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Energy band structure of tunnel diode:

For the degenerated semiconductors, the energy band diagram at thermal equilibrium is presented.

In the tunneling processes in different points of the current voltage characteristiesfor the tunnel diode are
presented.

At a direct polarization, a non-zero electron flow will tunnel from the“oecupied states of the
conduction band of the n region to the emptystates of the valence band from the p region. The current
attains a maximum when the overlap of the empty and occupied states reaches the maximum value; a
minimum value is reached when there are no states for tunneling on the sides of the barrier. In this

case, the tunnel current should drop to zero.

Advantages of tunnel diodes:

Environmental immunity i.e peak.point-is not a function oftemperature.

lowcost.

low noise.

low powerconsumption.

High speed i.e tunnéling takes place very fast at the speed of light in the order of
nanoseconds

e simplicity i.ea tunnel'diode can be used along with a d.c supply and a few passive
elements to obtain various applicationcircuits.

Applications for tunnel diodes:

local oscillators for UHF televisiontuners

Trigger circuits inoscilloscopes

High speed counter circuits and very fast-rise time pulse generatorcircuits
The tunnel diode can also be used as low-noise microwaveamplifier.

VARACTOR DIODE:

Varactor diode is a special type of diode which uses transition capacitance property i.e voltage
variable capacitance .These are also called as varicap,VVC(voltage variable capacitance) or tuning
diodes.

The varactor diode symbol is shown below with a diagram representation.
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When a reverse voltage is applied to a PN junction , the holes in the p-region are attracted to the
anode terminal and electrons in the n-region are attracted to the cathode terminal creating a region where
there is little current. This region ,the depletion region, is essentially devoid of carriers and behaves as the
dielectric of a capacitor.

The depletion region increases as reverse voltage across it increases; and since capacitance varies
inversely as dielectric thickness, the junction capacitance will decrease as the voltage across the PN
junction increases. So by varying the reverse voltage across a PN junction the junction capacitance can be
varied .

Energy band diagram of a metal-semiconductor contact in thermal equilibrium.

The flatband diagram, shown is not a thermal equilibrium diagram, since the Fermi
energy in the metal differs from that in the semiconductor. Electrons in the n-type semiconductor can lower
their energy by traversing the junction. As the electrons leave the semiconduetor, a positive charge, due to
the ionized donor atoms, stays behind. This charge creates a negative field,and lowers the band edges of the
semiconductor. Electrons flow into the metal until equilibrium is reached.between the diffusion of electrons
from the semiconductor into the metal and the drift of electrons’caused.by the field created by the ionized
impurity atoms. This equilibrium is characterized by a constant Fermi energy throughout the structure.

Energy band diagram of a metal-semiconductor contactin thermal equilibrium.

It is of interest to note that in thermal equilibrium, i.e. with no external voltage applied, there is a region
in the semiconductor close to the junction which.is depleted of mobile carriers. We call this the depletion
region. The potential across the semiconductor equals the built-in potential

Forward and reverse bias

Operation of a metal-semiconductor junction under forward and reverse bias is illustrated. As a positive
bias is applied to the metaly, the-Fermi energy of the metal is lowered with respectto the Fermi energy in the

semiconductor. Thistesults.in a smaller potential drop across thesemiconductor.
The balance between diffusion and drift is disturbed and more electrons will diffuse towards the metal than

the number drifting.into the semiconductor. This leads to a positive current through the junction at a voltage
comparable to the built-in potential.

Energy band diagram of a metal-semiconductor junction under (a) forward and (b) reverse bias

As a negative voltage is applied the Fermi energy of the metal is raised with respect to the
Fermi energy in the semiconductor. The potential across the semiconductor now increases, yielding a larger
depletion region and a larger electric field at the interface. The barrier, which restricts the electrons to the
metal, is unchanged so that the flow of electrons is limited by that barrier independent of the applied
voltage. The metal-semiconductor junction with positive barrier height has therefore a pronounced
rectifying behavior. A large current exists under forward bias, while almost no current exists under reverse
bias.
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Applications:

Due to fast switching characteristics this diode is very useful for high frequency applications such as digital
computer,high speed TTl,radar systems,mixers,detectors in communication equipments and analog to
digital converters.

ELECTRONIC DEVICES AND CIRCUITS

PN JUNCTION DIODE
INTRODUCTON

Based on the electrical conductivity all the materials in nature are ‘classified as insulators,
semiconductors, and conductors.

Insulator:

An insulator is a material that offers a very low level (or negligible) of conductivity when voltage is
applied. Eg: Paper, Mica, glass, quartz. Typical resistivity level of an insulator is of the order of 10" to
10 Q-cm. The energy band structure of an insulator is shown in the fig.1.1. Band structure of a material
defines the band of energy levels that anelectron can occupy.

