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Rapid thermal annealing effects on blue luminescence of As-implanted GaN grown by metalorganic
vapor phases epitaxy were investigated by means of photoluminescence and photoluminescence
excitation measurements. The locations of the As-implantation induced bands and the associated
transition channels for the emission were determined to characterize the As-implanted GaN. After
the rapid thermal annealing treatment, the deep As-related levels become more ready to be
populated by photoexcitation at low temperature so that the new blue luminescence emission peak
is enhanced significantly, whose activation energy is found to be 46 me\V20@ American
Institute of Physics.[DOI: 10.1063/1.1503160

Over the past few years, much research has been focuseefrigeration (APD Cryogenics HC-2 For PLE measure-
on the doping of group lll-nitrides because of their optoelecments, an 150 W xenon arc lamp combined with a mono-
tronic applicationg:? In particular, the isoelectronic doping chromator(PTI 101) was employed as the excitation light
effect has also been explored to improve significantly thesource. The detection system is the same as that used in PL
electrical and optical properties of Ga&NAs doping is such works. All the PLE spectra have been corrected by the Xe
a case in which large band-gap bowing, strong blue emissiolight source response throughout the measured spectral
and cubic structure are intriguing for investigatbilow-  range.
ever, since the first observation of blue emission from As-  As shown in Fig. 1, typical PL spectra of As-implanted
imp|anted GaN was reported in lg%ﬂ;\ere were not many GaN reveal a Weakzlline at 357 nm(donor bound exciton,
articles addressing the mechanism responsible for this emi&°X) as compared with the enhanced yellow luminescence
sion due to difficulties in sample preparation. Thus, the de{YL)- It is due to the increased defects from implantation
tails concerning radiative transition channels are not fullyinduced damages which are undesirable and need remedy.
understood vet, though they are attributed to some sort opince the RTA is commonly employed to improve sample
defects such as dislocations and vacancies. In this article, wi@lity, we have applied RTA on our samples at 1100 °C for
made close examination of the rapid thermal annealing®: 20 @nd 30 s and observed drastic change in the PL inten-
(RTA) effects on the blue emission of As-implanted GaNSIY after annealing, and the ko YL intensity ratio rises
through photoluminescend¢fL) and photoluminescence ex- rapidly. In addition, the blue luminescendBL) appears

citation (PLE) measurements, following our previous works gtronger :?md more prominept with an increasing anngaling
on isoelectroniain and A9 doped GaN:® Possible defect time. Obviously, the film quality was improved progressively

o y RTA, although it generated additional localized states re-
fr\r/:iasl,zigrzeispcriz%tiii and the activation energy for the qugponsible for the BL. According to Van De Walkt al.’

The undoped GaN films were grown on @901 sap- these localized states are likely due to substitutional,As

phire substrate at 1050 °C by using metalorganic vapor phasS|tes that can form deep double donors because of similar

cpiaoy (MOVPE) The Asimplaniaton doses wereprepard” T S2c &1 easonabe fomation energy,
between 18 and 16 cm 3. These samples were treated g y y

with RTA at a temperature 1100 °C for different duratia, YL mechanism, the PLE studies should provide further con-

. . L inci forits i ion. In thi K, h -
20 and 30 sunder flowing N gas and using the proximity vincing data for its interpretation. In this work, we have ap

cap method to repair the implantation damages. In PL %Iied PLE technique to monitor the YL peak-660 nm
. . . * from unannealed GaN:As of different doses. Similar to the
He-Cd laserKimmon IK 5552R-F operating at 325 nm

results of P-implanted Gafithe PLE spectra at 300 K also
was used for above band-gap excitation, combined with P ! D

o Fovealed a sharp peak at 366 nm with a width~0% nm
monochromator (ARC-500 and a photomultiplier tube

" " which is about 28 meV below the line in Fig. Aa). This
(Hamamatsu R-955or detection. Various sample tempera- new impurity band just below the shallow donor leveP§0

tures were achieved between 18 and 300 K in a closed-CycClg formed by As implantation. It offers a relaxation channel

that is more efficient for the YL than the usual band-to-band
3Electronic mail: hyhuang.ep87g@nctu.edu.tw transitions in as-grown sample. Thus the YL involves the
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FIG. 1. 18 K PL spectrum ofa) as-grown GaN,b) As-implanted GaN
(10 cm™3), (c) after 10 s RTA(d) after 20 s RTA ande) after 30 s RTA.

