2 7 .MAY 2004 SI NTERED METAL FLAKES BACKGROUND OF THE | NVENTION Field of the
I nvention The present invention relates to the nmanufacture;of circuit
boards and integrated circuit packages. Mre particularly, the invention
relates to | ow storage nodulus, electrically conductive thernmal ?n;t ﬂ&tmes
for integrated circuit packages. *@0001* Description of the Related Art
Integrated circuits are well known industrial products, and are used for a

wi de variety of commercial and consuner el ectronic applicati
particularly useful in large scale applications such as in i WH”"H’E!@“’M’W
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el ectroni c devi ces cont aBACKGROWNIHOE THERINYENAIOM onponent s r est@ong i n
relatively close proximty. These conponents tend to generate |arge

. amounts of heat which nust be dissipated by sone neans to avoid failure or
mal function of the device. Traditionally, electronic conponents have been

cool ed ushogd Jr Jefonconvective circulation of air within the housing of
t he devi C‘e_éﬂ%@%g%?_ ans are often provided as an integral part of an
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gﬁgkgggll\,g}“régh%}agkgggsr. ll\dr(;?erpea?tlsclupagly,t t?xg iventich relates 6 loc\)h]'c st(t)rgge r'n%lﬁgs(,at ed circuit

h) electrically conductive thermal interfaces for integrated circuit packages.

Description of the Related Art
Integrated circuits are well known industrial products, and are used for a wide variety

of commercial and consumer electronic applications. They are particularly useful in
large scale applications such as in industrial control equipment, as well as in small

scale devices such as telephones, radios, and personal computers.

As the desire for more intensive electronic applications increases, so does the demand
for electrical systems that operate at faster speeds, occupy less space, and provide

B more functionality. To meet these demands, manufacturers design electrical and
electronic devices containing numerous electrical components residing in relatively
close proximity. These components tend to generate large amounts of heat which must

be dissipated by some means to avoid failure or malfunction of the device.

Traditionally, electronic components have been cooled using forced or convective
circulation of air within the housing of the device. Cooling fans are often provided as

an integral part of an electronic device or are separately attached



exposed to air currents. Such fans are errpl oyed to increase the volunme of
air  which wo wimousated within a device's housing. U S. pak@¥S%3535, 700
teaches the wuse of a typical fan device for dissipating heat from an

el ectronic conponent. U.S. patent 5,166,775 describes an air manifold
mount ed adj acent to an integrated circuit for directing air jets] pay m0;
el ectronic devices nounted to the circuit. The air manifold has an air
inlet and a plurality of outlet nozzles positioned along the channel for
directing air onto the electronic devices. Unfortunately, as integrated
circuits continue to decrease in size while power densities increase,
sinpl e air cirabewtofonincrsasing & swf@aﬁteia@f@ﬂtinteasata@@watpeﬂgagwbllch Ikcircuit
conmponent s. fe "XM]G ir
circulation cant)@géegzh?g&{é@ 5%@?2% ?%g egttd @Im% %ll @?%F{gr mal
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density integratesd p@tbﬂit(ﬂ,llﬁfi,mdiﬂéoﬂbesddaﬁ maxmﬁmlchnburﬁecﬁa’ﬂia,célﬁ% memtegm&dt he
conbi ned use of an, .bl ower. and gont} &cﬁ% 91 gn@ ul e which
has an i nt egr al St d‘{eﬁ%\?g YpisELn e?%’?@’él‘*ﬁ\"@ﬁ rﬁ?‘?’ 4 ep?éf&‘l’% ©%he

bl over is attach@gif§@ has &eat inf Bid 4 ;hﬁxfahty&)fwulmheﬂzlés(pohh&xddmﬂ@g ket ed

ci rcuit package. Heat generated b inteqgrated circuit conducts to the
heat sink. TheChanBgldpr %}ﬁﬁ%’i‘gﬁlb%mét@te CSUARIBASVAES { hat flows across the heat
sink and renoves heat fromthe package. It is known in the art to use a
t--germal or electrical interface to attach, such thernal K di SSI ation devices"’

a heat enitt On{Pregasnasinteenasdeletits copipe iR fesFEare inisite g Pe¥eThave been

