2015, Spring Semest er
Energy Engineering (Class 458.624)

m Professor
DaeHyeongKm :302-86,880-634,dkm98@ snuackr
Chassroom :302-720
Chss tme :Monday,Wednesday 1100 ~ 6

m [extbook
(1) htroduction toSold StatePhysics (CharksKittel)

) Sold StateEkctronicDevices (Ben G Streetman,Sanjay
Kum ar Benerge)



CrystalStructure and Bonding

In this chapter,our nterest 8 n

1) CrystalStructures and Propert ies
)G ran Boundaries

)Lattice Classification

)C bse Packing and Packing E fficiency
)TypicalCrystalS tructures

)P lanes and D irect ons

JEpitaxialG rowth

)Types of Bondihg in Crystalk



" CrystalStructures

— Crystalstructure tels how atom s are arranged n the sold.

— Manypropertes ofmaterak are affected by their crystalstructure.
— Typicalmethod to check the crystalstructure :X—ay scatterng

— Howewer,not allsolds are crystal:som e have no peribdic structure at all

(am orphous),and others have m any smallregions of shgk crystalmaterials
(polcrystal).

G ran Boundary

(a) Crystalline (b) Amorphous (c) Polycrystalline

M icroprocessor,DRAM Thn fim PV,LCD SibukPV,0LED



" G ran boundaries

G ran boundares

~ nterfaces where crystak of different orientat ons m eet

~ crystak on each sde of the boundary beng denticalexcept norentaton ~
gra h boundary areas contan defects,dsbcat ons,and i purit es

—S nce gran boundarkes are defects n the crystalstructure they tend to
decrease the ekctricaland therm alconduct vity of the m ateril.

—The high nterfacialenergy and relat vely weak bondng n most gran boundar s
often m akes them preferred sites for the onset of corroson.

—Gran boundaries are n generalonly a few nanom eterswide. hcommonmaterak,
crystallites are karge enough that gran boundares account for a small fract on of
thematernl.

— h nanocrystallne solds,however,gra n boundares becom e a sgnifcant voum e
fract on of themateral,with profound effects on materalproperties. h the Im it
of smallcrystallites, the materialceases to have any crystallne character,and
thus becom es an am orphous sold.



" D amond vs G raphite

Why s the crystalstructure important?Let's see exampks..

FCC structure

nar, Byered structure

e e

— Both diamond and graphite consst ofonly 1knd of atom ,carbon.

— The difference s n how those atom s are arranged:diamond has FCC structure and graphite
has plnar, Ayered structure of hexagona lhoneycom b kyer (graphene).

— DBmond & transparent and very hard.And diamond & chem ically nert.

— Graphite s bhck and soft,and easy to be exfolated nto graphene hyers.G raphite s very
useful for catalyzing react ons (elkctrochem icalekctrodes).

— The carbon atoms h diam ond are each bound to 4 others n a 3-dimensnalnetwork (FCC).
To change the shape of a diam ond or break it requires m any of these strong bonds be broken,
which exol ns its superb strength.S nce there s litt ke room for other molkcuks to get nto
the structure,diam ond s not very react me.

— Graphite consists of hexagona | sheets.Each sheet 5 weakly bound and spaces between the
hyers alow other mokcuks to enter,exob nng catalytic propertkes.



Cubic Lattice

Simple cubic Body-centered cubic Face-centered cubic

Cubic Lattices:abowe fgures are unit cells for three types of cubic Attice structures.
SC (smpkcubic),BCC (body—centered cubic),FCC (face—centered cubic)

We can cakulte themax fract on of the httice volum e filed with atom s
by assum ng atom s as hard spheres (Let’s see FCC case).

FCC (right figure): @ s the hAttice constant.The distance between
atoms 5+v2a/2.The radus of atom &+/2a/4.

S nce there are 4 atom s per cube, the packng fract on s as folbows:
volme ofatom x4 /voume of cube x V0 = 74%




" A Planes and D irect ions

— When we discuss about shgk crystalmateriabk, it s very usefulto use phnes and
direct ons of the kttice,such as [hkl],where h,k, lare ntegers.

— Forexampk, [00 ] surface or [111] surface of shgk crystalsilcon wafer have different
ekctricaland chem icalproperties. [100 ] surface has higher electron mobility and higher
etching rate than [111] surface.

— The three ntegers descrbng a particular plane are found n the folow ng way:

- (1)Find the ntercepts of the phne with the crystalaxes.Then express these
ntercepts by using basis vectors mult pled with ntegers.

— (2) Take the recprocalof these ntegers.Then reduce these to the smalkest set of
ntegers h,k,and I.

- (3)Labelthe phneas [hkl].

Exampk) |
- Theplkneon the rght figure has ntercepts at 2a,4b, ——
and Tc. I\
- Therecprocalk are 14, 14,and 1. ‘ '
— These are reduced to2,1,and 4 . b X . ¢ : ;.

