1 THERMAL CONDUCTI VE COATI NG FOR THERMAL | NTERFACI NG
MATERI AL Field of the Invention [0001] The present
invention relates to thermal interfacing materi al
(TIM. In particular, the invention relates to a
thermal conductive coati ng fol TIMand a nethod of
produci ng the sane. Background [0002] In advance
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[0002] In advance electronics, tremendous heat that needs to be dissipated to
maintain the working state of the electronic components. In the current state, heatsink
is still widely used for dissipating heat generated by the electronic components, such as
microprocessor. However, it is well known in the art that the contact surfaces of the
heat sink and the electronic component are irregular in microscopic scale, which forms
air gaps when the two contact surfaces are abutting together. It is well known in the art
that air is very poor in conducting heat, i.e. trapped air pockets introduces heat

resistance between the contact surfaces,

[0003] Thermal interfacing materials (TIM) have been widely used as a medium
to fill the gaps between the thermal transfer surfaces to increase thermal transfer
efficiency. The most common form of TIM includes thermal grease. The material is
easy to use but it can be messy when applying/removing it. Due to the nature of the

material, it is commonly not suitable for rework purpose.



[0004] An alternative TIMis made in a formof sheets.

Such TIM sheets are easy to handle. The TIM sheets

can be cut and trinmed to size of the applications and

are then sandw ched between the two thermal conducting
surfaces. To obtain a better 2thermal performance, the

two thermal conducting surfaces can be clanped to
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surfaces. However, due to the irregular surface of
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application surface are unavoi dable. [0005] TIM sheet
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adhesi ve tape or gel when required. However,

eshve. t ar.e Iso
{hhyel f 08 it TRus 30 AeE Rl e sbdosell FBhanadinores 101
Summary . [0006] In one aspect of present invention,
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sheet conprises a layer of thermal conductive coating.
Po0ld Ainptaveoecerdtradiynehhe TiMeo theerppitatkondufatdsy ¢lowever, due to
coating may conprise a thernmal and pressure sensitive
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ucting par “y be m cronized or pulverized
t her nal conductl ng particles. The particles can al so

net al |cIe such as si]ver particles
Bgo sheet can be attached to the surfa%e of application through adhesive

tape or gel when required. However, such adhesive tape and gel are also poor in

thermal conductivity, and they may sometime be hard to handle.
Summary

[0006] In one aspect of present invention, there is provided a thermal interface

material (TIM) sheet comprises a layer of thermal conductive coating.

[0007] In one embodiment, the thermal conductive coating may comprise a
thermal and pressure sensitive material and thermal conducting particles. The thermal
conducting particles are suspended within the thermal and pressure sensitive material.
The thermal conducting particles may be micronized or pulverized thermal conducting

particles.  The particles can also be metal particles, such as silver particles.



3 Alternatively, the thermal conducting particles nmay
al so be copper, alum num gold or dianond particles.
[0008] In another enbodi nent, the thermal sensitive
material nay be a water- based adhesive, such as PVA
or PVC glue. The thermal and pressure material serves
as a bonding agent when it is heated over a nolten
pbematiefly,she themhiedonahictifgQR@Rled Rapalkybk REpper, aluminum, gold or
enbodi nent, the TIM sheet is renovable on an

&RPbhE BhiieRs. Surface when it is re-heated to the
nmolten point. It is possible that the thernal
conductive coating is coated on both side of the TIM

t. The ther,mal conductiye . coating .may conpris
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invention, there is provided a thermal conductive
coating in accordance with any one of the preceding
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Invention wll be described by way of non-limting

[ ts .of re Lnvention, wth.reference .
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ex lifies a mcroscopic view of a TlIM sheet )
G411ty coBig ishoaicapcbeth Sl lohe 4IMrshset. 2 The fhegmplagaaductive
a cross sectional view of a TIMsheet with thermal
coating may comprise about 45-50%-wt of the thermal and pressure sensitive material

and about 50-55%-wt of the thermal conducting particles.

[0010] In yet a further embodiment, the TIM sheet is a commercially available
TIM sheet.
[0011] In another aspect of the present invention, there is provided a thermal

conductive coating in accordance with any one of the preceding claims.