Valance band is the range of eleetron energy where the electron remain bended too the atom and do
not contribute to the electric Current. Conduction bend is the range of electron energies higher than valance
band where electrons.are free to accelerate under the influence of external voltage source resulting in the

flow of charge.

The energy band between the valance band and conduction band is called as forbidden band gap. It
is the energy required by an electron to move from balance band to conduction band i.e. the energy required
for a valance electron to become a free electron.

1eV=1.6x10"J
For an insulator, as shown in the fig.1.1 there is a large forbidden band gap of greater than 5Ev.
Because of this large gap there a very few electrons in the CB and hence the conductivity of insulator is

poor. Even an increase in temperature or applied electric field is insufficient to transfer electrons from VB
to CB.
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Conductors:

A conductor is a material which supports a generous flow of charge when a voltage is applied across
its terminals. i.e. it has very high conductivity. Eg: Copper, Aluminum, Silver, Gold. The resistivity of a
conductor is in the order of 10*and 10 Q-cm. The Valance and conduction bands overlap and
there is no energy gap for the electrons to move from valance band to conduction band. This implies that
there are free electrons in CB even at absolute zero temperature (OK). Therefore at room temperature

when electric field is applied large current flows through the conductor.

Semiconductor:
A semiconductor is a material that has its conductivity somewhere between the insulator and

conductor. The resistivity level is in the range of 10 and 10* Q-cm. Two of the most commonly used are
Silicon (Si=14 atomic no.) and germanium (Ge=32 atoptie no.): Both have 4 valance electrons. The
forbidden band gap is in the order of 1leV. For eg., the band‘gap energy for Si, Ge and GaAs is 1.21,
0.785 and 1.42 eV, respectively at absolute zero.temperature (0K). At OK and at low temperatures, the
valance band electrons do not have sufficient energy to move from V to CB.

Thus semiconductors act a insulators at-OK. as the temperature increases, a large number of valance
electrons acquire sufficient energy to leave the VB, cross the forbidden bandgap and reach CB. These
are now free electrons as they can'maye freely under the influence of electric field. At room temperature
there are sufficient electrons ‘in,the CB and hence the semiconductor is capable of conducting some
current at roomtemperature.

Inversely related to the conductivity of a material is its resistance to the flow of charge or

current. Typicalesistivity values for various materials’ are given as follows.

Insulator Semiconductor Conductor
10% Q-cm (Cu) | 50Q-cm (Ge) 10*2 Q-cm
(mica)

50x10° Q-cm (Si)

Typical resistivity values
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SemiconductorTypes

|

Intrinsic axtrinsic

b L

P-Type N-Type

Semiconductor

A pure form of semiconductors is called as intrinsic semiconductor. Conduction in intrinsic sc is
either due to thermal excitation or crystal defects. Si and Ge are the two most important semiconductors
used. Other examples include Gallium arsenide GaAs, Indium Antimonide.(InSb).etc.

Let us consider the structure of Si.A Si atomic no. is 14 and it,has, 4 valance electrons. These 4
electrons are shared by four neighboring atoms in the crystal structure by means of covalent bond.
shows the crystal structure of Si at absolute zero temperature,(OK)./Hence a pure SC acts has poor
conductivity (due to lack of free electrons) at low or absaolute zere temperature.

At room temperature some of the covalent bonds break up to thermal energy as shown. The valance
electrons that jump into conduction band are called.as.free electrons that are available forconduction.

The absence of electrons in covalent bend is represented by a small circle usually referred to as
hole which is of positive charge. Even a hole serves as carrier of electricity in a manner similar to that of
freeelectron.

The mechanism by which a holescontributes to conductivity is explained as follows:

When a bond is in eemplete so that a hole exists, it is relatively easy for a valance electron in the
neighboring atom to leave'its covalent bond to fill this hole. An electron moving from a bond to fill a hole
moves in a direction.epposite to that of the electron. This hole, in its new position may now be filled by an
electron from another covalent bond and the hole will correspondingly move one more step in the direction

opposite to the motion of electron. Here we have a mechanism for conduction of electricity which does
not involve free electrons.

A show that there is a hole at ion 6.Imagine that an electron from ion 5 moves into the hole at ion

6 so that the configuration of 1.3b results. It appears as if the hole has moved towards the left from ion6
to ion 5.

The hole moves from ion5 to ion 4. This discussion indicates the motion of hole is in a direction

opposite to that of motion of electron. Hence we consider holes as physical entities whose movement
constitutes flow ofcurrent.

