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The effectof freeelectronson the opticalphononof siliconat the center
of theBrillouin zoneis studiedusing theRamanscatteringtechnique.Heavy
dopinggivesrise to acontinuouselectronicRamanscatteringandmakesthe
phononline shapeassymetric.The profile factorwhich is relatedto the dis-
symetry,is shownto havethesignesof thematrix elementsof the electron—
phononinteraction.

THE EFFECTof free electronson the opticalphonon Themeasurementsreportedherewereperformed
of silicon at the centerof the Brilouin zoneisinvesti- at room temperatureon arsenicandphosphorusdoped
gatedusing theRamanscatteringtechnique.Heavy silicon. Theexciting lasersourcesare the4480A argon
doping(n � 1020 cm3) givesrise to a continuous laserline andthe 6471A kryptonone,siliconhasbeen
electronicRamanscattering,andaffectstheposition dopedby diffusion at high temperature.
of the onephononline shape.In contrasttop type
silicon, which exhibita dissymmetryon thehigh side Figure 1 showsthe Ramanspectrumof pure
of the phononpeak axim’2 n typesilicon shows silicon,andof silicon containing2.3x 1020 P/cm3
a low energysidedissymmetry.Thedissymmetryof and7 x 1020 P/cm3,thedottedline representsthe
theline inp typesilicon wasattributedin reference2 Ramanintensitiesdifferencebetweenthe dopedand
to theinterferencebetweenscatteringprocesseson thepuresilicon. The dottedline clearlyexhibit the
interbandtransitionsandon opticalphonons.(Fano interferencepatternbetweenthecontinuumanda
interaction.3)In this letterthe line shapeinn type discretestate,theminimum is on thehighenergyside
silicon will also beexpressedin termsof theFano of thephononpeak,andthecontinuumextendson
interaction.However,thecomparativeanalysisof the a wide rangeof frequencies.
symmetryof the electronstatesinp andin n type
silicon shows,that thedifferencein the line dissym- ThecontinuumRamanscatteringarisesfrom
metry is connectedwith thenegativesign of theFano electronictransitionsbetweenheavyandlight hole
profile factorq inn type silicon, bandsinp type andbetweeni~ andi~ bandsin n

typesilicon. Figure2 showsthebanddiagramof n
typesilicon.4 Theverticaldistancebetween~ and

* Theauthorsreserveall rightsto anyfurtheruseof this i.~bandsequalsE~E 0.35 eV5(accordingto refer-
work. Thismanuscriptis registeredat theAll Union ence4, L~E= 0.5 eV). Theminimum frequencyof

isthe solerepresentative thescatteringby thecontinuumexcitationsdepends

uponthe Fermienergy,via.
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FIG. 1. Ramanscatteringof siliconcontaining2.3x C~8 “U

1020 and7 x 1020 phosphorusdonnorsper c.c. The (~oo)—.--
laserwavelengthis 4880A at room temperature.The
dotted line is the scatteringintensityoutof which the FIG. 2. Conductionbandsof silicon alongthe direction
doublephononintensityhasbeendeduced. (1 0 0) neartheedgeof the Brillouin zone.

2(i.~E/4—EF). Here Vep is interbandmatrix elementof theelectron—
phononinteractionbetweenthe stateswhichcontri-

Theinterferenceis possibleonly if the optical bute to the interference.
phononfrequency~2

• <~< In silicon the phononswith thesymmetryF~con-
mm max tribute to theonephononRamanscattering.Forthe

Theconditionis satisfiedfor n> 7 x 1019 cm3. phononpolarisationX theonly non-zerolattice Raman
tensorcomponentis R~.Thereforetheinterference

Theline shapein the presenceof the interference phenomenonis determinedby thecorrespondingcorn-
canbe expressedby ponentof purely electronicscatteringR~Z.In p type

( + ~ silicon themain contributiontoR~Zcomesfrom
1(w) = thevirtual transitionbetweenF~andF~bands,so

