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THERMAL INTERFACE MATERIAL WITH ION SCAVENGER
FIELD OF THE INVENTION

[0001] The present disclosure relates generally to thermal interface materials,

and more particularly to thermal interface materials that include an i1on scavenger.
DESCRIPTION OF THE RELATED ART

[0002] Thermal interface materials (TIMs) are widely used to dissipate heat

from electronic components, such as central processing units, video graphics arrays,
servers, game consoles, smart phones, LED boards, and the like. Thermal interface
materials are typically used to transfer excess heat from the electronic component to

a heat spreader, such as a heat sink.

[0003] A typical electronics package structure 10 including thermal interface
materials is illustrated in FIG. 1. The electronics package structure 10 illustratively
INcludes a heat generating component, such as an electronic chip 12, and one or
more heat dissipating components, such as a heat spreader 14, and a heat sink 16.
lllustrative heat spreaders 14 and heat sinks comprise a metal, metal alloy, or metal-
plated substrate, such as copper, copper alloy, aluminum, aluminum alloy, or nickel-
plated copper. TIM materials, such as TIM 18 and TIM 20, provide a thermal
connection between the heat generating component and the one or more heat
dissipating components. Electronics package structure 10 includes a first TIM 18
connecting the electronic chip 12 and heat spreader 14. TIM 18 Is typically referred
to as a "TIM 1" Electronics package structure 10 includes a second TIM 20
connecting the heat spreader 14 and heat sink 16. TIM 18 is typically referred to as
a " TIM 2". In another embodiment, electronics package structure 10 does not include
a heat spreader 14, and a TIM (not shown) connects the electronic chip 12 directly to
the heat sink 16. Such a TIM connecting the electronic chip 12 directly to the heat
sink 16 Is typically referredtoasa TIM 1.5.

[0004] Thermal interface materials include thermal grease, grease-like
materials, elastomer tapes, and phase change materials. Traditional thermal

Interface materials include components such as gap pads and thermal pads.
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[00035] Exemplary thermal interface materials are disclosed in the following
patents and applications, the disclosures of which are hereby incorporated by
reference in their entirety: U.S. 6,238,596, U.S. 6,451,422, U.S. 6,605,238, U.S.
6,673,434, U.S. 6,706,219, U.S. 6,797,382, U.S. 6,811,725, U.S. 7,172,711, U.S.
7,244 491, U.S. 7,867,609, U.S.2007/0051773, U.S. 2008/0044670, U.S.
2009/0111925, U.5.2010/0129648, and U.S. 2011/0308782.

[0006] Degradation of thermal interface materials typically occurs through
polymer chain scission, such as illustrated in FIG. 2A. As shown in FIG. 2A, the
Initiation energy produces the initiation reaction RH — R- + H- to form the radical R-.
This radical combines with an oxygen molecule to form the peroxide radical ROO-.
The peroxide radical can bond to a proton transferred from another R group to form
the peroxide ROOH, as well as a new R- radical, which can combine with a new
oxygen molecule. The branching reactionROOH — RO- + HO- proceeds to form
both a RO radical and a HO- radical. The RO- and HO- are involved In scission of
the remaining polymer chain, as well as embrittiment of the thermal interface

material through unwanted crosslinking.

[0007] In a typical auto-oxidation cycle, the radical initiation reaction speed
depends on provision of the Initiation energy to produce the R- radical, as well as
contaminants in the material. However, both the Iinitiation reaction and the branching
reaction are relatively slow due to relatively high activation energies involved in each

reaction.

[0008] As shown In FIG. 2B, each of the initiation reaction and the branching
reaction can be catalyzed by a metal ion. These metal ion catalyzed reactions have
relatively low activation energies compared to the uncatalyzed reactions illustrated In
FIG. 2A. This results in the generation of more radicals than the uncatalyzed cycle

of FIG. 2A, which leads to faster degradation of the thermal interface material.

[0009] As lllustrated in FIG. 1, at least one surface of a TIM material, such as
TIM 18 or TIM 20, may be In direct contact with a metal surface, such as heat
spreader 14 or heat sink 16. Such metal surfaces may provide metal ions to
catalyze the initiation and branching reactions, such as from metal oxides that may

form on the surface. For example, copper ions may interact with a polymer
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comprising the TIM, particularly in the presence of heat, to form free radicals In the

polymer that initiation chain scission that degrades the polymer during service.

[0010] Improvements in the foregoing are desired.

SUMMARY OF THE INVENTION

[0011] The present disclosure provides thermal interface materials that are
useful In transferring heat from heat generating electronic devices, such as computer

chips, to heat dissipating structures, such as heat spreaders and heat sinks.

[0012] According to an embodiment of the present disclosure, the thermal
Interface material includes at least one polymer, at least one thermally conductive

filler, and at least one 1on scavenger.

[0013] In @ more particular embodiment, the 1on scavenger I1s a complexing
agent selected from the group consisting of: nitrogen containing complexing agents,
phosphorus containing complexing agents, hydroxyl carboxylic acid based
complexing agents, and combinationsof the foregoing. In another more particular
embodiment, the 1on scavenger Is selected from the group consisting of: an acid
amide compound, a triazole compound, a tetrazole compound, a triazene compound,
an oxamide compounds, a malonamide compound, and combinations of the
foregoing. In another more particular embodiment, the 1on scavenger Is an acid
amide compound. In another more particular embodiment, the i1on scavenger Is
selected from the group consisting of: decamethylenedicarboxylic acid
disalicyloylhydrazide; 3-(N-salicyloyl)amino-1,2,4-triazole; 2', 3-bis [[3-[3, 5-di-tert-
butyl-4-nydroxyphenyl] propionic]jpropionyl hydrazide, and combinations of the

foregoing.

