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Thermal Interface Materials

Thermal Interface Materials (TIMs) are used to
efficiently transmit heat from an area of high
thermal energy to an area of lower thermal energy.
These materials are often used to conduct heat
away from a temperature sensitive device, or to
transmit thermal energy to a device that is being
thermally tested. More efficient materials enable
the cooling of higher power devices. In portable
applications, better TIMs are required for reducing
thermal resistance and miniaturizing forced cooling
systems, which will in turn lead to increased
battery life.

Key Properties and Terms
TIMs come in a variety of forms and each form
has its advantages and drawbacks. (Please

refer to What is a Thermal Interface? application
note.) There are many considerations to take

into account when choosing a TIM for your
project. Among the possibilities are greases,
gels, dispensable adhesives, thermal tapes, pads,
phase change materials, and solders. Ideally,

the material used has high thermal conductivity;

it forms intimate contact with the device and the
heat sink surfaces, and it has the compliance to
accommodate the difference in thermal expansion
between the two surfaces. Further, the material
cannot degrade over the life of the assembly.

To be effective a TIM combines properties to
minimize the total interface resistance. High
conductivity (200-420 W/m°C) materials, like
copper, silver, aluminum and gold, maximize
thermal conductivity, but do not flow into intimate
contact because of the relative lack of compliance
so the interface resistances are very high and the
overall performance is poor. In contrast, lubricants
and wetting agents provide intimate contact with
the device surfaces, but fail in TIM applications
due to poor thermal conductivity and instability
during the operation life cycle.

Grease

Thermally conductive greases are commonly

used to attach heat sinks to CPUs in personal
computers. These greases are designed to

flow into the surface imperfections, minimizing
the interface resistance. Thermal greases are
emulsions of ceramic (e.g., alumina, boron
nitride) or metal particles (e.g., aluminum, silver)
in an organic or silicon fluid. The emulsion
particles increase the thermal capacity and
provide body to minimize flow out of the interface.
Despite the improvements, the bulk thermal
conductivities of the greases are very low (1-4
W/m°C) so the contact layer must be very thin.
Grease TIM is relatively less expensive than other
alternatives. Unfortunately, in service with high
temperatures or extensive thermal cycling, the
thermal greases have suffered from drying out or
voiding from pumping out of the interface.

Gels

Gels are similar to thermal grease with a few
differences. The gel material is cured to form
cross-linked polymer chains, this provides lateral
stability to minimize the problem associated with
liquid TIM materials. Gels are reusable, although
they generally have a slightly lower thermal
conductivity than thermal grease.

Adhesives, Tapes, and Pads
Thermal interface pads are pre-formed materials
that can be compressed between the heat generator
and the heat receiver. Pads are either electrically
conductive or non-conductive, based on application.
They may also be supplied with adhesive, although
an adhesive layer often complicates future
disassembly of the thermal package.

Tapes and adhesives are used to provide a

better thermal interface while also securing

the component and heat sink. This bond can

be unreliable though, and may also need to be
supplemented by mechanical attachment. Pads are
generally thicker than tapes and adhesives because
the added thickness helps to fill larger gaps.
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Phase change materials are applied as a
thermally conductive pad. The phase change
materials have compositions that transform

from a solid at room temperature to a mixture

of solid and liquid phases at various operating
temperatures. The liquid from the mixture makes
intimate contact with the surfaces of the device
and heat sink while the solid retains the integrity
of the gap. At this temperature the phase
change material is able to act like a thermal
grease, allowing it to form a thinner bond-line.
Excess liquid should then flow to the perimeter of
the interface and solidify so it remains away from
other components.

Solder

Thermal solders are very attractive because they
have high thermal conductivities (30-86 W/m-°C).
Various metal alloys can be ideal for use as a
thermal junction, although each will offer different
mechanical and thermal properties. The key

to using solder TIMs is to reduce voiding during
reflow, which may be an iterative process. Unlike
other materials used for thermal interfacing, solder
voids will not propagate later during use due to
pump out or migration. This important property
assures a higher end-of-life performance.

Thermal solders provide the best physical
connection of all TIMs. Using solder eliminates
the issue of bleed-out from the thermal greases
while providing very good adhesion. This
mechanical attachment is a particular advantage
when external clamping is not feasible. To take
advantage of these properties, interfaces and the
assembly are designed to ensure proper wetting
of the device surfaces, which minimizes voiding.

Solder Alloy Selection

Thermal expansion of components in a thermal
assembly may stress solder TIMs. For this
reason, brittle alloys should not be used as
thermal interface materials. Bismuth containing
alloys are especially poor choices because of
their low thermal conductivity and brittle nature.

Au/Sn alloys handle stress well, although they
may not be soft enough for some applications
where the heated materials expand at markedly
different rates. It is important to choose a solder
that will be able to compensate for CTE mismatch.
Design of the solder thermal interface requires
understanding the interconnect materials to
minimize the effects of intermetallic formation and
performance degradation. Additionally, the solder
must provide for the compliance of the thermal
expansion mismatch between the semiconductor
and the heat sink. Solder alloys with a range of
mechanical strength from <300 psi to >20,000
psi and can be tailored to the strength or
compliance needed for the application.

Concerning interface compliance, indium may be
the best solder to use as a thermal interface.
Pure indium metal provides a unique combination
of high conductivity (86 W/m-2C) and compliance
(60 psi shear flow stress and no work hardening).
Indium is applied in the mechanical sealing of
metallic and non-metallic surfaces with excellent
integrity. Since indium will wet to non-metallic
substrates, it is especially well suited for use
against many materials that are commonly

used in semiconductor packages. This mixture
of properties makes indium uniquely suited

to thermal interface solutions with or without
reflowing. Indium can also be cold welded in
applications where normal soldering temperatures
are detrimental to the device.

Conclusion

As electronic devices become evermore compact
and powerful, more efficient cooling will be
necessary to dissipate excess heat. No single
solution will be applicable to every interface and
sometimes the best option may not be easy to
recognize. High power device performance can
be optimized by knowing what properties improve
a materials heat transfer. As industries push the
boundaries of electronics, finding the right TIM will
become more important than ever.

www.indium.com askus@indium.com

ASIA:  Singapore: +65 6268 8678

CHINA: Suzhou, Shenzhen, Liuzhou: +86 (0)512 628 34900
EUROPE: Milton Keynes, Torino: +44 (0) 1908 580400

USA: Utica, Clinton, Chicago: +1 315 853 4900

®
e\

INDIUM

CORPORATION®

310N NOILVOI'1ddV




<<
  /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
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 150
  /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 300
  /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 <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


