HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERS VOLUME 84, NUMBER 18 3 MAY 2004

Blueshift of yellow luminescence band in self-ion-implanted
n-GaN nanowire
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Optical photoluminescence studies are performed in self-ion" {@aplanted nominally doped
n-GaN nanowires. A 50 keV Ga focused ion beam in the fluence range ok 10“-2

X 10 jonscm 2 is used for the irradiation process. A blueshift is observed for the yellow
luminescence(YL) band with increasing fluence. Donor—acceptor pair model with emission
involving shallow donor introduced by point-defect clusters related to nitrogen vacancies and
probable deep acceptor created by gallium interstitial clusters is responsible for the shift.
High-temperature annealing in nitrogen ambient restores the peak position of YL band by removing
nitrogen vacancies. @004 American Institute of Physic§DOI: 10.1063/1.1738172

Extensive studiéds® are performed in understanding ion implantation, a chemically clean process, was used to
various defects present m andp-GaN film as defects play remove ambiguities of compound formation as reported in
an important role in optical and electrical properties of semithe earlier report.
conductors for the device fabrication. In the photolumines-  GaN nanowire$~25—100 nm were grown orc-Si sub-
cence(PL) studies, yellow luminescend&'L) band around strate coated with Au catalyst, using Ga as source material
2.2 eV(bandwidth~1 eV) is one of the most well discussed and NH; (10 sccm as reactant gas in a tubular furngseb-
defect bands present in GaN film with either native pointstrate temperature 900 J@y APCVD technique. The grown
defect$=° or point defects nucleating at extended defects likenanowire ensemble was found to be nominally dopeype
dislocation§ as the origin. However, there seems to be arfrom our Hall measurements with carrier concentratio
agreement that transitions from the conduction band or a10"™ cm 3. Self-ion implantation on these GaN nano-
shallow donor to a deep acceptor are responsible for thiwires was studied using a GaFIB at 50 keV with beam
band. Properties of YL band, e.g., metastablitgd blueshift ~current of ~1.3 nA in the fluence range of X10*-2
under hydrostatic pressuté have also been discussed for X 10*° ions cni?. PL measurements were performed using
the case of GaN samples. Though effects of ion irradiationtie—Cd laser tuned to 325 nm with an output power-afo
an indispensable tool for modern device fabrication, on GaNNW at room temperaturéRT). The emission signal was col-
film have been report&dn great detail, optical properties of lected by a SPEX 0.85 m double spectrometer and detected
ion irradiated GaN film are completely missing in the litera- by & lock-in amplifier,
ture. Moreover, there is hardly any reports on the study of ~ Structural study of one of the pristine nanowires with
defects in GaN nanowire, which has opened up an avenue féfigh-resolution transmission electron microscap{RTEM)
the application of a one-dimensionélD) optoelectronic  (Fig. 1) confirmed the growth of wurzit¢hexagonal GaN
nanodevicé? In our earlier study, we have shown defect (n-GaN) with zone axis lying along thd01] direction as
mobility is higher in a 1D system than that of higher- calculated from the corresponding selected area electron dif-
dimensional systems, leading to enhanced dynamic annedlaction (SAED) pattern in the inset. Crystalline order is
ing (defect annihilation by ion beanin the G4 -implanted maintained all along the nanowire as observed from lattice
GaN nanowires! imaging (Fig. 1).

In this letter, we discuss the properties of YL band in the ~ PL study of the pristine and the irradiated samples in the
case of self-ion (G#)-implanted GaN nanowire. The fluence range of ¥10%-2x10'® ionscm ? at RT is
nanowires, grown by catalyst assisted atmospheric pressuf@0Wn (Fig. 2). Direct band-to-band transition around 3.42
chemical vapor depositiofAPCVD) technique, were irradi- eV shows the signature of wurzite phase present in the pris-

ated with 50 keV G4 using a focused ion beaffIB). Self- tine sample as also confirmed from the HRTEM lattice im-
aging and the SAED analysigig. 1). The intensity of the

band-to-band transition pedkig. 2), is observed to deterio-
a’Presently on leave from: Materials Science Division, Indira Gandhi Centerrate with increasing fluence. This may be due to the increase
for Atomic Research, Kalpakkam—603102, India. . . . N . L .
bAuthor to whom correspondence should be addressed; electronic mailll disorder introduced during the irradiation process with
chenkh@po.iams.sinica.edu.tw increasing fluence. A band edge transition peak around 3.1
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FIG. 1. HRTEM image of one of the pristine GaN nanowires. The lattice
spacing of 0.275 nm corresponds to distance between(1}@9 planes of
h-GaN. SAED pattern, in the inset, showing the formation of wurzite phase
with zone axis lying in th¢001] direction.