known to suffer gftfam %Yé%’é@'sm%léﬁfdé’l?dﬂtaﬁ%*% offeR iRbffREABtowaefbatelytobhe
sem conduct or industry typical ?/%d tr| se netal interfaces or polyner -
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silver, 2 circulation can be achieved by attaching a heat sink or other thermal dissipation
device to the electronic component. U.S. patent 4,620,216 describes a unitary
heat sink for a semiconductor package having a plurality of cooling fin elements,
which heat sink is used to cool high density integrated circuit modules. U.S.
patent 5,535,094 teaches the combined use of an air blower and a heat sink. It
teaches a module which has an integral blower that cools an integrated circuit

) . package.. The blower is attached to a heat-sink that is mounted to the integrated

circuit package. Heat generated by the integrated circuit conducts to the heat sink.
The blower genefates a stream of air that flows across the heat sink and removes

~ heat from the package.

It is known in the art to use a thermal or electrical interface to attach such thermal
dissip.ation devices to a heat emitting component. However, conventional
interfaces have been known to suffer from several disadvantages. Interfaces used
in the semiconductor industry typically comprise metal interfaces or polymer

adhesives filled with conductive fillers. Metal interfaces such as solder, silve-r,'-
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properties. SUVWARY OF THE | NVENTI ON The invention provides a porous

flexible, resilient heat transfer mater.i al i i
ni?t al fl akes, SHixdpkkeakigsérhiavpwgidmg{rﬁg&}ﬁ t%lpgq%gwggﬂ:géxjg%g% e net wor k Of_

" invgntion, a porous, flexible, resilient heat transfer material is formed, which
material comprises network of metal flakes. Such heat transfer materials are
preferably produced by first forming a conductive paste comprising a volatile
organic solvent and conductive metal flakes. The conductive paste is heated to &

temperature below the melting point of the metal flakes, thereby evaporating the

solvent and sintering the flakes only at their edges. The edges of the flakes are .

fused to the edges of adjacent flakes such that open pores are defined between at
_ Jeast some of the adjacent flakes, thereby forming a network of metal flakes.
) . : ' .
' : This network structure allows the heat transfer material to have a low storage

modulus of less than about 10 GPa, while having good electrical resistance

properties.

SUMMARY OF THE INVENTION

The invention provides a porous, flexible, resilient heat transfer material which

comprises a network of metal flakes, said flakes having edges, which flakes are
 sintered only at their edges and are fused to the edges of adjacent flakes such that

open pores are defined between at least some of the adjacent flakes.
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such that wowenopowses are defined between at | east sone of | ent
«flakes. 3 WO 03/041165 PCT/ USQOL/ 32544 2 7 MAY 2004 The invention further
provi des a nmethod for form ng a porous, flexible, resilient ? 9@3 sfer
mat eri al which conprises: a) formng a conductive paste conpri 5\146

sol vent and conductive netal flakes having edges; and b) heating the
conductive paste to a tenperature below the nelting point of the netal

fl akes, thereby evaporating the solvent and sintering the flakes only at
their edges, thus fusing the edges of adjacent flakes such that open pores
are defined between at |east sone of the adjacent flakes, thereby formng
a network of netal | akes,. The., nyent v @ met hod
B O el ey el Yy £ polienentyicinena, et hod
- conducti ve pastg.GRIRE mhtB dhsblce@piiseand conductive netal flakes having

" edges; b) attaching a |layer of the conductive rochi p and
a heat spreade formings %gwlﬁgp@e&gwggpggsolvejnPﬁliofa |n§§apﬁg&(t:agrgf%és§| te to a

temperat ure bel,ow, F elgEAnHI ng point of the netal flakes, thereby
evapor ati ng the SO

t and sintering the fla es, th s-

f usi ng the edgd@ hgﬂlnadljl%@éﬁ‘%c“w a@@@éog&w%‘gf %‘gﬁ\é'gﬂ%’é?]géghggl ‘%fe??ged -

bet ween 81%% KKEs ‘ﬂ‘feh 9%% jaBR £ MHe sbivalt@nd sintefing the dﬂlak@ anlyreedeirt r ansf er
r

mat er i al Iayer et'ween ochrp and the heﬁ Qrea er \qh gh heat
transfer mat erialges, thus fusing the edges of adjacent flakes such that open pores aré define

sintéered only at their edges and are fused to the edges of ad'. ' | akes
| R

between at least some of the adjacent flakes, thereby forming a network of metal

)

flakes.

