc.

0. Large-scale intergration (LSI) and comptter memories because of very small size.

COMPARISON OF MOSFET WITH JFET .
1. In enhancement and depletion types of MOSFET, the transverse electric field induced
" across an insulating layer deposited on the semrconductor material controls " the

conducitivity of the channel. -
In the JFET the transverse electric field across the reverse blased PN Junctron controls the

conductrvrty of the channel.

2. The gate leakage current in a MOSFET is of the order of 102 Amp. Hence the input
resistance of a MOSFET. is very hr%h in the order of 10" to 10">Q. The gate leakage
current of a JFET is of the order of 107 Amp and its input resistance is of the order of

10°Q.
3. The output characteristics of the JFET are flatter than those of the MOSFET and hence,
* the drain resistance of a JFET (0.1 to 1 MQ) is much higher than that of a MOSFET
{1 to 50 kQ).
4. JFETSs are operated only in the depletron mode. The depletion type MOSFET may be
operated in both depletiofun and enchancement mode. _
5. Comparing to JFET, MOSFETs are easier to fabricate.
6. MOSFET is very susceptible to overload voltage and needs special handhng durmg
installation. It gets damaged easily if it is not properly.handled. - .
7. MOSFET has zero offset voltage. As it is a symmetrical devrce, the source and drain can
be interchanged. These two properties are very useful in analog signal switching.

8. Special digital CMOS circuits are available which involve near-zero power dissipation and
very low voltage and current requirements. This makes them most suitable for portable- - —
systems. MOSFETs are widely used-in digital VLSI circuits than JFETs because of their __

advantages.

COMPARISON OF N-WITH P-CHANNEL MOSFETS ——
1. The P-channel enhancement MOSFET is very popular because it is much easier and
cheaper to produce than the N-channel device.

2. The hole mobrhty is nearly 2.5 times lower than the electron mebility. Thus, a P-channel . |
MOSFET occupies a larger area than an N-channel MOSFET having the same I rating.

3. The drain resistance of P-channel MOSFET is three times higher than that for an identical
N-channe]l MOSFET.

4. The N-channel MOSFET has the higher packing density which makes it faster in switching
applications due to the smaller junction areas and lower inherent-capacitances.

5. The N-channel MOSFET is smaller for the same-complexity than P-channel device.

6. Due to the positively charged contaminants, the N-channel WIQSERTImay tun ON
prematurely, whereas the P-channel device will not be affected.
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COMPARISON OF N-WITH P-CHANNEL FETS

1. In an N-channel JFET the current carriers are electrons, whereas the current carriers are
holes ina P-channel JFET.

"2. Mobility of electrons is large in N~chanmnel J FET moblllty of holes is poor in P-channel
JFET. -

3. The input noise is less in N-channel JFET than that of P—channel JFET.
4. The transconductance is larger in N-channel JFET than that of P~channel JFET.

SUMMARY

¢ The relatlon betweenCollector current amplification factory, Emltter current amplification
factor p and Base current amplification factor at is,a=p/y
¢ Transistor is an acronym for the words Transfer Resistor. As the input side in forward
biased and output side is reverse biased, there is transfer of resistance from a lower on
input side to a higher value on the output side.

¢ Transistor can be used as an amplifiers, when operated in the Active Region. It is also
used as a Switch, when operated in the cut-off and saturation regions.

¢ The three configurations of Transistor are Common Emitter, Common Base and Common
Collector.

¢ JFET is UNIPOLAR Device ( only one type of carriers either holes or electrons)

¢ JFET device has Higher-input resistance compared to BJT and Lower input resistance
compared to MOSFET. '

¢ The disadvantage of JFET amplifier circuits is Smaller Gain — Bandwidth product
compared to BJT amplifier circuits.

¢ 15 (ON) =9V ps
aID VGS = constant

s p= Amphﬁcauon factor =9 Vps
" dVgs | Ip= constant

¢ Relation between 1, rg and g, for a JFET is p =14 X g
¢ Width of the depletion region Wi for n-channel JFET, in terms of pinch off voltage

. 12
VepisW=] 2¢ VP
qNDV

- Ves |2 T
¢ Expression for Ips in terms of Ipss, Vgs and Vp is Ip = Ipss {]- Vp }
+ Ipss = Saturation valu8e of Drain current when gate is shorted to source.

¢ For zero drift current, in the case of JFETS, {Vy| - [Vgs] = 0.623V
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OBJECTIVE - 1

.1. For identical construction, ..........cc.ce.e
types of bipolar junction transistors
{BITs) have faster switching times.

2. Expression for Icgo in terms of Icao and

6.’ is synonymous to ...........cceveienes :
andPissameas ................

8. PTIS ceeneinieenns . (for AC Currents)

9. In a BJT the arrow on the emitter lead
specifies the direction of ...........
where the emitter-base junction is
................ biased.

10. IGFET is the other name for

Creereeenees device.

11. In JFET recombination noise is less
because itis ..oeveerrennnn device.

12. The disadvantage of JFET ampliﬁer
CIrCUit iS ..vveveeenrevenens

13. The D, G, S terminals of JFET are
similarto .......oc..ceeenld “Terminals of
BIJT respectively.

14. The voltage Vps at which Ip tends to
level off, in JFET is called ...... eeee

15. The voltage Vs at which Ip becomes
zero in the transfer characteristic of
JFET is called .......

16. JFET canbe used as .......ocveerernnnne
resistor.

17. The square law device is ....coconenee

18. The MOSFET that can be-used in both
enhancement mode and depletion
mode  iS...ccceiiennen.

19. The operatlon of a FET depends upon
the flow of .... carriers only. Itis
therefore a ........ device.

20.The break down voltage of a transistor
with its'base open is BVcgo and with
emitter open is BVcpo, then-
{A)B Vceo=B Vero
(B) B Veeo > B Vego
(C) B Vceo <B Vepo
- (D) is not related to B V¢go

21.DIn a hipolar transistor at room
temperature, if the emitter current is
doubled, the- Voltage across -—its-
" base-emitter junction.
(A) Doubles (B) halves
(C) Increases by about 20 mv
(D) decrease by about 20v ..

22. The early-effect-in bipolar transistor is
caused by _ '
(A) Fast turn-on (B) fast tiirn-off
(C) large collector-base reverse
(D) large emitter-base forward bias

23. Base-to-emitter voltage Vge in a
forward biased transistor- decreases “-
with increase of temperature at
the following rate :

(A)25 mv/dege (B)O. 25 mv/deg ¢
(C) 2.5 mv/deg ¢ (D) 0.6 mv/degc

24. If a transistor is operating with both of

its junctions forward biased, but with

.the collector-base  forward bias-- -
greater thian-the emitter-base forward -
bias, then it is operating in the

(A) forward active mode

(B) reverse saturation mode

.(C) reverse active mode
(D) forward saturation mode

25. In a bipolar transistor at room
temperature, if the emitter current is
doubled, the voltage across its base-
emitter junction

(A) doubles

{B) halves

{C) increases by about 20 mV
{D) decreases by about 20 m V
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31. In a transistor having finite B, the
forward bias across the base emitter

ACE Academy Transistor Theory {BJT,FET) ‘ 79
P

26.1n aransistor-having finite §, the
forward bias across the base-emitter s :
34. The Ebers-Moll model is applicable to

junction is kept constant and the
reverse bias across the collector-base
junctiorvis increased. Neglecting the
leakage across the collector-base

~ junction and the depletion generation
current, the base current will
(A) increase (B) decrease
(C) remain constant (D) none.

27. An n-channel JFET has a pinch-off

voltage of Vp= -5V,
Vps(max)=20V,and gn=2mA/V.
The minimum ‘ON’ resistance is
achieved in the JFET for

(A) VGS = .7V and VDS =0V~

(B) VGS= 0V and V[)s= ov
(C)Vgs= 0V and Vpg= 20V

(D) Vgs = (—7V and Vps= 20 V

28. Consider the followmg four common
type of transistors.

1. Point Contact Tansistor

2. Bipolar - Junction Transistor

3. MOS Field Effect Transistor

4, Junction Field Effect Transistor

The correct arrangement of these
fransistors in the increasing order of
input impedance is

- (A)1,2,4,3 (B)1,2,3,4
©21,3,4 (D)21,4,3

29.In a transilstor amplifier, the reverse

saturation current Ico

(A) doubles for every 10° C .rise in

temperature

(B) doubles for every 1° C rise irf
temperature

(C) increases linearly with
temperature v

(D) doubiles for every 5° C rise in
temperature :

30.f '0.=0.981, ico=6 pA and Ix=
108 uA . for a transistor, then the
value of Ic ‘will'be

A)23mA  (B)3I
(C)@HMHENginee D) 5.2 mA

junction is kept constant and the
reverse bias across the collector-base
junction is increased. Neglecting the
leakage across the collector-base
junction and the depletion region
generation current, the base current
will

(A) increase (B) decrease
(C).remain constant (D)none

32.The threshold voltage of an n-channel

MOSFET can be increased by

(A) increasing the channel dopant
concentration

(B) reducing the channel dopanl ’
concentration -

(C) reducing the gate oxide thickness

(D) reducing the channel length

33. Match each of the items ‘A, B and C
3

with and appropriate item from 1, 2, 3,
4 andS5.

(A) The current gain of a BJT will be

" increased if
(B) The current gain of a BJT will be
) reduced if
(C) The break-down voltage of a BJT
will be reduced if -

1. The collector doping concentration
is increased

2. The base width is reduce

3. The emitter doping concentration to
bas, doping concentration ratio is
red ced

4. The base doping concentration is
mbréaséd keeping the ratio of the

* emitter doping concentration to base
doping concentration constant

5. The collector dopmg concentranon is
reduced

(A)A-2,B-3, C-1

(B)A-2,B-1, C-3

(C)A-3,B-1, C-2

D)A-1,B-2, C-3

(A) bipolar junction transistors
(B) NMOS transistors
(C) unipolar junction transistors

(D) junction field-effect transistors

35. Match each of the items A, B and C

with and appropriate itef from 1, 2, 3,
4 and 5 o
List-1
(A) Common — collector amplifier
(B) Common — emitter amplifier
(C) Common — base amplifier

List - 11 .

1. Provides voltage gain but no current
gain

2. Provides current gain but no voltage

gain

3. Provides neither voltage nor power
gain :

4. Provides neither current nor. power
gain

5. Provides both voltage and current

gain
(@A-35, B-3, C-1
(®A-2, B-5, C-2 o
()A-4, B-1, C=2
“—~d)A~=2, B-5, C-1

Answers
0l. NPN 02. {CE() = ICBQ/(] - (X)

03, B=
' 61 V= constant

04. Small ngnal Common Emitter
Forward Current Gain

B
[ ~(lees +In>ah“’-]

07. Large Signal Current Gain
08. Small Signal Current Gain

05.p'=

09. Hole or conventional current, forward
10.MOSFET 11. UNIPOLAR

12. gain :band width product is less.
13.C,B,E 14. Pinch off Voltage .
15. Pinch off Voltage16. voltage variable
17. JFET

18. Depleticz  MOSFET (DMOSFET)
19. Majority, Unipolar '
20C 21B 2C 23C 24B 25B

_ 26B21C 28D  29A 30D
__31B 32B 33A 34A
35.D
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01. The early effect in a bipolar junction
transistor is caused by
(A) fast turn — on
(B) fast turn — off
(C) large collector — base reverse bias
- (D) large emitter — base forward bias

02. The widths of the base in a GaAs
transistor and in a Si transistor

(bothn-p  --ntype)areequal.

" GaAs transistor works ~ at higher
frequency

(A) the band gap of GaAs ishigher
than that of Si

(B) the base transit time is Iower in
GaAs. _

(C) the negative differentiai mobility in
GaAs favours operational very
high frequency

(D) Si transistor works at higher

frequency compared to GaAs
transistor.

03. Which one of the following is the exact
expression for Icgo (i.€.; collector to
emitter current with base open) in a
junction transistor?

