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Abstract Phase change memory (PCM) is considered a major candidate for next-generation memory due to its nonvolatile,
fast program access times, low consumable power. So far chalcogenide Ge,Sb,Tes (GST), as a traditional phase material, has
been widely adopted and investigated for PCM application. Recently, chemical mechanical planarization (CMP) of GST as a
key technique for confined structure has been applied in the fabrication of PCM. In this paper, research and development of
CMP for GST is reviewed firstly and the impact factors of down force, rotation velocity, polishing pads, and the slurry on the
GST CMP are discussed. For the mechanical parameter, the removal rate (RR) of GST increases with the increasing of pres-
sure and rotation velocity firstly, and then reaches saturation or slightly decreases. The gentle mechanical parameter is a bet-
ter choice for GST CMP due to its lower hardness. With regard to polishing pads, GST polished using Politex reg can attain a
better surface quality, and almost no residue and scratches can be found, compared with IC1010. The oxidizer of slurry, such
as HyO,, (NH,),S,04, KMnO,4 and FeCl; have a great influence on the GST performance, the oxidization capacity of each
element in GST alloy is different. Among these elements, Ge is preferentially oxidized, but Te is hard oxidized due to their
different electronegativity. RR strongly depends on the pH of slurry, it reaches high RR in the strong acidic and alkaline con-
dition. The stable species for GST in the slurries at pH 2 are GeO,, Sb,O; and Te both for the situations with and without
H,0,, while they are HGeO; , SbO; and TeO3 for those at pH 11. Usually, the GST polished follows a corrosion
polishing mechanism and cyclic reaction polishing mechanism in the different conditions. For corrosion polishing mecha-
nism, it involves the direct touching between the GST film and the abrasives of slurry. For the cyclic reaction polishing
mechanism, it involves passivation by an oxidized GST layer firstly, then mechanical polishing between the oxidized GST
surface and abrasives, and repassivation. Although the GST CMP process exhibits better electrical performance for the PCM,
it was very difficult to get the desirable GST CMP solutions due to the complicated GST material characteristics such as den-
sity, composition, doped component, and so on. The suitable slurry composition, optimal polishing process and suitable pol-
ishing pad need to be investigated further, especially below 30 nm complementary metal oxide semiconductor process
node.
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Figure 1 Sketch map of chemical mechanical planarization
(a) Macroscopical drawing, (b) Microcosmic cross-section
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Figure 2 GST CMP process using the confined structure of PCM
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Figure 3 Morphology of patterned wafer using different pads
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Te+2H,0,+20H = TeO3~ +3H,0
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1) Chemical reaction occurs among GST,
oxidizer and additives, partial GST dissolves.
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2) Residual GST is removed with the help of
abrasives and pad.

Abrasives Remained GST
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3) Repeat 1) and 2) steps until achieving our
target.

(a) Corrosion polishing mechanism
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Figure S The polishing mechanism of GST CMP
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1) Chemical reaction (passivation) between
GST and oxidizer in the slurry and corresponing
oxide byproduct
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2) GST oxide layer is removed with the help
of abrasives and pad.
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Abrasives GST oxide layer
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3) Repeat 1) and 2) steps until achieving our
target.

(b) Cyclic reaction polishing mechanism
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R EH AL, BN ZZNFRRAEEBORATLHA.

A, K, AT EAE R LSRR S BRI R
PRATR R, AT S, B R kT KA AR 21(973)
B RAER, ERIFRA 0 RIA T2 R A
RARHA. 0T KA B

References

[1] Carria, E.; Mio, A. M.; Gibilisco, S.; Miritello, M.; Grimaldi, M. G.;
Rimini, E. Electrochem. Solid-State Lett. 2011, 14, 124.

[2] Peng, H. K.; Cil, K.; Gokirmak, A.; Bakan, G.; Zhu, Y.; Lai, C. S.;
Lam, C. H.; Silva, H. Thin Solid Films 2012, 520, 2976.

[3] Baker, D. A.; Paesler, M. A.; Lucovsky, G.; Agarwal, S. C.; Taylor,
P. C. Phys. Rev. Lett. 2006, 96, 255501.

[4] Jeong, T. H.; Kim, R. M.; Seo, H.; Park, J. W.; Yeon, C. Jpn. J.
Appl. Phys. Part 1 2000, 39, 2775.

[5] Matsunaga, T.; Yamada, N. Jpn. J. Appl. Phys. 2002, 41, 1674.

