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TECHNICAL MEMORANDUM

Recently Cowem et al. have suggested a reduction in the point-defect formation energy in

strainea~ioe (relative to pure Si) to explain enhanced Ge d~ffusibnand intermixing [1]. The same
, , , ! .

concept is use~<oto,explain ,previously reported results of the retarded boron diffusion observed in".Ji~; .

SiGe [2].

This interpretation of the retarded boron diffusion is different from the view reponed in

reference 2. In ~t letter we attributed the retardation to band-gap lowering rather than a
. ,j

modification of ~ defect formation energy. This comment clarifies the application of these two
different views.

First. we note that the bc;)~n .diffusion expcdments, were carried out under extrinsic

conditions, with doping concentrations of 1-8*1019cm"3,whereas intrinsic concentrations at

diffusion temperature are,lower than 7*1018cm"3[2]~The density of charged point-defects plays

an important ro~ein boroIl diffusion both in the intrinsic and extrinsic regimes. However under
.. , ' .

extrinsic ,co~ditions, the band-8~p reduction 11~ an additional effect on the ch~ged point defect

density and must have a pronounced effect on the diffusion process.

The flux for dopant diffusion mediated by charged point defects, can be written as (assuming

only neutral and positively charged point-defect contrib~tions):

J - h[' di <;~-xO di C~~X+ P ]aCA-
A- -- . A-XOC;:-+ ~-x+ CA- [iii] a;-.

(1)
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where h is the electric fieM euhancemen~ p and "i are the hole and intrinsic earner concentrations

and d and C represent intrinsic pair diffusivities and concentration respectively [3]. In a strained

layer, all quantities may be modified except (or the acceptor concentration CA-. In particular,

changes in all Fermi-level related quantities, such as the free canier concentrations and charged

point-defect cODCCPtraUons,sbQpldbe conside~ u"wollA~ intrinsic parameters such as changes

in point-defect formigte~pies due to strain fields. We use the arguments given by Fair to

include a band-ppC~~[4]. Modification to eq. 1 for the strained ,system must also allow for
possible changes in the pair binding energies (neglected both in [1] and [2]) and the modified

dopant/point-defect pair..fonnation energy, denoted by E (proportional to exp(I1Q) in [1] with
I1Q the change in tbe'defecl formation energy). The flux in the strained system J:- is (neglecting

small changes in the electric field enhancement factor)

.-.~

'"

. - -
h[

i £C~-xO i' I~..rt'!!.. R

]
OCA-

JA- - dA-XO CA- +dA-X+ CA- [nJe ox (2)

with R = bE:':'x+ - ~.;+ ~ and l1E~+the modified defect energy level. Fair shows that under

extrinsic acceptor conce.ntration, R = l1E,12k,T .with M, the modified bandgap of the strained
material (relative to .pure Si). Note that the terms in R include all the bandgap related quantities

associated with the change in the concentration of charged ~~~t defects and the c~ange in the
free carrier concentrations.

For the conditions of the boron diffusion experiment, the second'term in eq. (2) dominates the
I ' ., " '

diffusion [2, 5]. The analysis of the bOrondiffusion treats R as a fitting parameter, takes E =1 and

shows that exp (R) = e-(J.3I2IcTin agreement with the expected bandgap change in the strained
!. "",

SiGe alloy [2]. The analysis in.ret 1 ascribedtbe 'retarded diffusion to the term Eonly, and noted

that the fitted value, exp(-O.17/kT),was in reasonable agreement with the theoretical value for the

modified (neutral) defect fonnation energy under strain [5]. The experimental data for the boron

diffusion is clearly in the extrinsic regime, therefore both mechanisms may play a role and a

measurement at a single boron concentration cannot:distinguisn these two factors. However, the

boron concentration dependence of the diffusion has been reported [6]. This is a distinguishing

experiment"since'the formation energy term, E, modifies both terms in eq. 2 while, the bandgap

factor, exp(R) , modifies only the second term containing the dopant' concentration. Kuo et al.

report a significantly reduced boron concentration dependence for the diffusion in strained SiGe

than in Si. This is consistent with the second term of eq. 2 being reduced (relative to the fll'St

term) and can be explained only by a bandgap modified mechanism. A change in formation energy

only, would not change the relative weight of the two terms.