(A) alcpo ®)_“%
l-a

CBO

(C) Lo D) (1 - a)Icso

04. If for a silicon n-p-n transistor, the
base-to- emitter voltage (Vgg) is 0.7V
and the collector-to-base voltage (Vcp)
is 0.2V, then the transistor operating in

the

(A) normal active mode

(B) saturation mode

(C) inverse active mode

(D) cut off mode ——-

05. How can the channel width in a
junction field effect transistor be
controlled?

(A) By two back-biased p-n junctions

(B) By the length of the source

(C) By the length of the drain

(D) By the length of both the source
and the drain

© Wiki Engineering

OBJECTIVE - 2

06. The voltage gain of a given common
source JEFT amplificr depends on its
(A) input impedance
(B) amplification factor
(C) dynamic drain resistance
(D) drain load resistance

07. The set of transistor characteristics
that enables a to be directly
-determined from the slope is
—(a) The common emitter output
characteristics
(b) The common cmitter transfer
charactcristics
(c) The common base input
characteristics
(d) The common base transfer
characteristics

08. The effective channel length of a

MOSFET in saturation decreases
with increase in
" (a) gate voltage
(b)drain voltage
(c) source voltage
(d) body voltage

09. The internal resistance of a current
source used in the model of a BJT
while analyzing a circuit using BJT

is
(a) Very high
(b) Very low
(¢) Zero -
(d) Of the order of a few mega-ohms

10 In a transistor, the forward bias across
the base emitter junction is kept
constant and the reverse bias agross the

_collector base junction is increased:
Neglecting the leakage across the_
collector . base junction and the
depletion region generation current.
The base current will
(a) increase
(b) decrease
(c) remain constant
(d) none of these

ACE Academy
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11.In a common emitter amplifier. the
un bypassed emitter resistance
provides _
(a) voltage shunt feedback
(b) current series feedback
(c) negative voltage feedback
(d) positive current feedback

12. a-cut off frequency of a bipolar
juﬂCllOﬂ transistor )

(a) increase with the increase in base

- width.
(b) increase with increase in the
collector width.
(c) increase with the increase in
temperature. N
(d) increase with decrease in the base
width,

13. The breakdown voltage of a transistor
with its base open is BVcgo and that -
with the emitter open is BVCBO then
{(2) BVceo = BVcno
(b) BVceo> BVero
(¢) BVceo <BV¢so
(d)BVceo is not related to BV¢go

14. Two identical FETs, each by
characterized by the parameters g, and
1 are connected in parallel. The
composite FET is tlien charactenzed
_ by the parameters - .
() gn2 and 2ty ?b) gm2 andra/2
(c)2gmandry/2 (d) 2gym and 214

15 Thermal runaway in a transistor biased
in the active region isdueto -
(a) heating of the transistor
(b) changes in § whichincréases with
temperature .
(c) base emitter voltage Vgg which
decreases with rise in temperature
(d) Change in reverse collector
saturation current due to rise in
temperature

»"19. The 'Pinch-off" voltage of a JFET is

16 In a transistor amplifier, the reverse
saturation current |, is.

(a) doubled for every 10°C rise in
temperature
{b) doubled for every 1° C rise in
" temperature
(c) increased linearly wnh temperature
(d) doubled for every 5° C rise in
temperature

" 17.1f a transistor is operation with both of

its junctions forward biased, but with
the collector base forward bias greater
than the emitter base forward bias than,
it is operating in the
(a) forward active mode
(b) reverse saturation mode
(c) reverse active mode
-(d) forward saturation mode

18.The common emitter short circuit

current gain f of a transistor

(a) is monotonically increasing
function of the collector current I

(b) is a monotonically decreasing
functica of I...

(c) Increases with I’ for low I reaches
a maximum and then decreases
with further increases in I

(d) is a not function of I’

5VrTts " Cut-off voltage is
@G0V (b)25V

NOFUAY @) .07 v

20 Which of the following effects can
be caused by a rise in temperature?

(a)Increase in MOSFET Current (IDS)

(b) Increase in BJT current (Ic)

(c) Decreases in MOSTET Current
{DS)

(d) Decreases in BJT current (Ic)
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21.Considerthe following statements:
1. The p of a bipoiar transistor
reduces if basc width is increascd
2.The f of a bipolar transistor
increascs if the doping concentration
in the base is incrcased
Which one of the following is correct?
(a) 1 is FALSE and 2 is TRUE
(b) Both 1 and 2 are TRUE.
(c) Both 1 and 2 are FALSE
(d) I'isTRUE and 2 is FALSE

22. Which one of the following statcments
is correct in respect of BJT?

(a) Avalanche multiplication starts
when the reverse biased collector-
base voltage Vy equals the
avalanchc breakdown voltage
BVeso

(b) The early cffect starts as soon as

punch-through occurs in a
" transistor.

(c) The small signal current gain

hy, = large signal current gain
co- hg:[; when ahng /Z}Ic =0.

(d) In the CE mode, a transistor can

be cut off by reducing Ij; to zero.

23. The gain of a bipolar transistor drops at

high frequencics. This is because of the

(a) Coupling and bypass capacitors.

(b) Early effect.

(c) Inter-electrode transistor
capacitances.

(d) Coupling and bypass capacitors,
and inter-electrode transistor
capacitances.

24. When the gate-to-source voltage(Vgs)
of a MOSFET with threshold
voltage of 400 mV, working in
saturation is 900 mV, the drain current
is observed to be 1 mA. Neglecting the
channel width modulation effect and
assuming that the MOSFET is
-operating at saturation, the drain
current Tor an applied Vs of 1400
mV is
2) 0.5 mA (b) 2:0mA
{c) 3.5@Wiki Enginggyin® mA

25.Match List — T (Device) with List-l
(Associated Term) and select the
corrcct answer using the codc given
below the lists: .
List-1 List -1

A. Diode 1. Pinch — off voltage
B.S.CR 2. Holding current
C.BJT 3. Forward resistance
D.FET 4. Activc region
‘AL B C.D
(a) 3 4 2 1
(b) 1 2 4 3
(©) 3 2 4 1
(d) 1 4 2 3

~26. A bipolar junction transistor is in

saturation region. Given Vec = 10 V.
RC =1 kQ, h|:_|: =100 and Vc]-;,;m = (.3
V. What is the collcctor current in
saturation?
(@) l0 mA (b) 9.7 mA
() 0mA (d) | mA i

27. An emitter in a bipolar junction
transistor is doped much more heavily
than the base as it increases the A
(a) cmitter efficiency
(b) base transport factor
(c) forward current gain .
(d) all the three given above

28. Match List- I (Devices) with List-1I

_(Characteristic) and select the correct .

- __answer using fhe code givenbelow the
lists. ' =
List-1 _ List-I1
A.BIT 1.Volatage controlled

ncgative resistance

B. MOSFET
C. Tunnel diode 3. Voltage——

regulation
D. Zener diode 4. High input
Impedance
A B Cc --D
(a) 1 4 2 3
by 2 4 | 3
) 2 3 1 4
@1 3 2 4

2. High current gain
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29. A junction transistor operating at

room temperature with I, = 2maA;
where KT /q =25mV has § = 100.
The value of parameters g, in Mhos
and 1, in ohms will be respectively

(a) 0.04 and 2500 (b) 0.08 and 1250
(c)0.5and 800  (d) 0.08 and 5000

30. In n- channel JFET has a pinch - off

3

voltage of Vo= -5V , Vpg(max) = 20V
and g,, =20mA/V .The minimum ‘ON’
resistance is achieved in the JFET for

(a) Vgs = -7V and Vs =0V

(b) VGS = (V and VDS =0V

(C) VGS =0V and VDS =20V

(d) VGS =.7V and VDS =0V

L. If o = 0.995, Iz = 10mA and
Ico= 0.5pA, then Iczo will be
(@) 25 pA (b) 100pA
(c) 10.1pA (d) 10.5 pA

32. If an amplifier with gain of 1000 and

feedback of f = - 0.1 had a gain
change of 20% due to temperature, the
change in gain of the feedback
amplifier would be

(a)10% (b) 5%

(©)0.2% (d)0.01 %

33, If 0. =0.98, I;= 6 pA and Ig =100 pA

34. For a PNP transistor, o =og =0.9and

for a transistor, then the value of I will

b e s .
J(a)23mA

(c)4.6 mA

®) 3.0 mA
(d) 52 mA

" Io=10 pA, the value of Ics will be

(a) 1521A
 (©) 725 pA -

(b) 52.6 pA
@ 12pA

35. A Si transistor has a thermal ratings,

Tmax = 150°C and Qi =0.7°C/W .
“The power which transistor could

dissipate-if the case could be
maintained  at 50°C is
(a) 143W (b) 59W
(c)110W

(d)85W

30. In a transistor hg, =50, h;. =8300),
hee =10 . {ts-out put resistance when
used in CB configuration is about

(a) 2MQ (b) 700KQ
(c) 2.5MQ (d) None
KEYS:

Olc 02.b 03c 04a 05a 06.b
07d 08b 09a 10b 11b 12b
3¢ 14c 15d v._16.a 17b  18c
19c 20b 21d 22a 23c 24d
25¢c. 26b 27c 28b 29b 30c

3Lb 32c 33d 34b- 35b 36d
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PREVIOUS IES QUESTIONS:

01. A transistor with emitter base voltage

(Veg) of 20mV has a collector current
(o) of SmA. For Vg of 30mV, I¢ is
30mA. If Vg is 40mV, then the Ic will
be

(a) 55mA
(c) 180mA

(b) 160mA
(d) 270mA

02. Match List-I (Devices) with List-

- 03:

04.

WS

TI{characteristics) and select the
correct answer using the codes given
below the lists:
) List-I
. BIT
. MOSFET
. Tunnel diode
. Zener diode

© List-IT
Voltage controlled —ve resistance .
High current gain
. Voltage regulation
4 High input lmpedence

oW,

Codes:
A
@ 1
(b) 2.
(© 2
1

B
4
4
3
@) 3

N — = N
_,;Auuc

In a junction transistor, the collector
cutoff  current  ‘lego’  reduces
considerably by doping the
(a) emitter with high level of i lmpunty
(b) emitter with low level of i impurity
(c) collector with high level of

impurity
(d) collector with low level of impurity

In a junction transistor biased for
operation at emitter current ‘Ig” and
collector current “I¢’ the
transconductance ‘g’ is

(a) kT/qlg (b) qle/kT

(©) Io/Ie (d) Ieflc

© Wiki Engineering

05. To avoid thermal runway in the design
of an analog circuit, the operating point
of the BJT should be such that it

satisfies the condition
(@ Vee= V2 (b) Ve S Vee/2
(©) Vee>Vee2  (d) Ve <0.78 Ve

06. Consider the following devices:
1. BJT in CB mode-
2. BJT in CE mode
3.JFET
4. MOSFET

The correct sequence of these devices
in increasing order of thelr mput

impedance is
@1,2,3,4 b)2.1,3.4
©2,1,43 @1, ,2

07. Assertion(A): FETs are more suitable
at the input stages of millivoltmeter
and CROs than BJTs.

Reason(R): A FET has lower output

impedance than a BJT.

(a) Both A and R are true and R is the
correct explanation of A.

(b) Both A and R are true but R is
NOT the correct explanation of A.

(c) A is true but R is false. i

(d) A is false but R is true.

08. In a biased JFET, the shape of the

channel isian shown in the given
figure.- ____
g G T

D
S R
q
because
(a) it is the property of the material
" used

(b) the drain end is more reverse biased

than source end.

(c) the drain end is more forward
biased than source end

(d) the impurity profile varies with the
distance from source

ACE Academy _ Transistor Theory (BJT,FET) 85

09. A transistor has a current again 0f0.99
in the CB mode. Its current gain in the
CC mode is
@100 ()99 (c)1.01 (d)0.99

10. Match List-I (Biasing of the junctions)
with List-II (Functions) and select the
correct answer using the codes given
below the lists:

List-I
A. E-B junction forward bias and C-B
junction reverse bias
~ "B. Both E-B and C-B junctions
forward bias
C. E-B junction reverse bias and C-B
Jjunction forward bias
D. Both E-B and C-B junctions
reverse bias .
List-I1
1. Very low gain amplifier
2. Saturation C-B junctions
3. High gain and amplifier
4. Cut-off condition
Codes:
ABCD
@ 2 31 4
M 3 21 4
© 3 2 41
.d 2 3 41
. Match List-I (Structures /
characteristics) with List-II (Reasons)
in respect of JFET and select the
.correct answer using the codes given
-~ below the lists:
— - ListI
A. n-channel JFET is better than p-
channel JFET

-1

—_—

“—B. Channel is wedge shaped

C. Channel is not completely closed at
pinch-off

D. Input impedance is high
7 ListII

1. —Reverse bias increases along the
channel

2. High electric field near the dram
and directed towards source

3. Low leakage current at the gate
terminal

4. Better fréquency performance since
terminal po >> 1,

Codes:
ABCD
(@ 41 23
Md 4 2 13
© 3124
s 21 4
12. The output current versus input voltage

transfer characteristic of an n-channel

JFET in such that there is

(a) zero current flow at zero input
voltage bias

(b) current flow only-when-a positive
input threshold voltage is crossed.

(c) current flow only when a negative
input cut — off voltage bias is
crossed.

(d) no cut -- off i 1nput voltage

. In a MOS transistbr, the gate source

input impedance is

1. lower than the impedance of a BJT

2. higher than the input impedance of a
BIT

3. lower than the input impedance of a
JFET.

4. higher than the input impedance of a
JFET.
(a) 1 alone
(c) 4 alone’

(b)2and 3
(d)2and 4

LAt 25°C; the collector -- emitter voltage

drop of a silicon transistor at saturation
is approximately .
(@ 0.1V (®) 03V (c)0.5V (d)07V

. Assertion (A): The semiconductor

devices like BJTs have a maximum

temperature of operation, beyond .

which they do no function.
Reason(R): Extrinsic, p-type and n-
type semiconductors  bebave_ ‘as
intrinsic beyond that temperature and
the effect of doping is lost. '
(a) Both A and R are true and R is the
correct explanation of A. .

(b)Both A and R are true but R is

- NOT the correct explanation of A.
(c) A1 true bui R is false.
(d) A is false but R is true.
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{b) Both A and R are true but R is
NOT the correct explanation of A.

86 : Tlectronic Devices Transistor Theory (BJT,FET) -

= .
16. Assertion (A): A bipolar junction
transistor-hashigh gain, high emitter 23. Match List-I {Semiconductor Device)

with List-IT {Symbol Used) and 25. Consider the following statements:

efficiéncy and hiph speed.

Reason(R): The transistor has heavy

emitter doping and narrow base width.

(a) Both A and R are true and R is the
correct explanation of A.

(b) Both A and R are true but R is
NOT the correct explanation of A.

(c) A is true but R is false.

(d) A is false but R is true.

