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Chromium related luminescence lsas been studied in CaAiAs

(II l Al < 38 7) doped by chromium diffusion at 900°C. A
luminescence band centerad around 0.75 eV ia obtained. This

band ia ahown to be of a different nature from the 0.539 eV

band in CaAs:Cr, related to a Cr~—Donur complex, and is

shown to be quite similar to the luminescence band observed

in CaAs:Cr under hydrostatic pressure. We interpret that

luminescence as an internal transition
5E — 5T

2 in isolated

CrS+ inns. The transition is possible because the ~R state

is in the forbiden gap for Al > 1! ii. The fit of the lumi-

nescence spectrum leads us to assume the spin orbit coupling

to he weak, that is explained by comparison with RoSe.

TNTROOIJCTION

The well known 0.839 eV luminescence line in CaAs:Cr has long linen attributed to

the internal (°E —

5T

2) d.d transition of Cr

2~ on gallium site [I]. khite 12]

and Oeveaud et al [3] have shown that this attribution could not stand a further
reason was given by the observation of the absorption cern phonon line of the CrS+

transition at 0.820 eV [4], agreing with E.P.R. results. Picoli et al [5,6] have

then proposed a model to explain the 0.839 cv luminescence. The band is associated

to an internal transition of a CrS+_ Oonor first neighbour complex (C~v symmetry)

which is thought to involve less than 5 g of the total amount of chromium in the

lattice. This model has been cnfirmed by Zeeaan exporiments [7].

Transitions between the isolated chromium and the bands have b~en observed in CaAs

under YAC laser excitation [3], but no luminescence hand can be associated with a

Cr2~ internal transition. As this was stated in [3], the explanation could he the
fact that the 5E excised state of CrS+ is in resonance with the conduction hand.

This resonance was proved either by the fact that the CrS+ internal absorption

hand was also observed in photoconductivity [8] or by a simple energy difference

argument the cero phonon line is observed in absorption at .82 eV and the ground

state is 0.78 eV beTow the conduction band edge at OK [9,10]. Thus, the 5C state

should be 40 meV above the conduction band minimum. The 0.82 eV Z.P.L. has recen-

tly been observed in photoconductivity [II] which confirms that the 5E state is

resonant with the conduction band.

The 5E — 5T

2 luminescence would only he observed if the ~E state was in the bandr~.Kocot et al [12] have demonstrated by photoconductivity measurements that the

E level was crossing the conduction band edge for an Al concentration around 15 7

at 80 K. At 4 K, the crossing point should occur for iowet Al compositions. Hennel

et al [9] have shown that this crossing could he obtained by applying an hydrosta-
tic pressure of about 6 K bar. So, the CrS+ internal luminescence can be though to

appear either in Cas_x Alx As Cr for x > 15 2 or in CaAs:Cr for hydrostatic pres—
sores above 6 K bar. This work presents the results obtained on CaAtAs:Cr, the re-

sults obtained when applying hydrostatic pressure witS be published elsewhere [II].
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Ca sx) Aix Ag 0pitaxial samples 11 a - 38 iS whore hod iv given by Nr vAgos:
(KTC CALN) . We have worked oo 70 P thick t.7.L. layers grown 00 CaAs substrates

without Cr doping. The Cr di ffosiois was performed at low temperature : 900°C, II
am, the sampie being coated with a Si

5N5 layer - iuch a temperature is high enough
to get a few IO~ ca

1 chromium ions in the first microns and low enough to avoid
destroying the surface quail ts. It is not possible to won at Isiglser temperatures
because of surface degradation.

The ioaioescessee is excited vi th aa argon laser so only the N rat aicroo of the
sample is cxci ted and no GaAs re Sated inmi nosceuce was detected Al though reduced

by chromium diffusion, the honor Acceptor pal r transf tion of CaAlAs stays at tIme
same esorgc position, we therefore tlsink that our technological process does out
alto r tIme cocsposit ion of the a1 1 oy.

NCSOLT8 ANI) IIISCUSS1ON

AN chroaiusm diffused layers that we have sscasured show, (after diffusiou oaia)
a broad band centered aroussd if. 78 oV (see figore I) which does not isppear is GaAs
when diffused in the same conditions. This luminescence hand has to he compared

vi tls the 11.839 eV hood in flaAs:G-r . the former does not present any acre P110000

line, ossd its width is much iargc r so that they cannot he confused. Furthersiore
tile shape of that hand and its position correspond very we N to what is obsereed
in GaAs: Cr under hi

1gh hadros tat Ic pressure [ 17 I , when observed at the same tempe-
rature.

1. 0 f i gore I : luminescence

a chromium di f fused

Ca5_0 Ala As (Al = 747)
epiraxia) layer.
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Z The crosses correspond

to the experimental
Z points at T 4.7 Ii aud

rimoso lid 1100 to theo—

riticai fit usfog
Kaminska et al [15 1

model ~(7 = 0 cm~
173 (

5Tc) = 800 cm~,

as and 51T (SE) = 40 catm).

~ .5~ :7 :~* ~. ~

ENERGY eV



B. Doers-nd of ai / (7r
2° internal Iuntinesrence in Gail/As 275

We thus interpret the luminescence band that we observe as being doe to an inter-
nal transition of isolated Cri+Ga in GaA1As. This transition can be observed be-

cause the ~E state is below the conduction band edge (see figure 2). Our measure-

ments show that the crossing occurs before I I 2 which is the lowest Al concentra-

tion char we have studied. This crossing point is close to the point obtained by

Kocot et al [13].
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Frgure 2 : Schematto band dragram of GaAs and GaAlAs showing why the Cr — D
emission is observed in CaAs, the Cri~ emission in CaA1As but nor in

GaAs. The Cr~ — 0+ emission cannot be observed in GaA1As because it
is ton weak compared to the isolated Cri+ emission.

Following the work of Kaminska et al [14], we have tried to fir the experimentai

spectra. As the band only shows Iwo humps, we have been led to assume the spin

orbit coupling constant A to be very weak in the ground stale, as did Kaminska

et al [14] for ZnSe:Cr. In fact, the properties of Cr5’- ions are very close in

GaAs and ZnSe, this is thought to be doe to the closely related properties of the

two compounds. The near zero A value can be obtained from the interpretation of

the parameters of the effective spin Hamillonian which describes the E.P.K. re—

suits [15]. A Ligand field model has been developed to account for the fine struc-

ture parameters. Their large variations from one Il—VT compound to another are

explained by the variations of the spin orbit constants of the ligands. A low

value of A can be expected for Cri+ in GaAs, as in ZnSe, for two main reasons

I) the experimental fine structure parameters in the effective E.P.R. hamiltonian

of Cri+ are very close in GaAs and ZnSe.

ii) the spin orbit constan~ of the ligands As and Se are similar, as are the over

lap coefficients related to the ligand effect.

When introducing a zero A constant, the calculation of Kaminska et al is very easy

and does not need lengthy computer calculations. The luminescence spectrum is des-

cribed in the following manner : the initial state 5E is sobmited to a weak Jahn—
Teller effect 8JT (5K) and the finai state 5Ts to a strong Jahn—Teller ~JT (5T

2).

The transition probability is written in the Born—Oppenheimer approximation the

wave functions of the initial and final slates are rho prodocl of an electronic
and a vibrational part. We then use the semi—classical approximation : the transi-

tion occurs at Q5, Qc constant and the initial state is weighted by the Bolzman
factor. Then are introduced the electronic matrix elements that we suppose aiways

equal to I . This is a crude approximation but in a dynamic stare, we should have
vibronio wave functions of

5B symmetry and all transitions should be allowed.
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