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Abstract — With the increasing demand of high power density
electronics, heat dissipation becomes an urgent problem. In order
to address this problem, we introduce a surface modification
method for silver that are employed as fillers to prepare the
thermal conductive adhesive (TCA). After simple iodine pre-
treatment, there exist some nano-sized small structures on the
surface of fillers. Compared to the control sample, the TCA with
modified fillers exhibits a superior thermal conductivity. The
conductivity increases accordingly to the increase of curing
temperature. This facile filler modification method may
efficiently improve the performance of the TCAs and find
broader applications in high density packages.
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1. INTRODUCTION

With the increasing packaging density and power density
of electronic devices, heat dissipation becomes one of the
most urgent and complicated problems since the accumulated
heat often induces thermal fatigue and chemical reactions,
which shortens the service life of the devices [1, 2].
Thermally conductive adhesives (TCAs) are the good
candidates for solving such a problem.

Generally, a TCA consists of fillers which act as the
media for heat dissipation, and the binder are used to adhere
the fillers together and provide adequate mechanical strength.
Due to a variety of advantages including the high thermal
conductivity (427 Wm'K™") and chemical stability, silver is
usually selected as the fillers for both electrically and
thermally conductive adhesives. Compared to other
conventional thermal conductive materials, such as carbon and
ceramic, silver fillers are prone to percolate in the resin
dispersant with a low contact resistance, which is favorable in
both electrical and thermal conductance applications. This is
primarily ascribed to the free electrons which can transfer heat
much more efficiently than phonons. In addition, silver has a
relatively weak lattice scatting at the boundary of the crystals,
allowing the efficient transfer of phonon. Such advantages
promote silver considerable prospective in thermal
management applications.

Technically, there exist two common ways to increase the
conductivity of silver adhesive. One is to increase the
concentration of the fillers. The increased filler content can
help build up more percolation channels so as to improve the
thermal conductance. Yet it may increase the viscosity of the
paste and cause dispensing and printing problems. The other
one is to sinter the fillers at higher temperatures. Even though
the melting point of silver is about 962 °C, the nano-sized
silver surface features and particles can be sintered at rather
low temperatures [3]. The sintering of silver substantially
decreases the contact resistance of the fillers, in which way
reduces the scatting of electrons and phonons. However, the
sintering of metal nanoparticles usually involves a high
temperature (>200°C) curing process [4, 5], which may be
harmful to many temperature sensitive electronic components.
In some cases, nanoparticles are involved to reduce the
melting point, yet increasing the viscosity of the adhesive
simultaneously.

To overcome this dilemma, in present work, we introduce
a facile method to enhance the thermal conductivity of TCA
by a simple surface modification method. The method
involves a simple iodine treatment of the micron-sized fillers
prior to the dispensing of the fillers in the resin, which is based
on our previous work regarding the electrical conductivity of
adhesives [6, 7]. In the following paragraphs, we
systematically investigate the performance of the TCAs based
surface modified conductive fillers, including the morphology
of fillers and the thermal conductivity of TCA in the case of
various filler concentrations, curing temperatures.

II.  EXPERIMENTAL PROCEDURE

Silver particles were purchased from Chengdu Banknote
Printing Complex, China (SF-01C). Bisphenol — A epoxy
resin (Epon 828) and methyltetrahydrophthalic anhydride
(MTHPA) were obtained from Shell and Nanya. Initially, we
dispersed the silver particles in ethanol. Then iodine — ethanol
solution was added dropwise to modify the surface of silver
particles. The ratio of silver to iodine was maintained 500 : 1
by weight. The solution was kept stirring for 1 hour at ambient
temperature. The resin binder was prepared by mixing the
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epoxy resin and MTHPA harder according to the equal
epoxide equivalent weight (EEW) of the epoxy resin and the
hydroxyl equivalent weight (HEW) of the hardener. A small
amount of catalyst was added to the resin dispersant to
accelerate crosslinking. The TCA samples were made by
mixing the silver fillers and the resin dispersant in a
planetary rotary mixer with 1500 rpm for 16 minutes. The
control samples using bare silver particles were also prepared
for comparison.

