CLAIMS

What is claimed is:

1. A method of establishing a thermal joint for conducting heat between a
hegi spreader and a heat source of an electronic device, the method comprising
positining a thermal interface material (TIM1) between the heat spreader and the heat
source, Wherein the thermal interface material comprises:

a phase change thermal interface material having a softening temperature
that isNpelow or within a normal operating temperature range of the heat source;
and/or

a thexmoplastic thermal interface material having a softening or melting

temperature adpve a normal operating temperature range of the heat source.

2. The method &f claim 1, wherein the thermal interface material is operable
for establishing a restorableNjthermal joint between the heat spreader and the heat
source, such that if delaminatior\of the thermal interface material occurs during thermal
cycling then interfacial contact resid{ance and thermal resistance of the thermal joint will
increase whereby heat from the heatjource wili cause the thermal interface material to

soften, reduce contact resistance, and régstablish the thermal joint.

3. The method of claim 1 or 2,\further comprising heating the thermal
interface material to a temperature above the noknal operating temperature range, such
that the thermal interface material is flowable undex pressure; and allowing the thermal
interface material to return to a temperature below\ or within the normal operating
temperature range, whereby the thermal interface matexjal establishes a thermal joint
between the heat spreader and the heat source.

4, The method of claim 1 or 2, further comprising heating the thermal
interface material to a phase change temperature while under pregsure such that the
thermal interface material flows to form a thin bond line between the hRat spreader and
the heat source; and allowing the thermal interface material to return td\a solid state,
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whereby the thermal interface material establishes a thermal joint between the heat

spreader and the heat source.

5. The method of claim 1 or 2, further comprising:
applying the thermal interface material to the heat spreader or to the heat source

to the electroNg device, which curing process also heats the thermal interface material

to at least the soNgning temperature.

6. The method of any one of claims 1 to 5, wherein:

the softening tempgrature of the thermal interface material is below or within the
normal operating temperatuxe range of the heat source; and/or

the thermal interface rRaterial comprises a phase change material having a
softening temperature range fr about 45 degrees Celsius to about 70 degrees
Celsius; and/or

the thermal interface material hgs a phase change temperature below or within
the normal operating temperature range ok the heat source; and/or

the thermal interface material is sh&ar thinning and thixotropic such that the
thermal interface material is not flowable at the'ghase change temperature except under
pressure; and/or

the thermal interface material has a phase chapge temperature above the normal
operating temperature range of the heat source, such that the thermal interface material
softens, without melting, within the normal operating teXgperature range of the heat

source.
7. The method of any one of claims 1 to 6, wherein:

the electronic device comprises a semiconductor device havindy the heat source;

the heat spreader comprises a lid of the electronic device;
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the thermal interface material comprises a first thermal interface material
between the semiconductor device and the lid; and

the method further comprises positioning a second thermal interface material

IM2) between a heat sink and the lid spreader, whereby the semiconductor device is

in &ffective thermal communication with the heat sink via the first thermal interface

materl, the lid, and the second thermal interface material.

8. The method of any one of claims 1 to 6, wherein:

the heaX spreader comprises an integrated heat spreader or lid of the electronic
device;

the heat solyce comprises one or more heat generating components of the
electronic device; and

the thermal interface material comprises a thermoplastic thermal interface
material having a softenlg or melting temperature above a normal operating

temperature of the one or mord heat generating components.

