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The properties of AlGaN epi layer grown by HVPE
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Abstract The AlGaN layer has direct wide bandgaps ranging from 3.4 to 6.2€V. Nowadays, it is becoming more
important to fabricate optica devices in an UV region for the many applications. The high quality AlGaN layer is
necessary to establish the UV optical devices. However, the growth of AIGaN layer on GaN layer is difficult due to the
lattice mismatch and difference therma expansion coefficient between GaN layer and AlGaN layer. In this paper, we
attempted to grow the LED structure on GaN template by mixed-source HVPE method with multi-siding boat system. We
tried to find the optical and lattice transition of active layer by control the Al content in mixed-source. For the growth of
epi layer, the HCl and NH; gas were flowed over the mixed-source and the carrier gas was N,. The temperature of source
zone and growth zone was stabled at 900 and 1090°C, respectively. After the growth, we performed the x-ray diffraction
(XRD) and €eectro luminescence (EL) measurement.

Key words Hydride vapor phase epitaxy (HVPE), AlGaN, Light emitting diode (LED), x-Ray diffraction (XRD), Electro
luminescence (EL), Double heterostructure (DH)
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Fig. 1. The schematic of multi-diding boat with mixed-source.
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Fig. 2. The SEM images of double heterostructure grown on undoped-GaN.
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Fig. 3. The results of XRD measurement of AlGaN active
layer by change the Al compositon.

Table 1
The transition of Al composition, lattice constant and wavelength
by change the Al content

Al X-ray diffraction Lattice Al

contents ang?(}e/(OOOZ) constant of composition Wavelength
©  (degred) cais(A) (%) (nm)

0 17.38 5.185 0 435

01 17.43 5.143 0.152 420

04 17.49 5127 0.285 410

0.6 1752 5117 0334 390
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Fig. 4. The EL spectra by change the Al contents.
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Fig. 5. The trandtion of Al composition and wavelength by
change the Al contents.

£ 410nm, 0.6¢2] Alo] H71=9S wol= 390 nmell
A iR AERS BT SFERA HolRo] Al
o] 7ol Vs g ae] dupgo g olFs
£ A48 23 AR 0.6g F713E Aol EL 2
FHol A= 430 nm F-2ollA oFke] peakt HAET &
AollA GaNE FAFO=E 7HAl= DH EL =472
7} peake] 435 nmellA] Hel Fo g ulFo] E uw GaN
o] pesko 2 F=EH A4E AlGaN ol Alo] &
A wEEA Fape] FREHORE GaNzb 7] W&
¢l Zlog F5dr olyd ZoRFE mFo] & of
TFaEYE o83t AlY] gHlE 2d-o] hssl
Hout AlGaNe| #d=g flsiie Ale] Aeh 24
H7F Fasittal Azt

Aol Al FEF wisle] whe degubge] wist
o} Al 244] WslE Fig. 5 JepiICh Fig. 59 4
HEFE S| Atk Al TS 2
2 A4 AlGaNZe] Al 2duls 24 & F 3o
o)) TR gebd EgE 2-o] s Rl

k)

4.4 E

7122l HVPER €8 Ga 53 Al 52 33
3l &2 HVPEHS 2 undoped-GaN/AlLO,
7137 9o AlGaNTS 743ttt 4= % 1090°Cell
A 4 Ga 2093 #4 Al9] 7S 0.19~0.6 g7HA]
zAste] At A3E A8 XRD S48 F3
AZPT e A4S F AT o|2HE A AlGaN
=o0| wurtzite +2Y& golslga EkAA0 Al S
ol F7Kgl et APt w3k},
Vegard H32S o]&al AlGaN=olA Ale] ZAH|S +
g AReHl, AlgHgo] STKEE /g8 B3k St

5O
aagks

S Wtk WREAS W) 98] AAE EL 23S
B3 Ale] o] F71ESE W= oUA|7F Tt
o] dgapgo] FolFe o 4 ST I AAERR
B, 71¥9] HVPEYe] obd &g HVPERS |8
s Ale] 248 Bt gGA 28 4 L 29w
2 sk gl Wege] rhed S R HHE
o] LED &AE A = IS Aoz 7|ygjHt.

1

HAlel =2

B AFE AR GAE AL 7S A A S
10037416, 31 LED §571&A1Y 7[a= 2 A8}
7o 2 AQ9E A9,

2 0 2 3

[ 1] Motoaki lwaya and Shinji Terao, “ Suppression of phase
separation of AlGaN during lateral growth and fabrica-
tion of high-efficiency UV-LED on optimized AlGaN”",
Journal of Crystal Growth 237-239 (2002) 951-955.

[2] A.A. Allerman and M.H. Crawford, “Growth and design
of deep-UV (240~290 nm) light emitting diodes using
AlGaN dloys’, Journal of Crystal Growth 272 (2004)
227.

[3] I.-S. 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 sgpphire (0 0 0 1)", Journd of Crysta
Growth 241 (2002) 297.

[4] T. Namazu and S. Inque, “Characterization of single
crystal silicon and electroplated nickel films by uniaxia
tensile test with in situ X-ray diffraction measurement”,
Fatigue Fract. Engng. Mater. Struct. 30 (2007) 13.

[5] A. Krost and J. Blasing, “Nearly strain-free AlGaN on
(0 0 0 1) sapphire: X-ray measurements and a new crys-
tallographic growth model”, Journal of Crystal Grwoth
221 (2000) 251.

[6] A. SH. Hussein and Z. Hassan, “Effect of Al mole frac-
tion on structural and electrical properties of Al,Ga, _, N/
GaN heterostructures grown by plasma-assisted molecu-
lar beam epitaxy”, Applied Surface Science 257 (2011)
41509.

[7] H. Ashraf and JL. Weyher “Thick GaN layers grown
by HVPE: Influence of the templates’, Journa of Crys-
tal Growth 310 (2008) 3957.

[8] B. Lucznik and B. Pastuszka, “Deposition of thickGaN
layers by HVPE on the pressure grown GaN sub-
strates’, Journal of Crystal Growth 281 (2005) 38.

[9] Yamina Andre and Agnés Trassoudaine, “Low disloca
tion density high-quality thick hydride vapour phase
epitaxy (HVPE) GaN layers’, Journal of Crystal Growth
306 (2007) 86.

[10] ST. Kim and Y.J. Lee, “Preparation and properties of
free-standing HVPE grown GaN substrates’, Journal of
Crystal Growth 194 (1998) 37.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