The invention still further provides a method for conducting heat away from a.
microchip which comprises: _ '

a) forming a conductive paste comprising a solvent and conduct:ve metal flakes
having edges; |

b) attaching a layer of the conductive paste between a microchip and a heat
spreader, thus forming a composite;

d) heatmg the composite to a temperature below the meltmg pomt of the metal
flakes, thereby evaporating the solvent and sintering the flakes only at their edges,
thus fusing the edges of adjacent flakes such that open pores are defined between
at least some of the adjacent flakes, and forming a heat transfer material layer
between the microchip and the heat spreader, which heat transfer material

comprises a network of metal flakes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top view of a layer of heat transfer material of the invention.
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conprises a network of netal flakes. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
1 shows ‘a t OpOWB/BWIET a | ayer of heat transfer material of PREUSH{EH!i on.
*4 WD 03/ 041165 PCT/ USOL/ 32544 2 7 MAY 2004 FIG 2 shows a close-up top .
view of a layer of heat transfer material of the invention. FIG 3 shows a
side view of a layer of heat transfer material of the invention. FIG 4
shows a side view of a layer of heat transfer material, of thz 7i lﬁéviﬁﬁl on
attached to a mcrochip. FIG 5 shows a side view of a |ayer 6f b
transfer material of the invention attached to a mcrochip and a heat
spreader. DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT The inventi on.
relates to a porous, flexible, resilient heat transfer material which
conpri ses netwo f netal, fl akes. . A j LS Ly formed which
conprises a m xi: ETF&S(B‘PW%%? 18#"?3@ 3§e®a§g‘q§gg%h&%ﬂt&?’ ' ne]h%ggsltog%rray be forned
usi ng any convepivestim. net hod known in the art such as m xing and the |ike.
The metal flakes preferably conprise a netal such as al umi num copper,

zinc, tin, gold, palladium |ead and alloys and conbi nati ons thereof. Most
preferably, therid]nieesasipricheofailiyeest hedthmnifemkeatsrig nbtherimehyorhave a

t hi ckness of fromabout 0.1 mto about 2 m nore preferably fromabout 0.1
mto about | m and nost preferably fromabout 0.1 mto about .3 m The

f.l akes pref er ablpyGhapRwa adide WRMest aQbyef beabrdbler Materialtod tri2lipwentidd0 m  nore
preferably fromabout 20 m to about 100 m and nost preferably from about
50 mto about 1@8adhed fqa Ricsochip. - o

)

FIG. 5 shows a side view of a layer of heat transfer material of the invention-

attached to a microchip and a heat spreader.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention. relates to a porous, flexible, resilient heat transfer material which
comprises network of metal flakes. A conductive paste is first formed which
comprises a mixture of metal flakes and a solvent. The paste may be formed

using any conventional method known in the art such as mixing and the like.

The metal flakes preferably comprise a metal sucﬁ as aluminum, copper, zinc, tin,
gold, pélladium, lead and alloys and combinations thereof. Most preferably, the
flakes comprise silver. The flakes preferably have a thickness of from about 0.1
um to about 2 um, more preferably from about 0.1 pm to about 1 pm, and most
preferably from about 0.1pum to about .3 pm. The flakes preferably have 2
diameter of frcﬁn about 3 pm to about 100 um, more preferably from about 20 pm

to about 100 pm, and most preferably from about 50 pm to about 100 pm. Ina
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WO 03/ 141165 PCT/ US01/ 32544 2 7 NMAY 2004 nost preferred enbodi ment