9. The method of claim 8\wherein the method comprises:

positioning the thermoplastic thermal interface material between the integrated
heat spreader or lid and the one or more Regat generating components;

heating the thermoplastic thermal intgrface material to at least the softening or
melting temperature while under pressure such, that the thermoplastic thermal interface
material flows to form a thin bond line between e integrated heat spreader or lid and
the one or more heat generating components; and

allowing the thermoplastic thermal interface terial to return to a solid state,
whereby the thermoplastic thermal interface materiaNestablishes a themal joint
between the integrated heat spreader or lid and the ond or more heat generating

components.
10. The method of claim 9, wherein:

the electronic device comprises a central processing unit having\he one or more

heat generating components; and
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the heating of the thermoplastic thermal interface material to at least the
softening or melting temperature while under pressure occurs during a curing process of

an adhesive that attaches the integrated heat spreader or lid to the central processing

The method of claim 9 or 10, wherein:

hegting the thermoplastic thermal interface material comprising heating the
thermoplast; thermal interface material to a temperature within a range from about 100
T to about 208, T or from about 125 T to about 17 5 T while under a pressure within
a range from aboNt 5 pounds per square inch (psi) to about 100 psi or from about 10 psi
to 50 psi; and/or

the thermoplasic thermal interface material is sandwiched between the
integrated heat spreader \gr lid and the one or more heat generating components with
the thermoplastic thermal in¥rface material compressed against the one or more heat
generating components; and/o

the thermoplastic thermal Yqterface material comprises a thermally conductive
thermal plastic or a thermally conduckye temperature reversible gel; and/or

positioning the thermoplastic thexmal interface material comprises positioning a
multilayered thermal interface material ingiuding a heat spreader and one or more
layers of the thermoplastic thermal interface haterial along one or both sides of the heat

spreader.

12. The method of any one of claims 8 to 1T\wherein:

the normal operating temperature of the o or more heat generating
components is within a range from about 60 T to ab out 108,C;

the softening or melting temperature of the thermopiastic thermal interface
material is within a range from about 100 C to abo ut 200 T; an

heating the thermoplastic thermal interface material comprises heating the
thermoplastic thermal interface material to a temperature of at least\about 100 € or

more.
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13.  The method of any one of claims 8 to 12, further comprising establishing a
thermal joint between a heat sink and the integrated heat spreader or lid by positioning
a second thermal interface material between the heat sink and the integrated heat

preader or lid, whereby a thermally conductive heat path is established from the one or

ma(e heat generating components through the thermoplastic thermal interface material,

sink sudp that heat generated by the one or more heat generating components is
transferrablg to the heat sink through the thermoplastic thermal interface material, the
integrated he&t spreader or lid, and the second thermal interface material.

14, The method of any one of claims 8 to 13, wherein operation of the one or
more heat generatinghgomponents heats the thermoplastic thermal interface material to
no more than the normahpperating temperature due to the presence of the thermal joint,
whereby the thermoplastic\thermal interface material remains below the softening or

melting temperature in the solid state thereby retaining the thermat joint.

15. A method of establishing a thermal joint for conducting heat between a
heat spreader and a heat source f an electronic device, the method comprising
positioning a thermal interface material\TIM1) between the heat spreader and the heat
source, wherein: _

the thermal interface material establishgs a restorable thermal joint between the
heat spreader and the heat source; and/or

the method comprises positioning the thermy| interface material prior to curing an

adhesive for attaching the heat spreader to the electrdaic device.

16. The method of claim 15, wherein the \thermal interface material
establishes the restorable thermal joint between the heat sprdader and the heat source
such that if delamination of the thermal interface material occurd\during thermal cycling
then interfacial contact resistance and thermal resistance of the thermal joint will
increase whereby heat from the heat source will cause the thermal inY¥erface material to

soften, reduce contact resistance, and reestablish the thermal joint.
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17. The method of claim 15 or 16, wherein the method comprises positioning
the thermal interface material between the heat spreader and the heat source prior to

curing an adhesive for attaching the heat spreader to the electronic device.

18.  The method of claim 17, further comprising attaching the heat spreader to

the egctronic device by curing the adhesive.

19.\, The method of claim 17, further comprising:

attactNog the heat spreader to the electronic device by curing the adhesive, and
wherein during Ype curing, the thermal interface material is heated under pressure such
that the thermal Wterface material flows to form a thin bond line between the heat
spreader and the he&{ source; and

allowing the theXnal interface material to return to a solid state, whereby the
thermal interface materia\ establishes a thermal joint having low thermal resistance

between the heat spreader and the heat source.