,

'"
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~'ou"SkIeh SiGe 1ayen"1bowaD exponeDtia1iDcreue iD Ge diffusion and an expo-
1a8Dti8t... - 'u."B dUruaioa" . J\mctionof compre8ive8traiD,iDdicatinga IiDa.rdependence
of ~ --.roa:ltraiD. The &omthe atructuralrelaxationofthe lattice around
tile ~ -e.tt. 'dIIaIIOa ,(""'Ibr a wcaDCY,outward for aD interstitial). We iDler the
~-"itmt of Ce" iI\~free &Ddc:ompr88iwly nraiDed SieGe) at T < 1030.C,
and dp.w IOID8 al ~~. OD",-modified cUuaicmiDc:ryataIIiu IOlida.

PACS ftft"'~: 88.30.Jt
. .

0

StraiDed.iGe/Si ~ures_dlUperlaWces
are ID ...tal component of IQ&D1.1IdwacedSi-based
~,' buttbeJdaetic~. ofSJQe.,..IeIax-
&tiopduriDat~AI ."""'U"I ..,8iI1(pocar1J.JIDder-
~ ~pimoUl.. WQI'kODItraiDed-JaJer...ltion
hasfoc:uIICIontheD"~~~.powtb,- ~
of4laloc.+4OP9;4JPaI .powtb... ~~-
mal~~~I~I. ~, worIDInhawreponed aD
a1~.~r-I.~OD proee8(l;2J. IDparticu-
lar,' iyer aIid LeGOueshave reported .Ia~nced S1-GeiD-
terdUfuaiolto"tUCh,-qMRcbec1OD~ ofa hIchden-
sity of dlsJo(Jt~:r~...This 0--= atltributed
to straiD-8IIIiIt4d tI.,.,tIoll~ bued 011the ~
au.lysis'r/. .m9da1-..poIitioD by.c.&m aad B1Ward
[31. ,but DO~ phJIical. m..-hA""for tb.e anhA"ced
Si:te ~hu 10 ,.. be8a propol8Cl. Thia re-
maiDsa ,.~.U.. .. ourUD~~¥~"I of
dUfuaioDiDSf...d,.l88ied .....

ReceD.tly,~tnl"~~ .~ (4)tU retardedB dif-
fusion.[S,fS).haw bee ~ iD ~ ~
Si-richSlC. Ja,ea. ~ PN*uIar. Woriya" eL pnleDted
~ data ,-"a Jarp reductioD.(upto &factor
of 10) iD tJae iDtriDIicd1ffuaivityof B iDSi(Ge) UDder
com~ve straia. Sf .IDA1""gtbecritica1 88U1Dption
that :s ~u is m-d;~"~. by.poaitWelyc:barnd point
defects, 'Mo. et aL were aWe to explain their result
in termsof,~pp ~ (6). A1t~~lh.this"88-
sumptionis'co"--. withudr ~ ~(1)i it ap-
pe&rsto, .beiDc:orr8Ct..More dUfuioD studies,

usiDg iIoconceDtraQon p-type aDd n-t)'pe backpounda,
haw shown that the contributions of charpd and aeutral
pointdefects to..iDtriD:dcB diffuIion 118 of similar mag-
nitude,(8,9). TIiiI coDCluaionrules out astroDl reduction
.Uaintrinsic B cWrusiondue.to baud-pp urrowiDg, and
points to a..lQ.oredrastic straiD-reIated. .p1JeDomenon.

