AP | fumalot i

Spatially-resolved photoluminescence studies of V-shaped pits on Al 0.16 Ga 0.84 N
H. Y. Huang, C. S. Ku, W. C. Ke, N. E. Tang, J. M. Peng, W. K. Chen, W. H. Chen, M. C. Lee, and H. Y. Lee

Citation: Journal of Applied Physics 95, 2172 (2004); doi: 10.1063/1.1637952

View online: http://dx.doi.org/10.1063/1.1637952

View Table of Contents: http://scitation.aip.org/content/aip/journal/jap/95/4?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Anisotropy of electrical conductivity in a pentacene crystal grain on SiO 2 evaluated by atomic-force-microscope
potentiometry and electrostatic simulation

Appl. Phys. Lett. 96, 203302 (2010); 10.1063/1.3430041

Potential imaging of Si Hf O 2 /polycrystalline silicon gate stacks: Evidence for an oxide dipole
Appl. Phys. Lett. 86, 122901 (2005); 10.1063/1.1890483

Low temperature photoluminescence of Ga 0.84 In 0.16 As 0.22 Sb 0.78 solid solutions lattice matched to InAs
J. Appl. Phys. 90, 2813 (2001); 10.1063/1.1388570

Effect of phase transition on the surface potential of the BaTiO 3 (100) surface by variable temperature scanning
surface potential microscopy
J. Appl. Phys. 87, 3950 (2000); 10.1063/1.372440

Potentiometric imaging of (La 0.7 Sr 0.3 )MnO 3 thin films
Appl. Phys. Lett. 75, 1152 (1999); 10.1063/1.124626

AIP - Re-register for Table of Content Alerts

Publishing

Create a profile. Sign up today!



http://scitation.aip.org/content/aip/journal/jap?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/52631116/x01/AIP-PT/JAP_ArticleDL_041614/aipToCAlerts_Large.png/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=H.+Y.+Huang&option1=author
http://scitation.aip.org/search?value1=C.+S.+Ku&option1=author
http://scitation.aip.org/search?value1=W.+C.+Ke&option1=author
http://scitation.aip.org/search?value1=N.+E.+Tang&option1=author
http://scitation.aip.org/search?value1=J.+M.+Peng&option1=author
http://scitation.aip.org/search?value1=W.+K.+Chen&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=H.+Y.+Lee&option1=author
http://scitation.aip.org/content/aip/journal/jap?ver=pdfcov
http://dx.doi.org/10.1063/1.1637952
http://scitation.aip.org/content/aip/journal/jap/95/4?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/96/20/10.1063/1.3430041?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/96/20/10.1063/1.3430041?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/86/12/10.1063/1.1890483?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/90/6/10.1063/1.1388570?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/87/8/10.1063/1.372440?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/87/8/10.1063/1.372440?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/75/8/10.1063/1.124626?ver=pdfcov

HTML AESTRACT * LINKEES

JOURNAL OF APPLIED PHYSICS VOLUME 95, NUMBER 4 15 FEBRUARY 2004

COMMUNICATIONS

Spatially-resolved photoluminescence studies of V-shaped pits
on Al g.16Gag N

H. Y. Huang, C. S. Ku, W. C. Ke, N. E. Tang, J. M. Peng, W. K. Chen, W. H. Chen,

and M. C. Lee
Department of Electrophysics, National Chiao Tung University, Hsinchu, 300, Taiwan, Republic of China

H. Y. Lee
Department of Optoelectronic System Engineering, Minghsin Institute of Technology, Hsinchu, 300,
Republic of China

(Received 10 March 2003; accepted 4 November 2003

We have studied optical properties of V-shaped pits qjy&a, s/N. The microphotoluminescence
spectrum from the pit center shows a broader and stronger emission at 350 nm than the
near-band-edge emission at 336 nm from nonpit regions. The results indicated specific defect levels
associated with the V-shaped pits. Furthermore, after using atomic force microscopy to probe the
surface electrical potential with a conductive tip, the pit's potential w&s2 V lower than its
surrounding region. A simplified energy diagram is tentatively proposed to interpret our observation.
© 2004 American Institute of Physic§DOI: 10.1063/1.1637952

