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BACKGROUND OF T E | NVENTI ON [ 0002] The present
invention relates to thermally enhanced adhesi ve
pastes particularly well suited for bonding high
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the die is firmly attached to the substrate.

[0004] The powder density of active components continues to rise, creating an
increasing demand of higher thermally conductive adhesives to attach these components.
These demands have previously been met by technologies described in the prior art,
including U.S. Patent Nos. 6,111,005 and 6,140,402. These patents describe a technology
involving the use of powdered organic polymer resins, suspended in a non-solvent along
with highly thermally conductive filler. The type of powdered resin was varied depending on
the application. For large area component attachments where the Coefficient of Thermal
Expansion (CTE) mismatch to the substrate was also large, low modulus thermoplastic
polymers were incorporated to handle the shear stress generated at the bondline of the
adhesive. For smaller area components where the expansion mismatch to the substrate
was lower, thermoset or combinations of thermoplastic and thermoset polymer powders
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expansidig highhtherrhaimc toonductive heat spreader. Both high conductivity and low
modulus properties are needed for this application. Heretofore, the adhesives described in
U.S. Patents. Nos. 6,111,005, 6,140,402 and 6,265,471 were used in these applications.
However, the microprocessor devices increased in power density and thus the demand
increased for adhesives having even better thermal properties with low elastic modulus.
SUMMARY OF THE INVENTION

[0006] The present invention provides a thermal interface material that comprises (1) a
first type of thermally: conductive particle that is conformable wherein each of the first type
of thermally conductive particle is itself a self-cohesive agglomeration of smaller platy
particles (2) a second type of thermally conductive particle (3) a binder _

[0007] According to certain embodiments the binder includes fine resin particles which
are combined with the first type of ceramic particles and the second type of ceramic
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termed by tbbseaskilled)ini the @ptoas/spheroidal. As used in the present description the term
spheroidal includes spherical as a special case. The usage of these terms does not imply
that the shapes of the particles are precisely true to the mathematically defined ideal
shapes.

[0016] According to certain embodiments the size distribution of the thermally
conductive particles is bimodal. For example large patrticles of the first type can be used in
combination with smaller particles of the second type. As a consequence the second type
of thermally conductive particles will occupy interstices between the first type of thermally
conductive particles.

[0017] - According to certain embodiments the thermal interface material further
comprises a sintering aid.

[0018]  According to certain embodiments the thermal interface material is used as a die
attach paste.
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BRIEF DESCRIPTION OF THE FIGURES
[0022] FIG. 1 is a first electron micrograph of a cross sectional view of a thermal
interface material according to an embodiment of the invention bonded to a substrate; |
[0023] FIG. 2 is a second electron micrograph of a cross sectional view of a thermal
interface material according to an embodiment of the invention between a substrate and a
silicon die; and |
[0024] FIG. 3 is a third electron micrograph showing a close up of boron nitride particles
used in the thermal interface material.

DETAILED DESCRIPTION OF THE INVENTION

[0025] U.S. Patent No. 6,111,005 discloses thermoplastic binder compositions that can
be used in the present invention. U.S. Patent No. 6,265,471 discloses a liquid epoxy
binder that can be used in the present invention. U.S. Patent Nos. 6,111,005 and
6,265,471 are hereby incorporated by reference. Substituting the ceramic particles
described hereinabove for the silver filler disclosed in the ‘471 and ‘005 patents yields a

highly sintered, denser structure. This produces an unexpected increase in themal
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[0028] According to some embodiments at least about 50% of the thermally conductive
particles, i.e. the boron nitride is moné dispersed, and has a particle size of at least about
50 microns and the balance of the thermally conductive patrticles, i.e., the alumina has a
particle size of less than about 10 microns. In such embodiments the alumina will occupy
interstices between the BN particles.

[0029]  The ceramic filler is preferably used in combination with at least one sintering aid,
that is, any additive that enhances the sintering of the filler. Representative sintering aids
include metal alkoxides, low melting point salts, organic inorganic hybrid composites. The
sintering aid is generally present in a concentration of about from 0.1 to 0.5 weight percent
of the cured materials.

