Microphotoluminescence spectra of hillocks in Al 0.11 Ga 0.89 N films
W. C. Ke, C. S. Ku, H. Y. Huang, W. C. Chen, L. Lee, W. K. Chen, W. C. Chou, W. H. Chen, M. C. Lee, W. J. Lin
, Y. C.Cheng, and Y. T. Cherng

Citation: Applied Physics Letters 85, 3047 (2004); doi: 10.1063/1.1802379

View online: http://dx.doi.org/10.1063/1.1802379

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/85/15?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Photocurrent spectroscopy investigation of deep level defects in Mg-doped GaN and Mg-doped Al x Ga 1 X N (
0.20x0.52)

Appl. Phys. Lett. 95, 131102 (2009); 10.1063/1.3236776

Blue luminescent isolated Al g 3 molecules in a solid-state matrix
Appl. Phys. Lett. 88, 201912 (2006); 10.1063/1.2203966

Thickness effects of Al 0.5 Ga 0.5 N barriers on the optical properties of - Al Ga N -inserted GaN-coupled
multiquantum wells
J. Appl. Phys. 97, 073516 (2005); 10.1063/1.1865314

High-reflectivity Alx Ga1l x N Aly Ga 1 y N distributed Bragg reflectors with peak wavelength around 350 nm
Appl. Phys. Lett. 85, 43 (2004); 10.1063/1.1766404

Thermal annealing effect on nitrogen vacancy in proton-irradiated Al x Ga 1x N
Appl. Phys. Lett. 80, 2072 (2002); 10.1063/1.1463703

NEW! Asylum Research MFP-3D Infinity” AFM [~ FroRD I

Unmatched Performance, Versatility and Support

The Business of Science®

Stunning high 9 Simpler than ever

performance - ¢ to GetStarted™

b

Comprehensive tools § f  Widest range of accessories
for nanomechanics for materials science and bioscience



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1018974610/x01/AIP-PT/Asylum_APLArticleDL_043014/Asylum-Research-MFP3D-Infinity-APL-JAD.jpg/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=W.+C.+Ke&option1=author
http://scitation.aip.org/search?value1=C.+S.+Ku&option1=author
http://scitation.aip.org/search?value1=H.+Y.+Huang&option1=author
http://scitation.aip.org/search?value1=W.+C.+Chen&option1=author
http://scitation.aip.org/search?value1=L.+Lee&option1=author
http://scitation.aip.org/search?value1=W.+K.+Chen&option1=author
http://scitation.aip.org/search?value1=W.+C.+Chou&option1=author
http://scitation.aip.org/search?value1=W.+H.+Chen&option1=author
http://scitation.aip.org/search?value1=M.+C.+Lee&option1=author
http://scitation.aip.org/search?value1=W.+J.+Lin&option1=author
http://scitation.aip.org/search?value1=Y.+C.+Cheng&option1=author
http://scitation.aip.org/search?value1=Y.+T.+Cherng&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.1802379
http://scitation.aip.org/content/aip/journal/apl/85/15?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/95/13/10.1063/1.3236776?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/95/13/10.1063/1.3236776?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/88/20/10.1063/1.2203966?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/97/7/10.1063/1.1865314?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/97/7/10.1063/1.1865314?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/85/1/10.1063/1.1766404?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/80/12/10.1063/1.1463703?ver=pdfcov

HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERS VOLUME 85, NUMBER 15 11 OCTOBER 2004

Microphotoluminescence spectra of hillocks in Al 0.11Gag ggN films

W. C. Ke,¥ C. S. Ku, H. Y. Huang, W. C. Chen, L. Lee, W. K. Chen, W. C. Chou,
W. H. Chen, and M. C. Lee
Department of Electrophysics, National Chiao Tung University, Hsinchu 300, Taiwan, Republic of China

W. J. Lin, Y. C. Cheng, and Y. T. Cherng
Chung-Shan Institute of Science and Technology, Tao-Yuan 325, Taiwan, Republic of China

(Received 31 March 2004; accepted 6 August 2004

The spatial variation of the optical properties of hillocks i AGa, g\ films has been studied by
using microphotoluminescen¢g-PL) microscopy. Theu-PL spectrum revealed a strong emission
(Iy) at 351 nm from the hillock, besides the near-band-edge emiskjgh at 341 nm. Moreover,

the |y intensity increases significantly and its full width at half maximum decreases from
~76 to ~53 meV by probing across the hillock center. These indicated that the hillock structure
is a strong emission center. The temperature-depend@&it measurements showed that thealso

has the S-shape behavior with a transition temperaturel®0 K which is lower than that df,,.

