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Moti vation

> Modelingdislocation dynamicsin
semiconductomaterialsof greatimportanceor

iIndustrysuchasSi andGaaAs.

> We look for amodel:
> Computationally cheap
> Preciseatthenanoscale
> Compatiblewith amesoscopi@escription
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Moti vation

> Modelingdislocation dynamicsin
semiconductomaterialsof greatimportanceor
IndustrysuchasSi andGaAs.
> We look for amodel:
> Computationally cheap
> Preciseatthenanoscale
> Compatiblewith amesoscopi@escription

> Retrieving linear anisotropic elasticity
eguationsn its continuum limit :

1/@Ui _ @H ] @Jkﬂ
‘@ @ Me

Einsteins conventionwill beused
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Previous works

Let ustake alook to somepreviousresults?:

> A. |. Landau.Applicationof amodelof interactingatomicchains
for thedescriptionof edgedislocations Phys.stat. sol. (b) 183
407+£417,1994.

A. CarpioandL.L. Bonilla. Edgedislocationan crystal
structuresonsideredastraveling wavesof discretemodels.
Phys.Rev. Lett. 90, 135502-1+1355024, 2003.

1 Ana CarpioandLuis L. Bonilla, submittecto Phys.Rev. B

2A. CarpioandL. L. Bonilla. Discretemodelsof dislocationsand
their motionin cubiccrystals in the Proceedingsf the European
Congessof ComputationaMethodsn AppliedSciencesnd
Engineeringe CCOMAX004 ed.by P. Neittaanméaketal.
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Crystals with cubic symmetry*

LA, CarpioandL. L. Bonilla, submittedo Phys.Rev. B
Summingup the strainenegy densityW for all cells
(I;m; n), thetotal potentialenegy V of thecrystalis
obtained:

X
V(fuig) = W(l; m; n;t) | = 1;2;3:

I:m:n

Motion egs.mustretrieve anisotropidinearelast.eqgs:
2 ,

M = %) 1@?:@@11.) Cijkl%ll(

Thatis thegoal! Candislocationdbe modelled
consistently?!
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Linear elasticity

Basischangejcanonigj! |primitive

fe.ginj falg T = (a;axa3) X = TIl

Strainenegy density:
1 @ @ 1, @@y
W = _C'J'm = 5 Yspa 0 A0
@j @m 2 @S @q

Crqu Clj ImTer 1T|pTci]m1
Linearelasticityassumeguj ¢, 1. Dislocations?
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W for dislocations?juj » 1

Whatdisplacementwe will computein W ?

NOT

YES

aninteger numberof f a’g from Fig.1.
thosedispl. judj < 1 from neweq. sites.
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Strain energy dens.W, only M
Period-1periodicfunction,g(x + 1) = g(x).
gx)» x and g{x)» 1 for x! O

In thefollowing expression

1, @@ . @ X
ZC?qu@o @0 A @Jo > g(Dj uiO)

the|gradientof displacementsarereplacedoy a

periodicfunctionof thediscretedifferences
X s
V(fug)=  W(@Emnt)! MK = | =@,

l:m:n
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Initial and Boundary conditions

Theoryof Dislocations J. P. Hirth andJ. Lothe (1982)
Methodfor calculatingthefar eld of ary stationary
straightdislocation

NPUT
Dislocationorthonormabasis! f e’9

Burgersvector! Db, dislocationline vector! »
Elasticconstantsn cartesiarcoordinated  cjj

OUTPUT
Elasticdisplacementector!  uPfx99x5}

Thedisplacementectorcanbetranslatedo:
canonicfgg| or |primitivefalyg| basis.
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Example: edgedisloc. in FCC

For the perfectedgedislocation we selectthe
following dislocationbasis:

e’ = (i Lj 1 0)—

&= (1;i 1] 1?3

e’ = (1;j ,2)= 6
which areunit vectorsparallelto:

> theBurgersvector! b k €}
> thenormalto theglideplane! n k e}?

> thedislocationline! »k &)°
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VRML visualization

| bullt thefollowing functionsin MATLAB. They
write a Virtual RealityModelingLanguagecodein a

text le.
newball gii”s
axi_sXYZ cube
gﬂ/lgé%%ru sl cubeballss
fids squarebox8
9 arrow

cone
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VRML: edgedisioc.in FCC
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Stationary screw dislocation

A. CarpioandL. L. Bonilla, submittedio Phys.Re/. B

z+a wil.m)

I'. . 3

Screw dislocation: (a) g(x) = sin(27x)/(27). (b) the piecewise linear g(x)

Solutionof the over-dampedequation®f motion
SimpleCubic(SC)lattice
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Attraction: loopsé& dipoles
A. CarpioandL. L. Bonilla, submittedo Phys.Rev. B

Atraction of opposite sien edge dislocations leading to formation of a disloeation dipole.