A hint. to the nature of this ph~Oft can be
found in recent tot&1-energy ca1cu1atioDa[10,11). An-
tonel1iand Bemholc ~puted the formaticmenergies for
self-interstitials (AB I ,)and vacancies (AB IV) iD Si as
a function of hydrostatic pressure. A 1iDear iDcrease in
/lE 11 and deqeue in AB IV were found with iDcreasing
pressure. corresponding to an outWard relaxation of the

/",

,0

~

---aroundthe '.iDter8titial, and an Inward relaxation
of the ,.. .More receady, the I8IDeauthon com-
puted the efrec:tof tensile strain iD.a Si layer coherently
poInl.ODa ~1-.c:;e..~ .Apia. the calculations
~IIted;JiDear<rh-Yl ,,1apolntdef'ectfonDationeI1er-

.~ ~ ~ ""p'~OII8 fir cWfu8ionin
aSI ... SJGe.~,COJDputatioa" fiDdiDphave

-,;,t-m,t88Ud .exp8(JfL~..
~ pap.- d8:ribe8aa experimentalstudyofthe dif-

fuIiYe'"~~ cihicb1JetraiDedSlOelaJera.Wedeter-
,~ tb8do8:al ~~~.'bebavb b71ttiD1 numeriaa1 cUf-

""'.1"~ to biP-18IOl1Rtoadepth-pro&ledata
obt~"by 8:OIIdary-ion mea spectrometry (SIMS).
Stnia... meI8UI8CIby hlP-f8»1ut1on x-ray cW&action
(XRD). Our o\Jeervattou 8bowa dear iD8...~ of 8traiD
ODthe 1oc:a1equil1briumpropenIes of poiDt defects in
SI. w. ~ the .~.nWn of ini8dtffa1oDiDthe
Sl:Ge IJItem UDder compnlliw atr&in, and IncI a COD-
8i8teat exp~."atiOD. for IDOIII811e8In Aa aDd B cIUfu8ion
iD Si~ Our conclUlioaa will be of pD8ral reI-
8Y8DC8to dUEgaioaIDa wide I'&1Ipof CI')'It_nlna IOI1da.

SalDp1eIwere IfOWDOD(100) Si wafers by atmoepberic-
~ ~i.--N vapor depc:IIition (APCVD) or
moJec;ular-beunepitaxy (MBE). After depoIWoDof a Si
buffer...,.., SlGe Ja,en with tblekDIII !lID the raDp 20-
120 am 8DdGe compolitioDain the raiIp 0.1-0.3 were
~ &Ddcapped with a 8COnd iDtrbIIIcSllayer.
Samples were aubeequeDtlyA"naa1ed iDdry Nt at teal-
~from m.to lOSO.C,m times iDthe ranp 4.to 4 h, uaiDafurnaceor rapid,thermal_--II"g.

.,thin samp-.mexatioD b)t iDterdUfu8ioDla kiDeti-
cally favoredcompared with relirDiIaa by srowth of dis-
~tioDt.JD thiI recime,..for the ,am'" U88dIDthis
study, .. &Ddthat the cHuaivity &Ddita depeDdeaceon
Ge composition are independent of the powth method
and choiceoflayer tbicJmess. Flame 1sbon a typlca1ex-
ample. Ge CODCeDtrationpro6lesfor a MBE-grown1aID-
ple with an iDitialGe compositionof 0.3,meuured before
and after rapid thermal Aftft88U"1 for 4 miD and 15 miD
at 1030.Ct are plotted. The profiles iDthis sample are
much "tlatter:' and steep sided than the GaussiaDcurves
that would be produced by a constant diffusion coeffi-
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FIG. 1. Conc:entratioD-depth pr0fiJe8 of Ge iD a MBE-
IfOWDSI/SlOe/Si 1tnJctUre, before aDd after ume-1i"1 for 4
miDand 15min at 1030.C. Symbols rept-- SIMS measure-
ID8Dtdata- CUI'Y8iwplUllt IIi8wJatioD8of.. --:.wd
.wr.ioDwita.. ~b,.1Jexp(-c1./1c7?