each fl akewpgsafiges which are thinner than the center quTﬂeS"f/I}%TR'e The
sol vent preferably serves to |ower the nelting point of the netal fl akes.
The solvent preferably conprises a volatile organic solvent having a
boiling point of about 200 C or less. Suitable volatile organic solvents
nonexcl usi vely include alcohols, such as ethanol, propanol erﬂcM[q% nol. A
preferred volatile organic solvent conprises butanol. , The conduct'i ve
paste is heated such that the solvent evaporates away and the netal fl akes
are sintered only at their edges. The flakes are thus fused to the edges
of adj acent fI,ﬁJj@?w%;lﬁéh einbadinepicthe pachdiaka has edess wiieh Hethish el eeast some
of the adjacent flakes, thereby form ng a porous, flexible, resilient heat
transfer mat esen&r ol Fﬂﬂ“ﬁ s substantially absent of solvents and bi nders.
Heating of the conductive paste is pref erably conducted at a tenperature
bel ow the nelting point of the fl akes gabgdi nent, the
heating is conﬁhm&oéwnmfefﬁfab’deﬁ?ﬁésr‘ﬁﬁ%‘?“ﬁ ﬂi’earﬁﬁn%la?'ﬁ(o&rgta rg%t% ﬂ%‘éoc to about

200C, nore prefe 4o i@é&tavlawﬁér rﬁb@ﬂuenﬂﬁkﬁ@gmuwntpfef erably
from about 1758{&%)&6 WQO C In apre erreg enbodi eat

transfer mater adut 260 @'@d%ﬁéeﬂuﬁaﬁlet"r?@“ CATBARS SO Ve"ﬁé’ﬁf‘e"tcruglns]fy mat eri al

lLayer. This is_pref | YpaBBiind bEnél. |Aalykefenedvola1dndtgatnpve paste to
a surface of a @ulb()l%agl?f?lage f1};e?1t substrate, and heating the conductive

paste |l ayer as sdemmomwmbeab'ei\a@lto ‘forma heat transfer material |layer. The
heat transfer material layer may then optionally be removed fromthe

substrate. Exanples of suitable substrates nonexcl usivel ude heat
spreaders, si |The@ondictive paste idTeated SYCRRA ®conpri ses
E d | dibtive pastel itteated sychiat the W@t@?matam@ B e .

silicon die. Thn?etﬁq'ﬁl}(es are sintered only at their edges. The flakes are thus fused to the

edges of adjacent flakes such that open pores are defined between at least some of
the adjacent flakes, thereby forming a porous, flexible, resilient heat transfer
material which is substantially absent of solvents and binders. Heating of the
conductive paste is preferably conducted at a temperature below the melting point
of the metal flakes. In a preferred embodiment, the heating is conducted at a
temperature ranging from about 100°C to about 200°C, more preferably from
about 150°C to about 200°C, and most preferably from about 175°C to about
200°C.

' In a preferred embodiment, the heat transfer material is produced in the form of a

) heat transfer material layer. This is preferably done by applying a layer of
conductive paste to a surface of a substantially flat substrate, and heating the
conductive paste layer as described above to form a heat transfer material layer.
The heat transfer material layer may then optionally be removed from the
substrate. Examples of suitable substrates nonexcluswely include heat spreaders,
silicon die, and heat sinks. A preferred substrate comprises silicon die. The paste

may be applied using any known conventional techniques such as by dispensing
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may e applied using any known conventional techniques such as b
di spensi ng Gv0\®/@31B41165 PCT/ US01/ 32544 2 7 May 2004 from g1 USIIE2
syringe. Preferably, the heat transfer material |ayer has a thickness of
fromabout 10umto about 50 m nore preferably from about 104 about
35m and nost preferably from about 20 umto about 30 m The ?Jaﬁmﬂﬂﬂnsfer'
material |ayer preferably conprises a storage nodulus of I|'ess than about 10
GPa, nore preferably fromabout |1GPa to about 5GPa, and nost 'preferabl y
fromabout | GPa to about 3 GPa. The heat transfer material |ayer also
preferably conprises an electrical resistance of fr 10' 6 ohm
38105;) gboutlolé ﬁﬁﬁljaﬁynﬂgﬁmPlefﬁmbb’,ﬁFéﬁﬁém&MfV"W%m l&%"ddﬁs ES&CL[I‘T?)SSB%ohm cmto
X f I
Shout 3 x 10 sHoreRE Bhoo FB3E sTLE! BpAIAtpRAN 10wk Bodk DT o o
be used for varihoys HdmRAEHES erablicifonRaboat zmmmaaztbourﬁoaxmawe feat tanefer a et al

