POLYMER THERMAL | NTERFACE MATERI ALS BACK GROUND OF THE | NVENTI ON Pol yner
conpounds have been used as a thermal interface material (TIM to bond, 5
for exanple, an integrated circuit die with an integrated heat spreader
(I'HS). However, the process of curing and reliability stress on the TIM can
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represents a polynmer thermal interface material according to an enbodi nent
of the presgRExidIMAMD OF THEPIRVENTIORPr €esents a cross-section of a spherical
filler materral according to an enbodj ment of . th resent_invention.
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mut ual | Yo exé;llst}‘rllgtllychaiming that which is regarded as the present invention, the advantages of this

invention can be more readily ascertained from the following description of the invention
when read in conjunction with the accompanying drawings in which:

FIG. 1 represents a polymer thermal interface material according to an
embodiment of the present invention.

15 FIG. 2 represents a cross-section of a spherical filler material according to an

embodiment of the present invention.

FIG. 3 represents an application of a polymer thermal interface material according
to an embodiment of the present invention.
DETAILED DESCRIPTION OF THE PRESENT INVENTION

20 In the following detailed description, reference is made to the accompanying

drawings that show, by way of illustration, specific embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. It is to be understood that the various
embodiments of the invention, although different, are not necessarily mutually exclusive.

25  For example, a particular feature, structure, or characteristic described herein, in
connection with one embodiment, may be implemented within other embodiments without
departing from the spirit and scope of the invention. In addition, it is to be understood that
the location or arrangement of individual elements within each disclosed embodiment may
be modified without departing from the spirit and scope of the invention. The following

30  detailed description is, therefore, not to be taken in a limiting sense, and the scope of the
present invention is defined only by the appended claims, appropriately interpreted, along
with the full range of equivalents to which the claims are entitled. In the drawings, like
numerals refer to the same or similar functionality throughout the several views.
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25For exanple, a particular feature, structure, or characteristic described
herein, in connection with one enbodi nent, may be inplenmented wi thin other
enbodi ments wi t hout departing fromthe spirit and scope of the invention.
In addition, it is to be understood that the | ocation or arrangenent of

i ndi vi dual elenents within each disclosed enbodi rent nay be nodified

W t hout departing fromthe spirit and scope of the invention. The foll ow ng
30det ail ed description is, therefore, not to be taken in a limting sense,
and the scope of the present invention is defined only by the appended

claims, approprigtel r hedaPi h iihe fcange of equi val ents
to whi ch t he cl aﬁ?s ng%ngsaﬁfomgt elﬂla 1 Qr%ureg%t%llgga&dﬁ 1k%a 0ngmeral s (r:]efer to
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represents g,poLYHBL 1bh1%51[5ﬁlca1ﬁﬂ&%ﬁ@ﬁﬂo@%ﬁ&ﬁurals n@@&@rmn@odgﬁ g@&n embodi ment
of the present invention. As shown, TIM 100 contai ns mer matrix 102,
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100 may not include all 5materials shown in Fig. 1, for exanple, wthout
fibrous mat @S HHOYr nay incl ude other materials not shown.
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polyglycol di-epoxide. In another embodlment polymer matrix 102 is a thermoplastic

such as acetal, acrylic, cellulose, acetate, polyethylene, polystyrene, vinyl, nylon or
combinations thereof. In another embodiment, polymer matrix 102 is a phase change
polymer such as polyofefin, polyesters, silicones, paraffins or acrylics.

15 Matrix additive 104 may be present to enhance the interface properties between
polymer matrix 102 and spherical filler material 106 and/or allow better thermal
conduction. In one embodiment, matrix additive 104 is a fluxing agent, for example short
chain but low volatile carboxylic acids, amino acids, aldehyde, rosins, and polymeric acid
with acid groups in backbone or in side chains. In another embodiment, matrix additive

20 104 is an antioxidant or thermal stabilizer to prevent the oxidation and degradation of
polymer matrix 102 during heating and enhance thermal stability. Some examples of
antioxidants or thermal stabilizers include Cyanox, benzoquinone, Cyasorb, 2,4,6-tri-tert-
butylphenol, and Diphenylamine.