c:ieDt,ladk.+-n..g a"lII 8fth'IKeDaeDt of IDterd.UIuion
as a fDctkm of Ge, COIDposittoa..'Becau. the dUfuioD
at.1dP C8C8DtratioD is 10' faat, the Ge cOIDpo81tfon,:1:,
of ..thID .,.. d8c:1eu8..rapid1yhi die iDitial' ,. of
cWfwsion.For example, IDPlC. I, s decr...from 0.3 to
0.18 durilac a4-miD 8DD881at 1030-0. Ia.thicS samples
that relax by t:tJ'Mtioa poWth, '6edllU8ivlty 8fthA"e8*
ID8DtiD the COID~ ..1IIt.Id Sloe. la much
1N8k8r, corNI~1 w1tb .. 'loW level of N8IduaI 8traiD .
III8UUr8dby Idah-f8OIutlaD.DD. 'Our niultI cedrm
the CODduaioDof ljwr/aDdteao.. that .h~ Si-Ge

, iDtercUffu8ioDiDSl-ridaSlGela'" by8Cr8ID(2).
~.~,*i<veiDIIIIdlato.~ ofatnmoniD-

~~C811 heobtaiMd:..,~the.1fnlleddUfu-
Iioa..JaoII- £ord~ ~,'''''' a DUmer-
1c81--- ftftft~'iIIapUIlt,"""1a tbe ab-
-- ~ftideDeelDr cb4IIDkaIdmi1Ii'fotaeI,.tbenDody-
D81Dic.~.I~'. cllli.lIiLf_"Aft~-
of t:beformD/D - 1(.), tJla tile dl8ulivity iD
the,strained material, D.. the ComIpoDdIDaaluivity
iD .UIIIttaiDedmaterial, ~11) la the strata iD the plane of
theSiGe .,.. &1;depth "aud /(.) 18aD~ func-
tion. AJ~.iJ' &speaiic: form b le,)cat1be predicted
from theory, we.avuidccmaiderationof this \UIti1the data
aaalysiais complete. Accord1qto Veprd'. ."', in the'
abaeDceof relaxation via dtslota~. isrel8ed to the '

Ge campolition :It.. . - (1-00./")1: .. -G.042s. The
mizwslip ittdi~ateI thatdl8atraia 18c:omplellive.

, Tbe -i~ul.~()lt8 U8 the iDitia1...grown profile 88 .
8tariiDc SiIu:ethe cUuIioais stroqly aon1inear.
we decolM)lute the S1MSiDatnd8eDtalreIDlutkm func-
tion, Ih,)"from the meuured ...grown proIle, prior to
the diffuaionsimulation. Tha teIOluticmfuDctionfor our
SIMSS)fItem,for the c:onditioaaof IDtereItbere,'.can be
accurately repre88Dtedby . triaaplarprolle with full
width at half maximum'~, CODVOlutedwitb a function
of the form exp(lI/;\") (:I: < 0), exp(-1I/~) (s > 0).
Under the present conditions the parameters of 1(71)are
givenby ~ == 2.3 nIn. A,.= 0.4 nm. and Ad==2.3 nm.

~ . '.

The cieccmwlutionis8chievedby coDwlutiDc. trial func-
tion for the true u-pown Ge distribution, Ca.(lI, t - 0),
with the previously determined SIMS instrumental res-
olution fwactioD1(,1), and fitting the result to the mea-
nred" 88-IIVWDproIle.ThJs procedure gives excellent
Its to the ..grown p~61es for both APCVD and MBE-
poWD layers. ne profile Cc.(,I,t = 0) is then used
.. . iDitial.coad1tkm.for computiDc the DODlineardif-
fuaioD eo1I1tioD,Co.(,I,'), UIiDg the. diffusion equation
8CO./1Jt.= V(DVCa.). FtaaIly,"-we eonvolute 1(,) with
Cc:ut., t) to obtaiD aD accurate comparison with SIMS
II18UUreID8Dt8for the dUfused prome.