-surface and a silicon die, or bétween heat e
absorbing arti c|n@senahlﬁmertpwéerpblké°mnlWE%%Ofﬁﬁeeng‘]ruﬁ geéﬁ{? ?Ctlff@f] (?GFa,P ??Lt

'pk)peS,

surface of the
article. Exampl Elgoﬁ’% thefseﬁelmﬁa%fm QE&U‘?'N}P‘JL 1ol 2BYRI5GP8, ankl ﬁrﬁ)@mdfeiablya“xdieﬂiout emtting

at emtting art.icl
i ncl ude ni crochilpPa tmabait 3 €¥Rap Thve bieat wansfer ﬁgﬁ,ﬁf‘ald!f’éﬁg@o Qrg}@fﬁaﬁl é‘)?‘iﬁ\{'%ésy A
p,[]efﬁ”ed heat g etcﬁchQes?#édcgbﬁl&nguk?ﬁqoédﬁhﬂéxﬂ(%@b%utﬂ($@'é©l‘ihd/cﬁurface of-
e heat transférl may {hen optionall fache to a heat

ﬁlo)rs]g;(t:): ng arltl clreore piEfenatyy ﬁsln@bowluhtlé)b @nﬁéﬁ'ttoa?f’é’éﬁblqu 8’?’1’ ‘e @
: ;f]::lvt?h)é :1{1]%&%1%% agjﬁya#romﬁg 4 4800ss oh@‘?%& 15 bEYGE2 x"l@lfﬁcﬁhnﬂmnber s, heat

AP PN héat sorbing article conprises a heat
reader. Such heat emtti ng or heat absorbing articles may be attached to

the h J J
eat transfey matertal | avehs H9hi0shvEionSitybeBLe for various purposes

such as a thermal interface between a metal surface and a silicon die, or between
heat emitting articles and heat absorbing articles, and the like. In one preferred
embodiment, a first surface of the heat transfer material layer is attached to a heat
emitting article. Examples of suitable heat emitting articles nonexclusively
include microchips, multi-chip modules, laser diodes, and the like. A preferred
heat emitting article comprises a microchip. A second surface of the heat transfer
material layer may then optionally be attached to a heat absorbing artic':le.‘
) Examples of suitable heat absorbing articles nonexclusively include heat
spreaders, heat sinks, vapor chambers, heat pipes, and_the like. A preferred heat
absorbing article comprises a heat spreader. Such heat emitting or heat absorbing
articles may be attached to the heat transfer material layer using any suitable
conventional method known in theart. In a most preferred embodiment, the heat
transfer material layer is formed by first forming a éomposite which comprises a
layer of conductive paste attached between a heat emitting article and a heat
absorbing article. The entire composite is then heated to form a heat transfer. -

material between the heat emitting article and the heat absorbing article. The heat



» - conventional nethod known in the art. In a nost preferred enbodi nent, the

heat trans{gyowmigei al layer is forned by first form ng a REIWFIEBEE whi ch
conprises a |ayer of conductive paste attached between a heat emtting
article and a heat absorbing article. The entire conposite |s Mé?en heat ed
to forma heat transfer material between the heat em tting art Y &0iand the
heat absorbing article. The heat 7 WO 03/041165 PCT/ US01/ 32544 27 NAY 2004
transfer materials of the invention are particularly useful inthe
production of mcroelectronic devices. The follow ng non-limting exanples
serve to illustrate the invention. It will be appreciated that variations
in proportions @idfepmbrrialgiof ihesnventicn eepatiulafy dstle] incongrohetios obf t he
invention will be apparent to those skilled in the art and are wthin the
scope of the prBESHCHAYEAEYISHY. EXAMPLE 1 Silver flakes were mixed with an
organic solvent to forma honpgeneous paste. At |east four pastes were

m xed. The ratios of organic solvent to the netal flakes k of thﬁ astes are
shown in Tabl e Thesfllewingnapfigiting eaamplss srrvedgilushate thy pyeatied 180TRe. Rati o of

