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‘Ae presenta studsof theluminescenceandui nw 1 Roman no rin~’ RRS) In opticalphononswh~Ii aredueto sc tons
hound to isoelectronicnitroger impuritiesin GaPandin GaAs P The cxciton handsareinhomi geneousisbroadenedIn GaP
thehioadenrng resultsfrom nitrogencenterswhich areperturbed In oihei distant impurities S-handI Iii Ga Sc P the N
houndexcitonbandieflects the random potential fluctuations in the allos tinder resonant excitationat liquid He tempeiatuiec,
strongRamanlines areobsersed insoR ng the LU1 I ~ phononsand a nitrogeninducedforbidden scatteringhi the /one edge

)\ phonon.The LU RRS spectrumis shownto hedetermined mainli In thedensitsof terminalStates.nameR thoseN—hound
escitonswhich do not tunnel to other siteswithin the S B thermalization time In GaP this RRS showsa resonane~which is
strongin the S bandbut is essentiallsitibssingat thepeakof the S line. This is interpretrcl asan indication of a fast d ‘phasing
iatessithrr thc A neduetc rcsonanttransfer,as omparedto sIc ss tunnelingbetw ‘Cr tFeperturbedcenters

1. Introduction
~aP

I / Iso/a/eel5 /101//ideCC/lOll
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The speclroscopicpropertiesof excilonsbound to is W

oelectronicN impuritiesin GaParewell known [I]. The B C~ a
IS stale is split bs e h exchangeinfo an upper,! I state p I

andalosseri_.2stateThecorrespondingtransitionsare I
designatedA and B lines. The former is dipole allowed [
andthelatterforbidden.r~piealspectraareshownin fig.

C I a
I. Thedi ferents~nimetrxof thetwo statesresultsii dit- r
ferentcouplingto opttcal phonons.Boththe.! I and.! ~ j / \v\ v T3~

statescoupleto TO~andL0
1 phonons,Flossexer.onls

the ./ I statecouplesstrongly to the L05 phonon. Fhis 2 ~ ~ L

can beclearlyobsersedin thephoton sidebandspectrum 1~
~ lb T42p

associatedwith either the A or the B lines ~
MolenkampandWiersma [2] haxemeasuredIn pho

Ion echoexperimentsthe decaxtimeof the.! I into the I
.1 2 state:r ~, 25 ps at I I .~ K. ~t highertempera
tures N houndexeitonthermalizationotto thefree cxci- V a
ton bandcontributesto thedephasingrate Theradiatise aro~ /

lifetimes of both the .1 1 andJ—2 statesarexer\ long 2

comparedto the insersedephasingratesbetweenthese —~ // —i—’ ~L2 6 27 2 9 230 /31
two states[3]. EMiSSION ENERGY eV

Fig I. Jhe luminescencespectraof nominaltsundoped( sal’ N
/,2 Spatial perlurl)al(on S of.\ /1000(1C CC/to/tb St I. K theemissionis duemostls io esclions in ttic .1 2 state

(B line), while at 4 K the.! I emissiondominates Note the
We considertwo tspesof microscopicensironmentsof differenioptical phononssidehands.

the nitrogen impurit\ which affect thepropertiesof the
hound c\citon. in (raP, distant backgroundimpurities
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perturbtheN-boundexcitonandincreaseitsbindingen- • ~ line Gap

ergy. This resultsin a broademissionband(“V-band”) [N)-.iO’
5cm3

belowtheA, B lines (whicharedueto unperturbednitro- • T 2K

gencenters)[4]. In nominallyundopedGaP,thedensity a) LOX

of suchperturbednitrogencentersis at least two orders
C

ofmagnitude smallerthan that of theunperturbed centers. I •

in GaAs P~ ,,the random distribution of As and P at- -

ciiomssetsup a randompotentialdistributionwhichaffects — ~ I.
thebindingenergyof theexciton [5]. The resultingden- I
sity of N-bound exciton states is Gaussian.In both cases ‘~ ~

C b)LO~
of GaPandGaAs~P~,, the N-boundexciton retainsits ,~ 3r I
splitting into ,J= 1, 2 statesasthatof theunperturbedex- 2 -

citons in GaP [4,6]. The relativeoscillatorstrengthsof , - - •
c 1k

thecorrespondingA’ andB lines (obtainedby selective
excitation) is similar to thoseof the unperturbedexci- I I

tons, asevidencedby their radiativelifetimes. U
Cl)~..
C - C TOr

E
2. Experiment ° 4 * *

3-
RRSby opticalphononsin nominallyundopedGaPand 2-

in severalGaAs~P~, crystalshasbeenobservedat T=2
K. Excitationwasdonewith a dyelaseroperatingeither /

CWorinacavity-dumpedmode(with7nspuisewidth).
23) 232 233Fig. 2 showsa seriesof RRSspectraof GaPexcitedabove Excitation Energy (eV)

~ cm’3 T- 2K Fig. 3. The energydependenceof the RRS crosssection for the
three optical lines

alE
1 23214eV
Gain x4 theA-line (aandb). atresonancewiththeA-line (c) and

into the V-band(d f). The lines marked1. 2. 3 corre-
spond to RRS by TOE. L05 andLO~phonons.respec-
tively. Fig. 3 showstheintensityofeachoftheseRRSlines
asafunctionof excitationenergyin thespectralregionofb)E~ 23193 the A B linesandtheV-band.