[0014] In another more particular embodiment, the ion scavenger Is a

compound according to any of Formula | to Formula XI or combinations thereof:

Formula |-N-salicylidene-N'salicyloyl hydrazide



CA 02951437 2016-12-07

WO 2016/004565 PCT/CN2014/081724

Formula Il - oxalyl bis(benzylidenehydrazide)

,OH HO\_a,
L= NH— NH~C

$ 5

Formula lll - N,N'-bis(salicyloyl)hydrazine

Formula V - 2,2'-oxamido bis[ethyl 3-(3,5-dI-tert-butyl-4-nydroxyphenyl)propionate]
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Formula VI - N,N'-bis(salicylidene) ethylenediamine
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Formula VII-Oxanilide
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Formula IX - N-formyl-N'-salicyloyl hydrazine
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Formula X - Decamethylenedicarboxylic acid disalicyloylhydrazide
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Formula Xl - Bis(2,6-di-ter-butyl-4-methylphenyl)pentaerythritol-diphosphite

[0015] In a more particular embodiment of any of the above embodiments, the
thermal interface material comprises 0.1 wt.% to 5 wt.% of the 1on scavenger, based
on the total weight of the thermal interface material. In a more particular
embodiment, the thermal interface material comprises 0.5 wt.% to 1 wt.% of the 1on

scavenger, based on the total weight of the thermal interface material.

[0016] In a more particular embodiment of any of the above embodiments, the
thermal interface material further comprises at least one phase change material. In

an even more particular embodiment, the phase change material is a wax.

[0017] In a more particular embodiment of any of the above embodiments, the
thermal interface material further comprises at least coupling agent. In an even
more particular embodiment, the coupling agent material i1s selected from the group
consisting of: a titanate coupling agent, a zirconate coupling agent, and a silane
coupling agent, and combinations of the foregoing. In an even more particular

embodiment, the coupling agent Is a titanate coupling agent.

[0018] In a more particular embodiment of any of the above embodiments, the

thermal interface material further comprises at least one crosslinker.

[0019] In a more particular embodiment of any of the above embodiments, the
thermal interface material comprises: 5 wt.% to 10 wt.% of the at least one

polymer:;50 wt.% to 95 wt.% of the at least one thermally conductive filler; and 0.1 wt.%
to 5 wt.% of the 1on scavenger, based on the total weight of the thermal interface

material. In a first even more particular embodiment, the thermal interface material
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comprises: 2 wt.% to 5 wt.% of at least one wax;0.1 to 0.5 wt.% of at least one
antioxidant;1 wt.% to 2 wt.% of at least one coupling agent; and0.5 wt.% to 0.6 wt.%

of at least one crosslinker based on the total weight of the thermal interface
material;wherein the thermal interface material comprises 75 wt.% to 90 wt.% of the

at least one thermally conductive filler, based on the total weight of the thermal
Interface material. In a second even more particular embodiment, the thermal

Interface material comprises: 2 wt.% to 5 wt.% of at least one wax;0.1 to 0.5 wt.% of

at least one antioxidant;1 wt.% to 2 wt.% of at least one coupling agent; and 0.5 wt.%
to 0.6 wt.% of at least one crosslinker based on the total weight of the thermal

Interface material;wherein the thermal interface material comprises 75 wt.% to 90 wt.%
of the at least one thermally conductive filler, based on the total weight of the thermal
Interface material. In an even more particular embodiment, the thermal interface
material comprises: 1.5 wt.% to 2 wt.% of at least one wax;0.1 to 1 wt.% of at least
one antioxidant; and0.5 wt.% to 1 wt.% of at least one coupling agent;wherein the
thermal interface material comprises 85 wt.% to 95 wt.% of the at least one thermally
conductive filler, based on the total weight of the thermal interface material.In

another even more particular embodiment, the thermal interface material further

comprises0.1 wt.% to 1 wt.% of at least one crosslinker.

[0020] According to an embodiment of the present disclosure, an electronic
components includes a heat sink, an electronic chip, and a thermal interface material
having a first surface layer and a second surface layer, the thermal interface material
positioned between the heat sink and electronic chip, the thermal interface material
INncluding:at least one polymer; at least one thermally conductive filler; andat least
one Ion scavenger. In some embodiments, the thermal interface material is
according to any of the above embodiments. In a first more particular embodiment,
the first surface layer 1s In contact with a surface of the electronic chip and the
second surface layer Is In contact with the heat sink. In a second more particular
embodiment, the electronic component further comprises a heat spreader positioned
between the heat sink and the electronic chip, wherein the first surface layer iIs In
contact with a surface of the electronic chip and the second surface layer IS In
contact with the heat spreader. In a third more particular embodiment, the electronic

component further comprises a heat spreader positioned between the heat sink and
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the electronic chip, wherein the first surface layer 1s in contact with a surface of the

heat spreader and the second surface layer Is In contact with the heat sink.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above-mentioned and other features and advantages of this
disclosure, and the manner of attaining them, will become more apparent and the
iInvention itself will be better understood by reference to the following description of

embodiments of the invention taken in conjunction with the accompanying drawings,

wherein:

[0022] FIG. 1 schematically illustrates atypical electronics package structure;
[0023] FIG. 2A illustrates a typical degradation mechanism for a TIM;
[0024] FIG. 2B illustrates a metal-catalyzed degradation mechanism; and
[0025] FIG. 3 illustrates an exemplary complexing reaction with an ion
scavenger.

