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Crystal

—

“ Lattice The periodic arrangement of pointsin a crystal
The constituent atoms attached to each lattice point

“ Basis

Crysta

« Crystal = Lattice + Basis

a

a: Lattice constant




CRYSTAL STRUCTURES

A direction

Fig.10( a)
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PRIMITIVE LATTICE

Thebasis consistsof aprimitive cell, arranging one cell at each lattice point will fill
up the entire crystal without leaving undefined voids or overlapping regions. The
Bravais lattice vectors describe how these repeating units in a crystal aretiled. A
Bravais |attice can be defined as all pointswith positions

R = nla. + n2a2 + n3é3 ®

whered are not in the same plane, and are n, integers. TH& vectorsarecalled
the primitive vectors and there are many possible choices of these vectors.

System Bravais lattice |Unit cell Symmetry
Triclinic Simple azbzc None
a7 p 7 9
Monoclinic Simple a‘bc One 2-fold rotation
Base-centered | a =y =(x/2)> 5 |axis
Orthorhombic | Simple Three mutually

Base-center
Body-centered
Face-centered

orthogonal 2-fold
rotational axis

Tetragonal Simple a=b=c «=/3=7 + |One 4-fold rotation
Body-centered | (7/2) axis

Cubic Simple Four 3-fold
Body-centered rotation axis (along
Face-centered cube diagonal)

Trigonal Simple 7 One 3-fold rotation

axis
Hexagonal Simple One 3-fold rotation

axis

CRYSTAL STRUCTURES

» Cubica=b=ca =p =y =(m /2)
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CRYSTAL STRUCTURES

» Orthohombica# b# ca =B =y =(1t /2)
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Fig.6(a) Fig. 6(b) Fig.6(c) Fig. 6(d)
» Hexagona a=b# ca = =(11 /2)
y =(2rt /3)
[
S
a‘y L
Fig.6(e)

CRYSTAL STRUCTURES

» Trigonda=b=ca =B =y # (11 2)

Fig.7(a)

a

a
» Monoclinicaz bz ca =y =(1t /2) % B

CRYSTAL STRUCTURES

> Triclinica b ca B £y

Crystal Structure

> Diamond Structure(Ex:Si) » Unit Cell in Diamond &
1 n ZincblendeStructure
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» Zincblende Structure (Ex:GaAs)
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Miller Indices

< The Miller indices are obtained using the following
steps.

= Find the intercepts of the plane on the three Cartesian coordinate in
terms if the lattice constant.

= Take the reciprocals of these numbers and reduce them to the
smallest three integers having the same ratio.

= Enclose the result in parentheses (hkl) as the Miller indices for a

Miller Indices

(100)

(110)

single plane.
RECIPROCAL LATTICE
Miller Indices N .
Thereciprocal lattice can be defined asall that
y satisfy _ ~ _ _
k=mp +mb, + mp, @)
The D vectors are generated by satisfying the following
relation: Lo ~ ~ ~
KoR=(n>a +na +na {m>B +m B +mB)=No2p (@
11 L1 o ~ I
l:;:2>p<2’< f"i) ©
t = 4x+5y a‘aaf a@
’ > 810 b=2p——
1Moo . " )pm "
€4 5¢g - a4
—> Miller indices[5 4] b=2p (a
axa’ a)
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WIGHER-SEITZ CELL

(1)

TheWigner—Seitz cell isthe most common
choicefor the primitive unit cell. Thisdefinesa
region of spacethat is closer to aparticular

\ point rather than to any other point on aBravais
lattice.

THE FIRST BRILLOUIN ZONE

BRAGG REFLECTION

In such forbidden frequency gaps
or “Bragg frequencies,’
electromagnetic waves attempting to
propagate  experience  exponential

Energy attenuation due to Bragg reflections.
Although it has been shown that
omnidirectional reflection can be
achieved with a one-dimensiona
periodicity, thisis only true when

the point source of waves is not
placed close to the crystal structure.

Bray
condition

Frequency

K vector
Fig. Plot showing an example of the
dispersion relation and the Bragg condition.

BRAGG CONDITION

— —
£islong

Fig. 8 istheangleof incidence whichisalso the angle of
diffraction
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The Bragg | aw
X 1 R

= 2dsinq =nl
d n -
Br aggLaw

i H £

Br aggLaw "

Bragsy Law a
A

Zinchblende

(val ence band)

conduction band

—

Si Crystal

B |n crystal structure , atoms shares their valence electrons with its
neighbors. These sharing of electrons is covalent bonding.

Ll

&

B At higher temperature, thermal vibration may break the covalent
bonds; the free electrons can participate in current conduction. When
electrons leave the covalent bond, the vacancies were considered asa
particle similar to an electron. This fictitious particle is cal led a hole




Hydrogen Atomic Model
> Bohr’s M odel
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Hydrogen Atomic Model

B For an atom, each electron must have a separate distinct energy
state defined by 4 quantum numbers:

A. Principle quantum number,n=1, 2, 3
B. Angular momentum quantum number, | =0, 1, 2, ---n-1
C. Magnetic quantum number, m = 0, *1, —+

D. Electron spin, s = +1/2

B Only hydrogen atom can be solved due to electron-
electron interaction

Band Formation

B The interaction results in the discrete quantized energy level
splitting into two discrete energy levels.

Probability density function

pe) of aisolated hydrogen atom

()

Electron cnergy —gm

!
t
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Energy Band

m Degenerate :

When N isolated atoms

are brought together to ol 9
form asolid, the orbits of

the outer e ectrons of

different atoms overlap :

and interact with each other. =




Energy Band Band Formation

: ! {porbital : six alowed states @OO
%\\\ s orbital : two allowed states a

2 n=3
=

=

Electron energy ==

|
i
|
|
|
|
|
i
1
|
ry Interatomic distance ==

Schematic showing he splitting of three energy states

into allowed bands of energies.