In a pure semiconductor, the number of holes is equal to the number of free electrons.
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EXTRINSICSEMICONDUCTOR:

Intrinsic semiconductor has very limited applications as they conduct very small amounts of current
at room temperature. The current conduction capability of intrinsic semiconductor can be increased significantly
by adding a small amounts impurity to the intrinsic semiconductor. By adding impurities it becomes impure
or extrinsic semiconductor. This process of adding impurities is called as doping. The amount of impurity
added is 1 part in 10° atoms.

N type semiconductor:

If the added impurity is a pentavalent atom then the resultant semiconductor is called N-type
semiconductor. Examples of pentavalent impurities are Phosphorus, Arsenic, Bismuth, Antimony etc.

A pentavalent impurity has five valance electrons. shows the crystal structure ofiN=type semiconductor material
where four out of five valance electrons of the impurity atom(antimony) forms covalent bond with the four
intrinsic semiconductor atoms. The fifth electron is loosely bound t0 the“impurity atom. This loosely bound
electron can be easily excited from the valance band to the conduction band by the application of electric
field or increasing the thermal energy. The energy required’to. detach the fifth electron form the impurity
atom is very small of the order of 0.01ev for Ge and 0.05€V. for Si.

The effect of doping creates a discrete energy level'called donor energy level in the forbidden band gap
with energy level Egq slightly less than the conduction band . The difference between the energy levels of the
conducting band and the donor energy level is the energy required to free the fifth valance electron (0.01 eV
for Ge and 0.05 eV for Si). At room temperature almost all the fifth electrons from the donor impurity atom are
raised to conduction band and hence the number of electrons in the conduction band increases significantly.
Thus every antimony atom contributes,to one conduction electron without creating a hole.

In the N-type sc the no. of electrons increases and the no. of holes decreases compared to those available in
an intrinsic sc. The reason4{or decrease in the no. of holes is that the larger no. of electrons present increases
the recombination of eleetrons with holes. Thus current in N type sc is dominated by electrons which are
referred to as majority carriers. Holes are the minority carriers in N typesc

P type semiconductor:

If the added impurity is a trivalent atom then the resultant semiconductor is called P-type semiconductor.
Examples of trivalent impurities are Boron, Gallium , indium etc.

The crystal structure of p type sc is shown . The three valance electrons of the impurity (boon) forms
three covalent bonds with the neighboring atoms and a vacancy exists in the fourth bond giving rise to the
holes. The hole is ready to accept an electron from the neighboring atoms. Each trivalent atom contributes
to one hole generation and thus introduces a large no. of holes in the valance band. At the same time the no.
electrons are decreased compared to those available in intrinsic sc because of increased recombination due
to creation of additional holes.
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Thus in P type sc , holes are majority carriers and electrons are minority carriers. Since each
trivalent impurity atoms are capable accepting an electron, these are called as acceptor atoms.

e The conductivity of N type sc is greater than that of P type sc as the mobility of electron is
greater than that ofhole.

e For the same level of doping in N type sc and P type sc, the conductivity of anNtype sc is
around twice that of a P typesc

CONDUCTIVITY OFSEMICONDUCTOR:

In a pure sc, the no. of holes is equal to the no. of electrons. Thermal agitation continue to produce
new electron- hole pairs and the electron hole pairs disappear because of recombination. with each electron
hole pair created , two charge carrying particles are formed . One is negative which is a free electron with
mobility W, . The other is a positive i.e., hole with mobility p, . The.electrons and hole move in opppsitte
direction in a an electric field E, but since they are of opposite sign, the current due to each is in the same
direction. Hence the total current density J within the intrinsie sc Is given by

I=0+Jp
=qnunE+qpWwE
= (N pn + P Hp)gE
=6 E

P=1/c

It is evident from the above equation that current density with in a sc is directly proportional to
applied electric field E:

For pure sc, n=p= niwhere n; = intrinsic concentration.
The value of n; is given by n >=AT?3 exp (-Eco/ KT)
therefore, J=ni ( Hn + Mp) QE
Hence conductivity in intrinsic sc is 6i= nj ( in + Hp)
Intrinsic conductivity increases at the rate of 5% per ° C for Ge and 7% per ° C for Si.

Conductivity in extrinsic sc (N Type and P Type):
The conductivity of intrinsic sc is given by oi=nj ( n + Hp) g = (N pn + p Hp)g For N type , n>>p

Therefore 6=q N Mn

For P type ,p>>n
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The energy band diagram of p-n junction under open
circuitconditions

( Expression for pn junction diode barrier potential. )

e It is known that the Fermi level in n-type material lies just below the conduction band while in p-type
material, it lies just above the valenceband.

e When p-n junction is formed, the diffusion starts. The changes get adjusted so as toequalize the Fermi
level in the two parts of p-njunction.

e This is similar to adjustment of water levels in two tanks of unequal level, when connected eachother.

e The changes flow from p to n and n to p side till, the Fermi level on two sides.get linedup.

