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WD 2004/ 090938 PCT/ US2004/ 010094 THERMAL | NTERCONNECT
AND | NTERFACE SYSTEMS, METHODS OF PRODUCTI ON AND USES

WO RERBOP38Thi s application clainms priority to UST/US2004/010094
Provi sional Application Serial No.: 60/459716 filed on
5 April 2, 2003, which is comonl y- owned and
i ncor PERSHANINTGERCONNECETANDANTERFACE SESTHHIS,

| nt or corMERTHORS BSOS R BT Es e RROF ..

interface naterrals in el ectroni ¢ conponents,

sem conduct or conponents and other 10 related | ayered

mat erial s applicati ons. BACKGROUND. El ectr. oni
This @Mﬁ@hﬂ@r@mﬂ@rﬁe@ 08 Rrowsionplcheplicatign SerAlaYa: BR/459716 filed on

ALpeTeln T o Ste@hOSHChSts AP es

Apngge®§ hl ? E5e o sbﬁ%g%gﬁgk gﬁ%e?c?a 15 Srodu

are teIevrsrons, personal conputers, |nternet servers,

cell phones, pagers, palmtype organizers, portable

radi os, car stereos, or renote controls. As the demand

. for 1Lhe eVE Qronsumer and commercial electronics
—Hﬂﬂégﬁ§¥4§ri¥#3¥e is also a demand for those sane

products to. beco sna | er I .
othaire qighe orenRs Fotsr! iBREnbbEkHaSE nell HiBfffee systoms
and (?xflteltf&% fHakRiale ¢ @dstBohit bhBpcheRisPGeicondlidier conponeans and other
hat conprise the products nust also becone snaller.
relatakhirypieégnawﬂaébmh@ﬁtlmﬁose conponents that need to be
reduced in.size or scaled down are printed circuit or
W ring boards, resistors, wiring, keyboards, touch
pads, and chi p packagi ng. Products and conponents al so
need to be prepackaged, such that the product and/or
Backomponent can perform several related or 25 unrelated
functions and tasks. Exanples of sone of these "total
solBldcironic comporerd sranded pnodvrt Bicueaipei sembery einegonsumer and

comg?aeggzrllt %‘pétgg%gg boa%ga}algfﬁs ({;u soi%%%gqa%swrercggﬁ%%ﬁ e%ﬁ@%ommermal
pro@gf% g\p{%‘ﬂ%ﬁé&ns E’r‘%@naﬁ%ofn ﬁt%ﬁs TQee: tdivédS ceHajtRRts, @agers palm-type

plicatioh Seri al 776 0/396294 filed July
orgaRDRR, WriabROMIS, fdal @UBIGOSl oneaots Logoysg As the demand for these

con;qgr;e/é s O%Af%]gr%ro ggec%c%gmg%gs%% I neg% E%é] 85’9 gdeﬂagﬁlfor those same

prodREOEP Y686 £84IRIN nhdie t RMAbtorRNT hiidinoreCponslentos, consumers and
~therefore, are being broken down and investigated to
busigesses.mi ne i f there

As a result of the size decrease in these products, the components that comprise the
products must also become smaller. Examples of some of those components that need to be
reduced in size or scaled down are printed circuit or wiring boards, resistors, wiring,
keyboards, touch pads, and chip packaging. Products and components also need to be
prepackaged, such that the product and/or component can perform several related or
unrelated functions and tasks. Examples of some of these “total solution” components and
products comprise layered materials, mother boards, cellular and wireless phones and
telecommunicatiorls devices and other components and products, such as those found in US

Patent and P CT A pplication Serial Nos.: 6 0/396294 filed July 15, 2002, 60/294433 filed
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are better building materials and nethods that wll
allow themto be scaled dowmnm and/or 5 conbined to
waemenmsat e t he demands for smal |l er el ectroni BCT/US2004/010094
conponents. In |ayered conponents, one goal. appears to
be decreasing the nunber of the |layers while at the
May §@%01 tah&”@GWQS@ZJ@V}El file@ Mayn®a, 2002 witiyh arechlideemardmliy toyyned and
of* the remai ni ng ayers. T hist ask c an b e
1ncorp1®raf€dd19r€tln11hfbm\¢éﬁiret}g| ven that several of the layers

and conmponents of the layers should generally be
pr@c?xﬁ?éneh{% ege%re e%ﬁ?@ﬁk&?ﬁo@ﬁ‘éﬁ@ SvedtbhMNSQ deddmine if there
oni ¢ eV|ce ecore smal [ er and operate at
are bBit@hBlildne aderiadn encgynetlmﬁstﬂletdwnlh atlone th@mntoolbe sesded down and/or

S5 L S e, PP SPEREE s 1o o
comyBRERE! &&é%%ﬁlaﬁg@armo B dBcrbaidd B rumied o thlelayeRSwhile at the same

transter xcess heat dissipated across physica
time i ndreasirgride. { uhmnahtmmd wipbidisy of thehaneaning h@)@ﬁ atdistaskcanbe

ials are t e has I
AiffiiTly ToPRYo dire U Evorlerimie Ty Eaces TP epadictetaers should
geneFﬁhl & rERhEH RIS t@@i&&aﬁe@l&@ﬂe\h&er mal resi St ance than
nmer tape because of the ability to be spread |n

very thin |ayers and provide intimte contact .betwee
adpioens elentioniscdevicerybicomte sthdigraand; oRsadfe it highgry %P&eds energy
bat Bdustry is t
e T R 45 IRy O 008 PRy s 0w

therrfl@lt %eas@r at @@aseijid thitesials) ylon@abt en atdagiaran sugh:dmnges to transfer the
suc

f
exoes Bep | S EFORHRIDEICa) (Ao GBS AT (P nterface
matei?%[sf ﬁ%@é}ﬁl gfeagégeﬁl‘?as% fge%aﬁteﬁﬁ;‘) Ol Al At RSerWBSY. Thermal greases
evi a from su

ons ace pl anarlty causes gaps to
or phaxe mhblega/men&na]ls damaidwg thmﬁaéc@ssstfm@e t]tlﬂfileeléf’ft@@?’f BivE decause of the

ablh%(?\é(ég}eﬁsslggq enﬁg{:yartlgg algggré b L@]ﬁ)%gdse Inti 1r% ?ﬁﬂza@f: BEtwreft adjacent

surfﬁc% e ei &ﬁsthexﬁ{a@ im cd h@lueﬁiﬁng% l’b@ﬁﬁé@ﬁr(ﬁm-ﬂlﬂo@ (ﬁnﬁsz However, a
ese mat eri al s breaks down, the perfornmance of the
serlceisedrtawbmlm ofj veirmeal g]fq:asﬁmscﬂlat prma}( perfERneg det@gorates significantly

after gwrrg? e&a%%l%%;?uch%% frod U5 (E HERS0IS & FRP Lo R clﬂf‘gegzhen used in

produce therimal i nterconnect

vLdih@igelt HapbRbfhaee fdmﬂ&hatahﬁperlfai‘ytﬁnm:IOMEeraﬂeﬂals detenorates when
conponents and products that neet cgsto

large ﬁé%lﬁflwaﬂw@rﬁ@r plam o FHSKS EgDY o[ BeRgeen g aig sucfaces in
the ch]eﬂronlc diee(flcgg o %Sfar%) éﬂi’s @eﬂTﬁ{aﬁn efifh&dseitt @B&nt for other

esi gned mater! roducts an /or conponent s
reasohd, hsdcﬁsmmantlﬁlctMngblﬂ@ma&t Bﬁm IWhgdl gy icete transferability of these

et s Fatbaerppeen of b SRR RSE o e ueed i

advé@é? 2fRLQRgct materials, ther rral interface materials
J ayered material s and conponent s/ product s

conprising contenplated thermal -2 WD 2004/ 090938
PCTTHUS2 @z i0 B0®atinuing need to: a) design and produce thermal interconnects and

thermal interface materials, layered materials, components and products that meet customer
specifications while minimizing the size of the device and number of layers; b) produce more
efficient and better designed materials, products and/or components with respect to the

compatibility requirements of the material, component or finished product; c) develop

 reliable methods of producing desired thermal interconnect materials, thermal interface

materials and layered materials and components/products comprising contemplated thermal



interface and | ayered materials; d) develop materials
that possess a high thermal conductivity and a high
wore@hanosal conpliance; and e) effectively redeCBEUS1004/010094
nunber of production steps necessary for a package
assenbly, which in turn results in a | ower cost of
k iAdl conductivit

mterﬁ&ﬂ%{c? Bl fhoridl ? el E%%%%ﬁé BT szggo  BTh004 Y
and aﬂughﬂﬁféﬁhﬁﬁﬁﬂmmqﬂmnw dncihal dfeczmlvsly tiedhadeitlie ngm(bp]eqaﬁmpductlon steps

tran fer terials, cont ated herein

necoRsBRGRT GrRAAR bl S T UHeArso gt Bisg 37 oBhership over

Iehd®ro@Reksin 5 sone contenplated

Mhmxﬁﬁvﬂﬁkmﬁ?%§%%é%%gg§t ongkadhe3|ve material. The, heat
spreader conponent conprises a top surface, a bottom
surface and at | east one heat spreader material. The
thermal interface material is directly deposited onto
at least part of the bottom surface of the heat
spreader conponent. Methods of form ng | ayered thermal
interface materials and thermal transfer materials 10
i nclude: a) providing a heat spreader conponent,
wherei n the heat spreader conponent -conprises a top
surface, a bottom surface and at | east one heat
spreader material; b) providing at |east one thermal -
interface material, wherein the thermal interface
material is directly deposited onto the bottom
surface of the heat spreader conponent; and c)
depositing the at |east one thermal interface
material onto at |east part of the bottom surface of
the heat 15 spreader conponent. A nethod for form ng
the thermal sol ution/package and/or | C package
includes: a) providing the thermal transfer nmateria
descri bed herein; b) providing at | east one adhesive
conmponent; c) providing at | east one surface or
substrate; d) coupling the at | east one therma
transfer material and/or material wth the at | east
one adhesive conmponent to forman 20 adhesive unit; e)
coupling the adhesive unit to the at |east one surface
or substrate to forma thermal package; f) optionally
coupling an additional |ayer or conponent to the
thermal package. -4 WD 2004/090938 PCT/ US2004/ 010094
BRI EF DESCRI PTI ON OF THE FI GURES
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Fig. 1 shows a contenplated thermal transfer
conponent. Fig. 2 shows an internedi ate conponent in

W0 b@4psdess to produce a contenpl at ed ther mal PCT/US2004/010094
transfer conponent. 5 Fig. 3 shows an internediate
conmponent in the process to produce a contenpl at ed

tSUMMnﬁﬂ{ml transf.er conmponent . Fig. 4 shows an

I nternmedi ate conponent in the process to produce a
contenplated thermal transfer conmponent. Fig. 5 shows :
I e84thbSnaffteihduphidflai@, eldRigthaned tadifesmaterials bowtemplated herein

contenplated thermal 10 transfer corrp en
compItsows 1aaefsqnettsamm¢ad9§ pwgp@le@w e %Bhé%tﬁi%cwﬁﬁﬂal and-in
Lher N3LeEr Neikrialll OThe/ heat spreader
Som%r?8 ?%%(ﬁ ggﬂﬂ xg?téﬁerertargtl 8{1‘?6&(‘1& er- conponent . Fi g%l P
com&n%ﬁ@c\!&ﬁnﬁrﬁééylatt WieRe Usbotthna sudave enp lahteast etHest speader material.
th a conterrpl ated thermal 15 tran 1er co

The thegnalgn‘rgﬁ'@qgmgte@@h{s%pféy depostiedt Wﬁﬁ easipagt of the lgo‘ctom surface of
0 sh |
the hég% F ‘ioénc}m%a%tl shows results when using a

eésive wth a contenpl ated thernal
tr ansf er conponent

t hdetlads of fergfieg ladgﬁagdﬁeéma mtezgacplngatg oagst %ﬁ{kgt ;ﬂ transfer materials
incl%d% strg}o%ﬁﬁ%nﬂp éaa?gshréaﬁé’xn%rﬁﬁor&ﬁmﬁh@&h the File@t sﬂl%ader component

con er mal transfer conponent .

comprdses havs sirfzed eothinatwdace hed pellcast oanbeas ﬁp@@ﬁ?rdn@ﬁltlal ‘% providing
Fig. 15 shows a conte Iat d th

at leaginpies Hisrmal mtegfaciem GG é%egp& 1 ﬁﬁce }natenal is directly

A0 Y ARY 3t t d c) depositing the at
e

least be¢ mnnm mtsrffme wetepiohento. atFlegst nagt 8hdhi gttom surface of the heat

2‘8% ted thermal transfer conponent. -6 WO
SPrEgEh AP PCT/ US2004/ 010094 DETAI LED DESCRI PTI ON A

suitable interface material or conponent shoul d .
cou¥ orethadofor Hernmag ithe thegmplgalation/package and/or IC package includes: a)

providing the thermal transfer material described herein; b) providing at least one adhesive
component; c) providing at least one surface or substrate; d) coupling the at least one thermal
transfer material and/or material with the at least one adhesive component to form an

adhesive unit; €) coupling the adhesive unit to the at least one surface or substrate to form a

thermal package; f) optionally coupling an additional layer or component to the thermal

package.
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("wets" the surface), possess a | ow bul k thernal

resi stance and possess a | ow contact resistance. Bulk
wWao b@nnolo3s esi st ance can be expressed as a funce@DOSN4/010094

the material's or 5 conponent's thickness, .thernal

conductivity and area. Contact resistance i. s a

- BRIE%H&&T?(SNOEQ‘WE%&%%RES material or conponent is able
y a mating surface, |ayer or

substrate. T he thermal resistance o f an interface m
aterial or

g t b h follows: 10 O
Fig. | Hioatsreptamplie T Bg B COBRE O on 1 where O i s

the thermal resistance, t is the material thickness, k '

Fig. b $hé W€ ah HlARtdiaeREHPbhtittid th pideessmtprodide a lortemplaeed therma
area of the interface 15 The term "t/ kA" represents -
transfemgompenemdl resi stance of the bul k material and
"20contact” represents the thermal contact resistance
io. 3 i I JoBdsCiof (A68udd 5hiehnpRed thermal
Fig. g&%’é\ggé}ﬁ}q&fﬁ%ﬁ@g%gvmgégéﬁéévqﬁém cr-essi s}?rgnce and111 a Pov&
trans€@RbMmPbndr@si stance, i.e. at the mating surface. 20
Many el ectronic and sem conductor applications require
. that the .interface material- or conponent, acconmbda
Fig. §eshows 28 {8termadipie fompoaeny IBttﬁ%QEOCng]s)‘ifPl T S%I?Gmpia%d thermal

transtBRYEAGhM Ng and/or warpage of conponents because of
ranscoe??@c?ent of thermal expansion (CTE) msnmatches. A

material with a | ow value for k, such as thernal - L
Fig. gr elaoves, rgsalts ovhien wweng aj eonteraplated adhesive awidh jasceripmplated thermal
.. e. the "tt" value is low If the interface thickness
transfer GORPOREty a5 Iittle as 0.002 inches, the thernal
performance can drop dramatically. Also, for such
Fig. apphdwatrésans  whetli fifirg encesemnplaCibadhetime emith e comttinptpted thermal
conponents. causes the gap to expand and contract
transfpri9QMPREHAYt enper at ure or power cycle. This variation
of the interface thickness can cause punping of fluid

Fig.b@fl%% Q%&tgﬁgﬁeé&h&n{ﬁﬁﬁﬁgf@fs@o@{ s&) away, from the
interface. -7 WD 2004/ 090938 PCT/ US2004/ 010094

Interfaces with "a larger area are_nore prone to Q
Fig. fewhaws oemilts rwhans using e contamalefedy adhesivanvith @ Graigmpipted thermal
fram ti m'zeetthermal p erformance, the interface material

o"®B“% able t 0o conformto non- pl anar surfaces

and thereby | ower contact resistance.

Fig. 9 shows a contemplated thermal transfer component.

Fig. 10 shows results when using a cbntemplated adhesive with a contemplated thermal

transfer component.

Fig. 11 shows a contemplated thermal transfer component.
Fig. 12 shows a contemplated thermal transfer cqmponent.
Fig. 13 shows a contemplated thermal transfer component.
Fig. 14 shows a contemplated thermal transfer component.
Fig. 15 shows a contemplated thermal transfer component.

Fig. 16 shows a contemplated thermal transfer component.