The cWfuaioDtfft\ul.ttoDl are carried out UIiDctwo
forms for the dUfuaivIt;y1>(.). In'the first cue, we ...
aume aD empirical relation tJ/D - 1 + h" where n is
lA 1Dtiepr. A crude match to the diffUsicmprofiles can

be obt:aiDeclwith n - 2, but the llmulatedc:oneeDtra,."
tioD.~ .the Iaaka of the pro8JeI is too weak,
~In.tp .. ..~...,. decaying(,,-1rU,,)d1ffu..
.. &oatthat,'" DOt<appeariDthe data. lathe sec-
c8d..., - -- the:tbrmbiD - exp(AI).Tbia
... a ~ ---of cWru8i.it1withCODCIDtratIoD,
lDatMd", dae padt1~ curvature of the cUffu8IoDPro81e
that 11plllldI'dDwD to, Oe COILCeD.tratkmaof a fewtimes
108/cm3 (s N 0.01).

U8iDI tbe fana bID- Gp h, we haft l8pU'&tely
8tted all the dUftIdonpro&le8obtamed IDthe pte8eDt

8tUd1.~,A . aDadJustableparameter.Theex- ~
",'of A aMbmd to vary bmnely with the

--11.1 temper..., imp1yIuc. dUfuatrit;yof the form
I>- Dexp(-q.'/1rT) , whereQ' has d~ ofeD-
.., 1* UDitatniL TIle dItrwdoneh&D4:tmfttfactor,
tJ/ D, plotted. a fbDctIcmof.lleT, 18shownIDthe upper
part of VII-I. 1'.1* data point 18pI~, IDcompact
bm, .a' compIa eurft It to ODedIfuaIoa pro81e. For
... it the cBu8ivityat the Peakof the proI1e18plot- ,~
ted apiDat,. COft~DdiDI valueof '11eT.The data
arewithinerrors~ with . Jtratcht line,yielding
Q' - 40= 5 eVper UDitstrain. Thus, for...ple, . 1~
strain is expected to produe. a 0.4 eV c:haDp iD Q.

Tbia 18.. .. time, to our Jmowledp,tbat an ex-
po"'" '1DCreaMof diI'usion with atr&iDh8iabeen di-
rectly determiDed&omexperiment. 'The effectImplies.
liDeardepencieDee.of the act1fttion energy of cWruaion,
Q, ODstraiD," of the formQ(.) = Q(O)+ Q', where
Q' - d,Q/a. .

The present data show DOevidence of chemical driv-
iDCbees thM 1fOUldmake /) dependent on the Ge COD-
centration gndtea.t. The abeeDce of p-adieDt elects iD
simples with Vf!rJ hIP composition gradients can be at-
tributed to the wry similar diffusivities of Si and Ge iD
the.Si 1attk:e (12).

'Since the measured migration barriers for poiDt-d.efect
.diffusioniDSI are small [13),the c:haDpiDactivation
energy must have arisen from .a decrease iD the forma-
tiot1 mercY of the defect mediating interdiffusion. This
implies a substantial inward-breathing relaxation. a key
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FIG.2.,DiffuIiaQof.a. .. B,~ ~~ 8raiDed
Si(Ge), . a "-doDof .1Ja'.,.Datalor,0. .. fromthe
pr8IDtwark,..,-" ,.. BareframRef.16).TIlepa.ww
8pe a. n61ct:!..q.gHII1iD.tbe~ , CIfQe
cIUfu8ioa.ud8r~ TIMt,~"''' B nIeca
lIDiDcreue in the ~ 8II8I'IYof B dIIruIioD.

piece of 8¥id8ac8'. to.the ideutity of .. ciefecLInter-
8titia1detectI- -outWud diaplf(]"- of the 1Ul'-
roundiDJ~aDd" .. latb8.d8fectforma,.
tionenetVlD eamp~~ TIdI'rul8 out
&11iDterItit1a1mf'"1t.""'-"fortW-,*"Mft,.l~

Oa. the odaer"JwId. -~ ~ ~ &11- NI~.oftiie bulkwcaucy.~
in Si [llJ. We conclude'that the medi.+.t'11cW8etI. a
'~"':" ":.'.--,..,,'".1'

. In the absence of ~_ieal driviDi rP,. ~~. dIffu- '

lion ,coefBeieat: 111"& -CQ8C8lIl'.ItwP. 'by. D -
D(i) + D(v), where D(,) and D(w) i~. ~Lial and ,