Gain x4
Fig. 4 shows a typical spectrumof GaAs,,0~P,,./1: N se-

C) lectively excitedinto the N-boundexciton band.Under
C

~ cIE123I7I 2 pulseexcitationtheRRSlines (designatedf~TOetc.) f’ollow the lasertime dependencewhilethe restof the spec-

— dl E, ~2 WenowconsidertheRRSbxtheLO~phononwhiehistrum hasalong ( 2 ps) lifetime [6]. Similar spectraarcobservedfor othercrystalcompositions.C)Cw 3. DiscussionsC

C
o eI E1 ‘ 2 3)03 inducedby the N-boundexcitons.Sinceonly theJ= I state
C) }j~jt~, Gain ~ couplesto this phonon.the RRS matrix elementcan be
E written asfollows:
w

3 23045
K,,(Et. E,)=g, l~IP,1j(J=l,M,), l~>

226 227
Emission Energy ( eV ) x<(J—l.itIi), ls.IHa (J—l,.%Ii),0\

Fig. 2. ResonantRaman scatteringspectra excitedabovetheA- x <(J= 1. M,), O~.P01g. 0\>
line (a, It), intotheA-line(c) andintotheV-band (d f). Lines x[(E, —E~+iT)(E~—E5+iF)] (I)
I. 2, 3 correspondto TO,, LO5 andLO . respectixclx.
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D I jTOr

0 ~ s~o .~ i ....c_... Fig s A comparisonbetween the cfensits f icr minal states
2.24 2.26 2 28 2.30 (measuredby theB line intensitsdependenceon escit,ition en

PHOTON ENERGY 1eV) crg\ I and theLI) RRS spectrum. 5)50shownarethe cfensits of

Fie 4 ‘S ispical entissionspectrumof Ga \s P , N excited N.houndexcitrons I N ~ hand) extractedfrom the transmission
iOu the N hound c\eitonhand spectiumand thepart dueto intrirsic excitons

I (I ~.) is the incoming (outgoing) photon energs, nowassumethatthemajorcontributingto thescattering
I’, E Ida ~,. L3 is theenergyof the (1— 1. tf,) stateof comesonlx from terminalstatesthen
the N-boundexciton ~ is thecr~stalgroundstate. I ts

T /),(L~) (L( (7(
thedampingfactorwhich is a measureor the dephasing a,, (L) C dF fL’, I~~)+T,~
rate of theJ_ I statesincluding the RRS.For isolatedN-
bocindexcitons.at 1 0 the dampingrate is determined Fig. 5 showsa,,~, (E,) normalizedto thesamepeaksalue
by the A—B thermalizationrate: as the spectrumof the B’ line intensity which measures

T — I ttiTLi 20,03me\ . (2) the densits of terminal states.The two cursesaresir-
tualls identical This corroboratesthe underlying as-

‘A henwe introduceresonanttunnelingbetweenstateswith sumptionof eq. (7).
equalenergx,orphonon-assistedtunnelinginto siteswith The situation for GaP N ts more complex. Thea~
lowei energy.the dampingfactorbecomes: spectrum(fig Ia) peaksbelow’ the A-line. Actualls, un

derresonantexcitationinto this line (fig. 2c). theoptical
I —(I ne)(l!i51 +1 r,). (3) phonon sidebandsare identical with the spectrumoh-

1 ~, ts thetunneling rate. It dependson the spatialsepa- servedunderaboxegapexcitaton. Also, therntensit\ of
ration betweenthe participatingsitesaswell ason their thesesidebandsis only twice as strongas the RRS lines
energies[7] Thedensity of all N-boundexcitonscan be obtainedby selectiseexcitation into the V band There
subdividedinto subsetswith different dampingfactors: fore, the contribution of the A line to the LU.. RRS is

- muchsmallerthan thatexpectedif all N-boundcxcitons
p)L) p(L. I) dI were isolated. fhe majorits of nitrogen impcirittes ar’c

sufficiently closeto eachotherthat they introducelarge
Thedensitsofstateswith thelowestvalueof f isjust that dephasingratesdueto resonanttunneling.
ofterminalstates.namelb,thosefromwhichnotunneling
occurswithin r Li [8]:

4. Summary
~s(1) p(/.! ) (5)
Then theRSScrosssectionis givenby [9] We have shownthat RRSby LO\ phononswhich is itt

ducedIn excitonshoundto N impurities is a sensitixe
a1),\(/~L~f d!’ dJ K,,,(L,, Ej I ~s(F~,1) tool for differentiating betweentransferringand non

- transferring(terminal)states.Ourresultsindicatethat in
C dL dI’ I p(h’~.i)/[(L E5) + r ]. (6) (iaP N, the photon echosignal, reportedin ref. [2]. is

alsodueto the subsetof terminalstates.An outstanding
In the constant(‘we havelumpedtogetherall the terms problem is the observationsof the tunneling rateshe
which areindependentof the energiesP andP ~. if we tweenthetransferringstates.
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