Spherical filler material 106 is designed to provide TIM 100 with enhanced

25  thermal conductivity and may have a makeup as shown in reference to Fig. 2. While
shown as having homogenous diameters, spherical filler material 106 may have varying
diameters. In one embodiment, spherical filler material 106 varies in diameter from about
10 to about 30 micrometers.

Fibrous material 108 may be added to TIM 100 to allow an expandable thermal

30  path during TIM expansion. In one embodiment, fibrous material 108 is a carbon fiber
with a high L/D (length/diameter) ratio. In one embodiment, fibrous material 108 has a
concentration of up to about 8% by volume of TIM 100.

FIG. 2 represents a cross-section of a spherical filler material according to an
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such as acctal, acrylic, cellulose, acetate, polyethylene, polystyrene,
vinyl, nylon or conbinations thereof. In another enbodi nent, polyner matrix
102 is a phase change pol yner such as pol yofbfin, polyesters, silicones,
paraffins or acrylics. 15Matrix additive 104 may be present to enhance the
interface properties between polynmer matrix 102 and spherical filler
material 106 and/or allow better thermal conduction. In one enbodi nent,
matrix additive 104 is a fluxing agent, for exanple short chain but | ow

vol atil e carboxylic acids, am no acids, al dehyde, rosins, and polyneric
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FIG. 3 represents an application of a polymer thermal interface material according

20  to an embodiment of the present invention. Shown is package structure 300, wherein the
TIM 100 may be disposed between a die 302 and a heat spreader structure 304, and also
may be disposed between a heat spreader structure 304 and the heat sink structure 306.
The TIM 100 may comprise any of the embodiments of the present invention. In one
embodiment, the diec 302 may comprise a silicon die, and the package structure 300 may

25  comprise a ceramic package and/or an organic package structure.

Although the foregoing description has specified certain steps and materials that
may be used in the method of the present invention, those skilled in the art will appreciate
that many modifications and substitutions may be made. Accordingly, it is intended that
all such modifications, alterations, substitutions and additions be considered to fall within

30 the spirit and scope of the invention as defined by the appended claims. In addition, it is
appreciated that certain aspects of microelectronic devices are well known in the art.

Therefore, it is appreciated that the Figures provided herein illustrate only portions of an
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10t hr oughout the thermal exposure range. Inner shell 204 and/or outer shel
206 may provide spherical filler material 106 with i nproved thernal
conductivity and/or oxidation prevention. In one enbodi nent, where core 202
is an expandi ng pol ymer material, inner shell 204 is a conductive netal

| ayer and outer shell 206 is a solder layer. In another enbodinent, where
core 202 is a thermally conductive but oxidative unstable material, 15such
as lownelting alloy (LMA), outer shell 206 is an organic solderability
preservative (OSP) coating. In one enbodinent, an OSP is conposed of

or ganonet al LicmpRe HidRkie@fonf sir&Hh thaQlerthiRSio %%'fééh&eﬂf iRprds@AGbQdn et ween OSP
active conponents, perhaps azole or in dazole based, and the sol der atons

at the surf5@@ﬂﬁﬁ"@@ﬁé“ﬁﬁﬁmC%W”P%H@WO@ﬁ@WP“?ﬁﬁ?w“ﬁﬂéFmglrepresents an
application of a polyner thermal interface material according 20 to an
enbodi mrent of the present invention. Shown is package structure 300,
wherein the TIM 100 may be di sposed between a die 302 and a heat spreader
structure 304, and al so may be di sposed between a heat spreader structure
304 and the heat sink structure 306. The TIM 100 nmay conprise any of the
enbodi nents of the present invention. In one enbodi nent, the die 302 may
conprise a silicon die, and the package structure 300 may 25conpri se a
ceram ¢ package and/ or an organi ¢ package structure. Al t hough the
foregoi ng description has specified certain steps and materials that may be
used in the nethod of the present invention, those skilled in the art wl|
appreci ate that many nodifications and substitutions nmay be nmade.
Accordingly, it is intended that all such nodifications, alterations,
substitutions and additions be considered to fall within 30the spirit and
scope of the invention as defined by the appended clains. In addition, it
is appreciated that certain aspects of mcroel ectronic devices are well
known in the art. Therefore, it is appreciated that the Figures provided
herein illustrate only portions of an