~mediated ~"tI'tJl ~ Cain-
rree..c:aaditicml.In' a 8CIUI8d.,..,tbecIYfw.L41t.t pur-
an-to

/) =iD(,)exp(-Q(,)'/i2J.+ D(v)ape -Q(w)./kT>. (1)

AaalreadymeatioDed,tIdI formulation--- that Q
vatteslinearlywith strairL This 88lUJDptioDapI1a.rsto
be reaacmable for the values 'Ofstram eDc:ouJaterecIin 'SiGe

films on Si, and is supported by the tota1-energy calcula-
tions in Ref. [11]. Equation (1), with appropriate physical
constants, is applicable to both 8eIf-diffuaicmand impu-
rity diffusion. Because of the opposite nt!AYAtionbehav-

ior of interstitial and 'V8C8Dcydefects, , expect Q(.) < 0
and Q{v) > O.

In the case of Ge diffusion, we see DOevidence of a
significant contribution from the first expoll8Dtial term
in Eq. (1). Such a contribution would haw: displaced
the straight-line fit for Ge in Fig. 2 from its inter-
cept of iJ/ D = 1 at ,/kT = O. We infer that
DGe(v)> DGe(i)in the temperature range of our exper-
iment. This conclusion is consistent with existing data

200

. . 1

1~

'i.- 1
c
~
.. 101

i

100 150
depIh (nm)

FIG.3. ~ o~'.. SI/!io.7IGeo../Si structure cantam-

-~.~ B ~~'''~18d .".miD at 9tO.C. Canesrepr-..at a. 'of the Geaad B priI1eIbefon ad af-
ter..,r"l" lC,.ad.,mbi1l r..-SMS ID8IUr8ID8Dtdata... , u.c '

'OBGe ~,'Ia""free SlYbich augest a traIl-
"''',~ated Mu8toDat ~
MktIr10s0.C, .,.iDtie&atitiaHDedi.t«tdiffu8icmat tem-
"",''''''11oo..C (12).;

ID tM cuaof ilBpudtJ' dUfuIioa, the reIpOQI8tostraiD
..tIIe.18Iathe ... of D(,)aDdD(v)forthe

~'" ,. data fOrAaaad.BiDSiaugest that
DA8(.)> DM(i)(12)," tbai Da(v)< Da(,) (14).This
.OU'" an mer.. iDthe cWfu8mtyof Aaas the lattice
ill:eampi88d."ad &~ ~ iDthe cWfU-
.., 01B. 'DdI 8N8ftIJM8perfectly far tile tnDda iDAs
ad. BSu8ioD .. Md ID-.at experiJD8Dta[4,8).

The Merlne IDim:rJIIIicB cIIeuaivity.. a faDctioDof
CdID]W8I8iw~ detemaiD8diDRaf. (8).is plotted as
a ~ of."1Il' iDFIe. 2. The 8traiPt-1iDe1tto the
data'... a.w1uaefQ'8(,)- -17::1:3 eV per 1IDitItrain,
,.,..tML ~\ with. aD outn.rd relaxUioa of the Si lattice
around the miIratiDI B interstitial (or B-iDteatWal pair)
cWeet. Id ""'''''''''. -.rUer. .this elect i8 much Iarpr
ttaD caD be ~ iD terms of baad-pp unowiDg.
ne abImat of &D~.uy iIu:JeMiIIIcompoD8Dtof
BcIULJaiQa tbat Da(,,) iamuch 8ID81Jertb&D.0.(,).

