Comparison between N type and P type semiconductor

SL No.

N type semiconductor

P type semiconductor

1.

2, Doping agent is arsenic,
antimony etc.
3. Here, majority carriers are

are holes.

N type semiconductor is created
by adding pentavalent impurity
Into pure Silicon or Germanium.

electrons and minority carriers

. . e~
P type semiconductor is createq by

adding trivalent impurity into pyre
semiconductor (Si or Ge).

Doping agent is gallium, indium
etc.

Here, majority carriers are holes
and minority carriers are electrons,

4.6 THEORY OF PN JUNCTION

e A junction is formed between a sample of 'P' type semiconductor
and a sample of 'N' type semiconductor, both joined together. This
device is called the PN junction.

The formation of PN junction is also called as Diode, because it has

two electrodes one for P region named as, Anode and the other for
'N' region named as, Cathode.
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The N type semiconductor has b

while 'P' type semicon X
uctor has high concentration of holes as shown

.+ figure 4.5 (a). . .

1erllectf-::ns to m(o\)rc ?;w © Junction there is a tendency for the frec

vice versa. This proces\bd's the 'P' side and holes to the ' N' side and
1s known as Diffusion. The diffusion is the

process by which charge carrie :
- I move i on area
to low concentration area, from high concentratl

’ W'l::;ntl'fl?ehe}eamns diffusing from 'N' side into 'P' side recombine
v{: . o CS;_ 'arlld.leaves negatively charged immobile ions near
3: fJ‘:—l;lC lon of 'P' side. Similarly, holes diffusing from 'P' side into
.N side rfecombme with electrons and leaves positively charged
immobile ions near the junction of 'N' side

o Afte'r lcert?.m extent, the immobile positive ions deposited across
1.:he N fregion prevents further charge carrier diffusion from 'P' region
into 'N Il'eglops. Similarly, the immobile negative ions deposited across
then 'N regions into 'P' region is restricted. These immobile ions
forms a region, known as depletion region. i.e., the region over which
all the mobile or free charge carriers are depleted. The region is
also known as Space charge region or Charge free region because,
there is no free charge carriers are available for conduction.

« The existence of these immobile ions develops the potential difference
across the junction, this potential acts as barrier for further conduction
between the junction. Thus, this potential is named as barrier potential
or cut in voltage of semiconductor diode. The value of barrier potential
is 0.3 V for germanium diodes and 0.7 V for silicon diodes.
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Figure 4.6 Formation of barrier voltage
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there are negative immobile iong

When the depletion layer is formed there . N-tvpe semi
in P-type semiconductor and positive immobile ions it N-type semiconducty,

as shown in figure 4.6. Due to this charge Separité(i)g;r? v’[(‘)lllti:gi \1’13 is
developed across the junction under equilibrium C:ial” . Oltage
is known as “junction potential or barrier poten .

It is clear from the figure 4.6, that the P?tentlal ,bafl:nfdr VB set up j,
this manner gives rise to an electric field. This elfectl’lC — 'IP}feVents the
respective majority carriers from crossing the barrier region. e pott?ntlal
barrier is in the order of 0.1 V to 0.3 V for Ge and 0.7 V to 1.1 V for Si.

The barrier potential of a PN junction depen(.is upon .three‘ factorg
namely, density, charge and temperature. For a given PN junction, the
first two factors are constant. Thus, making the value of. Vg depex'w.('ient
only on temperature. It has been observed that both germanium and silicop
diodes decrease their barrier potential by 2 mV/°C.

4.6.1 Operation of a PN Junction

In order to understand the working of the PN junction diode,.We shﬂl
consider the effect of forward bias and reverse bias across the P-N Junction,

i) Forward Bias

® In an unbiased PN junction, there is no flow of current. A PN junction
connected to an external voltage source is called as “biased PN
junction”. By this biasing, the width of depletion region is controlled
which results in control of its resistance and current flow is possible.

® When an external voltage is applied to the P-N junction, in such a
way that it cancels the potential barrier and permits the current

flow, it is calledasbiasing. ...~ .. —
= . .
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Figure 4.7 Forward biased PN junction
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(1)
7
ositive terminal
ZII:Z }:he negative ter?ii?‘l:lait(frl;};lgo? r;ieCted with P-type semiconductor
in the fi nnected with N- i as
shown 11 1gure 4.7, provides the forwardt}t,)};:ssizn llfl(;r.li(lillxla(::t:i:m.

applied forwar :
21 (t:hepII:Otential barcll'if: tential establishes an electric field 0ppOSi‘®
As the potential barri . Therefore, the potential barrier is reduced.
a small forward Vol':gleS Ysel'y Sf;nall (0.3 V for Ge and 0.7 v for Si),

. . . sufficient to completely eliminate the
parrier potential, thus the junction resistan'cepbecoi’nes zero.