¢ In n-type semi conductor , EF is close to conduction band Ecn and it is close to valence band edge EVP
onp-side.

e So the conduction band edge of n-type semiconductor can*t be at thessame level as that of p type
semiconductor.

Doide current equation

* When a forward bias (Va>0) is applied, the potential\barrier to diffusion across the junction
isreduced

— Minority carriers are “injected” into the quasi-neutral regions =>Dnp> 0, Dpn>0
» Minority carriers diffuse in the quasi-neutral regions, recombining with majoritycarriers

» Solve minority-carrier diffusion equations in quasi-neutral regions to obtain excess carrier
distributionsDnp(X,Va),Dpn(X;,VA)

The voltage applied to a. pmjunction falls mostly across the depletion region (assuming low-level
injection in the quasi-neutral regions).

We can draw 2 quasi=kermi levels in the depletion region:

- (Ei—Fp)/ kT
p=ng'&"

n =n ie( Fn—Ei )/ KT

pn :nize( Fn—Fp )/ kT

pn -n i2eqv IKT
— boundaryconditions:
* p side: Dnp(-xp),Dnp(-o0)
 nside: Dpn(Xn),Dpn(c0)
» Find minority-carrier current densities in quasi-neutral regionsEvaluate Jn at Xx=-xp&Jp at X=xn
to obtain total current density J 3 (v, ) =J_ (=%, ,Va) + , (%0, Va)
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we know that, for n-type,  Ep = Ep, —]{Tln’:—:

Eey = E; = kTln :_: ..................... (1)
for p-type, Er = Eyy + kT n :ﬁ
Ep = Eyp, =kTln :_: ..................... (2)
Since, n=p = n, and np = n}
In N-type, my ZNp y A"\

In P-type Pp ZN, 0 /

“F WL e ....f\...r..r}\"......u.u wEd EES EEE EERAEEEE {..l.]

E:.??‘Ey; T By v s e (5)

\ Y e wreens e s (6)
A P%quuun{ﬁ}mdnquuan{ﬁ: We get,
oy

v’ E, +E; = E = [El:n - E"'F] N )

Also from band structure, Ey & E; + E; v v ovemms s vnses v ()

From equation (7) and equation (¥), we get,

By adding equation (1) and (2), we get,

EEn-EF+'EF-E1|rF-kTInl_l+'kT]nl l

TET/PGTRB/TRB-POLYTECHNIC/TRB-COM.INS'TRB-BEO/UG-TRB/TNEB/TNPSC/TNUSRB/RRB-TO CONTACT:8072230063.

Kindly send me your study materials to our email id - padasalai.net@gmail.com


https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net www.CBSEtips.in

SRIMAAN COACHING CENTRE-TRICHY-TRB-POLYTECHNIC-ECE STUDY MATERIAL-TO CONTACT:8072230063.
|

Eca — Evp = KT n [ND] +KTIn [N,. (10)
Since, np = e~ Ec—EAT N o-(Er—Ev)/AT N

".2 = N¢ Ny e~ (Ec—Ey+Eg—Eg)/kT

2

R = e—(E(—Ev)/kT
(NcNy)
n? -E.G.)
> —l— = &~ Ec—Ey=E
Nty € [~ Ec —Ey = Eg]

™\
Taking In on both sides we get, 7 N
O~
Q
KT In [Nr_Nv] = EG (}\\:4\1)

k] - 14

nj

substituting the values of equation (10) and equzpv‘x (11) /a equauon (9). we get,

Eo = KT In |2y “‘“" lel@kﬁ;l
NNy \l,

Eg =KkTIn

=
n
‘(

Eg = kT In %\ sevnnsnn ne e s e ane vee s (12)

™S ;

Further for p- type’&.s‘qv‘ , Mpo =— TN, = v

2
Further for \1\ Wo=Np, Pao==-., Np =pﬂL
nl
T k\ Ey, = kTIn [“] and Eg=KkTIn [fL"]
AW : subscript ‘07 indicate that the above relations are obtained under thermal conditions of
WH rium.
«” Consider the equilibrium (V, = 0) carrier concentrations:
p side n side
pp 0 (_Xp ) =NA Nho (Xn) =ND
N n’
npo (_Xp - pno (Xn ) =!
A D

If low-level injection conditions hold in the quasi-neutral regions
when V,#0, then

pp (_Xp) =NA n, (Xn) =ND
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Excess Carrier Concentrations at —x,, x,,

p side n side
pp (_Xp) :NA n, (Xn) :ND
n2gdVakT n2eaVakT
np (_Xp ) i pn (Xn ) ="
N, Np
- o U VAKT :plngA/kT
2 n2
Va /KT
Anp (—Xp ) :r} (qV/kTg —1) Apn (Xn) =g N[( o _1)
Na
Excess Carrier Distribution (n side)
* From the minority carrier diffusionequation: %@&ZSQ—" =A|f’;

