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Abstract Compositionally graded AlGaN epilayer was grown by HVPE (hydride vapor phase epitaxy) on (0001) c-plane
sapphire substrate. During the growth of graded AlGaN epilayer, the temperatures of source and the growth zone were set
at 950°C and 1145°C, respectively. The growth rate of graded AlGaN epilayer was about 100 nm/hour. The changing of Al
contentes was investigated by field emission scanning electron microscope (FE-SEM) and energy dispersive spectroscopy
(EDS). From the result of atomic force microscope (AFM), the average of roughness in 2 inch substrate of graded AlGaN
epilayer was a few nanometers scale. X-ray diffraction (XRD) with the result that the AlGaN (002) peak (Al,,,Ga,,,N) and
AIN (002) peak were appeared. It seems that the graded AlGaN epilayer was successfully grown by the HVPE method.
From these results, we expect to use of the graded AlGaN epilayer grown by HVPE for the application of electron and
optical devices.
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Fig. 1. Schematic diagram of HVPE system.
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Fig. 3. Images of graded AlGaN epilayer (a) optical microscope image of 2 inch graded AlGaN epilayer (b) cross-sectional SEM
image of the graded AlGaN epilayer (c) AFM image.
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Fig. 4. Linescan EDS measurement result of the cross-sec-
tional SEM image of the graded AlGaN epilayer depend on
distance.
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Fig. 5. 2theta-omega XRD measurement result of the graded AlGaN epilayer grown on the sapphire substrate. (a) From 20 to 80
degree. (b) From 34 to 38 degree. (c) From 73 to 80 degree.



Characterizations of graded AlGaN epilayer grown by HVPE 49

(a) sample #008
41.66 A0z (006) graded AlGaN
on sapphire substrate

36.02 AIN(002)

background

Intensity [cps]

50 60 70
2-Theta/Omega [degree]
(b) 36.05 AIN(002)  sample #008

35.76 AlGaN
Al content: 79%

FWHM 970 arcsec graged AlGaN
on sapphire substrate

35.56 AlGaN
Al content : 66%

l

Intensity [cps]

I M/\\ A

.
36 37 38
2-Theta/Omega [degree]

lipAl ﬂ
34 35

Fig. 6. XRD measurement result of the graded AlGaN epil-
ayer grown on the sapphire substrate. (a) From 20 to 80 degree.
(b) From 34 to 38 degree.

(002yH0l] thal 20014 80° WSS 22703 2theta-omaga
XRD IIAHHE e Z 22 36.05%14 AIN (002)
AR AR Zieot 7P s E1E o+ AU
Fig. 6(b)oIXE 36.05%]4 (002) A7gHe] g XRD
=4 AAZA 36.05°9 9% oA 35569 Al =
66 % FZeF 35.76°¢] Al 24 79% A7t A=y
ATh WA o] AHARHFE graded AlGaN 3] Z-o]

AEd A A 2 7 dee Fdsisinh

4.2 E

HVPE A7 WEo= 291%] (0001) Algfolo} 7139
Oﬂ graded AlGaN ¥ skt 54 Ga &4
2 Al Yol 2sle] Al A9 WHIle xEEoH,
iic'éQM 259 A% 9o &%= 7Hzt 950°Cet
1145°C2 dA&H o= 3 719 AlGaN oF]Fo] 435
2tk FE-SEM =43} EDS 3o =2RE AAZ9] Al
HelE SRRl oem, XRD 574 2342 FH Al 24
< (002) AlGaN o759 5= 1= A=} FA A&
ZOo=® (002) AIN oHFe] H=7t 1AL} o=
Bhle] =0l Alato]o] 7]:42&3?_151 Al ZA)o] AHRAA
o2 Wilsle ou]ES HVPE APaos 93-S
s, o] A%z TEJ ket 3 9 AxpAARe] &
go] 7|tEt}.

ZAlel =

B ATe AR AGLR7 SN EAR] @A S
10037416, 31%F LED €371&X9 7= @ 4183}
7o s Add A7,

o

References

[1] S. Nakamura and G. Fasol, “The blue laser diode”,
(Springer, Berlin, 1997) 3.

[2] YJ. Yu, M.Y. Ryu, PW. Yu, D.J. Kim and S.J. Park,
“Optical investigation of InGaN/GaN quantum well
structures with various barrier widths”, J. Korean Phys.
Soc. 28 (2001) 134.

[3] JH. Chen, Z.C. Feng, H.L. Tsai, J.R. Yang, P. Li, C.
Wetzel, T. Detchprohm and J. Nelson, “Optical and
structural properties of InGaN/GaN multiple quantum
well structrure grown by metalorganic chemical vapor
deposition”, Thin Solid Films 498 (2005) 123.

[4] HM. Kim, J.S. Choi, J.E. Oh and T.K. Yoo, “Cathodo-
luminescence characterization of GaN thick films grown
by using the HVPE method”, J. Korean Phys. Soc. 37
(2000) 956.

[5] S.L. Hwang, K.H. Kim, H.S. Jeon, C.H. Lee, S.H.
Hong, I.H. Heo, M. Yang, H.S. Ahn, S.W. Kim, S.C.
Lee, I.S. Cho, W.T. Lim, J.H. Lee and S.K. Shee,
“Characterization of a SAG-InGaN/AlGaN LED by
mixed-source HVPE with a multi-sliding boat system”,
J. SID 16, 4 (2008) 541.