Nitride-based materials have been drawing considerable The Al 1§Ga, g film was grown on th€0001) sapphire
interest in recent years for wide-bandgap emittingsubstrate at 1120 °C by using low-pressure metalorganic va-
applications:? Among them, the AlGaN compound is even por phase epitaxy. Prior to growth, a GaN nucleation layer of
important for white light illuminination, high electron mobil- 250 A was first deposited at 520 °C, followed by a 1120 °C,
ity transistors, and photodetectdrs.However, there are 2-um-thick GaN buffer layer. The Al, Ga, and N precursors
some unclear mechanisms relating to how the structural angere trimethylaluminum, trimethylgallium, and ammonia
compositional inhomogeneities in the alloy affect optical (NH3), with flow rates of 20, 10, and 5000 sccm, respec-
properties. For example, further study is needed to determinévely. An AFM (Solver P47H combined with scanning
whether threading dislocations act as nonradiative recombf€lvin measurement$SKM) mode was employed for the
nation centers or enhance the compositional fluctuation thaturface pqtentlal measurements. The tip with 35 nm radius of
induces localized exciton states to give strong emissiorcurvature is sputtered with Pt. Details of SKM measurements
Thus, the optical and electrical studies of defects on AlGanfan be found in other reports. For room temperaturg-PL
are still very important. In the early work of InGaN, Pozina Mé@surements, a He-Cd lagémnichrome 2074operating

et al® found that V pits might influence the photolumines- at 325 nm was US?d for above bandg_ap excitation an_d was
. R focused to a spot size 6f1.5 um by a microscope objective
cence(PL) spectra and photocarriers strongly localize in the . .
disordered surface region, possibly associated with V pits 100, 0.5 numerical apertujeThe signals were collected
' ' by the same objective lens into a monochrom&drRC-500

pits also give rise to a low-energy shoulder in the PL .
and a photomultiplier tubéHamamatsu R-955for detec-
spectr. Recently, Pez et al.” observed V-shaped surface . P P ¢ 3

. ; ) tion.
pits on AlGaN different from those on InGaN; namely, the The AlGaN surface is usually rough and contains various

presence O,f segregated Al atoms Within vV pits. _Althoyghdefects on it, including many V-shaped pits. As shown in Fig.
similar V pits have been observed in AlGaN, their optical; the AFM picture displays one such pit whose cross section
properties have not been studied in detail. To understand thg 1.5 um wide and 1um deep. From the operational prin-

microscopic optical properties associated with the V pit diS-cip|e of SKM, the tip feels an electrostatic force of the can-
tribution of AlGaN alloys, the microphotoluminescence tjlever tip and the sample surface such that

spectrum(u-PL) is a very well-suited optical characteriza- )

tion technique. In this letter, we present experimental results Fiw)=—=[(Vo~ exy)Visinwt)](4C/dz),

of AlGaN, particularly the PL behavior of V pits. Spatially by adjusting the dc bias voltage so that the tip feels no force.
resolvedu-PL and atomic force microscog&FM) measure-  The local surface potential of sample at positiony) ¢y,
ments were used to investigate the photocarrier recombin@an then be obtainea, , corresponds to the work function
tion mechanisms. A model is tentatively proposed to interpretlifference between the tip metal and sample; thatgis,

the observed diffusion and transition behavior of photoex= @i, — acan, Where ¢y, is the work function of tip(5.6
cited carriers. eV), and gacan= xaicant € is the difference between the

0021-8979/2004/95(4)/2172/3/$22.00 2172 © 2004 American Institute of Physics
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FIG. 1. AFM measured the cross-sectional image and potential depth profile

of the V pit. 0.5um

Flat Area

Fermi level and vacuum level, in whichygay IS the elec- — e .

