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gTUly O THE LUMINESCENCE CF GaP:N UNDER SELECTIVE EXCITATION OF EXCITONS BOUND TO NN, CENTERS
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nder selective excitation of excitons bound to NN
cence of excitons bound to shallower NNi (i=3, 4,

excitons.

1. INTRODUCTION

The photoluminescence of excitons bound to
ispelectronic traps in GaP:N has been studied
for many vears. Most of the properties of vari-

ous NNi centers are well known nc:wl.

To our
mowiedgs, in all the previous works the excita-
tion photon erergies are higher than the emis-
sion photon energies.

As there exist nonradiative decay, Auger
effect and tunneling of the wholie exciton to
another centers other than the radiative pro-
oessz, the possibility of deeper bound excitons
turning o shallower bound exciton is reasona-
ble. And if the excitation density is high
enough, the phenomencn should be observable3.

At low temperature, under selective excita-

tion of excitons bound to NN, centers, we ob-

served the luminescence of e:l;citans bound to NNi
{i=3, 4, 5), iscolated nitrogen and of free exci-
tons at the high energy side of exciting laser.
We propose that this phenomenon is due to the
tunneling effect of bound excitons with the
assistance of phonon annihilation or Auger ef-
fect. we have also done the luminescence dynam-
les analysis on the experimental results.

2. EXPFRIMENT
¥We have used a Nd:YAG purped tunable dye
laser whose wavenumber range is from 17640 to

18050 cm'"l. The dye laser power density can

centers, we observed and studied the lumines-—

%}, isclated nitrogen centers and of free

reach as high as 3x10] W/am® at the focus point
of lens. The pulse temporal width is sbout 7 ns
and the pulse repetition freguency is 15 Hz., The
GaP:N sample was grown by licuid phase epitaxy
method whose nitrogen concentration was about
6x10° e, The sanmple was placed in a cryo-
genic system, the sample termperature can be
changed from & X to 300 K. The emission light of
sample was collected intc a SPEX double grating
monochromator, detected by a photomultiplier and
through a Boxcar averager “the signal was irputed
to digital microprocesscor.

At 8 K, tuning the wavenumber of dye laser to
17857 c:m_l {(about the energy of an exciton bound
to NNl plus the energy of a LA phonon of GaP:Nj,
under high density excitation, we have measured
the luminescence of excitons bound to NN; and
its phonon replica and that of excitons bound to
NNB' NN!;, NNS, isclated nitrogen and of free
excitons, as shown in the figure. The pesition
of FE is 18784 cm_l‘ Its energy is about 12 meV
higher than that of excitons bound to isolated
nitrogen.

We measured the luminescence intensity as a
function of sample temperature. The temperatire
was changed from 10 K to 100 X. Because the band
gap of GaP:N will change as sample temperature
is raised, we slightly changed the exciting
laser wavenumber for different temperature to
match the variation of band gap. The excitation
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FIGIRE
Lmscence spectra of ,GaP:N. The excitation
u:rber is 17857 cm ~ and excitation denmsity
is 2x10 W/ omd

density was 2x10? W/cmz. The luminescence of

NN 40 NNS decreased as the temperature rose,
similar to their behaviours under band gap exci-
tation condition. From 20 K to 100 X, the lumi-
nescence Of NN3 decreased. The luminescence
intensity of NN1 changed only a little and the
FWEM increased obviously from 10 K to 100 K.

At 8 K, from 2.4x105 W/cm2 we increased the
excitation density about 100 times gradually to
measure the intensity of the luminescence of
both NN1 and NN3 centers. From 2.4x105 to 8x10
W/cmz, there was only the luminescence of NNl

and its phonon replica increasing w:.th the
excitation density. From 8x105 o 4x10 W/cmz,
the luminescence of NN3 appeared and increased
faster than that of NN}. did, but the intensity
of NN3 Y;as weaker than that of NNl. From 4}1:106
to 2x10 W/cm , the luminescence of NN3 increas-
ed faster and its intensity became stronger than
the intensity of NNl, as shown in the figure for

the excitation density of 2x101 wW/cm.

5

3. ANALYSIS
The experimental results suggest Ehat the
tunneling effect of the whole exciton bound to

NNl can be very strong under high density exci~

ournal of Lurmdne
Lorth-Heoliand, A

ration condition. While the selective excitg]y

density is so high that the density of excitcrg

bound to NN1 is cloge to the concentration of : OPTICAL T
NNl centers, the interaction between bound ey
tons and lattice and between bound excitong | Fang YAG,
become very strong. Maybe these make the excit Changeiimn
tunneling effect obvious.

The dependence of the intensity of the lum Two ypes

nescence of NNl on tenperature in our experims were obser
was different from that undef weak excitation
condition. This difference is easy to be unders
stood considering that the time spent to reac

thermal equilibrium of excitons population and

INTRODUCTI
In this ¢

the time of tunneling process are much shorter
than the timé every excitation pulse lasts (7
ns) while the excitation density was very higl

Because the mmber of NN3 pairs is larger
than that of NN and the tunreling effect is-
strong under hlgh density excitation, the popit
lation of excg_tons pound to NN3 can be larger
than that of excitons bound to NN],' So the 1
nescence of NNB will be stronger and increase
faster than that of NNl from 'a particular exc
tation density. The particular density may be:
the density that saturates the NNl centers. :
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