ENCAPSULATION ADHESIVES

ADVANCED TECHNOLOGY FOR KNOWLEDGE BASE
RESEARCH & INDUSTRY FACT SHEET

« SCOPE: Knowing which adhesives to use to protect sensitive IC’s and wirebonds can be a little bit of
a challenge! This article provides an overview of the options available to customers, and advises on
how to cure the adhesives, what the properties of the cured adhesives are, and the advantages and
disadvantages associated with the different options.

In the microelectronics industry, encapsulation adhesives are used solely to protect bare silicon and the
associated wire bonds. There are usually two adhesive sets to choose from — heat-cured or light-cured!
However, recent advances from Delo have combined the two curing mechanisms so that in certain instances,
it is more beneficial to use these newer adhesives.

Glob top

Dam & Fill, or Globtop!

The “globtop” process consists of dispensing an encapsulation
adhesive onto the top surface of the silicon and allowing it to form
into a dome that covers both the IC and the wirebonds. The
globtop is then cured, whether by heat or by light.

However, as ICs get bigger, the area to be protected also
increases, and then the dome becomes too high to control. In this
case, a “Dam & Fill” process is then used: a high viscosity
encapsulant adhesive is dispensed around the area to be
protected, forming a wall or “Dam”. A low viscosity, chemically-
compatible encapsulant adhesive is then dispensed into the central
area within the Dam, until the whole volume within the Dam is
covered — this is the “Fill” process.

Dam&Fill

As a general rule-of-thumb, Globtop is used for areas up to 2mm x 2mm, and then Dam & Fill takes over.

Heat-Cured Encapsulation Adhesives

Inseto’s heat-cured encapsulation adhesives are:
Globtop: DELO MONOPOX GE765

Dam: DELO MONOPOX GE785

Fill: DELO MONOPOX GE725 & GE727

The properties of these encapsulant adhesives are summarised here:



https://www.inseto.co.uk/wp-content/uploads/2019/06/MP-GE765-TDS.pdf
https://www.inseto.co.uk/wp-content/uploads/2019/06/MP-GE785-TDS.pdf
https://www.inseto.co.uk/wp-content/uploads/2019/06/MP-GE725-TDS.pdf
https://www.inseto.co.uk/wp-content/uploads/2019/06/MP-GE727-TDS.pdf

DELOMONOPOX

GE725 GE727 GE785 GE730 GE765
Application area fill fill dam glob top glob top
Color black
Filler content [weight %] | 65 80 68 65 67
Viscosity [mPas] _ 6,500 11,000 135,000 9,000 19,000
Processing time [h] 48 24 48 48 48
Curing conditions 45h @ +100°C or
until final strength 1.5h@ +125°C or

20 min @ +150°C

Tensile strength [MPa] 50 60 55 60 60
Elongation at tear [%] 0.5 0.5 0.5 0.7 0.7
Young’s modulus [MPa] 9,800 12,300 11,000 9,000 9,000
Glass transition temperature [°C] +178 +165 +182 +179 +186
;c:::f/i%ent of thermal expansion o5 11 29 o4 18
Water absorption [!veight %_] . 0.1 i
Halogen-free acc. to IEC 61249-2-21 @

Note: GE730 is no longer available.

1. Properties of the uncured adhesives

These adhesives come in a range of viscosities depending on the use for which they are designed: low-
medium viscosity for Globtop, low viscosity for Fill, and highly thixotropic materials for the Dam. They are
normally supplied in 30ml syringes, and dispensed using simple time / pressure systems on X-Y tables —
minimising capital expenditure. Because they need to be stored at -18C (and therefore shipped in dry ice),
30ml syringes need to be conditioned to room temperature for up to 60 minutes. Never force the thawing
process — this induces moisture into the syringe, potentially leading to voids when cured.

Some encapsulation adhesives need the substrate to be heated up to ~80C in order to improve the flowing
behaviour of the adhesives. This is not necessary with any of the Inseto materials. In addition, some Dam
materials have a relatively low minimum dispense height before they start to slump, especially at the start of
the curing process when heat is first added. With the GE785 from Inseto, this is not an issue — tests in the lab
have shown that this adhesive is stable up to a height of at least 7mm, and heights of 3mm are standard in
production environments.

2. Curing method

These adhesives cure over a wide temperature range: 100C to 180C. Picking which temperature to use will
be decided by the materials being protected, and the throughput / cycle time required. The minimum cure
temperature is 100C, but the adhesives then need 4.5 hours to cure (not including the time it takes for the
adhesive to reach the required temperature). At the opposite end of the scale, they can be cured at 180C for
approximately 10 minutes (again, not including heating-up time). Most applications will fall somewhere in
between the two — a typical cure schedule is 150C for 20 minutes. Because the speed of cure can have an
effect on the properties of the cured adhesive (too fast and stresses can be induced into the adhesive and
materials being protected), for some very thin applications using 100C can actually be very beneficial,
despite the long cure time.