[0026] Corresponding reference characters indicate corresponding parts

throughout the several views. The exemplifications set out herein illustrate
exemplary embodiments of the invention and such exemplifications are not to be

construed as limiting the scope of the invention in any manner.

DETAILED DESCRIPTION
A. Thermal Interface Material

[0027] The present invention relates to thermal interface materials (TIMs)
useful In transferring heat away from electronic components. In one exemplary
embodiment, the TIM comprises a polymer matrix, at least onethermally conductive

filler, and at least one 1on scavenger.

[0028] In some embodiments, the TIM may optionally include one or more of
the following components:coupling agent, antioxidant, phase change material, and

other additives.
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[0029] Without wishing to be bound by any theory, it is believed that the
addition of an 1on scavenger inhibits metal ion-induced free radical formation. The
lon scavenger Is believed to capture and bind metal ions In a complex such that the
metal ions no longer have an empty electron orbit and are effectively disabled from

Initiation the formation of free radicals in the polymer.

[0030] An exemplary complexing reaction is illustrated in FIG. 3. In figure 3,
the 1on scavenger, illustratively a dinydrazide, reacts with a metal ion, illustratively
copper oxide. Without wishing to be bound by any particular theory, it is believed
that the metal 1on I1s attracted to one or more lone pairs of electrons on the ion
scavenger. The attraction between the metal ion and lone pairs of electrons forms a
complex, In which the metal ion no longer has an empty electron orbit and does not

participate in the metal-catalyzed reactions of FIG. 2B.

[0031] As lllustrated In the Examples presented below, the inclusion of an ion
scavenger In the thermal interface material inhibited degradation of the polymer to a

surprising extent.
1. Polymer

[0032] The TIM includes a polymer, such as an elastomer. In some
embodiments, the polymer comprises a silicone rubber, a siloxane rubber, a siloxane
copolymer, or other suitable silicone-containing rubber. In some embodiments, the
polymer comprises one or more hydrocarbon rubber compounds, including saturated

or unsaturated hydrocarbon rubber compounds.

[0033] Exemplary saturated rubbers include ethylene-propylene rubbers (EPR,
EPDM), polyethylene/butylene, polyethylene-butylene-styrene, polyethylene-
propylene-styrene, hydrogenated polyalkyldiene "mono-ols” (such as hydrogenated
polybutadiene mono-ol, hydrogenated polypropadiene mono-ol, hydrogenated
polypentadiene mono-ol), hydrogenated polyalkyldiene “diols” (such as

hydrogenated polybutadiene diol, hydrogenated polypropadiene diol, hydrogenated
polypentadiene diol) and hydrogenated polyisoprene, polyolefin elastomer, and
blends thereof. In some embodiments, the polymer is a hydrogenated polybutadiene

mono-ol.
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[0034] Exemplary unsaturated rubbers include polybutadiene, polyisoprene,

polystyrene-butadiene and blends thereof, or blends of saturated and unsaturated

rubber compounds.

[0035] The TIM may comprise the one or more polymers in an amount as little
as 1wt.%, 2 wt.%, S wt. %, o wt. %, 7 wt. %, 8 wt. %, as great as 10 wt.%, 20 wt.%,
25 wt.%, 50 wt.%, or greater, or within any range defined between any two of the

foregoing values, based on the total weight of the TIM.
2. Thermally conductive filler

[0036] TheTlM includes one or more thermally conductive fillers. Exemplary
thermally conductive fillers include metals, alloys, nonmetals, metal oxides and
ceramics, and combinations thereof. The metals include, but are not limited to,
aluminum, copper, silver, zinc, nickel, tin, Indium, and lead. The nonmetal include,
but are not limited to, carbon, graphite, carbon nanotubes, carbon fibers, graphenes,
and silicon nitride. The metal oxide or ceramics include but not Iimited to alumina,

aluminum nitride, boron nitride, zinc oxide, and tin oxide.

[0037] The TIM may comprise the one or more thermally conductive fillers In
an amount as little as 10 wt.%, 20 wt.%, 25 wt.%, 50 wt.%, as great as 75 wt.%, 80
wt. %, 85 wt.%, 90 wt.%, 95 wt.%, or within any range defined between any two of

the foregoing values, based on the total weight of the TIM.

3. lon scavenger

[0038] The TIM Includes one or more 1on scavengers. Exemplary ion
scavengers Include nitrogen containing complexing agents, phosphorous containing
complexing agents, and hydroxyl carboxylic acid based complexing agents. In some
exemplary embodiments, the ion scavenger Is selected fromacid amide compounds,
such as hydrazide or dihydrazide. In some exemplary embodiments, the ion
scavenger Is selected from triazole compounds, tetrazole compounds, triazene
compounds, oxamide comounds, or malonamide compounds. In some exemplary
embodiments, the 1on scavenger Is selected from decamethylenedicarboxylic acid
disalicyloylhydrazide; 3-(N-salicyloyl)amino-1,2,4-triazole; and 2', 3-bis [[3-[3, 5-dI-
tert-butyl-4-nydroxyphenyl] propionicljpropionyl hydrazide.