—17-Match List-I with Llst-ll and select

the correct answer using the codes
given below the lists:
' List-I
. Gunn Diode
. Solar Cell
. ‘MOSFET
SCR

TOwW>

List-II -
Junction less device
Single junction device
double junction device
Triple junction device

Codes:

bl ol ol

_ 18. 'A bipolar junction transistor- has. a ..

— common base—_forward ~short “circuit
current gain of 0.99. Its common
emitter forward short circuit current

gain will be -
(a) 50 (b) 99
(c) 100 (d) 200 - -

19. Assertion (A): In a-transistor the
- thickness of the base region is kept as
small as possible.
Reason(R): By keeping the base
thickness small, a large electric field is
" produced between the emitter and the
«collector which makes the transistor
Tast-acting.
(2) Both A and R are‘true and R is the
cofRiikkphanaeriinof A.

(c) A is true but R is false.
(d) A is false but R is true.

20. Match List-I (Equation) with List-II
(Relation: between/Description) and
select the correct answer using the
codes given below the lists.

List-1

. Continuity equation

. Einstein’s equation

. Poisson’s equation’

. Diffusion equation

List-II
Relates diffusion constant with
mobility

2. Relates charge density with electric
field )

3. Relates flow with rate of change of
concentration in space.

4. Rate of change of minorily carrier
density with time

Codes:

TOwPF

o
.

ABCD
@@ 413 2
() 4 1
© 1 4
@ 1 4

W N
N oL W

21.How can the channcl width in a
junction field - effect transistor be
—eontrolled?
(@ B)Ltwo back-biased | p n Junctlons
(b) By the length of the source
(c) By the length of the drain
——4d) By the length of both the source
and the drain

22. Which one of the following is the
correct relation ship between the band
gap of a material used in a photo

detector and the energy of the incident
" photon?

(@) Eg>he/d (b) ho’/A> E,

- (©)hv>E, (120 <E;’

select the correct answer using the
codes given below the lists:

List-I
List-II

A.n-p-n transistor

C.FET A

D. MOSFET

Codes:

@
()
©
@) .

R L)

D
1
3
3
1

RN RN

24. Which one of the following is the exact

expression for Icgo (i.e. collector to
emitter current with base open) in a

junction transistor? -

(a) o.leso  (b) ﬁ.lm B
Iego

©) 1o« @ (1-a)lcpo

(where Icgo is the collector to base current

with emitter open, and « is the
common base.current gain)

FETs when compared to BJTs have
1. high input impeédance
2. current flow due to majority
carriers
3. low input 1mpedance
4. current flow due to minority
~ carriers
Which of the statements.given - above
are correct?
(a)1and 4 (by2and 3
(c)3and 4 (d)1land2

26. How is an N - channel Junction Field

Effect Transistor operated as an

amplifier?

(a) With a forward bias gate — source
Jjunction

(b) With a reverse bias gate -- source
junction .

(c) With an Open gate - source
_junction -

(d) With a shorted gate -- source
Junction

27. For a npn bipolar transistor , what is

- the main stream of current in the
base region?. .

(@) Drift of holes
(b) diffusion of holes

" (c) Drift of electrons -
(d) Diffusion of electrons

28: What is the most noticeable effect of

a small increase in temperature in the
" common emitter connected B3T?

(a) Increase in Icpo o

(b) Increase in output resistance

(c) Decrease in forward current gain

(d) Increase in forward current gain. ,
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29. For BIT, early voltage V4 is 100 V.
In common emitter configuration,
quiescent Vg is 10 V. What
percentage change in quiescent I
would occur, if carly voltage V, is

made «©? . _
(a)10%.. .-  (b)20%
(€)5% (d) 0%

30. While using a bipolar junction

transistor as  an amplifier, «(he
collector and emitier terminals got
interchanged mistakenly. Assuming
that the amplificr is a common
cmitter amplifier and thc biasing is
suitably adjusted, the interchange of
terminals will result into which one
of the following?

(ay Zero gain

(b) Infinite gain

(c) Reduced gain

(d) No change in gain at all

.31. In n - channel cnhancement
MOSFET at a fixed drain voltage

(a) the drain current is maximum at
zero gate voltage and it decreases
with applied negative gate voltage

(b) the drain current has a finite

values at zero gaie voltage and it
increases or decreases with the’

~ applied voltage of proper polarity

(c) the drain current is zero at Zero
gate voltage and it increases with
the positive applied gate voltage

(d) the drain current is zero for
negative bias voltage to gate and
it increases as the negative gate
bias is decreaséd in magnitude -

© Wiki Engineering

32. The data sheet for,a ccrtain JFET

(Junction Field Effect Transistor)
indicates that Ipss, (drain 1o source
current with gate shmorled) 15 mA
and Vs (off) (Cut - off value of gate
to source voltage) = - 5V. What is
the drain current for Vgs -2 V?
(a) 58. 8 mA (b) 29.4 mA

(©9.6mA. (d) 5.4 mA

KEY: _
la 2b 3a 4b 5b . 6a
7a 8b 9a 10b lla. l2c

13d 14b° 152 16a 17a 18b
19¢ 20b. 21la 22c¢ 23.a. 24c

25d 26d 27d 28a 29c¢- 30c
3l 32d

PREVIOUS GATE QUESTIONS:

1. The Early effect in a bipolar junction
transistor is caused by GATE - 1999
{a) fast turn-on
{b) fast turn-off
(c) largc collector-base reverse bias
(d) large emitter-base forward bias

2. MOSFET can be used as a
. GATE-2001 --
(a) current controlled capacitor
(b) voltage controlled capacitor—
(c) current controlled inductor
(d) voltage controlled inductor

3. If the transistor in the figure is in
saturation, then GATE - 2002

Co J,IC
Is '
—_—> Bdc denotes the
B dc current gain -
Eo

(a) Ic is always equal to acls

(b) I¢ is always equal to —Bycls

(c) Ic is greater than or equal to Pels
(d) Ic is less than or equal to Byl

4. For an n-channel enhancement type
MOSFET, if the source is connected at
a higher potential than that of the
‘bulk(i.e. Vsp>0), the threshold voltage
V7 of the MOSFET will

GATE - 2003

() remain unchanged
(b)decrease - e -
(c) Change polarity .
(d) increase

5. The impurity commonly used for
realizing the base region of a silicon n-
p-n transistoris GATE - 2004

“{ay Gallium () Indium
(c) Boron (d) Phosphorus

' ACE Academy Transistor Theory (BJT,FET) )

6. If for a silicon n-p-n transistor, the
base-to-emitter voltage (Vgg) is 0.7 V
and the collector-to-base voltage (V¢p)
is 0.2V, then transistor is operating in
the GATE - 20/04
(a) normal active mode
{b) saturation mode

-~(€)-inverse active mode
(d) cutoff mode ,

7. Consider the fo]lowmg statements S,
and S2. :

Sl: The of a blpo]ar transistor
reduces if  the base width is
increased.

S2: The B bipolar transistor increases
If the doping concentration in the
base is increased.

Which one.of the following is correct?

GATE - 2004

(a) S1 is FALSE and S2 is TRUE

(b) Both S1 and S2 are TRUE

(c) Both S1 and S2 are FALSE

-(d) S1 is TRUE and S2 is FALSE

8. The phenomenon known as “Early
Effect” in a bipolar transistor refers to
a reduction of the effective base-width
caised by. GATE - 2006
(a) electron-hole recombination at the
base

(b) the reverse biasing of the base-
collector junction - :

() the forward biasing of emltter-base
Jjunction

. (d) the early removal of stored base
* charge during saturation-to-cutoff

switching.
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9. An n<channel JEFT has Ipss =- 2mA and
Vp == -4V Jts dransconductance gy, (in
mA/V) for an applied gate to source
voltage Vgs of 2V is

GATE - 1999
() 0.25 - (b) 0.5
(€)0.75 (d)1.0

10. When the gate-to-source voltage (Vs)
of a MOSFET with threshold voltage

- -0f 400 mV, working in saturation is
900 mV, the drain current is observed
to be 1 mA. Neglecting the channel
width modulation effect and assuming
that the MOSFET is operating at
saturation, the drain current for an
applied Vggs of 1400 mV is

GATE - 2003
(a) 0.5 mA (b) 2.0 Ma ;
() 3.5 mA “(d)4.0mA

‘11. Consider the following statements S1
and S2.

S1: The threshold voltage (V) of a
MOS capacitor decreases with
increase in gate oxide thickness

S2: The threshold voltage (V1) of a
MOS capacitor decreases with
increase in substrate doping
concentration

GATE - 2004
.—(a}-S1 is FALSE and S2 is TRUE

(b)Both S1 and S2 are TRUE

(c) Both S1 and S2"are FALSE

(d) Si is TRUE and S2 is FALSE

12. The drain of an n-channel MOSFET is
shorted to the gate so that Vg = Vps.
The threshold voltage (V1) of
MOSEET is'1 V. If the drain current
(Ip)is. I mA for Vgs =2V, then for

V(;g .)V I[) 18

GATE - 2004
(a)2 mA {b)3 mA
{€) 9 mA “dydmA

© Wiki Engineering

13. The neutral basc width of a bipolar
transistor, biased in the active region,
is 0.5 pm. The maximum electron
concentration and the dlffusnon
constant in thc basc are 10" and
Dy =25 cm?/sec respectively.

Assuming negligible recombination in

the basc, the collector curre  {ensity
is (the electron charge is 1.6 x 10-"

Coulomb) GATE - 2004
(a) 800 A/em”  (b) 8 Alem®
(€)200 Alem®  (d) 2 Alem?

14. A MOS capacitor made using p type
substrate is in the accumulation mode.
The dominant charge in the channel is
due to the presence of GATE — 2005
(a) holes
(b) clectrons
(c) positively charged ions
(d) negatively charged ions

15. Consider the following two statements
about the internal conditions in an
n-channel MOSFI:T operating in the
active region
S1: The inversion charge decreases
from source to drain.
S2: The channel potential increases
from source to drain
Which of the following is corrccl”
a) Only S2is true |
"b) Both S1 and S2 are false
¢) Both S1 and S2 are truc, but S2 is
not a reason for S1
d) Both S1 and S2 are true, and S2is
a reason for Sl:

KEY: o
le 2b 3d 4d -5¢ 6a
7d 8b 9b 10d-11d 12d
13b 14a 15

CHAPTER - 4 Basics of IC bipolar, MOS and CMOS types

;

MO_S Transistors as Switches

G nMOS transistor:
1c) Closed {conducting) when
e Gate=1{V,) ’
- . Open {non-conducting) when.
-‘(dgin)'_l__—l_( S Gate =0 (ground, OV} :
PMOS transistor:
. ' . Closed {conducting) when
G Gate =0 {ground, 0V)
it {non-conducting) when-
s Lo e ST

I-‘or nMOS sthch, source is typm.lly tied to ground and is used to pull-down

e

For pMOS switch, source is typically tied to Vpp, used to pull signals up:

e when Gate =0, Out = 1(V,,)) o
G _<{ whea Gate = 1, Qut = Z (high impedance)
Out

Note: The MOS transistor is a symmetric device. This means that the drain and
source terminals are interchangeable. For a conducting nMOS transistor; Vi,y >
0V; for the pMOS msxs;orxvns < 0V (or Vgp > OV)

when Gate = 1,01t =0, (OV)
when Gate =0, Out = = Z (high impedance)
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Basic MOS Device Equations Ideal Inverter

Vou

Dmm

Voo

i

_ ] e

«‘ E‘ Bulk {or substrate for sMOS devicein n-well technology)

> Vi,

’ Vi
. The nMOS device is a_four terminal deviee: Gate, Drain, Source, Bulk. _12112 :

Bulk (substrate) terminal is normally ignored at schematic level, usually tedto -

ground for the sMOS §:ase In analog apphcauons, however, the bulk enminal may " Actnal Inverter Characteristics, some def’mlhons

not be ignored. ‘ Vo (V)
Gate controls channel formation for conduction between Drain and Source. Drain - . . Voir \ - .
at higher potential than boume Source usually tied to GND to act as pull-down ﬁ“\‘
(+MOS). o . \
' '[hree reglons of operatlons - ﬂrst-order (ideal) equations: } - \
" Cutoff region ' .
I, =0A Vs < Vi, ("MOS threshold voltage) . - ' /
Lincar region
Vee. o T - !
I = B[(vos =~ V)V - ; ) 0 < Vpg<Vgs — Vg, ' . '
_ V, =
~—— Note: I is linear with respect to (Vs = VT,,)onlywhcn{ /2)13 , o oL v v _ "
O ol e _ PR Vg - -
_ v,
,,—SMM . . s memﬂmmmmhgicoaﬂw)ﬁpmmlwmmw““
' : ic1 at the output .
= 2V - Vi) 0< Vo ~ Vi < Vog  Togic 1 (HIGH)
— — ) . meplmntsthcunmmumhglcl(fﬂGH)mP“‘Wkasewwmswma
logic 0 (LOW) at the output

© Wiki Engineering
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CMOS Inverter Regions of Operation '
&, 8 e
5 Kt * Lt -4
;.,}‘*\ 110
4 : \ . SR PR
~ 3] 910
3 14 {
> "2 " ; 6103 g
’ Vb _
1 5 . - 3108
0 D~ o100
] I 2 3 4 h)
Va ()
Region A:
0LV, < Vg, = pMOS nonsaturated (cutoff); nMOS cutoff’ .

