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SEMICONDUCTORS
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Trivalent impurity atom

(a) Bond structure

Fig. 16.% Bond structure and energy band diag

semiconductor is as shown in Fig. 16.3(b). Here E represents the energy level
corresponding to the accepter impurities. When an intrinsic semiconductor js doped with
accepter impurity, the concentration of holes in the valence band will be more than the
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However, with increase of temperature, a few covalent bonds are broken. When a
covalent bond is broken, one electron becomes free and leaves the atom and becomes a
positive ion known as hole. The hole acts as a positively charged particle, having a
charge equal to that of an electron but of opposite sign. Since a hole is a strong centre of
attraction for the electron, the hole attracts an electron from the neighbouring atom to fill
it. Thus the hole is now shifted to another place from where the electron has migrated.
The newly created hole is filled up by another neighbouring electron and so on. Thus a
hole once created moves about in the crystal in a random manner, just like the free
electron. On applying an electric field, the holes move in a direction opposite to that of
the valence electrons. It constitutes a hole current. It must be noted that in an intrinsic
semiconductor, the number of electrons and holes are equal and they are less. Hence the
current produced in a semiconductor is not adequate for any useful work. The energy
band diagram of intrinsic semiconductor is shown in Fig. 16.1(b). The Fermi level E_is at
the middle of valence and conduction bands. If E, and E, are the energy levels of valefice
and conduction bands respectively, then the energy gap is,

EH = E(-'— Ev
and the Fermi energy is, E,= E +E,
2

v

Extrinsic Semiconductors

If a small amount of impurity is added to a pure semiconductor, it significantly
increases the conducting properties. The process of adding the impurities to a
semiconductor is known as doping. A semiconductor doped with impurities is called
extrinsic semiconductor. Depending upon the type of impurity added to pure
semiconductors (like Ge or Si) the extrinsic semiconductors are further subdivided into
two groups :

i) n-type semiconductor, i) p-type semiconductor.

n-type semiconductor

A semiconductor doped with a pentavalent impurity is called n-type semiconductor.
Typical examples of pentavalent impurities are arsenic (As, Z=33) and antimony (Sb,
Z =51). When these impurities are added to pure germanium crystal, four valence electrons
of impurity atom form covalent bonds with the four valence electrons of the neighbouring
Ge atoms. The fifth valence electron of impurity atom has no place to form the covalent
bond and remains free to move randomly in the crystal lattice as shown in Fig.16.2(a).
Thus each impurity atom donates a free electron to the semiconductor. Hence the impurity
is called donor impurity. The semiconductor containing donor type impurity is called
n-type semiconductor because it has negative charge carriers, i.e., electrons.
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Fig. 16.2 Bond structure and energy band diagram of n-type semiconductor

Although each arsenic atom donates one electron, yet doping the crystal with jus.
a trace of impurity provides enough free electrons to move through the crystal structure
and act as charge carrier. In the case of germanium, doped with donor impurities the
energy required to move an electron from donor impurity to the conduction band is in
the order of 0.0127 eV. The energy band diagram for n-type semiconductor is shown in
Fig. 16.2(b). Here E, represents the energy level corresponding to donor impurities and it
lies just below the conduction band. It should be noted that in n-type semiconductors, the
electrons are majority charge carriers but there are still present some thermally generated
holes which are called the minority charge carriers.

p-type semiconductor

A semiconductor doped with a trivalent impurity is called p-type semiconductor.
Typical examples of trivalent impurities are gallium (Ga, Z=31) and indium (In, Z=49).
When a small amount of Indium is added to germanium crystal, three valence electrons
of impurity atoms form covalent bonds with three valence electrons from thre-
neighbouring germanium atoms. There is a deficiency of one electron to compl. ihe
fourth bond. This electron deficiency is called the hole and it behaves like a positively
charged particle as shown in Fig. 16.3(a). Since there is a strong tendency of semiconductor
crystal to form covalent bonds, a hole attracts one electron from a nearby covalent bond.
Consequently a new hole is created at the originally occupied place of electron. This hole
is again filled by another electron from a nearby bond giving rise to another hole and so
on. Thus a hole moves freely throughout the crystal lattice.
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(a) Bond structure (b) Energy band diagram

Fig. 16.3 Bond structure and energy band diagram of p-type semiconductor

An impurity that produces holes inside a semiconductor crystal is called acceptor
impurity because it accepts electrons from the nearby ‘germanium atoms. The
semiconductor containing acceptor type of impurity is called p-lype semiconductor,
because the charge carriers are positive holes, The energy band diagram for p-type
semiconductor is as shown in Fig. 16.3(b). Here E_represents the energy level
corresponding to the accepter impurities. When an intrinsjc semiconductor is doped with
accepter impurity, the concentration of holes in the valence band will be more than the
concentration of electrons in conduction band and the Fermi level shifts towards (he
valence band. The accepter level is Just above the valence band. [t should be noted that

in p-type semiconductors, holes are majority charge carriers and electrons are the minority
charge carriers.
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Differences between BJT and JFET

FET

It is a unipolour device (i.e.) Current
in the device is either by electrons or
holes.