— Therefore the plne has the hbelof [214]. ae



" A Planes and D irect ions

v [001]

/ i Foure.
. | I Crystaldirect bns
b o n the cubic Attice
= .
[100]
— Crystaldirect bns have the sam e relt onshp with the Bbelng of the phne.
other words, [2 ¥ ] plane has the crystaldirect on of [2 1 ].
— The body diagonalofcubic Bttice (above, keft frame)has [111] direct bon.
— Manydirect bns of the httice are equivakent.The crystalaxes n the cubic
httice [100],[010],and [00 1] areallequivaknt and are caled <00>
direct bns. (See abowe figure,on the right frame)

F gure.
[100],[010],and
[00 1] crystalphnes




Diamond Lattice

O

— Many mportant sem iconductor crystalk (Si,Ge,C)have diamond kttice
structure,which s com posed of fcc httices.

— The diamond structure can be thought of as an fcc httice with an extra atom
plced at a/4+b/4+c/4 from each of the fcc atom s.

— Abowe fgures show damond httice structure:a unit cellof two fcc structures
(kft), its top view (center)and 30 view (right).



Unit cell:

CrystalPhnes ofSi

View n <11D> direct on

View n <100> direction View h <110> direct ion

Arealdensity:2 0 /a2 Arealdensity:2 82 /a2 Arealdensity:2 31/a2



/ncBeknd Lattice

— Many important IIF/ com pound sem iconductor crystak (GaAs,GaN, hP)hawe
zhcbend Attice structure,which s sm iarwith diamond structure.

— Thebastc structure (twom isaligned fcc structures) s same.But if the atom s of
two fcc structures are same, then it s diamond structure,whik if two are
different, then it 8 zhc blend structure.

— (Com pound sem iconductors are mportant for optoekctronic devices,such as
lght em itt ng d bdes or photodetectors,and high speed devices (M ESFET).



BukCrystalG rowth

Pull

T

Seed S

Growing

Crystal T

Crucible

- Buksngk crystalsilicon 8 made through Czochra kkim ethod.

- Sismelted nqualtz-lned graphite crucbk,whose tem perature 8 >1400°C.
- Shgkcrystalseed 58 dpped nto themolten Siand puled tom ake S ingot.
— Cuttngand polshng fnishes the fabricat bn of silcon wafers.

— Most silicon wafers have [100 ] surface due to its high m obility.



" A Bond ngs between Atom s

Types of Bonding n Crystalk

Between atom s
(1)M etallic Bond ing
(2)lonic Bond ing
(3)Covalent Bonding

Between molkculks
(1)Hydrogen Bond ing
(2 )Van der Waak Force



'_ M etallic Bond ng
m Defhiton
—a bond form ed by the attract on between posit ively charged metal on (cation)

and the shared ekctrons that surround it (sea of ekectrons;ekctron cbuds)
ex.Cu

m Properties

—(Conduct vity:G ood;ekctrons can m ove freely
—M echanicalproperty:maleabk; bBttice structure s fexbk

<« Sea ofekctrons




" lonic Bond ng
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Usually nvole atom s of strongly different ekctronegativity ~— ““=+
Bond form ed by transfer of eectrons atiractive” rep{J -
Exampks;NaCl,CaC}l,K,0 (Coulomb)

Strong ekctricalattract ons between oppositely charged pns:strong bonds
-highmelt hg/oilhg point
—conduct vity

solid: bns are so cbse together, fixed posit bns, (can’t m ove)
NO conduct vity

lquid: bns are freely moving due to a broken kttice structure
G ood conduct vity



" J Covalent Bond ng
m Defniton
—Chem calbond nwhich two atom s share a pair of vaence ekctrons
—Between non-m etallic ekements of sm iar ekectronegat ity
—Stabknon—-onizng particks:they are not conductors at any state
—Canbe asngk,doubk,or trpk bond
shgk,2es (-);doubk,4es (=):trpk,6es(z)
~Mostly bw melthg/boilng points

Oxygen Nitrogen

u 2 typeS Of bondS Four electrons are in the Six electrons are in the

shared electron cloud. shared electron cloud.

Non Polr
—bonded atom s that share s equaly
—sam e atom s bonded N’ N —
ex.C1- CI: Cl -3 .o

PO b r Double covalent bond Triple covalent bond

—bonded atom s that do not share es equa lly
—different atom s bonded

107"

104.5% iﬁH
ex. ¥ 4 M

wWater Ammonia



" A Hydrogen Bond hg

A specialcase of perm anent dpok-dpok nteract ons
Propert es
~They are stronger than Van der Waak forces (next slde)
—M okcu ks w ith hydrogen bonds have higher BPs than mokculks that don't
What we need---
—A hydrogen atom covakntly bonded to an ekctronegat e atom --- N,0 or F.
—A bnepair of ekctrons on the ekctronegat ve atom .

ammonia,NHg - water,H,0 - H\

L J L O

N . /




'_ van der Waak Force

Two ekctrically neutral,cbsed-shellatom s

\

G

i) Tem porary dpok result ng G Mes net i) hduced d pok,due to
from quantum fuctuatbn attract on presence of other dpok

@ Weak nteract bn forces due to the quantum fluctuation of charge,which
causes arsng of temporary dpok mom ents and weak attract me force

@ A lthough Van der Waalk forces are weak, they are often theonly attract ve
force between molkcuks.