-5-



Optimal interface materials and/ or conponents possess

a high thermal conductivity 5 and a high nmechani ca
weeopld@sre, e.g. wll yield elastically when POFUS2008010094

applied. H gh thermal conductivity reduces the first

termof Equation 1 while high nechanical conpliance

. h 1 | [ f
Fig. [P SRR RG NPT CRBRGSAGnt 8 of i he

| ayered interface materials described herein

Fig. BEGRWR!d ®htdnifaed geahsl trafbfen cpmppsonty  produced, the
thermal interface conponent described herein will span
t he' distance between 10 the nmating surface of the
heat spreader material and the silicon die conponent
thereby allow ng a continuous high conductivity path
fromone surface to the other surface. As nentioned
earlier, several goals of layered interface materials
and individual conponents described herein are to: a)
desi gn and produce thermal interconnects and therna
interface materials, |ayered materials, conponents and
products that nmeet custoner 15 specifications while
m nimzing the size of the device and nunber of
| ayers; b) produce nore efficient and better designed
materials, products and/or conponents with respect to
the conpatibility requirenents of the nmaterial,
conponent or finished product; c) develop reliable
met hods of producing desired thermal interconnect
materials, thermal interface materials and | ayered
mat eri al s and conponent s/ products conpri si ng
contenpl ated thermal 20 interface and | ayered
materials; d) develop materials that possess a high
thermal conductivity and a high nechanica
conpliance; and e) effectively reduce the nunber of
producti on steps necessary for a package assenbly,
which in turn results in a |lower cost of ownership
over other conventional |ayered materials and
processes. Pre-attached/ pre-assenbl ed thernal
sol utions and/or 1C (interconnect) packages are 25
provi ded herein that conprise one or nore conponents
of a suite of thermal interface materials that
exhibit low thermal resistance for a wi de variety of
interface conditions and demands. Thermal interface
materials may conpri se PCW5, which is a high
conductivity phase change material manufactured by
Honeywel I International Inc., or netal and netal -
based base materials al so manufactured by Honeywel |
International Inc., such as solders, 30 connected to
Ni, Cu, A, AISIC copper conposites, CuW dianond,
graphite, SiC, carbon conposites and di anond
conposites which are classified as heat spreaders or
those materials that work to dissipate heat. -8 WO
2004/ 090938 PCT/ US2004/ 010094
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The |l ayered interface materials and the individua
conponents of the layered interface materials
walemaddssgl herein acconplish these goal s. \WhenP@r/opmns/§10094
produced, the heat spreader conponent descri bed
herein will span the di stance between the nating
pETALED DESSRE o he thermal interface material - and t he
———@%ﬁé—spreaééf-conponent thereby allowing a .
C oAtsuitalsie Snieifabe amatiat tor \cobmpopett rshowldneaphens o fdm:elatl@g surfaces
t he other surface. n eria i ncl-u
(“wets’ﬁethﬁaﬁurfefénypwsw @W%Pﬁ( 1 nlg %&“&8 fﬂﬁ@???ess 2189 contact

" resis QIP" RS 3 r{n%ii?{:mﬁ%eh@ﬁit b Féfcﬁlg%%ﬂ HOATRA&YN, ofthe material’s or

east one thermal interface rial_and in sone .
compmettdntiickness, eiyodl cendustivity & adsreapfeoriapigsrigiance is a measure o f

conponent. . The heat spre r 0 [,5€S ’
o SO St otk A R LB TS, fver o
subsﬁ’ﬁE eqdt heRh A edbtandedd T Biei tBEidsah alefibled f @& OBINEE bidb e shown as
s directly deposited onto at |east part of the bottom

follos/tarface of the heat spreader conponent. The thernmal
interface material can be tailored so that it has
i mproved adherence to the substrate surface by.
formation of bonds between the thermal interface
materi al and the substyate |ncor por atg :
addi ti onal adheS|§) E{% é&tA“p nt8*br ont o ({iﬁtﬁﬂl
thernal interface material. 15 In contenplated
enbodi ment s, whee @ hethaghermat iepisgees mat eri al i s
directly deposHed onto the bottom side of the heat

spreader conponent isthdnfa@iRl ¢aknesp! at ed enbodi nent s,
the solder material is silk screened or dispensed

directly onto the re h as
jetting, thernal §ﬂ§§§tﬁ$ E d%g¥gpﬁ%n§?ﬁun§%§

spray. In yet other contenplated enbodinents, a film
of thermal interf dcis thatrer phtheiigtedagsosi t ed and

conmbi ned with other 20 nethods of buil di ng adequate
thermal interface material thickness, including direct
attachnent of a preformor silk screening of a thernal

f;l" a}%}e H{ ? {;bgelswgtﬁ it}q @anagﬁgs% Hise rp&?ﬁ?})lgl%sxiig%ﬁglea%d “2@contact”

rep r%ﬂlﬁrth@{@mhl%ﬁh@?lesﬁianﬁé avihe g sirfireat Aspiigalicinterface material or
conmponent, wherein the heat spreader conponent

compongt skesd havop loyubrlgesistandsandgnosyeaniacs resiviange. 1@ 44 the mating
Qone heat spreader material; b) providing 25 at |east
?)Cr‘fe thermal int erface mat-eri al, wherein the thernmal

rface mater i rect 05|ted .
G AL Pt B SRR AL g matera o
comPERAR | dckbHdntodftealcvidtBRS t fr@Nesurfaeé BtndsBtresfldeg from manufacturing
terial onto at |east part of the bottom surface of
andfohewhpage ofpicemgeneniorisaisst of Gretideposf t@grmalhgxpansion (CTE)
interface material |ayer conprises a portion
Inm?ﬁ%%eﬁs dlrectly coupl ed to the heat spreader materi al
and por ti on ed to 30Q,the.at nosp

cov%rnéf&erlb%} Wt ]brao?%tval}lg 5 %rsufﬁl? 2 tofrah S %%n glrfoﬂns well if the
inteFf8OPNEHin| USIthBr40vah®is loRst H'th@ﬁﬂt@rlﬁadéfthickﬁedafiﬁ&reases by as little as
spreader conponent. Additional methods include
0.0Q3r wmeheti thp @prma;lmformance can drop dramatically. Also, for such applications,
differences in CTE between the mating components.causes the gap to expand and contract

with each temperature or power cycle. This variation of the interface thickness can cause

- pumping of fluid interface materials (such as grease) away from the interface.
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 confoggy ip menr-plagiar ferfac

one adhesi ve conponent and coupling the at |east one
adhesi ve conponent to at |east part of -9 WO
w0909 38 PCT/ US2004/ 010094 t he bott om sur f BCEUST004/010094
the at | east one heat spreader material and/or to or
diﬂta fal &35 %815} epta%ey}ﬁe nidi€ ﬁoP@He foiRihidae ﬁ%ﬁ{ Surfatl . planarity as
St ?a ere e ace materials described herein ,
manu€Reaed.s & oads ptirezst haneal p exfsshamk,aﬂhleentetﬂaeer weeatteriah & Boyld be able to
conmponent and at le heat s eader conponent
A EeroBY g P RE EOnBant
met hod of formn conterrpl ated | ayered inter

TR BHa st RS B0 B CRUTORITGsPOSEESF GogEr ?fﬁ%{m conductivity

‘and %Bﬁgééagﬁag{gﬁggo eﬁlga‘flg o dg e\?hl %@d Qfaﬁ’c‘i’daﬁ& "i&he?a fbr&ais apphed High

sically coupling t
thernidl @bA®Ictivity esduaesthe dinytdaen bl Eqdattdmel whie hlgpmgd@@rcal compliance

reduof@g%?%gt@d F%}@L%ﬁ%tyﬂg@g 1nt@gtjat I on?e[ma a%grtps cﬁxé@g\!ﬂn&)n@ponents of
the I%ﬂetrgc[ flﬂg fridls: dé@nﬁ@i"ﬁ&% n BERASh &H@ker@dﬂs When properly

ace materials can be utilized to form
prodmdwsehe thémaaahﬁtaﬁh@ddqmmrmnamséwbﬂb@ﬂ hereinulll spsnfhe gistance between

the r§{§1]1 Tt&O g e Ef}cﬁa %{\Q gp%%ﬁ?r%?%g] &gg d ?%%%?{cgﬁ d1e)component thereby
allovﬁﬁg ¥ 'cghﬁ}gsohg‘ 8i gthrb%ﬁdﬁmtwﬁ& ?Bﬁlfﬂ%m ldSﬁé guirffte to ehesathérisarface.

provi ding at [east one adhesive conponent;
C) AR rx%é’ﬁtﬂ)nﬁ@ eacl%hé] €8S ferdl foalsS UF fl%@ecp intSigket fdtegialsdind individual
coupling t east one thermal transfer materi al
com@d?ﬂuh&rdeﬁmﬂﬁdlmmmvaﬁehojﬁ debign and pecsiwce Heamaldptesgopgects and thermal
nponent to, form an, adhesive unit;
ez 57 SRR RSB of) (RRURL) "l Mt customer

specﬁ’ﬂzgﬁ{bﬁ%ﬁilé ﬁlﬁlﬁﬁﬂh@tﬁeﬁﬁer@th@@&‘i@@ﬁﬁ fum@p of tiyatst §) produce more
cou ditional |ayer or conponent to the b
efficidne ramﬂl qu@c I@glgnedAme@@yaéq-, i predudie eaf/eT OPPPHENS with respect to the

interface material nd/ 0
comPng:Il | TSR EOSRES 3 %/h%an 3Perna &ﬁﬁérbg{%hg r?lpc ?r?e%l fdl?lggﬂ; ec) develop
reha@leg memddk ¥ plodueihgsddsiad |them;fa® nnfeeronaect maieﬂamp p]h@rmal interface
H gh t her mal conduct|V|ty reduces the first. ter lated th 1
mat@qdeaamdohyqremmténﬂs gnd FRERAPFEHPTOdBTH |°P%1H‘é‘émr‘5e°8gtf’8‘§” ated therma
mte]_tf%cg ar ﬁﬁ%{@%& il al-gh@ &e@%ﬁ?%ﬂ?bﬂﬁl@ i{22 5 8ssBR £hioB Beradl conductivity

dual €shponent he | ayered |nterface
and B8 & hnatlsanitas compldhchemed 9) ciectmgdy rehice Fesamigsfif groduction steps
When properly prod the heat spreade
nece§ed ¥ (fPpha dapkdLs|ass L{ﬁy, \g]blg 1p yrn r&F"E{SdH & e{qbv&e?meengféwnershlp over
othe?ﬁ&ﬁ\%ﬂuéﬁglf@% rﬁEteMl@ ahd'foRBdsed. Nt er f ace material and

er 25 conponent thereby allowi ng a

#?‘c Séd{é F s&%ﬁl% %ﬁﬁtaltl %oR@Eblls bh@B? @@%ﬁé&&&ﬁ%@t)tﬁackages are

ace. thermal interface
roxﬁ@éfp‘h&%[ﬂ $hat adtpiprise dﬂaosle 1moag morrmlosenthaxf % apite ofrthemegl interface

matéx?qlégfqg gﬁfgfbﬂ%l@%%;%g gpéft!ﬁff{;éfor gig\glc%uvrgg%@egglrﬁ QPRE Wdnditions and
denSQB 2Ghe eSS A& materials may comprise PCM45, which is a high conductivity

‘phase c hange m aterial manufactured by H oneywell International Inc., or metal and metal-

based base materials also manufactured by Honeywell International Inc., such as solders,
connected to Ni, Cu, Al, AlSiC, copper composites, CuW, diamond, graphite, SiC, carbon
composites and diamond composites which are classified as heat spreaders or those materials

that work to dissipate heat.
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A contenpl ated crosslinkable thermal interface
conponent is produced by conmbining 30 at |east one
WO aiberossonpound, at | east one am ne resin andPEL/US®as010094

one thermally. conductive filler. This contenplated
interface material takes on the formof a liquid or
) di NELE the indifduaB&mpdRAR DS he layered interface
cgﬁ%%ag%egllﬁ%ﬁqﬁﬁgn Fspergénphasg anép conbi ned let h

matetible desdIbaADh2RM 20808 IBh PETicUgaa84/ Wenonropednt pradiungd, the heat
phase to forma_viscous "Jelly-|ike" product.,The [

spreade pQuBAnes flescghpd Betovdl e dfieRIbe Viﬁ?e_é‘r%é%at&% surfaces of

the GRARANGHE G RIRUGNT 4RO Heli QpRAdG 66:ApShdnaKiigeby allowing a
reaction ‘between the at | east one rubber conpound :

continoodsgh temivativity path fiton eesturfapetodh ather swfase.
conposition. More specifically, the amne resinis )
i nComponaiteand piateriatse intcluolivey thennyd deinsfeo materiady, cosleinplated herein

coméq?ﬁeg:sa? ﬁ%rsﬁlﬁ)n%gl}fqag égrrgg(%(e%rl lcalgli)gx;q%igg _Tealts% @?Jgﬁél iﬁ‘ﬁ%{%?%&%fcéﬁal and in
som% %ﬁ%%gﬁg@éc\% %Infﬂ?)ﬂ}mé}fts laeasdst SREEadBEsiV O onipRRgHt, The heat spreader

conprise at |east one termnal )
compoytgndagrhpriges aop Asrfaceca botéame iswrfacehpmdsit Aeaseortenyent eprppder material.

roup”. neans the. .unj.val.ent qgr.o0 -OH,occurri i
mhe R et DT RSB Br S ASE LB o sutceof
the R4t Yhbadr l@mpofitl. Ghe Reikalifiter AbS thatdrPe camperaixatd so that it has

group” Is thé characteristic group of 10 al cohol s.

. A'S
improsed! aflsgrenge, tof e wbs‘ragg s'urqu: yfomr@]:mng bg}p(@ubgtweprh the thermal

. ans t hat t h _ydr oxyl I N, 1f (et
338l s EEE M ny 5 RUBSSRNE ATalbEHE TR pomponent
into 6P NRY Meafaligteahse mByrigl So conpri se addi ti onal

secondary, tertiary, or otherwi se internal hydroxyl

gr fﬁvhrétérﬁt%ﬁﬁﬁatg@ B o@inSeity ML FigPmal &itaFsdsi mkderigl isedédtiyndeposited

W

e amne resin. This additional crosslinkin .
ontonthy botomesiile abthe htahsmierdsy compensat.f hspme epnigmplated embodiments,

needed for. .th 15 _produ C [ [
e SR80 U B B BERAB P U L SR by et
suctCAORS) Kiedhl bhey,Miduid midtdihaee poonioepnys Idiyst lodsedontemplated
herein  conprises a) providing at .l east .oaea saturate

embpdiptsats, fofiaurdhenyal gatsulaes My ogtal i depositsd anggombined with other

o i1 O S 1 S by 81 S AliERLE Dincluding  direct
meﬂ?r‘ou bQ? %%%n@eg%ét%g% ?‘geéljsfiﬁ%one am né resi nmtcou e e
attadh@iemt af £ prsein okelk scrdehing of e sharmal intarfase nuifereed ¢sig at

| east one thermally 20 conductive filler to the B

Ccr agsthddsofpb esydi@biheridl Xiterfece merials and diempabtransfer materials
_ wetting agent to the crosslinked rubber-resin
includext @) @rovIAing anbeMotpreadir SPBORIH.t WBFTCHL 5y Pt SRERAR component

alsd< a0 L@ine' RECRSIcHAK 8flprovidi
o35 B0, RUFS T SIS Rt 0t BT B s
at 1&adbbes thamabinesaconlatbribl Wisetih- the dhedmal kiatstfate inmaterfahtis directly
they coul d crosslink internolecul arl i th ot her .
dep<pqyt§é@pt¥gﬁmw§§ ngﬁaopl rtlaq.rge?aé ém%a §r omvﬂqqent'z gng c) depositing the at
least REORELHES infdAR&) Haldia@ Bt 8t @a'é‘te{)ar@ QTPAB S Obudthte of the heat

conposition. It Is also contenpl ated . _
spreader component. Once deposited, the thermal interface material layer comprises a

. portion that is directly coupled to the heat spreader material'and a portion that is exposed to

the atmosphere, or covered by a protective layer or film that can be removed just prior to
installation of the heat spreader component. Additional methods include providing at least

one adhesive component and coupling the at least one adhesive component to at least part of
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that the rubber conpounds could be crosslinked by the
am ne resin conpounds and perform sone
W@ 2008020988 S| | nki ng activity with thensel ves orP@OI/082004/010094
rubber conpounds. In preferred enbodi nents, the rubber
conpositions or conpounds utilized can be either '
thie ba o SRR o‘}*ﬂaéj Qﬁ@é# bAL Rkt sﬁ%&gr%ﬁaﬁ%zﬂ WRBRYF tS SFMRACH NSt part of the
are preferred in this application 30 because they are ,
thermat ffterdmesndterid. t o t hermal oxi dati on degradation.
Exanpl es of saturated rubbers that may be used are
et hitke BSeRA aRH REEmatthbi desdrfbe® hefeRDbMmprise at least one crosslinkable
pol yet hyl ene/ but yl ene, pol yet hyl eng- but yl ene- st e
therngd intenfase @ﬁ@p@@@ﬂ@h@ﬁ@t%gﬁé spr E‘r‘if’&é%?éhe‘éto"ouxfl’{e%r%" the thermal
: yay lieney " 0h$ fornSiHE NeRger S8 JRP&Ee dinterface  materials
mter%g% y%l’ﬁ%é‘?ﬂghe Ao’ o TopRE W ARTAta Ry -
com{sE: US p Besk/i i@ @ rosdiiptinidg ¢ hertratli pgeifaqsreopantinenie b ) providing a heat
nmono- ol , hydr ogenat ed.pol ypent adj.ene .nonos ol ‘
Spre G LGP 6 DI AR o e g g bomponent and the hea
sprezméfi fc891§8ﬁégﬁ.d RelyRYt AL £1agidHaPlayelyRIcRABAL efibstrate layer, can be
pol ypropadi ene diol, hydrogenat ed pol ypent adi ene di ol)
coupdaddo tiyellapered attedaqeahatersadpr ene.  However, if the
conpound is unsaturated, it is nost preferred that the
Cogpasildnethedy gel maby hetimalgmitatico mapertdesan be utiliptdiioeform these
or renove at | east sqne of the do%gl e, bo

As d
pre- g kdpre BHEN LGy AT PBRET o S SbSh S o i the therml
soluﬁﬁ}éﬁ%gg%éj %ﬁ'&/@ld I‘ﬁ repgﬁﬁéé‘e & Bh) i srovidB@CiHedtheirhdl transfer material

y et a direct addition of hydrogen to
descaibe hereirg|tl) mbvitling afolesst enciadhekive cempprangige)i proxiding at least one

sat ur at ed pr.oduct. ddi.tion hydro ' g
NS KO
the &t ISHERIRNEWN AfipdiRACHo finh Bn BYkbsB@eRMIt; €) coupling the adhesive unit to

(hydrogenol ysis).” 10 Exanpl es of unsaturated rubbers )
the atridast iiplbevurfocapb swlekirater @ Homyb theaarprekags| i bignalhe coupling an

.pol yst - but adi d bb ,
s T B G5 e A e BPleat ot s of r ubber

conpounds,. used herein, .the term" | ; .
S ieRied EonPRUart (rsfeos AEAT gfOBF cbBbnents poseess a bigh

therfnBBdonldBctiWiS) £hid thi 8 theb Rari@D bempRaeecs. al Wiyl yitldadtantitally when force
roomtenperature, as opposed to 15 solid a

d . ) )
is appijedel dfigly tharmabsandustipty deducss the ol Hepbiauations | while high
er.m,"crosslinkahle",.ref t ( i al d th
mech il SRBDTRNS AREcs B Y R, TR By PRl Ele Ghaterils and he
inditi@08li ddmpidaents &fF Ahé tiyesdl ihtekhaginatesfabyr destiibal pereimeasomplish these
which at |least two nolecules, or two portia

s.pf a .
goalsoNBhercprepelseproghesd; Hierieat TR3ERSCH EPIBScA! éﬁ%ﬁpﬁ%ﬁmm will span the
distééx%%: ?)ret%&etePQHe ma§H% Q?ff%eg Bf‘?ﬁe‘ BB AT e Fe & ateRial "Bl the heat spreader

| ways Inclu

eren Ing formation of a coval ent bond,
comBOndnorih@thby nllofingy: cogémuobe high, cinddetdyitiobat, from one surface to the

otheF GRSl P R AP D i Gt (B materils that can

confoRABGhEMARY sA¥a@R @lvelse ¥R slrBRBDHBEKss 2 low bulk thermal resistance |

and possess a low contact resistance.