* We have the following boundary conditions:
Ap (x)=p (e?WT_1) Ap () =0

* For simplicity, use a new coordinatésystem:

+ Then, the solution is of theform? Ap (X)) =Ae"" 1A b
n 1 2
Ap (x)=Ae*' " +A et
n 1 2

Fromthex=coboundarycondition:
Fromthex=x,boundarycondition:

Therefore Ap, (X) =p,, (€W —1)e™™, x>0

Similarly, we can derive

Angxll):n oo (quA/kT _1)e7X”/Ln, XII> O

Total Current Density
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Diode Saturation Current /,

* lgcan vary by orders of magnitude,depending on the

semiconductor material and dopant
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Alternative Derivation of Formula for /,
“Depletion approximation”:

* Iyis the rate at which carriers
are thermally generated within
one diffusion length of the
depletionregion:
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QUANTITATIVE THEORY OF PN JUNCTIONDIODE:
PN JUNCTION WITH NO APPLIED VOLTAGE OR OPENCIRCUIT
CONDITION:

In a piece of sc, if one half is doped by p type impurity and the other half is doped by n type impurity,
a PN junction is formed. The plane dividing the two halves or zones is called PN junction.

As shown in the fig the n type material has high concentration of free electrons, while p type material
has high concentration of holes. Therefore at the junction there is a tendency of

free electrons to diffuse over to the P side and the holes to the N side. This process is called

P o

Cathode (K) Anode (A)

g

4

Conventional Current Flow
diffusion. As the free electrons move across the junctionfrom N type to P type, the donor atoms become

positively charged. Hence a positive charge is built on_the N-side of the junction. The free electrons that
cross the junction uncover the negative acceptor ions, by:filing the holes. Therefore a negative charge is
developed on the p —side of the junction..

Generation and recombinationof-¢arriers:

This net negative charge on the p side prevents further diffusion of electrons into the p side. Similarly
the net positive charge on the N side repels the hole crossing from p side to N side. Thus a barrier sis set up
near the junction which prevents'the further movement of charge carriers i.e. electrons and holes.

The magnitude of the contact potential Vo varies with doping levels and temperature. Vo is 0.3V for Ge
and 0.72 V for Si.

The electrostatic field across the junction caused by the positively charged N-Type region tends to
drive the holes away from the junction and negatively charged p type regions tend to drive the electrons
away from the junction. The majority holes diffusing out of the P region leave behind negatively charged
acceptor atoms bound to the lattice, thus exposing a negatives pace charge in a previously neutral region.

It is noticed that the space charge layers are of opposite sign to the majority carriers diffusing
into them, which tends to reduce the diffusion rate. Thus the double space of the layer causes an electric
field to be set up across the junction directed from N to P regions, which is in such a direction to inhibit
the diffusion of majority electrons. The shape of the charge density, p, depends upon how diode id doped.
Thus the junction region is depleted of mobile charge carriers. Hence it is called depletion layer,
space region, and transition region. The depletion region is of the order of 0.5um thick. Hence no
current flows across the junction and the system is in equilibrium. To the left of this depletion layer, the
carrier concentration is p= Naand to its right it is n=Np.
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FORWARD BIASED JUNCTIONDIODE

When a diode is connected in a Forward Bias condition, a negative voltage is applied to the N- type
material and a positive voltage is applied to the P-type material. If this external voltage becomes greater than
the value of the potential barrier, approx. 0.7 volts for silicon and 0.3 volts for germanium, the potential
barriers opposition will be overcome and current will start to flow. This is because the negative voltage
pushes or repels electrons towards the junction giving them the energy to cross over and combine with the
holes being pushed in the opposite direction towards the junction by the positive voltage. This results in a
characteristics curve of zero current flowing up to this voltage point, called the "knee" on the static curves
and then a high current flow through the diode with little increase in the external voltage as shown below.

Forward Characteristics Curve for a Junction Diode

The application of a forward biasing voltage on the junction diode results*in the depletion layer becoming
very thin and narrow which represents a low impedance path through'the junction thereby allowing high
currents to flow. The point at which this sudden increase in currenttakes place is represented on the static
I-V characteristics curve above as the "knee" point.