tron affinity (3.4 eV) and¢ is the energy difference between 330 340 350 360 370 380
the Fermi level and conduction band. Thus, one can deduce Wavelength (nm)

the Fermi level at any position from, , . After scanning the
surface electrical potential across the V pit along its diagonal
line and the flat region, we measured a potential difference

zféwilen therln 6}; Ia'r:ge a_sl &.QI.OE'i\\i(s.tee F'tg' J‘ For our " to the V pit. Note that, although the,l emission is still
alN sampie, the mermi level at v-=pit center IS apparen ypresent at 336 nm, it is so weak that is submerged in the

lower than that at nonpit region by0.2 eV. road 350 nm band. In reported literature of the V pit in

To investigate the behavior of photoexcited carriers an IGaN and InGaN, people claimed that the Al and In are
the mechanisms of transition associated with V pit, we hav%egregated and f(;rm Al-rich and In-rich regighé1ot

spatially probed its PL signals at room temperature and ObHowever the presence of both,Jand 350 nm line indicates
served another transition. Figure 2 shows a serieg-&i y

i ) . _— _ that the Al-rich behavior does not appear in our sample. Con-
spectra taken at different locations along a dihedral directio Pb P

) i R . I%idering the shear stress in the V pit due to different basal
across the Vpit. The position label indicates the approximate, ;o constantbiaxial), the piezoelectric field may cause
g'Sta.an :jrobm tLhe v plg V\ée ((:jan see that ﬂ:aet gggctra Athe redshift feature, between the original state of finite-

or?r:nale y E,E near- afn -edge ?rr]n's\?'%?(vvh tnm ¢ skewed triangular potentidf—* However, if this were the
as Ine 1aser Spot moves far away the v pit €N 115 10:5se, the redshift of,de should be dependent on the pit size.

cused on the V pit, the most significant change in #EL We have examined the different V-pit sizes from 0.5 to 1.5
spectra is the appearance of another broad peak at 350 M. and hardly found any significant shift for the Jline as
Obviously, this strong and prominent structure is only relate hown in Fig. 3

According to Jenkinset al!® and Tansleyet al.'® one
triplet level of the native nitrogen vacancy a0 meV be-

FIG. 3. Theu-PL spectra of different sizes from 0.5 to Lun.

300K Al 15Ga55N low the conduction band andg{level at~136 meV above
o x5 +gum the valence band in GaN were predicted. Concerning the
ﬁ - o origin of the broad 350 nm band, we believe that the V pit is
T [ X5 +3m related to accumulated native defe¢tmmely, Ga vacancy
8P B e Vga). Our AFM results appear to give evidence of thg,V
+lum . . . ]
2 N level. Inside the V pit, a potential difference 0.2 V lower
2 [~ ~—_ -l than that at nonpit region is observed. It is likely that accep-
% M tor levels inside the V pit effectively lower the Fermi level.
T — x5 -5um Because the native }4 levels are known to lie deep within
2 :;,m the gap, it is reasonable to infer that the 350 nm emission in
330 340 350 360 370 380 o_l(er s\z;m_ple can be attributed to the, ¥V g, complexes in-
side V pits.
VaveRngi () Furthermore, we address the issue as to whether the PL
(a) (b) intensity is affected by the V pit. For comparison, Fig&) 4

_ _ 4(c) show the spatiaju-PL intensity distribution at the,j.
FIG. 2. (a) The spectrally resolvegl-PL spectra obtained at different loca- (336 nm V—pit—related line(350 nm), and their ratios, re-

tions near a V pit on the sampléy) Peak positions ofu-PL spectra ob- . .
served at the same excitation positions on thg,&a 5N where circles ~ SPectively. At the V-pit center, we have observed a rather

show the region probing by a He-Cd laser agah intense peak for the 350 nm emission and noticed that the
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FIG. 4. Intensity distribution obtained for the ratio(@j near band edge and
350 nm,(b) detecting at 350 nm, an@) near band edge with various probe
positions. Each intensity profile was normalized by th@L intensity with
the weakest one.