10



CA 02951437 2016-12-07

WO 2016/004565 PCT/CN2014/081724

[0039] In another more particular embodiment, the ion scavenger Is a

compound according to any of Formula | to Formula XI or combinations thereof:

Formula | — N-salicylidene-N'salicyloyl hydrazide

W -l T
B R

Formula IV - 3-(N-salicyloyl)amino-1,2,4-triazole

11
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Formula V - 2,2'-oxamido bis[ethyl 3-(3,5-dI-tert-butyl-4-hydroxyphenyl)propionate]

A “
£ Ea FIR

Formula VI - N,N'-bis(salicylidene) ethylenediamine
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Formula VIl - Methwvimaionic acid gianiige
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Formula IX - N-formyl-N'-salicyloy| hydrazine

12
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Formula X - Decamethylenedicarboxylic acid disalicyloylhydrazide

Formula Xl - Bis(2,6-dI-ter-butyl-4-methylphenyl)pentaerythritol-diphosphite

[004 0] The TIM may comprise the one or more ion scavengers In an amount
as little as 0.1 wt.%, 0.2 wt.%, 0.5 wt.%, 1 wt.% as great as 1.5 wt.%, 2 wt.%, 5 wt.%,
10 wt.%, or within any range defined between any two of the foregoing values, based
on the total weight of the TIM.

4 Coupling agent

[004 1] In some exemplary embodiments, the TIM comprises one or more
coupling agents. Exemplary coupling agents include organometallic compounds,
such as titanate coupling agents or zircontate coupling agents, and organic
compounds, such as silane coupling agents. Exemplary coupling agents include
titanium 1V 2,2 (bis 2-propenolatomethyl)butanolato, tris(dioctyl)pyrophosphato-0O;
zirconium IV 2.2 (bis 2-propenolatomethyl)butanolato, tris(diisooctyl)pyrophosphato-
O: titanium IV 2-propanolato, tris(dioctyl)-pyrophosphato-0O) adduct with 1 mole of
diisooctyl phosphite; titanium IV bis(dioctyl)pyrophosphato-O, oxoethylenediolato,
(Adduct), bis(dioctyl) (hydrogen)phosphite-O; titanium IV bis(dioctyl)pyrophosphato-

13
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O, ethylenediolato (adduct), bis(dioctyl)hydrogen phosphite; and zirconium |V 2,2-
bis(2-propenolatomethyl) butanolato, cyclo di[2,2-(bis 2-propenolatomethyl)
butanolato], pyrophosphato-0,0.

[0042] In some exemplary embodiments, the TIM may comprise the one or
more coupling agents iIn an amount as little as 0.1 wt.%, 0.5 wt.%, 0.67 wt.%, 0.75
wt.%, as great as 1 wt.%, 1.5 wt.%, 2 wt.%, 5 wt.%, 10 wt.%, or within any range

defined between any two of the foregoing values, based on the total weight of the
TIM.

5. Antioxidant

[004 3] In some exemplary embodiments, the TIM comprises one or more
antioxidants. Exemplary antioxidants include phenol type, amine type antioxidants,
or any other suitable type of antioxidant, or a combination thereof. The phenol or
amine type antioxidant may also be a sterically hindered phenol or amine type
antioxidant. Exemplary phenol type antioxidants include octadecyl 3-(3,5-di-(tert)-
butyl-4-hydroxyphenyl) propionate. Exemplary amine type antioxidants include 2,6-
di-tert-butyl-4-(4,6-bis(octylthio)-1,3,5-triazin-2-ylamino) phenol. Exemplary
stearically hindered antioxidants include sterically hindered sulfur containing phenolic
antioxidants. Exemplary antioxidants include the Irganox ® antioxidants available
from BASF.

[0044] Although lon scavengers and antioxidants both reduce oxidative
degradation of the TIM, 1on scavengers are believed to function by capturing and
binding metal ions In a complex such that the metal ions no longer have a net charge
and are effectively disabled from participating in the metal-catalyzed reactions of FIG.
2B. In contrast, antioxidants are generally believed to function by transferring

electrons to an oxidizing agent, such as the radicals of FIG. 2A.

[004 5] In some exemplary embodiments, the TIM may comprise the one or
more antioxidants in an amount as little as 0.05 wt.%, 0.1 wt.%, 0.5 wt.%, 1 wt.% as

great as 1.5 wt.%, 2 wt.%, 5 wt.%, 10 wt.%, or within any range defined between any

two of the foregoing values, based on the total weight of the TIM.

14
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6. Phase change matenal

[0046] In some exemplary embodiments, the TIMcomprises one or more
phase change materials.A phase change material iIs a material having a melting

point or melting point range at or below the operating temperature of a portion of an
electronic device In which the TIM Is to be used. An exemplary phase change
material is a wax.Other exemplary phase change materials include low melting alloys,

such as Wood's metal, Field’'s metal, or a metal or alloy having a melting point
between about 20°C and 90°C.

[0047] In some embodiments, the phase change material has a phase change
temperature as low as 20°C, 30°C, 40°C, 45°C 50°C,as high as 60°C, 70°C, 80°C,
90°C, 100°C, 110°C, or within any range defined between any two of the foregoing
values.Iln some more particular embodiments, the phase change material has a

phase change temperature as low as 30°C, 40°C, 45°C as high as 50°C, 60°C, 70°C,

or within any range defined between any two of the foregoing values.

[004 8] Exemplary waxes include polyethylene (PE) wax, paraffin wax, AC-
1702, a polyethylene wax, AC-430 , a copolymer of ethylene-vinyl acetate wax, and
AC-6702, an oxidized polyethylene wax, each available from Honeywell International
InC., a polyethylene wax blended with polytetrafluoroethylene such as PEW-0602F
wax available from Nanjing Tianshi New Material Technologies, TAC wax, available

from The International Group, Inc., and RT44HC, available from Hangzhou Ruhr
Tech.