20.  The method of anygne of claims 15 to 19, wherein the thermal interface
material has a softening or melilRg temperature higher than a normal operating
temperature of the heat source, whereRy the thermal interface material will flow to form
a thin bond line when heated to at lead{ the softening or melting temperature while

under pressure.

21. The method of claim 20, wherein:

the electronic device comprises a central p\cessing unit having one or more
heat generating components;

the heat spreader comprises an integrated heat spyeader or lid of the electronic
device; and

the method further comprises curing an adhesive to attakh the central processing
unit to the integrated heat spreader or lid, whereby during the curing the thermal
interface material flows to form a thin bond line between the central Rrocessing unit and

the integrated heat spreader or lid.
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22. The method of claim 20 or 21, wherein:

the thermal interface material comprises one or more of a thermally conductive
ermal plastic, a thermally conductive temperature reversible gel, and/or a low melting
alldy; and/or
ositioning the thermal interface material comprises positioning a multilayered
thermal\pterface material including a heat spreader and one or more layers of the
thermal inthyface material on one or both sides of the heat spreader; and/or

the soNgning or melting temperature of the thermal interface materiall is within a
range from abowk, 100 T to about 200 < or from abo ut 125 <€ to about 175 .

23. The meNod of any one of claims 15 to 22, further comprising positioning a
second thermal interfacdmaterial between a heat sink and the heat spreader, whereby
a thermaliy conductive haat path is established from the heat source through the
thermal interface material, theheat spreader, and the second thermal interface material
to the heat sink such that heaiN\s transferrable from the heat source to the heat sink
through the thermal interface malgrial, the heat spreader, and the second thermal

interface material.

24.  The method of any one of clyims 15 to 23, wherein the thermal interface
material is operable for reestablishing or régtoring the thermal joint after a loss of
contact between the thermal interface material {Ynd the heat spreader and/or the heat

source.

25.  An electronic device comprising:
a heat spreader;

a heat source having a normal operating temperature r.
a first thermal interface material (TIM1) between the heaNspreader and the heat

source, wherein the thermal interface material comprises:
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a phase change thermal interface material having a softening temperature
that is below or within a normal operating temperature range of the heat source;
and/or

a thermoplastic thermal interface material having a softening or melting
temperature above a normal operating temperature range of the heat source;
and/or

a thermal interface material that establishes a restorable thermal joint

between the heat spreader and the heat source.

26. Thw electronic device of claim 25, wherein:

the electronk; device comprises a semiconductor device having the heat source,
the heat spreader coxpprises a lid of the electronic device, and the thermal interface
material is between the 3¢miconductor device and the lid; and/or

the heat source coxgprises one or more heat generating components of the
electronic device, the heat spXeader comprises an integrated heat spreader or lid of the
electronic device, the thermal intgrface material is between the integrated heat spreader
or lid and the one or more heat gegerating components, the thermal interface material
has a softening or melting temperaturg higher than the normal operating temperature of
the one or more heat generating comRonents, the thermal interface material being
flowable to a thin bond line when heated to\at ieast the softening or melting temperature

while under pressure,

27.  The electronic device of claim 25 or 28, further comprising:

a heat sink; and

a second thermal interface material between the hgat source and the heat sink;

whereby a thermally conductive heat path is estabkshed from the heat source
through the thermal interface material, the heat spreader,\and the second thermal

interface material to the heat sink.

28.  The electronic device of any one of claims 25 to 27, wigrein the thermal

interface material establishes the restorable thermal joint between the\heat spreader

32




and the heat source such that if delamination of the thermal interface material occurs
during thermal cycling then interfacial contact resistance and thermal resistance of the
thermal joint will increase whereby heat from the heat source will cause the thermal

erface material to soften, reduce contact resistance, and reestablish the thermal joint.

