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PHOTOLUMINESCENCE AND THERMAL QUENCHING OF FREE EXCITONS UNDER NORMAL PRESSURE IN GaP:N*

changemm Institute of Physics, Academia Sindca, Changchun, P. R. China

e free exciton of GaP:N under normal pressure has been observed for the first time with high den-
sity excitation. We have measured the value of binding energy of free exciton experimentally and

discussed its binding energy.

1. INTRCDUCTION
Tn 1966, D.G. Thomas and J.J. Ho?fim}‘ have
studied the spectra of GaP:N, they proposed that
the level of the free exciton in GaP doped with
pitrogen is approximately 11 meV above that of
the isclated nitrogen and the binding energy is

ahout 22 meV. M.D. Sturge, E. Cohen and X.F.
amxﬁrsz chtained the same results from the
absorption spectra of GaP:N. Up to now no one
chserves directly the peak of free exciton in
GaP:N in photoluninescence spectra. We have
studied the photoluminescence spectra of GaP
doped with nitrogen under high density excita-
tion at low temperature. The zero phonon line of
free exciton under an atmosphere pressure has
been observed for the first time. We have also
gotained its binding energy from the thermal
quenching experiment.

2. EXPERIMENT RESULTS

The high density excitation experiment was
darried ouf with an Excimer EMG 102 which can
reach  maximum density of about 10° W/ar®. The
samples were GaP doped with nitrogen whose con-
tentration range is from Sx10° B w3,

In figures 1 and 2, the photoluminescence
Spectra of GaPsN for various excitation densi-
ties are shown and the concentrations of N are
510" ong 52107 o

of the sbove-gap excitation. The excitation

cm T respectively. We make use

source is the 308 nm line of Excimer. The exci-
tation density IG is 107 W/cm? in figures 1 and
2. The isolated nitrogen trapped exciton is
labelled N and its TA phonon is lablled waTA.
The peak NX increases with the excitation densi-
ty at low tenperature. When the excitation den-
sity is about 107 W/cmz, we find a new peak N
which is 10.7£0.3 meV above the line Nx' We
suppose that the peak NG comes from the lumi-
nescence of free exciton.
At the excitation density of 2107 W/cm2 for

[N]: 5x1617 cnra and 8x10? W/cm2 for [Ni: 7xl018

cmf3 respectively, from the temperature depen-

G

dence of peak NO we get its activation energy
that is about 21+2 eV,

PHOTOLUMINESCENCE (a.u.)
n
[
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FIGIRE 1
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FIGURE 2

3. DISCUSSION

According to ref. 1 and ref. 2, it is well
known that the energy level of free exciton is
approximately 11 meV shove that of the isolated
nitrogen and its binding energy is about 22 meV.
In the experiment error our resuits are in good
agreement with ref. 1 and 2. Therefore we be-
lieve that the new peak N{) appearsd in spectra
is due to the luminescence of free exciton.

As in our medel of above-gap excitaticn3’4,
‘when GaP:N is excited by the light of above-gap
energy, the free excitons are first created,
then trapped by nitrogen impurities, then become
into the bound excitons. They can transfer from
one center to the others, and in the same center
exists there the nonradiative relaxation between
the substates A and B. The excitons may decay to
the ground state by radiation or nonradiation.
If the excitation density is not strong encugh,
free excitons are mainly trapped rapidly to
becare into bound excitons, in such case the

al of Luminesce:

orth-HoiIand Amst

luminescence of free excitons is too weak tq
observed. The excitation demsity is so hign
the deep centers of nitrogens and nitrogen D
have been saturated with excitons, therefore L
free exciton luminescence can be cbservegd,

On the other hand, we have alsc found the
Tuminescence of free exeiton at 10 X with se
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lected high density excitation of NNES. The rey 1grael institu

son is that excitons can transfer from deep
level to shallow level, that is, from bound

urnines
excitons to free excitons. This kind of inverss The turminesc

py selective

spectral feal
Cexciton rang
mobitity edg
%1%} .

—transfer increases with the escitation densit
We may conclude that the inverse-transfer causey
by high density excitation is the reasen why

free exciton luminescence is observed.

4. CONCLUSION
In the photoluminescence spectra of GaP:N,
the peak NO comes from the radiative recombing:

. INTROBUCTIC

Alloy semice
tion of free excitons and its binding energy
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determined by cur experiment is sbout 2132 meV % density of in
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