A contemplated crosslinkable thermal interface component is produced by combining
at least one rubber compound, at least one amine resin and at least one thermally conductive
filler. This contemplated interface matérial takes on the form of a liquid or “soft gel”. As

used herein, “soft gel” means a colloid in which the disperse phase has combined with the
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physi cal connection between a nolecule and itself or
between two or nore nol ecul es. More than one rubber
w@e ooopouss of each type may be conbined to prodRCEUS2004/010094
crosslinkable thermal interface conponent; however, it
is contenplated that in the preferred 25 thernal ‘
dnterface c onent., at.l 4 of
contipgip ARt apP st et sty T pRREct el SHER'sof gcl statc of the
thernf0 MREMAE coRhgdhbft-is GRfuhhatgt Girotigts A ctosslinkihg teactiar between the at
interface conponents, with_ appropriate thernal

" least ph¢ hehybst cempounidicomporitionand dagdrast pye gRIedeEn cqgyposition. More

speciBes E abling P s fcDKERed TGRS, b8 Riposiion  crsslink the
prim&9t hol@exAderoups t@r theheubtmr @pgidunds, othus | fomnimgciliengofk rgel phase.

| C devi ces because liquid ol efi Q.s ag%liguid ol efi ] 30 . ¢
Therppgs, it iscoquseranlatad (h¥cd deash apyme S Al Aok SPBEPHES W) pomprise a
least (I%?Elrgééljﬂhﬂh %r&gﬁ gkcfﬁ'p: 3‘& uSel heBANHRGAkase FRYANGRY &Qup” means the

over, en-a as a thernal ‘interface .
univalempgroap t-OH tocedrking iotmirey idosgpnee 28dl opganIc gempedsghat ionize in

st o P i LalE 20t BB 1 Wy Bhsic goup o
alcoltd194A Q9PR3A% eg%ggcgg%%ﬁe O%Q%y 198i0R§1 foupsl MealddRet he h ydroxyl

resins are adc _incorporated into the rubber
grouporEpD I tthe terminaki positios o the Bideculn AH CORFSURE | diphbey compounds

to facilitate a .crossli.nking. ' e P
contp e e o £ Pt R ] Bl IGRY, G herwise intermal
hydr8k AURSuSthat cdi@slso ARaergd of hrossliukipgrreactionpuitinte. arfine resin. This

crosslinking reaction between the am getjeﬁl n]eand t%g "
additionst exrossbippa gy be stesigahde depending on Jb¢ fngh gelestple perded for the

m Xt ur | nst . Of ([YeIVIRe RE he degree of
pmdg?toosrscf)ﬁj?l??%é 1%2@%%1&%@%‘%}6&%&# nnZJ:r gﬁaﬁeﬁénd t he rubber

conposi tjon.and/ aor between : :

¢ nonearvbel g thiae e O R b REb R RRR: dielosed hercn
comPbes HQroeMaEPAtEleadt forkNeaturawil rebbiee siompannll, tY)eproulstiey at least one

conpounds undergo_a nini mal anount of. crossl id;%l(rig{]gle ot least one

amifelEsiot) cropdinkingdhe gt lepstgnesatusated FeRbST FHRPA
.act ual ed | . ki i.ap).t he h 1l
amig 4 Y P PR ORR K] Bt g et rrmal
condutevamilaetortas civssintted hebetbisar miamsoambls) addinger getting agent to the
significant anount of_crosslinking (40-;60% of .the.,. least
crosglinled THQREFITEI B Wie. CTIYS SISHHA G5 St (aEk GrApriPe, jidipe 3 least one
Hakb R ' _ReEghiRbyet here is a
phagr?gglgﬁ Lﬁeggﬁﬂghglggf%eérgéﬁ%ﬂ?rg?% lJ‘eécul alr o? i ntranol ecul ar
crgssl i nki tyween t f ¢ » i th
1 Or L K000 B s SSRGS RTRELHIRRIC in
they' &lld Erokéliek" intehiholdilmty avith ethémubbasionpoands ¢thipéremolecularly with
resins_that conprise at |east o(g_e am ne subst

thergsiepisp, eAPRHYE GRS BIFCE PRI ARk BORBCSUGH nil IBARO contemplated
that?ﬁ%ﬂ%b%@?ér@%o@?? c&l18 Be LYoty t%i%'aﬁ_ﬁne et é’dliltiipcfedgﬁﬂhnd perform

eac urea, thiourea, 'nelamne or alli
someGaiferrsdinking hotviitgetisdbemselves or other rubber compounds.

In preferred embodiments, the rubber compositions or compéunds utilized can be
either saturated or unsaturated. Saturated rubber compounds are preferred in this application
because they are less sensitive to thermal oxidation degradation. Examples of saturated
rubbers that may be | used are 'ethylene—propylene rubbers (EPR, EPDM),
polyethylene/butylene,  polyethylene-butylene-styrene, polyethylene-propylene-styrene,

hydrogenated polyalkyldiene “mono-ols” (such as hydrogenated polybutadiene mono-ol,
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particul arly formal dehyde. Typical and contenpl at ed

amne resins are primary amne resins, secondary
W@rioneow9ssi Nns, tertiary am ne resins, glycidylPEniusmo4/010094

epoxy resins, al koxybenzyl 20 anine resins, epoxy

am ne resins, nelam ne resins, alkylated rrel am n

hydregeseied, anlypronadions nemeppphi ¢ hydmgsaated s RalyRRaL Brdé@ens mono-ol),

i I
B Ll 0 P i bt i piosnd
polypropydiey @idlj hgdhaseded polypemddiene whial) ey hyrrogimated polylsoprene

contai ns three carbon and three nitr
How iy Ll CEBRORHE SISt 1 ToReh EF G ah 1€ Cappound undergo a
hydngén‘aﬁHﬁ %%#%%%J &ﬂ;t&&r&%ﬁﬁ% o 1éa%ﬁ%ﬂnerb? thé XotbRYbonds As used
er nol ecul es and conpounds to

herefna did phrasee“hyldm gengti@wptoceast means ek Ak iunegtudjed: orggnia cempound is
er r

sfant .a tant .than ure
reactERer I EE By R TR H T bR b By ot the double
bond3! re§§1t1h§§ﬁ|auﬁlhﬁ-aﬂ%@‘fﬁ@d&t tHaaRRmSydkSeenBtin! 6f by @hgﬂmﬁﬂg the double
t hey have high nelting points (greater than 325C and

bonchremtlr&i}',atwhﬁecﬂw rtom- fragamemish | fanther Argagt awvidy basdramrh dhydrogenolysis).

such I e
Exa e RSP Rt Ao S PO Bt R AR er pEfisoprenc
polySreieltafddiéher €3has afher t Nmshtuleted arrabbers rTEduHiher compounds  or
i ncorporating al kyl alcohols during the resin
mixtuegsieanibinations e BbPeIGORPORRLS: sol ubl e in paint and
enanmel solvents and in surface coati ngs Ther mal
f i Aseusegdreréin) the teon Beorapkignst seapmpesicsethe meonealy of 2 material or a

o LA TR S S P SRR oo

solidTBd ik y318ine rosie temﬁé’fat\ﬁﬁ 20944AADEB, the term “crosslinkable” refers to
PCT/ US2004/ 010094 netals, such as si [ ver, copper,

thosg maierialinT cempoaniolpst are aplawt crosiliksther co mpounds,
such as boron nitride, alum numnitride, silver
codtseusedopyein, thsi fovar “cresstieling)] tafersuin 2 EBMREST (R Vich at least two

mol%uth\,/sr areg’gaﬁ%gl,%ﬁ%, gfngjgﬂgggélg%ul% a?? dglgéda% §th81f P€ lecal 1nteract10n
SucRhferabich¢iHEy SetaNefEny AETaEIt vwags dhithdivg lfmnalﬁonmﬁ a covalent bond,

nitride in anmbunts of at 5 |least 20 .wt. % and S|Ive
fon@mumfshyﬁrogﬁn besast ha@fenhobe@ ydrophalie igaict PG eaﬁr@%satw interaction.

Furtglon aoue mo?%c%ia?rﬁ@rélc’hofl 1]nL1 ér}:hﬁr %Jfé?irzé@lb an at least temporary"

Ctiv reater t anaout 20 and
phy$le £ fcerpdetiyn abtwdeﬁ asioladnitiindiGelNorBeeamen beo ws erd)re molecules.
Optimally, it is desired to have a filler of not |ess

t haporeafatt o&orﬁﬂbéﬁcbb‘?bbﬁiﬁi of G alype ihay bAscansteined to produce a
herein, the term"neta

nmeans those el emaniﬂ id‘%%
crosshinleahle Gepnaldrtcsfaer somnanepl; HERCHIT, ftHe CRREMpIAL bin ythe preferred
of . the
oy R TR Y4 S50 L R e i e
satufedIS6MpbRIE Mlefihtentaliias er ndsdphrated" thnnmisintdnfase components, with

el enents that have electrons_ fill.i. t 3 44, ,5d, - .
appropiaGdthermlt allers.saiibit adhagal w&p%ﬂﬁ%e%fgﬁs% ?ﬁ%g5 Cotn/W. Unlike
therﬁ%lggg t'ﬁérn'l‘ﬁ% ﬁ%%ﬁcréeof{e tllﬂg tREEBS ntefrad 8GKpoBRARSL not degrade

‘enBnt’s T hat hav ectrons
after thermal cycling or ﬂow cycling in IC devices because liquid olefins and liquid olefin

mixtures (such as those comprising amine resins) will crosslink to form a soft gel upon heat
activation. Moreover, when applied as a thermal interface component, it will not be
"squeezed out" as thermal grease does in use and will not display interfacial delamination

during thermal cycling.
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filling the 4f and 5f orbitals surroundi ng the nucl eus

of the elenent, including the |anthanides 15 and the
w@ednsndes. Preferred nmetal s i nclude indi um sPET/ES2004/010094

copper, alum num tin, bisnmuth, |ead, galliumand

al l oys thereof, silver coated copper, and silver :

CORtnREE 6l AiTheumRed Thénd &t midédmtiatdrpadated intocthe déber composition or

al l oys, netal/netal conposites,. netal c

ran c ) :
mixterg npfoBibbels compewids HEnRkyr to BétFtaegFOSgg.ﬁ“% rpactjgn between the
.ot t al ' - kg3 ot € 164K Mne of the rubb
aminfJ9h A e SRNRRSHL Fimiddt RN UEUY, ol b 168 e of the rubber

. compiduatis.c he keosbhien rebotion betveen 20 einéreetesis dngd thhenbhenicompounds
: processes. Of special efficacy.is a fill.er.conprisin
prodycea? ¢ seitii gl PBATR Bt RS IHEHI ipstead ifed ppid gitg THE degree of

M8 QN HE ARRRN dsiPBId the YT compbiities ah&or between the rubber
cmss’zlllval abt‘)al egéf{)(?tom Apprnlr gd Sci ences, | nc?—, Cedarvil l e,

comyfghunds th4BGE]ves willatetdyonnariheraonsistsaeys of ther s0fheejh| for example, if the

. graphi z t s by heat, treatmnment..(t e 0
sming R b Y50 Stipma e e ERRR PO Ry, of grossiine (10% of
the sHeS A 4@PleHEERsARkIHgRE Sctiilbyhsdasn sheddtbésliaRini|ryaction) then the soft

Increased thermal conductivity. Such fibers are
gel wilhibeanps Tliquidrikyi. ndlavesygt, HE the @man fesi R84 the Fabler compounds
0.05 mllineter .14 Nt 4 : > .
una o3 bk e 1SS B 9P RS oAb forcostie
are n@lys@kdlin it BroRélinkX g rdaatiornandpessittig theré in atmepsembler degree of
~ than about 1 mand a Iength of about 50 %o 100 nhﬁﬁngh I
inteqmsderads F intABIOMENIAE SFHRRERINDE OF RN ABE DRSS BRP e dhemselves)

thentﬁiéggg g%&ﬁéﬁgéoﬁé%ﬁﬁkw I ﬁ&%@*sol?@ﬁﬁé’ﬂ carbon 30 fibers

aneters greater than 5 m It is difficult to
i ncorporate large. t . j t B8MRe substituent
and-riears 4 ESHEaRE S Rip! S ol KERRaCHHE| BiTRe subsituen
groupysi agepat el tHeulebiarbaakisbnce shmireoaidi amainb aesind amaalyo synthetic resins
i scussed. When carbon mcrofi

derivnd fremsthe apastign @& dred ﬂ@iﬁwe&omﬁﬁgig‘% Aegitied g Wi aldehydes
part%g%lll qgﬂqgﬁée}?@/ %ﬁgﬁﬂﬁl&g%n Ded il vesi¥8 lato primary amine resins,
primarily because arge anmount of fiber nust” be
secondai®darhinet legingoextiney anone ot glwidyl singng feporntresins, alkoxybenzyl
.beneficial inmprqovenent in thermal conductivity. . .
amipgEYEF., S h AN dE8Edy Bt Hat"sPés 5@*?3@%@ %S%aéneme resins, and

mel AAREMCRY IR 16k b AN BihOtdsBRS &e GARiARrBAEREult SddplefdRA in several
systeng that have relatively |arge anounts of ot her
conteorplaed ieomhatlinienty describad drersin decaise it they . ase dinigpbased compounds,

S e Sp R0 B TR b BE PRI o combine cosity
witlP ¥ EBSmpduhds aRd edi€tulg tArodpke abfdenbaivafiehctisint ho)rtheypeart react with
to inproving thermal conductivity of the thernal

othdrmmelefuesesnspReERds toiaeilitanphan efpavth apd Graseliaps o they are more
vl GRS EP e  ) PRISE08 HRRle
or &aAWlLNepodidetsatisicrable inuwrear andfpthendcave high melting points (greater
than 325°C and are relatively non-flammable). Alkylated melamine resins, such as butylated
melamine resins, propylated melamine resins, pentylated melamine resins hexylated
melamine resins and the like, are formed by incorporating alkyl alcohols during the resin

formation. These resins are soluble in paint and enamel solvents and in surface coatings.