A thermal interface material for establishing a restorable thermal joint for
conducting heat between a heat spreader and a heat source of an electronic device, the
thermal intégace material comprising a thermoplastic and/or phase change material
configured sucd that if delamination of the thermal interface material occurs during
thermal cycling then interfacial contact resistance and thermal resistance of the thermal
joint will increase whgreby heat from the heat source will cause the thermal interface

material to soften, redusg contact resistance, and reestablish the thermal joint.




CLAIMS

1. A method of establishing a thermal joint for conducting heat between a
heat spreader and a heat source of an electronic device, the method comprising
positioning a thermal interface material (TIM1) between the heat spreader and the heat
source, wherein the TIM1 comprises:

a phase change thermal interface material having a softening temperature
that is below or within a normal operating temperature range of the heat source;
and/or

a thermoplastic thermal interface material having a softening or melting
temperature above a normal operating temperature range of the heat source-

and heating the TIM1 to a temperature above the normal operating
temperature range, such that the TIM1 is flowable under pressure; and

allowing the TIM1 to return to a temperature below or within the normai
operating temperature range, whereby the TIM1 establishes a thermal joint

between the heat spreader and the heat source.

2. The method of claim 1, wherein the TIM1 is operable for establishing a
restorable thermal joint between the heat spreader and the heat source, such that if
delamination of the TIM1 occurs during thermal cycling then interfacial contact
resistance and thermal resistance of the thermal joint will increase whereby heat from
the heat source will cause the TIM1 o soften, reduce contact resistance, and

reestablish the thermal joint.

3. The method of claim 1 or claim 2, further comprising heating the TIM1 to a
phase change temperature while under pressure such that the TIM1 flows to form a thin
bond line between the heat spreader and the heat source; and allowing the TIM1 to
return to a solid state, whereby the TIM1 establishes a thermal joint between the heat

spreader and the heat source.

4. The method of claim 1 or claim 2, further comprising:

25




applying the TIM1 to the heat spreader or to the heat source before positioning
the TIM1 between the heat spreader and the heat source; and/or

wherein the method includes curing an adhesive for attaching the heat spreader
to the electronic device, which curing process also heats the TIM1 to at least the

softening temperature.

5. The method of any one of claims 1 to 4, wherein:

the softening temperature of the TIM1 is below or within the normal operating
temperature range of the heat source; and/or

the TIMT comprises a phase change material having a softening temperature
range from 45 °C to 70 °C; and/or

the TIM1 has a phase change temperature below or within the normal operating
temperature range of the heat source; and/or

the TIM1 is shear thinning and thixotropic such that the thermal interface material
is not flowable at the phase change temperature except under pressure; and/or

the TIM1 has a phase change temperature above the normal operating
temperature range of the heat source, such that the TIM1 softens, without melting,

within the normal operating temperature range of the heat source.

6. The method of any one of claims 1 to 5, wherein:

the electronic device comprises a semiconductor device having the heat source;

the heat spreader comprises a lid of the electronic device;

the TIM1 comprises a first thermal interface material between the semiconductor
device and the lid; and

the method further comprises positioning a second thermal interface material
(TIM2) between a heat sink and the lid spreader, whereby the semiconductor device is
in effective thermal communication with the heat sink via the first thermal interface

material, the lid, and the second thermal interface material.

7. The method of any one of claims 1 to 5, wherein:
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the heat spreader comprises an integrated heat spreader or lid of the electronic
device;

the heat source comprises one or more heat generating components of the
electronic device;

the TIM1 comprises a thermoplastic thermal interface material having a softening
or melting temperature above a normal operating temperature of the one or more heat
generating components; and wherein the method comprises:

positioning the thermoplastic thermal interface material between the integrated
heat spreader or lid and the one or more heat generating components;

heating the thermoplastic thermal interface material to at least the softening or
melting temperature while under pressure such that the thermoplastic thermal interface
material flows to form a thin bond line between the integrated heat spreader or lid and
the one or more heat generating components; and

allowing the thermoplastic thermal interface material to return to a solid state,
whereby the thermoplastic thermal interface material establishes a thermal joint
between the integrated heat spreader or lid and the one or more heat generating

components.