1+e (1) that

_____ yz (XZIPzIXXXIPyIXY) 3e = Rei,i’ — E~— hw
1

i~wis thescatteringfrequency,~ is thedressedpho- In n type silicon themain contributiontoR~Zis deter-
non frequency,IT is the phonondamping. minedby thevirtual transitionbetweenX1 andX4

bands

Theprofile factor of the line, q canbe expressed R ~ (X1 PyIX4XX4 P21X1)
throughthe ratio of theRamantensorsfor purely lat- E~— — hw1
lice (Rkit)andpurely electronic(Rei)Ramanscatter- —

in 2,3 HereX1,X1 , X4 aredegeneratedstatesat the Brilloum
g R zoneboundarywhich developinto i~i, ~, and~q = kit (2) states,correspondingly.

Rei Vep
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Thesymmetryof theFandXy~pointsgives the andn typesiliconcanbe attributedto the difference
possibility to determinetherelativesignof Rei’ and betweenthesignsof theelectronicRamantensorsof
~ In I’ point thescatteringin I’ point (p type)and inX point (n

type). Fromthis factwe concludethat the signof the(XZIPzIX) = (XYIPy~X> matrix elementof the electron—phononinteractionissothat

R~Z (.XYIFYIX)I thesamefor F~5andX1 states.(5)F E~— E~— hw~ Accordingto equation(2) the line shapeis a func-

Theanalysisof thesymmetry of thestatesinX point tion of theexciting laserenergy.As it was shownin
of the spacegroup OZ, whichincludesnontrivial trans- reference2 thefrequencydependenceof Rkit canbe
lationsgivesthe relation

4 approximatedby the functionRkit (E~’— —

However,thefrequencydependanceof Reiin n type
(X

1 PYIX4) = — (X1 IFz I~’4> silicon differs from that of thep type.The difference
from which if follows betweenthe forbiddengapwidth inX point

I(X1IPyIX4>1
2 (E~”—E~’2= 4.1 eV) and theenergyof the exciting(6) light is muchlargerthan thescatteringfrequencyRei.~ — Ex — E~— hw~’ ~w ~l. ThereforeRei canbeapparentlybetterap-cp

proximatedby the functionRei (1~— E~— hw
1)’,

Equation(1) shows,that thesignof q determines which correspondstononresonantscatteringcase.
the dissymmetryof the line. Thereforethesignof q Thus,
is different for p andfor n type silicon.

q(w1) — ~
Accordingto equation(1) theprofile factorq can q(w2) — (E~’— E~— hw1)3/2 (E~’— E~— hw2)

be deducedfrom the experimentalcurve (8)

~HF + FLF Thecalculatedratio q(w1)/q(w2)= 1.6 is in good

q = FHF — “LF (7) agreementwith theexperimentalvalueof 1.6.

whereITHF andITLF are respectivelythewidth of the Thus,theshapeof thespectrum,the concen-
highfrequencyside of themaximumandthewidth of trationaland frequencydependanceindicatethethe low energysideof themaximum.Whenthe free

carrierconcentrationincreasesfrom 2 x 1020 cm
3 to existenceof the interferenceof the phononandelec-

7 x 10~~cm3 theinterferenceincreasesandq de- tronic scatteringin n type silicon. Thesignof the pro-
creasesfrom 12 to 9, whichapprovestheelectronic file factorevidencesthecoincidenceof the signsof

thematrix elementsof electron—phononinteractionnatureof the interferenceobserved.
inp andin n typesilicon.

All theexperiments”2show, thatq doesnot Acknowledgements— Oneof the authors(AS) would
changeits signwith the doping.ConsequentlyRkit does like to thankProf. M. Balkanskifor thehospitality ex-
notalsochangeits signwith doping. It follows from tendedto him at the Laboratoirede Physiquedes
theequations(5) and(6), that experimentallyestab- Solides,Universitéde ParisVI, wherehiscontribution
lisheddifferencebetweentheprofile factorsignfor p to this work waspartly carriedout.
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