[0049] The TIM may comprise the one or more phase change materials in an
amount as little as 0.5 wt.%, 1 wt.%, 2 wt.%, 3 wt.%, 5 wt.%, 10 wt.%, as great as 20
wt. %, 25 wt.%, 50 wt.%, or greater, or within any range defined between any two of

the foregoing values, based on the total weight of the TIM.
/. Other additives

[00S50] In some exemplary embodiments, the TIM comprises one or more
additional additives. Exemplary additives include crosslinkers, such as alkylated
melamine formaldehyde resin, pigments, and solvents, such as 1osparaffinic fluids. .

In some exemplary embodiments, the TIM may comprise the one or more additives
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IN an amount as little as 0.1 wt.%, 0.5 wt.%, 1 wt.% as great as 1.5 wt.%, 2 wt.%, 5

wt.%, 10 wt.%, or within any range defined between any two of the foregoing values,
pbased on the total weight of the TIM.

8. Exemplary formulations of the Thermal Interface Material

[005 1] In a first non-limiting illustrative embodiment, the TIM includes about 1
wt.% to about 25 wt.% polymer, about 50 wt.% to about 95 wt.% thermally
conductive filler, and about 0.1 wt.% to about 5 wt.% ion scavenger. In a more
particular embodiment, the ion scavenger Is an acid amide compounds, such as
hydrazide or dihydrazide. In an even more particular embodiment, the i1on scavenger
IS selected from decanedicarboxylic acid dietlythyl oyl hydrazide; 3-(N-
salicyloyl)amino-1,2,4-triazole; and 2', 3-bis [[3-[3, 5-di-tert-butyl-4-hydroxyphenyl]
propionicllpropionyl hydrazide

[0052] In a second Illustrative embodiment, which Is a more particular

embodiment of the first illustrative embodiment, the TIM further includes about 1 wt.%

to about 5 wt.% of at least one phase change material.

[005 3] In a third illustrative embodiment, which is a more particular
embodiment of either the first or the second illustrative embodiments, the TIM

INcludes about 0.1 wt.% to about 5 wt.% of at least one crosslinker.

[0054] In a fourth illustrative embodiment, which is a more particular
embodiment of any of the first to third illustrative embodiments, the TIM includes

about 0.1 wt.% to about 5 wt.% of at least one coupling agent.

[00S55] In a fifth illustrative embodiment, which is a more particular
embodiment of any of the first to fourth illustrative embodiments, the TIM includes

about 0.1 wt.% to about 5 wt.% of at least one phase change material.
9 Exemplary properties of the Thermal Interface Material

[0056] In some exemplary embodiments, a material thermal interface material
INcluding an 1on scavenger has a resistance to degradation greater than a similarly
formulated thermal interface material not including an ion scavenger. The
resistance to degradation may be characterized by an Oxygen Induced Time (OIT)
test, such as determined by ASTM D3859-07 ,the disclosures of which are hereby
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incorporated by reference in their entirety. Longer OIT times indicate better thermal

stabllity.

[0057] In some exemplary embodiments, the OIT of a TIM including an ion
scavenger Is as little as 20% greater, 25% greater, 30% greater, 50% greater, /5%
greater, 100% greater, as great as 150% greater, 200% greater, 300% greater, 375%
greater, 400% greater, 500% greater, or more than the OIT of a similarly formulated
TIM not Including an ion scavenger, or within any range defined between an y two of

the foregoing values.

[005 8] In some exemplary embodiments, the OIT of a TIM including an ion
scavenger Is as little as 30 minutes, 45 minutes, 60 minutes, as great as /5 minutes,
90 minutes, 120 minutes, 150 minutes, or greater or within any range defined

between an y two of the foregoing values.

[0059] In some exemplary embodiments, the OIT of a TIM in contact with a
metal surface is as little as 15 minutes, 20 minutes, 30 minutes, 45 minutes, as great
as 60 minutes, 75 minutes, 90 minutes, 120 minutes, 150 minutes, or greater or

within any range defined between an y two of the foregoing values.

[0060] In some exemplary embodiments, the thermal interface material has a
thermal impedance as little as 0.05°Ccm?/W, 0.08°Ccm?/W, 0.09°Ccm?/W, as high as
0.1°Ccm?/W, 0.5°C cm?/W, 1°C cm?/W, 2°C cm?/W, or within any range defined

between any two of the foregoing values.

[0061] In some exemplary embodiments, the thermal interface material has an
unchanged thermal impedance and no visible degradation of the TIMafter
undergoing a Highly Accelerated Stress Test (HAST) conditioning at a temperature
of 120°C, a pressure of 2 atmospheres, and a relative humidity of 85%. The for
thermal iImpedance may be unchanged for as short as 90 hours, 120 hours, 150
hours, as long as 180 hours, 190 hours, 200 hours, or longer, or within any range

defined between any two of the foregoing values.

[0062] In some exemplary embodiments, the thermal interface material has an
unchanged thermal impedance and no visible degradation of the TIM after

undergoing a baking test conditioning at a temperature of 150°C. The for thermal
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Impedance may be unchanged for as short as 1000 hours, 1500 hours, 2000 hours,
as long as 2200 hours, 2500 hours, 2800 hours, or longer, or within any range

defined between any two of the foregoing values.