It is a voltage Controlled device (i.e)
voltage at the gate terminal controls
the amount of current through the
device.

Input resistance is very high and it is
in the order of mega ohms.

It has negative  temperature
coefficient, §§ means that current
decreases as the temperature
increases. This, characteristic
prevents the FET from thermal
breakdown.

It does not suffer from minority
carrier storage effects and it has
higher switched speeds and cut off
frequencies.

It is less noisy.

Simpler to fabricate as a IC and
occupies a less space on IC.

Cost is high.

o

BJT

It is a bipolar device i.e. current in
the device is carried by both
electrons and holes.

It is a current controlled device (i.e.)
the base current controls the amount
of collector current.

Input resistance is very low as
compared to FET and is of order of
few ohms to KQ.

It has a positive temperature
coefficient. This characteristic leads
BIJT to thermal breakdown.

It suffers from minority carrier
storage and it has lower switching
speed and cut off frequencies that of
FET’s.

More noisy than a FET.

Difficult to fabricate as an IC and
occupies more space than that of
FET.

Cost is low.
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Construction of JFET

Vs (\’cne) i
d

. . . - D-
Opcration of JFET:- 'T“Q Sy wmbelie mptmn’&\wdo iy Q O
6
. oY
When Vg applied and Vpg=0 N ch
anne)
S pchanne] |

e P type gate and N type channel constitute PN junction, This PN junction is always
reverse biased in JFET operation.

e The input junction Gate and source always reverse biased by using Vg (Vas) supply.
whenever it is in the reverse bias condition electrons and holes diffuse across the junction
leave behind positive and negative ions on N-side and P-side, and these ions are
immobile ions, is known as “depletion region”.

e When P and N regions are heavily doped, the depletion region extend symmetrically on
both sides, but ‘P’ region is heavily doped than N type channcl, thus depletion region
extents more in N-region than the P-region.

e« When no Vpp applied to the depletion region is symmetrical and conductivity becomes
zero, As the reverse bias voltage increases across the junction, the thickness of depletion
region also increases.

When Vps is applied and Vgs=0 i

e When draiwoltage, the drain current Ip flows as shown in fig. thiilrain current causes
voltage dl'§ along the channel (this is due to*n-material is resisti® or drain has some
internal resistance), this voltage drop revers® bias the pn junction, causes into the
channel.

e And this depletion region penetrates maximum into the channel because channel is lightly
doped when compared to gate.

e reverse bias is higher near drain than source hence the shape of the depletion is wedge
shaped.

w3\

Y
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When V) and Vg applied

e The drain current is maximum when no external voltage is applied between gate and
source and it is Ipss.

e  When Vgg(Ves) is increased beyond zero, the depletion regions are widened this reduces
the effective width of the channel and controls the drain current through the channel.

e Whenever Vgs is increased further, the stage is reached at which two depletion regions
touch each other, it called as “Pinch off region”, this reduces drain current to zero.

e The voltage at which the drain current becomes zero is known as Pinch off voltage.

e This pinch off voltage(Vy) is negative for N-Channal JFET and it is depends on (a)
doping of the N and P regions of device and (b) the width of channel.

Characteristics of JFET:
There are two important characteristics of JFET
(a) Transfer Characteristics

(b) Drain or VI Characteristics.

Transfer Characteristics:

Tt
w0
NGy -
7 - 7

¢ This gives the relationship betWeen drain current Ip and gate to source
voltage(Vgs) for different values of Vps.

e Whenever Vgs=0, the drain current will be the maximum i.e. Ipgs.

e Whenever Vgs increased, the depletion region maximum penetrates into
the channel this causes the drain current will be @ zero, that voltage is
known as “Pinch Off Voltage”.

o The relation between Ipss and pinch off voltage Vp is

The  velahon  welweon Tpey onvd Ve \a

P

v



Drain or VI Characteristics:-

o This gives the relation between Vps and drain current Ip and the output characteristics are
divided into 3 regions. 3

efeodl-d‘“"
~OQ\En

Obmic. Ragen -

‘?(—— pircholt -ra_E,—\En, salivakew ¥

Upe—F

Ohmic Region:

e When Vps=0 there is no attracting potential at the drain and hence drain current [p=0,

even channel between gates is fully open.
e As Vps increased Ip increases linearly upto some point this shows that FET behave like

an ordinary resistor so this resion is called as “Ohmic Region”.