Forward Bi nction Di howin R ion in the Depletion Laver

This condition represents the low resistance path.throtigh the PN junction allowing very large currents
to flow through the diode with only a small increase in‘bias voltage. The actual potential difference across
the junction or diode is kept constant by the action of the depletion layer at approximately 0.3v for
germanium and approximately 0.7v for silicen junction diodes. Since the diode can conduct "infinite"
current above this knee point as it effectively becomes a short circuit, therefore resistors are used in series
with the diode to limit its current flow: Exceeding its maximum forward current specification causes the
device to dissipate more power.in the-form of heat than it was designed for resulting in a very quick failure
of the device.

p-type n-type
PN JUNCTION UNDER REVERSE BIAS CONDITION: silicon silicon
A silicon p—n junction in reverse bias.
|
Reverse Biased Junction Diode negative terminal ' Ipositive terminal

When a diode is connected in a Reverse Bias condition, a positive voltage is applied to the N- type material
and a negative voltage is applied to the P-type material. The positive voltage applied to the N-type material
attracts electrons towards the positive electrode and away fromthe junction, while the holes in the P-type
end are also attracted away from the junction towards the negative electrode. The net result is that the
depletion layer grows wider due to a lack of electrons and holes and presents a high impedance path, almost
an insulator. The result is that a high potential barrier is created thus preventing current from flowing
through the semiconductor material.
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Reverse Bi nction Di howing an Incr in the Depletion Laver

This condition represents a high resistance value to the PN junction and practically zero current flows
through the junction diode with an increase in bias voltage. However, a very small leakage current does
flow through the junction which can be measured in microamperes, (1tA). One final point, if the reverse bias
voltage \Vr applied to the diode is increased to a sufficiently high enough value, it will cause the PN junction
to overheat and fail due to the avalanche effect around the junction. This may cause the diode to become
shorted and will result in the flow of maximum circuit current, and this shown as a step downward slope in

the reverse static characteristics curve.

Rever haracteristi rve for nction Di

Sometimes this avalanche effect has practical applications in voltage Stabilising circuits where a series
limiting resistor is used with the diode to limit this reverse breakdown current to a preset maximum value
thereby producing a fixed voltage output across the diode. These types of diodes are commonly known as

Zener Diodes and are discussed in a later tutorial.

V-1 CHARACTERISTICS AND THEIRTEMPERATURE
DEPENDENCE:

Diode terminal characteristics equation for diade junction current:

o= J(e? —1)

Where VT = KkT/q;
Temperature Effects on'Diode
Temperature can-have a marked effect on the characteristics of a silicon semiconductor diode. 1.24.

It has been found experimentally that the reverse saturation current 1o will just about double in magnitude for
every 10°C increase in temperature.

It is not uncommon for a germanium diode with an lo in the order of 1 or 2 A at 25°C to have a leakage
current of 100 A _ 0.1 mA at a temperature of 100°C. Typical values of lo for silicon are much lower than that
of germanium for similar power and current levels. The result is that even at high temperatures the levels of 1o
for silicon diodes do not reach the same high levels obtained.for germanium—a very important reason that
silicon devices enjoy a significantly higher level of development and utilization in design. Fundamentally, the
open-circuit equivalent in the reverse bias region is better realized at any temperature with silicon than with
germanium. The increasing levels of lo with temperature account for the lower levels of threshold voltage.
Simply increase the level of lo in and not rise in diode current. Of course, the level of TK also will be increase,
but the increasing level of lo will overpower the smaller percent change in TK. As the temperature increases the
forward characteristics are actually becoming more‘“ideal,”

TET/PGTRB/TRB-POLYTECHNIC/TRB-COM.INS/TRB-BEO/UG-TRB/TNEB/TNPSC/TNUSRB/RRB-TO CONTACT:8072230063.

Kindly send me your study materials to our email id - padasalai.net@gmail.com


https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net www.CBSEtips.in

SRIMAAN COACHING CENTRE-TRICHY-TRB-POLYTECHNIC-ECE STUDY MATERIAL-TO CONTACT:8072230063.

IDEAL VERSUS PRACTICAL RESISTANCELEVELS

DC or Static Resistance

The application of a dc voltage to a circuit containing a semiconductor diode will result in an
operating point on the characteristic curve that will not change with time. The resistance of the
diode at the operating point can be found simply by finding the corresponding levels of VD and ID.

The dc resistance levels at the knee and below will be greater than the resistance levels obtained for the
vertical rise section of the characteristics. The resistance levels in the reverse-bias region will naturally be
quite high. Since onmmeters typically employ a relatively constant-currentisource, the resistance determined
will be at a preset current level (typically, a few mill amperes).

AC or Dynamic Resistance

It is obvious from that the dc resistance of a diode is independent of the shape of the characteristic in
the region surrounding the point of interest. If a sinuseidal rather than dc input is applied, the situation will
change completely. The varying input will move the instantaneous operating point up and down a region of
the characteristics and thus defines a specific'change in current and voltage. With no applied varying signal,
the point of operation would be the Q-point appearing determined by the applied dc levels. The designation
Q-point is derived from the word quieseent, which means “still or unvarying.” A straight-line drawn tangent
to the curve through the Q- point™will define a particular change in voltage and current that can be used to
determine the ac or dynamic resistance for this region of the diode characteristics. In equation form,

DV .+
A Ty \

Ao N where A signifies a finite change in the quannurny.