The redshift ofly is also smaller tham,,. Both indicated that the Al composition in hillocks is
lower than the surrounding area. 2804 American Institute of Physidg®OIl: 10.1063/1.1802379

AlGaN is a wide band-gap semiconductor with manythe surface in a flambient at 1120 °C for 10 min. A nomi-
important applications including high-temperature and high-nal 25 nm thick AIN nucleation layer was deposited at
power electronics, solar-blind photodetectors, blue, and ulé50 °C. The substrate temperature was then raised to
traviolet light emitting and laser diodés® However, AIGaN 1120 °C to grow a 0.&m Alg 1,Ga g\ layer. For u-PL
grown on sapphire substrate often contains a large amount ofieasurements, a He—Cd lag@mnichrome 207¢operating
dislocations due to lattice mismatch. Even with recent im-at 325 nm was used for above band-gap excitation and
provements, as due to introduction of low temperature AlNwas focused to a spot size of Lun by a microscope ob-
or GaN buffers, AlGaN films grown in this fashion still con- jective(100x, 0.5 numerical apertuyeThe signals were col-
sist of a mosaic of slightly misoriented domains of microsizelected by the same objective lens into a monochromator
with lots of microstructure like dislocations, grain bound- (ARC-500 with both the entrance and exit slits opened to
aries, V defect, hillocks, pores, €t€.Thus, the detailed about 50um so that the spectral resolution is about 0.2 nm.
analysis of the spectra and spatial distribution of microstruc-  Optical examination of the Al;Ga, s\ layers revealed
ture is very important to improve material quality. Neverthe-particular hillocks with a density of % 10° cm™2 covering
less, microstructures sometimes show particular optoeleahe substrate surface in Fig(al. The base size of the hex-
tronic properties. For example, the hexagonal hillocks withagonal hillock is about G:m after 1 h growth. From the
dimensions of several microns are often observed on the suthree-dimensional(3D) atomic force microscopy(AFM)
face of GaN layers. They are characterized by a high intenimage (see inset the hillock has the shape of a regular
sity of the band-gap luminescence, while the boundaries gfoint-topped pyramid with a height about 200 nm. A series
the hillocks are enriched with defects responsible for yellowof ,-PL spectra were taken at different locations along a
luminescence at-2.2 eV’ So far, the light emission from dihedral direction across the hillock as shown in Figo)1
microstructures is commonly studied by using cathodolumi-The position label indicates the approximate distance from
nescenceCL), because the nanoprobe produces secondape hillock center. The spectra are dominated by the near-
electron images in CL with high spatial resolution, as well aspand-edge emissiofi,po at 341 nm as the probe spot is far
point analysis on specific areas. However, no report abouway from the hillock. When it is focused on the hillock, the
microphotoluminescencéu-PL) studies of the microstruc- most significant change in the-PL spectra is the appear-
tures of Ill-V nitride semiconductor appeared up to now. INance of an extra peaky) at 351 nm. Obviously, this strong
this letter, the spatial variation gi-PL was studied to char-  ang prominent emission is related only to the hillock. Note
acterize the optical properties of AlGaN hillocks. The tem-ihat “although thé,,. is still present at 341 nm, it is so weak
perature dependent-PL spectra from 10 to 300 K were hat is submerged in the strong and broad 351 nm band.
obtained to show the interesting emission behaviors of thejotfimannet al® reported that CL spectra showed the band-
hillock. i ) gap gradient from the base to the top of the selective growth

The AlGaN films were grown on AIN/sapphi®00)  GaN pyramids of 5um width and 10um height. In his re-
substrates by low-pressure metalorganic vapor phase ep|ta>@6rt, the emission peak is 355.6 nm at the top of the pyramid
(MOVPE) system in a horizontal reactor. Trimethylgallium, 5.4 strongly redshifted to 360.6 nm at the pyramid base. The

trimethylaluminum, and ammonia were used as the SourCjterent emission energies reveal the gradual relaxation of
precursors for Ga, Al, and N, respectively. Hydrogen wassain along the pyramid. However, no peak shift gfrom
used as the carrier gas. Prior to material growth, the sapphifga hillock edge to the center was observed in our study.
substrate was annealed to remove any residual impurities Ofhus, it suggested that the stress was considerably small in
AlGaN hillock which has a rather flat top region in contrast
¥Electronic mail: wcke.ep89g@nctu.edu.tw to the steep pyramid.
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structure was observed on the top of AlIGaN/GaN selectively

'
)
[ ; =1 g grown pyramid® it suggested that the QD-like structure is
[ : 0 um likely formed on the hillock top.
[ ! +1pum To further examine optical properties of the AlGaN hill-
g . +2um ock, we also carried out temperature dependgeftL mea-
. = surements from 10 to 300 K. In order to observe big{h
[ _/"/E\__+_3Em and |y peaks, the laser beam was moved to the edge of the
)
)

