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Abstract

We have studied photoluminescence (PL), pho-
toluminescence excitation (PLE), Raman spectra of
epitaxial GaN layers grown by MOCVD which are
implanted by isoelectronic impurities of phosphorus (P)
and doped by As. The PL spectra of GaN P shows
strong emission peaked around 430 nm with oscilla
tions due to the microcavity effect. This band is due
to the recombination of bound exciton to P-hole isoe-
lectronic traps (P-BE). From the Arrhenius plot two
activation energies; one for the hole binding energy
localized at the P-isoelectronic trap is found to be 180
+ 18 meV and the other for the exciton localization
energy 28+ 5 meV. Our results suggest that the use of
As-doping is helpful to the growth of GaN at low tem-
perature and expanded the growth temperature win-
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dow. Additionally, in order to further investigate the
dynamic optical transitions, we used the time resolved
photoluminescence (TRPL) to study the influences in
isoelectronic As doped GaN films. For As-doped GaN,
the /, decay time first decreases exponentially from
105 ps to 40 ps between 10 K and 75 K, and then
increases gradually to 72 ps at 250 K. Such a differen-
ce isrelated to the isoelectronic As impurities itself in
GaN, which generate near-by shallow levels that pre-
dominate the recombination process.
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The temperature-dependent PLE profiles probed at
YL compare with thel, line in undoped GaN.
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The YL model schematic diagram. The YL related
level is adeep acceptor level.
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The low temperature PL spectra of P-implanted sam-
ples with different doses, (8)10'® cm? (b)5x10% cm?
(€)10" em?, (d)5%x10* cm’?, (6)10% cm™, (flundoped. The
inset figure shows that the intensity ratio of P-related band to
YL increases with the dose concentration.

Low temperature PL spectra of P-implanted GaN after
RTA. The spectra were normalized to YL. (a)RTA 30sec,
(b)RTA 20 sec, (c)RTA 10 sec, (d)as-implanted, (€)undoped.
After RTA , the intensity ratio of P-BE about 430 nmto YL
increases with the annealing time. It shows the renormali-
zation of P-related band.
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Hall measurements of GaN and As-doped GaN with

various growth temperature.
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The PLE profile probed at YL in RTA sample

under a

dose of 5x10™ cm’2, compare the I, PL linein the as-grown

sample.
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The recombination lifetime of undoped and As-doped

GaN measured from 12 to 250K .
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