In other words, the applied positive potential repels the holes in the

'P' region SO th’?lt the holes move towards the junction and applied
flegat-l ve potent1a.1 repels the electrons in the 'N' region towards the
junction }'eSUﬂtS in reduction of depletion region. When the applied
POt?nﬂal is more than the internal barrier potential, then the depletion
region completely disappear, thus the junction resistance becomes

Zero.
d by a forward voltage, junction

for the entire circuit, thus a -

ward current. *

Once the potential barrier is eliminate

establishes the low resistance path
current flows in the circuit, it is called-as for

i) Reverse Bias
.« When an external voltage is applied to P-N junction in such a way
that it increases the potential barrier then it is called as “reverse

_bias”. For reverse bias, the negative terminal is connected to P type

semiconductor and positive terminal is connected to N type

semiconductor as shown in figure 4.8.
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ed to the junction, all the Majq,.

d towards the negative termirlty
ers of the N region are attac}rllal
battery, hence the depletisd

e When reverse bias voltage is appli
carriers of 'P' region are at'tache .
of the battery and the majquty CaI'I;
towards the positive terminal of the

region increases.

n

¢ The applied reverse voltage establishes a‘nletl)ectl‘.lC fl’;ld Whic
acts in the same direction of the potentia a;‘rler- heI'Efore,
the resultant field at the junction is strengthene .and the barrier
width is increased. This increased Po.tentle}l barrier Prevents
flow of charges carriers across the junction, results in 4 high

resistance path is established.

* From the above discussion, we conclude that when a P-N juHction
is forward biased, it has a low resistance path'and hence Currept
flows in the circuit due to the majority carriers. On the ot
hand, when it is reverse biased, it has high resistance path a4
no current flows in the circuit. This process cann(?t be continyeq
indefinitely because after certain extent, the junction break doyy
occurs. As a result, a small amount of current flows through j
due- to minority carriers. This current is known as “reverse
saturation current”. ' N

* Thus, P-N junction diode is a unilateral device which offers a loy
resistance when forward biased and behaves like an insulator when
reverse biased.

The holes traveling from 'P' region to 'N' region and electrons travelling
from 'N' region to 'P' region constitute the conventional currents in the
same direction namely from 'P' region to 'N' region. So, the resultant current
is the summation of the two currents.

4.6.2 V-l Characteristics of P-N Junction
Figure 4.9 shows the V-I characteristics of a P-N junction diode.

i) Forward Bias

-~

e For the forward bi?.s of a P-N junction, P-type is connected to the
positive terminal while N-type is connected to the negative terminal
of the battery. On varying this voltage slowly, at some forward voltage
the potential barrier is eliminated and current starts flowing. This
voltage is known as “thershold voltage (Vrn) or cut in voltage of

knee voltage”. It is practically same as barrier voltage Vg. For V< Vmn
the current flow is negligible.
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Figure 4.9 V-1 characteristics of PN junction diode

o In pOl’thl:l (?A or OA' (non linear operating region), even if there is
large variation In applied voltage there will be small variation in .
the cu.rrent flowing through the diode, because of the depletion region.
At point ‘A’, Vi = Vy, = Vg hence, the depletion region disappears
result in linear increase of current in portion AB or AB'. This portion
is known as linear operating region of diode.

The forward resistance of the diode is obtained from the slope of the

curve
AV,
R¢ = —f

Al

ii) Reverse Bias

¢ For the reverse bias of P-N junction, P-type semiconductor is connected
to the negative terminal and N-type semiconductor is connected to
the positive terminal of the battery.

¢ Under this condition, a strong depletion region is formed across the
junction. It offers very high resistance, thus very small current flows

OC and OC' shown in figure 4.9.

tion resistance becomes very high and practically

no current flows through the circuit. If the reverse voltage is further
increased, the kinetic energy of the electrons become so h.igh that
they knock out electrons from semiconductor atoms. At this stage,
breakdown- of junction occurs which results in sudden rise of
reverse current. This current is known as reverse saturation current.

The reverse resistance of the diode is obtained from the slope of

* In this case the junc

the curve
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4.6.3 Diode Resistance
An ideal diode has zero resistance
in reverse bias. But in practice no d ]
The ratio of V/I of volt ampere characteristics of dl.OdeS_ gives 4
static resistance. It is the reciprocal of the slope of a line JOlning th:
operating point to origin. |

in forward bias and infinite Tesigt
iode can acts as ideal one, Ce

AC or Dynamic Resistance

It is defined as reciprocal of the slope of V-l characteristics

charge in voltage _ AV

I =
f charge in current Al

4.6.4 Applications of PN Diode

1. As switches 2. As rectifiers
‘3. Power supplies | 4. Clippers and clampers.
S. Digital systems | 6. Communication systems
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