= nMOS is cutoff because Vi, < Vg,
Whyis the pMOS_ devne in the linear region?
IJW“’SI’“E Venp < Vaop - V14l

G- 5)_V<(5 -0V -HT7V

[for Vpp =5V and Vy, = 0.
OV <43V ® »= 01V

Notetliatﬂ:gpMOS&évioecanbeinﬁné@négioncyeniﬂb, =0A!

© Wiki Engineering
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'MOSFET Structure versus Bias

Source Drain
(@ Vgs> Vo Vis= OV
psubstate
Y ’
depletion ’
- inversion 28100
layer
vm . — -
®) ' | Vg < Vs - Vr
) p-subsirate
< (Nomsaturated riode)
Fos- Vi) | Vos .
N ’l "Pinch-ofl"
© Vps> Vgs- VT
| psubstrate

I (Saturated mode)
Vos

Cross-section (a): potential in channel same everywhere because Vgs = Van,
channel "depth" same everywhere since Vgs > Vg and
Voo > Vr : o

Cross-section (b): Depth of channel varies somewhat linearly with Vgs and Vs,
As Vig is increased, the drain-side of channel (just beneath the
gate) becomes pinched" because Vgp becomes less and Jess.

Cross-section (c): Here the current depends only on Vg and not Vs (if we neglect
pinched-off near the drain. With Vpg > Vg — Vi DUt Vg =0%
then Vi > Vg — Vg and hence, Vi > Vgp, i.€., Voamtodain is less
than the threshold voltage.

% Rlectrons enter channel from

How does conduction occur after "pinch-off’
sitive drain

source, then are swept across depletion region néar drain by the po
, voltage with respect to source (Vo>

www.raghul.org
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MOSFET Threshold Voltage

Vr=Vrmost Vs
Vrmos — ideal threshold voltage for a MOS capacxtor (the c;.pat:‘nor formed
between the gate and substrate)

Vgn — Flatband voltage

Vimos =23 + 3" {Note: "Qp" sometimes refered to as "Qpo™)

‘ox.

Dy = hl[ ]<=bulL Fermi potential
q "

C: = oxide capacitance, mvetsely proportionsl to oxide tlnckncss ( —iﬁ)

(>4
Qb = 1}2esi. q"NAQGb

< bulké.harge tc;m(tota.l charge stored in
depletion layer), p-substrate in this case

Bulk potential -— potential difference between Fermi level in mmnsw semiconductor
and Fermi level in doped semiconductor

Fermi level is the average energy level in & material. Formtrmsmmatcnals,ms
halfway between the valence band and conduction band. | i
p-type = Fermi level closer to valence band
n-type => Fermi level closer to conduction band

Other Constants (sce text for values):

k = Boltzmann's constant {€V/K, JK)

q = Electronic charge (coulombs)

T = temperature ('K)

N, = carriér density in doped semiconductor

n, = intrinsic carier concentration in Silicon

€5 = permittivity of Silicon=¢, - €,
&, =11.7 (relative Silicon permittivity)
£, (permittivity of free space)

© Wiki Engineering

e ERRIE D = T T [

{(V1.mo0s s positive for sMOS, negat;ve for pMOS)

source diffusion < —
| | —A

ACE Academy Basics of IC bipolar, MOS and CMOS types Y7

Source/Drain Capacitance

b ] b

e
o ff] 2 -'
a iffusion |, i n

>dmn diffusion

L
==
. '1|H|— . a —{HII
fcjp
subs—n-ate
\ Y RS
m:.d—r smni\u—umm
priubsiraie

Two components:
me = diffusion area to substrate
Caiaerans = diffusion depth X peripheral area
C, = junction capacitance per it
C;, = periphery capacitance per pm

i Car = Cooom * i

= Cpxarea + Cy X perimeter -
=Caxaxb + Cypx{(2a+2b)

www.raghul.org
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.~MOS Device Capacitance Estimation

- - imvérsion layer (chamel) -

Y oo . dain
I ' | G \
(T T S o [ /\""'.b_
- source R _ l, ] 1 drain - - { — . N-l.b!nuc.
_J:_J | deptetionlayer Xy J
Cgb—;— ) TCdb Cys Gy
substrate C‘I;
b

In cutoff region, gate-to-channel capacitance composed entirely of Cgp where .

Cy = CoxWley
Co= €050,
tox

where € is free space permitivity and ey, relative permittivity for SiO;
When channel is formed, depletion layers blocks Cy,.

In lincar region, Cy blocked by formation of channel and gate-to-channel
capacitance split evenly between C,, and Cm where

Cy=Cy= Ec‘,,m,,,r

In saturation, channel is pinched off at drain, so Cy ~ 0, C; = %C.n

Average channel capacitances of MOSFETs for different operation regions:

Regjon of operation Gy Cp Ca
Cutoff CoaVlg ~0 =0
Linear. ~0 | (UCeWLlr | ¢ V2)CoxWlet

Saturation =0 ()CoWLig ~0

Cp=Cyp+Cyt Cy

© Wiki Engineering
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'I‘ypi;:a] diffusion capacitance values for a 1um #-well process:

n-device (or wire) p-device (or wirc)
Cy 3 % 10" pF/pm® 5.x 10" pF/und
Cp ] —4x 10™ pF/um 4 % 16" pF/um

The source/drain arcas from p/n junctions with substratc or well. The junction

voltage will affect the cupacitance, both Cy and Cy
Generul expression:

=

V; = junction voltage, negative for reverse bias

C;, = zero bias capacitance

'V}, = built-in junétion potential GO6V)

m = grading cocfficient (typical values between 03 and 0.5)

www.raghul.org
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OBJECTIVE
01. In integrated circuits, the design of . 05. Almost all resistors are made in a

02.

03.

04

electranic circuits is based on the

approach of use of -

(a) maximum.number of resistors in the
circuits

(b) large sized capacitor

() minimum chip area irrespective of
the type of components in the-design-

(d) use of only bipolar transistors ’

The basic function of buried n' layer in
an n- p- n transistor fabricated in 1C is
1o
(2) Reduce the magnitude of the base
spreading resistance
(b) Reduce the collector series
_. resistance
(c) Reduce the base width of the
transistor
(d)Increase the gain of the transistor

The p-type substrate in a conventional
p-n junction isolated integrated circuit
should be connected to

(a) no where i.e. left floating
(b) a d.c. ground potential
(c) the most positive potential available
in the circuit
(d) the most negative potential
available in the circuit

For a MOS capacitor fabricated on a p-
type semiconductor, strong inversion
‘occurs when .

(a) Surface potential is equal to fermi
potential.

(b) Surface potential is negative fermi
potential.

(c) Surface potential is positive and
equal to twice the fermi potential

(d) Surface potential is negative and
equal to fermi potential in
magnitude.

© Wiki Engineering

0

monolithic integrated circuit
(a) during the emitter diffusion

- (b) while growing the epitaxial layer

"06.

~J

(c) during the base diffusion
(d) during the collector diffusion

An‘L.C. operational amplifier has a
typical open loop gain-of 1200 and the
common mode rejection of 55 dB.
What is the common mode rejection of
Ratio (CMRR)? _

(a) 550 (b)560 (c)570. (d) 580

. Match List-I (Isolation Technique in

IC) with List-Hl (Related
Characteristic) and select the correct
answer using the code glvcn below the
lists:

List-1

A. Reverse bias p-n junction isolation

B. Resistive isolation using the bulk

resistivity of the layer
C. Native oxide isolation -
D. Oxide (other than native)
List-11
1. Requires large arca of the water,
thereby increasing the IC size
2. Best choice for silicon ICs with low
parasitic capacitance

‘3. Suitable for ICs of 1I-V

semiconductors
4. Introduces bias-dependent parasitic
capacitance
Code : A B C D
(@ 4 1 2 3
() 2 3 4 1
(c) 4 3 2 1
T 2 1 4 3
KEYS:

01.¢02b03.d 04.d 05.a
06.b07.a
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PREVIOUS IES QUESTIONS:

01. In an integrated circuit, the SiO, layer
provides
(a) electrical connection to external cir-
cuit
(b) physical strength .
(c) isolation
(d) conducting path

02. In the fabrication of a buried layer n-p-n
" transistor, the processes involved are )
1. diffusion —
2. oxidation - i
3. epitaxy
4, lithography
The correct sequence in which these
processes are to be carried out, is
“(a)2,4,3,1 ®4,2,1,3
(€)2.4,1,3 (d)4.2,3,1
03. In switching diode fabrication, dopant is
introduced into silicon which introduces
additional trap levels in the material
thereby reducing the mean life time of
carriers. This dopant is
(a) Aluminium  (b) Platinum
(c) Gold (d) Copper-

04. The scaling factor of a MOS device is a.
Using constant voltage scaling model,
- the gate area of the dcwce will be scaled
as (a) la (b) I/a
() I/ (d) Ve

05. A CMOS amplifier when compared to
an N-channel - MOSFET, has the - —
advantage of* =
(a) Higher cut-off frequency
(b) Higher voltage gain
(c) Higher current gain
(d) Lower current drain from the power
supply, therby less dissipation.

05. In fabricating silicon BJT in ICs by the
epitaxial process, the number  of
diffusions used is usually
@2 M3 ©4 D6

07.

In the fabrication of n-p-n transistor in

an IC, the buried layer on the p-type

substrate is

(a)p' - doped

(b) n' - doped

(c) Used to reduce the parasmc
capacitance

(d) Located in the emitter reglon

08 Which one of the following

statements. is correct?
In the context of IC fabrication,
metallization means
.(a) connecting metallic wires
(b) formation of intcrconnecting
conduction pattern and bonding pads
"'(c) doping Si0; layer )
(d) covering with a metallic cap

09. Which one of the following

statements is correct? )
For an MOS capacitor fabricated ona
p- type semiconductor. strong
" inversion occurs when surface
.. potential is
"' (a) cqual to Fermi potential
(b) zero .
(¢) negative and equal to Fermi
potential in magnitude
*(d) positive and-equal to Fermi
potenlial in magnitude

10. Diffusion of |mpur|t|cs ina

- semiconductor is carricdout in a
furnace through which-a-steady
stream of impurity atoms is passed
during the entire diffusion process.
What would be-tietype of profile of

- the impurity atom inside the

" semiconductor?
(a) Linear

--———=(b) Gaussian —

(c) Complementary crror function
(d) Exponential
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11. Match List-I (Isolation Technique
in 1C) with List-II (Related
.characteristic) and select the correct
answer using the codes given below

13. The basic function buried n* layer in'an
n-p - ntransistor in IC is lo

the lists: (a) Reduce the magnitude of the base
List-I _ . spreading resistance
A. Reverse bias p-n junction isolation () ’:;‘:;z;;ze collector series
B. Re§ |§t1ye isolation using the bulk (c) Reduce the base width of the
resistivity of the layer .
transistor

C. Native oxide isolation- -
D. Oxide(other than native isolation)

List-II 14. Which one of the statements
concerning IC fabrication is not correct?
(a) A typical wafer of doped Si may

(d) Increase the gain of the transistor

1. Requires large area of the wafer,

ACE Academy
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thereby increasing the IC size
- 2. Best choice for silicon 1Cs with .
low parasitic capacitance
3. Suitable-for IC of [II-V
semiconductors
4. Introduces bias-dependent parasitic

capacitance
Codes:

A B C D
(@ 4 1 2 3
o 2 3 4 1
(€ 4 3 2 1
@ 2 1 4 3

[2. Consider the following statements
Related to a CMOS (Complementary
metal oxide semiconductor) inverter:

1. It combines an n - channel and a
p— channel MOS transistor -

2. For binary 1 input, both
transistors are OFF

3. For binary 0 input, both transistors
are ON -

4. Whatever is the state of input , one
transistor is ON while the other is
OFF.

Which of the statements given above

are correct?
(@1,2,3and 4
th).1 and 4
) {)l,2and3
“{d) 3 and 4.

© Wiki Engineering

be 400 pm thick, of diameter .

_ 5-15cm. The purity of the wafer

does not matter and can be even
polycrystatline in nature. .

(b) Resistors are obtained by
utilizing the bulk resistivity of
one of the regions; for example,
the DS channel of MOSFET can
serve as a resistor.

(¢} Semiconductors lack -magnetic

properties, so they cannot exhibit
inductance. However, the
inductors can be realized by
combination  of  active and
passive components.

~ (d) in a reverse biased p —n junction,

the positive and negative ions
exist on opposite sides of the
p —n junction; because of that™
p— n junction behaves like a
parallel plate capacitor

15. Assertion (A): The resistors and
capacitors fabricated using 1C
technology have poor tolerances with
respect to their absolute values.

Reason (R): As all the components of
the IC are fabricaled simultaneously,
their ratio of tolerances is very low.

(a) Both A and R are true and R is
the correct explanation of A

(b)Both A and R are true but R is
NOT the correct explanation of A~

(c) A is true but R is false

(d) A is false but R is true

16. Which of the following capacitors are
made use of widely for acapacitance
application in monolithic ICs.

* 1. MOS capacitor

2. Collector Substrate capacitor

3. Collector — Base capacitor

4. Base — Emitter capacitor

Select the correct answer using the

- -.code given below.