[0030] The unexpected increase in thermal properties is not fu|ly understood, but is
believed to be due to the better packing and point contacts of the spheres as compared to
the geometry of the flakes previously used in thermal interface materials of this type. Also
believed to be significant is the presence of spherical conformable filler such as BN.
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[0036] t hm tlnmpeooart thermal interface materials when a bonded assembly is heated,

the resin powder melts and coalesces with other particles and migrates toward the bondline
interfaces. This melting of the powders leaves a void in the bondline, hereafter referred to
"bond drop out"'(BDO). With the thermal interface material described herein, BDOs were
not observed. It has been found that the combination of thermal interface materials
described herein allow a very high loading of thermally conductive ceramic particles,
without causing BDO. Percentages of thermally conductive ceramic particles (relative to
the total solids weight in the cured product) higher than 75% e.g., 85 wt% have been
achieved without BDO and while also attaining sufficient adhesive strength for die attach
applications. The total solids weight includes the thermally conductive ceramic particles
and the cured binder. Also in the case of a mixture of large and small fillers, the fine one(s)
become the interstitial filler of the large ones.

[0037]  Additives such as salts, low melting point glasses, mixed oxides and low melting
point coatings on the ceramic particles can also be used in the present invention. These
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and fugrl‘ivsglilqurd/ were gombinetite formm agraste. The preparation of the adhesive from its
principal components, and its methods of application and use, take advantage of the
various methods and employ equipment well known in the art. The principal components
can be mixed in equipment known in the art for paste preparation.

[0041] The thermal interface materials of the present invention can advantageously be
used for attaching microcircuit electronic components (semiconductor dies) to substrates.
In general, this comprises making an adhesive paste of the thermal interface material;
applying the paste to a surface of a substrate to form a bond line and placing the electronic
component on the bond line so that the paste is between the electronic component and the
substrate; followed by heating the assembly to a sufficiently high temperature for a
sufficient time that the organic thermoplastic resin softens and becomes fluid, but does not
degrade, and the fugitive liquid devolatilizes from the paste; followed by cooling the heat-
treated assembly to a temperature below which the thermoplastic polymer becomes solid,
whereby the microcircuit electronic component is bonded to the substrate by a void-free
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applied gntjl n@mdwasi sbe@'eds:rfwermbstrager diis- fosepwas eecarded ire pounds per
I { - r I
square HEN (B8 &1 B SRR Yh0 S0P oY 84 Rt YHARESHEN Y tested. The
thermal sbl)dlmneltyameadummems wees done byrtke knowh daser dlasbnyethod on pellets

. and, pol yi sabutyl ene. 035 ampl.es of thernpset .
which wifE 4Ry e il S6t L BnEh Ui i e uTng J4Eh Bigg s more fully
describgdeiRCAS TR BO146215 t“StdhdaR® et Retaate foramserinll \Diffisiig: by the Flash
[[0036] In the prior art thermal Interface materials
Method.\hen a bonded assenbly is heated, the resin powder

[0043] NEtHeSpREENC PIERGSE R Hbmmtrh%d m?r é*aﬁﬁ;ﬂés M Eeraii peprEsentative
toward the bondline interfaces. This nelting of the

embodirenitg dherepk yvhese alhrarts, ipFoRATtoNS, AAdi Pﬁ!cefﬁé@%%ﬁf% py weight unless
othenms%":‘lf'uﬁirc?faeﬁ fRe’ 184 3ke W%n%écﬁ%e |W§é%&/@%nﬁweiﬁaa}nodlf ications

Interface materil descri
and equivalents/efithe linventign ilbipe evideat toithose ﬁellemlntthcn arti on of
thermal interface materials

