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A - plane B - plane C - plane




3 Layers

ABA Hexagonal Close-Packing {HC
ABC Cubic Close-Packing (CCP) <‘\/ | .




The tightest way to pack spheres:

A ( stacking

sequence
(FCC)

A A stacking
sequence
(HCP)

ABCABC...= fcc, ABAB...= hep!
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Closest packing of first and second layers

Tilted side view

Cutaway side view

Cutaway side view o S showing face-centered cttnitcel
showing hexagonal unit cell Expanded side view Expanded side view cubic unit cell
Hexagonal closest packing (abab...) (74%) Cubic closest packing (abcabc...) (74%)
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Cu,Aqg,Au,Al,Ca,Pb,Pt,
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Cu

Al
Au
Ca
NI

a=3.16
a=4.09
a=4.05
a=4.08
a=5.58
a=3.52

NaCl a=5.63,
KBr a=6.59,
MgO  a=4.43,
MnO a=4.43,
AgBr  a=5.57,
KCI a=6.29,

((A2: 0.1nm)
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Hexagonal Close-Packed lattice

la,|=|a,|, withan included angle 120°
c|=1.633a,

o [ o | =[a;| =[a

12 nearest neighbors

Transition metals : Sc, Y, Ti, Zr, Co...

1A metals : Be, Mg

Basal Plane

Hexgonal lattice + basis of 2 atoms at (0,0,0) and (2/3,1/3,1/2)
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Kepler's conjecture (1611): The packing fraction of spheres in 3-dim < /\'18

Does the proof stack up?

Think peer review takes oo long? One mathematician has waited four
years Lo have his paper refereed, only to hear that the exhausted reviewers
can't be certain whether his proof is correct. George Szpiro investigates.

(the value of fcc and hcp)

e

Grocers the world over know the most efficient way to stack spheres — but a mathematical proof for the method has brought reviewers to their knees.

Nature, 3 July 2003
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28 R

The world's largest diamond was the
Cullinan, found in South Africa in 1905.
It weighed 3,106.75 carats uncut. It was
cut into the Great Star of Africa,
weighing 530.2 carats
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Figure 1-30 Filling factors for identical spheres in contact, in four common cubic
structures. After C. Wert and R. Thomson, Physics of Solids (McGraw-Hill, 2nd edition,
1970).
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Perovskite Type Structure ABO, gkt #5k14

A - cation:
cubic lattice

body centered
O - anion:
face centered

oxidation state examples
H/Iv A BaTiO4
Pb(Zr, Ti)O,
1/V  A*/ KTaO,
I/ A3 LaMnO,

application: nonlinear resistors (PTC), SMD-capacitors, piezoelectric
sensors and actuators, pyro-detectors, ferroelectric memeory




© Oxygen

© Transition

metal

-y
Perovskite

structure

xin SrO«(La,_,Sr,MnO,),



LB EEIE: REA MgALO, O] (F,, )
fAfEA (Fe,Mn),AL(SiO,), Okllo(lasd)

CL BRI BRI+ 2 58 LT 6 R, 19755 M
Crystal data (Nol) # il H i 5572 MIcHlib &9 4eit,

LT R AR
AVARTEA

V07 df 2
=HimA
IEA &

RS R

=“#EAR

30%
11%
14%
12%
18%
14%

2%

AL SV E B B iA NANE, 220580 % K an Al & T

IEAZ AR R AR



x| & . ® oy
o od
o5 &
S S
of ¢ b la0 .
¢ ® “
',I ----- *.-"":;:;. CLIOE
¥ o P o
316&
o® /" R
a= 3.78A



)L

. Z BB R MG

Fl— A BHEA IR T, oA AFRBES sIRES, B
CLE W e R i il e A e ME— 1), RBEERERE . KIJHAE
CAIE

—80°C

e |

[111]

EKIREl (BaTiO3) MALHIAHAE, H5Hf

5°C

(TR T B =Fh &5k BAT BRI

HH == o

120°C

MFBR

MG AR

I 1460°C

AVl EES

1612°C




aMn

Al2

727°C

LMn

11095°C

Al3

1133°C

Al

oMn

1244°C

A2

A%

& R IR M B RS AR AR, IRIE R ONAL2EY, R E
58N E T, AL3BIEL LH 20 E T, AlfEfece, A2#Dbcc.




( 100

e
&F

(110)

Control and Use of

5 Defects in Materials

Science 282, 946 (1998)
GaN(0001) sprial growth mode
(Feenstra, J. Vac. Sci. Technol. A 16,

1641 (1998).)



fec metals

Fcc X [H

fee(100) fee(110) fee(111)
- symmetry 4-fold 2-fold 3-fold
- coordination 8 7 9

number

- roughness smooth atomically smooth
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Wood notation

Substrate unitcell : a, b a % as

Surface unit cell : ag, bs b

5

M(hkl)-(|as|/|a] )x(|bs|/|b]) R 6°(rotation angle) -Adsorbate

eg1) Ni(100)-2x2-0

las|/la] =2ala=2
|bs|/|b|= 2bib = 2
angle=10

o 2X%2 or p(2x2)

a.=2a+0b
b, =0a + 2b

4

Matix notation: {"G}
02



eg2) Ni(100)-c(2x2)-CO or Ni(100)-+/2 x/2 R45°-CO

as=a+b

b:=a-b

lasfla] = V2ala= 2
Ibsllbl= V2 blb= 2

angle = R45

~.+2x+/2 R45°
or ¢(2x2)
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Actual Si(001) surface under STM (Kariotis and Lagally, 1991

(2) Si(100) STy

£ 0 20203

Fig 4.16. Structural model for the Si(001) 2x1 surface.




