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Abstract  
 Integrating compound semiconductors with silicon 
CMOS has been critical for the success of the commercial 
wireless communications industry, especially at 
macroscopic integration nodes (board-level, MCM, etc). 
With continued scaling of system bandwidth and power 
requirements, RF and mixed-signal microsystems can 
benefit from 2.5D and 3D heterogeneous integration 
techniques with finer size and pitch interconnects. 
Chemical-mechanical-polishing (CMP) becomes a critical 
tool for these interconnects. We outline our findings 
during development of CMP processes on compound 
semiconductor substrates (InP and SiC) substrates, and 
present measurement results from integrated parts. 
Developments include: CMP polishing of SiO and metals 
(Cu and W); and controlled wafer thinning of bonded InP 
and Si wafers to <10 m final thickness. 
 
INTRODUCTION  
 
 II-V integration with Si CMOS technologies has been a 
key enabler of analog and mixed-signal circuit technologies 
[1]. As the Si CMOS industry drives toward 2.5D and 3D 
integration solutions, compound semiconductor technologies 
will require solutions for fine-pitch heterogeneous 
integration. Our work to utilize Direct Bond Interconnect ® 
[2] for 3D wafer stacking required chemical-mechanical-
polishing (CMP) development on compound semiconductor 
wafers [3]. We will outline our process development on 
indium phosphide (InP), and silicon carbide (SiC) substrates 
and show finished device integration results from the process. 
 
PROCESS DEVELOPMENT AND RESULTS 
 
 Chemical-mechanical-polishing (CMP) is used 
extensively in semiconductor substrate manufacturing and 
CMOS device fabrication [4]. Back-end-of-line (BEOL) 
wiring environment processing of integrated circuits leaves 
wafers with non-planarities, affecting photolithography and 
maintaining consistent controlled impedance transmission 
lines. The Si CMOS industry embraced CMP to tackle this 
problem, whereas III-V foundries have typically implemented 

spin-on-dielectrics with planarizing properties, such as 
polyimide and benzocyclobutene (BCB).  
 Fig. 1 shows a schematic cross-section of the 4-level BCB-
based interconnect process used for Teledyne’s InP HBT 
process. Thin-film transmission lines in the technology can be 
accurately modeled and have been demonstrated in the 
technology for circuit demonstrations at frequencies up to 700 
GHz.  Compared to silicon back-end-of-line processes that 
utilize extensive CMP processes, the BCB-based process 
offers a relatively simple process flow with a low cost of 
ownership.  
 3D heterogeneous integration using wafer stacking and the 
DBI process requires highly planar substrates, ultra-smooth 
oxide surfaces, and the ability to CMP interconnect metals. 
To maintain benefits of our existing BCB based BEOL 
process, a copper (Cu) damascene process was developed on-
top of the interconnect stack. Major challenges in this 
development included: inter-level dielectric peeling, wiring 
interconnect peeling, wafer edge dielectric delamination, and 
InP scratching, which can lead to wafer breakage. Fig. 2 
shows an example of interconnect delamination near the edge 
of an InP wafer after SiO2 CMP. 
 Solutions to these challenges included lowering the CMP 

downforce during oxide polishing, changing wiring 

 
 
  Fig. 1 Schematic cross-section of Teledyne’s 4-
level BCB-based interconnect stack. 
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interconnect density rules, improving the BEOL wiring stack 
adhesion to the substrate, managing BEOL wiring stack 
material accumulated stresses, and keeping the wafer edge as 
uniform as possible. In order to planarize SiO2 for wafer 
bonding, given the lack of planarity in the lower Au/BCB 
levels, multiple sequences of SiO2 depositions and polishes 
may be required. Fig. 3 shows an example of an InP wafer 
after SiO2 CMP using the optimized processes. With these 
processes 3D DBI integration of InP to Si CMOS was 
successfully demonstrated with good heterogeneous 
interconnect yield and no degradation in the performance of 
native substrate devices [3].    
 In addition to InP-to-CMOS integration, InP HBTs have 
been integrated with GaN HEMT devices on SiC substrates 
through 3D integration. To maintain a thermal path from the 
HBTs to the SiC substrate, a two-transfer process was 
implemented that keeps the HBTs face-up and allows heat 
transfer through a thinned InP substrate. This process required 
a via-first process prior to InP HBT fabrication. Tungsten (W) 

metal was used for the through-substrate via (TSV) and W 
CMP on InP substrates for TSVs utilized many of the same 
development heuristics from InP/SiO2. Given the relative 
fragility of the InP substrates, scratching during CMP 
becomes problematic. Alleviating scratching included 
minimizing large-area TSV features, and controlling wafer 
bow during CMP by optimizing tungsten metal deposition 
processing and thickness. Fig. 4 shows a cross-section of a 
completed InP wafer back-to-front bonded to GaN. The InP 
was thinned using grinding and CMP. 

 
CONCLUSIONS 
  
 Development of CMP processes on compound 
semiconductor substrates may require modifications to the 
interconnect wiring BEOL. Applying these changes without 
sacrificing intrinsic device performance will not only enable 
fine-pitch heterogeneous integration, but also can enhance the 
baseline BEOL properties. 

 
 

  Fig. 2 Image showing local interconnect 
delamination on InP substrate with poorly 
optimized SiO2 CMP process. 

 
 

Fig. 3 InP HBT wafers after SiO CMP polish on-top 
of BCB-based interconnect stack using optimized 
process. 

 
 

Fig. 4 Cross-section of 3D integration of InP HBT and 
GaN HEMT using DBI process with tungsten TSVs in 
InP layers. 



 

 

 
ACKNOWLEDGEMENTS 
  
 This work was supported by the Defense Advanced 
Research Projects Agency (DARPA), under the AFRL 
contract No. FA8650-13-C-7313. Program support from Dr. 
Timothy Hancock (PM DARPA), and Dr. Robert Fitch 
(AFRL). The views, opinions, and/or findings contained in 
this article are those of the authors and should not be 
interpreted as representing the official views or policies of the 
Department of Defense or the U.S. Government 
 
 
 
 
REFERENCES 
 
[1] D. S. Green et.. al,"Path to 3D heterogeneous integration," 

2015 International 3D Systems Integration Conference 
(3DIC), Sendai, 2015, pp. FS7.1-FS7.3. 

 
[2] P. Enquist et. al. “Low cost of ownership scalable copper 

direct bond interconnect 3D IC technology for three 
dimensional integrated circuit applications,” Proceedings 
2009 IEEE International Conference on 3D System 
Integration, San Francisco, CA, Oct. 2009 

 
[3] A. D. Carter et al., "Q-band InP/CMOS receiver and 

transmitter beamformer channels fabricated by 3D 
heterogeneous integration," 2017 IEEE MTT-S 
International Microwave Symposium (IMS), Honololu, 
HI, 2017, pp. 1760-1763. 

 
[4] M. Krishnan, J.W. Nalaskowski., & L.M. Cook. 

“Chemical mechanical planarization: slurry chemistry, 
materials, and mechanisms.” Chemical reviews, 110(1), 
178-204. 



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /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



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all odd numbered pages
     Trim: none
     Shift: move left by 9.00 points
     Normalise (advanced option): 'improved'
     Keep bleed margin: no
      

        
     D:20190408122050
      

        
     -4
     1
     0
     0
     Full
     1076
     347
    
     QI2.9[QI 2.9/QHI 1.1]
     Fixed
     Left
     9.0000
     -0.3456
            
                
         Odd
         5
         AllDoc
         5
              

       CurrentAVDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     0
     3
     2
     2
      

   1
  

 HistoryList_V1
 qi2base