Organics to Fla ec?a%éﬁ'thﬁ%ﬁﬁmns §xﬂ315]§b1‘96ﬂs Bhakiesnatded ineRnegRbf e 50 gm
Fl akes 34m solvent to 51 Fl akes , 46m solvent to 45 m Fl akes The pastes

were then fill ecompements of thegvgnticawll g aprarait tadhess skilled ’r’i‘é heyad prkarger e
tested using a GRgkendic3posmhepretnt Avénibk: cone and plate. The measurenents

) - : : EXAMPLE ]
Silver flakes were mixed with an organic solvent to form a homogeneous paste,

At least four pastes were mixed. The ratios of organic solvent to the metal flakes

of the pastes are shown in Table 1 below.

Table 1: Ratio of Solvent to Flakes

Lot No. Ratio of Organics to Flakes

1 4ml solvent to 50 gm Flakes

2. 4ml solvent to 50 gm Flakes
) 3 4m] solvent to 51 gm Flakes
4 ‘| 6ml solvent to 45 gm Flakes

) The pastes were then filled into syringes, and the viscosity of the pastes were
tested using a Haake viscometer with a 1°C cone and plate. The measurements
were done at 225" and 4Qs'1. The viscosity of the different materials prepared is

as shown in the Table 2.
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"As shown in the table, both Lot #1 and Lot #2 had similar viscosities at around

4000 cps. This was expected, since they both have the same mixing ratio of

components. Lot # 3 and 4, however, had significantly different viscosities which

can be correlated to their respective mixing ratio of components.

The materials were then cured with four different cure profiies, as described beiow

in Table 3. Curing was conducted using the following procedure:

A minimum of three slides per profile were prepared as follows:

a. A 1" x3” glass slide was cleaned with isopropyl alcohol and air dried.

b. A glass slide was placed securely in a glass slide holder.

C.

Using the lines scribed on the holder as a guide, strips of tape were

placed 100 mils apart, parallel to the length of the slide. The length of

the applied strips was be at least 2.5 long.

d.

There were no wrinkles or air bubbles under the tape.

The silver paste was placed on one end of the slide. Using a razor blade

maintained at an approximate 30 degree angle to the slide surface, the

silver paste material was drawn towards the opposite end of the slide, and

the material was squeezed between the tape strips.

The tape was carefully

removed.



2. The silver paste was placed on one end of the slide.

Usi n
‘mai nt ai ned A0 &4Mal8pr oxi mat e 30 degree angle to the slide sPLf?q‘/
*silver paste nmaterial was drawn towards the opposite end of the slide,

3. The tape was
was cured in an oven.

the material was squeezed between the tape strips.
carefully renpved. 9 WD 03/041165 4. The materi al

a razor bl ade
the
e

lé%)é/,ﬂﬁ[

and

‘Table 3: Cure Profiles for Paste Fornulations PCT/US01/ 32544 2 F7Med0i2004
Cure Profile ICure Profile 2Cure Profile 3Cure Profile 4 Ranp 40 C toRanp
40 C toRamp 40 C toRanp 40 Cto 280 Cin 2200. Cin 2150 Cin 2180 Cin 2
hour shour shour shours Hold at 280 CHold at 200 CHol d at 150 CHold at 180 C
for hourfor 1 hou#f dine maesial Weycuredipar O¥@np 280 to 40Ranp 200 C t oRanp 150

CtoRanp 180 Cto Cin 1 hour40 Cin 1 hourd40 Cin 1 hour'

40 Cin |

hour

The cured materials were then tested for their volune resistivity. Since
Lots # 1 and 2 had the sarffabli3xChrs RrefilepfopPastofqgipueiens Lot #2 was not