EXAMPLES 14 AND COMPARATIVE EXAMPLE A

Example A 1 2 3 4
[Ho87 [MP8-109-3 [MP8-118-1  [MP8-114-2  |MP8-123-1
/Lipotin
[Filler AIN/BN AI203/BN/  |AI203/BN/ AI203/BN/ EI203/BN/
non Zn0O Zn0O Zn0O nO
pherical [spherical |spherical spherical pherical
[Filler ratio }50/50 35/55/10 35/55/10 35/55/10 35/55/10
[Filler |50% |52% 75% [82% [82%
lamount '
[Resin Liquid [Liquid epoxy |Liquid epoxy [Liquid epoxy |Liquid epoxy

poxy
BLT mils]1.6 (40.6) [1.7 (43.18) [1.9 (48.26) 2.7 (68.58) 2.0 (50.8)
microns) '




descri bed herein allow a very high | oadi ng of
thermal |y conductive ceramc particles, wthout
weawsitg7d8DO. Percent ages of thernally conduct P@BUS2009/001935
ceramc particles (relative to the total solids weight
in the cured product) higher than 75%e.g., 85 W%
have been achi eved wi t hout BDO and while aI SO
dhocl e str Le attach
£3% ()

1y conguctive c ram c partilcles and tHe cured

. n the casle of a mxtlure of |arde and
srral | fillers, the fine one(s) becone the interstitial

[0044]i | | er Sphenti«tm filler genbarees pdb@éipn,Adimbreaseesinsﬁﬂm foading lowers

a ow neltin m xed pxides and | o .
adhel B it Ll Iheteades Rgbegnt: AR s SSR BRI JoH die8 themie
Servisé Smbl - GotdschmidtsBassee s8Nt Di4D1QMAtEszen, GeAR&RRPONeENt s

can further enhance thermal conductivity by allow ng
art| cles to 'Si nter" toget her in to a solid
FRSS ! sintering aids for
ceram ¢ f|IIer particl es. [0038] FIG 1 and FIG 2 are
Exa el ggtron mcroggaph of gthernal ingerface 8

mat eri al 102 according to an enbodi nent of the

invention bonding silicon die 204 to a substrate 104.

Not e [DhV#t140ke s|PCGzdefr-2i pMP&-10042y [WMiPS-10%R1i n |AP8-118-2
1-2 are cfoss sect}ons obtaijned by sectli_iput'img

IF|IIer[ ”e WBR! aSSERBIEN KRG3BNOTIA cﬁs/éNf |203I/Bi3/
o’ d1|tr|dez'q?s? ele
sphaiadia Harticles Tabgida
SIRMyr i g o0T Ocer ¢ J34/55/10
average pize of the BN partidqles is at

eeer t hafysehe averfag® si ze offzg%e
that arejused. It |[is believeq that in

o
S
...... — o

'oglé apo fé?eCHBblgéétbfc'W
ent
R iR o, feb
tive
al . polyester
(6/4)

[BLT mils _|1.6 (a1 47 27 (68.5) .5 (64) 2.3 (58)
(microns) [(102-178)

Adhesion [811 (56) [o30 (64) [811(56) 254 (18) 821 (57)
psi (bar)

Rth 0.776 0.962 0.645 0.535 N
k-cm?/W : |

lK (Wimk) |2 |5.23

[0045] Fine particle resin (-635mesh) in which most particles are less then 20

micron in diameter lowers bond line thickness (BLT). Addition of thermoset (0004) in the
thermoplastic enhances adhesion. Lipotin enhances adhesion and lowers Rth



[0039] FIG 3 shows a close up of boron nitride

particles used in the thermal interface material shown
WO 00Bl1g8s76 1- 2. Each of the boron nitride partiPRCBES2089/601935

confortable,

shaped boron nitride fl akes.