Thermal filler particles to be dispersed in the thermal interface component or mixture

should advantageously have a high thermal conductivity. Suitable filler materials include
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10 at | east one am ne resin, and at |east one
thermal Iy conductive filler has been prepared, the
wW@e 0vpo%9ss on nmust be conpared to the needs of PEEUS2004/010094
el ectroni c conponent, vendor, or electronic product
to determine if an additional phase change material is
metalREQRALSI PIvENRBHSer, AR, dnleRPY Hiebdf, MOHBEL t@Bp@inds, such as
the conpositio SpeC| fically, if the needs of the ,
porort aitpide,esltmarunp mifddet silver Qoated chppers pidv eé'éﬂﬁé@ jyrgigug)y conductive

i nterfac y
pols i e o e ot Fids e SRLE K dton itride and
silveBppkt @lso Fr¥videtenn8REd tt@erhﬁl c@ﬂ&iﬁﬁwtﬁomrmtmde trhemounts of at
conponent, |ayered naterial or Product requires that
least t20e Wt st silven in oymavatsepf &t lasst AR 90 [ V. %rSIE’%Ttlculaﬂy useful.

pror 0, ek 28 SR8 R BT P P LR O i ey

least AB6EH 40 TORPCI &A@ Baauses., Opmhymm vwadeired 05 havexs Lﬁl]es of not less than
thereof , such as paraffin wax. Paraffin waxes " area

aboup$Q W(mSCohermsil FepAuptVily dr ocar bons havi ng the general
formula C I H2n+2 and having nelting points in the
r ahgasef hexbmuthe?_t@ml f metaﬁoma@&hmﬂ emets dgre in the d-block and £

oS PR REL o 18 kNG, A o Bty B0Geve et

propériies,ush ﬁsﬂﬂﬁ@orﬁdrﬁl @ﬁﬁﬂiﬁuﬁm dAs ReVheHdih -théapi’trhse “d-block” means those
manuf act ur ed eywel | I nternatiqn l.nc

clemgais dkat e eh@gftp@r@aﬂlllyg 51 3k fihy 1k 7Rd 0 tal?aih‘wpé%ggl it gucleus of

the el 8}% 448%% E%%%(])% tﬁ%%%éﬁ‘f - BBkl ﬁ‘lgar{%%%eseléﬁl@ﬁ‘s i have electrons

conprises a thernal
ﬁlhntgaﬁ@l deindviftorbindls Mdﬁlgﬁhwmieusaoftth@tﬂnMent axihading the lanthanides
of about Q. 25C cal l I|ed

and thej ackipies Srelgp {ne@ S()ngd]er}g{i]lggl (Sévedﬂf > eﬂl&mmum tin, bismuth,
lead a%ﬁ'i}%h %ﬁ& afloys tﬂé&oﬁ@fl@é'c%htedfcob}%’i“ zﬁﬁi §1V@18bda‘ledlaﬂdﬁlﬁmﬁﬂ The term

pressure o about 5 to O p si. Typical
metrah ankot mcluges edlops, m@mﬂme@ﬂ eCOa)poall% pegtahceiampa cdemyioies, metal

polygggf rcéwéqc?uove tﬁlgﬁn’ﬁ hge§ ?Igl?té r}:%yn tOElY% fi lAse ’se& )hgrem the term

as rrent

con%ﬁfulntle mé&hhs abQibktadce it qUnSRAO eds‘mp@ﬁtusreﬂneroan l]feebroken down into
CM60HD conprises a thermal conductivity of about .5.0
elemphisiy che pefcessesi st ance o f about 0.17C-cn2/W is

typically applied a t a thickness o f about 0.0013
[ nﬂ‘fespe«:(lﬂ hcany)is arfdlee @mppns;gg aa)agt@ﬁqlarrfgfr@ of gprbon fiber referred to

s 2 0SS5 S0P RO e R, 00403008 ccnes, e,

Cedg})éﬁlhec ahhis h&IGeE, 9614 8¢dr6sh HicBCNBOE) a'eehlghly gratphned types by heat

packagi ng densit over 80%. a_conduct iy
treatfrieit €thernggl mdm@wﬁwlﬁm/f@e@w dckté%n §f 2@, 0.5 i Yo garbon micro

ment i ed ea 0
fibers ew;r%]r £5 us}%n 1%{}@% dﬁ%re@%%ﬁer ef aq c%%ﬂﬁ&f\ﬁ%/g IE?E%S%?%% are g%rallable in
vary@rﬂg"%gﬂis nghdadiphaess; eamale el ﬁﬁ]lmlletan(dnrrr)amlﬁmt efr mﬂltlmeters (cm)
5 Honeywel | Internati onal Ing.) rises a tlt}e
lengghp pad dfomy upgerod- 1 dp ver 309 ki m(dlaglet r. One useful form of VGCEF has a

diameter of not greater than about 1 um and a length of about 50 to 100 um, and possess a
thermal conductivity of about two or three times greater than with other common carbon

fibers having diameters greater than 5 um.

It is difficult to incorporate large amounts of VGCF in polymer systems and interface
components and systems, such as the hydrogenated rubber and resin combination already

discussed. When carbon microfibers, e.g. (about 1 pm, or less) are added to the polymer they
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thermal resistance of about 0.25C-cnm2/W is typically
applied at a thickness of about 0.0015 inches (0.04
worngo4and3gonpri ses a paste that can be ther mal PgT/US2004010094
to a soft gel. Typical characteristics of TMB50 are
a) a super high packagi ng density - over 80% 3
do ndtonigtuedll, \pelmafrily Ibecra.us@)l lage amnmhtyoﬂ foher mhast hg|adde to the polymer to

oy i T 8 P E B EA 2 HALAE)we e

disco¥038 gcﬁatniaetleﬁf\)ew S8 GrrioRRtk WE ébdhatiemkibemt ceihfbé:@dded to polymer
conponent app I ons because they are_ solid at

systetns rije hav e retatévedy taaga ameiity obethpr canyppiiqnad fiflgrst ﬁe%rﬁ%groamoum of
mana nt conpo
carnTRTTIRE eioAEGRED R i PSR IPRL Pt Spr a0y con v

adde&”h‘i’oﬂ%efbaﬂés l)'ylﬁ%r athub gﬁ@*ﬁﬂmgrae@s@iermmeﬁh adth mgﬁgeto improving
errperature 'S the

nmel ting tenpera
thernh ecmdmtwauysof fhe Greran 1m@fa@étqomp®%§3?§rfa@é! e Sakio of carbon
Bt based owever, have
mlcr%@?ﬁé %%15&1&@1 %lgt eir tUW,ﬁN?ﬁég;hcan be very

§g| | e&ﬂgn%!a:l fn;tleé‘ u([ﬁt cﬁp@%@q qégt d’Om’?}ése? %ts%ﬁét‘?ﬁl@ rhf)’ber compouhd

at leé’sv[ QnéRRlihE ks ha Gt st SRl theedliyn@ndueive filkathabs Ibleen prepared, the
grease. The rubber-resin nodified paraffi.n

compuskticay stusinbe sempired thethei peedy Rigther RlesEonF o&“&%’@eﬁt@ vendor, or

elect?cgg% EB)EIB tg{% (figtﬁlgliﬂl Lif Qﬂ%&éﬁl&gﬂﬁ’ E)ﬁ%fﬁ%gcxlﬁggg nPterMRIhEdd to change

g produce t ape or

soms Qi e | Fyyical Edﬁert@d@doﬂﬂﬁs compogitiorp dSpecificablyuife thendegds of the
pressure. Although the rubber-resin-wax m xt urﬁ MRY ot oel”

compines! onercsHALISGTR e e EHEPSS O ijeiare pateripl By fT4 “soft g

| efltmay not ne e
fonnir,rﬁgga: Otme e%glﬁhﬁl}ﬂfkgl?tﬂéﬁ:é}lm ﬁﬁlﬁl%fbgebhii@érﬁiﬁ 8 tmay not need to b

eover e ru r-wax-resin
added] HoWeef aﬂtme;od@annekaymd batesial br produel reauirasghatithy egmposition

or eGP ALEE G gt en e 45 PHE BRRY! g%%isgeepm%%{n&lg@hb d be added.
change materials are nulenize

poil’y@qe@p@g@nqaﬁnélséhgrﬂq? ml}tggp]\ﬂgﬁ%egﬁpa compnsé waxes, polymer waxes
or rﬁ?%%r@r [ ARYlERes PRl Gl i%arﬁﬁﬁy%k de pARffin TWexes "are a mixture of solid
(<

r-Tesrn-wax ures wll functionally format a
hydfo€arBensaliaiing umegemmn faoilt CH:teniSeeinmmebing reints in the range of
crogslinked ruybber-resin net

abochpagttggl(ggbg tremplesr ¥ oiegice coggea]ml?tgé é)peﬁpgé %Smts are about 45°C and

60°C Ulf?&%{h(f ESteFhcPHbp ks that Hale mdQidSpdintsligrthipanigdecdre PCM45 and
I'ng agents or antioxidants into the thernmal

PCM@ﬁIﬂDfad&)thGnﬁmrfmﬂmed subtmgnveld| Interrgtional dog- sPqlympr waxes are

o R AR R RSB Sy R bt a5 oo

aboﬁlﬁl@gé%‘ié@?tﬂ y spherical shapes or the like wll
prOV| de some control of the thickness during

' bhdlcBvisy 8Esbous 8fOUW/Mdl, a thdrthal\Esistance of
m&%gg‘é‘pﬁ%%aﬁggrgg‘%0108gﬁﬂf. [lers in the

abomm)‘.lﬁ"Caimzvm& 1sb‘e/plcally heplicdatye tha¢kngboeit abqu@O@i%lrn%g%@tM mm) and
com%nsgsoa S g}t m atenal flowing e asily under an applied pressure o f about5 to30p si.
Typical characteristics of PCM45 are a)a super high packaging density — over 80%, b) a
conductive filler, ¢) extremely low thermal resistance, and as mentioned earlier d) about a
45°C phase change temperature. PCM60HD comprises a thermal conductivity of about 5.0
W/mK, a thermal resistance o f about 0 .17°C-cm?/W, is typically applied at a thickness of

about 0.0015 inches (0.04 mm) and comprises a soft material, flowing easily under an applied
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41-60 gm about 61-80 gm and about 81-100 gmw th a

maxi mum of about 100 m D spersion of filler particles
w@204loe098%ci | i tated by addition of functional PCT/US2004/010094

organonetal lic coupling agents or "wetting"” agents,

such as organosilane, organotitanate, 5

pressﬁfeg@‘f‘ Dt OB YMpset Chypfdal @pahétbAdRE ©fdRCH6oHDeRtd f)ga super high
enhancer to reduce paste viscosity and to jncre

packdging densityadiong. 808, or g apmsuictizn el D 4K UERR Yb]@Wug@an‘lsfeSlStance :

opr .o shea I ot 5 th 1
and %&WE‘&‘%& ?ﬁ“?ﬁ@ li)éa?é:\tb e %anl%-léh%gg% fh%!h%er’gM3 OI (g erma
interfcd Yébhlonéad et gc!o%tﬁismgami pl(aﬁn d:héth@r endtemadeand manufactured by

functi onal groups. Antioxidants P ?%% t%g)VthK
HongymsiloInteroticiat ilon) £omprises Aail eﬂ’é@}réﬂ‘gfl?tbﬂ Yol 13784 a
thermﬁj Irsf?sgst{muc%% g&anﬁo 4, {6 bRy bpSIRil AG8neRARS € Bbout 0.0015

use ants rhclude ™ Irganox 1076, a
inchd3h@roal miry Qﬁadeorﬂpfgem@paﬁG Bhat @an dei th@maillp e:ure(da‘to 050 gsl. Typlcal

e S EASHLTR PR Gy 2 v
filler! %rlne'xgé%lel\%? %r%ﬁf: Fes?s%arféb dgrybaned hyb@rengng t@hpure, and ¢)

east one catalyst may also be
dwp@ﬂdﬂdnb@sﬂhGn&bexdﬁhmnwdgﬂface conponent in order to
15 pronote a crosslinking or chain reaction between ‘
t hphat tleagt @aerislybher uszaﬁﬂpuurﬂﬂe,mtah gntgtface SRHIPODFIR applications

am ne resin, the at |east one g se chan g nater %edtn thermal
becapse Ay arer selid AL TASWIHGEAHE b oaR ALY O R EP
man%% o tc&%% RSt ap Q)g 1]9‘510 hdrh@festabate AR piRdsY chhfgClefperature,
e Tate of A chem reaction without itself belng
the rﬁ@teﬁalme tiqoid alnd dehayes hige a tiodreval grgbsec ﬁﬁl@géiase{:dt@@ gqmaperature is the

may |norg or a
meltg}ggtglﬁxpera&rg ap¥ 15]:’:1 Hleﬂrbe%&ﬂ)%gqo&&gdr ouggl%e%rhw ey are 20
not substances, |ight and azat can aI SO a

Ca PaaR Sase Pt BHHEP ATUE S EnTe e Phisa QP APy On ther
own! ﬁ1eg%aﬁ% Ger ﬁ] ﬁ%%%@rcﬁﬁféuﬁ@@ﬁ%d@ntﬁey hlbe td’fl@tt&s&{ﬁéezb %ut of a gap

ani c such carboxylic, acetic, formc

fronbe Zevice 1rswhlchy]hay(:are dppimdbblxmg |t}¢erm@}(ca{cﬂ1@g, \pﬁﬁy ng]chélke grease. The
sebaci c,

aln1 ic, [
rubbﬁh-éqﬂq glogg'?qdcpargﬁp rp&%geﬁ’:rdxga)%‘w %Id & %g& ggre in asi.%lds these problems
and ﬁé‘nﬂ? Rifraked Bisebf BSRlleMReRsMe @%Euh@produced in flexible
Brov as a dispensable 25 liquid paste to be
tapeaqnmomidlaw firep @n@ |d@gs met owB QU REIFxade SBAFERCETIRt iAHEfough the
or stencilin t
rubbst: TV éalx%%r rrﬁtpf a}'v% hé Lé[nﬁg ao%f‘neﬁﬁz rté&?@argl% atg gQraf"Hr§ Otheir melt

vischéityMsGh uciSheer 4 &1 tHH’yedcaﬁ@ﬂ héghieansiin Midepfacthe rubber-wax-resin
surfaces, such as heat sinks. It c n furth

mixpwe ¢ir bl degg@pdﬁpm&crags 1gk1§1gf vh 5: |engyres pﬁ@gr@%@ﬁ&f the pump-out
pro nhlglgcerpari)lll sghéaﬁoﬁé” TRGERHILY oARYnEH EL Qdesél%gé NHaterials are

SCréen-printing or prlntlng
mal&ﬁ@éﬂ fpuralfve rwad, hgolydteylend-matdie rahhyxinm Waﬁmaud epelyprenylene-maleic

rovided as a tape that can be .applige irgctly t
i SO 5 8,8 205 B2 K0S APRLLES Y RSN, L Semperatr
between about 50 to 150°C to form a crosslinked rubber-resin network.

It is also advantageous to incorporate additional fillers, substances or particles, such
as filler particles, wetting agents or antioxidants into the thermal interface component.
Substantially spherical filler particles can be added to the thermal interface component to
maximize packing density. Additionally, substantially spherical shapes or the like will

provide some control of the thickness during compaction. Typical particle sizes useful for
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WO 2004/ 090938 PCT/ US2004/ 010094 To illustrate several
enbodi nents of the thermal interface conponents, a

woenonee09sd exanpl es were prepared by m Xxi ng tPEI/US2004/010094
fol l owi ng conponents: hydrogenated pol ybutyl ene

nmono-ol in 5 to 20 wei ght percen r genat ed ,
ﬂllenpm {Hsuniblosraneteralgnay e o ths Bngge ?hougi P 4G Py . about

41-6 1{5‘ th 8 d;%;o M‘S&r@%%ﬁ%ﬁcmy um Hiltyd AbSehdiRbATIE 10@finD

5 percent, organotitanate

épéggﬁoégto 5&;‘% eﬁ %en Sud oﬂi' fitd6h dp ata@(hlﬁ&tl bf‘ ﬁmctlonal

i C an |0X|dan i n

' orgaﬂé‘ﬁﬁ&ilhc RLFEHY agﬁitélﬁt FiRtt{nEE taglento A Sl aqoon@ﬂaosﬂlane 00rgampt1tanate

0 wei ght percent and boron nitride in

Orgalmarrc@mlm, We@gmmmcgs 5186 Ok e ZgEe Vst and o

1ncreg%3n%@qel r§c ro?%&ngteam% %jéﬁ?’éss eﬁg§ gggpléé% Fg'lé%o?’sZear ] titanate.

The gp ra‘f\@ﬂhd:tﬁﬁﬁ d)ﬂxﬁrgﬁﬁitlltai)latel\i@ RO-FPEOSUSYBMBERIRIO IP@ledrolyzable group,
plication 10 Serial No.: PCT/US03/19665, and US
and Rppd iYoare ibgrlesBricipnalgrourd.o/ 242139 filed in Sept enber

9, 2002, all of which are commonly owned

i nAntlfmdmte andyesled he Bydadeioeinbibilenidrtionend fﬂ@iﬁtﬁl (dggipdation of the

e co al f
cure% ﬁet? (%%e q{qs gﬁgﬁ:ﬁ 1¥{Pe¥fah9 %]ltﬂ gr)l(el‘ﬁgglr“] 1ca[\/{§1{s§fu:f’ anttl&&dants include
TrgarfRNBOTEE fa, p}féﬁbl f}@eaﬁ?@aﬁbﬁtﬁéﬁ San mmeotsipe y(at 6 &b mgabout 1 wt. %),

agents and 15 craosslinking sr anount ? <:l de terti
avaﬂaulm frpwnsibgeliiogdraf Iﬂwhoalénﬁ% | yplcla é'gzrenﬁ?e%@ ors nclilde tertiary
amm(es g&c\:Llf\k Asyq)l/gé‘c§’ Pﬁﬁhgla{hlﬁé] Rat 59 LY wAPRYH.OXi Mt e anmount s

up to 9 /oof total® (filler plus

we b| Lity der t
05 S St ot el o o
pron%té%) dr@éshhmhglar chitinsieactionybateeerc ihegt dgrshbae Gutibe Sompound, the at

and crosslin aids 0.1-2% It should not ed
leastzahgi ARine restn, [t tleashonf Pese 9hangE BETerHs lII Ialﬁ three. As use& herein, the

term c%{g];l]yslt Cﬁ‘l%%l%sy %ﬁ@&bﬁﬁﬁé@@(ﬁd&f&rtﬁﬂ n&Qfﬂ? WekEtY ithe/rate of a chemical

er su ermal 1 nterface material can al so
reachién phtbGuCEe fsedmacedumbdior undmrgomg @scmnn@é ichantgex t Gatelysts may be
and at | east one _sol der .materi al

imoriye, GURREN < * CAHPISCE Q8 PR R Ra G T PlEST fiffbush they are

not RltelBFLLHhhald bR chealsh ABbeEhalysiRe I8l dontaitatbdsatbodiments, the
conpr | ST né one or nore conpounds such as vinyl

cataBist iceneycidii Ayl preferned | qmbqquaﬁmgj,ethﬁu%qugnlm arg grganic acid, such as