S Atom Interaction

Band Formation Band Formation
B Schematic diagram of the formation of a silicon crystal from
N isolated silicon atoms. Atom Mole
2
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Energy Momentum Diagram

B For afree electron, energy E can be given by

E =L

E
2m,
my : effective mass
P

P: momentum

Effective Mass Concept

B Electrons in conduction band and holes in valence band are
similar to free electrons since they can move relatively freely.

B We can treat electrons and holes as classica particles.

P d’E
g=2L m, = =
2m, |: d- p }

m, : effective mass

P crystal momentum of electron

Effective Mass Concept

/ \eavy hole
/ \ Light hole

Split off

Energy Band Diagram of Silicon

Hole
energy

Valence band
Electron
energy

® Free electron (—)
O Free hole (+)




Energy Band

» Temperature Effect
=% Band Gap vs. Temperature

) —4 2
E(,(T)=1.177M . S
e (T +636)

(54107
E(T)=152-~——— "
(T) (T +204) % GaAs

Band Structure
> Direct Semiconductor

B The top of the highest T_.-'\E/ =3
(occupied) valence band and the i et |
bottom of the lowest - B [
(unoccupied) conduction band =

are at the same value in k-space.

In most cases this k-point is the B
origin of the BZ, the G point. 3
Examples: GaAs, InP, GaN, [ Nalenss
Zno. —

Band Structure

> Indirect semiconductor:
L~

bottom of the conduction

thevalence band and at the = o
band are at different k- [
vaues. Examples: Ge, Si. PR "{:mqmm |

|
=

% ™
m The extreme at the top of = \
s
L

LIEH

Energy Band

» Conductor , Semiconductor & insulator
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Conductivity of Materials
lnsulati Empty Conduction I

Band
~9ev

W@W

« 3types of materials by

their electrical
COI’]dUCthlty Semiconduc;lgr Conduction Band I
0900
— Insulator E,~1ey
— Semiconductor | ValsiceBand ]
— Conductor

Conduction Band
Conductd
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Intrinsic Carrier Concentration
» Intrinsic Semiconductoris one that contains relatively small
amounts of impurities compared with the thermally generated
electrons and holes.
» Fermi-DiracDistribution Function.

F(E)= !

1+ e E-EV/KT

F(E)=e "5 When
F(E)=1—e 5% When

(E—-E,)>3kT

(E - E,)<-3kT

Intrinsic Carrier Concentration

=

Intrinsic Carrier Concentration

it d
Intrinsic semiconductor. (a) Schematic band diagram. (b)

Density of states. (c) Fermi distribution function. (d)
Carrier concentration.




Thermal Excitation( T > 0°K)

IWAWAWAT AWAT AWAWANIPS
s

o\ \o\e\e E
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o e

- e E,

Fermi-DiracDistribution

N(E) 1
=f(E)=—
g(E) 7 (E) l+cxp(EiE’)
kT

» Probability that a quantum state at the energy E will be
occupied by an electron

T=0 E>E, f.(E)=0

E<E, f,(E)=1

| —

T>0 E=E, f.(E)=

Donor & Acceptor

Fermi Leve at T= 0K

WAV WEWAWAWAY
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- e e

10
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The Fermi probability function versus ~Discrete energy states and
quantum states for a particular
systemat T =0°K

energy for T=0°K

» Extrinsic: A semiconductor doped with donor or
acceptor impurities.

Donor

Aocaptar




« Increase the conductivity of the

* N-(As, P): donate electrons

- P(B)

N- and P- Doped

semiconductor with impurity

- As", P*
— Majority carrier : electron
— Minority carrier : hole

- B-
— Majority carrier : hole
— Minority carrier : electron

Intrinsic Carrier Concentration

2 1'¢ 2x 1'@
m3

np=r?(T)

—

Extrinsic Carrier Concentration

Il aw of

mass action

Metal -Oxide-Silicon Field Effect
Transistor MOSFET

Induced n channel

ﬂ’\%&

P-type Substrate

I
nB




|-V Characteristics of a
MOSFETs

[-V Characteristics of a
MOSFETs

o) 1B+ 08
| ey
« Threshold Voltage ( V;): ] ~
— V. isthe gate bias which make substrate start to inverse strongly : % = .ef;
2
. ) H f e 4 E
¢ V>V, : dominated by drift current £ § 4%
— Linear Region H ~ IE§ 3
a ™
— Saturation Region “ON" State $ H
H g
1E$ C
¢ Vg<V;:dominated by diffusion current
IE :
— Subthreshold Drain voltage wo o5 1152 18 3
e “OFF Stae Gate voliage Ve (V)
VorVy
M O SF ET (Isolation Process)
(Local Oxidation, LOCOS)
+ MOS
Mos
- Field Oxide)
- SO, (Oxidation Furnace) (Trench Isolation)
- Vapor Phase Deposition) CMOS
cVD (Anisotropic) PMOS NMOS
- CMOs CMOS PMOS NMOS
(Silicon On Isolation, SOI)
Doping) (lon Implantation)
Thermal Diffusion) CMOS
CMOS CMOs




MOSFET

(Channel Stop)

MOS

MOsS

Short Channel Effects)

MOSFET

_ MOS MOS (
Q=cC Mas
V) MOS
- - (Subthreshold Current)
MOS V, Vg MOs ly
- MoOS Vv, v, Mos
_(Hot Electron Effect)
MOS
— NMOS B Lightly Doped Drain, LDD)
= T ) MoS

n n

_ - LDD MOS
NMOS LDD MOS
. V>0) MOS
LDD
npn

Electrical Breakdown)