8. The method of claim 7, wherein:

the electronic device comprises a central processing unit having the one or more
heat generating components; and

the heating of the thermoplastic thermal interface material to at least the
softening or melting temperature while under pressure occurs during a curing process of
an adhesive that attaches the integrated heat spreader or lid to the central processing

unit.

9. The method of claim 7 or claim 8, wherein:
heating the thermoplastic thermai interface material comprising heating the
thermoplastic thermal interface material to a temperature within a range from 100 °C to

200 °C or from 125 °C to 175 °C while under a pressure within a range from a range
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from 5 pounds per square inch (psi) 34474 N/m? to 100 psi 689476 N/m? or from 10 psi
68947.6 N/m? to 50 psi 344740 N/m?; and/or

the thermoplastic thermal interface material is sandwiched between the
integrated heat spreader or lid and the one or more heat generating components with
the thermoplastic thermal interface material compressed against the one or more heat
generating components; and/or

the thermoplastic thermal interface materiai comprises a thermally conductive
thermal plastic or a thermally conductive temperature reversible gel; and/or

positioning the thermoplastic thermal interface material comprises positioning a
multilayered thermal interface material including a heat spreader and one or more
layers of the thermoplastic thermal interface material along one or both sides of the heat

spreader.

10.  The method of any one of claims 7 to 9, wherein:

the normal operating temperature of the one or more heat generating
components is within a range from 60 °C to 100 °C;

the softening or melting temperature of the thermoplastic thermal interface
material is within a range from 100 °C to 200 °C; and

heating the thermoplastic thermal interface material comprises heating the

thermoplastic thermal interface material to a temperature of at least 100 °C or more.

11.  The method of any one of claims 7 to 10, wherein operation of the one or
more heat generating components heats the thermoplastic thermal interface material to
no more than the normal operating temperature due to the presence of the thermal joint,
whereby the thermoplastic thermal interface material remains below the softening or

melting temperature in the solid state thereby retaining the thermal joint.

12. A method of establishing a thermal joint for conducting heat between a
heat spreader and a heat source of an electronic device, the method comprising
positioning a thermal interface material (TIM1) between the heat spreader and the heat

source, wherein:
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the TIM1 establishes a restorable thermal joint between the heat spreader and
the heat source; and/or

the method comprises positioning the TIM1 prior to curing an adhesive for
attaching the heat spreader to the electronic device

and heating the TIM1 to a temperature above the normal operating temperature
range, such that the TIM1 is flowable under pressure; and

allowing the TIM1 to return to a temperature below or within the normal operating
temperature range, whereby the TIM1 establishes a thermal joint between the heat

spreader and the heat source.

13.  The method of claim 12, wherein the TIM1 establishes the restorable
thermal joint between the heat spreader and the heat source such that if delamination of
the TIM1 occurs during thermal cycling then interfacial contact resistance and thermal
resistance of the thermal joint will increase whereby heat from the heat source will

cause the TIM1 to soften, reduce contact resistance, and reestablish the thermal joint.

14.  The method of claim 12 or claim 13, wherein the method comprises
positioning the TIM1 between the heat spreader and the heat source prior to curing an

adhesive for attaching the heat spreader to the electronic device.

15.  The method of claim 14, further comprising attaching the heat spreader to

the electronic device by curing the adhesive.

16.  The method of claim 14, further comprising:

attaching the heat spreader to the electronic device by curing the adhesive, and
wherein during the curing, the TIM1 is heated under pressure such that the TIM1 flows
to form a thin bond line between the heat spreader and the heat source; and

allowing the TIM1 to return to a solid state, whereby the TIM1 establishes a
thermal joint having low thermal resistance between the heat spreader and the heat

source.
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17. The method of any one of claims 12 to 16, wherein the TIM1 has a
softening or melting temperature higher than a normal operating temperature of the heat
source, whereby the TIM1 will flow to form a thin bond line when heated to at least the

softening or melting temperature while under pressure.