exenplary mcroelectronic structure that pertains to the practice of the
present invention. Thus the present invention is not limted to the

structures described herein. Wat is claimed is: 1. Athermal interface
material (TIM conprising: a polynmer matrix; 5a matrix additive, wherein

the matrix additive conprises a fluxing agent; and a spherical filler
mat er i al , Mikis elaimedis: spherical filler material conprises an expandi ng
pol ymer core with a netallic inner shell and a sol der outer shell. 2. The

thermal interface material of claim1l further conprising carbon fiber

mat eri al . 1. ¥0thefnal Therfhdeemamtial (M1l tanprisiag:eri al of claim 1 wherein the
polymer matrix conprises a flexible epoxy. 4. The thermal interface
material of claiml wherein the polymer matrix conprises a 15t hernopl asti c.
5. The ther rralal?og%lg?lflg%télxﬁat erial of claim21 wher rean t he pol yner ma'?ri X
conprises a phase change polymer. 206. The thermal interface material of

cl ai nb1 f urt hermeoixmddgivegwhtreinghemahrx addiivesodipsisesedubiag ween; anddi e and a
heat sink structure.

a spherical filler material, wherein the spherical filler material comprises an

expanding polymer core with a metallic inner shell and a solder outer shell.

2. The thermal interface material of claim 1 further comprising carbon fiber material.

10

3. The thermal interface material of claim 1 wherein the polymer matrix comprises a flexible

epoxy.

4. The thermal interface material of claim 1 wherein the polymer matrix comprises a

15  thermoplastic.

5. The thermal interface material of claim 1 wherein the polymer matrix comprises a phase

change polymer.

20 6. The thermal interface material of claim 1 further comprising wherein the TIM is disposed
between a die and a heat sink structure.
7. A thermal interface material (TIM) comprising:
a polymer matrix;
25 a matrix additive, wherein the matrix additive comprises an antioxidant; and
a spherical filler material, wherein the spherical filler material comprises an

expanding polymer core with a metallic inner shell and a solder outer shell.

8. The thermal interface material of claim 7 further comprising carbon fiber material.
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7. Athermal interface material (TIM conprising: a polymer matrix; 25a
matrix additive, wherein the matrix additive conprises an antioxi dant; and
a spherical filler material, wherein the spherical filler materi al
conprises an expandi ng polynmer core with a netallic inner shell and a

sol der outer shell. 8. The thernal |nterface material of claim?7 further
conpri si nY derthrsmal infrsfacemadetiah pf clgin 7 vdieretm themobpaimatrik spmasscsreiexiblal  of

claim?7 mﬂ’ §|n the polyner matri x conprises a flexible epoxy. 10. The
t her mal terface material of claim7 wherein the polynmer matrix conprises
a Sthernoplastic. 11. The thermal interface material of claim7 wherein

the poly matri x conprises a e e.p 1012. The .t hernal
| nt er f ael Grtie meamaldflteéfaa? maverlﬁﬁ?f Hem H%?eifé‘i%ﬁ @”&ﬁ&f ST RTINS s
di spoged RetypeRrig die and a heat sink structure.

11. The thermal interface material of claim 7 wherein the polymer matrix comprises a phase

change polymer.

10  12. The thermal interface material of claim 7 further comprising wherein the TIM is disposed

between a die and a heat sink structure.