Cal‘bsﬁlﬁfltllg.‘;,( I%ggtl QH@S%%J}Qgg} \5/?,} éﬁ?%ﬁ&?yh gﬁaﬁco r@lt earllcaf,ebacm, adipic,

oleléni)taﬁ'hlfucséi%caﬁhérﬁﬁltéaﬁb ﬁhﬂn\i%bl,ds apdpdfoni@haidi num tin,
| snmuth, lead, galliumand alloys thereof, silver

%dccﬁl &?}ﬂﬁtedatﬁgmﬂl|1Hf%ffa§@@51@igo@én‘ﬂ Ngafl BB pﬂii'ﬁdddt ad & dlspensable
pre erre at the solder material conprise indiumo

llqulmsmmmlmﬂlb@ythspeﬁhag switlehests-(Berbieds SCFREBIITHEEE of stencﬂmg) and

B PR PR S IR, lBtsomer i o
shedt Toehrk DB 1iERIoR! dndinfer f286 sitemed, ishettladbeae sinks.h dvensestberdde provided

and produced as a soft gel or liquid that can be applied to surfaces by any suitable dispensing

method, such as screen-printing or ink jet printing. Even further, the thermal interface
component can be provided as a tape that can be applied directly to interface surfaces or

electronic components.
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advantages directly related to use and conponent
engi neering, such as: a) the interface
woraioe09@Bs pol yner sol der material can be used poI/U/51004/010094
small gaps on the order of 2 millinmeters or smaller,
b) the interface material/polynmer solder material can'

effiGi t /

48 S A G i EEROE OB s s o
examipBfs ORdre ?ﬁﬂi&redJ B&Iﬂ(ﬁlﬂgaﬂie bﬁm;vm’gt d:a:m;zdnesbl hgdrogenated polybutylene

materials, and t [ pol .
moncyg) ey oAk wHER) PEteR: Bgdléé]&egigtﬁ Hgataglfeag it B30 Rt percent,
parafﬁﬁ%{nﬁrﬁ &5 g%ﬁ;p‘%ﬂ@%{b&ﬁt técpﬁ‘leﬁ;ﬁ‘hﬁé fésh?@)ut}ﬁﬁt@d)sﬁm to 5 weight

ectronic ¢ Resin-containing i hterface
percenmyt @rgamtisarared irs 0l tdeT0 wight ipatosnt, e;glifempeﬂcl@/ catabysin 0 to 1 Welght

I LT N R R T —
to 90CREIBRY Adrdeht aRd bbl%%%lﬁ‘ﬂ@l@@n 0.t8 €0 GrEigVpekdrhi. KEhdsh %bﬂ@bnents may be

grease, thermal performance of the nmaterial will not
formelé g taple pastesdispaneatiapasty and lﬂ@n@ forfi}. owhesecqompRpnERs [axe described in
devices b i d SI-|I Si
US Ifquﬁcb( lc-’iltgntf %%Hgf sflq:’f‘ ﬂgg 1cat188 Iﬁlg acI{t?l\“//é[ﬂ)}@OlgLO 18583 T Application
Seridl Mgl PETEUSTS/eI663|, an@ U mimmn Seiial &Nes: wmusgufngd in September
resins, such as silicone resins, will 10 not
9, 20(8q aleofewhishtare ggnmmglﬂmpvn@ql aad dneogporgted; h?rggebyappéerence in their
entir Il not display interfacial delamnation during
? ermal cycling. T he new rraterial c an b e provided a
di spensabl.e ~ a b i : .
d| eSS WW%&&Q %lﬁ& Eleﬁé s e %g?egg)g fd ﬁ%f){lal additions, g,
antioXidaQt, D etadiRyi @eHarRSr, a chiigh| dcceleripdrs,antiscosity eﬁéduaﬂg agents and
possi bly cross-1i nkabl e el astomer filmor sheet for
crosginkingppiils.c B¢ GMOYALS] oft @%Gﬁla%@féqnsflaéﬁéé’a% tuh %eéleﬁé‘é{t they may be
nks t I 0
useﬂil | 31}/ %}9 %?l%gr e%?%prrg% h{a‘?é' %I%CE] J Erqiel eru to 954 of total
(ﬁlleﬁitphhﬁﬁ%ex&h%&taﬁﬂlt%lﬁmﬂ D.1bte 1%3(@@ Lo@)t |anad>}tlgiant|(1 01 g0 1% (of
desired to haveafllle{ of not ss than

(ot ARAHETO BRI D) YoCoPS v e e 2RI gLy afind crosslinking

aids W@‘?’ CeSsHdied BB nofliaSik %Hiti%ﬁ Rfleddt FHoR VWY, carbon fiber significantly
sém conduct or devi ces. The paste may be fornulated as

increases thtrrad caidufctimdy.i onal SI licone resins and thermal
fillers. 20 Avinyl Qresin is an activated cure
sp@ebtet Ysuithble cthwamalubbefackh amitegjal lven faléd dwi prpdubedprepared that
pol ymer structure; S Me2

COmpyi§es @ r@§;151 npixgyre gpd afdeasgjone @lgl_lzmateéa%edesm matenalsmay comprise

any suitable resin material, but it is preferred that the resin material be silicone-based
comprising one or more compounds such as vinyl silicone, vinyl Q resin, hydride functional
siloxane and platinum-vinylsiloxane. The solder material may comprise any suitable solder

material or metal, such as indium, silver, copper, aluminum, tin, bismuth, lead, gallium and

~ alloys thereof, silver coated copper, and silver coated aluminum, but it is preferred that the

solder material comprise indium or indium-based alloys.

The solder-based interface materials, such a pélymer solder materials, polymer solder
hybrid materials and other solder-based interface materials, as described herein, have several
advantages directly related to use and component engineering, such as: a) the interface
material/polymer solder material can be used to fill small gaps on the order of 2 millimeters

or smaller, b) the interface material/polymer solder material can efficiently dissipate heat in
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roomtenperature or at el evat
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oxanes sil oxanes in the

will 6&381ka8 fofm a soft gtlalpps heatsetimatam. pl at i num conpl exes or

ni ckel conpl exes. Preferred platinumcatalysts are

S11REBRRe thatd?laR683%Bymétd]ldel vddnipiising reyihs ishcix angilicone resins, will

Cont enpl at ed exanpl es of vinyl_silicone inﬁ udg viﬂyl. facial
not heet suaercddoyd| ap dibpmmalygreaseocddl Peia ss qnd wilf nof, displdy interfacia
delarggllgﬁ%l#] lelgfné%\?ﬁ(%glglr ?{zdpéﬁ 0t 1, 1DAD I §1BiARAAD e ﬁ%‘@liaoeg&l s3t @fpensable

unctional s iloxane include in

liqui@tpayth hy Gk appliax ey disgemitdipetiodo xadh ¢hen apel gsrdesired. Haran also be

have a_nmol ecul ar wei ghf about . 500 to..5 . Physic
provigie ge A B4 GHRD BEIACTFE 454 PO a5 iR clgaiomick Blm or sheet fo
pr‘e-agﬁlig%tioﬂl o tintBri &l é/ur#'a@@é, CHueR SkiHat dRRST t Xd¥RtAcb@Ighfillers with a
astonmer network of higher crosslink density. 15

therngll cd@duariitg roif ateater tizn oet 20 speprsédalily at Isestrabebid0 W/m°C will be
m xture are contenplated tg _be an sujtable s o

usedpOBAElly {151s Qe ol B eardides Brarbrrbad fmse themal
mater i al re . iu L , dieehiatem Shi iIgEh

confTT5] 8, ST, RSPk SRR Qb s v, o

semicogiudtorhiesids. alleoyste tiap tei fomenlatedpgses nzikitugy ©f functional silicone
(Sné]%Cu), tin bismuth and alloys (SnBi), and

resing|ag bBld&s conpounds and al | oys. Especially

preferred solder materials are those, nat eriogl s, t hat .
A vinyl Qresin is an activated cure specialty silicone rubber having the following

base polymer structure:

SiMe,CH=CH, _ '
?1M32CH: CH,

l oo O O—
O_'S N7 |
> 0— Si— 0—8i—0— sil.
S Si= 0
Si

Vinyl Q resins are also. clear reinforcing additives for addition cure elastomers.
Examples of vinyl Q resin dispersions that have at least 20% Q-resin are VQM-135 (DMS-
V41 Base), VQM-146 (DMS-V46 Base), and VQX-221 (50% in xylene Base).
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20 conprise indium The solder may or may not be doped

with additional elenents to pronote wetting to the
wheat/oxeseader or di e backsi de surfaces. As w PET/UR®04/010094

previously described thermal interface materials and

conponents, thernmal filler particles may be di spersed

|y d exafiPild) alborietiptated diliédiRresn nfikfutedouibibé foenes anfadlows:

present in ‘the resin m xture, then those filler :

particl es shoul d advant ageously have a hi gh thermal,

25 conductivity. Suitable filler materials include

2' lb%mpon,g o atrom R A e_lgjﬂ oys ther eOTNotefF%lQﬂon

cHAAHH? opllc U TUTTT III
coz}z‘&fri’g%s si llver % g; 5‘ Vé’fﬁ l9 a%d lelt(x:ne
§1.0094 | al ur n f| her H“Elgrag
fHydnide finetionalyi t H net aP43-1 f“ége al | oys, cond
pol yrséosamy ot her |conposite material s. | Conbi nati ons of
Phdnam +vibylsilexared |si | ver2G20bppon - nit i de andCatalyst. °
silver/copper al sg provide enhanced thernal
conductivity. Boron nitride in anmounts of at |east 20
wt. % al um num spheres in anounts of at |east- 70 wt.
NTIRNPecth | MBKurkNcan BBVLIRES Hf eittier | #amonphemperbfirsmtor &b elevated
are particularly useful. These materials may al s
temperatnpes e faret al cobipdiens elgastoglﬁm“éheeepaﬁﬁ%lls maaﬁbékosﬂyé?&&i‘l (addition

cure) ?fﬁglrnyf zﬁnilcg]roga §‘E esaﬁy Fﬂé’g}[l? oﬂgls Glid:08 erl Cgf‘rﬂ?e Presence of a

catal AT dulch |26 p1atBMnD eomﬁléﬁésp@rlﬁtl&ﬂi cor%@thxbs oBﬁfdarye,d platinum catalysts are
subst anti al | y spherical shapes or the like will also

SIP633 b FBO& R a8 MlatnmoyInyIsdoX\Eckness during 10
conpactl on. Dispersion of filler particles can be

a?é)ljltt ﬁi@fa?éiii R aﬂﬁ 8s 8 diihioBi1Rbnd YAGhdO Rakyl t‘éﬁﬁﬁhﬁ@d polydlmethyl

coup agent s or wetti ng gent S, such
sﬂoxﬁr{ega]mﬁakiaaenolemganmlghtaﬁabeut 1Q§)|0@é¢né 9% oﬂpmﬁnpl-@!:@.d examples of

hydngp 31%3? ]g taI l Wclu e%ﬁ%@yﬁ%dg%@ﬁ%%ﬂe ﬁ}%/hst"i‘la%ane copolymers that

havenﬁnBleQQIanwelié}ﬁ a%@ﬁtdﬁTO 1584, (D01 ?hyﬁwllpﬂ@pdﬂh@ ampbe eaiddoftom a very
process. Typical particle sizes useful for fillers

soft belnmetesiat ek arvamilew apsshaly desifyntor héowéh@léstemea@smork of higher

i‘&ﬁ% g,[ mw th a maxi nrum of about 100 m These
CTOsS 5tds may conprise at |east sone of the follow ng:

at | east one silicone conpound in 1 to 20 wei ght
pesslaat matriginibhi ﬁl@rrhtlﬁrsied 10-t46 rewn gﬁktup@amecmntermlated to be any

suitiegoldes g%%frﬁ 45 e gloried, ppkcid: Jefeed Sfe} wBEHER e indium tin
(InS@pgl'loﬁ@ (?Qﬁil' 51;11\%?2[ drlut?%)g allo %t ﬁf@i‘lﬁﬂllb\[sn%ﬂﬁaog&&"') alfﬂ?@ 1nd1um-based

suc ons may vary ener al
alloys ity sitveey beppes efloyd (Bnpe€apin hismuthang @,llpij i), and alummum—based

Comﬁaqri{l)lég Xe;(rglla Faﬁ@fasng rﬁ}sgecflé@){ ngﬁferrg@tsgbc{elr i 1{1 a%rget?l%ég %n%tenals that
com}ti'gééeg éluhpt Bhe sol@&%a}a&%ﬁy a6t By awigh @dcﬁﬁoﬂie@ elethen@ to promote

I't should be noted the addition at |east about
wettidg564he heat spreader or die backside surfaces.
As with the previously described thermal interface materials and components, thermal
filler particles may be dispersed in the resin mixture. If thermal filler particles are present in
the resin mixture, then those filler particles should advantageously have a high thermal

conductivity. Suitable filler materials include silver, copper, aluminum, and alloys thereof;

" boron nitride, aluminum spheres, aluminum nitride, silver coated copper, silver coated
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carbon fiber significantly increases thernal
conductivity. These conpositions are described in US
w0 s®yeehBat ent 6706219, US Application Serial MNOT/US2004/010094
10/ 775989 filed on February 9, 25 2004 and PCT Seri al
.. PCT/USO02/ 14613, which are all commonly owned and
e t K
alum@?xf Prfoglt gl b%lgae%ali:bgﬁp %‘ge;rét' Icgzgcgdl a\ﬁEehy gg-:‘)&.xlg e{n]@fa? 'ﬁﬁ@ s, conduct1ve
polyr#ers Z%dtllier(dmmpmng In’ta)eraﬂu:i Cas¥rBhiofhyf he]oghnyndm ankd alver or boron

meltjn int of 118C, (b

nicidgoguny ST BomBrTgHEY Ve EIeer HgeEY rPFe s, ERpOL mitride in
Yo sAnHR]dubRD 30 1das T weT%, and sil

amognggoéf’dté%sgﬁ&w 6)\2@%1%%@%}%6 ng ght), 3.5%silver a; silver in
amowss Qfita) leastl DYC 6Ppet. Yobgre pastigher)y wsgﬁﬂ a THhsse igerials may also

oi nt qf_, 217C, .SnBi, = in (by weight) and 40%
com Sglli%ﬁtﬂ %ﬁsomp‘ijmd) Wltof#;kﬁ ‘el ting point of 170C. It

shoul d be appreciated that other conpositions -21 WO

200452903 R&HoHSER&Y/ 84 GRSAoustpraesdritedy aﬂdféthélerﬁllers such as
conponent percentages can be derived fromthe su

substantialbt spmwhufﬂl;e@ peatielph mash Be hBeoaTatesh)| eAiicﬁf@Wﬂéf@ gsubstantially
mat, el b u e t I
el Aol e Nqp BRI SPRESL g of AP 58 cuing
comﬁd@ioﬁUlDlapérﬁoﬁdeﬁlﬂernMﬁcﬂesibambe fedidatedshig the 5ddieon of functional
i ndi un}thSI | ver, per, alumnum tin, bisnuth
orgap RS telHe APERE cﬁ;%@ntﬁ 81 Weifing Aeeyisy S%fé‘a?%&f%a&ﬁﬁane Fﬁi‘mmanate
orgaﬁ&% Igzgflluﬁpae'ice dTF‘lle lé?% A2 ThetRtit dohpl'u?g %e%fﬁ reﬁﬁé&atll@a&gﬁﬁlﬁltanate may
mat er i nprise indiumor indi umbased
also el oged. tosmctlabﬂeenmhmgrﬁade seddear matestahdyrln@rtb¢ iapplieation process.
neta i c.mat

d fill
v e P o EPEef e el By iR af dbout 1:20
pm gqﬁﬁﬁrﬁumq;faggﬁtclrdow_ herei n, have several

advantages 10 directly relat ed to use and component
engi neering, such as: a) high bulk thernal
C oﬂ‘ﬁeaetaom;togandbmampmpm ablsad somsyof ke follaveng:aat ledse one silicone

comi) &éor ag%fghﬁé)gl\éc\g{ltalo?gag]ﬁg%ga%e& ;eln\ﬁté%gﬁt) géxjg nt, at least one
soldéﬂ"lh@teﬂhlolhoj W%@ﬁt FercelﬁUmi)&B Binpotksdzdnbp tnclude one or more of the
satellites, and el ectroni c conponent s.

optierd |ad¢htmm e@anﬁéﬁabﬂlﬁy eBlipRCTas e PN Qf su ﬁ%il%@ns may vary but,
AT oL B0, 40 LR SRl Dt

astic
fillefrap Ub UDS%Jfof ttditel (fSl&irCtﬂﬁs r%s)@ddethblht}abn}mnm@é nb E%y(of total); and
al so be added to

adhegion REAEOBTS AOAS i (L dgD <l shal oo i DE e AL I fibout 0.5%
carbﬁlq %@%ﬁﬁl{f%gnﬁ P#&?ea%sl th?r‘g%? cBﬁ’&l{@ﬁ(fﬁ QhesbAFRtRonk RS described

nity oxygen o ni trogen than
in U$oBsucl Patemﬁrﬁ70'62h9 AdsliAnpdination Serial No.: 10/775989 filed on February 9,
2004 and PCT Serial No.: PCT/US02/14613, which are all commonly owned and

incorporated herein in their entirety by reference.

