1. Diode
% A diode is a semiconductor device, made from a small piece of semiconductor material, such as silicon, in which halfis
doped as 2 Poregion and halfis doped as an Nevegion with 2 PN junction and depletion region in between.
> The P-region is called the anode and N-region is called the cathode.

> Itconducts current in one direction and offers high resistance in other direction.
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Forward Bias
O Bias is the a/a/a/[c’az‘[on OJF aDC Vo/z‘.fzge to a diode to malke it either conduct or block current.
Forward bias:is the condition that allows current through the PN Junction. This external bias vo[tage is designated as

Vaias.
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® Theresistor limits the forward current to a value that will not damage the diode. n the forward bias, the
negative side of Veus is connected to the N region of the diode and the positive side is connected to the P-

region.
® The bias voltage Veis, must be greater than the barrier potential; bias must be greater than 0.3V for
Germanium or 0.7V for Silicon diodes.
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Figure 2: A diode connected for forward bias.

® Negative side of bias voltage ‘pushes’ free electrons towards PN junction. The negative side of the source
also provides a continuous flow of electrons through the external connection (conductor) and into the N
region as shown in Figure 3,

® The loias-voltage source imparts suj_jricient energy to the ﬁfee electrons for them to overcome the barrier poten’cial of the



dep letion region and move on through into the p region.

®  Since unlike chavges attract, the positive side of the bia.s-volfage source attracts the valence electron toward the leﬁ end
cyv the p region.

® The holes in the p region provide the medium for these valence electrons to move through the P- region.

® The holes, (majority in P-region), move to the right toward the junction.

As the electrons ﬂow out of the P -region t’mfough the external connection (conductor), these el@etrgis become
conduction electrons in the metal conductor.
As more electrons move into the dep/ez‘[on region, the number OJK positive (ons (s reducedeaSunore holes ﬂow into

the depletion region on the other side of the PN junction, the number of negative ionsiSweduced. This reduction in
positive and negative (ons causes the a/ep/ef[on reﬂ;&é@gmuﬁ region
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Figure 3: A forward—biased diode showing the ﬂow of majority carriers and the vo[tage due to the barrier potenﬁa[

across the dep[eﬁon region.

Reverse Bias
'* Reverse bias is the condition that essenﬁaﬂy prevents current through the diode.
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Figure 4: shows a dc vo[tage source connected across a diode in the direction topvoduce reverse bias.



% The positive side of Vas is connected to the n region of the diode and the negative side is connected to the P-
region.
*— Also, note that the depletion region is shown much wider than in forward bias or equilibrium.
P g q
% The positive side of the bias-voltage source pulls the free electrons, (majority in N-region), away from the PN
Junction.
+ As electrons move away from junction, more positive ions are created. This results in a wideningof the
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dep letion region and a dep letion of majority carriers.

In P-region, electrons from negative side of ’oattery enter as valence electrons. 1t moves ﬁrom hole to hole toward the dep[eﬁon region,
creating more negative ions. This can be viewed as holes being pulled towards the negative side. The electricfield increases in
s’crength until the po’cenﬂal across dep letion region equa[s the bias vo(’cage. At this point, very small reverse current exist that
can usually be neglected.

Normally, the reverse current is so small that it can be neglected. If the external reverse-bias voltage is increased to a value
called the breakdown vo/z‘age; the reverse curvent will drasf[ca/é/ increase. The ﬁzgh reverse-bias Vo/fage tmparts energy to the

ﬁee minority electrons so that as z‘ﬁey Speed f/zroug/z the p region, 1‘/1@/ collide with atoms with enoug/z energy to fenock
valence electrons out of orbit and into the conduction band.  The newly created conduction electrons have high energy, and repeat
the process, they quickly multiply. They have high energy to move though PN junction, and not combine with holes. The

mu/z‘z}o/[caz‘zbn f conduction electrons 5 just discussed is known as the avalanche ﬁa‘

* A power suppé/ is an essential part (yf each electronic system ﬁom the szm;a/esz‘ to the most com;a/ex. A basic block
dlqgmm OJF the Comp/ez‘e power. suppé/ is shown in fz:gure below.
The ﬁanﬁmerc/zanges ac voltages based on the turn’s ratio between the primary and secondary.
The rectifier converts the ACinput voltage to DC voltage. The filter eliminates the fluctuations in the rectified voltage
and produces a re[azf[Veé/ smooth DC Vo/fage. The r%uhtor is a circuit that maintains a constant DC Vo/fage ﬁr
variations in the tmput line Vo/z‘age or in the load.
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" Because of their a’oi[ity to conduct current in one direction and block current in the other direction, diodes
are used in circuits called Vecﬂﬁevs that convert AC vo[tage into DC voltage.

" Recﬁﬁers are found inall DC power suppﬁes that operate ﬁfom an AC vo[tage source. When connected with
AC voltage, diode only allows half cycle passing through it and hence convert AC into DC. N

" Asthe half of the wave gets Vecﬁﬁed, the process called half:wave Yecttﬁcaﬁon The output ﬁfequen i ame as

the input. @D
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(a) During the positive alternation of the 60 Hz input voltage, the output voltage looks like the positive
half of the input voltage. The current path is through ground back to the source.
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Although half-wave rectifiers have some applications, the full-wave rectifier is the most commonly used type in DC power supplies.
A full-wave rectifier allows unidirectional (one-way) current through the load during the entire of the input cycle, whereas a

half-wave rectifier allows current through the load only during one-half of the cycle. The output voltage has twice the input
frequency.
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