Nm hillock to cover both the hillock and the plain region. The
L k_ temperature dependeptPL spectra were shown in Fig. 3.
- I " - - A At low temperature, a weak shoulder was observed in jhe
330 340 350 360 370 380 peak. The energy separation between thesegvRl struc-
tures of thd ,,c peak is about 20 meV. Are they donor bound
Wavelength (nm) A exciton and freeA exciton? Are they ground stafe exci-
FIG. 1. (a) Optical microscopgOM) image of hillock in AlGaN films;(b) t(_)n_ and ground StatB exciton? No, we excluded both pos-
the room temperaturg-PL spectra taken at different locations on OM im- Sibilities because, in the case of GaN, the energy separation
age. The inset shows the 3D AFM images of hillock. for both cases is less than 10 m&WVe therefore assigned
the major peak as a ground stéte=1) free A exciton lumi-
nescence and the weak shoulder as the excited (stat® A
exciton transition. The FWHM of the ground stateexciton
peak is so large that it might cover the donor bound exciton
and the ground exciton. In the case of GaN, the energy

u-PL Intensity (arb. units)

- 1)

The spatial u-PL intensity and full width at half-
maximum(FWHM) distribution of thel,,e (341 nm andly
(351 nm are shown in Figs. (@) and 2b), respectively. The

I intensity at the hillock center is about five times 'argerseparation between the=1 A exciton andh=2 A exciton is

than thel,, intensity far from the hillock. We noticed that 4t 20 meV. which is close to owrPL data. As the tem-

the FWHMhOf ,'nbEIObta'ner? far awayf/ from ltghe hillock is herature was raised, both transitions merged together. Peak
~77 meV that is close to the report of Kiet al.” Moreover, g cadure was carried out to extract the temperature de-

the FWHM of I, decreased from-76 meV at the hillock  honqent pL intensity and peak position as shown in Figs. 4
edge to~53 meV at thg h|]lock center. Thg high intensity and 5, respectively. In Fig. 3, one clearly sees thatlthe
and narrow FWHM ofl,; indicated that the hillock structure photon energy increases initially then decreases with tem-

is an efficient emission center. From the 3D AFM image, aperature and forms an “S shape” curve; as does,tht was
nipple structure appeared on the top of the AlGaN hillock '
[see the inset of Fig.(84)]. Since the quantum dg@QD)-like
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FIG. 2. Spatial u-PL (a) intensity and(h) full width at half-maximum
(FWHM) distribution ofl,,. andly, respectively. FIG. 4. Integrated PL intensity as a function of temperaturd fgrandl .
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B I Moreover, the transition temperature bf, line was
By data —-—1y fiting higher than that of thd, line. The redshift of thel.
< 368k ."“\\ (~35.8 meV at low temperature relative to the dashed line
% erst ety is larger than that ofy (~17.6 meV. It has been reported
2 364r TC=I180 Kx that the increase of transition temperat(fe) and redshift
& asol = are due to the localization energy which increases with the Al
§ ’ — content’ Our experimental results also support that the Al
O 35} "’““T;,‘ composition in the hillock is smaller than surrounding area in
Te=120K "~,,\ the Aly1:Ga g\ films. The recent x-ray energy dispersive
s Tw spectroscopy observation®ot shown also confirm this.
0 _50 100 150 200 250 300 Thus, the hillock microstructure has lower Al composition

Temperature (K) than the regions free of hillocks in the AlGaN films.

FIG. 5. Temperature dependence of the emission pebfaindl ;. Arrows ) In summary, we haVFj' measureq the optical properties of
indicate the transition temperatufe. hillocks in Alg1:Ga& g\ films by using theu-PL micros-
copy. The large intensity and narrow FWHM &f in the

known that the “S shape” is due to localization phenomendillock structure indicated that it is a strong emission center.
induced by alloy inhomogeneous in the AlGaN filfisThe ~ The temperature dependemtPL spectra showed that thg
localization phenomena can be further corroborated by Figd!as theSshape behavior with a transition temperature of
4 and 5. In Fig. 4, the integrated PL intensity was plotted~120 K reflecting the strong localization in the hillock. The
versus the inverse temperature, namely the Arrhenius plotpwer transition temperature and smaller redshiftpfthan

for bothl,.andly over the temperature range of 10—300 K. that of | ;.. suggest that the Al composition is lower in hillock
The dashed and dash-dotted curves are fits to the data usititan in other parts of AlGaN films.
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