~(a)1and2only (b)2and3 only
"(c)3and4only (d)!and4only

17. why is silicon dioxide(SiO,) layer used
in1Cs?
(a) To protect the surface of the chip
from external contaminants and
~to-allow for selective formation
_of the n and p regions by
diffusion [ —
(b) Because it facilitates the
——penetration of the desired
impurity by diffusion o
(c) To control the concentration of
the diffused impurities -
(d) Because of its high heat
conduction

18. Why is the term “plainer technology’ for
fabrication of devices in 1Cs used?
(a) The variety of manufacturing
processes by which deviees are
fabricated, takes place through a
single plane '

(b) The aluminum contacts to the
collector, base and emitter
regions of the transisters in the
ICs are laid in the same plane

{(¢) The collcctor, base and emitler
regions of the transistors in 1Cs
are laid in the same plane

{d) The device looks like a thin plane
wafer

KEY:

le 2d 3¢ 4b S5d 6b
7b 8b 9d 10c 1la 12b
13d 14a 15a 16a 172 18a

1
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CHAPTER -5 BASICS OF OPTO ELECTRONICS
PREVIOUS GATE QUESTIONS: _ i
KEY: FUNDAMENTALS OF LIGHT
I Given ﬁgt{re_ls the voltage transfer e 2a 3b According to the Quantum Theory, light consists of discrete packets of encrgy called
characteristic of  GATE - 2004 photons. The energy contained in a photon depends on the frequency of the light and is given
by the relation E=hf wherc h is Plank’s constant (6.625 x 10 Joule-second). In this
Vout equation, energy E is in Joules and frequency fis in hertz (Hz).. s
_ As seen, pholon encrgy is directly proportional to frequency: higher the frequency.
L - greater the energy. Now, velocity of light is given by e=fA where ¢ is the velocity of the light
3 -+ 77 (3 x 10%msyand X is the wavelength of light in meters. The wavelength of light determines———
Vin . ' its colour in the visible range and whether it is ultrav101c1 or infrared outside the visiblc
0 range.
(a) an NMOS inverter with - . . L . L Now, K. = hf = he/A or A = he/E. meters
enhancement mode transistor as N ' ’ L A= 6.625x 107 x 3 x 10¥E = 19.875 x 107K --E in joules
load - _ IfE fs in elcctron-volt (eV), then since 1.eV:<1.6 x 10'/E E
(b) an NMOS inverter thh depletion ' L A=19875x 10%/E x 1.6 x m'” = 12.42 x 107/E meter " —EinceV
mode transistor.as load. - . or - k 1.242 pm
(c)a CMOS inverter In a forward-biased p-n junction, electrons and holes both cross the junction. In the
(d) a BJT inverter n a forward-biased p-n junc lon electrons and holes both cross the junction. In the
. _ process some electrons and holes recombine with the result that clectrons losc energy.
2. Which of the following is true? The amount of energy lost is equal to the dllffer_enc‘, in cnergy betwceen Ellc eonduellon anfi
(a) A silicon wafer heavily doped with veler‘xee bapds_, this being knoyvn asﬁthc semlconductm: energy band gap E,. The valuc of K,
boron is a p* substrate. for silicon is 1.1eV, for GaAs is 1.43 ¢V '(.md for H\.U_\s is0.36 cV.
nisap L . For example, the wavelength of light emitted by silicon p-n junction is
(b) A silicon wafer lightly doped with : pie. i J g 4 pny
boron is a p* substrate. _ o _ A=1.242/E, = 1.242/1.1 = 1.13 pm.
(c) Asilicon wafer heavily doped with ) ) ; ' : o _ ' )
arsenic is a p* substrate. - B PHOTODIODES
@ ﬁs:ﬁ;zoirsl ;N:fesrultlg:]rgt);.dope d with h Photodiode is a special type of photo-detector. The gencral principle of all
. — . semiconductor-based photo detectors is the electron-excntauon from the valence band to the
3. If P is passivation, Q is n-well implant, ‘ Loe oo __conduction-band by photons. o

R is metallization and S is source/drain ' = Suppose an optical photon 5f fréquency-stis-incident on a semlconductor such lhat its energy

diffusion, then the order in which they . is greater than the band gap of the semiconductor (i.e., hv > Ey).

are carried out-in a standard n-well This photon-will excite an electron from the valence band to the conduction band

CMOS fabrication process, is leaving a vacancy or hole in the valence band. Thus, an electron-hole pair is generated. These -

GATE - 2003 _ are additional charge carriers termed as photo generated charge carriers which obviously

@P-Q-R-S(b)Q-S-R~P increase the conductivity of the semiconductor.

OR-P-S-Q@S -R-Q-p ) : Larger the number of incident photons (incident intensity of light), larger-would be the
change in the conductivity.of the semiconductor, one can measure the intensjfy of the optical
signal. Such photo detectors are known as photoconductlve cells However mote commonly
used photo detecting devices are “photodiodes”.

You already know that at the p-n junction there exists a junction field which, at
equilibrium, does net permit the flow of charge carriers across the junction. The current can
only flow with applied bias.

The diodes are generally reverse biased when used as photodiode. Suppose such a p-n

diode is illuminated with light photons having energy hv > E,. The electron and hole pairs

© Wiki Engineering www.raghul.org
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generated in-the depletion layer (or near the junction) will be separated by the junction field
andimade to flow across the junction.

A measurement of the change in the reverse saturdtlon current on illumination can
give the values of the light intensity. -

The dark current refers to the current that flows when no light is incident. By
changing the illumination level, reverse current can be changed. In this way, rcversc
resistanice of the diodc can be changed by a factor of nearly 20.

A photodiode can turn its current ON and OFF in nanoseconds. Flence. it is one of the
faster photo detectors. It is used where it is required to swnch light ON and OFF ata
Amaximum rate. . .

APPLICATIONS: - - —
Detection, both visible and invisible;

Demodulation;

Switching;

Logic circuit that require stability and high speed; -

Character recognition;

Optical communication equipment;

Encoders etc.

PIN Photo detector:

NAY BN -

When a light intensity of wavelength A is incident on the photo diode ,if énergy I, > Egof
PIN Dlode then a output current lIJ in response to the incident light is produeed

Quantum efficiency of PIN diode is givenby 1= No of electron holc_ panrs generated
No of photons incidented

n1=(k/q)
( Po/ hf)
Responsivity R =1,/ Py = (nq) (hf) A/ watt - :
- - 124 o o 12400
Maximum wavelengt,hrk‘m‘(wn) ) - Iﬂz,,((A ) Talev) :

f = frequency of incident photon

Py = incident optical power
. I = Photocurrent generated in PIN diode
‘Disadvantage of photo-diode is low output current.

Ava__lanc’he Photo Diode: - — — .

.Avalanche photo diode is also a photo detector. A photo diode will produce less
amount of current, which is not sufficient to drive some circuits. An Avalanche photodiode
“gives more output current when compared to a photo diode. The output current in an
Avalanthe photo diode is equal to M times the output current of a photo diode that is
produced due to “impact ionization”.

© Wiki Engineering
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LIGHT EMITTING DIODE (LED)

These are forward-biased p-n junctions which emit spontaneous radiation. You know
that radiation is-emiticd whencver an exited electron falls from higher excited encrgy staie to
a lower energy state.

You know that there are two distinct energy bands in a semiconductor, the conduction
(higher energy) and the valence (lower energy) bands. There miay atso be encrgy bands duc to
donor impurities (Ep) near the conduction band or acceptor impurities (I4) near the valenee
band. When electron falls from the higher to lower energy level containing holcs, the- encrgy
in the form of light radiation is released. Generally, radiations transitions oceur (someumes
non-radiative transition may also occur).

The energy of radiation emitted by LED is equal to or less than the band gap of the
semiconductor used.

The semiconductor used in LED is chosen according to the required wavclength of
cmitted radiation.,Visible LED’s are available for red, green-and orange. The visible
wavelength is from 0.45 pm to 0.7 pm (Energy 2.8 ¢V to 1.8 cV). Therefore, the least band
gap of the semiconductor for use in the visible region is 1.8 eV. Phosphorous doped (GaAs P)
and GaP are the preferred materials. Obviously, Si (Eg ~ 1.1eV) or Ge(E; ~ 0.7¢V) arc not
suitable, since E, is less than the minimum required Eg of ~ 1.8¢V.

GaAs (with E, ~ 1.5 eV) alone or in conjunction with aluminum doped Gads
(AlGaAs) are commonly used for infrared LED’s. -

The color of the emitted light depends on the type of material used is given below:
1. GaAS —infrared radiation (invisible)
2. GaP ~red or green light.
3. GaAsP —red or yellow(amber) light.

LEDs emit no light when reverse-biased. In fact, operatmg Ll:Ds in reverse direction will
qulckly destroy them.

A metal (gold) film is applied to the bottom ¢ of the substrate for reflecting as much lightas
possible to the surface of the device and also to provide cathode connection. LEDS arc always
encased in order to protect their delicate wires.

Applications:

To choose emitting diodes for a particular application, one or more of the following
points have to be considered: wavelength of light emitted, input power required, output
power, efficiency, turn-on and turn-off time, mounting atrangement light intensity and
-brightness etc.— - -

Since LEDs operate a voltage levels from 1.5 Vo 3.3 V, they are hlghly compatible
with solid-state circuitry.

Their uses include the following:

. LEDs are used in burglar-ala;m systems
2 for solid-state video displays which are rapidly replacing cathode-ray tubes(CRT)

3. Inimage sensingcircuits used for ‘picturephone’; www.raghul.org
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4. in the field of optical communication where high-radiance GaAs diodes are
) matched into the silica-fiber optical cable;

5. in arrays of different types for displaying alphanumeric {Letters and numbers) or
supplying input power to lasers or for entering information into optical computer
memories;

6. for numeric display in hand-held or pocket calculators.

LASER DIODE

The word LASER is an acronym and stands for light amplification by stimulated
emission and radiation, which sums up the operation of an important optical and electronic
device. The laser is a source of high#y directional,-monechroimatic, and cohcrent light.

It is an interesting variant of LED in which its special construction helps to produce
stimulated radiation as in laser. In conventional solid state or gas laser, discrete atomic energy
levels are involved while in semiconductor lasers, the transitions are assocmted w1th the
cnergy bands of the semiconductor.

The primary requircment is the population inversion, i.e., the highcr energy level is
more populated than the lower energy level. The situation for the forward biased p-n junction
of LED is similar. Due to the dc bias, the electrons go to the higher cnergy level (i.c.,
conduction band) . . .

When a photon of energy hv = E, impinges the device, while it is still in the excited
state due to the applied bias, the system is lmmedlately stimulated to make its transition to the
valence band and gives an additional photon of energy hv which is in phase with thc mcndent
photon. :

When a forward bias is applied, a current flows. Initially at low current, there is
“spontaneous emission” (as in LED) in all the directions. Further, as the bias is increased, a
threshold current is reached at which the “stimulated emission” occurs. Diode lasers are low

power lasers used as optlcal light source in optlca] communication.
|

Unique Characteristics of Laser nght o o — T k

The beam of laser light produced by the diode has the following unique characteristics:
1. itis coherent i.e. there is no path difference between theé waves comprising the beam.
2. itis monochromatic i.e. it consists of one wavelength and hence one color only;
3. itis collimated i.e. emitted light waves travel parallel to each other.

| Laser diodes have a threshold level of current above which the laser action occurs but
below which the laser diode behaves like a LED emitting coherentdight. Incidentally, a
filter or lens is necessary to view the laser beam.

© Wiki Engineering

T T R T SRR T s e g

ACE Academy

‘Basics of Opto Electronics 109

OBJECTIVE -1

0t. When a p-n junction is formed.
diffusion current causcs
a) mixing of current carricrs
b) forward bias
c) reverse bias
d) bamrier potcntial

02. The lcakage current of a p-u diode is
caused by
a) heat encrgy
¢) barrier potential d) majority carriers

03. Elcctronic components which arc made
of a scmiconductor material are oftcn .
called ......... devices
a) solid -- state
€) germanium

b) silicon
d) intrinsic

04. The area within a semiconductor diode’
where no mobilc current carriers exist
when it is formed is called ... region.

b) saturation
d) space charge

a) depletioh
¢) potential barricr

05. The depletion region ofa
semiconductor diode is due to

a) reverse biasing

b) forward biasing

¢) crystal. doping

d) migration of mobile charge carriers

06. The width of depletion layer of a p-n
Junction o
a) decreases with light doping
b) increases with heavy doping
¢) is independent of applied voltage
d) is increased under reverse bias

07. LEDs are commonly fabricated from
gallium compounds like gallium
arsenide and gallium phosphide
because they
a) are cheap
b) are easily available
c¢)-emit more heat
d) emit more light

b) chemical energy ———-—-

1

08. A LED is basically a ...... p-n junction

a) forward - biased

b) rcverse - biased

c) lightly  doped o

d) heavily - doped ——_-...- .
09. As compared to a L.LED display, the
distinct advantage of an I LD dlsplay _
is that it requires )
) no illumination
b) extremely. low power
¢) no forwardibias
d) a solid crystdl

. Before 1llum1n tmg a p-n junction
photodiode, itthas'to be

(=]

a) reverse - biased
- b) forward - biased

c) switched ON

d) switched OH

11.A phololranfngor cxcels a photodiode
in the matter of

a) faster swntchmg

b) greater sensitivity

c) higher curreg{l capacily.
d) both (a) and'{b)

e) both (b) and (c)

12. The unique charactcrlstlcs of LASER

llght are that it ig
a)coherent -
b) monochromatic
c)collimated .-~ .
d) all of the abovef'
. Silicon is preferred for manufacturing
Zésiet diodes because it
a) is relatively cheap
b) sieds lower doping level
c) has hlgher temperature and current
capacny
d) has lower break - down voltage

1
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14. A PIN diode is-frequently used as a
a) peak clipper
b) voltage reguiator
c) harmonic generator

d) switching diode for frequencncs upto

GHzrange

15. A diode that has no depletion layers
and operates with hot carriers is called
e Diode -
— a)Schottky  b)Gunn
c) step recovery  d) PIN

16. The junction capacitance of a p-n
junction depends on
a) Doping concentration only
b) Applied voltage only
c) Both doping concentration and
applied voltage -
d) Barrier potential only

17. When a junction diode is used in
switching applications, the forward
recovery time is: .

a) Of the order of the TeVerse recovery
time
-b) Negligible in comparison to reverse
recovery time
c) Greater than the reverse recovery
time

d) Equal to the mean carrier life time 1~

- for the: excess minofity carriers

I8. In a degeneratg semiconductor, the
majority carriers are controlled by

a) Fermi — dirac statistics

b) Maxwell -- Boltzmann statistics -

¢) Bose — Einstein (B - E) statistics
-—d)}Pauli’s exclusion principle

19. In a forward biased photo diode, an
increase in incident light intensity
causes the diode-current to
a) Increases
b) Remains constant
¢) Decreases
d)-Remaining constant, the voltage

4rop g5ty gt ioreases

20. For a junction diode,which dne of the
following statement is false

a) the depletion capacitance increascs
with increasc in the reverse bias

b) the depletion capacitance decreases
- with increase in the reverse bias

¢)-the diffusion capacitance increases

with increase in the forward bias

d) the diffusion capacitance is much
higher than the depletion
capacitance when it is forward
biased.