exanpl es and conparative exanpl es,
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t her noset
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#5DY32 VOi U-[548¢38)

nd [
an as a par

Trele

en
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part_or_al

[ Oof the org

ant c_pol yner,

the processi ng

tenperature should be sufficiently high to crosslink

the resin. [0042] For purposes of denonstrating the
i nvention, the wet adhesives are deposited on
[0046] The above examples illustrate that reduction in porosity increases thermal
conductivity even when % resin is increased. Also addition of ZnO increases thermal
conductivity.
Example 13 14 15 16 17
Filler PCz1-65- | PCz1-60- | PCz1-66- | PCz1-61- | PCz1-61-
2 2 3 1 2
75% filler | 75% 75% filler | 75% 75%
DAW 3 0.86 1.974 2.713 1.726
DAW 45 0.86
DAW 10 1.726
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a ceram c substrate before the die is placed on the

wet adh

Wil zves.
side of the die was applied until
of f the substrate.

esi ve.
Af t

Al l

er

curi ng,

the di e was she

curing was done at 200 C. peak for
a force perpendi cul PET/US200$7€01935
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This force was recorded in pounds
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e[ 0044}
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ase in fi

SphericT
|l er

| oadi ng | ow&

enfances
br s _adhes
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particles are less then 20 mcron in dianeter
ond | [ pe thickness (BLT).
[004(]004) The abrue Examplgs shaw the knrgrtanse of

of th&RATES a8
reS|stance

M ddl et

Li potin increases adhesion.
DAW éc-i- t%hlicrbnoaiuff'ﬂrga) OAWN1@ SetlrinteroGndiiimina; DAW 45 — 45 micron

BB FRTESMNE T

Lipotin is a soya

gg% i nt e.

| aser

e and
nor e

t hod

43]

| es

ere

i ght

nded

hose

i on

R0 SrArav e SN bydiershesd Corp.

Mondta, PB4 SDAW afe alahtma: bewdérfsl fronh Dedkarsdpani n whi ch nost

Addi t

i on of thernose

%Qﬂllé}rﬁfdr@é’\ﬁbﬁeﬁhafmﬁker facial ther
pol yester résins from Bostik, Inc.
on, MA and

COMPARATIVE EXAMPLES C-F

[0048]

Iovvers

H@é’f’@nBNL?tpﬁ??fento 50%

mal

The following Comparative Examples illustrate that addition of interstitial

filler with high conductivity such as AIN does not improve over all thermal conductivity of

the composite.

Example C D E F
Filler PCz1-48- | PCz1-36- | PCz1-38- | PCz149-
3 1 3 2
85% filler | (85% (90% 85% filler
filler) filler)
DAW 3 5.04 3.9 4.12
DAW 5 5.04
HC Starck A | 0.58 1.7 1.77 0.58
Copolyester | 0.98 0.98 0.65 0.98
% porosity | 7.6 14.9 28.9 4.2
k (W/mK) 2.1 243 1.68 2.09
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reacti ve pol yester made by Tonbgawa of Tokyo, Japan

were used. Exanple 9 10 11 12 [0046] The above
wW@x@nnkmse i | | ustrate that reduction in porositRCT/US2009/001935

i ncreases thermal conductivity even when %resin is

i ncreased. Also addition of ZnO increases thernal

conductivity. Exanple 13 14 15 16 17DAW3 - 3 micron

o - F\I\\I\I1O 10 m e I\\AI/I5 _ 45

Al i o an Aaliim na- (I
Sheai ¢ on| B8 na; H& BV 99% ni | P82 Kadox] 930 is ZnO
adhesigRger sé%ld by Horshead Corp. Monaca, PA. | DAWare
pSI(‘ N nk( ! dwder s! €1dm Den @4 lapan (6IL4})(M.7] The above

exanpl es show the inportance of havi n% BN at close to
HC Starok éis Al powder pravidegirby HCsSarck: BA&W bi+ b aricrenralumina;
hi gher thermals. COVWARATI VE EXAMPLES C-F [ 0048] The
y\é gleh ?:fmﬁq ive Exanples illustrate that
Bulkgh%'(gﬂingl onor té?ltsetiti al filler with high conductivity:

such as Al N does not inprove over all thernmal

Matediginduct i vi ty of | Thermalnposcordudtiviypl e C D E FHC
Starck Ais Al N/ pawdigy provided by HC Starck; DAWS -