Acta Chim. Sinica 2013, 71, 1111—1117



W F F R

[6] Yeung, F.; Ahn, S.J.; Hwang, Y. N.; Jeong, C. W.; Song, Y. J.; Lee,
S.Y.; Lee, S. H.; Ryoo, K. C.; Park, J. H.; Shin, J. M.; Jeong, W. C;
Kim, Y. T.; Koh, G. H.; Jeong, G. T.; Jeong, H. S.; Kim, K. Jpn. J.
Appl. Phys. 2005, 44,2691.

[7] Bae, J.; Lee, W.; Park, S.; Lee, J. D.; Hwang, L.; Nam, S. Interna-
tional Conference on Planarization/CMP Technology, Grenoble,
France, 2012, pp. 1~4.

[8] Zhang, K. L.; Liu, Q. B.; Song, Z. T.; Feng, S. L.; Chen, B. The 8th
International Conference on Solid-State and Integrated Circuit
Technology, 2006 (ICSICT, 06), Shanghai, China, 2006, pp. 821~
823.

[9] Zhong, M. Ph.D. Dissertation, Shanghai Institute of Micro-system
and Information Technology, Chinese Academy of Sciences, 2010
SZP;E‘, Wi X, PEEA MRS S BRI, L
i, 2010.)

[10] Kim, J. Y.; Suwon, S. US7682976B2, 2010 [Chem. Abstr. 2010,
150, 318962].

[11] Liu, Q. B.; Song, Z. T.; Zhang, K. L.; Wang, L. Y.; Feng, S. L. Chin.
Phys. Lett. 2006, 23, 2296.

[12] Schulueter, J. A.; Palmer, B. J. US7678605B2, 2010 [Chem. Abstr.
2010, /51, 47503].

[13] Liu, Z. US 2010/0112906 Al, 2010 [Chem. Abstr. 2010, 152,
558454].

[14] Cui, H.; Cho, J. Y.; Park, J. H.; Park, H. S.; Park, J. G. J. Electro-
chem. Soc. 2011, 158, H666.

Acta Chim. Sinica 2013, 71, 1111—1117

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[15] Park, J. H.; Cui, H.; Yi, S. H.; Park, J. G.; Paik, U. J. Mater. Res.
2008, 23, 3323.

[16] Zhang, Z. F.; Liu, W. L.; Song, Z. T. J. Vac. Sci. Technol. B 2011,
29,011020.

[17] He, A. D.; Wang, L. Y.; Song, Z. T.; Liu, B.; Zhong, M.; Yan, W.
X.; Li, T. J.; Feng, S. L. ECS J. Solid State Sci. Technol. 2012, 1,
179.

[18] He, A. D.; Song, Z. T.; Liu, B.; Zhong, M.; Wang, L. Y.; Lu, Y. G.;
Feng, S. L. Chin. Phys. B 2013, 22, 018503.

[19] Yan, W. X.; Wang, L. Y.; Zhang, Z. F.; He, A. D.; Zhong, M.; Liu,
W.L.; Wu, L. C.; Song, Z. T. Chin. Phys. Lett. 2012, 29(3), 038301.

[20] Cui, H.; Cho, J. Y.; Hwang, H. S.; Lim, J. H.; Park, J. H.; Park, H.
S.; Hong, K.; Park, J. G. J. Electrochem. Soc. 2010, 157, H1036.

[21] Zhong, M.; Song, Z. T.; Liu, B.; Feng, S. L.; Chen, B. J. Electro-
chem. Soc. 2008, 155, H929.

[22] Cho, J. Y.; Hao, C.; Park, J. H.; Yi, S. H.; Park, J. G. Electrochem.
Solid-State Lett. 2010, 13, H155.

[23] Yi, S. H.; Cho, J. Y.; Park, J. G. J. Electrochem. Soc. 2012, 159,
C546.

[24] Wang, L. Y.; Song, Z. T.; Zhong, M.; Liu, W. L.; Yan, W. X_; Qin,
F.; He, A. D.; Liu, B. Appl. Surf. Sci. 2012, 258, 5185.

[25] Wang, L. Y.; Liu, B.; Song, Z. T.; Feng, S. L.; Xiang, Y. H.; Zhang,
F. X. J. Electrochem. Soc. 2009, 156, H699.

[26] Cho, J. Y.; Cui, H.; Park, J. H.; Park, H. S.; Park, J. G. Electrochem.
Solid-State Lett. 2011, 14, H450.

(Cheng, B.; Lu, Z.)

http://sioc-journal.cn 1117




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