Pinch off region:

e When Vpg is increased the channel width reduced to a minimum value known as “Pinch
Off” and the voltage at which “Pinch off” occurs is known as pinch off voltage.
e This region also known as saturation region or constant current region.
e In this region, drain current remains constant at its maximum value Ipss.
o _The relation between Ipgs & Vgs and Vp is T =3 T - VRS
b g “Dss ( 'Q'E) .

¥ -
This relation is also known as ghookly’s equation.

Break down region:

To Yz eqioen the drain  Qurent  tntreases 'YQQ)\C“J; toth  \nereaie Wy
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Comparison of JFET and MOSFET

JFET

(n) It operates only in depletion mode
because the input junction is always
reverse biased.

(b) Input impedance of JFET is less
because galé takes a very small
leakage current.

(¢) Drain resistance is high.

(d) Difficult to fabricate.

(e) PN junction formed between gate
and channel.

(f) It does not requires any additional

protection circuits.

-

MOSFET

(a) MOSFET
enhancement and depletion method.

(b) MOSFET has high input impedance

than JFET because the gate current is

operates in  both

negligible.

(c) Drain resistance is less.

(d) Easier to fabricate.

(e) There is no PN junction, due to the
SiO; layer between gate and channel
it acts as capacitor.

(f) MOSFET get damaged easily, if they
are not operated properly thus
additional protective circuits are

needed.
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UJT ( Uni Junction Transistor):
e It has only one PN junction but it has a three terminal silicon diode.

e It differs from an ordinary diode in the sense that it has three leads and also it difference

from BJT & FET that it has no ability to amplify.

e It has negative resistance characteristics which makes it useful as an oscillator.

Construction:-
Ba Symbel

\ o
miype
Erot Ter A P71 st bar

E

B)

B
It consist of lightly doped N type ‘silicon bar sandwiched with heavily doped P-type

material for producing single PN junction.

The three terminals named as emitter E, two base terminals B2&B1 arrow points gives

the direction of conventional current when UJT is in conducting state.

Equivalent circuit:

- |
L ]
=N
BB . Roy
— = Re R
e It consist of a diode and resistance Rpp. B‘ﬁﬁ 8\“\' G

‘Y'l-’— Talrasic slaud °\'& vato
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e The diode D represents PN junction and Rgg represents the resistance between
B2&B1 or total resistance of silicon bar from one end to other with emitter
terminal opens, it is called as inter base resistance.

Here
Res = Re1 + Ra2
At point A, Rgi> R|32| Rg1 = 60% of Rpgs

Rgq is variable because its value depends upon the bias voltage across PN
junction.

Operation :

When voltage applied at the emitter & Res: L

When Vgs is applied between B, and B4 while the variable emitter voltage Ve is
applied across emitter terminals.

@f- V,<nV,+V, UJTis OFF The dusda c)wo\o VIRV cacmmmlhdr

V,>nV,, +V, UJT is ON
Y 03 % 0TV @
F 4

Characteristics of UJT : |
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e Initially Vg<Vp, emitter junction is reverse biased resulting in a small emitter current
flows.

e WhenVg>Vp, emitter junction is forward biased and hence current flows through emitter
this current increases until the peak current Ip reaches point P, the holes are injected into
N region which are repelled by base B,, while they are attracted by base 1. These holes
increases conductivity between emitter and base 1. Vg drops and Ig increases until it
reaches the valley point Vy.

e At the valley point, the current increased to such an extent that there is no further increase
in conductivity thus the device behaves as a conventional forward biased PN-junction.

. e Between the peak point and valley point, Vg decreases and Ig increases thus UJT shows a

negative resistance between this region. After valley point UJT enters into saturation

region i.e. very small change in Ig increases Vg largely.

Applications of UJT:
[t has a unique property, that it can be triggered by any one of its three terminal or an output

can be taken from any one of its three terminals.

(a) Switching Circuits (b) Pulse generation

(c) Saw tooth generation (d) Timing & trigger circuits

(e) Sine Wave Generation (f) Voltage related supplies.
. UJT AS Relaxation oscillator:

£ —

cu{-‘oo\- M\:u_‘-orm O
e Zt consist of UJT & C which is charged through R as Vgg switched on. CQPQU‘EF .
e whan ca()uu\'at votlapn veocker the valwe \JP, in kme Tg OFT fives
cwd  vepidly daschaxges ¢ tovough B Bl the Vollox falla  belowd
enmmom  vetbe Vy . The devia {8 ok obt aud c <ak b chomr

s 3 Y [ B . - N I, € A SN lm\"r\
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