Contemplated solder compositions are as.follows: InSn = 52% In (by weight) and
48% Sn (by weight) with a melting point of 118°C; InAg = 97% In (by weight) and 3% Ag
(by weight) with a melting point of 143°C; In = 100% indium (by weight) with a melting
point of 157°C; SnAgCu = 94.5% tin (by weight), 3.5% silver (by weight) and 2% copper (by
weight) with a melting point of 217°C; SnBi = 60% Tin (by weight) and 40% bismuth (by
weight) with a melting point of 170°C. It should be appreciated that other compositions
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20 can be one elenent that satisfies all requirenents,

or multiple elenents each of which has one advantage.
w@daisvdwsal |y, all oying el ements nmay be added mm/tk2004/010094

increase the solubility of the dopant elenments in the

i ndium or solder matrix. Heat spr 8n‘%one3§ b
comprising shifersni semeeRsd n%“ﬁ?%nt%%‘?éa‘fans E’Pe gi5iEda ubject matter
contalgé'del?e%lﬂg are used herein interchangeably and have t he

conmmon neani ng) generally 25 conpri-se a netal, a
rret aI - based base material, a high-conductivity
noAnothtos u1mblem01|tmrfacam aersalichoradeorh e prashicedprepard|that comprises a

al um per - tungst en
soldegimate. L B, e OB p LY £ Rl ol G or metal, such

as indRREE Ve "&?Jg?éxt %ﬁ)ml‘ﬁ DR, GRMRASI LA galiftn dindnalldgs thereof, silver
compos| t €s C and/or other suitable

coatd gblsmndmdﬂsﬂwrt goaﬂmit eluminems fput itnisy pref@tede Bigprthe esolder material
..t abl e

o5 4 W PSRl T D530 MAREBLAA) e

condub§yv B} a Rietalfd AhteHals @ doldasslloyaing R:bﬁ]lbnmannsjﬂhs&lo;ﬁat e
some or all of -22 WD 2004/ 090938 PCT/ US2004/ 010094
t he heat generated by t he ect mc

co . :
Spéks fsp]@ie@kgﬁ%pg@f@pe Iaét hqul Eg\see geveral advantages
t OV 2Ct i9MhighleBilk thermal
d“e&lg’n% g@ @o%%%n%ﬁt S Cg&%&f %d%ﬁl(f Eﬁﬁ%ﬁgﬁ any s? ZI tlgbl s
condubli€iknes)s meﬂ:k&bemdmdg may behfbrmedds &f phengl%cﬁap@mlgwer contact

nponent or and as lo as the t sprea
resisEBP GHBRT SHSPEETEL T 14 Bl JBERFUF T R GUp R mpoents,
com?% eﬂtﬁ%b@%r'sﬁ&llﬁ%n@ﬁmﬂh k1eBkodi® %ﬂ?&ienﬂ;ener ated from
e surrounding electronic conponen Cbntenplated
t hi cknesses conpri se thlcknesses in the range_ o
abdut adilitdainermporgsbusuch asnd 19w neesivisemslcreRd é)olymer Sphere or

mlcrgﬁg}e%gptrh?a}%ﬁ? %(%Jéfl g%gh: sofcf'er gl{at?lhig %dé@%a{%@ﬂ%out %gagﬁg H{o?lulus of the.

soldét her enbodi nents, contenpl ated thi cknesses of heat
spreader conponents are within the range of 10 about
1 nmto about 4 nm Wen_ usin t.her ma

i ner gdgiionghe@ppeient ey 190y edm.ﬂ&%“ﬂi 9 H{P*&ﬂte weting to the

die a%!d%sftﬂeﬁt Wi YReaee) nﬁﬁé&daddﬁtibn%% cRRAMPBIed IY Peifcidd formers, or
be" he cessary to reduce coefficient of thernal

elemmahsu Ioave rai I gt clfifimjgn o g gemercitmpeornthas tdoes gidigon. The additions

transferred. t sem conduc
can Bq; %%ﬂ?melgtéh% splgsr}e aﬁﬁgqudllreglen hlorsmgiulpé éﬁe ¢ gt%s Lel?ofé \ghlch has one
advﬁ?ag@ Wmtﬁmm,yaul@mgrw&ﬁaﬁs Ady beaddnehichencéast iee solubility of the
litc thermal interface material, reducing the

dopambemeotsentth@ﬁldlunh@w&?éder@%@ﬁy on of the heat
spreader, or change the geonetry of the heat spreader

0 ni_mi r
&eg} éﬁ)rg%%e?o%oﬂq%é%%}g lcﬂ'gligagn eg&ﬂgpélggpo‘ﬂfenﬂsg@@% gprge}dgr and heat
spreé‘dh Gre GibTi lﬁrelﬁdmﬁdhagg@bm el howepths ishms, common meaning) generally

car bon-car bon conposi t
comprise a metal, a meq.gl-basede base material, a high-conductivity non-metal or

combinations thereof, such as nickel, aluminum, copper, copper-tungsten, CuSiC, diamond,
silicon carbide, graphite, composite materials such as copper composites, carbon composites -
and diamond comﬁqsites or AlSiC and/or other suitable high-conductivity materials that may
not comprise metal. Any suitable metal or metal-based base material can be used herein as a

heat spreader, as long as the metal or metal-based base material can dissipate some or all of
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A minitmqge; &,rle%i .trnllls?%]rfé a;: %xgﬁlgre'é' 6'}1 lower n@éff?(ﬁelﬁpgﬂf {ﬂ%ﬂé&plé

di anond, CuMoCu | am nates, etc. Exanples of geonetric
changes are adding a partial or 20 through slot to the
wapreaelmss t o decr ease spreader thickness and fPRCHUSZHOH010094

truncated, square based, inverted pyram d shape to
| oner stress and stiffness by having the spreader .

; Y ' r he i bftemplate ~
the B ey oo PR e oo onmpgted heat
spreddacagsmentsayestevn ntder thadxampleseestains, t her mal

i nterface conponents and heat spreader conponents

descri bed herein 25 conpri.§e, i ncorpor at.i h .
naﬁ%artisﬁr?th?%n%oqeﬁgfé:@éggﬁﬂ?edﬂ“ﬁ]l in 4y sc%tgl?lg (}fncﬁness, depending on

the nEQIRAMEN L lectAbhi& Ecﬁﬁ%&féﬁﬁ, EheCRINBON R as 18nS£thé Beglupieader component
conponent, a finished electronic product or_ a finished

is abketo wéhdeatyoperfrrodthettaskmfadissinating samsras-alsefdhp hey generated from

e AP LA O B ORISR 1
rangé Bt S8JuR 02 snBhLl Aokt 6aser Ibshdehbbdinent, ednterdplateddbicknesses of

one adhesive conponent. Several., of the contenplated ‘
heat jsprsadart compaepts era 38 fheFangre phapow d) u B e /apeut 5 mm. In other

Packages are . [ QU 118
embd PR oy Bate i s Y BT orsbsn sty BRE S raRaEas ronee of
aboutl @ n@h lto bbodtlenimxanpl es Section. It shoul d be
understood that there are many other = enbodi nents that
are_cont enpl ated. and t hat

o SEBag peelin BT GHeire THIESD: TREFIAr PR B Fagdieh clastc

modiRk %Blr?a%fd%%géttpdlﬁﬁéﬂ HefeRl it B8] Yeaessher toaredhétecoefficient of

vari et i nterface conditions and demands. As used,
therthalrexipansioth exismatoh ‘antiged wschanigrd sapsses Frarsigral e semiconductor

. Substance, inogrganic of .organi c,.na synthetjc. .-
die FhgRleF 45 GHBLBY S OR o AL g 5 nelP Y SHS: aAEEe Y8, 8F Hhfpimized by
incrda¥ing Yhd BERIIRE e BBtallid themirentehadinaribis reduing the coefficient of
adhesi ve conponent nmay be added to or m xed with the
thermpleexransiont r thadesabrapispdesl or ghgnsgcthgagaoineiy ehihe heat spreader to
k?aﬁﬁfon (CTE)
e interface materi anpl es
mate@falsS o€ AWICe nph8IGR d casiesgiaphite oopapesites canppnicgshon composites,
_ doubl e-si ded t.ape from.10 SONY, such as . SONY T44é&ﬂ 3M tial
diangdsGptialy BexRatsy Fip DBOITPIEH °F ERIPCIHTIarFRsrAts 2dding s partial or
e i ing a truncated, square
tro 95| HEUERISAED dbfeals Ak QT Tl i Horfline 2 mincated, sq
baseduhstrted @yrantidpshape i lofertsress mat saffngsatbor haydeg the spreader cross-
_rmﬁjeri al, as.indicated in.Figure 11. The thernal
sectiop pg 1¢Retd @b s SHEHORIUGH i o551 i nkabl e t her mal
i nterface conponents and the heat spreader conponents
Ca%p%ﬁcétﬂﬂlk%f@ﬁé"cbﬁteﬁﬁ)ﬁ@@f Sdraaldsgiintisd 80 Haykagesnyérleé interface
15 met hods previously described herein. The two ) i
materiadgp chemal iatesfaph sAmpAYETE and yhegh Gpreadert Pmp@Ehisedsscribed herein
com{aﬁ%ete ir}ecfdog%oggt%%glﬁeg nga}?%rgag§pﬁﬁlgoo$%a§f§§&i QeI 2 1dYRerddeEshponent, an
electronic component, a semiconductor component, a finished electronic product or a finished

semiconductor product.

Pre-attached/pre-assembled thermal solutions and/or IC (interconmect) packages
comprise one or more components of the thermal interface materials described herein and at
least one adhesive component. Several of the contemplated pre-attached/pre-assembled

thermal solutions/IC Packages are shown in Figures 1, 5, 7, 9 and 11-18 and are discussed in
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bond that fornms the common boundary between two parts

of matter or space. An interface nay conprise a
w@hoogioemBs at t achnent or physical couple of twoPQHUS®00610094

matter or conponents or a physical attraction between

arts of matter or_conponents, . inc
detaﬁ O?lc g Dxpmplen Sestiehy aﬁeﬁho"g‘h g)el Bﬁﬁi'?EStB%‘ﬁ d*‘ theé?] re many other

Bled e%oché aRtREme. ted
emo e S R B VAL orty Me i 8
herelﬁI chaset thexmal Tﬁterfhmaienﬁe eelnbs low a@mlsmsxs@ede freravide variety of

o be ph sically, coupl ed by e act .of . ap
interfBag o 4 {Gnirithe AURIACETER aoat nef bR Giont” means
any J[J%@t & h aﬁlet&qugﬁﬁc nRdughl 8t sﬁﬂ};{etfch euthe capadlé od bbAding other
straté&, anot surface, 25 anot her | ayered

subsmmd:ee rtogdther Hyeswefaee tattanhnmen(c,oﬁlpe@reﬁ temb@qur%% $he alpyiwe @mponent
iy LR 8 PR ek PEECAE gy e che thema
interfRERAAES * MERAbe GRPRAJBNL ﬁ&f’mﬁﬁdmvl@mﬁle&héﬂmﬁl ralerface material.

I nterface conponent. Subst r at es contenpl at ed_herei.n
Examplys of e s@temylatﬁésadmbwe COTPODEHS | cRMPYISE glougle- “Sided taP‘3 from

terial I | ay.e ts,

s BLspReCEhil 360 Foflp SRloNSUBRPERS) SHeSBe gmoodiments
the dheSRAinaY st dhe adlﬁtlmﬁfﬁm&hbﬁ offattadthirey the 3eat spr@admg component to

referred enbodi ments, the sub trate C O%HSGS 11
the papkage substiatejad prenrienhof taesheime L et e mateigless @G%CP*&één Figure

a packagi ng surface such as found in a copper, silver,

ni %Eg lih B af G grfﬁ)éea&ﬁﬂ}? ﬂeﬁ@dtﬂea&%sslﬁk%lﬁ' RBSrmll ih@fBce components
suc URd A eIt board or package

and thet legac spmedﬂr dongoeents can b4 ivdivizioelly @epesd and provided by using the
/ US2004/ Q100 or stiffener | r
mettods gpperelt AFURES MBS 3bF S sRuRsraSrs BfsufSialy cowled t
produfe $1a ?@dqﬁé}fac@mﬁ%kiféﬁeﬁxs Dasietrfacte gt iaterROE gheans a couple or
I nterface such as found in a polyimde-based flex

bonqothak fgms the gemoondiowadardetivee) thigypasts| afapatieg qr space. An interface
may. cgﬁlggi:s:ee gpgysw;?zﬂa %m?enb Fgfé?sllc%gg(gh 1 of %%émsrgfqﬁatte}—%? components

or a/PAlEEAIdttridiRA Betwedisivite pittgol plaasr mecmmpmmtsc am:ludmg bond forces
nore preferred, enbqodi nents, the g%fgfreate co Y Waal
suchya efavalent G PTG RoREnga RdgneRy Fqe8 u?"(C b@% in Yer Waals,

elecﬂr&ls(!?#ﬁé $ul§r§bﬁu ﬁ{/’dﬂg d‘?ﬁéﬂ d?‘cﬁﬁﬁé’éneh& b@%Stion. 8Kk two components,

tion aers of .material may be
as dmﬂbécemerém tnlagz allmyw;éd/sma]ﬂyeccﬁ@ch@ bratherachibSapplying ode component to

to. continue building a | ayered conponent or printed.
the prfagg ek th Begwa?omreom-‘g‘ -contenpl ated 10 that the

additional |ayers will conprise materials simlar to

thagg lﬁ)ef&ai‘ﬁi/erﬁa%§ adtdred nhiST8éMbe bpisiiddco Rgsulbelrat, Sanother surface, or
net al [ oys, conposite materials, polyners, npnone

anotbemlaygred matﬁmbuﬂihg eleptnertig g(pmpor@@ﬁmygn@@s a layered 1nterface ‘material, a

subsgrﬁ%aggge ta%gl | Caéi@qggilaf;g%%r r’lﬁx%' laffere@qﬁt%?fagg‘?nﬁé}?al comprises a heat

spreader component and a thermal interface component. Substrates contemplated herein may
comprise any desirable substantially solid material. Particularly desirable substrate layers
would comprise films, glass, ceramic, plastic, metal or coated metal, or composite material.
In preferred embodiments, the substrate c omprises a silicon or germanium arsenide die or
wafer surface, a packaging surface such as found in a copper, silver, nickel or gold plated

leadframe, a copper surface such as found in a circuit board or package interconnect trace, a
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A layer of lamnating material or cladding materi al
can be coupled to the layered 15 interface materials
walepengiosyy on t he specifications required by tPEI/US2004/010094
conmponent. Lam nates are generally considered
fiber-reinforced resin dielectric materials. C adding
- teri r : f; ' £e0ebpped and it’s
R e s g e R i o
oxidés?] coplomat-bsketl packddies babovaratissrfa¢eHauchens, fo f1l @ polyimide-based
E

e paoi Bt e e oy PRRSHBE R  “DatE AP fimers such
pomﬁﬁhiﬁé.o nTB@y‘gﬁl%%n%(éd AR &vkRl e O8ineal 80 ah@had Ps@rﬁe@ fbierial when

ayered intertface materials or subsequent [ayers. X
considpiime oshesivadkierfadds| e more nrefsrid empofingdnse (theEsubphaigeeomprises a
"Spin-On . Stacked Fil f.or. Low keff [ LGS
matesig} GoEFTER e RSP S Lﬁ?@féﬁ%‘f‘“ﬁ‘%@ﬁ%‘%@?@'ﬁ@?& copper, glass,

ShRl Dolvihekts entirety by reference. Applications oft
muiﬁ% o % eﬁplated thermal s olutions, |IC P ackages,

thermal interface 25 conponents Iaytgrjd i nferface ials 1
maddditighal layess 1o anateptlanae ,be(pgﬁﬁtgﬁetﬁt e Javergd pugfiace materials in

herein ¢ N LN ' ) i: n . lated
ol St BEREE JHLFALOOPELIALef PR LBrhebaul o o contmplc
that Slee@iditbllagerpoitiesdmmiseaniterials Isailal te dhossrdlsagy clgsasibed herein,

El ectronj c conponents, as contenpl ated .herein, are .
inclugige rraetpls, tlﬁ@gg hallqys, C‘iﬁ’l’i‘ﬂﬁqsg% aﬁ%agy ep%lamg{jsnpg}%lﬂpers, organic
i bl ' glIRCIJrRIuRdfacaRs, PAREHIs. and optical
com@%ﬁgfﬂ%ﬁr%@a égf’{é’%ﬁﬁi"%@?gﬁ%onent S cclalrrpri se 30 ci rcuiat P

wavbgaiddmatatulp packagi ng, separator sheets, dielectric
conmponents of circuit boards, -25 WO 2004/090938

PCT/ US2004/ 010094 i nt ed- wi.ni d .
co W%Pg{a&mn%tmgcm%{elrntgi; 8)ga{ld(rﬁsn gﬂgggalcg%laQQSS}%gl?& 'to the layered

interfRAURAOA S5 d_eﬁ'é’iﬁirfge% Fe0gpeci fich@sisreguicedoby ¢tk pymplenens  Laminates
-can be "finished

_ in the sense that they are,r dgt?. ‘

are gemenallg dongiderpd Ghetioinfeicedyesin fistecHTRaRER'S: Céﬁ‘gﬁ’a gaaterials are a
of finished, ¢ t LSH98,

subsgto%ttp]:j{:nélaaftesath%g Frlt% %ﬁ&ucgﬁ Qg%%arg%t?{seagﬁp&ﬁéﬁﬂ%%féﬂg, such 8 copper, are

phone, a
incofJodabd ZRito theparhiables. r alHapera Charlest ev.golfleanenia Packaging and
renote control. Also _conte ed .are i nternediate"
Intensprencsion Honidbooks Seiond @@tl%ﬁ@?wéﬁweW%&Wﬁ-)and
keyboards that are potentially utilized in finished

pr @?Hl%nc‘ layEls Sl At EGalP HRAUAES béBYdeal 15 Qhé QiYRfddSiaterface materials or
prototype“conponent, at any stage of devel opment from .
subsequemé dbyeas. rfydetont adkied afilmiscatectauglitniy; WMighacl . Thomas, “Spin-On

