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 Summary of Research Findings 

• Market size of SiC single crystals is 4 billion Yen in 2006 and expected to reach 5 billion Yen 
in 2007 
Currently, SiC single crystals are supplied only by Cree, Inc., a U.S. company. However, some Japanese 
companies including Nippon Steel have already started developing SiC. The SiC currently shipped is 
mostly used for R&D purpose, but the shipment volume has been growing in accordance with progress 
of R&D that is closer to the phase of commercialization. 

• Market size of GaN single crystals is 6 billion Yen in 2006 and expected to reach 12 billion 
Yen in 2007 
Basically, only one company, Sumitomo Electric Industries, is supplying GaN single crystals at this 
moment, but the demand is sharply increasing particularly for the blue-violet laser. 

• Forecast shows the market size of SiC single crystals will be 10.5 billion Yen in 2010 and 30 
billion Yen in 2015, and of GaN 29.7 billion Yen in 2010 and 57.5 billion Yen in 2015. 
Furthermore, markets of AlN (forecasted market size in 2015: 5 billion Yen) and ZnO 
(forecasted market size in 2015: 10 billion Yen) are expected to emerge. 
 
Both Japanese domestic and overseas electronic device manufacturers have activated their R&D for SiC 
electronic devices, triggered by the advent of high grade SiC single crystals. Especially, SiC is expected 
to start replacing Si for the use of high-voltage discrete components. The manufacturers have already 
started using GaN for some electronic devices other than LD and LED, and the number of such 
manufacturers seems to be gradually growing. Concerning AlN (Aluminum nitride) and ZnO (Zinc 
oxide), we have confirmed some manufacturers have already released products that AlN or ZnO is used 
for, and practical use of these materials is certainly becoming closer. 

Yano Research Institute has conducted a study on market trends and technology trends of the 
functional single crystals expected to grow in future, represented by SiC (silicon carbide) and GaN 
(gallium nitride). The functional single crystals researched could be broadly classified as
semiconductor crystals such as SiC and as wavelength conversion crystals for laser light (nonlinear 
optical crystals). Undoubtedly, these crystals will be playing important roles in application to the 
electronic devices and optical devices. 
 
1. Research items: 

 [Wide-gap semiconductor] SiC, GaN, AlN, ZnO, single-crystal diamonds, [Nonlinear optical crystal] 
ferroelectric crystals, wavelength conversion crystals, DAST, [Others] fluoride, scintillator, protein 
crystals 

2. Research targets: Major Japanese companies handling the research items listed above 
3. Research period: From June 2007 to September 2007 
4. Research methodologies: Primary methodology of face-to-face interviews with relevant personnel of

research target companies engaging in manufacturing and development of the above research items was 
employed, supplemented and reinforced by telephone interviews and email follow ups. 
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 Report format: 
Published report: “Emerging Functional Single Crystal Market ~ SiC, GaN, etc. ~” 
Issued in: March 2008 
Format: 104 pages in A4 format 
Price: 300,000 yen (15,000 yen of consumption tax will be additionally charged for sales in Japan.) 
 

 
 
 
 
 
 
 
 
 
 
 
 

 Research Background and introduction of the functional single crystals as research items 
 
The most popular crystal used for the semiconductor devices of the electronics field is silicon (Si). A huge 
market has already established for silicon and the substrates of over 400mm are already being 
manufactured. On the other hand, there are some other single crystals prospective for market growth with 
expansion of application to wider variety of devices as a result of recent R&D activities. Such crystals 
include AlN (aluminum nitride), ZnO (zinc oxide) and other optical crystals. 
 
Although these single crystals are expected to be used widely for substrates of electronic devices and 
optical devices, many of them are still staying on the stage just before the commercialization or mass 
production since technologies of substrate crystal growth, thin film growth and device formation have not 
fully established. 
 
With the background as described above, our focus in this study is on the single crystals that have future 
potential of market growth in spite of current immature markets. 
 
The functional single crystals as the target items could be classified as semiconductor crystals such as SiC 
and GaN and as wavelength conversion crystals (nonlinear optical crystals) of laser light. In the study 
report, we have also referred to some other single crystals including CaF2 that have recently shown 
remarkable technological development. 
 
 
 

Contacts: 
Shoji Hiei (E-mail: shiei@yano.co.jp) 
Electronics and Optics, Industry Technology Research Department 
Phone: +81-3-5371-6937 Fax: +81-3-5371-6966 

Description of Research 
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Classification Crystal Materials Method Application
Organizations Engaged in

Material Development
(Bulk crystals, Wafer)

SiC
(Silicon Carbide)

Sublimation method,
HTCVD, Solution
growth method

Light-emitting devices, Power
semiconductor devices

Cree, Nippon Steel, Showa
Denko, Sixon, Bridgestone,
TOYOTA Central R&D Lab,
HOYA, Sumitomo Metal
Industry, AIST, etc.