We IIOWbri8Iy CO"8iderthe 118 of our model iD
computer-aided deaip of ~logy (TCAD) for SIGe
straiDed-layerdevices. Figure 3 showsSIMSmeasure-
ID8Dt8and simulatioDaof the Codiffusiou.of Ge and B,
for a Sl/Sio.7IGeo._/Si structure grown with a D8I1'OW
B doping spike, aDd Aftftea1ed.for 30 miDat 910.C iD
dry N2. The starting point for the simulation coD8ist8of
the aa-grownprofilesof Ge and B, extracted from SIMS
measurementsas described above. In addition to the pre-
viouslydIscus8edparameters for Ge, we usethe staDdard
iDtriD8icdiffusivity of B from Ref. [7],and the value of
QS(O = -17 eV per unit strain determiDedfrom FII'
2. Solid curves indicate Ge and B profiles before and
after 8-nne..li~g,and symbols represent SIMS measure-
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ments. To improve the' Clarity of Fie. 3, ID888U1'8IDeDt
data below about 3 times baekground (- 1011/cm3for
Ge and - 1018/cm2 ~ B) have been omitted from the
&ore. The Iwulattbn ~ the correct mapltude
or the retardation of B d1ffuaionwithin tbe'SlOe layer.
Simulatioas lUrethI8 wUllive eqineera a d.euer;p1cture
of eVentstaIdDg place witb1a a device atrucCUr8:4uri!1g
~DI. ,

ID 11IIIIIII&rY.". baye ~~ "'a~picture of the ullpotIIe'of ','" DaD41mpurity dIf-
fuaicmto straia IDt.be SI ~ We fiDd'.. COIIViDcIDc
degreeofNVI..w.-tybetweea1L~ resultsODGe .
and B dUfuaionID SlGe, aDd quaUQdIw IDaiPts from
computational"'" ft..t1.1S].

Fmally. we DOteaom.e\III.rWO~ I8Iue8. We have
~ ~~ compoeitAoD,~t"""~F~-
fu8ioDare ~ ~ la ,JLndt S1GeiDlie

'" ' . ,'" ," J'8II8e
. < U,J- dd8".- ra.lez9Qtdie ~.,of
aubsta-ntIa.J\ydUfereDt1DterdUfusionh.h"'~~
SiGe.IaterdUfuaiODiDSi-richSlOeis pr-I-"w~ly de-
t8nD.tnedbytbe~ol a. ia~Si, iDCerdIfu-
8ioDiDQe.rick.. wmbe~. ~r-4 b.r.~~ity
ofSi'iDGe,whiehIlcurNadY"1IIIbon.The~ of
B cWfuaioniDGe-rich SlOe'. &180 Malt pou.p-
m audpnap..V,.,.1... dtIu8 IDQethan In
SI,'JmB_a wrY'... ~1";~" .. GeaDd
ita ~ beb8tor iaCMlala'8Qe,miPt b. diferent
fromthUor16er.,...m Imp"'" .

D1ifttaIoD"tD.,S1uad8r:""."" (a.:>0) hu yet
to be ia"~11l1l A1*1 r-..o,. "~(llped1cts- "'''ARt... If 1at4 la"I..1II8fB1""'4~~bI of
iDterdUfuaIoa- '1,w11,1 cIIIfu8icm,..a.-rdation
of~.- eom~~ A...,- flmo.a of dif-
faaioDUbder~ :~
&8IIIitiYe ~I T11.. of tbe ,J)(4:~"'~W) ,~I of
cBffuaion.This promi8es:a~~te tbe.-.owr
CIHfusioD~ in Si wIdch b88'~-Ateci'for more
tbau a deeede. .

The dJ8cu8IoDla,tbi8 ,.,. ",of reI8vaQceto
I01id4tatecIUrusimL... i8.,~t .J"",-"tiar"(al
driviDC llelmporaDt, Hq. (1) ny,Ti'fll".'to de-
scribe the dUfuatwttY 1oc8I ,lbduaalDAdltioua.
We therefore 8q)eCt aiJDi1areifecta to be fDwad,iD other

r-
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c:ohereDtsystems. By CoDItruetiDgdUferent strained-
Ia,.- atructurei it wi1Ibe pG8ib1eto manipulate the rel-
ative streqth of vacaacy- and interstitial-mediated COID-
ponents of diffusionand pin deeper bights into point
defects and di.IuIIcmIDa raDp of materials. ,

We ac1mowJedppa.rtialaupport of this researchby ES-
PRIT Project No. 6135 MInAS.
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