Applied Physics
Letters

Characterization of pit formation in lll-nitrides grown by metalorgani
chemical vapor deposition
H. K. Cho, J. Y. Lee, and G. M. Yang

Citation: Appl. Phys. Lett. 80, 1370 (2002); doi: 10.1063/1.1454215
View online: http://dx.doi.org/10.1063/1.1454215

View Table of Contents: http://apl.aip.org/resource/1/APPLAB/v80/i8
Published by the American Institute of Physics.

Additional information on Appl. Phys. Lett.

Journal Homepage: http://apl.aip.org/

Journal Information: http://apl.aip.org/about/about_the_journal
Top downloads: http://apl.aip.org/features/most_downloaded
Information for Authors: http://apl.aip.org/authors

ADVERTISEMENT

Gooorellow

metals « ceramics « polymers « composites
K ¥ 70,000 products
o 11 450 different materials
"wwwigobdfellowlisa.dcom M8 small quantities fast

Downloaded 18 Apr 2013 to 143.248.118.122. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://apl.aip.org/about/rights_and_permissions


http://apl.aip.org/?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/963608503/x01/AIP-PT/Goodfellow_APLCoverPg_041013/Goodfellow.jpg/6c527a6a7131454a5049734141754f37?x
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=H. K. Cho&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=J. Y. Lee&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=G. M. Yang&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1454215?ver=pdfcov
http://apl.aip.org/resource/1/APPLAB/v80/i8?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://apl.aip.org/about/about_the_journal?ver=pdfcov
http://apl.aip.org/features/most_downloaded?ver=pdfcov
http://apl.aip.org/authors?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 80, NUMBER 8 25 FEBRUARY 2002

Characterization of pit formation in Ill-nitrides grown by metalorganic
chemical vapor deposition

H. K. Cho® and J. Y. Lee”
Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology,
373-1 Gusong-dong, Yusong-gu, Daejon 305-701, Korea

G. M. Yang
Department of Semiconductor Science and Technology and Semiconductor Physics Research Center,
Chonbuk National University, Duckjin-Dong, Chunju 561-756, Korea

(Received 31 October 2001; accepted for publication 18 Decembep 2001

Pit formation in lll-nitride heterostructures such as InGaN/GaN and AlGaN/GaN grown by
metalorganic chemical vapor deposition was characterized by transmission electron microscopy.
The pit formation related with V defects has been reported in the InGaN/GaN multiple quantum well
with high In composition[Appl. Phys. Lett.79, 215 (2001)]. In this letter, we found that the
mechanism of pit formation strongly depends on the indium and aluminum compositions in
In,Ga N and ALGa, N layers, respectively. By increasing the indium composition, the origin of
pits is changed from the vertex of threading dislocations to the stacking mismatch boundaries
induced by stacking faults and the three-dimensional island growth at the initial stage due to the
large lattice mismatch. By increasing the aluminum composition, the origin of the pits also varied
from the surface undulation due to the elastic misfit strain to the vertex of threading dislocations. In
addition, several inversion domains observed in Il nitrides result in pit formation in the surface of
films. © 2002 American Institute of Physic§DOI: 10.1063/1.145421]5

Nitride alloys(GaN, AlGaN, and InGaNare promising zontal metalorganic chemical vapor deposition reactor oper-
semiconductors which have applications in both electroniating at low pressure. Trimethylgallium, trimethylindium, tri-
devices operating at high temperature, high frequency, anthethylaluminum, and ammonia were used as the source
high power and optical devices including light-emitting di- precursors for Ga, In, Al, and N, respectively. In order to
odes in the blue-green and ultraviolet wavelength regfon. analyze the effect of the strain on the mechanism of pit for-
For InGa N and ALGa N layers grown on GaN, an in- mation in Ill-nitrides, thick InGa, 4N layers(~800 A) were
crease in the indiuntln) and aluminum(Al) compositions grown at temperatures ranging from 830 {G,,=35%) to
may inevitably cause misfit strains in films. Beyond a critical 880 °C (x,,=10%) and thick ALGa N layers(~1000 A)
thickness, several structural defects such as misfit dislocavere grown at 1040 °C after growing the Si-doped underly-
tions, stacking faults, V-shaped pits, etc., are generated biyig GaN layer of~2 um thickness at 1080 °C. The In and
plastic relaxatiorf. However, also at smaller thicknesses, Al compositions in the IgGa_,N and ALGa N layers
elastic relaxation may be induced by the formation of is-were 10%, 13%, 19%, and 35% and 16%, 25%, 44%, and
lands, surface undulation, etc., as observed in InGaP/InAsBA4%, respectively. Also, in order to investigate the effect of
Ing 7/Ga »AS/INGaAs, SiGe/Si, and so dn® inversion domains on pit formation in lli-nitrides, the