tested.” The volune resistivity was tested using the follow ng procedure:
1. The cross-sect [ CapJPrafied (i pCuk Paffilé Pe ¢ QuerProfiledy | a| CureProfladur ed at
three different locations alopg the tape strips. 2. Resistance
neasur ement s. wer e [R@RS 405CN@ a Rigwp 26 1C Rack Rachp405ai 1ot pRabp 40 °@udel | nunber -
34401A. 280°C in 2 200°C in 2 150°C in2 180°C in2 - -
‘ hours hours hours hours
Hold at 280°C Hold at 200 °C Hold at 150°C Hold at 180°C
for hour for L hour for 1 hour for 1 hour
) : Ramp 280 t0 40 | Ramp 200°C to | Ramp 150°C to | Ramp 180°C to
' ' °C in 1 hour 40°C inlhour |40°C inlhour |40 °C in1 hour
The cured materials were then tested for their volume resistivity. Since Lots # 1
and 2 had the same mixing ratio of components, Lot #2 was not tested. The
volume resistivity was tested using the following procedure:
1. The cross-sectional area (in umz) of the cured material was measured at three
different locations along the tape strips. '
) 2. Resistance measurements were made using a Hewlett-Packard 4-point probe,
model number 34401A.
3. The resistance measurements were recorded, and the resistivity was
) .

determined using the following formula:

P =R (A/2.54) cm

Where: .
' P = resistivity, ohm.cm

R = measured resistance, ohms
A = cross-section area; cm®

"

.54 = distance between inner pair of electrodes, in cm.

10



3. The resistance neasurenents.were recorded, and the resi StIVItX

det er mi ned U¥PAFHME following formula: P = R (A 2.54) cm WRET@S 'I‘A‘m'H
‘resistivi ty, ohm cm R = nmeasured resistance, ohns A = cross-section area,
cn2 2.54 di stance between inner pair of electrodes, in cm 10 WO

03/ 041165 PCT/ USO1/ 32544 2 7 MAY 2004 Results are shown bel ow |?17TMA¥I2§U44
It can be observed fromthe results that the material did not sinter in
Profile 3. This is due to the fact that the peak tenperature of 150C was
too low for silver to sinter. Table 4: Volune Resistivity Results for
Materials (in Chmcn) Lot 4Cure Profile ICure Profile 2Cure Profile 3Cure
Profile 4 10.0000100. 0000066* Not done 3Not done0. 0000161Not done0. 0000151
4Not done0. 0000121Not doneNot done * The sanple cured using Profile 3
cannot be neasuRestltbeieshewn btlew it Fabed.cit sukhapbsenypreiiom e ippdis et ther e pl aced
on it. It was OP@ Mle(ﬁdB Unids hﬁP?dﬁ?é’?rT%ﬁlﬁ%tcﬂﬁmgfaQ%attflé‘?@.\kt oget her and
there was a residue on ass slide en the strips we renmoved from
it. For ProflIe@nmmlepftﬂﬂecwsmpéowéqmﬂmdo finttact when renoved from

gl ass slide and no residue was seen. 1 The values indicated resulted in

curing of sanples wit I?Ob% 40\1%%mel:ﬁe\éls€‘{/1{y Results for Materials (in Ohm. cm)

)

Lot#

Cure Profile 1

Cure Profile 2

Cure Proﬁle 3

Cure Profile 4

0.000010

0.0000066

1 Not done

Not done

0.000016%

Not done

0.000015"

Not done

0.0000121

Not done

Not don'e

* The sample cured using Profile 3 cannot be measured because the strips cracked.

when the probes were placed on it. It was observed that the silver flakes did not

fuse together and there was a residue on the glass slide when the strips were

removed from it. For Profiles 1 and 2, the strips remained intact when removed

from glass slide and no residue was seen.

1 The values indicated resulted in curing of samples without Clean Dry Air
“(CDA).

The adhesion strength of the sintered metal flakes to three metal surfaces was
b tested using a die shear, to determine the bond strength of the silver paste. The
'. test surfaces were formed by coating silver paste onto nickel plated surfaces,

silver spot plated surfaces, and bare copper surfaces. The metal surfaces were

attached onto lead frames, and cured in an oven.

