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Bragg-Nye Bubble Raft Model



Defects controlphysicaland functonalproperties ofm etab

D etects controlalpropertes ofm et b

- M echancaldefom atobn

- E kEcttcaland them alconductw ity

- M agnetc hyskeress

- Enveonm entalresstance (Em perature,chem cak)

S nce 1930s,we have known thatsingE crystaE are m uch weakertan
predcied, so detect ke dsbcatbns were hypotiesked © exBL

N otuntll1950s thatsuch detects observed experm entally w th
transm BSDN eectton m croscopy (TEM ).

Fundam entalstudy ofdefects n

1D :vacances, nerstitnb

2D :dsebcatbns, tv n boundares

3D :gran boundares
has greatly enhanced ourab ity © despgn Prand aganstdefectm edated
processes.



1D Defects:Vacances and hterstith bk

Two kinds ofdefoim atbn

ELASTIE -reversbE, bond sttetthing
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1D Defects:Vacances and hterstith bk

1D orPontDefects:S ngE m Bshg (vacancy)orextra (nersttaatom ,w i respect crystibgraphc htice sies

Enemgy © m ake tese defct:
Ev~ 1 eVAacancy ~ 100 kJf ol
Ei~ 10 eV/Mmerstitil~ 1000 kim ol

W hy?
Takes m ore enegy © sttan te htce and add an abm n (D ten kdoes © m ove one L te surbce (V)



1D Defects:Vacances

O/O O/O O/O O/O |

T P

P resence ofa vacancy raees te energy ofa crystalby a cerain am ount.W hy?
Requres energy © rem ove abbm from htice and phce iton surfice Edge

Enemgy = subim atbn energy peratbm
Break 6 bonds,and rebcatbn regains 3 bonds; Sublin atihg sam e atom breaks 3 bonds.

AHg=Gb3h ~1eV BrCu Gcakswih G)

Som e rebxaton ofatm s around te vacancy Siphtcontacton) n m etak, butactually expanspn n bnc solds
due © chalge neractons



1D Defects: hterstuth b

Presence ofan nersttblrabes energy m ore than tatofa vacancy.W hy?
Requies enegy © rem ove abm from surfice BEdge and pm kN0 te htice > spnifcantebstc m sfitsttan

Enemgy = sublim atbn energy peratm

Break 6 bonds,and rebcatbn regains 3 bonds; Sublin atihg sam e atom breaks 3 bonds.
AH§=2Gb®~10eV BrCu (Gcakswih G)
10x greatrenengy © m ake nersttaltan © m ake vacancy!

Thi argum entho s orcbse-packed m e k.



1D Defects Key Topks:

- Energy bamert m otbn
- Them alequibrum

- Equiibrum concentratbn
- Latice skes

Continued on next page.



Why do we care about 1D defects?

e Determining how vacancies/interstitials are created and
destroyed in solids is a fundamental issue

e Determining diffusivity of vacancies is important to electronic
and structural applications

e The behavior of vacancies on the surface of a material can be
directly observed with LEEM and STM



STM Image of graphite at room temperature

Image:; ‘stm_hopg_012', Topograph, 0.030%] Bias, left-right

No vacances at
room
tm perature due
1 Nncreased
atom C m ob iy

Van V ketetal 004)on Mokcubrimagng STM