Inpe OFf AlGaN is nearly quenched. Since the inferred Fermi
level is lower inside the V-pit than that in the nonpit region,

Huang et al.

valence band is formed that contributes to the strong emis-
sion around 350 nm line. The width of this defect-related
level is 76 meV. In addition, from the AFM measurements,
the deduced Fermi level at the V pitis0.2 eV below that at
nonpit region in A} 1Gay gaN.

In summary, we have examined the V-shaped pit on Al-
GaN by using theu-PL and AFM. The results showed that a
specific defect-related band is introduced inside the V-pit re-
gion that gives rise to a dominant featuregirPL spectra. In
addition, the V-pit-related levels are efficient relaxation
channels for photoexcited carriers so that the new broader
emission peak is enhanced significantly and thgis sup-
pressed. The AFM measurements provide a further evidence
of the lowered Fermi level in the V pit of phdGa gdN.

The grants by the National Science Council of the Re-
public of China under contract nos. NSC90-2112-M-009-040
and 91-2112-M-009-024 are gratefully acknowledged.

1H. Amano, M. Kito, K. Hiramatsu, and I. Akasaki, Jpn. J. Appl. P38,
L2112 (1989.

23. Nakamura, N. lwasa, M. Senoh, and T. Mukai, Jpn. J. Appl. Piys.
1258(1992.

3M. S. Shur and M. A. Khan, MRS BulR2, 44 (1997.

4Gallium Nitride (GaN) I, in Semiconductors and Semimetadited by J.
|. Pankove and T. D. Moustakd&écademic, New York, 1998 \ol. 50.

5G. Pozina, J. P. Bergman, B. Monemar, T. Takeuchi, H. Amano, and |.
Akasaki, J. Appl. Phys88, 2677(2000.

6X. H. Wu, C. R. Elsass, A. Abare, M. Mack, S. Keller, P. M. Petroff, S. P.
DenBaars, J. S. Speck, and S. J. Rosner, Appl. Phys. 121692 (1998.

"B. Pecz, Zs. Makkai, M. A. di Forte-Poisson, F. Huet, and R. E. Dunin-

the electron concentration is thus less. Another probable rea-gorkowski, Appl. Phys. Lett78, 1529(2001).
son is that the V pit is associated with a large amount of®T. Mizutani, M. Arakawa, and S. Kishimoto, IEEE Electron Device Lett.
accumulated ¥, defects, so that electrons are trapped by ;18 423(1997.

Ve, inside the V pit. Thus, it is inferred that more states,

T. Usunami, M. Arakawa, S. Kishimoto, T. Mizutani, T. Kagawa, and H.
Iwamura, Jpn. J. Appl. Phy87, 1522(1998.

which are not occupied by electrons, are available in the Moy, chen, T. Takeuchi, H. Amano, I. Akasaki, N. Yamada, and Y. Kaneko,
pit, and are efficient for relaxing excess carriers to suppressAppl. Phys. Lett.72, 710(1998.

the e line in Aly 1Ga gdN. We believe that the origin of

M. S. Jeong, Y.-W. Kim, J. O. White, E.-K. Suh, M. G. Cheong, C. S.
Kim, C.-H. Hong, and H. J. Lee, Appl. Phys. LeR9, 3440(2002).

the enhanced V-pit-related emission is due to the deep gap, . robins and D. K. Wickenden, Appl. Phys. LeTtl, 3841(1997).

states formed by ¥,.
Based on the available data, we proceed to propose

schematic energy diagram. The native shallow donor level

(native defect ) is responsible for the,}. of AlIGaN. At
the V pit, another level located at0.136 eV above the

133, Chichibu, A. Shikanai, T. Azuhata, T. Sota, A. Kuramata, K. Horino,
aand S. Nakamura, Appl. Phys. Le@8, 3766(1998.

JH. S. Kim, J. Y. Lin, H. X. Jiang, W. W. Chow, A. Botchkarev, and H.
Morkoc, Appl. Phys. Lett73, 3426(1998.

15D, W. Jenkins and J. D. Dow, Phys. Rev.3B, 3317(1989.

18T, L. Tansley and R. J. Egan, Phys. Rev4g 10942(1992.