Stac@%ﬁ%ﬁ%g{gg 'I?o&f g%fdgﬁéf?cnltpocé”f ioqic? ﬁﬂzttéufgclﬁzll o&og%’ f(g%l?e%@(ﬁt),uﬁllcorporated

hereR] RLiRtABEYBY rdfaéBessONe conponents that are
constructed out of conposite material in order to

\r,lvﬁ %}t@(ﬁg%{]q?plg roi fih LQ ;: 'éqllqglgapfaféécf tg)fg?mglns ) &tpo%g, fé) grz)lc naegrg:g,st hermal interface

components, layeréd interface materials and heat spreader components described herein
comprise incorporating the materials and/or components into another layered material, an

electronic component or a finished electronic product. Electronic components, as

* contemplated herein, are generally thought to comprise any layered component that can be

utilized in an electronic-based product. Contemplated electronic components comprise

circuit boards, chip packaging, separator sheets, dielectric components of circuit boards,
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EXAMPLES 15 The foll owi ng exanpl es show a basic
procedure and testing nechanism for pre- assenbling

wo b@4odessal i nterface materials and | ayered nBCEUSZ04/010094
according to the subject matter disclosed herein, and
t he testing paraneters and di scussi on uses

. i ckel - i
pie s PR S PR B SO RSRUE R TP ko it
and rxe@drs. spreader conponent can be used for this

application and | ayered material. Also, PCM 45 is 20
used herejin in the exaggllfs as..a represe

t HdpqremiG-pasefl PERAUCIRCAR PP al skt dR it Sens%‘gle\ﬁfi)@ are;rgady to be used
in m(ﬁl@?g by ?%t}{é? dersiped th"i‘ﬁpl@é"é(f ﬁl&ibﬁé’ﬂtﬂoﬁs@ﬁ&%ﬁoﬁﬁm‘% a television,

conmponent can used according to the
aco nqmb@rea:belﬁrphdim aghager] @pe]m e eir ganizex aapdreabie Bin, @ car stereo, and a

el SR LSS 25 T L B o, o

K lahdl k&JH AR tHit A Sotuandgrutidned B finTeedf u¢mr
pag %?I%url ng§’ (speci f E(I)Xt urlgng pr ef er abl %I on, for

the conponent and PCM material) -26 WD 2004/090938
P@b@@@@@@@@@gm@»}’l AlSTROTIPLONS: Hrotoiype LompoppRle it any stage of

th
deve AR S e PR b0t R0, A OSEF OF may o
contadh al$ 6f ﬂﬁau@gel sahSsieats, intsiddd ias REMedproduct, tané alpoototypemay have

and bottomrel ease liners f of f. premat ur el
some prMpPEDONFatiet R cqqg];rucgg(g3 uh P gpn@@@tepmf@?néﬁ \édelr\#gtnegate their

1n1tla{l ﬁ’ecﬁzﬁgﬁ‘ th@%gorﬁ &Eﬁfs%lﬂfe%eh?g Beal8&siddran 21C Apply

ase c ang material to conpdnent per the
follomnng instructions: 15 The release liner 210 is
renoved to expose the phase change material 220 to
apply the material 220 to the conponent 200 as per
Figure 2 Locate the alignment jig on the conponent,
a phase change material 220 to the conponent
200 with light finger pressure as per Figures 3 and 4
20The following examples show a basic procedure and testing mechanism for pre-

assembling the thermal interface materials and layered material according to the subject
matter disclosed herein, and the testing parameters and discussion uses nickel-plated copper
as a heat spreader component. However, it should be understood that any suitable heat
spreader component can be used for this application and layered material. Also, PCM 45 is
used herein in the examples as a representative thermal interface material component,
however, it should be understood that any suitable phase change material component can be

used according to the subject matter disclosed herein.

Example 1
Basic Procedure for Assembly
MATERIAL

Heat Spreader Component

Suitable phase change material per specifications of the vendor and/or manufacturer.

Fixturing (specific fixturing, preferably nylon, for the component and PCM material)

26-
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Run t hrough heat tunnel to bring the conbination part

to an exit tenperature of between 48C and 60C
woe®imese time can be from30 to 60 seconds: PEPPE2004/010094

light finger pressure to PCM 45 to ensure conplete

attachnment 25 Refrigerate to I ess than -10C for

greater than ten mnutes Renove top liner 30 Visually
~inspect conbination part for defects Load into trays

INS B'T'f@ﬂ i onal and Heat Spreader Conponent (N ckel)

T St andards Sanpl e Sizes: 1 out of every 1,500
pi eces (D nmensi onal and X-Ray Fl uorescence (XRF) . )
neﬁglﬁﬁ-éﬁ@eﬁcg)rarévm sangglf, P%;‘ihﬁ SYBDRRES R HIRInG HSReSSon 20T to
0. 20 PCNT ual) -27 WD 2004/ 090938 :
PC#L@%O&%%%&Q' Tabl e 1: Di nensional and Ni ckel
Thi ckness Requi renents Paraneter Metrology
Criterial Dspasitign k Qutside Lengt j
oSt Rointoinbeies Biioe Bt it sod §* Sl in Tkt poth top and

CMMbttor® relbhsd PinBI a1 38 prérh@ufely, WarRthe PBIM nfafdfial YorB®03 Br at 30°C.
CW (touch or 0.60 0.025 mm 1.33 optical) Overall

Thi ckness Mcroneter 3.0 0.1 nm1.33 Flatness

( TBpsirelthiat theNwbgtoye feomleradurp ds greatar thay 267C t ouch) 1. 33

. 035mMm max 2mm from edge Fl atness (Cavity) CwW

( oBppBahe ghipeichingdIhatyridl.td SomPénen@pPedthe following instructions: .

The release liner 210 is removed to expose the phase change material 220 to

apply the material 220 to the component 200 as per Figure 2

Locate the alignment jig on the component, apply the phase change material

220 to the component 200 with light finger pressure as per Figures 3 and 4

Run through heat tunnel to bring the combination part to an exit temperature
of between 48°C and 60°C. Residence time can be from 30 to 60 seconds.
Apply light finger pressure to PCM 45 to ensure complete attachment
: Refrigeraté to less than ~10°C for greater than ten minutes
Remove top liner
Visually inspect combination part for defects

Load into trays

Dimensional and Heét Spreader Component (Nickel) Thickness Standards

Sample Sizes: 1 out of every 1,500 pieces (Dimensional and X-Ray Fluorescence (XRF)

measurements) CMM = Coordinate Measurement Machine

0.10 AQL, C=0 (Visual)
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.025mMm max in

22mm sg.

area in cent

er. Nickel

Thi ckness XRF 3 to 10 m1.33 Center of Top Side

wo-b@ngeoir f ace Roughness Profil oneter,

NA 2.5cm stroke PCM4A5 Attached Thi ckness Li near

Measurenment ‘0.25 mm 0.06mm NA Tool s

Lengt h/ Wdt h Li near
Tool s

_<0.35 CcnR/W1. 33

PCW45 Attached

Measurement 20mm- 2.0 mm 1. 33
PCM45 Location Mask Located within center
Tabl8hmDaneasinfal and NigkdP@WSknebeReguirempetdance ASTM D5470
(Measured on bul k sanple) at 30

NA

Less tPENU32003/010094

psi WiMntQ0 1" <_BLT < MRuOWpy PCMAS5Critesie/TikpesiitorDSC Cpk

45 C +/- 8 C 1.33

(peak Tenperature,

Measur ed on

‘ § #%%gﬂh'( et |er| al'Jcvx - 28 WO Z@Q%/@@@?ﬁﬁﬂ 1.33
PCTS U g% St or a @uCQQPGBtIchﬁm and Shelf Life
Final Parts shall be kept in sealed bag at about room
termeL ature (25C 5(C) Avoi d _excess h.%a_(__%_r_;g.pg_(_han
40C) aFeng$iWedt sun exposur €M extreme co? @ (lesm 133
than 5C). Do not apply| 6ougBoeoRtisalh gbout 5 psi .
pressure to exposure phase change matlerial (PCM
SUT T aCELvigoupth 11 1€ 1 b AN (o 6@l |T I Op6®EOFTH, mm 1.33
manuf act ure. As di scusked hglgt@hp;l, the thernal
I nterconnect system thermal interfage and interface
materjials are beneficial for many redsens—Ore—easen
i st HAteralhhidkse® spreader MERSENt  |and 39 Oflapm 1.33
mat erFlatheshERopeisdel | ent | netG¥IMgopticat he i nt etBoR@Tay :
bet ween the heat spreagler ot®uednponert and the 1.33
interface material, anget h0¥nimmmexfadi al wetting is
able to withstand the 2mm from edge ‘
" Flatness (Cavity) e CMM (optical 9 point array 1.33
or touch)
.025mm max in
22mm sq. area
in center.
Nickel Thickness XRF 3to 10 pm 1.33
@ Center of Top Side
Flange Surface Roughness Profilometer, . Less than 1 pm NA
2.5cm stroke
PCM45 Attached Thickness Linear Measurement 0.25 mm % 0.06mm NA
. Tools
PCM45 Attached Length/Width Linear Measurement 20mm + 2.0 mm 1.33
Tools
PCM45 Location Mask Located within center NA
23mm area of cavity
PCM45 Thermal Impedance ASTM D5470 <0.35 Cem*/W 1.33
(Measured on bulk sample) at 30 psi and
0.001” <BLT <0.002”
PCM45 Phase Change DSC 45 °C +/-8°C 1.33
(peak Temperature, Measured on (@N, 5°C/min)
bulk material)
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nost extrenme conditions. A second reason is that the
heat spreader conponent/thermal interface materi al
w@e eoviosass on di scl osed and di scussed herei n r ePCES20041€10094
nunber of steps necessary. for package assenbly by the
custoner - given that its pre-assenbled and quality
StoragecConditipe nnd Sheld ife st orer receives it. The
pre-assenbly of the cohponent al so reduces the 15 _ ‘
Finaldste chall Belk@n i scated Habet panit rafm tdnepecarstedABiC A°Ehi Agoid excess
reason is that the heat spreader conpgnent and the_ -
heat ¢mere dan 403C2 end dseqhate FYRASUCAS SHECRE §P’&r{§‘ds fl}i‘n%y-km not apply
t.ogether'., so th t i nt ' [ :
more, GRS neh Bres T it Chostitnft Sl ke HARKT(ECRY LIRS Shelf it
isab&ﬁﬂ%ﬁﬂﬁﬁoxﬁﬁﬂ@@ﬂQﬁmuﬁmduahernal interface material. 20
Exanple 2 mentioned earlier,
Pr &s AlsbaGRE UERNE TIRsGeif1atetdoansamlsysahythennsl iatdfaos ahdinterface

(i nterconnect) packages conprise one or nore
mategialspon benaficil Tohmany aeasens. | e reaser iqHekieiest spreader component

. d i bed, herei i anal | ] :
and gﬁ%&%ﬁ eﬁlfl?ene{ i—%ﬁ te%?r% }eaféflde i _aY A é%tﬁlggégp?g@ggggﬁg:ﬁéegt spreader

compdHRAITRAd SheOintHria08 nhatsrislhawhthis ifeifavia Wettifgiigable tb withstand the
shows a thermal 25 transfer materi [

| 100 whi ch
mostc oS eanditionsat Asé?c@&éerﬁa@an*ﬁo@e?ré‘ilwﬁ‘elﬁl?i spreafigl; ppponent/thermal
interlfa%%. g*[ﬁ%t%aq coﬁ%ﬂ?a?ﬂﬁ%i%%sgd and d?scﬁ%ﬁtﬁe?éiﬁtrécﬁﬁes lﬁbeﬁl'ﬁﬁber of steps

ace conponent may -conprise a thermal . _
necebdatye fdramekapat Spérably drydthe rcustomier r-rgaven theeits areassembledand quality

coupled with or conmbined wth an hesj,ve materi.al .
checfit Bl B PG St TR AP L SR a R oA gy Higyeduces the

asso8tell Nedsfion ftRE Paflf oBiHeABBtorRerPAHN hir® rélisSREHIBAI the heat spreader
paste or a |1 quid. The adhesive conponent descri bed i

n
com@Bthenhasktht itgrmebinatice materinl tan herdeysned tenyivarkitogetisEd so that the

. et n the substratelsurfac 3 . SPI
e S SRR B S8 30 o 5B SR s
compdtEnthdBhernid] @@emsbetrhaptislg. - 29 WO 2004/ 090938

CT/ US2004/ 010094 Data showi ng the incorporation of

some of the contenpl ated adhesi ve conponents, one of

which is shown in Figure 1, are shown in Figures 5 and
Exafpld t hese figures, tensile. strength is shown for

several ¢ onditions while using. a thermal interface

copponemtioned tdaeierf qresatiichadpapessemhledothermialgodgions and/or IC

. "Cure" stands for after cure, "TH' sta or_after.. :
(e @B b DUNBE S ATHURF GPE §° AFY ERPRBIFDIS abe ﬁtﬁ‘&?‘_ﬁ&?ﬁff%é materials
descﬂﬁ%@ "Heftin aatndfaoaﬁtﬂ)nﬁﬁjl fat Cled @RS AdleEi®e cMREpoRehP | donfemplated pre-

relative hum dity for a prescribed period of tine (for
attachxd/pd-asser8bIEd aher8B6s olutibmi § veowiuin Higyreflor Figge Hoihogys a thermal

oo S SHE07 80, 255 o BRI 4B P Bl
compSHREND R £ sulkstiafee $30.1 MB@rPSY intdfa0é cohipenéiftor20 may comprise a
thermal interface material and/or a thermal interface material coupled with or combined with
an adhesive material. As mentioned, the thermal interface component 120 may be in the
form of a tape, a paste, a dispensable paste or a liquid. The adhesive component described in
these figures was cut to 10 mm by 10 mm and placed between the substrate/surface and the
heat spreader. The adhesion strength of the tape was measured before and after

preconditioning.
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exanpl e, 125C for 500 hours), "HAST" stands for after

hi gh tenperature and hum dity, 10 which conprises
whedodiosny3g he material at a specific high tenpePEr/UsB®04/010094

and a specific relative humdity for a prescribed

petriod.of .ti (far 850 ]

bohe it bl FhorFBE Somd 7t Lol fufdaPddréeive compones,
one ¢fONMER 3 HRVCHCFigige 1,04re SROWE ¢ Figawres T@hAMD" Iisthasedfgures, tensile

for. tenperature cycljing for 1000 c%l/cl eEH Tt%ese ot in th
strengiiibis o enifon sevardl candisiops sfilerh e gl ieriaggcomponent in the

shoyl e gopsjde h t € «TH” stands for after
form g P, B B Gl e A TT L ands for
tempBfa@ira hhd Gheeify.ewhish ewhipeides helding|the ob attiidrat aagpcific temperature

material. Figure 7 shows a thermal fransfer. material 520
and Sepeci coleeunpTISdy T haseort Band oL BRSO edRe SC o 85%
relatigggﬁlgﬁg@ Z&EL isg{i&rs)o MBEARM 51320 foP B EGTIER itMBp GANRORGRze, Which

rat’é 330. Thermal interface conponent
com@RRs Meyage@ijhé setesial dterspatific terapdraivee oma presaibedpseod of time (for

her sl i nt et f j lod W. - o
o P gt B0, FEAES S, gRE48 SRR i
whic?rtgﬁrtfﬁlaseé RbRI{PEe HABRANE Al spdcifi@ HipRYerliSeratard MRl & apetific relative

pe, a p aste, a dispensable paste or a |iquid..
humiditytfhi 8 presatieedapeaioddfdimsodpiermple 1§06 A4 /caf?éa’f%{ﬁ%umldlty for 96

nderfill, material 3 I i RGI L t 0007
hourarhfe0oy  sbfscRormispibR e iy R, S0 &b, PECI00" stands for
temptatudelg cBAR @S MBOCyoRPO TR abbesistionalatmsled usddt irother figures and

reconditi oning. T he adhesive c . onent i n this
shouddrboenmsidered the pame pethpss ahoys descrilpe t hat was cut to

cover the outer ring of the heat 25 spreader conponent )
31Pigue glisho®s shather conseraplated crptatiached/mre-gpsepiiied thermal solution

cont ated e di e I Qur t t . heat
en GG 25ors TS B4R rEENE B BORIfprse o hes
spre@fet @hibefkri 1€0,Bthersod] itérfive cbirponent326 hovadhasivh eompénent 325 and
transfer material 400 which conprises a heat spr.ea

a Su@ﬁwﬁo}%tTflﬁI@?l interfaes pRINPINSHET4GRaY CORBOTfehticHd ’m@ﬂt%cr:e material
and/%ﬂgfhsnellar%gll ﬁ%@g 0L raP Qmﬁééd @Ztgod? SHBBidaak®h 48 Qdhesive material. As

ace conporent may conprise a thernmal
mentibhel, { Reehermal ietdrédce anchhonersa 320em aplbeiintt be femwofa tape, a paste, a