Brief Description of the Drawings

[0012] This invention will be described by way of non-limiting embodiments of

the present invention, with reference to the accompanying drawings, in which:

[0013] F1G. 1 exemplifies a microscopic view of a TIM sheet available in the

market;



conductive coating in accordance with one enbodi nent

of the present invention; [0015] FIG 3A exenplifies a
m croscopi c view of the TIM sheet where the coating
can be seen; [0016] FIG 3B illustrates a cross
sectional view of a coated TIM sandwi ched between a
thermal transfer surface of an el ectronics
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heat sink; Detailed Description [0017] In line with
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practi ced W t hout such specific details. Sone of the

eRaizE can b h¥Plnot be described at length so as not to
obscure the invention. For ease of reference, conmmon
reference nunerals wll be used throughout the figures
) ref er FIGPBR dlustretes aan®ssaectiingl Viaw dfeatemes T ramdwiched
to the figures. [0018] FIG 2 illustrates a cross
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00 in accordance wth one enbodi nent of the present

ﬁﬁﬁﬁ?gh1§?<ﬁg?fm31kzoo conprises a TI M sheet 202

ayer’of thermal conductive coating 204.
The TI M sheet 202 generally has irregular surface
with pores. The thermal conductive coating 204 is
provided to fill up the pores on the surface of the
TI M sheet 202 to 5 inprove the regularity of the
surface of the TIMsheet 202. The thermal conductive
coating 204 in this cabetayedDgppintied to only one
surface for illustration purpose only.

[0017] In line with the above summary, the following description of a number
of specific and alternative embodiments are provided to understand the inventive
features of the present invention. It shall be apparent to one skilled in the art, however
that this invention may be practiced without such specific details. Some of the details
may not be described at length so as not to obscure the invention. For ease of reference,
common reference numerals will be used throughout the figures when referring to the

same or similar features common to the figures.

[0018] FIG. 2 illustrates a cross section view of a thermal interfacing material
(TIM) 200 in accordance with one embodiment of the present invention. The TIM 200
comprises a TIM sheet 202 coated with a layer of thermal conductive coating 204. The
TIM sheet 202 generally has irregular surface with pores. The thermal conductive

coating 204 is provided to fill up the pores on the surface of the TIM sheet 202 to



Two side coating may al so be possi bl e when necessary.
The thernmal conductive coating 204 conprises a
m xture of a thermal and pressure sensitive naterial
206 and thermal conducting particles 208. The therna
and pressure sensitive materi’al 206 serves as a
filling agent for the TIM sheet 202. The thermal and
ipipeseuthe rs@imity iofahe smtfeei dl th F8VIiggwer 202. yThayhehayMeconductive
| ow thermal conductivity. The thermal conducting
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of the TIMsheet 202. The t
BONGHE: fo afey @Psgsbez S R posi St e et cpuctive
t her ng| conductlve material that are m xed and
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mat eri al 206. [0019] Dependi ng on the type of materi al
thrsenl asndueeng pertivids 2081 (ihe kel as@ pséskineeschEities nglterial 206
206, it can be served as a bonding agent. In the
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reheating the sane to the nelting point for easy and
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or a new piece of coated TIM sheet 202 onto the
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bet ween two application surfaces. Wth sufficient
the thermal and pressure sensitive materia
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sensitive material 206, it can be served as a bonding agent. In the present embodiment,
the adhesiveness of the thermal and pressure sensitive material 206 is activated, i.c.
soften/molten, at its melting point, which allows the TIM sheet 202 to adhere on the
application surface once it is cured. Further, the thermal and pressure sensitive material
206 may be re-workable by reheating the same to the melting point for easy and clean
removal. Re-attaching the coated TIM sheet 202 or a new piece of coated TIM sheet
202 onto the application surface can be done by simply heating the thermal and

pressure sensitive material 206 to the melting point.