3. Properties of the cured adhesives



https://www.inseto.co.uk/wp-content/uploads/2019/06/MP-GE785-TDS.pdf

Heat-cured encapsulation adhesives offer the highest reliability of all materials. The properties of Inseto’s
family of heat-cured anhydride epoxies for Globtop and Dam & Fill are summarised here:

e Standard operating temperature range: -65C to +180C
e Glass transition temperature (Tg): >170C

e Coefficient of Thermal Expansion (CTE): <25ppm

e Decomposition temperature: >300C

e lonically pure: <10ppm Na, CI, K

e Excellent chemical resistance

e JEDEC MSL Level 1

¢ RoHS/REACH Compliant

The Tg is very important for High Rel applications in the military and automotive markets, as cycling multiple
times across the Tg during the operation of the end-product can have serious repercussions on the lifetime of
the part. Every time the Tg is crossed the adhesives softens or hardens slightly, which imparts stress into the
adhesive.

Equally important is the CTE, as there are usually multiple CTE’s in a typical assembly (FR4 or ceramic
substrate, die attach adhesive, IC, wirebonds, and encapsulation adhesive). Therefore, having a CTE that is
as close as possible to the CTE’s of the constituent parts also helps minimise stress, due to the fact that the
finished device contracts and expands with (sometimes severe) changes in temperature. The graphic below
shows the range of CTE’s possible in a typical application, and illustrates the issues of wire breakages:

Encapsulant epoxy resin 17 — 250

Bond wire Au /Al 14/23
Chip Si 4
Bond pad Cu 16

PCB FR4 / ceramic 10-20/1-3

Because the majority of these adhesives are used to protect bare semiconductors, it is important that any
outgassing from the adhesive is kept to a bare minimum. All the encapsulation products in the Inseto range
of materials meet this requirement, with measured ionic impurity levels of <10ppm.

As well as protecting the IC and wirebonds from physical damage, encapsulant adhesives also must be able
to withstand a wide range of chemicals, including water (one of the most difficult substances to protect
against!). Inseto’s encapsulants all meet the highest level of moisture resistance, JEDEC’s MESL 1 standard.
A phenomenon known as popcorning can happen and cause catastrophic device failure. If moisture gets into
the encapsulant, it can expand during hot temperature cycling and cause the adhesive to bubble. If this gets
too extreme, the bubbles “pop”, just like popcorn!

Equally important is the adhesives resistance to a range of chemicals, e.g. those encountered in the
automotive industry — oil, petrol, AdBlue, diesel, etc. The illustration below shows just how chemically
resistant these adhesives are:
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Light-Cured Encapsulation Adhesives

The overall purpose of light-cured encapsulants is the exact same as heat-cured encapsulants: to protect the
IC and the wirebonds. The major difference is that the light-cured adhesives do not meet the highest
reliability properties of the heat-cured adhesives, so they are used in less demanding applications such as
Smart Card manufacture.

Inseto’s heat-cured encapsulation adhesives are:

Globtop: DELO KATIOBOND 4670
Dam: DELO KATIOBOND_DF698
Fill: DELO KATIOBOND 4670 (4670 is suitable for both Dam & Fill and Globtop)

1. Properties of the uncured adhesives

The Dam is highly thixotropic and therefore must be dispensed from a large volume (800Gm) cartridge.
Therefore a pressure tank plus a simple pinch valve must be used with this adhesive, using an X-Y table to
manoeuvre the substrate. The Fill is available in 1,000ml bottles, so a pressure tank is required for this also.
However, unlike the heat-cured encapsulants, the light-cured ones need only to be stored in cool conditions,
at <10C. So significant savings can be made on transport (dry ice) and storage containers.

2. Curing method

intensity LED lamps must be used, as sunlight will only harden the adhesives
and will not provide any bond strength. Cure times are <20 seconds at an N
intensity of 160mW/cm?. While there is extra investment required for the LED ”‘_
lamps (<£10K), the significant advantage of light-curing over heat-curing is

process time. For medium to high volume applications, the added cost of

These adhesives are cured by UVA light between 320nm to 400nm. High : &' E



https://www.inseto.co.uk/wp-content/uploads/2019/06/KB-4670-TDS.pdf
https://www.inseto.co.uk/wp-content/uploads/2019/06/KB-DF698-TDS.pdf
https://www.inseto.co.uk/wp-content/uploads/2019/06/KB-4670-TDS.pdf

dispensing equipment and LED lamps is soon recouped, and process time and cost is significantly cheaper.

3. Properties of the cured adhesives

While light-cured encapsulation adhesives do not offer the same “highest reliability” that is achieved with the
heat-cured adhesives, they are suitable for all other applications.

Light-Fixed, Heat-Cured Encapsulation Adhesives

In keeping with other very recent developments in the

field of dual-curing adhesives, a light-fixing component

has been added to the heat-cured matrix of the High Rel
encapsulants to enable fixing in place of the

encapsulation adhesive, followed by a subsequent

(mandatory) heat cure of the adhesive. This prevents

ANY movement of the encapsulant, whether it is Globtop -
or Dam & Fill, between the initial dispensing process and

the hardening of the adhesive.

The curing process is a combination of the two already outlined: UV flash on the surface for 5 seconds at
200mW/cm?, and then oven cure at 150C for 30 minutes. Comparisons against the existing GE725 Fill show
no degradation in chemical resistance:
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Conclusions

For optimum protection for bare semiconductors over extended periods of time in the most demanding
applications, the best option is to use heat-cured encapsulation adhesives. They offer significant advantages
over light-cured products, and are easier to process (if not as quick!). For less demanding applications, and
where volumes are so high that very short cycle times are required, then light-curing the adhesives offers a
significantly better choice.

New developments, both recent and in the near future, that combine the best of both worlds, should also be
considered.





<<

  /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