~ material coupled with or conbined wth an adhesjue
dispRereleiTRte 1Sk HEHEH OPGHS cPRETPIAThERPPHERT dog 340 dnd an underfil

mat& B8 ?é“&lsé%%w@d iR8hd hetRf F Rk faté@idl B0O, The AdBsdion strength of
a di spensable paste or a |liquid. Each of the adhesive

the adipion enmonear Ve e watnages sftertpreconddpniys. 25 ba pdherdyse omponent in
. PCT/ Us2004/ 01009 out er,_ri t (o
s B0, o B g B S S5k L ST o e e
sprebf@’ BrhporeMBROENFRUMES Melasi el ldefaotslleated &biethis contemplated
pr econdll)ti oning. Figure 10 shows the data collected

embpbdipmnt.hese cont enpl at ed enbodi nents. Figures 11-18

show several types of these contenplated |ayered
natRigiral 9, shdvat yet another contemplated embodiment of the pre-attached/pre-

assembled thermal solution. Figure 9 shows a thermal transfer material 400 which comprises
a heat spreader component 410, a thermal interface componént 420, an adhesive component
425 and a substrate 430. Thermal interface component 420 may comprise a thermal interface t

material and/or a thermal interface material coupled with or combined with an adhesive

" material. As mentioned, the thermal interface component 420 may be in the form of a tape, a

paste, a dispensable paste or a liquid. Each of the adhesive components was cut to cover the
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5 conprise at | east one heat spreader, at |east one

thermal interface material, a substrate and in sone
we2®e®9@s8 | east one adhesi ve conponent. | n Fi geeBUSD)4/610094

thermal transfer material 500 is shown that conprises

a heat spreader conponent 510, a thermal interface . - -

outer& BOhe 2Prebfl@t TheSidhébidh@rengthiofdack of Bieeadhesivh #nd/or thermal
540 and an underfill material 550 that conprises

compopkte rwisaimessurgh beforh and (péierr@recorditionde. niige al0 shows the data
further,.conprises. . 530. Figure 12 shows 10
collegﬁ%hﬁg}thg%eﬁo pifltg%é}éﬁéé | Er%%ht of a thermal transfer
erial _as_used in a C package 600 I C ri .
et P88 BN B35 86 sO0RuMlel AT g v
comprRERPRER R at {hedet, Bt 1e3stidh@ therhidl @iterfadeaperidlna Substrate and in
thermal transfer material 600 nmay al so be incorporate

d :
some qases attlénst omeadhesive cemponsnt. i Bighes 1500hepmatitgnsfer material 500 is

Fi.gures 13 an 4 show an t : '
shoviy B4 Bt ok P cGRRRIEL PN G R ploPEA 20
is in YSEFhrinoPd tdpe, PARKSTRarfDEh uidegfill endkSrial 5G0sthat doneprived solder balls
transfer material 700 which conprises_a heat spreader
555. c Ghp dhermtal 1posten anateriah CHTRAT GORRSISFR eSUbEEHH oent Figspe 12 shows

whi [ '
o Ty DO RSB L s R ks
600 Whica c\?hﬂip@iﬁémhéaﬁ apm@demnrmpbmgﬁ 640 r?ad habérvel dgenfagentnponent 620
725, ich in this case a hi eratyre .
thet (gm0 o4 pept T o HEnieh B4R ) P38 “Lp i dpagpporated into
the el { %}sf&qgatéﬁal%ggkﬁjgﬂre 1¢ die 840, an underfill

mat er | 850, which comprises solder nmaterial 855, :
ang. t ' t &
SR 17 5 S8R R g e st
matefal 200 ahd 869 iaixdudedin iat ICspackegt 809. ahigu® phehagea 1g@Mal transfer
Figure 15 shows a thermal transfer. materjal -300 whi cp. terf
mategighpPP sBIch FREARIS o AERbr SREGHB SEMPOBRY  Lifh 20T (h el interface
com%cﬁ‘ésﬁf f7§(§;,ewﬁéhgﬁﬁg@gfés;eeggghaé@élﬁﬂgmatMQ itHe, & ghageny other

nge mater| , a gel or any other 'suitable
suitableethermtal imteadeanateriat efhisa¢mbahinenicatbm eompiges ah gghesive component

Cc ri ses an adhesi ve. conponent 25 icheip: thi
725 SR e B0 B BBt RS et B B, v
trans¥ir MGLHART 06 &P Eoupdtt td Relic ddhesd iedaananeribl 850,ndliich comprises

part of the heat spreader conmponent/thernmal interface
solderonpondrfss, aulpidsyue 839.n Figure 16, the therma

transfer material 900 is coupled to a die 940, an 30

unfieguires [15netde i 6 asho®5Motiveni cohteopased sebodisnetrof a thermal transfer

| al , 955,. d a.sub te 9 The '
matefh S0k B homt FrieRid Ho T oA hen 1008 FEf da SBVE g ghermal transter
matc2iaP 00 %Bic83Ebmprisks WOhR04/rORRP FBniPehéddS2ND 400 1D @4mal interface

Figures 17-18 show anot her contenpl ated enbodi nent of
comporteht PRR whichrisye compriss p phase domgp anaieniali e tare, (jsgq} qrrany other

suiteﬁget tb%ngzﬁ %%t%%gcelr%gt%ﬁall.:i'ﬂl% gmgigdiﬁgﬁ%’\gls@ c&ﬁﬁﬁ@lantardﬁ&?\f/eeéomponent ‘

925, which in this case may be a high temperature adhesive tape or structural tape, but the

adhesive component is not part of the heat spreadetr component/thermal interface component
couple 900. TIn Figure 16, the thermal transfer material 900 is coupled to a die 940, an
underfill material 950, which comprises solder material 955, and a substrate 930. The

adhesive component 925 in this embodiment is located on the substrate 930.
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1100 whi ch conprises a heat spreader conponent 1110

and a thermal interface conponent 1120, which may
w@ovpioI®as a phase change material, a tape, a geCT/U820841910094

other suitable 5 thermal interface material. This

enbodi nent al so conpri ses an adhesi ve conponent 1125, -

whm&hnhnliﬂsshwaseoﬁmyc@ﬁmaphkﬁhmﬂnﬂﬁamatﬁmshanhéQamémnnMBﬁd

R T NG e R —

1100 Wh?dhf SfpriRRAREN bpre&RY Qbﬁgéﬂé}l@ 1110 afd @4h&mded inte#Bce component
thermal transfer naterla is coupled to a die

1120, 1%bich anay gouiprifé lal phese shinge magoal, whiaph, & @ebrarsasy other suitable

sol d materia 55 n bstr 130
e SRS e s B0 B8 B Brehenl g chhpgment 1125,
whiéid fgs Pdfs lad3t Be h1Bigh ithipsratzpedhésive @rﬁw@h mmﬁt@raamjae but the
applications of thermal solutions, |C pack

adhaskisraegIPonentds sotpast of Bﬂﬁdleatrﬁpé?aﬁ%@mmném/%mnﬂav@rf%?ewmponent
cou;gh ﬁ & {)6’ S %9 Flélﬁ‘e Sllgo kﬁe?tﬁgr?nﬁ RRALED I’naterﬁp ‘i‘f@’(ﬁ s c ﬁletdrig S€die 1 140, an

ed’in e af nore nod catio
unddr€ifli lasridlhpise, &Ilﬁc&ﬁcbtnpm csbldbe dlamrfal poSSi dmldea wilistratet 1130. The
departing fron1th nve ive c ts her . Tq
adhqswmweeqélgam SRERQIBRTL if fRSFIH SR Ane FBSHEe 1 20 be
restricted exce in the spirijt of t he di scl osur

Morldwsespecifie embedipicats #yl aprlicatians) a&hf:émahﬁplufle%em packaging,

t i b n
PGB DA ELEL KRR BRSS! P SHEngs sparn,
howeﬁﬁmﬁd itl§e®8 "skélled in' thengnt itﬁaimgéinys hrmmda dndlhﬁd:a’utoﬁs r}fea'ﬂ&id tlase already
referring to el enents, one or. ste]g(ie

descgibedl 355 DESSIREG athouy #aaaaig%gi ot %ulmteﬁew? &9
e n t

S e S i o] it 4 3PN of M, disclosure.

Momoveﬁ ﬂpmteﬂpmtmgr 'élenahsclomrqar db $¢rynsr goglde he edterprBlZdVJ@ the broadest

04/ 090938 PCT/USZ 04/ 010 l. A. .,
posiTRE HAIeE ARSFER NAoRIaf M Gy T SPHGIISE Hint G, Sagtyise
corﬁﬁﬁ@?ﬂg‘eﬂfouldm@frﬁérgrétaﬁashﬁ%mﬁﬁ k& BRAIen&O BHRAPSRYnts, or steps in a non-

conprises a to surface, a bottom surface and at
exclueagtmamer he@ncatypﬂ gatidhe weferenred elemtSatcomamnt@n@r steps may be

presel}]t gF fuéléléecii_g erl 1?1@& %&;1 Ptehg%(\,%f“ rrnge'e o & ﬁqgéﬁgr{t?ai)r Fteps that are not

explesag tefgrandedof t he botton1surface of the heat spreader
conmponent. 2. The thermal transfer material of claim
1, wherein the thermal material is further 10 coupled
to a substrate. '

em &lhe inventive
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3: The thermal transfer material of claim2, wherein
the substrate conprises silicon. 4. The thernal

w0 eans9ss nateri al of claim 1, wherein the theP@®EIUS2004/010094

transfer material further conprises at |east one
adhesi ve conmponent. 5. The thermal transfer rraterlal
of claim4, wherein the at_| east one adhesive
conponent 15 is coupl ed tCLAME heat spreader

'conponent 6. The thermal transfer material of claim

Weoﬂfalrmvher ein the at | east one adhesive conmponent is

1.

10.-

11.

coupled to the thermal interface material. 7. The

-t hArtherimal framsférenatamnslecdmprissfigicl ai m 4, wherein the at

| east one adhesive conponent is mxed into at |east

s oghedtispichéerichmpondnt] whereihabehew spreaddr compogent Thiaprises a top
thermal transfer material of cl wher t.he he

spr eadefUrEsAORRINM sEfigsAnd akle ?r‘?ﬁ‘f é?at S%reﬁ%tré]il At o
material, a hlgh conductivity non-netal

ContpssphofeTREBisHACTatpHal, IHhSrHaie et Bferfise natagiel i
of clai H}r§ctly\/}1}§{3§{e§|oﬁb€a‘tn§a@{ Ea?r? bERd %Btt&ﬂ'mﬁg@éﬁf the heat spreader

conpri ses um num copper or a conbi natlon
t her eof comdporifdt. The thermal transfer material of claim
9, wherein the netal -based material or high-

CoNgy e8] tRRBfcMBiabdrial 6NFkIns Swhérkindhetheaaslanaerial is further
copper, graphite, dianond or a conbination thereof.
11 couptied toresubetrate:r ansfer material of clai m 10, wher ei n

the heat spreader conponent conprlses a thickness of
abdhe ther2sl tnsfes netesial ofcleim 2owhasinile POBiAESOTPEises silicon.

PCT/ US2004/ 010094 12. The thermal transfer material of ,

cl ahettetmaltersér matdrial bficlelom éswhérsinfthe theabaluirangfes material further
to aboyt 5 13. .The thermal transfer material of

cl ﬁ?‘ﬁplisesv%g;%%etaﬂ]%esf‘f?e‘ioﬁmo ne erf ace materi al

co ri ses a crosslinkable ther gerface rrat

C R eI SF SRt BRFTSID (BF SCESt a1 adhesive component
m%&;u 118 VR BheddBt EGbAGRnML erial  compri ses a

hase ange mat thermal transfer

mat [Flt}ge:rmai%%fer %a}ena%? l(’fi 1l 4t Q/ﬁ?rg gﬁ{ leiaﬂtoﬁé fagﬁ:é%ive component

I ses a po YIer’ so erial,

poliyér FleﬁQbﬂﬁthEmtul iderfRdcanatatialor a conbi nati on
t hereo 10 16. The thermal transfer material of claim

1, TR ekSmAl LR 1dr RefdrRl] of Blafh UaGBerdBi tBE hBleast one adhesive component

is mixed into at least some of the thermal interface material.

The thermal transfer material of claim 1, wherein the heat spreader component
comprises a metal, a metal-based material, a high-conductivity non-metal or

combination thereof.

The thermal transfer material of claim 8, wherein the heat spreader component

comprises nickel, aluminum, copper or a combination thereof.

The thermal transfer material of claim 9, wherein the metal-based material or high-
conductive non-metal comprises silicon, carbon, copper, graphite, diamond or a

combination thereof.

The thermal transfer material of claim 10, wherein the heat spreader component

comprises a thickness of about 0.25 mm to about 6 mm.
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conprises a conductive filler, a netallic material, a
sol der alloy and conbinations thereof. 17. A nethod

w@RooRovayssrg a thermal transfer material, conprPGI/NHR004/010094

12.
13.
14.

C
15. at

16.

17.

18.
19.
20.

21.

provi ding a heat spreader conponent, wherein the heat
spreader conponent conprises 15 a top surface, a

botThethesuslf ttmefen@tonial bRdsiin ONaviivedh tisphiibess is from about 0.5 mm
rraterl al; providing at |east one thermal interface
o4 S Wherein the thermal interface material is
dlrectly deposited onto the bottom surface of the heat
s prbathsrmaldtampfsnenteriaboiiclaiap bsvhareig therthermpal|intgefecaymaterial

th . f f f
e 32??&@@1?1@31;%&%%%%%%%% e et hod of

F b ersghigie e Bulael pLar brkhtadEs VEPL perer matera

19corhp8sRBighad @hngd @hi}idB, wherein the at |east one
adhesive conmponent Is coupled to the heat spreader

omg RfRhat t‘?a?m%ﬁ mald}f1 BBLRRY 1 O n&GhAl e %ﬁngﬂ]ﬁtreﬂ*aﬁa fBfrial

ast one adhesive conponent is cou

t heomptisds rtpel fraaasokiat mlatemlal azblyrltresohiet hguidunatelial ona
18, wherein the at |east one adhesive conponent is

m ¥&@binatien tHereofeast of the thernml interface
material. -34 WD 2004/ 090938 PCT/ US2004/ 010094 22.

Thehaetd@d ®fnsfer Alafrikl of WaRE @] WhérbR the BlerB AN 8RHMEE material
conponent conprises a netal, a met al - based material, a

h| gmnpumwomdmcttye fidler, semethllismaterisinbsaidariaiay and perpbinations
g nmet hod of claim 22, wherein the heat spreader
00%6 ht conprises nickel, ~ alum num copper or a
ti,on .t hereo 4. The net of. claim 22,
ﬁm{it? f%?%&aﬁ‘&%%}%ﬁgﬁér fgte cﬂfn@ﬁm "Eonduct i ve
non- metal conp ges silicon, carb

gr apidiag aé‘ieﬁﬁﬁﬁ‘@ SreORPOBAL WAETEBHDE hgqtég%aderfgmp?ﬂgnt comprises
met hod g6 Lk %%ott‘.@ﬂ‘?ﬂﬁfa@e bhEaeak oRPHER eader material;

conponent conprises a thickness of about 25 mmto

R 8 B T ]
Th e net hl(iledermﬁ iscdigdctly ddpositbd beiorthd bettdnh eurfiak off fecidabsereader

material conprises a crosslinkable thermal interface
mat er i alcomponent; and

depositing the at least one thermal interface material onto the bottom surface of the

heat spreader component.

The method of claim 17, wherein the thermal transfer material further comprises at

least one adhesive component.

The method of claim 18, wherein the at least one adhesive component is coupled to

the heat spreader component.

The method of claim 18, wherein the at least one adhesive component is coupled to -

the thermal interface material.

The method of claim 18, wherein the at least one adhesive component is mixed into at

least of the thermal interface material.
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28. The method of claim17, wherein the thernal
interface material conprises a phase change nmaterial.

wWQ 200409093812t hod of claim 17, wherein the thernedT/US2004/010094

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

interface material conprises a polynmer 15 sol der
material. 30. The nethod of claim 17, conprises a
cofensethed of iclairerl, whersindhe heat spreeder gompaners cgiprises a metal,

fa lol? }('.ﬁ/ F@%gﬁe%logtlﬁgglk ggg?l (%)gﬁ%(‘:ﬁqjl n%ill-méaf@.t %%%ILIQJUOH thereof.

tra

b RslodssiavmAR: Mo BVha ﬁﬁad%éﬁ%%ﬁegggﬁﬂ Shet SiprER skt
Suﬁlﬁhﬁﬂhﬁc g%r'a%rﬂm@atﬂhtﬂl&é’@ﬂ one thermal transfer
material W the at | east one adhesive conponent to

f Oﬁ“ﬁ% ﬁﬁt}?)ﬁ%?%ﬁ ¥ 240 %ere?{;tﬂe GRUAY288 hheractkiasin. @ ofictive non-

eas oné surface or substrate to form a
t heretmtbomphsqeailicagpcaridh, capper, reeapiod, dikmohdona 8dmbination thereof.
further conprising coupling an additional |ayer or

COTReRRMHodldT ddi@ T7heheRin hatkagpreadd:. cotpenemidoathrivés a thickness
claim 31, wherein the thermal transfer materi al
cofbrloss 8.26 ramttp @powi|6 MY ansfer material of claim 1.
30 -35
The method of claim 25, wherein the thickness is from about 0.5 mm to about 5 mm.

The method of claim 17, wherein the thermal interface material comprises a

crosslinkable thermal interface material.

The method of claim 17, wherein the thermal interface material comprises a phase

change material.

The method of claim 17, wherein the thermal interface material comprises a polymer
solder material.
The method of claim 17, comprises a conductive filler, a metallic material, a solder

alloy and combinations thereof.

A method for forming an IC package, comprising:
providing a thermal transfer material;

providing at least one édhesive component;
providing at least one surface or substrate;

coupling the at least one thermal transfer material with the at least one adhesive

component to form an adhesive unit; and

coupling the adhesive unit to the at least one surface or substrate to form a thermal

package.

The method of claim 31, further comprising coupling an additional 1ayer or

component to the thermal package.

The method of claim 31, wherein the thermal transfer material comprises the thermal

transfer material of claim 1.
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