21. In an unbiased p-n junction, the
junction current at equilibrium is
a) due to diffusion of minority carriers
only

b) due 1o diffusion of majority carriers 7

only
c) zero, because equal but opposite
carriers are crossing the junction
- d) zero, because no charges are
crossing the junction

22. Semiconductor diode time constant is
equal to

a) the value of majority carrier life time

“77'b) the life time of minority carrier
) the diffusion capacitance time

constant
d) zero

23. The reverse current of a silicon diode .

is
a) Highly bias voltage sensitive
b) Highly temperature sensitive

) Both bias voltage and temperature
sensitive

d) Independent of bias voltage and
temperaturc
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24. A combination of two diodes
connected in parallel when compared
to a single diode can withstand

a) Twice t_h‘e-‘_i/al_ue of peak inverse.
voltage

b) Twice the value of maximum
forward current

¢) A larger leakage current. .

d) Twice the value of cut-in voltage

25. When a p-type semi conductor material
is bonded to an n-type semi conductor
material and terminals are added, the
resulting structure docs not have the
property that

a) Ideally, the forward bias resistance
is zero

b) As temperature is increased above

room temperature , the material
resistance decreases because the
doping material charges are * freed *
¢) Both holes and electrons contribute
1o the current flow
d) The resistance increases with
increasing doping

26. Depletion capacitance in a diode
depends on
1 Applied junction voltage
2. Junction built-in potential
3 Current through junction
" 4. Doping profile across the junction
Select the correct answer using codes

27. The diffusion capacitance of a p-n
junction diode
a) Increases exponentiaily with
forward bias voltage

b) Decreases exponentially with
forward bias voltage

c) Decreases linearly with forward bias
voltage

d) Increases linearly with forward bias
voltage

28. A zener diode works on the principle

of

a) tunneling of charge carricrs across
the junction - '

b) thermionic emission

¢) diffusion of chargc carriers across
the junction '

d) hopping of charge camers across
the junction

29. The sensitivity of a photo diode

depends upon

a) light intensity and depletion region
width

b) depletian region width and excess
carrier life time

_ ¢) excess-carrier life time and forward

bias currcnt '

d) forward bias current and light
intensity

© 30. Avalanche photo diodes are preferred

over PIN diodes in optical
communication systems because of
a) speed of operation

b) higher sensitivity

<) larger bandwidth

“d) larger power handling capacity

ANSWERS

given below:

a)land 2 b) 1 and 3

c)l,2and 4 d)2,3and 4
Md )2 3)a @)a

Gd ©)d Md ®a®b (0 @l e (2d 13)c

(14)d (15)b (16)c (1 (18)a (19)d @0)a @) c 22)b (23)b (24)c(25)d (26)¢

@7 @8c @9a (30)d
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OBJECTIVE -2

01. A hetero -- structure lascr is beticr than
a diode laser (injection laser) because
of '
(a) Low cost
(b) Long wavelength emission
(c) Low threshold current
(d) Non-linear operduon

02 Given that the band gap of cadmium
sulphide is 2 5'¢V, the maximum
photon wavelength for clectron hole
pair generation will be
(a) 5400p m (b) 5405
(c) 5400A° @ 540A°

S
jvx}

. Avalanche photodiodes are -
preferred over PIN diodes in
optical communication $ystcm
because of
(a) Speed of opcration
(b) higher sensitivity
(c) larger bandwidth .

(d) larger powe: handling capacity

04.. In forward biased photo diode with
increase in incident light intcnsity, the
diode current
(a) increase —
(b) remain constant

(c)decrease - e

(d) remaining constant, the voltage
drop across the diode increases
05. Photons of energy 1.53X10™ Joules
are incident on a photodiode which has
a responsivity of 0.65 A/W. If the
optical power level is 10puW, what is
the photo current generated? o

(a) 64pA (b) 1.5pA
(cy2.1pA (d)6.5pA
KEYS :
0l.c 02.¢ 03.d
04.2 0s5.d

© Wiki Engineering

PREVIOUS IES QUESTIONS:

01. Almost all resistors arc madc in a
monolithic intcgrated circuil.
() during the emitter diffusion.
(b) while growing the epitaxial layer
(c) during the basc diffusion
(d) during the collector diffusion.

02. Consider the following statements:
Impurity diffusion is need in
semiconductor = to  control  the
conductivity,. The nature of the
impurity profile should be such that the
1. impurity concentration decreases

" with diffusion depth.

2. profile results in an internal electric

. field.

1. impurity concentration is
homogeneous with no internal
electric ficld.

Which of these statements are correct?

(a)1,2and 3 (b)l and 3

(¢)2and 3 (d) 1 and 2

~03. Which one of the following statcments

""is correet in respect of " the use of
Direct Gap.(DG) and " Indirect Gap
- _(IG)  semiconductors in’

fabrication of Light Emitting diode?
(a) Both DG and IG semiconductors
are suitable

(b) Only DG semiconductor is
suitable

(c) DG semiconductor is suitable
and some IG material$ having
proper dopants are also used

(d) only IG semiconductors arc
suitable

ACE Academy ‘ Basics of Opto Electronics [TR)

04. Consider the following statements in
relation to a semiconductor laser
diode:

1. The:material should be a direct
gap semiconductor
2. Some form of wavelength.
selective structure or résonator
__ mustbe present.
3. Light output increases
linearly with bias current.
4. Light output increase significantly -
when bias current exceeds a
" threshold value )
Which of the statements given above are
correct?
a)1,2and 4
c)2and 4

b) 1 and 3
" d)2and3

05. Photons of energy 1.53 x 10™° Joule
are incident on a photodiode which has
a responsivity of 0.65 A/W. If the
‘optical power level is 10 pW, what is
the photocurrent generated?
(2) 64 pA (b) L5 pA
(©)2.1pA (d) 6.5uA

06. Consider the following statements used
in respect of the
phenomenon ~ Population Inversion:

1. It means population in a higher
state is higher than that in a lower
" state
2.1t is observed under thermal-
equilibrium
3. It increases the rate of spontaneous
émission
4. It increases the rate of stimulated
emission
Which of the statements given
above are correct?
(a) 1,2,3and 4 (b)Only2and3
() Only 1and 3 (d)Only1and4

KEY:
le 24 3b 4a
54 6d

" PREVIOUS GATE QUESTIONS:

1. Match items in Group 1 with items in
- Group 2, most suitably:

Group 1
P.LED.
Q. Avalanche Photodiode
‘R. Tunnel diode
S.LASER

Group 2
1. Heavy doping
2. Coherent radiation
-3. Spontaneous emission
4. Current gain
GATE 2003

(a)P-l;Q 2%R-4S-3
B)P-20-3%R-1;5-4
©P- 30-4R-1:8-2 -

1;R-4;8-3

@P-2Q-

2. A particular green LED cmits light of

wavelength 5490 A. The energy

- handgap of the semiconductor material

" used there is (Planck’s constant =
6.626 x 10> J -5)

GATE - 2003

(a) 2.26 eV (b)1.98 eV
(©)1.17eV (d)0.74 eV

3. The longest wavelength that can be
absorbed by silicon, which has the
bandgap of 1.12¢V, is 1.1 pm. If the
longest wavelength that can be
absorbed by another material is 0.87
pm, then the bandgap of this material

is GATE 2004
(a) 1416 eV {b) 0.886 ¢V
(c) 0.854 ¢V (d) 0.706 eV
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4. Find the correct match bétween Group 6. Group I lists four different
land Group2  GATE~2006 semiconductor devices. Maich cach
Group 1 : device in Group I with its
E. Varactor diede _ characteristic property in Group IL
F.PIN diode - GATE-2007..
G. Zener diode Group-I e
H. Schottky diode P.BIT
Group 2 Q. MOS capacitor
1. Voltage reference R. LASER diode
2. High-frequency switch S.JFET
3:Tuned circuits T ,
4. Current controlled attenuator Group-1I1
(a) E-4,F-2,G-1,H-3 : 1. Population inversion
{b) E-2, F4, G-1, H-3 2. Pinch-off voltage
{c) E-3,F-4,G-1,H-2 " . 3learly effect
) E-1,F-3,G-2, H-4 4. T'lat-band voltage
(@) P-3,Q-1,R-4, S-2
3. Group Llists four types of p-n junction (b) P-1,Q-4 R-3,S-2
diodes. Match each device in GroupI - (c) P-3,Q-4,R-1,S-2
with one of the options in Group II to (d) P-3,Q-2,R-1,8-4

indicate the bias condition of that
device in its normal mode of operation.

GATE - 2007 Key
Group I le 2a 3a 4c¢
P. Zener Diode 5b  6c

Q. Solar cell
R.LASER diode
S. Avalanche Photodiode

Group II
_|.¥orward-bias —
2. Reverse bias ' : -
{a) P-1,Q-2,R-1, §-2
M)P-2,Q-1,R-1,S8-2
{)P-2,Q-2,R-2,8-1
@Pr-2,Q-1,R-2,S-2

© Wiki Engineering

TOPIC 1: SEMI CONDUCTORS

1. N — type silicon is obtained by doping silicon with
{A) germanium (B) aluminum {C) boron D) phosphorous

2. The intrinsic oarrier concentration of silicon sample at 300°K is 1.5,x 10 /m>. If after
doping the number of majority carriers is 5 x10%°/m®, the minority carrier density is
(A)45 x 10"/m’ (B)333x10%m*  (C)5x10%m* (D)3 x10%/m’

3. Tho band gap of silicon at 300°K is
(A)136ev B)1L.10ev (C)0.80 ev D) 0.67 ev

4. An n ~ type silicon bar has L = 0.1cm, A = 100pm?, Np = 5><102 m”, iy = 0.13 m?v sec,
T= 300°K. Find R,
(A 10°Q “(BY10°Q © 10" Q D) 10“‘

5. The Resistivity of a uniformly doped n ~ type silicon sample is 0.5 Q cm. leon M= 1250
em’iv sec,q=1.6 x 10 1°C. Find donor impurity concentration in the bample
(A2 10'6/cm BN x10%/ecm* (€)25%x10%/cm’ (D)5x10%/cm’

"6. The concentration of minority carriers in an extrinsic semlconductor under equilibrium is
(a) dircctly proportional to the doping concentration
{b) inversely proportional to the doping concentration
(c) directly proportional to the intrinsic concentration
(d) inversely proportional to the intrinsic concentration

7. A heavily doped n-type semiconductor has the following data :

Hole-electron mobility ratio : 0.4 i

Doping concentration :4.2 x 10% atoms/m’

Intrinsic concentration : 1.5 x 10* atoms/m”
The ratio of conductance of the n-type semiconductor to that of the intrinsic
semiconductor of same material and at the same temperature is given by
(a) 0.00005 (b) 2,000 . (c) 10,000 - (d) 20,000 -

8. The conductivity of a semi conductor crystal due to any current carrier is NOT
proportional to
(A) mobility of the carrier (B) effective densities of states
(C) electronic charge s (D) surface states in semiconductor

_9.A silicon sample A is doped w1th 10" atoms/cm’ of Boron. Another samp]e B of identical
dimensions is doped with 10’ 8 atoms/cm’® of phosphorous The ratio of electron to hole.
mobility is 3. the ratio of conductivity of sample A to B is o
(A3 B)1/3 €)23 )32

10. For a n — type semiconductors with n = Np and p = n/Np. The hole concentration will
fall below the intrinsic value because some of the holes
{A) drop back to acceptor impurity states {B)-drop to donor impurity states

(C) virtually leave the ctrystal D) recombine with electrons
www.raghul.org
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11. Match List ] with List [1 and select the correct answer using the codes given below the
lists.

