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LATTICE DILATATION OF BORONIN SILICON
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Recentdataon laser-annealed,boron-implantedsilicon areanalysed,andtheresultscomparedwith earlierexperiments
andsimpletheory.Eachsubstitutionalborondecreasesthetotal volumeby about90% of the volumeper silicon atom in
theperfectcrystal.

Onenotableeffectof laserannealingis that it can set of defectforcessuchasactingF, acting at points
producesilicon in which virtually all the donorsor (R1 +R0) relativeto a defectat R0. Weshall assume
acceptorsarepresentsubstitutionally,evenathigh that, for all buta negligiblefractionof thedopants,
dopinglevels.Theusualcomplicationsof precipitates the defectforcesact entirelywithin thecrystal. A key
canbe avoided.RecentlyLarsonet al. [1] measured quantity is the virial G~,definedby:
the changein latticeparameterof alayerof boron-
dopedsiliconwhich hadbeenlaser-annealed.The pu- G~= ~FIaRIP~ (1)
blisheddataallow oneto estimatethe strain field of
the dopant,andto comparetheresultswith volume where i labelsthesitesneara singledopantat which
expansiondatafrom conventionallypreparedsamples the defectforcesact.If thereare~A defectsperunit
[2—51. areaof surfaceandif ~ aloneis finite:

The experimentalarrangementswere different in
~PAG Ic1 , (2)

the two typesof experiment.Theearlierworkers re- ZZ

sultsare for crystalsdopedroughly uniformly, and wheretheelasticconstantsarect,. The secondstepis
canbe expressedin termsof a volume change~ Vper to assumethe dopantatomsare distributedroughly
dopantatom;usually this is given in units of the vol- uniformly overa depthD. Thevolume densityof
ume ~ peratom in the perfecthost. Larsonet al. im- dopantsis then
plantedonly a thin layerbeforelaser-annealing.The — D 3
remainderof the crystalactedasa substratewhich P — PA
preventedlateralstrain,andthis constraintshowsup and the contributionto the strain e per defectis
in the lattice straincausedby the dopants.Whenthe =

crystalsurfaceis (001),the resultingstrainedregion 6 — G~~/cii. (4)
hasa finite valueof e ~ with negligible (ideally This canbecomparedwith previousresultsfor the
zero)valuesof the otherstrain components.In this volume change:
notewe relatee to ã~V/~i,andcomparethe dataof
refs. [1—4Jwith eachotherandwithsimplemodels. L~VIcz= (G~+ Gyy + G~5)I(c11+ 2c12). (5)

The valueof e canbe deducedusingthe Betti If thedopantsareall at sitesof at leasttetrahedral
ReciprocityTheorem [6,7]with a straightforward symmetry,so~ = ~ = ~ then:
generalisation.The calculationproceedsin two steps.
First, one calculatesthe dimensionchange~ normal = (i~V/f~)(3c11/(c11+ 2c12)),
to the surface.Eachdefectmay be representedby a

(i~V/cz)= e. (c1~+ 2c12)/3c11 . (6)
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The variousexperimentalresultscanbe summarised: theresultsimply that thevirial (1) dependslittle on
carrier density.Thusthe virial doesnot containany

~V/~l=—0.9l [l]1 significanttermfrom theweakly boundelectron or+0.07 [2] I
hole of the shallowdonor. Thisagreeswith previous—0.34 [3] 1

experiment, estimates([8] § 23.4.2).Likewise,the smallconcen-
—0.85 [4] J tration-dependenteffectson the c11 [9] seemto have—0.68 [51 little effect on thevaluesof z~V.
—0.71 simpletheory.
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