Netzsch Laser Flash Apparatus (LFA) 447 NanoFlash
was used in this work to measure the electrical conductivity of
the cured TCA under through-plane mode. Prior to the
measurement, the TCA was cured as small cylinders with
diameter of 12.7 mm and height of 3.0 mm. Under this
macroscopic scale, the cylinders are assumed to be isotropic
and homogeneous in conductivity, where the thermal
percolation effects in the fillers-resin system had been
averaged out. During the measurement procedures, a good
transient signal match from the LFA instrument has been
achieved (error under 10 %). The thermal diffusivity (D)
obtained was used to calculate the thermal conductivity (1) by
A =D x px C, where p and C, are the density and thermal
capacitance of the adhesive. The average A for each TCA
cylinder is thus obtained. Any difference in 4 among test
samples will be solely due to the surface treatment of the
silver fillers.

The morphology of the silver particles was investigated
using a Hitach S-4800 field emission scanning electron
microscope (FE-SEM). The differential scanning calorimetry
(DSC) curves were recorded by a Netzsch 447 F3
thermogravimetry in nitrogen.

III. RESULT AND DISCUSSION

The silver particles were immersed in ethanol and a small
amount of iodine-ethanol solution was added dropwise, as
depicted in Fig. 1. The scanning electron microscopy (SEM)
images of the particles are shown in Fig. 2. As shown in these
SEM images, the fillers present an isotropic shape and the
grain size distribution is of 1 ~ 2 microns. Compared to the
smooth surface of the bare silver, the iodine modified silver
shows many small isolated islands with the size below 100 nm
are distributed on the surface. It is still not clear to identify the
exact structure of these small islands. It appears after the iodine
treatment, which is suggested to play an important role on the
conductivity enhancement. The SEM images of the cross-
section of the TCA samples show a random distribution of the
fillers in the resin dispersant, indicating the isotropic property
of the prepared samples.
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Fig. 1 Surface modification of silver fillers

Fig. 2 SEM images of the silver particles and the cross-section of
the TCAs (a: bare silver particles b: surface modified silver
particles c¢: TCA with bare silver particles, d: TCA with surface
modified silver particles)

The silver particles are mixed with a proper amount of
epoxy resin and form a paste. After curing the paste, the TCA
samples are examined. The thermal conductivity of the TCAs
with bare silver and iodine modified silver particles are
presented in Fig. 3. Four concentrations of silver content were
used to investigate the thermal conductivities of the TCA
samples. The thermal conductivity of TCA increases with the
increase of silver concentration, and the increasing trend
becomes faster as well. The thermal conductivity for the
control sample is increased from 0.6 Wm'K™" to 1.4 Wm 'K
when filler concentration is raised from 60 wt% to 80 wt%.
Meanwhile, the sample with modified fillers shows a
dramatically increased conductivity from 1.2 Wm'K™' to 6.4
Wm'K™! at the same filler concentration. In other words, the
surface modification of fillers not only enhances the thermal
conductivity, but also enhances more rapidly than the control
sample. In the previous works, we have demonstrated that the
nano-island on the surface of silver particles had a positive
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effect on the electrical conductivity of the adhesive. Since the
thermal energy can be transported by means of electrons, it is
then expected that this enhanced electrical conductivity
simultaneously reinforces the thermal transfer, as a result,
enhancing the thermal conductivity.
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Fig. 3 Thermal conductivity of the TCA with various
silver concentrations (Curing condition: 150 °C for 15
minutes)

This enhanced thermal transfer character is strongly
relative to the nano-structure of the surface of fillers, whereas
the DSC result in Fig. 4 does not show any noticeable phase
transition. A small peak at 80 °C for the sample is due to the
evaporation of ethanol. No other significant heat flux is
detected. It’s reasonable to believe that no sinter process for
silver fillers happens below 300 °C. Therefore, the
enhancement of thermal conductivity does not result from the
particle sintering.
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Fig. 4 DSC curves of the silver particles

