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We reportthe observationof the zero-phononstructureof the0.9 eV absor-
ption in GaAs : Cr, which correspondto intracenterCr24 transition.This re-
sult andthe existenceof thestableCr24 statein ourn-typeGaAs : Cr samples,
allow to considerthat Cr24 is the dominantchromiumstatein thesecrystals.

IT IS WELL KNOWN that in GaAssinglecrystalsthe
threechargestatesCr 3’~(3d3), Cr 2~(3d4)and
Cr’4(3d5) of substitutionalchromiumimpurity can 4

be observedby ElectronParamagneticResonance .

(EPR) [1] , butin spiteof the largenumberof pub- . -

lishedpapersthereis no clear correlationbetweenthe .. . . .

optical propertiesof chromiumimpurity in GaAsand
its different chargestates. .~ 4.5 K

For instancethe 0.839eV luminescenceandabs-
orption of GaAs : Cr is interpretedasintracenter
Cr24 transition [2, 3] , althoughthe observedzero- 2

phononlines do notcorrespondwith theCr24 ground
statestructurefoundin EPR [1]

An absorptionbroadbandat 0.9eV wasreported
[4—6] in n-typeGaAs. This bandwasalsointerpreted 1 .

[5, 6] asintracenterCr2~transition,but its zero-
phononstructurehasnotbeenobservedevenat liquid
heliumtemperature[4] . Furthermoresomeauthors
statethat inn-typeGaAsonly Cr14 stateexists[7, 8]
althoughtheCr2’~signalwas observedin EPRinn- 7000 E r ~ 8000

type samples[9]. Lcm .~

In thiscommunicationwe showthat Cr24 is the Fig. 1. IntracenterCr24 absorptionband(5T
2 —~

dominantchromiumstatein n-typeGaAs : Cr, and with its zero-phononlines.Thearrowshowstheposit-
that its zero-phononabsorptionstructureexistsat ion of thezero-phononlinesobservedby Lightowlers
an energyof 0.82eV andcorrespondsvery well et al.
with EPR results.

We haveperformedmagneticresonanceand GaAs : Te(n i0
18 cm3) [10] . The magneticreso-

opticalabsorptionmeasurementson n-typeGaAs: nancespectrumexhibitsseveralfeatures:
Cr obtainedby diffusion of chromiuminto n-type (i) a cyclotronresonancesignalof conduction
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2 EPRsignalnon sensitiveto 1.09pm

argonlaserillumination;
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4 and ~÷EPRsignalswhich are growing
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Fig. 2. Absorption due to zero-phonon lines at three Td D
2d S•O

different temperatures; the raising of the third line in
the lowerenergysidecanbeobserved.Theslitwidth Fig. 3. Level scheme of

5D state of Cr2~ion in GaAs,
is 1 cm’. For8.2and 13.6K theabsorptioncurves thedipolar electricallowedoptical transitionsare
areshiftedtowardshigherabsorptionrespectivelyby representedby arrows.
0.1 and0.2 cm’

mations,theF
1, ~‘2~”5 splittingis equal to

3DB, = — 5.6
This lastfeature,encounteredin all sampleswe cm’ and the I’

5—F., splitting isDB = — 1.9 cm’.
madewhateveris their type,will be discussedin a If the excitedstate

5Ewas notsubjectedto Jahn—
furtherpublication [10]. Teller effect, one shouldobserve7 zero-phononlines

In the opticalabsorptionexperiments,we observe in absorption[11]. If one consideralsoa Jahn—Teller
the0.9eV bandpreviously reported[4—6]; we also distortion in theexcitedstate(sucheffect existsin the
observetwo weak zero-phononlinesat4.5 K (Figs. excitedstateof Cr2~in II—VI compounds[12]),
1 and2).The main line is at 6619cm’, andthe the 5E stateis split into 5A, and 5B

1 levels(Fig. 3).
weakerone6.5±0.3cm’ lower in energy.With It is importantto note that only the

5B
2(5 T2)-~

5A 1

the increasingtemperatureone canobservean inten- (5E) transitionis dipolarelectricallowed. The 5A,
sity transferbetweentheselines,and a third weak stateis further split into F,,F

5,F3andF4 levels.
line which appearsat about8.5cm’ from themain If one makethesameapproximationsasin theground
line towardslow energies.It shouldbe noticedthat the state,the F3, F4—F5 splitting is equalto

3DA and
absorptionstructurewhich wasinterpretedasCr2~ F~—F, splitting is equalto DA, . The dipolar electric
intracentertransitionby Lightowlerseta!. [3] exists allowedtransitionsare shownin Fig. 3. In sucha case,
at energy0.839 eV(6770cm’), i.e. about 150cm’ oneshouldobserveat hightemperaturethreelines
higher inenergythat the lines we observeandcannot split by 3(DA —DB

2) and (DA --DB). This
correspondto zero-phononlinesof the0.9 eV band situationcorrespondsexactlyto what is observed.
(Fig. 1). From the experimentalvalues,we deducedDA =

The observedzero-phononstructureandits temp- (+ 0.3±0.1)cm’. The temperaturedependence
eraturedependencecanbe explainedwith the help of the line intensitiescanbe also explainedconsid-
of theCr

24(d4)groundstate(5 T
2)splitting determined ering the thermalpopulationof thegroundstatelevels

by EPR[1] . The
5T

2 stateis sufferinga tetragonal (Fig. 3).
Jahn—Tellerdistortionandis split into

5B
2 and The obtainedenergydifferencebetweenthezero-5E levels [1] (Fig. 3). The ground5B

2 level is further phononlines andthemaximumof the absorption
split (for instanceby spin-orbitcoupling)into four band~.E 700cm’, allows to estimatetheJahn--
levels r1, F2, F5 andF4. The u1—r2 splittingaB2 = Tellerenergy(E,~)in the ~~‘2 state.In thecaseof
0.031cm canbe neglectedat thescaleof an optical thesamephononenergyfor the groundandexcited
experimentaswell asthe quarticaxial field FB2 (which statesone obtains
hasalsobeenneglectedin [1]). With theseapproxi-
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v
2 \2 escenceandabsorption[2, 3] by several authors is

= (1 — —, E~ (l) undoubtedlyconnectedwith chromiumbutnotdirectly
V,1

with substitutionalCr
24 intracenter5T

2 —~

5E transition.
where V, and V

2 arethe couplingcoefficientsof the The interpretationof this very complexstructureis
lattice to theorbital

5T
2 and

5E statesrespectively, still opento discussion.
If we maketherough approximation
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