116 Electronic Devices

List1 : List 11
W. Drift current 1. Law of conservation of charge
X. Einstein’s equation 2. Elcctric ficld
Y. Diffusion current 3. thermal voltage
7. Continuity equation 4. Concentration gradient
(AW X Y Z BWX Y Z
2 1 43 4 3 21 4 1 23 . 23 41
12. If an clectric ficld is applicd 10 an n -- type semi conductor bar. The net current is
1. Due to both clcctrons & holes with electrons as majority carricrs '
2. The sum of electron & hole currents 0
3. The difference between clectron and hole current
Which of the above statements (s) is true
(A) 1 alone By1&2 (C) 2 alone (D) 3 alonc

13. Drift current in a semi conductor is proportional to
(A) concentration gradient of charge carriers  (B) concentration of charge carricrs
(€) Inverse of cross sectional area of specimen (D) none

14. Which one of the following pairs of semi conductors and current carriers is correctly
matched

(A) Intrinsic —> Number of electrons = number of holes
B)p-type -2 number of electrons > number of holes
(C)n -type -2 Number of electrons < number of holes
(D) metal -2 holes >> electrons

15. Match List I (crystal type) with List II(name of solid(D) and selcct the correct answer
using the codes given below the lists.

List-— 1 List--1I
W. Ionic 1. solid organ”
X. Covalent _ 2. Copper -
Y- Metallic . : 3. Silicon.

4. Sodium chloride(Nacl)
(B) W-4, X-3, Y-1, Z-2
(D) W—4, X3, Y-2, Z-1

= Z. Vander wall’s
(A) W-3,X--4,Y-2, 71
(C) W—3: X- 4; Y-1 ) 7-2

~16. The carrier mo-bility in a semi conductor is 0.4 m*/v - sec. Its diffusion constant at 300°K
will be (in mzlsec) )
(A) Q.4_3 (B)0.16 ) 0.04 _ ) 0.01

17. At very high temperatures, extrinsic semi conductors become intrinsic because
(A) of drive in diffusion of dopants & carriers .
(B) band to band transition dominates impurity ionization
(C) Impurity ionization dominates band to band transition
{D) band to band transition is balanced by impurity ionization

18. Whica of the following elements acts as donor impurities :
1.Gold 2. Phosphorous 3.Boron 4. Antimony 5. Arsenic 6. Indium
{A)1,2&3 B)1,2,4&6 €)34,5&6 D)24,&5

© Wiki Engineering
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19. Measurement of hall coefficient ina semiconductor provides in’forma.tion on
(A) sign and mass of charge carriers (B) sign of charge carriers alone )
(C) mass and concentration of charge carriers (D) sign and concentration of charge cartiers

20’ The hall constant in a p type — si bar is given by 5x 10° cm®/ coulomb. The hole

concentration in bar is ) _
(A)1x10%cm®  (B)125x 10 m®(C) 15 x 10%em® (D) 1.6 x 10" em?

21. Consider a semi conductor bar having square cross — section. A§sume 1hat th§_ hol‘es d}'lﬁ
in the +ve x - direction and a magnetic field is applied perpendicular to the direction in
‘which holes drift. The sample will show
(A) A —ve resisiance in +vey -direction
(C) A —ve voltage in +ve y — direction

(B) A +ve voltage in --ve y - direction
(D) A magnetic field in +vey - direction )

22. Electron mobility & life - time in a semicgpductor at room temperature are respectively
0.36 m / v-sec & 340 ps. The diffusion length is
(A)3.13 mm _(B)1.77 mm - (C)3.55 mm {D) 3.13 mm

3. The electron and hole concentrations in an intrinsic semiconductq;. are n; per e’ %l
300k. Now, if acceptor impurities are introduced w1t£1 a concent'ratlon of N, per cm
(where N 4>>n;), the electron concentration per cm” at 300k wili be 2,

(A)n . (B)n;+ Ny . (C)Na- . (D)n;”/ Na

© 24 Considér the following statements related to a semiconductor

1. Acceptor level lies close to valence bond

2. Donor level lies close to valence bond

3. n--type semi conductor behaves as a conductor at 0°K

4. p - type semi conductor behaves as an insulator at 0°K i t
" (A)2'& 3 are correct (B) 1 & 3 are correct (C) 1 & 4 are correct (D) 3 & 4 are correc

ilicon is doped wi - l i . 0'7 Atoms/cm’. Assume intrinsic
5. Silicon is doped with boron to a concentration of 4 x 1 n i
concentratior‘: of silicon as 1.5 x 10! ¢m?..Compared to undoped siicon, the fermi level

of doped silicon — .
7" (A) goes down by 0.13 ev ©(B) goes down by 0.427 ev B
(C) goes up by 0.13 ev (D) goes up by 0.427 ev R

Codes to be used for the following questions )
a) Both A & R are true and R is correct explanation ot: A
b) Both A & R are true but R isnota col:rect exp_lanat.lon of A
¢) AistruebutRis false (D) A is false but R is true

- 26. Ass-e—rt_i;n (A) : Net charge with in a conductor is always zero

Reason (R) * : The conductor has a very large number of free electrons

27. Assertidn (A) : In hall effect, the open — circuit transverse voltage developed has
: : opposite signs for n—type & p—type semtconduc_{f)rs.
" Reason (R) * : The magnetic field pushes both holes & electrons In the
' same direction. :
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28. Assertion (A) : At room temperature Fermilevel in p - - type semiconductor lies ncarer
’ the valence band, whereas in n - type semiconductor lies ncarer the
conduction-band.
Reason {R): At room temperature the p — type semiconductor is rich in holes whereasn -
type is rich in electrons !

118 : "Electronic Devices

Ld 22 3Lb  dc “SET.6b 74 84 9.b 10.d 1nd 124 I3.b

14.a ls.d 16.d 17.b 18.d 194 20b 20.b  22b 234 24c Wb b

B TOPIC 2: DIODES |
1. At 300°K, for a diode current of 1mA, a certain germanium diode requires a forward bias
0f0.1435V, whereas a certain silicon diode requires a forward bias of 0.718V. under the
conditions stated above the closest approximation of the ratio of reverse saturation cusrent
.. in Ge diode to that in silicon diode is - ) S
(A ®)5 ©4x 10 (D)8 x 10°

2. In an abrupt PN junction the doping concentrations on the p -- side and n - side are
Na =9 x 10"/m®, Np == 1x10'%cm’ respectively. The PN junction is reversc biased and -
total depletion width is 3um. The depletion width on p side is .
(A)2.7 pm (B)0.3 pm (C)2.25 um (D) 0.75 pm

3. Consider an abrupt p -- n junction. Let Vy,; be the built in potential of this junction and Vy |
be the applied reverse bias. If the junction capacitance (Cj) is 1pF for Vi 1" Vg ~: 1v, then
for Vi + V, =4 v C; will be '
(A)4 pF (B) 2 pF (C)0.25 pF  (D)0.5pF

4. The change is barrier potential of a si p-- n junction diode with temperature is
(A) 0.0025 V/°C  (B) 0.250 V/°C (C) 0.030 V/°C D) 0.014 V/°C

_5. A'Sidiode is carrying a constant current of ImA. When the temperaturc of the diode is
20°C, Vp is found to be 700mV. If the iemperature rises to-40°C Viy becomes '
approximately equal to

(A) 740 mV (B) 660 mV (C) 680 mV (D) 700 mV

6. The current 1 in a forward biased P'N junction.  Figurc A
Shown in figure-A is entirely due to diffusion l—_| I
of holes from x-<0 to x=L.. The injected hole - P N |
concentration distribution-in n-region is linear as =

. shown in figure-B with p(0) == 10"%cm™ & Figure B - , A p(0)
L =10 cm. Thé current density in the ] hole densit; ié—— p(x)
diode assuming that the difussion coefficient »
of holes is 12em%scc will be : 10 L 7 x

(A)192mAlm®  (B)219mAlm®  (C) 19.2 mAlem? (D) 1.29 mA/cm’
7. In the above problem velacity of holes in n-region at x = 0 will be

“{A) IZO&W%W@%X 1_,_03 cm/sec {C) 12 cm/sec D) 21 cm/sec
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8. An one-sided abrupt junction has 10% per m’ of dopants on the 1igblly doped sidc:mBuiltin
potential is 0.2V at zero bias. Depletion width of abrupt junction is'(q - - 1.6x107 C.
e, = 16, co = 8.875 x 1072 F/m) |
A) 6pm (B) tym (C) 0.6um - (D) 0.1pum

9. The ac resistance of a forward biased

carrying current l is ) .
(A) zero (13) a constant value independentof V&1 (C) V/I

p-n junction diode opcraliﬁg at a bias voltage V and
(D) AVIAL

10. The deplection layer across a p'- n junction lics ‘ ‘ ,
(A) mostly in the p region (B) mo.'stly-u.l then region
(C) equally in both the p'& nregion (D) entirely in the p region

11.A p-n diodes dynamic.conduetance is directly 'ﬁropquional to
(A) the applied voltage (B) the temperature  (C) its current (

ey~ 1V, & E - 2V, then which of the

) the thermal voltage

12. In the circuit shown in figure. 1f e; = 2V, e; = 5V,
diodes will be conducting and what will be eq
a) D3 1V
b) Dy;2V
&) Dy 5V
d) Dl; 5V

tance is proportional to V™ where V is the

. In a P-N junction diode space charge capaci lto V- wh
e ! ; ¢ value of n-forsicp, iincarly graded and

applicd bias voltage and ‘n’ is a con'sta;\t. Th

diffused junctions would be respectively. .

A) 1/2,-:/3 &125 B)1/3,12&1/25 ©) 172,125 & 113 (1) 1/3, _1/2.5 & 112

. PN diode with V volts applied o P region _'rc;lalivc lQ N region

( where 1 is the reverse saturation current of the diodc, m the idcality factor, K boltznmann
constant, T absolute temperature and q the magnitude o£ lg:_hargc of clcctrggz_l_ls

A @™ 1) B ™) O, - D)o (-1

14. The current through a

p waveform Vg is . .

} e ‘re assumine ideal diode o/
15. For the circuit given in figure assuming 1dea O sy

Sy-——==—- 10V
5V g

16. A silicon PN diode at a temperature of 20°Chasa reVEf§e"§:;iturati9n current of 10pA—
The reverse saturation current at 40° C for the same bias is approximately.
A)30pA (B) 40 pA (C) 50 pA - (D)60pA

17. The primary reason for the wide spread use of silicon in semiconductor devicfc? technology

is

A) Abundance of silicon on the surface qf the E:arth )
(B) Large bandgap of silicon in compassion with germaniu
(C) Favorable properties of siticon dioxide (Si02)

m

(D) Lower meeting point
www.raghul.org
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18. A silicon PN junction diode under reverse bias has depletion region of width 10pm. The
relative permitivity of silicon er = 11.7 and the permitivity of free space
o =8.85 X 10™ F/m. The depletion capacitance of diode per square meter is
A) 100pF (B) 10pF (C) 1yF () 20pF

19. In a P*n junction diode under reversé bias, the magnitude of electric field is maximum at
(A) the edge of the depletiori fégioii on the P-side
(B) the edge of the depletion region on the n-side
(C) the P™n junction

(D) the centre of the depletion region on the'_n-__side )

20. A P"n junction has a built-in potential of 0.8 V. The depletion layer width at a reverse
bias of 1.2 Vis 2pm For a reverse bias of 7.2 V, the depletion layer width will be
(A)4 um (B) 4.9um
, (¢) 8 pm
(D) 12 pm

21. Which of the following is NOT associated with a P-N junction ?
(A) junction capacitance (B) charge storage capacitance
{(C) depletion capacitance (D) channel length modulation

22. For the Zener diode shown in the figure , the Zener voltage at knee is 7 V, the knee
current is negligible and the Zener dynamic resistance is 108). If the input voltage (V';)
range is form 10 to 16 V , the output voltage ( ¥y) ranges from

2009

(A)7.00t07.29 V
(B)7.14107.29V
(€)7.14107.43 V
D)7.29t0 743 V.