eV, designated as longitudinal opticdlO) phonon replica
mode of the donor—acceptor paifDAP) for cubic
phasé*1%12is observedFig. 2) in the pristine sample. The
cubic phase is reported to be stable as stacking faults embed-
ded in the hexagonal structure of GaN nanowfréntroduc-
tion of defects by ion irradiation process, however, stabilizes
the cubic phase as the ratio of intensities of LO phonon rep-
lica mode of DAP(corresponding to cubic phasto band-
to-band transition peakcorresponding to hexagonal phase
is observed to increase with increasing fluence r@m'get of FIG. 3. HRTEM analysis of the defect structures of irradiated GaN nano-
Fig. 2. The zinc blende symmetry of the cubic phase istires forhe filin%gce;ncéﬁc)l;g;gogsngf:ybﬁ:ﬁ;iggfn em @
reported '{_O.be stable at vacancy _“ke point qefECts in the Ga@nalysis is inscribéd for the respective samplés showing incre?asing nitrogen
using ab initio molecular dynamic calculatiortS.We have deficiencies with increasing fluence.
also observed a peak aroun@®.2 eV for the pristine sample
(Fig. 2 which can be identified as YL band of GaN nano- ) ) ) -
wire. The peak of YL band shows a large blueshift withincreasing fluencérig. 2) with the peak position at-2.8 eV

for the sample irradiated at a fluence ok 20 ions cm 2.

The blue luminescenc@L) band(~2.7-2.9 ey**'%is ob-
2.0x104_ served for nominally(unintentionally doped and Si-doped
g n-GaN. BL band inn-GaN was initially attributed to homo-
] ﬁg < geneously distributed point defects, which was extended to
2 1.5107 5 i A the DAP model by Reshchikoet al!* BL band inn-GaN
§_ 5 % o’ e, (nominally doped, and Si dopednd in p-GaN (heavily
£ . 5 " fuenoe qanson doped with Mg is argued by Kaufmanet al!® to have the
;1 0107 § g O Asgrown same origin and differ only in concentration of the related
) 5 . ; 1x10 fons.cm defects. The BL band at 2.8 eV is reported for heavily doped
8 s 2 < ;’ﬂgﬁ ) p-GaN film®!®with transitions from shallow donorsrigi-
£ ° My G X e . nating fromVy complexesto deep Mg acceptor levels fol-
22 ¥ 1x10 .
y o ® lowing the same DAP model.
0.0 The defect structures in the irradiated samples were ana-

" 25 30 35 40 45 50 lyzed using HRTEM imageld=igs. 3a)—3(d)] and details can
Energy (eV) be seen in our earlier repdftAccumulation of point defects

and role of dynamic annealing which is efficient only at op-

FIG. 2. Room temperature PL study of the pristine and irradiated GaNtimum fluence are discussed for the microstructural evolution
nanowires in the fluence range o10“-2x 10' jons cm 2 showing a

blueshift of the YL band~2.2 eV with increasing fluences. Inset shows in these samples. The def.eCt struqtures in the irradiated
increasing ratio of intensities corresponding to cubic and hexagonal phas&@MPples suggest agglomeration of point-defect clusters as the

with increasing fluence. The line is a guide to the eye. major component of disorder at high fluences. Enhanced dy-
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namic annealing® with high diffusivity of mobile point de- 1x10°* — -
fects in the nanowires, might have prohibited the growth of = 1X1°‘5 ions.cm
extended defectdreported for the heavy ion irradiated o 1X1°‘5 )
epi-GaN? in the irradiated samples. These point-defect clus- 8x10° - ; 5x10 !

o 1x10"° "
< 2x10® ¢
O
N

ters might be containinyy as a major component, as the ion
irradiation in GaN can release nitrogen as material dissocia-
tion takes place in the damage proc¥s3he presence of
vacancy like point-defects is also discussed earlier from the
point of view of stabilizing cubic phase with increasing flu-
ence (inset of Fig. 2. Analytical electron microscopic
(AEM) analysis showedinscribed in Figs. &-3(d)] in-
creasing nitrogen deficiencies in the irradiated samples with
an increasing ion fluence. Large energy deposition during the
50 keV self-ion (G&) implantation in GaN nanowire favors
the formation and accumulation &fy, as the nitrogen va-
cancy formation energy is only 4 eVy."® TheseVy clus-  Fig, 4. Room temperature PL study of the postannealed samples of GaN
ters can play the role of shallow donor statgss also re-  nanowires irradiated in the fluence range of 10%-2x 10 ions cn 2
ported for Mg-doped Galf Simultaneously, accumulation showi_ng restora_tion of YL band-2.2 eV in the two-step annealing treat-

of Ga interstitials (Gg in forming a cluster is also likely in ment in N, ambient.

the self-ion (Ga)-implantation process, as interstitial for-

Intensity (arb. unit)

Energy (eV)

; 18 > ! " nor related tovy clusters and probable deep acceptor linked
mation energy {-10 eV/Gg)™ involved is also provided in 1 G clusters in the energetic irradiation process might be
this energetic process. Formation of Gatable close to RT, responsible for the blueshift.

is reported by purely electronic energy loss process of 2.5

MeV electron irradiation in epi-Gaff. This argument is The authors acknowledge the National Science Council
purely from the energetics involved in our nuclear energyand Ministry of Education in Taiwan for financial assistance.
loss dominated process and,@armation energy. At present,
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