DIODE EQUIVALENTCIRCUITS

An equivalent circuit is a combination of elements properly chosen to best represent the actual terminal

characteristics of a device, system, or such in a particular operating region. In other words, once the equivalent
circuit is defined, the device symbol can be removed from a schematic and the equivalent circuit inserted in
its place without severely affecting the actual behaviour of the system. The result is often a network that can

be solved using traditional circuit analysis techniques.
Piecewise-Linear Equivalent Circuit

One technique for obtaining an equivalent circuit for a diode is to approximate the characteristics of the device

by straight-line segments.
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The resulting equivalent circuit is naturally called the piecewise-linear equivalent circuit that the straight-line
segments do not result in an exact duplication of the actual characteristics, especially in the knee region. However, the
resulting segments are sufficiently close to the actual curve to establish an equivalent circuit that will provide an excellent
first approximation to the actual behaviour of the device.

The ideal diode is included to establish that there is only one direction of conduction through the device, and a
reverse-bias condition will result in the open- circuit state for the device. Since a silicon semiconductor, diode does not
reach the conduction state until VD reaches 0.7 V with a forward bias a battery VT opposing the conduction direction
must appear in the equivalent circuit. The battery simply specifies that the voltage across the device must be greater than
the threshold battery voltage before conduction through the device in the direction dictated by the ideal diode can be

established. When conduction is established, the resistance of the diode will be the specified value of rav.

The approximate level of rav can usually be determined from a specified'@perating point on the specification
sheet. For instance, for a silicon semiconductor diode, if IF _ 10 mA.(a*ferward conduction current for the
diode) at VD _ 0.8 V, we know for silicon that a shift of 0.7 V is required before the characteristics rise.

TRANSITION AND DIFFUSIONCAPACITANCE

Electronic devices are inherently sensitive to veryshigh frequencies. Most shunt capacitive effects that can be
ignored at lower frequencies because the reactance XC=1/2nfC is very large (open-circuit equivalent). This,
however, cannot be ignored at very high frequencies=XC will become sufficiently small due to the high value of f to
introduce a low-reactance “shorting” path. In'the p-n"semiconductor diode, there are two capacitive effects to be
considered.

In the reverse-bias region we have the transition- or depletion region capacitance (CT), while in the
forward-bias region we have the'diffusion (CD) or storage capacitance. Recall that the basic equation for the
capacitance of a parallel-plate capacitor is defined by C=€A/d, where € is the permittivity of the dielectric (insulator)
between the plates of area A separated by a distance d. In the reverse-, bias region there is a depletion region
(free of carriers) that behaves essentially like an insulator between the layers of opposite charge.

Since the depletion width (d) will increase with increased reverse-bias potential, the resulting transition
capacitance will decrease. The fact that the capacitance is dependent on the applied reverse-bias potential has
application in a number of electronic systems. Although the effect described above will also be present in the
forward-bias region, it is over shadowed by a capacitance effect directly dependent on the rate at which charge is
injectedinto the regions just outside the depletion region. The capacitive effects described above are represented by a
capacitor in parallel with the ideal diode. For low- or mid-frequency applications (except in the power area), however,

the capacitor is normally not included in the diode symbol.
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Diode capacitances:

The diode exhibits two types of capacitances transition capacitance and diffusion capacitance.
Transition capacitance: The capacitance which appears between positive ion layer in n-region and negative ion
layer inp-region.
Diffusion capacitance: This capacitance originates due to diffusion of charge carriers in the oppositeregions.
The transition capacitance is very small as compared to the diffusion capacitance.

In reverse bias transition, the capacitance is the dominant and is given by:

Cr= AW

Cp=dQ/dV =1*dl/'dV = 1*g =tr (general)

The diffusion capacitance at low frequencies is given(bysthe formula:

Cp=1*g2 (low frequencv)

The diffusion‘eapacitance at high frequencies is inversely proportional

to the frequency and is given by the formula:

Cp=git2n) "

BREAK DOWNMECHANISMS :

When an ordinary.P=N junction diodeis reverse biased, normally only very small reverse saturation
current flows. This current is due to movement of minority carriers. It is almost independent of the voltage
applied. However, if the reverse bias is increased, a point is reached when the junction breaks down and the
reverse current increases abruptly. This current could be large enough to destroy the junction. If the reverse
current is limited by means of a suitable series resistor, the power dissipation at the junction will not be
excessive, and the device may be operated continuously in its breakdown region to its normal (reverse
saturation) level. It is found that for a suitably designed diode, the breakdown voltage is very stable over a

wide range of reverse currents. This quality gives the breakdowndiodemany useful applications as a voltage

referencesource.
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The critical value of the voltage, at which the breakdown of a P-N junction diode occurs is called the breakdown
voltage. The breakdown voltage depends on the width of the depletion region, which, in turn, depends on the doping
level. The junction offers almost zero resistance at the breakdown point.

