Junctlon Diode
| characteristics

Junction Diode

* Adiode is the second generation semiconductor family.

+ It is a single layer, two region, single junction, two terminal unilaterg;
aciive semiconductor device.

+ A p-nijunction is formed from a piece of semiconductor by diffusing
p-type material to one half side and n-type material to other half side.

¢ The plane dividing the two zones is known as a junction. '

e A region near the junction is without any free charge particies called
depletion region or charged free region or space charge region because
there is no charge available for conduction.
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e  Depletion layer consists ofimmobile charged particlesi.e.ions only.

*  Depletion layer consists of negative ion {Acceptorions} on the p-side and
positive ion {Donar ions) on the n-side.

» Depletion layer opposes majority carriers in crossing the junction.

v, = Contact potential

where,

k = Boltzman's constant (1.38 x 1072° J/K}
g = Electron charge (1.6 x 107" Coulomb}
T = Temperature in Kelvin

N, = Congcentration of accepters on p-side

N, = Concentration of donor on n-side
n, = Intrinsic concentration at given temperature
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* Incase of Ge diode typical value of V  is 0.2 Voltand for i diodeitis0.7 V.

e Inunbiased p-n junction diode electric field is maximum at the junction and
decreases on either side of junction and zero outside of the depletion layer

contact potential in the terms of maximum electric field

V, = - % E,w
where, E_ = Maximum electric field at junction
w = Width of depletion regicn
ReMEMBIEI:

Depletion width increases with reverse and decrease with forward biased.

pepletion Width (w)
« Width of depletion region in unbiased condition is given by

2eVo( 1, 1 e
q N, Ny

where, = permitivity of material used for formation p-n
junction dicde
V, = contact potential
g = electron charge (1.6 x 10712 Coulomb)
N, = concentration of acceptors (fem3) on p-side
N, = concentration of donors (/cm?) on n-side
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s If we reverse bias the diode by voltage V then in formulae of depletion
width V, is replaced by | v, + v

* ltisclear that depletion width increases with reserve and decreases with
forward biased.

Jcancentration:

Current Equation of Dicde

Boltzman's equation of diode current
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f = Diode current

I = Diocdereverse current

V = Diode valtage (Positive for forward bias and negative for
reverse bias}

where,



n = 1 for germanium and 2 for silicon
V. = Thermal voltage
T = Temperature in Kelvin

In forward bias

In reverse bias

fg=—~1,
Note: N
Reverse current /| is temperature dependent. it gets double for every 10°¢
rise.

Resistance of Diode
Resistance of dicde can be calculated only when the diode is in forward
bias.

(a) Static resistance (DC resistance):
any point.

ftis ratio of vo tage and current at
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{b) Dynamic resistance (AC resistance): It is define as reciprocai of slope,
which is the smallest linear region in the entire non-inear curve.
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Capacitance of Diode

1. Diffusion capacitance or storage capacitance

When a diode is forward biased, a capacitance cailed diffusion
capacitance or storage capacitance (Cp)is formed due to junction.

o= . e
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where, Cr = Diffusion capacitance
T = Mean iife time of minority carriers on either side or
time constant of diode

!

N = Recombination of factor, 1 for Ge, 2 for Si
V; = Thermal voltage

I = Forward current
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Diffusion capacitanceis proportional to the forward current and forward current
depends on forward voltage.

2. Transition capacitance or space charge capacitance
ttis also known as depletion capacitance. Itis the capacitance when diode
ig in reverse bias.

o =Ses A
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where, Cy = Transition capacitance
w, = Width of depletion layer
Also a, = V (Reverse bias voltage)
So,
where, e = Step graded

= Linearly graded
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The transition capacitance depends upon the magnitude of the reverse
voltage applied.

* Transition capacitance can be used as variable capacitance for tunning the
frequencies of television and radio channel.

* Maximum value of C.is 40 pF.



*  Maximumvalue of C,is 0.02 pF.

* Diffusion capacitance is always greater than transition C
ie.Cy> .
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Zener Diode
¢ itisaheavily-doped p-njunction dicde which is operated under reverse
bias condition in the breakdown region.

* Zener current is independent of the supply voltage and only depends:
on external circuit resistance. Therefore Zener diode is known as CONstary
voltage or voltage reference device.

* Atreverse voitages less than 6 V, Zener breakdown predominates whi
at about 8 V, Avalanche breakdown predominates.

* Zener breakdown diodes are negative temperature coefficient of voltage ang
Avalanche breakdown diodes are positive temperature cosfficient of Voliage.
¢ These are used for voltage regulators.

Schottky Diode

* ltis a metal-semiconductor junction diode without depletion layer.

* InSchottky diode no depletion layer is formed and there will be no holes

_in this diode.
* Cut-in voltage of this diode is 0.3V
* This diode is used at high frequencies.

Photo Diode

* Principle of operation is photo conductive effect
* FPhoto sensitive material used are Cds, Se, Zns.
¢ ltis also called /ight operated switch.