Oppositeedgedislocationsattracteachotherandform
dislocationloopsanddipoles(SClattice)
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Crack formation from a dipole
A. CarpioandL. L. Bonilla, submittecto Phys.Rev. B

r—-—:—-—--—:—-—-—--:—-—-—-—--—-—-'—r—"-'—'—r—r—-'-'-'] Moo 0000 TVODOUDUD00DU0D0CD0 0O 15 EEEEEEEE IR L L AR I I E A EAEEE R

Crackgeneratiorandgrowth inducedby applyinga
tensionto dislocationdipole (SClattice).
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Now, let usthink of systemwith two differentmasses
(asGaAs)
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Linear Diatomic Chain?
IM. BornandTh. von Karman,Phys.Zeit. 13,297 (1912)

. ; S . S
Mih=A vij u+= | A uj v+~
2 | 2

3 3
i’ 0 S 0 S
MoA = A U|+1iV|+§ iAVIiUI+§
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Continuum Limit

-
.. .. , S
M1y + Mo = A% 5 Vil 20 Wi VI + Us1]
Cont.lm.:|I! 1 ands! O withx = Is x ed

MOER I ERICE)
3 g 3 g
S S
vi(t) = u Is+ Q;t = u X+ Q;t

[u(xi s=2)i u(x)i u(x+s=2)+ u(x+ s) s o0 @u
$2=2 NG
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Continuum Limit

M1(x) + Mol(x + s=2) , M1+ Mp @u
S S @Z

(X)

Continuumlimit (acousticvibrations):

@u _ @u
e T S e
Where:
S __
M+ M AMs=D =
= 1 T2 E = ?S)SC:_
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Overview: methodfor M; & M»

Summingup the strainenegy densityW for all cells
(I;m; n), wewould obtainthetotal potentialenegy V
of thecrystal:
X
V(fuig;fvig) = W (l; m;n;t) 1= 1,2, 3:

l:m:n

\ile]ilo]g eqs.mustretriwgg/ anisotropidinearelast.egs.
4 3 g

M]_A = @/:@i ) 149U — @ C;i kl@
M = | @/=@) @ o "

Thatis ourgoal! Canwe build up W modelling
dislocationsconsistently?!
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GaAsand Si structur es
How mary atomsperlatticesite?

> Previousworks! |1

> GaAsandSi! |2]iIn eachsiteof anFCClattice

How arethese2 atoms?

> |denticalatoms
Diamond
structure Si

> Differentatoms
Zincblende
structure GaAs

Discretemodelsof dislocationsfoiSi andGaAs—p. 21



Referencesystems

Two vectorbasis:
> Canonic! feg
> Primitive! fay
{1 Q0 Settles
b}_ﬂ_ M, 28 PERIODICITY!
| (9! prim. coord.

Bonds:
> FCCAsshift:! ¢
> Basis:! flyg

(nun);*/A /7 \
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Linear elasticity

Basischangejcanonigj! |primitive

fe.ginj falg T = (a;axa3) X = TIl

Strainenegy density:
1 @ @ 1, @@y
W = _C'J'm = 5 Yspa 0 A0
@j @m 2 @S @q

Crqu Clj |mTII’ T 1T| pTci]ml
Let uslook for discretedifferencesanduseg(x).
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Usual differ ences

We recalltheusualdiscretedifferences:
D/ f (R)=f(R°+ &) f(R)

D/ f(RY = F(RYi f(R &)
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Discretediffs. are primitive

D vilr+ ¢ 5t) 7 ulr®+ ait) i ulrSt)

D uXr5t) ” vr®+ ¢ 5t) j vilr®+ Wt)
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Discretediffs., both atoms
D vilr+ ¢ 5t) 7 ulr®+ ait) i ulrSt)

D uXr5t) ” vr®+ ¢ 5t) j vilr®+ Wt)

Usefulrelation

'+ b= ¢°
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Strain energy dens.W, M 1& M,
Period-1periodicfunction,g(x + 1) = g(x).
gx)» x and g{x)» 1 for x! O

In thefollowing expression

1, @@ . @ X
2C|(')qu@o @0 A @Jo > g(Dj uiO)