[6] M. Kim, M.J. Shin, H.S. Jeon, H.S. Ahn, S.N. Yi, S.C.
Choi, S.G. Lee, Y.M. Yu and N. Sawaki, “Crystal orien-
tation of GaN nanostructures grown on AlLO; and
Si(111) with a Zr buffer layer”, Jpn. J. Appl. Phys. 51
(2012) 1.

[7] Z.C. Feng, “IlI-Nitride semiconductor materials” (World
Scientific, Singapore, 2006) 1.

[ 8] Z.C. Feng, “IlI-Nitride semiconductor materials” (World
Scientific Singapore, 2006) 17.

[9] LS. Seo and S.J. Lee “The role of AIN buffer layer in
Al,Ga, N/GaN heterostructures with x from 0.35 to 0.5
grown on sapphire (0 0 0 1)”, J. Cryst. Growth 241
(2002) 297.

[10] D. Tsvetkov, Y. Melnik, A. Davydov, A. Shapiro, O.
Kovalenkov, J. B Lam, J.J. Song and V. Dmitriev,
“Growth of submicron AlGaN/GaN/AlGaN heterostruc-
tures by hydride vapor phase epitaxy (HVPE)”, Phys.
Stat. Solidi (c) 188, 1 (2001) 429.

[11] S. Nakamura, M. Senoh, S. Nagahama, N. Iwasa, T.
Yamada, T. matsushita, Y. Sugimoto and H. Kiyoku,
“InGaN-based multi-quantum-well-structure laser
diodes”, J. Appl. Phys. Lett. 70 (1997) 14.

[12] S. Rajan, S.P. DenBaars, U.K. Mishra, H. Xing and D.
Jena, “Electron mobility in graded AlGaN alloys”, J.
Appl. Phys. Lett. 88 (2006) 1.

[13] E.C. Yong, F. Wu, A.E. Romanov, D.A. Haeger, S.
Nakamura, S.P. Denbaars, D.A. Cohen and J.S. Speck,
“Compositionally graded relaxed AlGaN buffers on
semipolar GaN for mid-ultraviolet emission”, J. Appl.



50

[14]

[15]

[16]

[17]

[18]

C. Lee, H. Jeon, C. Lee, 1. Jeon, M. Yang, S.N. Yi, H.S. Ahn, S.-W. Kim, Y.M. Yu and N. Sawaki

Phys. Lett. 101 (2012) 9.

P. Das, N. Halder, R. Kumar, S.K. Jana, S. Kabi, B.
Borisov, A. Dabiran, P. Chow and D. Biswas, “Graded
barrier AlIGaN/AIN/GaN heterostructure for improvved
2DEG carrier concentration and mobility”, Electron
Mater. Lett. 10, 6 (2014) 1087.

A. Able, W. Wegscheider, K. Engl and J. Zweck,
“Growth of crack-free GaN on Si (111) with graded
AlGaN buffer layers”, J. Cryst. Growth 276, 3 (2005)
415.

D. Guojian, G. Liwei, X. Zhigang, C. Yao, X. Peigiang,
J. Haigiang, Z. Junming and C. Hong, “Characteristics
of GaN grown on 6H-SiC with different AIN buffers”,
J. Cond. 31, 3 (2010) 3.

L.W. Kumar, V. Piner, E.L. Adesida and L. Ilesanmi,
“DC, RF, and microwave noise performance of AlGaN-
GaN field effect transistors dependence of aluminum
concentration”, IEEE Trans. On Electron Devices. 50, 4
(2003) 1069.

S. Oktyabrsky, Y. Nishi, S. Koveshnikov, W.E. Wang,

[19]

[20]

[21]

N. Goel and W. Tsai, “Materials and technologies for
I11-V MOSFETs”, Fundamentals of III-V Semiconduc-
tor MOSFETs (2010) 195.

Y.L Hsiao, Y.J. Wang, C. Chang, Y.C. Weng, Y.Y. Chen,
K.W. Chen, J.S. Maa and E.Y. Chang, “Investigation of
the low-temperature AlGaN interlayer in AlGaN/GaN/
AlGaN double heterostructure on Si substrate”, Appl.
Phys. Lett. 7, 11 (2014) 1.

S.G. Jung, H.S. Jeon, GS. Lee, S.M. Bae, W.I. Yun,
K.H. Kim, SN. Yi, M. Yang, H.S. Ahn, S.W. Kim,
Y.M. Yu, S.H. Cheon and H.J. Ha, “The properties of
AlGaN epi layer grown by HVPE”, J. Korean Cryst.
Growth Cryst. Technol. 22 (2012) 11.

K.H. Kim, K.S. Jang, S.L. Hwang, H.S. Jeon, W.J.
Choi, M. Yang, H.S. Ahn, S.W. Kim, Y. Honda, M.
Yamaguchi, N. Sawaki, J. Yoo, S.M. Lee and M. Koike,
“Fabrication of SAG-AlGaN/InGaN/AlGaN LEDs by
mixed-source HVPE with multi-sliding boat system”,
Phys. Stat. Solidi (c) 4 (2007) 29.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