GaN
(Gallium Nitride)

HVPE method,
Solution growth method
(Na flux method,
Hydrothermal method,
etc.)

Light-emitting device, HEMT,
SIT

Sumitomo Electric Industries,
Hitachi Cable, Mitsubishi
Chemical, Furukawa, etc.

AlN
(Aluminum
Nitride）

HVPE method,
Sublimation method,
Solution growth
method, Flux method,

Ultraviolet light-emitting
devices, GaN substrates, High-
power and high-frequency
devices

Sumitomo Electric Industries,
Sumitomo Metal Industry, Toyoda
Gosei, NGK Insulators, Fujikura,
etc.

ZnO（Zinc Oxide）

Skull melting method,
CVT method,
Hydrothermal synthes
method

Light-emitting devices, GaN
substrates, Replacement of
ITO

Tohoku University, Tokyo Denpa,
etc.

Single crystal
Diamond

Plasma CVD method,
etc.

Electronic devices, etc. AIST, etc.

Ferroelectric
Crystal
（LiNbO３,
LiTaO3）

Crucible pulling method
Optics applications, Wavelength
conversion, QPM materials
(PPLN)

Oxide, Matsushita Electric
Industrial, etc.

Wavelength
Conversion
Crystals（LBO,
CLBO, etc.）

Crucible(Agitation
growth)

Optical materials, Wavelength
conversion

Oxide, Osaka University

DAST
Gradient method, Gel
growth method

Terahertz magnetic wave
generation, Electric field
sensors, etc.

Osaka University, Furukawa, etc.

Fluoride（CaF2, ,
etc.)

Bridgman method,  CZ
method(Crucible)

Optic materials (UV lenzes,
etc.), etc.

 Nihon Kessho Koogaku, Applied
Engineering, Tokuyama, Schott,
etc.

Scintillator Crucible pulling method
Radiation detection devices,
PET

Hitachi Chemical, Dai-ichi Kiden,
etc.

Protein Crystal
Vapor diffusion
method, Two solution
method

Analysis of protein structure Osaka University (SOSHO)

Wide band gap
semiconductor

Others

Nonlinear
optical crystals

Table. List of Functional Single Crystals Selected as Research Targets 
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 Current market scale of the functional single crystals 
 
All single crystals picked up in this study project still remain in the amount of between a few billion Yen 
to 10 billion yen in terms of market scale since the markets of these crystals are just emerging. 
Furthermore, the markets of AlN, ZnO, single-crystal diamonds, etc. have not even identified so far. 
 
As for SiC, the number of commercialized devices is limited at this moment, and most use is for research 
and development. With the progress of R&D closer to commercialization, however, demand has been 
constantly increasing. While the current major supplier of SiC is only Cree, Inc., a U.S. company, some 
Japanese companies including Nippon Steel have succeeded in commercializing SiC and started supplying 
even though the shipment volume is small. 
 
Major application of GaN is the substrates of blue-violet semiconductor laser (LD) to be used for the 
optical pickups of the next generation DVD, and the demand has been sharply growing since 2006 for this 
application. As of now, only Sumitomo Electric Industries is supplying most part of the demand. 
 
Certain scale of market is already established for the wavelength conversion crystals though the market 
scale is small at this moment. The market is expected to expand in future, however, in accordance with 
demand growth of the optical wavelength light laser and ultra-violet light laser used for the laser display 
devices, and with commercialization of new single crystals. 
 
 
 

Figure. Market Scale of Functional Single-Crystals 
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Table. Market Scale Forecast of Functional Single-Crystals (Worldwide Market)     (million Yen) 

 2006 2007 
(Projection) 

2010 
(Forecast) 

2015 
(Forecast) 

2020 
(Forecast) 

SiC 4,000 5,000 10,500 30,000 68,300

GaN 6,000 12,000 29,700 57,500 108,000

AlN - - 1,000 5,000 20,000

ZnO - - 500 10,000 50,000
Single-crystal 

diamond - - - - 5,000

Nonlinear optical 
crystal 2,000 2,400 3,000 5,000 10,000

Total 12,000 19,400 44,700 107,500 261,300

(Estimated by Yano Research Institute Ltd.) 
 
 

Figure. Market Scale Forecast of Functional Single-Crystals (Worldwide Market) 

 

107,500

44,700 

19,400 
12,000 

(Estimated by Yano Research Institute Ltd.) 

261,300 



<<
  /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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