* Ge-photo diode respond to visible light whiie Si-photo diode respondio
infrared tight.

*  Photo sensitive coating is provided at junction only.

*  Compare to normal diode photo diode has larger depletion width obtained
from lower levet of doping.

* Itis always operated under reverse biased condition.

* Compare to normal diode it is 10 times faster, 100 times higher sensitive
but power handling capacity is low.

Z Magnitude of photo current increases with increase in intensity of light
"}: . .

¥ jalling a- junction.

current in photo diode is given by

ircuit current of photo diode
Vinvi ][ where, [, short circuit curre P

)
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I, = reverse saturation current
V = voltage applied
V; = thermal voltage

phcto current flows fromnto p.

Phcto current is a minority carrier current.

+ ltdoes not provide gain.

Photo carrent is a diffusion current.

It is used in remote control sensor, in designing of optocouplers and to
read auzio track recorded on motion picture film. |

when photo diode is forward biased it behaves as a normal diode and
effect o~ light on curreni is zero.

Tunnel Diode

¢ It is fas est switch.

+ lts respanse time is of the order of peco second.

¢+ ltis a p* n* diode having doping level of 1 : 10%.

+ Worked on the principie of tunneling effect. i

+ [t has very narrow depletion layer 100 A to 200 A. |

« ltis used as linear device as well as negative resistance device.
+ Best material is GaAs having highest swing.

« |tis used in designing microwave oscillators, as a refaxation osmlle.\t‘or.
in cesigning of pulse and switching circuits, and as parametric amplifier.

Rectifiers

Ripple factor (y} . _
The amount of AC present in the output of rectifier is called as ripple. The amount
of AC, from the signal contains AC and DC is calculated by ripple facior.

rms._valUéf@;i?_&Q_.;_ﬂomponenq :
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Form factor {F) gms value of current and voltage

f; _rmsvalue Vil = s = In
T DCvalue " Voo | ¢ Y=Y -1 2
Crest factor (C) Vi = %ﬂ
. Peak value '
T rras valug | giiciency of half-wave rectifier
Efficiency (1) = IE- Ry - _f_’i_[ R ]
5 P SPULI LI S
Output DC {:?_OWGT IistAs + Rf + A, ] r? Rs + R+ Ry
" AT input .power | . + Ripple factor of half wave rectifier
Half Wave Rectifier y=1.21
s Crestfactor of half-wave rectifier
Average value of current and voltage
(a) Ideal case
7 TR « Form factor of half-wave rectifier
Ipe = -+ .
Aoc = and L F=1.58
V Vo, Remember:
JPC T T ¢+ Maximum efficiency (when R, = R, = 0) ideal case
wherg, I, = Average value of current P
Ve = Average value of voltage nN= - = 40.6%
I, = Maximum value of current
Vi, = Maximum value of voltage * Peakinverse voltage for half wave rectifier [PIV =V .|
, = Loadresistance
{b) Practical case * Transformer utilization factor (TUF) for half wave rectifier {TUF = 0.286].
ibc - _.fz;_ _ _' .VD(: - ﬁ,’i ¢ Qutputfrequency = Input frequency for half wave rectifier.
- ’ =& * Conduction angle for half wave rectifier: 8 = forideal case
_ : o ] __".;VT _
I, = O=%-2sin""—-| forpractical case
TR+ Ay . R VA
R, = Diode forward resistance * Ripple frequency (f) for half wave rectifier
R, = Load resistance | =£1; = inputfrequency
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Full Wave Centre Tap Rectifier ' aemember: ............................................................................. U

+ Forbridgetype | PIV=V,, |.

. ideal case + TUF =0.812for bridge type.

Average value of current and voltage

2171 -
Inc = _nm- . ideal case

s+ Conduction angle: 8 =2rideal case

RMS value of current and voltage T —
. v 2,
@=2r-—-4sin~ L 0=2m—~4sin" —-
, Vo = Vin . Vi SRR Vin
. ideal case ms < b ideal case for center tap V, — cutin voltage of diode
For practical case /_ is replaced by /7 . ?{emaining parameters are same as full wave centre tap rectifier.
A /" T EEEE
where, I, 5=—"T—— | and |V, =T, R,
s iR +R
_._é__. + { <+ L
Efficiency
8 R
n=—5 L

T % + Hf-'}“ RL

* Ripple factor (y) = 0.48 for full wave rectifier.
* Form factor (F) = 1.11 for full wave rectifier.

¢ Crestfactor (C) = fo for full wave rectitier.
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* mnismaximum when R, = R,= 0 - ideal case and 1

max
1'52

* Peakinverse voltage for full wave rectifier (centre tap) is [PIV =2V, |

Full Wave Bridge Rectifier

For full wave rectifier {bridge type) in all the formulas 5’22 is replaced by Aq

and H,is replaced by 2R,