We wantto replacethe|gradientsof displacements

by a|periodicfunctionof thediscretedifferences

How to doit in asystemwith M1 & M5,?
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Potential energy, both M1 & M
2FCCs:M1! u?” uIRY; Myl v VARY+ ¢9:

W_lO @19@8

0 0

N |
O
%
©
o

2
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Potential energy, both M1 & M
2FCCs:M1! u?” uIRY; Myl v VARY+ ¢9:

H

0 @0
C(r) @o @o

7 ¢[9(Dgu)) + g(DS V)] ¢[g(D g ug) + g(Dg Vo)l

s P + +
V=2 iCa(DIud) + g(DIV)e

D’ D
9(Dq up) ){+Z o ”);
2 typesof atoms
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Pot. Energy! Motion Egs.
_a2P a1 b 140 ;
\ 4 l:m;n 8Crqu[g(Ds ur) T g(Ds V?)]q:
§g(Dqup) + 9(DgVvp)l

@u) _ . TilTi 1@ . @v° _ . TilTi1@
Mige =i Tiqg Tosag: M2g =i Tig Tpd 6o

0 _ ] . +
%G = iTL D] o010 Ve
g(Ds ud) + g(DIVIIg
0
0.0 = T, ITHID] G D] W)
¢g(D:u?) + g(D:V)Ig
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Motion Egs.! Lin. Elasticity

M, @UP _ 194 17T i +
2 @ = 4 Tiq Tpq D Topjrsg{Dy vp)¢
§o(Dsu)) + g(D$ V)9

aM , @V _ i 17 + +
@ = 4Ty Tao Df Tqjrs 91D} Up)¢
€g(DZud) + g(DI V)

| —{,Aé—}

T M

@Ui @ @Jr M.+ M

1/ - = o= _ My 2
@ @ @ Vom — o
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Initial and Boundary conditions

Theoryof Dislocations J. P. Hirth andJ. Lothe (1982)
Methodfor calculatingthefar eld of ary stationary
straightdislocation

6(° perfectdislocation,GaAs
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Conclusions
Theposedmodel:

> Describeglynamicsof dislocationsin FCC
atticeswith 2-atombasis,asSiandGaAs.

> At the nanoscaleperiodicg(x) allows

displacementsf anintegernumberof primitive
vectorswithout atomicrelabelling.

> Macroscopically it retrievesanisotropidinear
elasticityequationsasits continuumlimit.

Periodicg(x) in uencesthesizeof thedislocation
coreandits mobillity. It shouldbechosersoasto t
the experimentabropertienf eachmaterial.
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Further work

> Time-evolving numerical implementation for
the SiandGaAsmodel.

Possibilityfor joint work!

> |Introducingdislocationsin the Theory of strain
relaxationin heteroepitaxial systems,
developedby A. C. Schindler, M. F. Gyure, G.
D. Simms,D. D. Vvedensk, R. E. Ca isch, C.
Connell,andErding Luo in Phys.Res. B 67,
075316(2003).

Any ideas...?
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ROUGH & quick brainstorming

Assuminganed. distribution for athin Im (F)ona
substrat€S), we would try to settle periodicity,

Os(X+ as) = Os(X), k(X + &) =g (xX). 1 (I;m)
Bond displacementredef:

d*(i) = Dju(i) | 2es

d* (i) » gs[Du(i)] i 2e:

d?(i) = D3u(i) | 2e

Yo

g [Dyu(i)]; i2 F

gs[D;u(i)]; 12 S

2
0 0000

O O C000

m [
—

)
I
@
O
O

O O 0 O 0000
O 0 0 0 0000

QO QO O
2 O

Dou(i) »

New force

balanceegs: @=@ (i) = 0A MA() » | @=@(i)
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Thank you for your attention

| will acknavledgeyour feedbackandinteractions!
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Stationary edgedisloc. pro les

Solutionof the over-dampedequation®f motion
SClattice
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Equal-signdisloc. repulsion

SClattice
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60° perfect dislocation

%= (i L2 |01)=Pé
&= (LL1)= 3
el’= (1,0;f 1)= 2
b= (0;i 1,1)=2
»=j €3

[Burenlkov etal.] Voigt elasticstiffnessedor GaAs
(0< T < 1513K) in unitsof 10 dyn/cnt are:

Cy1= 1217 1:4410°3T
Cio = 546 0:6410 °T
Cug = 616| 0:7010 3T
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