Recently, we reported two models of the formation of MQWSs composed of ten periods of InGaN/GaN were grown
V-shaped pits in InGaN/GaN multiple quantum wells on a GaN buffer layer of~2 um thickness, and the Mg-
(MQWSs) with high In compositior. Also, the undesirability doped AlGaN layer and the 50 periods superlattice of AlIGaN
and the effect on the emission properties of these pit$Mg-doped/GaN were grown or-plane sapphire substrates.
were previously demonstrated by transmission electron In order to characterize the pit formation of IllI-nitrides,
microscopy  (TEM), cathodoluminescence, and TEM specimens were prepared in cross section ajatag0]
photoluminescencg®® For the suppression of pit formation, zone axis using Tripod mechanical polishing followed by
therefore, a clear understanding of the mechanisms of plbw temperature Ar ion milling at 4.5 kV in a Gatan DuoMill
formation is needed and the microstructure of the pits ob660 DIF with sector speed control. The ion energy was
served in various llI-nitride films grown on sapphire sub- gradually reduced during the final stages of thinning to mini-
strate must be evaluated in detail. In this work, we investi-mize the surface damage of samples. Bright-fi@&) im-
gated the pit formation originating from different sources inages and high-resolution TENHRTEM) images were re-
InGaN/GaN and AlGaN/GaN heterostructures with variouscorded on a JEOL JEM-2000EX TEM at 200 kV and JEOL
In and Al compositions using TEM. JEM-3010EX at 300 kV.

All samples were grown og-plane sapphire substrates Figure 1 shows the cross sectional BF TEM micrographs
with a nominal 25 nm thick GaN nucleation layer by a hori- from the InGa, _,N layers grown with various In composi-
tions on the GaN buffer layer. The theoretical critical In com-

aElectronic mail: chohk@kaist.ac.kr position on the formation of the misfit dislocation of the
YElectronic mail: jylee@mail kaist.ac.kr ~800 A InGa,_,N grown on GaN layers is less than 5%,
0003-6951/2002/80(8)/1370/3/$19.00 1370 © 2002 American Institute of Physics
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FIG. 1. Cross sectional BF TEM images usigyg 0002 from the InGa, N
layers grown with the In composition ¢&) 10%, (b) 13%, (c) 19%, and(d)
35% on the GaN buffer layer. The dashed lines indicate tf@adn ,N/GaN
interface.

below which the InGaN layers show coherent grthh. FIG. 3. Cross sectional BF TEM images usirgg=0002 from the
AlL,Ga, N layers grown with the Al composition @) 16%, (b) 44%, and

Therefore, _We expect the In composition of aIL(BBl—XN (c) 54%. (d) HRTEM image obtained from the dashed rectanglédin The
layers studied here to have a value more than the critical l@ashed lines indicate the /8a _,N/GaN interface.

composition on the formation of the misfit dislocation. For

Ing 1Gay N/GaN, no structural defects such as misfit dislo-gacking faults and stacking mismatch boundaries formed at
cations, stacking faults, pits, etc., were observed within thgne initial growth stage of InGalfFig. 2(b)], that is, colum-

Ing 1Gay oN layer. With a further increase in the In composi- nar structures including stacking faults. To relax the large
tion of the InGa N layer (x,,=13%), the V-shaped pits |attice mismatch between JaGa, N and GaN, the initial

are generated to relax the stored misfit strain, as reportegh ,.Ga, .\ layer was grown with the morphology of three-
previously’** It has been reported that a V-shaped pit iSgimensional3D) faceted island A high density of stack-
always connected with a threading dislocation from the GaNng faults is clearly seen in the islands and the boundaries
buffer layer at the bottom and only a small fraction of the hetween subgrains by islands are visible like the growth of a
threading dislocations causes the formation of the V-shapegaN nucleation layer grown on sapphire substtafehere-

pits in the InGaN layers and the InGaN/GaN MQW<. fore, we think the pits in the WpGa N/GaN sample are

However, the density of V-shaped pits in the 1§5%8N  caused by such a 3D growth due to the lattice misfit at the
layer in Fig. Xc) has a larger value than the threading dislo-jnjtial growth of the InGaN layer.