B. Methods of forming a Thermal Interface Material

[0063] In some exemplary embodiments, the TIM Is prepared by combining

the Individual components In a heated mixer and blending the composition together.

The blended composition may then be baked.

[0064] In some exemplary embodiments, the TIM Is baked at a temperature
as low as 25°C, 50°C, 75°C, 80°C, as high as 100°C, 125°C, 150°C, 170°C, or within
any range defined between any two of the foregoing values. In some exemplary
embodiments, the TIM Is baked for as little as 0.5 minutes, 1 minute, 30 minutes, 1
hour, 2 hours, as long as 8 hours, 12 hours, 24 hours, 36, hours, 48 hours, or within
any range defined between any two of the foregoing values. An exemplary baking

condition 1s 80°C for 30 minutes.

C. Applications utilizing the Thermal Interface Material

[0065] Referring again to FIG. 1, in someexemplary embodiments, the thermal
Interface material Including an 1on scavenger Is positioned as a IIM 1 between an
electronic component 12 and a heat spreader 14, as indicated by TIM 18. In some
exemplary embodiments, the thermal interface material including an 1on scavenger Is
positioned as a TIM 2 between an a heat spreader 14 and a heat sink 16, as
iIndicated by TIM 20. In some exemplary embodiments, the thermal interface
material Including an ion scavenger Is positioned as a 1IM 1.5 (not shown) between

an electronic component 12 and a heat sink 16.

EXAMPLES
[0066] TIMs were prepared according to the formulations provided in Table 1.

TABLE 1

Formulations(wt.%) for Example 1 and Comparative Examples 1 and 2

Ex.1 | Comp. Ex. 1| Comp. Ex. 2
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Elastomer 0.22 0.22 0.22
Wax 1.78 1.78 1.78
Total antioxidant 0.5 0.5 0.5
Titanium coupling agent 0.67 0.67 0.67
Aluminum powder thermally conductive filler | 90.83 90.83 90.83
Crosslinker 0.6 - 0.6
lon scavenger 0.5 - -
[0067] To prepare example 1, 6.22 parts (weight) Kraton elastomer (a

hydroxyl-terminated ethylene butylene copolymer, specialty mono-ol), 1.78 parts of a
microcrystalline wax with a melting point of about 45°C, 0.5 total parts of an
antioxidant mixture were combined and blended In a heated mixer until the
combination had melted and had a substantially homogeneous appearance. 0.6/
parts Titanium IV 2, 2 (bis 2-propenolatomethyl) butanolato,
tris(dioctyl)pyrophosphato-O coupling agent was added, and the combination was
blended, again until the combination had a substantially homogeneous appearance.
90.83parts of Aluminum powder, a thermally conductive filler, was added, and the
combination was again blended until it had a substantially homogeneous
appearance. Finally 0.6 parts of a Cymel crosslinker resin(alkylated melamine
formaldehyde resin) and 0.5 parts of an ion scavenger Songnox® 1024 were added.

The final combination had a homogeneous appearance.

[0068] To prepare comparative example 1, 6.22 parts Kraton elastomer (a
hydroxyl-terminated ethylene butylene copolymer, specialty mono-ol), 1.78 parts of a
microcrystalline wax with a melting point of about 45°C, and 0.50wt % antioxidant
were combined and blended In a heated mixer until the combination had melted and
had a substantially homogeneous appearance. 0.6/ parts Titanium IV 2, 2 (bis 2-
propenolatomethyl) butanolato, tris(dioctyl)pyrophosphato-O was added, and the
combination was blended, again until the combination had a substantially
homogeneous appearance. 90.83 parts of Aluminum powder was added, and the
combination was again blended until it had a substantially homogeneous

appearance.
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[0069] To prepare comparative example 2, 6.22 parts Kraton elastomer (a
hydroxyl-terminated ethylene butylene copolymer, specialty mono-ol), 1.78 parts of a
microcrystalline wax with a melting point of about 45°C, and 0.50wt % antioxidant
were combined and blended In a heated mixer until the combination had melted and
had a substantially homogeneous appearance. 0.67 parts Titanium IV 2, 2 (bis 2-
propenolatomethyl) butanolato, tris(dioctyl)pyrophosphato-O was added, and the
combination was blended, again until the combination had a substantially
homogeneous appearance. 90.83 parts of Aluminum powder was added, and the
combination was again blended until it had a substantially homogeneous
appearance. Finally 0.60 parts Cymel resin(alkylated melamine formaldehyde resin)

was added. The final combination had a homogeneous appearance.

[0070] For each TIM, a Highly Accelerated Stress Test (HAST) was performed.
The TIM was taped between liner films at 90°C for 15 minutes, and cut to a 10mm
square. The liners were removed and the square sample placed between a nickel-
coated copper spreader and a silicon die, creating a "test sandwich.” The sample
was conditioned at a temperature of a temperature of 130°C, a pressure of 2
atmospheres, and a relative humidity of 85% for 96-192 hours using an
environmental chamber supplied by ESPEC. The thermal impedance of the sample
was determined before and after the sample conditioning using flash diffusivity of the
test sandwich. Flash diffusivity was determined using a Netzsch LFA 44/ equipment

with a Xenon light source.

[0071] The material was periodically checked, and the HAST time was
recorded as the final time in which the material met the following criteria: (1) There
was no significant visible degradation of the TIM, and no delamination between the
TIM and the nickel-coated copper spreader or between the TIM and the silicon die.
(2) In addition, the thermal performance did not significantly degrade (testing for
thermal performance is further described below). Specifically, the thermal impedance

of the test sandwich was the same after HAST testing compared to before (both
values were 0.08-0.09°C.cm/W).