There are two mechanisms by which breakdown can occur at a reverse biased P-N junction :

1. avalanche breakdownand
2. Zenerbreakdown.

Avalanche breakdown

The minority carriers, under reverse biased conditions, flowing through the junetion acquire a kinetic energy
which increases with the increase in reverse voltage. At a sufficiently high reverse, voltage (say 5 V or more),
the Kkinetic energy of minority carriers becomes so large that they knock outielectrons from the covalent bonds
of the semiconductor material. As a result of collision, the liberated*electrons in turn liberate more electrons
and the current becomes very large leading to the breakdown of ‘the crystal structure itself. This phenomenon
is called the avalanche breakdown. The breakdown region is the knee of the characteristic curve. Now the
current is not controlled by the junction voltage but rathérby the external circuit.

Zener-diode:

Zener breakdown

Under a very high reverse voltage, the depletion region expands and the potential barrier increases leading to a very
high electric field across the junction. The electric field will break some of the covalent bonds of the semiconductor
atoms leading to a large number of free minority carriers, which suddenly increase the reverse current. This is called the
Zener effect. The breakdown occurs«at a particular and constant value of reverse voltage called the breakdown voltage,

it is found that Zener breakdowneccurs at electric field intensity of about 3 x 107 V/m.

Either of the two (Zener breakdown or avalanche breakdown) may occur independently, or both of these may occur
simultaneously. Diode junctions that breakdown below 5 V are caused by Zener effect. Junctions that experience breakdown
above 5 V are caused by avalanche effect. Junctions that breakdown around 5 V are usually caused by combination of two
effects. The Zener breakdown occurs in heavily doped junctions (P-type semiconductor moderately doped and N-type
heavily doped), which produce narrow depletion layers. The avalanche breakdown occurs in lightly doped junctions, which
produce wide depletion layers. With the increase in junction temperature Zener breakdown voltage is reduced while the
avalanche breakdown voltage increases. The Zener diodes have a negative temperature coefficient while avalanche diodes
have a positive temperature coefficient. Diodes that have breakdown voltages around 5 V have zero temperature coefficient.

The breakdown phenomenon is reversible and harmless so long as the safe operating temperature ismaintained.
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ZENERDIODES

The Zener diode is like a general-purpose signal diode consisting of a silicon PN junction. When biased in the
forward direction it behaves just like a normal signal diode passing the rated current, but as soon as a reverse voltage
applied across the zener diode exceeds the rated voltage of the device, the diodes breakdown voltage Vzis reached at
which point a process called Avalanche Breakdown occurs in the semiconductor depletion layer and a current starts
to flow through the diode to limit this increase in voltage.

The current now flowing through the zener diode increases dramatically to the maximum circuit value (which
is usually limited by a series resistor) and once achived this reverse saturation current remains fairly constant over a
wide range of applied voltages. This breakdown voltage point, \/zis called the "zener voltage" for zener diodes and
can range from less than one volt to hundreds of volts.

The point at which the zener voltage triggers the current to flow throughsthe,.diode can be very accurately
controlled (to less than 1% tolerance) in the doping stage of the diodes semiconduetor construction giving the diode a
specific zener breakdown voltage, (\/z) for example, 4.3V or 7.5V. Thiszener breakdown voltage on the 1-V curve is
almost a vertical straight line.

Zener Diode 1-V Characteristics

The Zener Diode is used in its "reverse bias" or’réverse breakdown mode, i.e. the diodes anode connects
to the negative supply. From the 1-V characteristics curve above, we can see that the zener diode has a region in its
reverse bias characteristics of almost a constantsnegative voltage regardless of the value of the current flowing through
the diode and remains nearly constant evenwwith large changes in current as long as the zener diodes current remains
between the breakdown current |zminand the'maximum current rating !z (max).

This ability to control itself can be'used to great effect to regulate or stabilise a voltage source against supply or
load variations. The fact that the«woltage across the diode in the breakdown region is almost constant turns out to be
an important application of the zener diode as a voltage regulator. The function of a regulator is to provide a constant
output voltage to a load.connected in parallel with it in spite of the ripples in the supply voltage or the variation in the
load current and the zenerdiode will continue to regulate the voltage until the diodes current falls below the
minimum |zminvaluedmthe reverse breakdown region. TO BE CONTINUED...........
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