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Plasma Treatment during  
Fan-out Wafer-Level and Fan-out Panel-Level 

Semiconductor Packaging  
Maximizes Performance and Optimizes Costs 

 

By Al Bousetta, Director of Marketing, MARCH Products, Nordson Electronics 
Solutions 
 
In recent years, there has been an increased focus on fan-out wafer-level packaging 
(FOWLP) due to the smaller packaging size requirements for smartphones and handheld 
electronic devices. FOWLP (and fan-out panel-level packaging or FOPLP) is the process 
where known good die (KGD) from the original silicon wafer are selected and accurately 
attached to a wafer or panel-size substrate, over-molded with an epoxy compound, and 
then cured to create what is called a reconstituted wafer. Plasma treatment is needed to 
ensure that the surface is contamination-free, for surface treatment to aid the attachment 
process, and to remove photoresist or other organic residues. 

There are two options for accomplishing the FOWLP/FOPLP process. In the mold-first 
option, the dies are attached to a film and then molded. Once the dies are molded, the 
supporting film is removed and redistribution layers (RDL) to fan-out interconnections from 
the die to selected regions outside the die area are formed. The second option is “RDL first”, 
where the redistribution layers are formed on a carrier before the dies are attached. In this 
process flow, a laser debonding process is used to separate the carrier from the 
reconstituted wafer. The final steps for both options are wafer- or panel-level bumping and 
singulation. 

Figure 1 shows the “RDL-first” process flow and the steps where plasma treatment is 
needed. In this flow, the first plasma treatment is applied after the RDL patterning process 
to remove photoresist residues (descum process) and induce surface hydrophilicity for the 
Cu plating process. The next plasma treatment step is before the die attach process to 
make sure the surface is contamination-free before the dies are attached. Once the dies 
are attached, a plasma treatment is applied in the pre-molding step to prepare and activate  
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Figure 1: “RDL-First” Process Flow in FOWLP/FOPLP 

 

the surface to improve the mold adhesion and the flow of the mold material around the 
attached dies. After the molding step, another plasma treatment is applied to remove 
sacrificial layer residues left after the debonding of the wafer from the carrier. The same 
plasma treatment is used for the cleaning of metal pads and lines and the removal of organic 
and oxide contamination to improve adhesion of bumps to under bump metallization (UBM). 

There are additional steps where plasma treatment is applied, such as in the reduction 
of stress for very thin substrates, the removal of fluorine and organic residues, and copper 
oxide reduction. 
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One key driver for panel-level packaging in the advanced packaging world is the lower 
cost achieved by increasing the panel size, so more die can be attached and packaged. 
Currently, high-volume manufacturing for FOWLP is mostly based on 200 and 300mm 
wafers. It is estimated that if the industry moves to next-gen panels (>470mm size), the cost 
savings will more than double. However, there are challenges with large panel processing, 
such as induced stress and warpage, so this is still being researched and may take time to 
move to high-volume production. In addition, some wafers are extremely thin or warped, so 
they must be mechanically supported by a variety of frames and sizes.  

To address the challenge of handling these 
carriers and treating such thin wafers a variety of 
system configurations are available and are being 
developed. The SPHERE™ Series plasma treatment 
systems are capable of handling 300mm wafers, 
300mm wafers on a supporting frame, and large 
panels for FOWLP/FOPLP. The StratoSPHERE™ 
system handles 200mm and 300mm wafers as well 
as 200mm wafers on a frame. For much larger wafers, 
the MesoSPHERE™ system has a larger chamber 
which handles thin 300mm wafers on a frame and 
larger panels up to 480mm x 480mm in size. Recently, 
our team of engineers developed a system with a 
much larger plasma chamber that can provide plasma 
treatment for panels as large as 650 x 650mm. The 
system is currently under evaluation at one of our 
customer sites. 

No matter what the wafer size, the system should provide key plasma treatment 
performance requirements. The SPHERE systems provide a patented three-axis 
symmetrical plasma chamber to ensure that all areas of the wafer or panel are treated 
uniformly and provide exceptional etch uniformity and process repeatability, achieving 
>95% wafer-to-wafer uniformity and >90% within-wafer uniformity. Depending on the 
plasma recipe conditions, such as electrode configuration, power and processing time, 
average etch rates with >3000 Å/min are achieved. 

Tuning is another aspect of plasma control that must be considered, as it helps increase 
productivity and lower packaging costs. MARCH's SMART Tune™ management system 
maintains performance through closed-loop plasma control that optimizes the RF system 
and minimizes tuning time. 

Figure 2: MesoSPHERE™ 
plasma treatment system 
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Figure 3: Plasma Confinement Ring 

To maximize plasma control and effectiveness, a unique plasma confinement 
technology is incorporated in the plasma chamber. It uses a plasma confinement ring with 
the same diameter as the wafer to isolate plasma distribution directly above the wafer. The 
confinement ring turns a square plasma chamber into one configured for wafers. The ring 
concentrates and focuses the plasma directly over the wafer to speed up the etching 
process, provide uniform plasma coverage, and to isolate the plasma on the wafer itself 
rather than the area around or below it.  

Using the confinement ring there is a free conduction path between the upper and lower 
electrodes in the wafer region, but no conduction path in the adhesive tape, used to secure 
the wafer and the wafer frame area. The ring is not made of a carrier material, while the 
plasma conduction path is aluminum to aluminum only in the wafer area. Because there is 
no plasma generation or plasma to the bottom of the wafer and adhesive tape, undercutting 
and delaminating are minimized and there is no sputtering. 

Process temperatures can be kept low because the ring increases etch rate capability 
without increasing the electrode temperature or adding bias to the chuck. An innovative 
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handling system transfers round or square substrates and frame or bonded carriers. The 
modular design allows capacity increase on a per plasma chamber basis while equipment 
front end module (EFEM) integration supports from 1 to 4 plasma chambers. 

Key applications for plasma treatment of fan-out wafer level or panel level  
packages are: 

• Cleaning of the substrate or panel surface to make sure it is contamination-free 
before the die attach process 

• Surface preparation and activation in the pre-molding process to greatly 
improve mold adhesion 

• The removal of sacrificial layer residues post wafer de-bonding 
• Descum or removal of photoresist residues and pre-treatment to induce surface 

hydrophilicity for the Cu plating process 
• The cleaning of metal pads and lines 
• Treatment prior to die bumping to reduce organic and oxide contamination and 

improve adhesion of the bumps to the under-bump metallization (UBM) layer. 

Larger wafers will be part of the semiconductor mix in the not-too-distant future, and 
with them, the need for plasma treatment of fan-out wafer level and fan-out panel level 
packages. In the meantime, quality requirements are dictating the need for plasma 
treatment of all wafers in the advanced packaging process. It’s best to find a system that 
can meet today’s needs without compromising future requirements. 

 

Thank you for reading.   
Join us in social media for the latest news and events. For more information, 
contact us at info@nordsonmarch.com or visit the website at 
www.nordsdonmarch.com. 
 

MARCH Products - Nordson Electronics Solutions 
2470-A Bates Avenue 
Concord, California 94520-1294 U.S.A. 
Phone: 925.827.1240 
 



<<
  /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