[0072] For each TIM, a baking test was performed. The TIM was taped

between liner films at 90°C for 15 minutes, and cut to a 10mm square. The liners
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were removed and the square sample placed between a nickel-coated copper
spreader and a silicon die, creating a "test sandwich.” The sample was subjected to
a 150°C baking oven, for 200 to 3000 hours using an Oven D2F-6050, supplied by
Shanghai JINGHONG. The thermal impedance of the sample was determined
before and after the sample conditioning using flash diffusivity of the test sandwich.

Flash diffusivity was determined using a Netzsch LFA 447 equipment with a Xenon

light source.

[007 3] The material was periodically checked, and the baking time was
recorded as the final time in which the material met the following criteria: (1) There
was no significant visible degradation of the TIM, and no delamination between the
TIM and the nickel-coated copper spreader or between the TIM and the silicon die.
(2) In addition, the thermal performance did not significantly degrade (testing for
thermal performance is further described below). Specifically, the thermal impedance

of the test sandwich was the same after baking test compared to before (both values
were 0.08-0.09°C.cm/W).

[0074] For each TIM, an Oxygen Induced Time (OIT) test was conducted
following by ASTM D3859-07 standard. OIT is a standardized test performed in a
DSC(Differential Scanning Calorimeter) which measures the level of thermal
stabilization of the material tested. Longer time indicates better thermal stability. 10-
30mg mixed samples described above, will go OIT test through DSC Q100, supplied
by TA instrument. The test condition is under 50mI/min O, flow rate and 210°C peak

temperature (with 20°C/min ramp up).

[0075] The OIT, HAST and baking test results are presented in Table 2;

TABLE 2

Performance Test Results

Performance Comp.Ex.1| Comp. Ex.2| Ex.1

Average Tl at time zero (°C.cm2/VV) 0.08-0.09 0.08-0.09 | 0.08-0.09
Oxidative Induction Time - 210°C (min) 35.85 42.15 [7.54
HAST - 130°C, 85%RH, 2atm (hours) 96 192 > 192

150°C baking test (hours) 1000 1500 >= 2800

[0076] As shown In Table 2, Example | had similar initial thermal impedance
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as Comparative Example | and Comparative Example Il, and similar or better

performance in the HAST test. |In addition, Example | had significantly longer OIT

and baking test results times than either Comparative Example | or Comparative

Exampile Il

[0077]
provided In Table 3.

TABLE 3

Formulations (wt.%) for Examples 2-4 and Comparative Examples 4-5

A second set of TIMs were prepared according to the formulations

Ex. | Comp. Ex. | Ex. 3 | Ex. 4 | Comp. Ex.

2 3 4
PCM45F 100 100 - - -
Elastomer - - 12.5 | 12.5 12.5
Titanium coupling agent - - 1.5 1.5 1.5
Aluminum powder thermally - - /166 | 7/1.66 /1.66
conductive filler
Zinc oxide powder thermally - - 14.34 | 14.34 14.34
conductive filler
lon scavenger 0.6 - 0.6 1.8 -

[0078]

To prepare example 2, 100parts PCM45F (supplied by Honeywell

International, Inc.), a TIM material including a phase change material, and 0.6 parts
Songnox® 1024 (supplied by SONGWON) were combined and blended in a heated

mixer until the combination had melted and had a substantially homogeneous

appearance.
[0079]

[0080]

Comparative example 3 was PCM45F without the ion scavenger.

To prepare example 3, 12.5 parts of Kraton elastomer (a hydroxyl-

terminated ethylene butylene copolymer, specialty mono-ol) , 1.5 parts of Titanium

IV 2-propanolato, tris isooctadecanoato-O ,and 0.6 parts ion scavenger Songnox®

1024 were combined and blended until the combination had a substantially

homogeneous appearance. /1.66 parts of Aluminum powder, and 14.34 parts of

Zinc oxide powder were added, and the combination was again blended until it had a

substantially homogeneous appearance.
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[0081] To prepare example 4, 12.5 parts of Kraton elastomer (a hydroxyl-
terminated ethylene butylene copolymer, specialty mono-ol) , 1.5 parts of Titanium
IV 2-propanolato, tris isooctadecanoato-0O, and 1.8 parts ion scavenger Songnox®
1024 were combined and blended until the combination had a substantially
homogeneous appearance. /1.66 parts of Aluminum powder, and 14.34 parts of

Zinc oxide powder were added, and the combination was again blended until it had a

substantially homogeneous appearance.

[0082] To prepare comparative example 4, 12.5 parts of Kraton elastomer (a

hydroxyl-terminated ethylene butylene copolymer, specialty mono-ol) , and 1.5 parts
of Titanium IV 2-propanolato, tris isooctadecanoato-O were combined and blended
until the combination had a substantially homogeneous appearance. 7/1.66 parts of

Aluminum powder, and 14.34 parts of Zinc oxide powder were added, and the

combination was again blended until it had a substantially homogeneous

appearance.