[0020] The thermal and pressure sensitive material 206 can be simply
sandwiched between two application surfaces. With sufficient pressure, the thermal

and pressure sensitive material 206 serves as a medium to the TIM 200 to conform well



with the two application surfaces, whereby increasing

the contact between the two application surfaces

t hrough the coated TIM 200. The coated TI M 200,

whether or not it is adhered to the application

surfaces, provides a good corffornity between the two
application surfaces thereby inproving the thernal

péthf the maceppiitatidnesuafipts, catdresy. incdaging tthe chbhesnmdiwaddihe two
pressure sensitive material 206 is at its nolten
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In one enbodi nent, the coated TIM 200 can be used in
aprbigation purfassy tregehyt ingnraving dbe itheymaivperfernianee wdahe dipplication.
TIM200 is required to attach onto a test head only,
Bliennht thirenat e geessogesenbist . mAedalr 2hO @ vt itsh@oltch Mate, then
200 is required to be coated on one side only. In an
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used inside the packagi ng where t sides of the TIM
sheet 202 would need to be coated for attachlng bot h
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material 206 include a water-based adhesi ve, such as
a5 o\ encgidreor dnblsesidasinidhe EEMRA0e T wae cabiodintealdhe coated

of softening or nolten when subjected to a certain
Tidi260 atw be usetdinpr lessun &st/functsedtating - wltthe siev@asdsIIM 200 is
onto the application surfaces for allow ng rewirk. The
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conponent/ devi ce or heat sink. The TIM 200 is bonded
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pressure sensitive

[0022] In one embodiment, the thermal and pressure sensitive material 206
include a water-based adhesive, such as PVA or PVC glue. These adhesives have the
advantage of softening or molten when subjected to a certain temperature and pressure
to create re-adhesiveness onto the application surfaces for allowing rework. The
thermal and pressure sensitive material 206 can be soften or molten at about 120°C
onwards. When the application surface is heated up to said temperature, the thermal and
pressure sensitive material 206 creates bonding adhesiveness between the TIM sheet
202 and the application surface, e.g. electronics component/device or heat sink. The
TIM 200 is bonded to the application surface once the thermal and pressure sensitive

material 206 is cured. To rework, the TIM 200 is heated up to the melting point again,



material 206 is cured. To rework, the TIM 200 is
heated up to the nelting point again, 7 and the TIM
200 can be easily renoved fromthe application surface
once the thermal and pressure sensitive material 206
is molten. It can be seen that as the adhesiveness is
only activated at the operating state, working and
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ﬁg@ég{ﬁ% S@P&Ilt‘?\yé Iﬁ!ﬂﬁ%rlaﬂcﬁﬁ is n! & caﬁ“ﬁg s%nstﬁatsd 'tlﬁee'zmh@sweness is
ates Inre aC|ng the thernma pressure

nsitivy erials 206, ich fil
%ﬁwﬁﬂ‘@gﬁﬁﬁé B steing s Pl o e e PR et T 200
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ip lsampnd ¢dimt t he above thermal and pressure sensitive
material 206 is illustrated by way of exanple, not
l[imtations. Oher thernmal and/or pressure sensitive
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For exanple, a thermal sensitive material with | owner
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Fressure sensitive materi In such application,

[P424] adhesiliishadesigpd tt%é‘erPﬁfS@F |S]éﬂ leg @Eﬁtél??élihe hgve Higanal and
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[ 0025] The thermal conducting particles 208 can be any
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may be desired for PC or laptop application. When clamp is available to press the two
application surfaces against each other, the coated TIM 200 can still be applied there
between, regardless of the melting point of the thermal and pressure sensitive material
206. In such application, the adhesiveness of the material is optional, but due to the
coating, the coated TIM 200 has a better surface conformance than normal TIM sheet

alone,

[0025] The thermal conducting particles 208 can be any thermal conductive
materials. Silver, copper, aluminum, gold particles are suitable materials for thermal
conducting particles as it has high thermal conductivity. Diamond can also be selected
with its high thermal conductivity. The thermal conductive materials are provided to

enhance the thermal conductivity of the thermal and pressure sensitive material 206.



with its high thermal conductivity. The thernal
conductive materials are provided to enhance the
thermal conductivity of the thermal and pressure
sensitive material 206. 8 [0026] In one enbodi nent,
the thermal conducting particdles 208 can be off-the-
shelf nmetallic products. It is possible to select
poazdli cl es hasticrgmbgidicher, thd thesi@l donp@ttink GagRles 208 cah be off-the-
| arge particles or m xtures of particles of different
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desired depending on the applications. [0027] In one
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material 206 is mxed with the thermal conducting
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Once mi xed, the thermal conducting particles 208 are