AlLOp mcron al um napzpoBg k Thermal condlctivity table

BN EXAVPLE 18 AND ColpAgHTI VE EXAVMPLE (G The gener al

AlIN procedure of Ex: BRol-4 Was repeated, except that a

ZnO | oading of —tte |'40 er—Tnthepowdered resin was 75% by

[0050]

wet-ght—tn—Exanmpte—318,—af+tt+er—<characteri zed by round

[ nmple G a fl ake
tes were tested as

before, and the results sunmmari zed in the

[0049] The general procedure of Examples 1-4 was repeated, except that a
loading of the filler in the powdered resin was 75% by weight. In Example 18, a filler

characterized by round edges was used. In Comparative Example G, a flake filler was

used. The resulting pastes were tested as before, and the results summarized in the

following table.

Example 18 G
AI203/BN/ZnO |AI203/BN/AIN
25/55/20 25/55/20

% porosity 13.6 17.3

k (W/mK) 4.44 3.27

In the foregoing specification, specific embodiments of the present invention

have been described. However, one of ordinary skill in the art appreciates that various

modifications and changes can be made without departing from the scope of the present
invention as set forth in the claims below. Accordingly, the specification and figures are to
be regarded in an illustrative rather than a restrictive sense, and all such modifications are

intended to be included within the scope of present invention. The benefits, advantages,

12



followi ng table. Exanple 18 [0050] In the foregoing
specification, specific enbodi nents of the present

w0 pooen2d3ocn have been descri bed. However, one 0PCT/US2009/001935
ordinary skill in the art appreciates that various
nodi fi cati ons and changes can be nade w t hout
departing fromthe scope of the present invention as

. set forth in the c i s | ow, Accordin ,. th ‘

solutions, 3 ArabERiS; BRI EITURHIE) ARB (5 oy, S et afdvantage, o

solution itb | ¢stuF ri écdndd MRdret Bﬁihoﬁné&ftdré CidtVid BENschstrad & Ia critical,
such nodifications are intended to be included wthi

required; preesseniidl featuppscareaiementsfianyier alfiibe slais; (&e invention IS defined
solely b@%ﬂbﬁ&%@&b%é ﬁﬂ:ﬁdﬁq Bh{ RIS RimeHis ridbe ﬁhﬁﬁq? M Pendency of
hat may cause any advantage, or solutionto .

this applts‘@eqm anﬂ all equivelents of tbpsmglam%as issvedot to be
construed as a critical, required, or essentia
features or elenents of any or all the clains. The
invention is defined solely by the appended cl ai ns
i ncl udi ng any anendnents nade during the pendency of
this application and all equival ents of those clains
as issued. CLAIMS W Claiml.. Athermal interface
material conprising: a first type of thermally
conductive particle that is confornabl e wherein each
of the first type of thermally conductive particle is
itself a self-cohesive aggloneration of smaller platy
particles; a second type of thermally conductive
particle; resin particles; and a fugitive liquid
wherein the fugitive liquid and the resin particles
are soluble in each other to an extent |ess than 20%

13



2. The thermal interface material according to claiml
wherein: the resin particles conprise thernoplastic
w@aoviizies. 3. The thermal interface material BCTUSZ09GP1935
to claim2 wherein the resin particles further
conprise thernoset particles. 4. The thermal interface
material according to claiml1 wherein the resin
particles conprise ther r@:@@@mrti cles. 5. The thermal
interface material accorti o claim1 wherein the
first type of thermally conductive particle conprises
We Claioron nitride. 6. The thermal interface materi al
according to claim5 wherein the first type of
thermal | y conductive particle is spheroidal. 7. The
1. t Hetheemaliintedfiace material eomBrisi@cor ding to claim 5
wherein the second type of thermally conductive
p .T . :
336 GEVREN R Bl Mo LRIl S o
the firsit typiedef themally lcopdbictive pranticle & itaplf assetecaliesivel aggiemeration of
lve tjnmes an average size of the second type of
Smalkﬁ@f"bﬁ%@é&gghduct ive particles. 9. The thernal
i 1t secbad ¢ypeedfehémbaligoonddetive garticle;ai m 8 wherein the
mass_of Ige_th rmal |y conductive particles as a
p&FYRRAZIGESHAd { otal mass of the thermal |y conductive

parfugitive fiqud WHehéin ths fuith' liquid 5d the rekinl Ratdled Brégoluble in
he thermal interface material according to claim

