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3 Layers

I

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




The tightest way to pack spheres:

A ( stacking

sequence
(FCC)

sequence

A A stacking
(HCP)

ABCABC...= fcc, ABAB...= hcp!
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HATM O REEHP twmmitiEE, f:
Cu,Ag,Au,Al,Ca,Pb,Pt, &NIf,Si,Ge,Sn%
WEY R EIR 2, RRMEIE: s s
RIS, WNaCl, KBr 4.

NacCl a=5.63,

Cu a=3.16 _
KBr a=6.59,

Ag a=4.09 _
B MgO  a=4.43,

Al a=4.05 B
MnO a=4.43,

Au a=4.08 B
Ca 4=5 58 AgBr a=5.57,
KCI a=6.29,

NIEa=3.52 (¥f7: 0.1nm)
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Hexagonal Close-Packed lattice

la,| =|a,|, with an included angle 120°
c| =1.633a,|

o | o | =[a,| = ay

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 < n/\18

D()eS the proof StaCk up’) (the value of fcc and hcp)

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

. .l, - o " Y P [ :
‘ - ‘-,ll ) RN
AV i TANE AN iy
PR L5 e - Syl 00U B
oo o O - v
b m}s 0 m“im\i 3 !

but a mathematical proof for the method has brought reviewers to their knees.

Nature, 3 July 2003
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Grocers the world over know the most efficient way to stack spheres




. RS HRIRIE A

EHBAEITERNRME. BR. REENZEEER

LSH

U RFEA [F] JZ IR X AR A 45 ) i

LANaCl i BH
O REWEH T EE T mER, LA
a=b=c, a=R=y=90° T > /. J7 & M F£~H
R JE HHAES F m

RENO, VW T EmINEEE )2 AT FRE
2% [EEE N O, 5-Fmam 15 H TS 1 R T HE 3

2 FRATTA BT LA NaCl gt A4 1) J LA 46 #a R
A 1 BT AR,




a=5.628A

ﬁ%%%mﬂﬁ%ﬁ%T
RIAEE R B RIS
im AR (@Tﬁﬁ%mm??ﬂ’]
M. Brs . AHXTE A A
A7 B 1 SRR R
5E | 4**‘5)??!3’3’7 , IF
HMEHERERSE:
a,b c fa,B,y

X EHAT B S 5L 5
J7 iR AT DL 211X

%7 NaCl gafR s 14 /)
M, RS2 7 AL H
%&%\%%%%mm%
A G JREE WA.57)




NaCI&i#) i R T HE 5

NaCl Str:lcture with
Face Centered Cubic Bravais Lattice




NaCl& & N\ h
BB R T #BAL

——

IRFHI TR O,
E AN [F] S~ 2H B 8 TR AR L i

H. FETE NI EE R R ANRE
RUHER FRERAE

ﬁ-‘ﬁﬁ% 2% 231

BT 2R 22 F

e

/ﬂ< *&L/—\ELI- EE] ilft .

Pt S 38

g

iLro




JRFALBERIRAN: 2l Sh i 7= B AT H &L oo 5%
JRFHIN B . FEuH s | N RO A B A T1E

NAEBRIR RS AL E P LERIR N r=xa+yb+zc
N5 DL g B 850 K P A AL 0<Xx,,y;,2;,<1

11.1.1 11
NaClt, CIETALE A: 000550505055

NaJi i B N: iﬂ oo; 010,100,

2 2

222
CsCIaR AR 9] 3L 7 v il

Cs/J#+7f 000,

111




T BEL ey AR 3R X A A -

WEZnamik, He/PEERTHRE—NET,
WIE 7 ER RS, JERE SR T, S B T A

w BANTEWREEGREES. . BAEOLTT
RPN E JEL. Na. K, FEAE O 45/ HICu,

Ag Augi R ES 2 T A . TR R RS B R B R

FrREESFUH, BN F A R T B7E RSk

jﬁ\‘iméfﬁ 1AL E, BB, ik
. YOEANETHE . BTk,

Yl




HEY TR WM EY R, Hg/NEEH
i (FEjm) 2088 ZA—‘ZZAU\J:H'JJE? AT A
— R BN AR RS AR ) SRR SR A CRIT[E] A 1) ] HH R
FIHEO , Heplid e, B HEuRr2mALE b
PIAH B R, BRI S bR 2, HATRRX
e Bk B B SR

#ln: CsClER 2NN R % BRI 7 B, W
T A2k T A E) — a2 — R E SN .

NaClaaﬂ'Zl-‘EVa\j/\r?%‘gﬁ/}& NHO LT REGE
ST IA T MR E) — 2 — 73&55&%5@ JiIe

R R, R T SRS, Ah
FIRIEOERES, (HFRE RSN, AR LT
2 5e 4 R




CsCliifkd, CsEFmmiailz 81NCIE T,
MCIE T H&IT AN 2 81CsE 1, NaClimigkd,
Nas + 1 m i 2 6 1NCIE ¥, CIE T4l &
6 ™NaZ 1,

TG 2 mn A AN AR 2 187 B SR

RS Chep) fhfkBe,

Mg, Zn, Gd<%, EHEILE Az <'><>
& 2NRT, B FME T, / -
15 AR LT A B R A1,
MN—TARRTH L TITHER BE| |@ ®

?E’J_ﬁ% }F/’ %D}A_‘/\B/'% /':irl \./

TELETHEZERTHR=ME2E :
AR . 2R mNE, B AR
FIUHE2 MR T




JURPALTT i 28 mm A 45 R0 RN

SR Cu,Al, |NaCl,MgO |&HIA R | INE
Au,Ag Si,Ge, M. ZNS
eyl it fcc fcc fcc
SpEEE | o, | o 0,
Oh5 Oh5 Oh7