ﬁ@%&&ﬁ%g@é}eﬂfh%%g]@hel %{Eﬁ&ﬂﬁjlﬂs and pressure sensitive

mat eri al one enbodi nent, the thernal

conductive coating 204 conprises about 50-55% wt of
t hermal conduct. n rtjcles 208 and about . .
DRG0 vt I mehe B hma ad0 B 0ig Jomitivpomaterial 206 is

material 206. The mixture ratio above is provided b

nigpd oFith gheathsrmed conflyctingarartiqlen 208 befre c@ding cmite ths %fM sheet
the m xture ratio can be dependent on various factors
20Bat Onoe Inicted,t the thehent i cahdotiing t parcley 268 pgd eudpep®@d @fthin the
the thermal conducting particles 208, size of the
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material” 206, viscosity of the thermal and pressure
sensitive material 206, etc. [0029] FIG 3A

lifies a mecroscopi.c view of the surface.of the
R 200, T RRROTERE bRl Stilied TruRE 30 gPtss abou
fills the pores 302 making the surface
50-55%-wt of the thermal conducting particles 208 and about 45-50%-wt of the thermal
and pressure sensitive material 206. The mixture ratio above is provided by way of
examples only, not limitations. Selections of the mixture ratio can be dependent on
various factors that include the material (mixture or single type) of the thermal

conducting particles 208, size of the particles, type of the thermal and pressure sensitive

material 206, viscosity of the thermal and pressure sensitive material 206, etc.

[0029] F1G. 3A exemplifies a microscopic view of the surface of the TIM 200.
As shown, the thermal conductive coating 204 fills the pores 302 making the surface

less irregular.

[0030] When in used, the TIM 200 is sandwiched between an electronics

device/component and a heat sink.



| ess irregular. [0030] Wien in used, the TIM 200 is

sandwi ched between an el ectronics devi ce/ conponent

and a heat sink. 9 [0031] FIG 3B illustrates a cross
sectional view of the TIMsheet 200 sandw ched

between a thermal transfer sutface 350 of the

el ectroni cs devi ce/ conponent and a thernmal transfer
posfiace 36RIMS 3BhAlWeabs S Rkoss ArclihiRl ther e the TIM sheet 200
conductive coating 204 consists of thernal and

ﬁﬁ%ﬁ!’ll%c&b%%&t % H;\f’cﬁnﬂat} rsfe?'sw%z?:@ ’3t5f% %?h%% ! m%éj ?lécva ce‘?co?nponent

orns etter

60 t ere v n nnecessa ap . .
aﬁ’g ’§“ A0 ﬁ’c?‘%g"é%&@&g 'Eg*%eaéﬂl?ﬂf adé t@hthﬁ@t‘%{ conductive coating
application surfaces of the device and the heat sink.
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the thermal conductive coating 204 inprove the
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sensitive rmterl al 206. [0033] Many net hods known in
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conductive coating 204 on the TIM 200. Exanples of
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It is preferred that only a relatively ‘thi n | ayer of

tﬁé}ﬂ{al f& an Ma&%@oes%ys provi ded as increasing the

coat| ness ave an inpact on the overal
thernal reS|stance of the TIM 200. The thi ckness
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particles 208 and about 46%-wt of thermal and pressure sensitive material 206.

[0033] Many methods known in the art are available for depositing the thermal
conductive coating 204 on the TIM 200. Examples of which includes spraying,
spreading, flowing, and etc. It is preferred that only a relatively thin layer of coating on
the TIM 200 is provided as increasing the coating thickness does have an impact on the
overall thermal resistance of the TIM 200. The thickness required would largely

depend on the applications and materials used.

[0034] While specific embodiments have been described and illustrated, it is
understood that many changes, modifications, variations and combinations thereof
could be made to the present invention without departing from the scope of the

invention.