FIG. 3. Schematic energy diagram of As-implanted GaN is proposed to

account for the corresponding transitions with possibility distribution on the
radiative recombination between shallow levels and deep |glght.
calized states. From two first-principle total energy calcula-
tions, the N is such a deep acceptor atl eV above the
valence band maximud?:*! The neutral N, is also such a
deep-hole trap according to Jenkiret al. and Mattila
et al}>13Our results appear to be consistent with the mode
proposed by Ogino and Aoki and also by Hofmagiral 141°
Obviously, ion-implantation incurred defects are associate

with both shallow and deep double dondr®., Ag,) and
ompetition should be present among them for capturing
Ehotoexcited electrons that resulted in variations of BL and
I, intensities as can be seen in Fig&c)t1(e).
: Regarding the BL, we also applied the PLE spectroscopy
monitoring the 475 nm emission to see whether there is any
clear absorption peak about the band gap energy. In contrast
300K F o8meV to our expectations, PLE signals show a gradual increase
' toward the } line and stay relatively unchanged above the
band gap[see Fig. 2b)]. It is believed that, shortly after
photo-excitation of both native shallow donor levels and the
conduction band, deep donors are subsequently populated for
the final BL transitions to the valence band. To ensure the
existence of these deep donors, we carried out the absorption
measurements across the BL peak by using different wave-
lengths of AF laser, which is covered from 457.9 to 514.5
350 355 360 365 370 375 380 nm. The transmittance shows a dig80 nm[see the inset of
Fig. 2(b)], reflecting that the incorporation of As into GaN
forms a new deep level band, likely Asdonors.
i E 060 Based on the available data, we proceed to propose a
§0-56 . schematic energy diagram in Fig. 3. The familiar shallow
0s2p . level (native defect V) responsible for the,lline is located
450 avelongth (nm at 18 meV below the conduction bafi@he other level lo-
cated at~28 meV further below the,lline is introduced by
(b) As implantation that contributes to the YL. Furthermore, be-
" cause of ion implantation, the new broad baedtra deep
340 300 380 400 420 440 480 levely is also formed at 2.65 eV above the valence band
Wavelength (nm) which gives rise to the BL about 475 nth.
In order to obtain the activation energy for the As-related
FIG. 2. (8 Rg)om_tsemperature PLE spectrum for the YL of thg unannealeddeep levelglikely Asg,) in GaN, we measured the tempera-
SaN:AS (1° cm ) detected at 560 nriYL). The PLE peak is 28 meV 4\ o jonandent PL spectra between 18 and 300 K in Fig. 4.
elow the } emission level(b) 18 K PLE spectrum for the BL of GaN:As ) . . .
reveals a rising step towards thelihe. The inset shows the real absorption Dramatic changes in the BL intensity were observed across
spectra in the blue range as due to As-incorporation after RTA. the above temperature range. Using the following formula:

PLE Intensity (arb. unit@YL)

[
I
I
[
I

X
I
I

RTA20sec 08
18 K g 0.64

|
1
)
[
[
L

PLE Intensity (arb. unit@475nm)



J. Appl. Phys., Vol. 92, No. 7, 1 October 2002 Huang et al. 4131

m---1 In summary, we examined As-implanted GaN by using
the PL and PLE spectroscopy. The results reflect that the
As-implantation introduced various defect levels that also
contribute to the YL as a dominant feature in PL spectra
. before the RTA process. However, after the RTA treatment,
10,00 092 0.04 0 66| the deep As-related levels become more ready to be popu-
YL 1T (17°C) lated by photo-excitation at low temperature so that the new
' BL emission peak is enhanced significantly, whose activation
energy is found to be 46 meV. The absorption measurements
provide further evidence for the existence of these deep lev-
els, which might be attributed to the Assubstitution effect.

- RTA:20 sec 1
B ; AE=46meV

BL 10° ;
f I

Intensity (arb. unit)
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