In order to give a full image of the ability of thermal
conductivity enhancement based on this surface modification
method, , we measured the thermal conductivity of the samples
under various curing temperatures. As can be seen in Fig. 5, the
control samples with 80 wt% silver fillers do not show any
significant change when the curing temperatures varies from
110 to 190 °C. The thermal conductivity is maintained at
around 1.4 ~ 1.5 Wm™'K™'. On the other hand, the samples with
surface modified silver shows a linear increase of thermal
conductivity along with the increase of curing temperature. The
conductivity is enhanced from 5.4 Wm'K™ to 7.3 Wm'K",
corresponding to the curing temperature carrying from 110 to
190 °C. This result suggests that a higher curing temperature is
beneficial to the improvement of thermal conductivity, when
the silver particles undergo the iodination treatment beforehand.
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Fig. 5 Thermal conductivity of TCA with at 80 wt% filler
concentration in various curing temperatures (the curing
duration for 110 °C is 2 hours and the others are 30
minutes; Blue: TCA with modified silver fillers, Black:
TCA with bare silver fillers)

Our previous work had shown that the iodine treatment
for the silver fillers can substantially change the surface
property of the silver fillers and thus significantly reduce the
contact resistance among the fillers. Therefore the
transportation of both electrons and phonons on boundary of
fillers can be boosted up. Moreover, we note that a higher
curing temperature seems beneficial to the reduction of
contact electrical resistance since the thermal conductivity of
the samples is enhanced accordingly.

IV. CONCLUDING REMARKS

With a simple surface modification of silver fillers, the
thermal conductivity of the TCA is enhanced from 1.3 to 6.4
Wm™ 'K, which is about 500% of enhancement. It is by far the
highest ever reported value in science community for an
isotropy TCA with the silver content of 80 wt% without any
high temperature sintering process. Based on a solution based
treatment for an ordinary micron-sized silver powders, the
contact resistant between fillers may be reduced. Therefore, the
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barrier that prevents the electron and phonon transportation is
reduced, so as to enhance the thermal conductivity. This
method is simple and low cost, thus suitable to mass
manufacture. We envisage broad applications of this technique
in the packaging for heat radiating at high density integrated
electronic devices.

ACKNOWLEDGMENT

This research is partially funded by the National Natural
Science Foundation of China (51202120, 51232005), and
Shenzhen Government (JCYJ20120616215238779).

REFERENCES

[171 H. Yu, L. Li, and Y. Zhang, “Silver nanoparticle-based thermal interface
materials with ultra-low thermal resistance for power electronics
applications,” Scr. Mater. vol. 66, pp. 931-934, June 2012.

[2] H. Yu, L. Li, T. Kido, G. Xi, G. Xu, and F. Guo, “Thermal and insulating
properties of epoxy/aluminum nitride composites used for thermal interface
material,” J. Appl. Polym. Sci. vol. 124, pp. 669-677677, April 2012.

[3]7J. Sun and S. L, Simon, "The melting behavior of aluminum nanoparticles,"
Thermochimica Acta vol. 463, pp. 32-40, October 2007.

[4] K. Cheng, M. Yang, W. Chiu, C. Huang, J. Chang, T. Ying, and Y. Yang,
“Ink-jet printing, self-assembled polyelectrolytes, and electroless plating:
Low cost fabrication of circuits on a flexible substrate at room
temperature,” Macromol Rapid Commun. vol. 26, pp. 247-264, Febuary
2005.

[5] M. Inoue, H. Muta, T. Maekawa, S. Yamanaka, K. Suganuma,
“Temperature dependence of electrical and thermal conductivities of an

epoxy-based isotropic conductive adhesive,” J Electron Mater. Vol. 37, pp.

462-468, April 2008.

[6] C. Yang, Y. Xie, M. Yuen, B. Xu, B. Gao, X. Xiong, C. Wong, “Silver
Surface Iodination for Enhancing the Conductivity of Conductive
Composites,” Adv. Funct. Mater. vol. 20, pp. 2580-2587, August 2010.

[71 R. Franz, G. Wiedemann, “Ueber die Wirme-Leitungsfahigkeit der
Metalle,” Annalen der Physik. vol. 165, pp. 497-531, 1853.

2013 14th International Conference on Electronic Packaging Technology

283




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


