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Introduction

e Two kinds of semiconductors:

e Single-element such as silicon and
germanium; useful for common diodes;
germanium came first in applications; then
recently silicon.

« Compound, like gallium arsenide; useful
for light-emitting diodes (involves light).
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We need to address this question?

Why?  An explanation for the behavior of the real diode.

We need an
explan at|0n Zﬁuﬂ Ideal vs. real diode
for thlS behavlor Reverse region

Real diode

| ideal diode

‘!
Breakdownp™ T
region [
I _10-15
B = l 10-15A

' Forward region
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We need to address this
guestion?

Why? An explanation for the behavior of the real diode.

We also need to
derive the equation we z- deal vs. real diode

Used before :_v_:: Reverse region
=15 (o0 (ot - 1)

Breakdown

In the forward and region
reverse regions

Real diode

ideal diode
I I ' Forward region
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We need to address this question?

Why? An explanation for the behavior of the real diode.

We also need to
an explanation for the

phenomenon of break down and oy deal vs. real diode
how it happens “TU"*  Reverseregion J ¢ |

-
al
1

Real diode

ideal diode
I I Forward region

Vd
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Breakdown - l—10—15A
region !
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The Silicon ATOM

Has four electrons in the valence band,
and four protons in the nucleus

@

Covalent Bond
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An Important Question

Is the Silicon atom
electrically neutral?

s
(+ve) Charges = (-ve) Charges?

YES
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The Pure Silicon
Crystal

with a neighbor to form a covalent
bond. Each atom has four neighbors
to bond with.
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An Important Question
Is the PURE Silicon Crystal
electrically neutral?

s
(+ve) Charges = (-ve) Charges?

YES
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No free electrons to

The Pure Silicon

Crystal

All electrons
remain in their

covalent bonds.
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Effect of lonization at high Temp

(2)5/6

At higher temperatures, thermal energy can cause an electron

to leave Its covalent bond
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The Pure Silicon
Crystal

Some Electrons are

(2)5/6

At higher Temperature
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An Important Question
Is the PURE Silicon Crystal

electrically neutral
Under ionization?

s
(+ve) Charges = (-ve) Charges?

YES
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Another Important Question

How many electrons/ holes
appear due to ionization?

(2)5/6
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The Pure Silicon At higher Temperature

Crystal

How many free @

electrons/holes per

unit volume
(Density) ?
In Pure Silicon (also known as Intrinsic Silicon)

1l

Density of electrons — Density of holes
(electrons-per-unit-volume ) (holes-per-unit-volume )
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=
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The Pure Silicon j‘> At higher Temperature

Crystal

(2)5/6

How many free @

electrons/holes per

unit volume

(Density) ?

In Pure Silicon (also known as Intrinsic Silicon)

—

ni depends _
on

N~—

=

Minimum Enerqy

required to free an

“The bandgap energy”

electron

The absolute
temperature

fA

n; = 5.2 x 101573/2 exp

_Eg

kT

k The Boltzmann 1
constant J/K

EgJouIes(J)
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The Pure Silicon At higher Temperature

Crystal

How many free ?

electrons/holes per
unit volume
(Density) ? %
— I
n; = 5.2 x 101573/2 exp 54

High > ?’LZ is a low number

electric insulators , e.g. diamond

Eg Moderate :: > nZ IS a moderate number

semiconductors , e.g. Silicon

Low :I|> M, is a high number
U (good conductors , €.9. Cupper
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Another Important Question

How does electric conduction
happen?

There two mechanisms that
cause electric conduction due to
free charge.
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Electric Conduction Mechanisms

(2)5/6

(Two mechanisms for Transport of Carriers in semiconductors)

Forced
(DRIET)
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Electric Conduction Mechanisms

Transport of Carriers

Forced Natural
(DRIFT) (DIFFUSION)

(2)5/6

We need some quantifications

DRIFT First
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Transport of Carriers

Forced
(DRIET)

Occurs when an Electric
Field is applied. Free
charges gets drifted by the

field

Velocity V of the free charge

(2)5/6

Electric Conduction Mechanisms

(electron/hole) is proportional to E

cm/sec |1) X E

V/cm

hole

For @

For rUh — MPE

electron Ue :/'_ /,LnE

Negative sign is because, the
electron moves opposite to
the direction field.

Hny Hp

“mobility” constants of
electrons and holes in
cm?/(V.sec)

7
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Electric Conduction Mechanisms
Trapsport of Carriers
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Electric Conduction Mechanisms
Transport of Carriers
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Electric Conduction Mechanisms

Tragsport of Carriers
Forced "« Current density _is better
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Current density is the
current crossing unit area
J.o=_1p _— Ip
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Electric Conduction Mechanisms

Trapsport of Carriers
Forced

(2)5/6
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Electric Conduction Mechanisms

Tragsport of Carriers

P2\
Forced ¢ > Thus total DRIFT current
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Jarift,tot = 4 (wnn + ppp) B

Occurs whg@ an Electric
Field is applied. Free
charges gets drifted by the

field
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Electric Conduction Mechanisms

Transport of Carriers

Forced Natural
(DRIFT) (DIFFUSION)
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We need some quantifications

Jarift tot = 4 (#nn + ppp) E DIFFUSION
Second
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Conduction by Diffusion happens

when there is a nonuniform

distribution of charge density along
the spatial dimension of the crystal

(YN

|

>

The distribution of electrons versus
the spatial dimension is nonunifrom

Electric Conduction Mechanisms
Transport of Carriers

Natural

Occurs naturally because free
charges tend to move from
regions with higher
concentrations to regions with
lower concentrations

(2)5/6
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Electric Conduction Mechanisms

Transport of Carriers
Natural

Similarly for holes (D|FFUS|ON)
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Total DIFFUSION Current

:>Jp — Dp dlzi(zgj)
<= Jy = Dn(—q) )

— Jtotal = Jp — Jn

_ d dp
Jtotal = 4 (Dnﬁ + DP%)
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Electric Conduction Mechanisms
Transport of Carriers
(= =]

EE e

HH
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Electric Conduction Mechanisms

Transport of Carriers

Forced Natural
(DRIFT) (DIFFUSION)

(2)5/6

We need some quantifications

- . d d
Jarift tot = 4 (knn + upp) E- |Jgiff tot = ¢ (Dnﬁ + Dp%)
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Electric Conduction Mechanisms
Transport of Carriers

Forced Natural
(DRIFT) (DIFFUSION)
_~ _~

- _ d d
Jdrift tot = 4 (enn + ppp) £ | Jyiff tot = 4 (Dnﬁ T Dp%)

The Einstein relation related the

two component
D _ kT

H q