" 23. In the voltage regulator shown in figure. The load current can vary from 100mA to
500mA. Assuming that the Zener diode is ideal.(i.e., Zener knee current is negligibly
small and Zener resistance is zero in the break down region), the value of R is

(A)7Q . R

®70Q : Variable load
©)7013Q ‘ 5V 100mA to 500mA
D)14Q £

24. Consider the following statements regarding the circuit given in the figure, where the

output voltage is constant RS
I) Via > the voltage at which the zener breaks down
2) I, <the difference between I and I, the current at which - Vi, Iz IJ Vo

the zener breakes down
3) Rs < the zener nominal resistance.
Which of the above statements are correct
(AY1,2and3  (B)1and2 (C)2and3

D) 1and3

© Wiki Engineering
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25. For the circuit shown below. assume that the zener diode is ideal with a breakdown
voltage of 6 Volts. The waveform observed-across R is

12sinant

(A) ®)

© ' B (D)

26. A zener diode regulator is to be designed to mect the specifications: I -+ 10maA,
Vo =10V, Vi, varies from 30V to 50V. The zener diode has V= 10V & Ik, kncc
current ImA. For satisfactory operation

a) R<1800Q

b) 2000Q <R <2200Q
c) 3700Q <R <4000
d) R>4000Q -

27. The o/p voltage (Vo) of the circuit shown in the figure is - .
a) 0
b) 57V
c) 69V
d) 126V

28. The ideal characteristic of a stabilizer is __

a) constant output voltage with low internal resistance

b) constant output current with low internal resistance S

c) constant output voltage with high internal resistance

d) constant internal resistance with variable output voltage :
29. The zénerdiode in the regulator circuit in Figure has a zenervoltage of 5.8 volts and a

zenerknee current of 0.5 mA. The maximum load current drawn from this circuit ensurmg

proper functioning over the input voltage range between 20 and 30V is

(A)23.7mA WAL

(B) 142 mA LOAD
{€) 13.7mA

0)242 mA o— -
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" 30. The vatues of voltage (Vp) across a tunael-diodc corresponding to peak and valley
currents are Vp and Vy respectively. The range of tunncl-diode voltage Vi Tor which
the slope of its 1-Vy characteristics is negative would be

(@Np<0 H)0<Vy<Vp () Vp<Vp<Vy {d)yVp>Vy

. Consider the following asscrtions
S1: For zener clfect to occur. a very abrupt junction is reguired
$2: For Quantum tunneling (0 occur, a very narrow cnergy barricr is required
Which of the following is corrcet
(A) only 82 is true
(13) SI"and $2 arc both truc but S2 is not a reason for St
(C) 81 and S2 and both true and-82 is a rcason for S1
(D) Both S1 and S2 arc falsc
Codes to be used for the following questions  (A: Assertion, R: Reason)
(A) Both A & R arc truc and R is correct explanation of A
. (B) Both A & R are true but'R is not a correct explanation of A
(CY A is truc but R is False
(M) A is false but R is true

V)

32. Assertion (A): A DC voltage stabilizer is one which stabilizes the output voltage
irrespective of variation in I/P voltage and load current

‘Reason (R): A DC voltage stabilizer uses a zener diode a cross the load to stubilizc the
: vollage '
Key: : _
l.e 2b 3d 4a 5b 6a 7b 8¢ 9d 10.b llc l2c
13.a 14.d 15.d 16.b 17.b 18.b 19.¢ 20.a 21.d 22.a 23.d 24.b
25.b 26.a 27.¢ 28.a 29.¢ 30.c 31b 3

"TOPIC 3: TRANSISTORS AND OPTO ELECTRONIC $3EVICES

1. At 25°C the collcctor-emitter voltagejrob of a silicon transistor at saturation is ’
Approximatély (A)0.1V_ . (B)0.3V . (€©)0.5V L. D)orv

2. Which one of the following is correct for the biasing of'a BJT' in activc region
ke ke ke -l
(A) FB FB (B)F'B RB (C)RB FB D) RB-RB

3. For a BJT under saturation condition
A)lc=plg B)Ilc>Plg (C)I¢isindependent of all other parameters (D) Ic <B I

4. If both emitter-base and collector-base junctions of BJT are forward biased the transistor is
in (A)active region (B) saturation region (C) cut-offregion (D) Inverse mode

5. If a=0.995, Ig= 10mA, Ico = 0.5 pA, then Icyo is

(A) 100pA (B) 25pA (C) 10.1 mA (D) 10.5mA

6.1n a BJT biased -for-operation at emitter current Ig and collector current Ic, the trans
conductance gy, is :
(A)KT/qlg B)qlc/KT  (C)Ic/Ig

© Wiki Engineering :
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7. Match List I with List I (assume List 1 as Region of BIT in a monolithic I{C)

List [ List II
P) Limiuer 1) Moderate Resistivity
Q) Basc 2) Very high Resistivity
R) Collector 3) Large size

S) Substrate _ 4) Very high Conductivity
{A)P-1,Q-4R-2.8-3 (B)P-4.Q-1.R-2,S-3 {C) P-4. Q-1 R-3,8-2 (1) P-1. Q-4.R-3.8-2

8. A transistor has a current gain of 0.99 in CB mode. Its current gain in CC mede is
(A) 100 199 (©) 1.01 © (D) 0.99

9. Maich List I with List Il in respect of BYT (E-B: Lmitter-Base, C-B: Collector-Base.
--- " 7JN: Junction-EBForward bias, R3: Reverse Bias)
List1 List U
P) E-BInFB & C-BJnRB 1) Very low gain amplificr
QEB&C-BInFB 2) Saturation condition
R)E-BJnFB & CBInRB 3) High gain amplificr
SYE-B&C-BInRB 4) Cutoff condition
(A)P-2,Q-3R-1.54 (B) -3, Q-2,R-1.5-4
(C)P-3,Q-2R4.58-1 (D) P-2. Q-3.R-4.S-1

10. The circuit using a BJT with B 50 and Vgg = 0.7V is shown in figure the base current Iy,
and collector voltage V- are respectively.

30kQ PR
- y 10 uF o Ve
(A)43pA and 11.4 Volts H
(B) 40uA and 16 Volts o
(C)45pA and 11 Volts o _L 40 uF

(D) 50pA and 60 Volts

[og

>

11. The phenomenon known as “Liarly Effect” in a bipolar transistor refers to a reduction of
the effective base-width causcd by o .

(a) electron-hole recombination at the base

"(b) the reverse biasing of the base-collector junctiom—-
_ __{c)the forward biasing of emitter-base junction\

(d) the carly remoyal of stored basc charge during saturation-te-cutoff switching

12. The DC current gain (B) of a BJT is 50. Assuming that the emitter injection efficiency is
0.995, the base transport factor is
(A)0.980 (B)0.985 - (©)0.99% (D) 0.995

13. For the BIT circuit shown, assume that the f§ of the transistor is very large and

Vor=0:7 V. The mode of operatien of the BJT is - .

-(A) cut-off
(B) saturation”

(C) normal active

(D) revere active
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14. For an N-channel JFET, having drain source voltage constant if the gate source voltage is
increased (more negative) pinch-off would occur for
(A) high value of drain current ((B) saturation valuc of drain current
(C) zero drain current (D) gate current equal 1o drain current

15. The o/p V-1 characteristics of an enhancement type MOSFET has
(A) only an ohmic region :
(B) only a saturation region B
(C) an ohmic rcgion at low voltage value followed by saturation at highcr voltages
(D) an ohmic region at large voltage value preceeded by saturation at low voltages

16. For a JFET in the pinch off region as the drain voltage is increased the drain current
(A) becomes zero  (B) abruptly decrcases(C) abruptly increases (D) temains constant

17. The threshol& voltage of an n-channel enhancement mode MOSFET is 0.5V, when the
device is biased at a gate voltage of 3V. pinch off would occur at a drain voltage of
(A) L5V B)25v (C)3.5V (D)4.5vV

18. Match List I with List 1I
~ Listl List II’
P) N-channel FET is better than p-channel 1) reverse bias increases along the channcl
Q) channel is wedge shaped
R) Channel is not completely closed at
pinch off
S) Input impedance is high

(A)P-4,Q-1R-28-3 (B)P-4,Q-2,R-1,8-3 (C) P-3,Q-1 R-2,5-4 (D) P-3,Q-2.R-1,5-4

3) Low leakage current at gate terminal

4) better performance since py>>p,p

19. In 2 MOS transistor, the gate source I/P impedance is :
1. lower than I/P impedance of a BJT 2..Higher than I/P impedance of a BJT
3. lower than I/P impedance of a JFET "4, Higher than I/P impedancc of a JFET
~Which of the above statement(s) is true B

(A) 1 alone (B)2and3 (D)2 and 4

(C)4 alone

20. The action of a JFET in its equivalent circuit can best be rcpresented as
(A) current controlled current source __(B) current controlled voltage sourcc
(C) voltage controlled voltage source- — — (D) voltage controlled currert-source "_
- 21. Silicon is not suitable for fabrication of LED because it is
(A) an indirect band gap semi conductor (B)a direct band gap semi conductor
(C) a wide band gap semi conductor (D) a narrow band gap semi conductor

22. The longest wave length that can be absorbed by silicon which has a band gap of 1 12ev
is 1.1 pm. If the longest wave length that can be absorbed by another material is 0.87 pm,

_then the band gap of that material is -
(A) 1416 ev (B) 0.886 ev (C)0.854 cv

23. A particular green LED emits light of wavelength 5490°A. The energy band gap of the
semi Conductor material used there is (plank’s constant == 6.026 x 107 - sec
(A)2.26 ev (B)198ev C)y1.17ev . D)0.74ev

24. Given that the band -- gap of cadmium Sulphide is 2.296 ev the maximum photon wave
length for electron -- hole pair generation will be
{A) 5400 pm (B) 540 pm

) 0.706 cv

(C) 5400 A” (D) 540 A°
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25. Which of the following is true ?
(A)A s.il‘icon wafer heavily doped with boron is a P’ substratc
B)A sgifcon wafer lightly doped with boron is a p’ substrate
A sﬂgcon wafer heavily doped with arsenic is a p' substrate
() A silicon wafer lightly doped with arsenic is a p* substrate /
26. Group [ lists four different semiconductor devices Match cach'device i
‘ s . cach'd ithi
characteristic property in Group II : e 1 : crieemn Grg)l_lp__l withlis .
Group I : Group I !
P.BJT ‘ . 1. Population inversion
Q. MOS capacitor 2. Pirich-off voltage ~- *
R. LASER diode—- - 3. Early cffect
S.JFET T 4. Flat-band voltage
(A)P-3,Q-1,R4, S-2 (B) P-1,Q4, R-3, S-2
(C)P-3,Q-4,R-1, S-2 (D) P-3,Q-2, R-1, S-4
27. Match List I with List If : h
List I List II

P) voltage controlled device [)BIT
Q) current controlled device 2yUIT

R) Conductivity modulation device 3) FET
S) Negative conductance device 4) IMPATT diode
(A) P-g, Q-3R-1,S4 (B)P-2, Q-3.R-4.8-1 (C)P-3, Q-1 R-2,S-4 (D) p-3, Q-],I{-4,S;2
28. Match List I with List II - ' '
ListI ListIl

P) BJT 1) Pinch off effect

Q) FET 2) Controlled rectification

R) SCR 3) Negative resistance characteristics
S) Tunnel Diode 4) Punch through cffect

(A)P-1,Q-3R-2,54
(C)P-4.Q-1R-2,S-3

(B) P-1,Q-2,R-3,54
(D) P-1,Q4.R-3,82"

29 Match List I with List IT

List] ListI1

Py BIT 1) Voltage controlled negative resi
gative resistance
Q I\\/IOSFET. 2) High current gain
- R) Tunnel Diode 3) Voltage regulation

S) Zener Diode
(A)P-1,Q-4 R-2,8-3
(C)P-2,Q-3R-1,84

4) High I/P impedance
(B) P2, Q-4,R-1,8-3
D) P-1, Q-3,R-2,54

30:-Match items in group I with group I

Group [ Group I
P) LED _ 1. Heavy doping
Q) Avalanche photo divde 2. coherent radiation
R) Tunnel diode 3. Spontaneous emission
S) LASER 4/ Current gain

(A)P-1,Q-2, R4, S-3
(C) P-3,Q4, R-1.S-2

() P-2,Q-3,R-1, 54
(D) P-2.Q-1, R4, S-3
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31. Match List1 wi{h List 11-and-select correct answer using the codes given below the lists
List- 1

~List -1
P. Silicon diode
Q. Germanium diode
R.LED
_S. PIN diode
(A) P-1,Q-3, R4, S-2
©)P-1,Q4, R-3,S-2

©32. Match List Twith ListIf

List |
P. Zener Diode
Q. Tunnel Diode
R. Gum Diode
S.Pin Diode
(A) P-3, Q-] 2 R-4.8-1
©) p-4,Q-124.R-1. S-3

33. Find the correct match between Group 1 and Group 2

Group |

P. Varactor Diode

Q. PIN Diode

R. Zener Diode

$. Schottky Diode
(A) P-4, Q-2 R-1.8-3
(C) P-3, Q4. R-1. S-2

Codes to be used for the following questions

a) Both A & R are true.and R is correct explanation of A

b) Both A & Rare true but R is not a correct explanation of A ,
¢) A is true but R is false d) A is false but Ris true
34. Assertion(A): The semiconductor devices like BITS have a maximum temperature of
opcration, beyond which they do not function ’ :
Reason (R) : Extrinsic P--type and N-type semiconductors
that temperature an [ 1he effect of dopingjs/lqs‘t_ o
. 35. Assertion{A):.The ¥ impedance of insulated gate MOSFET is very ‘high B
Reason(R): The current is MOSFET s is due to majority carriers
16. Assertion (A): High power transistors are invariably made up of silicon
Reason(R) : silicon isa dircct band gap semi conductor : .
37. Assertion (A) : A N-channel enhancement MOSFET can turn on permaturely -
Reason(R): most contaminants is MOS fabrication arc mobile positive charged ions and
they get trapped hannelcahancement

i between gate and substratc inan-c
MOSFET, where as they are trapped on the other sidc of the substrate in the
—case of a p- channe! MOSFET '

1. High frequency application
2. Very low reverse bias saturation current
3. Low forward bias voltage drop
4. cut off wave length
(B) P-2,Q4,R-3, S-1
(D) P-2,Q-3, R4, S-1

List ST .
1. High speed switchingdevice o
2. multivibrator citcuit -
3. Voltage stabilizer
4. Microwave Oscillator
(B) P-4,Q-24, R-4.S-1
(D) P-3,Q-1 24.R4.8-1

Group 2

1. Voltage refercnce

2. High-frequency swilch

3 Tuned circuils

4. Current controfled atienuator ’
(B) P2, Q4. R-1, S-3

») -1, Q-3 R-2,54

10.b 11.b 12b
7.2 23.a 24.¢
34.a 35.b. 36.c

Key:
La 2b 3.d
13.¢ l4.¢c 15 -1-6.d

25.a ©2V§/,c_ 27.d 28.¢c
37.a Iki Engineering

4b 5a 6D 7.¢ 8.a 9.b
17.b 18.a 19.d 20.d 2l.a’
29.b 30.c _3l.d 32.d 33.c

behave as intrinstic beyond  ———
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