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ABSTRACT

The effect of slurry composition and wafer flatness on a material removal rate (MRR) and resulting surface roughness which are
evaluation parameters to determine the CMP characteristics of the on-axis 6H-SiC substrate were systematically investigated. 2-inch
SiC wafers were fabricated from the ingot grown by a conventional physical vapor transport (PVT) method were used for this study.
The SiC substrate after the CMP process using slurry added oxidizers into slurry consisted of KOH-based colloidal silica and nano-size
diamond particle exhibited the significant MRR value and a fine surface without any surface damages. SiC wafers with high bow value
after the CMP process exhibited large variation in surface roughness value compared to wafer with low bow value. The CMP-
processed SiC wafer having a low bow value of 1im was observed to result in the Root-mean-square height (RMS) value of 2.747 A

and the mean height (Ra) value of 2.147 A.
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Table 1. Recipe of CMP Process (1)
Test 1-1 Test 1-2 Test 1-3 Table 4. Surface Roughness(1) by AFM
KOH-based colloidal silica (120 nm, 3L) & H,0, (5 vol%) Test 1-1 Test 1-2 Test 1-3
Shurry Dia slurry Dia slurry Dia slurry Measuring
(100nm30ml) (100 nm,60 ml) (100 nm, 120 ml) points  Center  Edge  Center  Edge  Center  Edge
Wafer 2” SiC wafer Ra[A] 3558 3.799 3895 3.171 3939 3.822
Pad SUBA 800 RMS[A] 4578 5.011 5.043 4070 5.133 5.089
Slurry flow rate [ml/min] 150
Platenhead speed [rpm] 100 / 80 After CMP Test 1-1 Test 1-2 Test 1-3
7
Pressure [g/em’] 800 Meas.mt‘lng Center FEdge Center Edge Center Edge
Working time lh pom
] Ra[A] 2409 2478 2152 2.187 2550 2.654
Table 2. Recipe of CMP Process (2) RMS[A] 3.045 3.187 2712 2767 3273 3365
Test 2-1  Test 2-2  Test 2-3
KOH-based colloidal silica [ et Tt Centes T
Slurry (120nm, 3L) & H,0, (5 vol%) & 9 : \’
. " e ~
Diamond slurry(100 nm, 30 ml) S N 4 W
Wafer 2” SiC wafer - = — -
estl-2 Center Test1-2 Bdge Testl-2 Center Test1-2 Edge
Pad SUBA 800 ‘ "
N 28 8 N ZB0 I >
Flatmess value (BOW/ 51,15 15 8331633 -15.04/23.28 28 N N2 D24
GBIR) [um] - ' -
Slun-y ﬂOW e [m]/mm] 150 Test1-3 Center Testl 3 Edge Test1-3 Center Testl 3 Bdge
Pl h 1 t.‘ -
aten / head speedz[rpm] 00 / 80 \\v/ 4 \\ >
Pressure [g/cm”] 800 - :
Working time lh Fig. 1. Surface morphology (1).
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Fig. 2. OM analysis after molten KOH etching.
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Table 5. MRR after CMP Process (2)

Test 2-1 Test 2-2 Test 2-3
Weight [g/h] 0.0006 0.0006 0.0007
Thickness [nm/h] 92 92 107
Table 6. Flatness Values after CMP Process (2)
Test 2-1 Test 2-2 Test 2-3

Flatness value [um] BOW GBIR BOW GBIR BOW GBIR
-031 12.12 -8.33 16.33 -15.04 23.28
-049 11.78 -8.72 15.52 -15.76 23.24
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Table 7. Surface Roughness(2) by AFM
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Before CMP Test 2-1 Test 2-2 Test 2-3
Meas.urmg Center Edge Center Edge Center Edge
points
Ra[A] 3.878 4.125 4.140 4.009 3.808 3.535
RMS[A] 5342 5423 5763 5254 5.763 4491
After CMP Test 2-1 Test 2-2 Test 2-3
Meas.unng Center Edge Center Edge Center Edge
points
Ra[A] 2.193 2.174 2679 2204 3225 2561
RMS[A] 2790 2.747 3385 2.828 4.200 3.317

Fig. 3. Flatness images of polished SiC wafer.
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Fig. 4. Surface morphology (2).

Test2-3 Center

Test2-3 Edge




CMP 3o Zejeish Sl 3

o AtshAlQl H0,% 7t thojohi % ge) ¥ =
HAaHA CMP A Fste] sh9uw &4 H9]9
AAR =} ZRAA7IE] AN %m”u, ol AP
oA me F9 ZUAL7] ANAEE dotrsltt. to
oh2E | dg 2k Aol thololrEZe o
Fol F7HEFE A=A R ] Fgo] Helde A
B 4 A3t ole 71AIA At H%Ol A skelwd
EFE BT o AAGA IS 2 la} oawo}fﬂu}
o] dddMe EeEE Al~9~o}°4
o} A5HFEHAA7|(RMS) 2.712 A2 m% oiu}, 37
3 o)y A wEt CMP 7kl PRl 9FE Yot
¥ A3} Bow %3 GBIR #hol 2+ J4S 7HA= do]
H7t 7Pl ok Y T2l Tkl 2AAAT] 3
Aol H= AL HYon, Bow #ol -031ume 7=
ol# 9] A4 AnkE &% 0.6 mghel ASHHEHA L7
(RMS) 2.747 A9l #& AAUTE dlolH el do] 253
35 7P F97t A Felel vl w2 AR
7F o Bol AMEE & & & AUtk

Fdol SiC ol #HFE

Aol nX= e 315
REFERENCES

1. C. L. Neslen, W. C. Mitchel, and R. L. Hengehold “Effects
of Process Parameter Variations on the Removal Rate in Chemical
Mechanical Polishing of 4H-SiC,” J. Electron. Mater., 30
[10] 1271-75 (2001).

2. L. Zhou, V. Audurier, P. Pirouz, and J. A. Powell “Chemo-
mechanical Polishing of Silicon Carbide,” J. Electrochem.
Soc., 144 [6] L161-L163 (1997).

3. H. J. Lee, B. Y. Park, H. S. Lee, S. H. Jeong, and H. D.
Jeong, “The Effect of Mixed Abrasive Slurry on CMP of
SiC Substrate,” Material Science Forum., 569 133-36 (2008).

4. V. D. Heydemann, W. J. Everson, R. D. Gamble, D. W. Snyder,
and M. Skowronski, “Chemi-Mechanical Polishing of On-Axis
Semi-Insulating SiC Substrates,” Mater. Sci. Forum., 457
805-8 (2004).

5.Y. S. Jeong, H. J. Kim, J. Y. Choi, and H. D. Jeong, “The
Effect of Slurry Rate and Temperature on CMP Characteristic,” .J.
Kor. Soc. Pre. Eng., 21 46-52 (2004)

A 434 A|45.(2011)




<<
  /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