10.
each:othgrdp anexient lassthan 20¥pe of thermal Iy conducti ve

particle is alumna. 11. The thermal interface
mat eri al according-to claim 10 wherein the boron

2 niTiheithermal interiacs mptariabaceardingdmslaimeswaereisast 50% by
"RRS ré¥in FartifledlcoffptiSe MerhlbpIdE Partitids’ | de

3.  The thermal interface material according to claim 2 wherein the resin particles
further comprise thermoset particles.

4. The thermal interface material according to claim 1 wherein the resin particles
comprise thermoset particles.

5. The thermal interface material according to claim 1 wherein the first type of
thermally conductive particle comprises boron nitride.

6. The themmal interface material according to claim 5 wherein the first type of
thermally conductive particle is spheroidal.

7. The thermal interface material according to claim 5 wherein the second type of
thermally conductive particle is aluminum nitride.

14



and al um na, and an average size of the boron nitride

particles is larger than an average size of the
wW@bwmoitzgre 12. The thermal interface material aPCDUS1009001935

to claim10 further conprising a third type of

thermal |y conductive particle consisting essentially

of zinc oxide. 13. The thermal interface materi al

according to claim210 wherein the second type of

thermally conductive particle is spheroidal. 14. The

8. t h’*hénlhbnhélt REdrifee mateial dlccaeyy & Brirh0os WiHréinlfhe boron nitride
further conprising a sintering aid. 15. The thernal

particles; haveangverags sire énlata% ablpastrfg/et times an pveraggfize-phthesecond type

oftherméily“&cﬁ{duEﬁk/@bé’mEIQQW' ses at |east one material selected
e group consisting of: metal alkoxides, |ow

mel t| ng poi nt salts and organic inorganic hybrl d

9. - CHRROfehfS: %@erfa&em%@fa@ccbl% ftéa%ﬁau’?iaé %I’\ anfhgs mass of the

according'to C wherei he resi
thermally copduciive particksssas arperoeritage af astetat otass dfrtbermérmayyco:opductive

. n al ol yester, polyam de,
particles ag‘@%bg;%ﬁ'gganﬁﬁ%%%gféﬁﬁhés 9/'8& y>k/)ut yl ene_pt e?/apht hal at e,
pol yol efin, acrylic, S|I|cone and liquid crystalline
t her mal |nte conprisin
10. D tnér e jhtesthos e Rarh SOUIHGLE RIS LTS Thh SRop type o

thermallg 8OMdUCHRS bartiofesis dlumipach of the first type of
thermal |y conductive particle is itself a

sel f -cohesi ve aggl oneration of smaller platy

1. P tﬁéﬁﬁal lﬁtgﬁﬁé?%té%ﬁ%c%rdﬁr%efd@éw 19%@1‘5%'&48 bor?n nitride is

particl e; I qui &;)xy nder her ma
monodispgtseds ansbcompesasant g’ masglqilaﬁoial maes @f the heron nitride

and alurhin&Shndl ¥R€v¥rage size of the boron nitride particles is larger than an average
size of the alumina.

12. The thermal interface material according to claim 10 further comprising a third
type of thermally conductive particle consisting essentially of zinc oxide.

13. The thermal interface material according to claim 10 wherein the second typé of
thermally conductive particle is spheroidal.

14, The thermal interface material according to claim 10 further comprising a
sintering aid. '
15. The thermal interface material according to claim 14 wherein the sintering aid

comprises at least one material selected from the group consisting of: metal alkoxides, low
melting point salts and organic inorganic hybrid composites.
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thermally conductive particle conprises boron nitride.