18.  The method of claim 17, wherein:

the electronic device comprises a central processing unit having one or more
heat generating components;

the heat spreader comprises an integrated heat spreader or lid of the electronic
device; and

the method further comprises curing an adhesive to attach the central processing
unit to the integrated heat spreader or lid, whereby during the curing the TIM1 flows to
form a thin bond line between the central processing unit and the integrated heat

spreader or lid.

19.  The method of claim 17 or claim 18, wherein:

the TIM1 comprises one or more of a thermally conductive thermal plastic, a
thermally conductive temperature reversible gel, and/or a low melting alloy; and/or

positioning the TIM1 comprises positioning a multilayered TIM1 including a heat
spreader and one or more layers of the TIM1 on one or both sides of the heat spreader;
and/or

the softening or melting temperature of the TIM1 is within a range from 100 °C to
200 °C or from 125 °C to 175 °C.

20.  The method of any one of claims 12 to 19, further comprising positioning a
second thermal interface material (TIM2) between a heat sink and the heat spreader,
whereby a thermally conductive heat path is established from the heat source through
the TIM1, the heat spreader, and the TIM2 to the heat sink such that heat is
transferrable from the heat source to the heat sink through the TiM1, the heat spreader,
and the TIM2,
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21.  The method of any one of claims 12 to 20, wherein the thermal interface
material is operable for reestablishing or restoring the thermal joint after a loss of
contact between the thermal interface material and the heat spreader and/or the heat

source.

22.  An electronic device comprising:

a heat spreader;

a heat source having a normal operating temperature range;

a first thermal interface material (TIM1) formed from the method of claim 1 or
claim 12, between the heat spreader and the heat source, wherein the TIM1
comprises:

a phase change thermal interface material having a softening temperature
that is below or within a normal operating temperature range of the heat source;
and/or

a thermoplastic thermal interface material having a softening or melting
temperature above a normal operating temperature range of the heat source;
and/or

a thermal interface material that establishes a restorable thermal joint

between the heat spreader and the heat source.

23.  The electronic device of claim 22, wherein:

the electronic device comprises a semiconductor device having the heat source,
the heat spreader comprises a lid of the electronic device, and the TIM1 is between the
semiconductor device and the lid; and/or

the heat source comprises one or more heat generating components of the
electronic device, the heat spreader comprises an integrated heat spreader or lid of the
electronic device, the TIM1 is between the integrated heat spreader or lid and the one
or more heat generating components, the TIM1 has a softening or melting temperature
higher than the normal operating temperature of the one or more heat generating
components, the TIM1 being flowable to a thin bond line when heated to at least the

softening or melting temperature while under pressure.
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24,  The electronic device of claim 22 or claim 23, further comprising:

a heat sink; and

a second thermal interface material (TIM2) befween the heat source and the heat
sink;

whereby a thermally conductive heat path is established from the heat source
through the TIM1, the heat spreader, and the TIM2 material to the heat sink.

25.  The electronic device of any one of claims 22 to 24, wherein the thermal
interface material establishes the restorable thermal joint between the heat spreader
and the heat source such that if delamination of the thermal interface material occurs
during thermal cycling then interfacial contact resistance and thermal resistance of the
thermal joint will increase whereby heat from the heat source will cause the thermal

interface material to soften, reduce contact resistance, and reestablish the thermal joint.

26. A thermal interface material for establishing a restorable thermal joint for
conducting heat between a heat spreader and a heat source of an electronic device, the
thermal interface material comprising a thermoplastic and/or phase change material
configured such that if delamination of the thermal interface material occurs during
thermal cycling then interfacial contact resistance and thermal resistance of the thermal
joint will increase whereby heat from the heat source will cause the thermal interface

material to soften, reduce contact resistance, and reestablish the thermal joint.
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