the formation of V-shaped pits in the InGaN with high In the |nGa, N grown on the GaN buffer layer into three
composition has a different origin, as reported previously fornodels as shown in Figs.(@, 4(b), and 4c). For the
the InGaN/GaN MQW systenfsWe reported that in the | Ga, N layer with low In composition, pits are generated
InGaN/GaN MQWs with high In compositiof~30% In  at the vertex of threading dislocatiofiig. 4@]. For the
composition, most of the V-shaped pits are generated fromjp G, N layer with medium In composition, pits are
stacking mismatch boundaries induced by stacking féults.maimy generated from the stacking mismatch boundaries in-
Although the 1. 1{58.6:/N/GaN used here has an In compo- quced by stacking faultgFig. 4(b)]. A further increase in In
sition of less than 20%, the part of V-shaped pits originate;omposition of the 1pGa N layer results in the 3D island
from stacking mismatch boundaries induced by stackingyrowth at the initial stage and pit formation at the continuous
faults due to the increased InGaN layer thicknsg. 2a)]  growth [Fig. 4(c)].
compared to the InGaN/GaN MQW. ForglgGa N/ GaN, To investigate the effect of Al composition on pit forma-
V-shaped pits with a density of more than'16m™? are  ion, cross sectional BF TEM micrographs from the
observed on the surface. Unlike the pits in thea| Ga _ N layers grown with various Al compositions on
Ing.1dG&.5:N/GaN sample, the fusGay e\ regions with flat  the GaN buffer layer were obtained as shown in Fig. 3. The
(0001 top surfaces between pits have a large number ofneqretical critical Al composition on the formation of the
misfit dislocation in the~1000 A AL Ga,_,N layer grown
on GaN layers is less than 15%No pits are detected in the
AlLGa N layers with up to 25% Al composition. Only
stacking faults and cracks in the AlGaN layers are observed
due to the misfit strain and the thermal coefficient difference,
respectively(not shown. For the A}, 4Ga, sdN/GaN sample,
however, the surface of the M Ga, s\ layer shows many
pits that are not associated with structural defects such as
threading dislocations, stacking faults, and sq Bigs. 3b)
and 3d)]. The size of these pits is very small, an average
diameter of 7 nm and an average height-e8 nm, com-
HG. 2. () HRTEM i biained from the dashed rectangle in Fig. 1 pared to that of pits in InGaN layers grown on Gaf°It is

. 2. (g Image obtaineda rrom the aashed rectangle in . H H H H
The_ (_)bserved V-shap_e(? pit has a_stacking faultG0l) planesgin its lower Ee“eveq that the formation of pits .m MZ‘G%B&I/GaN can .
position. (b) HRTEM image obtained from the §aGay e\ on the GaN e ascribed to the surface undulation by the increased elastic
buffer layer. misfit strain as observed in 11I-V and II-VI semiconductor
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FIG. 4. Schematic models for pit formation related wiy a threading
dislocation observed in InGaN/GaN and AlGaN/GaN heterostruct(isges,
stacking mismatch boundary induced by stacking faults @ndhe 3D is-
land growth at the initial stage observed in an InGaN/GaN heterostructure,
and (d) the surface undulation due to the elastic misfit strain observed in an
AlGaN/GaN heterostructure.

FIG. 5. Cross sectional BF TEM images usipg 0002 showing pit forma-
tion originating from inversion domain fo@) the InGaN/GaN MQW and
(b) the Mg-doped AlGaN layer(c) Cross sectional BF TEM image using
system¢:® The pit density is more than bcm 2 in the  g=0002 for the superiattice of AlGalMg-doped/GaN showing pit forma-
surface. On the other hand, misfit dislocations are generatédt§n by IDs observed near the surface.
at the interface of the Ak,Gay.4dN/GaN sample in order to |and growth, surface undulation, and IDs depending on In
plastically relax the stored misfit strain as shown in Fig)3  and Al compositions.
Also, V-shaped pits associated with threading dislocations at
the their bottoms are observed like InGaN/GaN heterostruc-  This work has been supported by the Ministry of Science
tures. These V-shaped pits have an open hexagonal, invertéédd Technology of Korea through the National Research
pyramid with{1011} sidewalls®*° Laboratory Program in Korea.
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er_atgd by. the. surface undulation due to the S_torEd ela‘Stlg’H. K. Cho, J. Y. Lee, C. S. Kim, G. M. Yang, N. Sharma, and C. J.
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