[0034] Wil e specific enbodi nents have been descri bed
and illustrated, it is wunderstood that nmany changes,
nodi fi cations, variations and conbi nati ons thereof
could be nmade to the present invention wthout
departing fromthe scope of the invention. 10 C ains
1. Athermal interface material (TIM sheet conprising
a layer of thermal conductiGleinesoati ng. 2. The TIM
sheet according to claim1l, wherein the therm
conductive coating conprising a thermal and pressure
iIsensiAi terfi@t aftérddce amdtetibe MR GRAAUSIhGsiRArL I}é@lefesof thermal
wherein the thermal conducting particles are suspended

-thermal and pressure sensitive material.
Sl eSS -

eet according to claim2, wherein the
thermal conducting particles are mcronized or

ul veri z t her mal on ucti.ng, particl 4, The TIM
Bheot s EE G Heco SR th MG aw hiny 8 b donductive coating
conducting particles are netal particles. 5. The TIM
coRwEsIng i detn# gne preshee seditivehoateiia andgherhat penducting particles,
conducting particles are silver particles. 6. The TIM

wliiveah tircthormail rgndw@tial pamicBs amh@k@inded Bethidh@€ Mkmal and pressure
conducting particles are any of copper, aluninun1an§
IiGvPRhickigl €s. 7. The TI M sheet according to claim 3,
wherein the thermal conducting particles are dianond
particles.

3. The TIM sheet according to claim 2, wherein the thermal conducting particles

are micronized or pulverized thermal conducting particles.

4. The TIM sheet according to claim 3, wherein the thermal conducting particles

are metal particles.

5. The TIM sheet according to claim 3, wherein the thermal conducting particles

are silver particles.

6. The TIM sheet according to claim 3, wherein the thermal conducting particles

are any of copper, aluminum and gold particles.

7. The TIM sheet according to claim 3, wherein the thermal conducting particles

are diamond particles,

8. The TIM sheet according to claim 2, wherein the thermal and pressure sensitive

material is a water-based adhesive.



8. The TIM sheet according to claim2, wherein the
thermal and pressure sensitive material is a

wat er - based adhesive. 11 9. The TI M sheet according
to claim?2, wherein the thermal and pressure sensitive
mat eri al | ncI udes PVA or PVCldlue. 10. The TI M sheet
according to claim2, wherein the thermal and pressure

&ensi Tha/EIM REdegbé@bdihed ¢ldi@s 2swhicianie bregs 06 pBa®e sensitive
changing materials. 11. The TIM sheet according to

&h@i;mlgdum\@)&grpb@ %G@_r mal and pressure sensitive

materi al serves as a bonding agent when it is heated
over a nelting p0| nt of said mterial. 12. The TIM

Ifd;rerg:/g C“gﬁ{g flc:é:g aceQr cgpg t a%l lghﬁﬁ[)?lg@ethaﬁgﬁhf?{l a%? E}?f:tsstin% sensitive

re-heated to.the nelting point. 13. The TI M sheet
Belegrldprydessiliaons Rased OV\/H]@?Sé ichangieg WASAAMI conduct i ve
coating is coated on both side of the TIM sheet. 14.

The Tl M sheet according to claim2, wherein the

tlher nite Eldh drst accerdinmta ¢lgim 2owhereisi thg theboaltand pr&S0UE wensitive
of the thermal and pressure sensitive nmaterial and

aetdl sébfs58% Won@ihg tdaent Raemal i€ aRAME bR RMddL h@fﬁt of said
15. The TI M sheet according to claim1l, whereint

ﬁé Q/‘Laheet is a comercially available TIMsheet. 16.
ermal conductive coating in accordance with any
one of the preceding clains.

12. The TIM sheet according to claim 7, wherein the TIM sheet is removable on an

application surface when it is re-heated to the melting point.

13. The TIM sheet according to claim 1, wherein the thermal conductive coating is

coated on both side of the TIM sheet,

14, The TIM sheet according to claim 2, wherein the thermal conductive coating
comprising about 45-50%-wt of the thermal and pressure sensitive material and about

50-55%-wt of the thermal conducting particles.

15. The TIM sheet according to claim 1, wherein the TIM sheet is a commercially
available TIM sheet.
16. A thermal conductive coating in accordance with any one of the preceding

claims.



