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Abstract: Current progress in the development of semiconductor technology in applications involving high electron
mobility transistors (HEMT) and power devices is hindered by the lack of adegquate ways todissipate heat generated
during device operation. Concurrently, electronic devices that use gallium nitride (GaN) substrates do not perform
well, because of the poor heat dissipation of the substrate. Suggested aternatives for overcoming these limitations
include integration of high thermal conductivity materia like diamond near the active device areas. This study will
address a critica development in the art of GaN on diamond (GOD) structure by designing for ideal heat

dissipation,

in order to create apathway with the least therma resistance and to improve the overal ease of

integrating diamond heat spreaders into future electronic devices. This research has been carried out by means of
heat transfer simulation, which has been successfully demonstrated by a finite-element method.
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Fig. 1. Therma simulation of power GaN devices on silicon
substrate with and without 20 pm diamond insertion layer.
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Fig. 2. Schematic view of GOD structure for finite element
simulation model.
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Table 1. Types of materials and thickness for finite element
simulation models.

Table 2. Therma conductivities of various materials applied in
simulation.

No Material Thickness Total thickness

(um) (um)
Silicon 0.1

Model 1 0.4
SO, 0.3

Model 2 Dielectric 0.1 0.1
Silicon 0.1

Model 3 0.11
SiOCy 0.01
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Material Wim-K)

GaN 130
Silicon adhesion layer (model 1) 148
SiO; (model 1) 15
Dielectric adhesion layer (model 2) 0.6
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Silicon supportive substrate 148
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Table 3. Generated mesh information in simulation.

No Nodes Elements
Model 1 289335 64359
Model 2 279379 62990
Model 3 300334 65906
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Fig. 3. Temperature distribution with different simulation models. -
(@ Modd 1, (b) model 2, and (c) model 3. a8 5
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Fig. 4. Totad heat flux with different simulation models. (a)
Mode 1, (b) model 2, and (c) model 3.
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Fig. 5. Temperature distribution along the vertical position (-Y
direction) of the different simulation models.
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Table 4. The results of simulated temperature at adhesion layer
of the different simulation models.

Begin End AT
No . o 9
() () ()
Mode 1 61.95 30.44 3151
Model 2 47.46 34.36 131
Model 3 36.77 36.75 0.02

Adurisol 2dg
g B&s] & 4
|M = ALui7iSe
v vlus) & o &
o 29 3(ug)e A
d=H, ¢ukst 712
| tholot=E Fat
geld 4 Qloh
85°C)et Azl 7|H
SIS ARt
= = O & 4oA EX0
oe 19 4 guivisolMel 2= spgol 31.51°C
£ Bt} ol o] ALuWNSS Sst] ook
As oulsty HERo| Fo] mRAoR AFEHE ¥
Fom Foldth. yrdHo] n®l 39 HLe RTAPL
0.02°Coll Zutgde=z o] HoE Alef glo] Fol A}
AAHA GARo|A viE] A 7]87HR] Hlukd
= % & A olg & AollA Agket GOD &7}
7189 o #x0 Hls] Hold €¥E siE 7
e As Yultt
4. 4 E
=0l AHAAZ Qs AAAIEY A+tet T
o] O =2 A== 7jH {29 Avr Y
5] AlPEln ot 53], =2 Hs2 TUHsk= GaN
EX& 0|83t GaN on diamond®9] F1x9] =Q o]
&= 9l
2 =roMe 2&80lH ol ARl FYAE Heh
GOD x9] UAIQIS A¢stal 1 melo] A of
Mg vl Gristdoh Aad g FPE=9] Aolz
Qlsto] Fwritgol Febx|7] wizo] '8 4t



A7 1A & ste]l=wA], AI30d A5 pp. 270-275, 2017'd 54:

off
o
1o
g
_@.
22
1o
4
A
0
>
D)
I-O
o
=
()
ol
o
=]
ng
> ok
ok

)
1o
Jp
fu)
for
ju
i)
]

P 4
4
rlr
ﬂ
i)
1o
>
]
=

o o > fob

ol

ol
ne

T

z
e
Ral
o
i)
o,

ok
M
ok ©
2
fo
i)
]

ZAre| 2

o] =22 20l6WE AR (L8H)o RjPoz sH
AL AAFY(2010-0020089)Q] Ao

REFERENCES

[1] A. Moore and L. Shi, Mater. Today., 17, 163 (2014).
[DOI: https://doi.org/10.1016/j.mattod.2014.04.003]

[2] J. Pomeroy, M. Bernardoni, D. Dumka, D. Fanning, and
M. Kuball, Appl. Phys. Lett., 104, 083513 (2014). [DOI:
https://doi.org/10.1063/1.4865583]

[3] M. Rabarota, J. Widieza, S. Saadab, J. Mazellierc, C.
Lecouveya, J. Roussing, J. Dechampa, P. Bergonzob, F.
Andrieuc, O. Faynotc, S. Deleonibusc, L. Claveliera, and

o

P
2
ol

275

J. Rogerdl, Diamond Relat. Mater., 9, 796 (2010). [DOI:
https://doi.org/10.1016/j.diamond.2010.01.049]

[4] J. C. Kim, Processing and Characterization of Diamond
Surfaces for Wafer Bonding Applications, p. 15, University
of Florida, Gainesville (2015).

[5] SP3, The Solution to High Power Density Thermal
Management,  http://mww.sp3di amondtech.com/pdf/ganonsod. pdf
(2008).

[6] S. Duangchan, Y. Uchikawa, Y. Koishikawa, B. Akiyoshi,
K. Nakagawa, S. Matsumoto, M. Hasegawa, and S.
Nishizawa, Proc. 2015 |EEE 65th Electronic Components
and Technology Conference (ECTC) (IEEE, Cdifornia,
USA, 2015). [DOI: https://doi.org/10.1109/ECTC.2015.
7159590]

[7] J. Pomeroy, M. Bernardoni, A. Sarua, A. Manoi, D. Dumk,
D. Fanning, and M. Kubal, Proc. Compound
Semiconductor Integrated Circuit Symposium (CSCS (IEEE,
Cdifornia, USA, 2013). [DOI: https://doi.org/10.1109/CSICS.
2013.6659210]

[8] S. Fong, A. Sood, L. Chen, N. Kumari, M. Asheghi, K.
Goodson, G. Gibson, and H. Wong, J. Appl. Phys., 120,
015103 (2016). [DOI: https.//doi.org/10.1063/1.4955165]

[9] L. Qiu, Y. Li, X. Zheng, J. Zhu, D. Tang, J. Wu, and C.
Xu, Int. J. Thermophys., 35 76 (2014). [DOI:
https://doi.org/10.1007/s10765-013-1542-8]

[10] P. Chao, K. Chu, and C. Creamer, Proc. CS MANTECH
Conference (CS MANTECH, Louisiana, USA, 2013).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