% [

- |:m3m |:m3m Fd3m
HAfF = | Al B1 A4




=. JLRY Sk EE
RIS P RSP SRR TR 55 H
Z M8 R R AT 4028, R RSO R 4, Bl
B R X A2, Ardan T
A RFBIUER dmik
ALl UL T 458 (Cu), A2 O (W)
A3 ZEHENTTEN (Mg) A4 SR E5H......
B REBABEIL G,
Bl NaClfiZ#y; B2 CsCIHIZEf;
B3 [NEEH L5, B4 5 Ry, ...
C fRRAB AL EY)
Cl A M A4 (CaF2)
C2 w4l FeS,
C3 7RI (Cu,0) ......
Hrhfp—/NREMRRE W 2 53R uHEP M A, =S e
FAE A AR . FRATTA 28 e A 48 8 42 3 10 R0 B B B ) 12K




Al

PLOCER s R CuNAER R A,  FAT O ALTT /B
1

fec), 11 1.1 1
B AP R TFAE bR 8. 000,0==,=0=,==0
an P B iR AR R O 5595055
HEFER: O, K
SRS O(F, ) BEDE
6. ..
BRI 12 . windie. | e |

MR MBI LR RIS . Ag,Au,Ni,Al,Pb,Pd,Pt,
N S WA S AENe, Ar,Kr, Xe.




A2:
DL Jm e AR I TR m ik, 4003207 5 FF be,

- 111

HETFrN: 000 ===, .
222 / /

RSN O,
%@ﬁﬁ%ﬁ:omm@ .

ALK 8, VOEAIN 6 ./
$Blﬁ.lé§$@9@fu%%g%ﬁi7§ . B4 J&Li,Na,K,Rb,Cs,
M4 J&Ba,V,Cr,Nb,Mo,Ta,W,Fe %




DL B B AR ) HEZN JT 4l it hep o

54

B 1-6 NffwHEdh RS A9 LR 3T

a=b=#c

HEE'H@ a= =90

y =120°

j€— a—>
(b)



hop £5 AT T-A46kR: 000,222,
RS Dy,

FIBEFS: DS, P6,/mme
nCpELAT B A — =1633  (JLIRL.2)

B A hcp4 MBIt HR miE s . Be,Mg,Sc,Y,Ti,Zr,Zn,Cd
AR Z H M+ 4 )85Gd, Tb,Dy,Ho,Er,Tm,Lu




Ad: ENIA %5 (Diamond)
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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



e HM e mFE, B R R FIRP R 7, d AT A 4T
%1/ 4 X AR T ERRE, X4 HBravais ii
B fee s B, ' HIRIRFE ST & AR 1, ZE T A A
T H AR RS A B Y R R S H e (000) (1 /4, 1/
4, 1/4), RIZMWAIRTHRH 2 TC1% fec /5B B HESIE
A5 e NIA g, B A 4200, A8 R T




WA R R AL E, AR s ALE
00001t 1ot 11y
22'2 2'22

o —@ (o) 111331313133

— P AAA 444 4447444
3/4 1/4 _
Rl e &2 R+,

qa’ Eﬁx 'qa %Q%&ﬁﬁjﬁﬁ
LT B4, RN EEN
B o DU 432 — & T K -

b3 P E“Aﬁ¥%%ﬁ—

JE? iﬁrﬁté’ﬁ%o
Klttel P13

,




EHIA R SRR S: O
SRS On(Fan)
HAMRIEGRP TR AR : Ca=3.567 Si:a=5.430;

Ge:a=5.658; o —Sn (&%) :a=6.49.

WA A AR s g R aE, BN RTFH41
w2 RGEAE . WA g5 2 L =), 18
HARFR a%&z@iﬁﬁﬁﬂﬁﬂiﬁtbz 140.34, it
KT HEHEMREPETER0.74,. BERBPHEFEIV
IR EE RN RES S B SR FNE.




SR St - AT
It SRR B

E.C.C.. 74% full B.C.C., 68% full {yﬂ:

f ;g; E RS 4
' ’)/K b, SRR

S.C., 52% full Diamond, 34% full

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, B #niEts

A - cation:
cubic lattice

body centered
O - anion:
face centered

oxidation state examples
IH/71Iv A/ BaTiO4
Pb(Zr,Ti)O,
1/V  AY/ KTaO,
e/ A3 LaMnO,

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

* 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

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

number

- roughness smooth atomically smooth
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Wood notation
Substrate unitcell - a, b a % a.
Surface unit cell : ag, bs b

5

M(hkl)-(|as|/|a] )x(]bs|/|b]) R 8°(rotation angle) -Adsorbate

eg1) Ni(100)-2x2-0

las|lla|] =2ala=2

[bs)/|b]= 2b/b = 2
. angle =0
@ - 2x2 or p(2x2)
as=2a+0b
bs =0a + 2b

7

Matix nntation:["ﬂ}
02



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

a.=a+b

b:=a-b

laslfla] = V2ala= 2
[bsl/lbl= V2 blb= 2

angle = R45

~2x~2 R45°
or ¢(2x2)
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(1) Si(111)-7x7

adatom

dimer

restatoms

(1x1) bulk

Top view:
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111
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Actual Si(001) surface under STM (Kariotis and Lagally, 1991

(2) Si(100)

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