19. The thermal interface material according to claim
wadooeheses n the first type of thermally conduck¢TEs2009/001935

particle is spheroidal. 20. The thermal interface

mat eri al according to claim 18 wherein the second type

of thermally conductive particle is al um' numnitride.

2%, T ' i . | . i .
6. Tangidpual hBage MaorhRigh € o 2hERin e it partites
comprisei ate lédsit ohs ﬁtatér@tsl;elébted friome sthan gealgy &gmsisitmg of: polyester,
copolyesielc PERERI. SHRBLAMIAS RANLEPhaRSobolybyY RpB AEaphifatgPolyolefin,
acrylic, sifeene] and Iifiic esetline)guyrérst her mal Iy conducti ve

parti cle is alumna. 23. The thermal interface

mat eri al according to claim 10 wherein the boron

17. nmhbﬁﬁa|l.ﬁtewaa@ma‘i@ﬁdl%ﬁapﬁeﬁh conprises at |east 50% by
mass of a total mass of the goron nitri deand al um na,

afdirattyes ef t&@éﬂgilyz@ormucvmp@@cbﬁhaﬁ is ncplf@rrmabla whesein each of
f
the fi }%gﬁ)@?ftﬂh@ﬁ gg}éﬁu& € par % (%CIE) : gfangéhtjég L Angia;ngratlon of

smallegplatyepartidepy i sing a third type of ther mal I y

o Reshy Wb ihe gy SRS eI ol Y accor ding to
c ladiquicP&posyebirder. t he second type of thermally

conductive particle is spheroidal. 25. The thernal
interface material according to claim 22 further

18. cqm@r thermd intérfdteematdiahiadeording tthelaiermmherdlh ahé st type of
terial acco[dl ng to claim25 wherein the sintering

therma"’éf’?ﬁ pagiclegomprisgs horen A¥HAS i al sel ected fromthe
group consisting of: netal al koxides, |ow

19. The thermal interface material according to claim 18 wherein the first type of
thermally conductive particle is spheroidal.

20. The thermal interface material according to claim 18 wherein the second type of

thermally conductive particle is aluminum nitride.
21. The thermal interface material according to claim 18 wherein the boron nitride
particles have an average size that is at least five times an average size of the second type

of thermally conductive particles.

22. The thermal interface material according to claim 18 wherein the second type of

thermally conductive particle is alumina.

23. The thermal interface material according to claim 10 wherein the boron nitride is
monodispersed and comprises at least 50% by mass of a total mass of the boron nitride
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melting point salts and organic inorganic hybrid
conposites. 27. The thermal interface materi al
waewoneidng to claim23 wherein the resin partiBCEES2009/001935

conprise at |east one nmaterial selected fromthe group

consi sting of: polyester, copolyester, polyam de,

copol yam de, pol yurethane, polybutyl ene teraphthal ate,

| yolefin, acryljc, silicone, and liguid crystalline ‘

and a'“'ﬁ@‘?;ﬁﬁ& an éveragé/ size of the boron nltﬁde part%ﬂas |s(iayger ?han an average
size of the alumina.

24. The thermal interface material according to claim 22 further comprising a third
type of thermally conductive particle consisting essentially of zinc oxide.

24. The thermal interface material according to claim 22 wherein the second type of
thermally conductive particle is spheroidal.

25.‘ The thermal interface material according to claim 22 further comprising a
sintering aid.
26. The thermal interface material according to claim 25 wherein the sintering aid

comprises at least one material selected from the group consisting of: metal alkoxides, low
melting point salts and organic inorganic hybrid composites.

27. The thermal interface material acéording to claim 23 wherein the resin particles
comprise at least one material selected from the group consisting of: -polyester,
copolyester, polyamide, copolyamide, polyurethane, polybutylene teraphthaléte, polyolefin,
acrylic, silicone, and liquid crystalline polymers. |
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