[0083] For each TIM, an Oxygen Induced Time (OIT) test was conducted
following by ASTM D3859-07 standard as discussed above. OIT test results of

above materials are presented in Table 4:

TABLE 4
OIT Test Results

Samples OIT Result (min)
Ex. 2 57.92
Comp. Ex. 3 24 .56
Ex. 3 92.58
Ex. 4 145.50
Comp. Ex. 4 23.28

[0084] As shown in Table 4, Example 2 had significantly longer OIT times than
Comparative Example 3, and Examples 3 and 4 had significantly longer OIT times

than Comparative Example 4. |In addition, Example 4, which had twice the ion

scavenger as Example 3, had significantly longer OIT times than Example 3.
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[0085] While this invention has been described as having exemplary designs,
the present invention can be further modified within the spirit and scope of this
disclosure. This application is therefore intended to cover any variations, uses, or
adaptations of the invention using its general principles. Further, this application Is
Intended to cover such departures from the present disclosure as come within known

or customary practice in the art to which this invention pertains and which fall within

the limits of the appended claims.
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CLAIMS
1. A thermal interface materialcomprising:
at least one polymer;
at least one thermally conductive filler; and
at least one ion scavenger.

2. The thermal interface material of claim 1, wherein the ion scavenger Is a
complexing agent selected from the group consisting of: nitrogen containing
complexing agents, phosphorus containing complexing agents, and hydroxyl

carboxylic acid based complexing agents, and combinations of the foregoing.

3. The thermal interface material of claim 1, wherein the 1on scavenger Is
selected from the group consisting of: an acid amide compound, a triazole
compound, a tetrazole compound, a triazene compound, an oxamide compounds, a

malonamide compound, and combinations of the foregoing.

4 The thermal interface material of claim 1, wherein the 1on scavenger I1s an acid

amide compound.

. The thermal interface material of claim 1, wherein the 1on scavenger Is a
selected from the group consisting of hydrazide, dihydrazide and combinations of the

foregoing.

o. The thermal interface material of claim 1, wherein the 1on scavenger Is
selected from the group consisting of: decamethylenedicarboxylic acid
disalicyloylhydrazide; 3-(N-salicyloyl)amino-1,2,4-triazole; and 2', 3-bis [[3-[3, 5-dI-
tert-butyl-4-hydroxyphenyl] propionicljpropionyl hydrazide.

[0086] /. The thermal interface material of claim 1, wherein the ion
scavenger a compound according to a formula selected from the group consisting of

Formula | to Formula Xl or combinations thereof:

Formula | — N-salicylidene-N'salicyloyl hydrazide
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Formula |l - oxalyl bis(benzylidenehydrazide)

,OH HO\_+
C= NH—NH—C

$ b

Formula lll - N,N'-bis(salicyloyl)hydrazine

E R o

Formula V - 2,2'-oxamido bis[ethyl 3-(3,5-dI-tert-butyl-4-hydroxyphenyl)propionate]
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Formula VI - N,N'-bis(salicylidene) ethylenediamine

Formula X - Decamethylenedicarboxylic acid disalicyloylhydrazide
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Formula Xl - Bis(2,6-diI-ter-butyl-4-methylphenyl)pentaerythritol-diphosphite

8. The thermal interface material of claim 1, wherein the thermal interface
material comprises 0.1 wt.% to 5 wt.% of the 1on scavenger, based on the total

weight of the thermal interface material.

9. The thermal interface material of claim 1, wherein the thermal interface
material comprises 0.5 wt.% to 1 wt.% of the 1on scavenger, based on the total

weight of the thermal interface material.

10.  The thermal interface material of claim 1, further comprising at least one

phase change material.

11.  The thermal interface material of claim 10, wherein the at least one phase

change material iIs a wax.

12.  The thermal interface material of claim 1, further comprising at least one

coupling agent.

13.  The thermal interface material of claim 12, wherein the at least one coupling
agent Is selected from the group consisting of: a titanate coupling agent, a zirconate

coupling agent, a silane coupling agent, and combinations of the foregoing.

14.  The thermal interface material of claim 1, further comprising at least one

crosslinker.

15.  The thermal interface material of claim 1, further comprising at least one wax,

at least one antioxidant, at least one coupling agent, and at least one crosslinker.

16.  The thermal interface material of claim 1, wherein the thermal interface

material comprises:
o wt.% to 10 wt.% of the at least one polymer;
o0 wt.% to 95 wt.% of the at least one thermally conductive filler; and

0.1 wt.% to 5 wt.% of the 1on scavenger, based on the total weight of the

thermal interface material.
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17.  The thermal interface material of claim 16, further comprising:
2 wt.% to 5 wt.% of at least one wax;
0.1 to 0.5 wt.% of at least one antioxidant;

1 wt.% to 2 wt.% of at least one coupling agent; and

0.5 wt.% to 0.6 wt.% of at least one crosslinker based on the total weight of

the thermal interface material;

wherein the thermal interface material comprises 75 wt.% to 90 wt.% of the at
least one thermally conductive filler, based on the total weight of the thermal

iInterface material.

18.  The thermal interface material of claim 16, further comprising:
1.5 wt.% to 2 wt.% of at least one wax:
0.1 to 1 wt.% of at least one antioxidant; and
0.5 wt.% to 1 wt.% of at least one coupling agent;

wherein the thermal interface material comprises 85 wt.% to 95 wt.% of the at

least one thermally conductive filler, based on the total weight of the thermal

INnterface material.

19. The thermal interface material of claim 18, further comprising 0.1 wt.% to 1 wt.%

of at least one crosslinker.
20.  An electronic component comprising:
a heat sink;

an electronic chip;

a thermal interface material having a first surface layer and a second surface
layer, the thermal interface material positioned between the heat sink and electronic

chip, the thermal interface material including:

at least one polymer;

at least one thermally conductive filler; and

at least one ion scavenger.
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