The cured samples were tested according to the following procedure:

1. A substrate was set in the appropriate holding jig on a die sheér tester.

11



(CDA). The adhesion strength of the sintered netal flakes to_three netal
surfaces wadvO I8 using a die shear, to determne the bdifd’&¥&ndth of

‘the silver paste. The test surfaces were formed by coating silver paste
onto nickel plated surfaces, silver spot plated surfaces, and bare copper
surfaces. The nmetal surfaces were attached onto |ead frarres,wil&d cured in
an.oven. The cured sanples were tested according to the foll ow dWAY_ZOOIQ -
procedure: 1. A substrate was set in the appropriate holding jig on a die
shear tester. 11 WO 03/041165 PCT/ US01/ 32544 2 7 NMAY 2004 2. A die shear
tool tip was aligned against the w dest side of the elenent to be tested.
The di e shear tooR- vhdicshear 1ol i aes gnedpasinst Be tidessidral tha demsndto as cl ose
as possible to the sjhshdsatRe ok tiatoo OO RGP diBRarSy BRlshBuGte 84T f ace. 3.
The "TEST' button was pressed on the tester'sS panel to initiate the shear

" test cycle. 4. Aft erasclpse ahwasible gaxsthe gyhstrate Rathogsepiractinglthe sHstretsr ce | evel

di spl ayed on the papgh.was recorded. 5. Steps | through 4 were repeated
until all elements were sheared on that substrate. 6. The average shear
strength was cal cdl afled TEST’ tuitten alagprigssed on thettéster’ sahel to mitite the shears obser ved
fromthe results thattet%ugle profile | was too high for the industry while
Profile 3 did not si fiefThe material suffici ently. Profile 3 did not
sinter due to thd.fAafidrthdshearttést cypdeakastcompieteal thedoroé let8@isplapedtsortthe | ow f or
silver to sinter. ' '

panel was recorded.
5. Steps 1 through 4 were i'epeated until all elements were sheared on that
| ) , ' substrate, ' _ . .
6. The average shear strength was calculated for the elements on the

substrate.

* It was observed from the results that cure profile 1 was too- high for the industry
whil€ Profile 3 did not sinter the material sufficiently. Profile 3 did not sinter due
to the fact that the peék temperature of 150 °C was too low for silver to sinter.
Thus, the adhesion measurements were only done for pr_oﬂies 2 and 4. The paste
lot used for this experiment is from Lot #3. The results are as shown in Table 5 |

below.

12



Thus; the adhesi on neasurenents were only done for profiles

he
paste |ot uEOWNUI6t his experinment is from Lot 43. The resﬂ?yggﬂpgués

*shown. in Table 5 below. 12 WD 03/04 1 1 65 PCT/US01/32544 2 7 NAY 2004
Table 5: Die Shear Adhesion Results for Lot 3 Profile 2Profile z Heat
sl ugLeadf r aneLeadf r ameHeal sl uglLeadfranelLeadfrane N ckel plated 5‘@%&%4
copper Bare copper Ni ckel pl atedAg-spot copperBare copper 15.22.41.70.5
25.82.51.10.3 34.01.30.9.0.1 44.91.31.00.1 5NGC3. 61. 5NCL. 30.1

6ADHESI ON5. 41. 8ADHESI ON1. 00. 2 74.8.1.61.90.5 86.01.82.51.0 94.51.91.50.7
106. 12.02.30.6 Failure ModeDi e / pasteD e /
pastePaste/substratePaste/substrate AVG5. 01. 81. 50. 4 Adhesi on strength were

done with 100 x 100 nils di ¢,,45. 15{8@WE iWand36H Reshits foBotRt eri al di d not
sinter on nickel plated surfaces, while

Profile 2 - Profile 4
Heat slug Leadframe Leadframe Heal slug Leadframe Leadframe
Nicke! plated Ag-spot copper Bare copper Nickel plated Ag-spot copper Bare copper
1 52 24 1.7 0.5
2 58 2.5 LI 03
, 3 40 1.3 . 0.9 0.1
! 4 49 1.3 1.0 . 0.1
5 NO 36 L5 . NO 1.3 0.1
6] ADHESION 54 1.8 ADHESION 10 0.2
7 48 1.6 19 0.5
) 8 60 .8 2.5 1.0
9 4.5 1.9 ' 1.5 0.7
10 6. 2.0 23 0.6
Failure Mode Dic / paste Dic / paste Paste/substrate Paste/substrale
AVG 50 1.8 1.5 0.4
Adhesion strength were done with 100 x 100 mils die.
As shown in Table 5, the material did not sinter on nickel plated surfaces, while
the adhesion on bare copper surface was rather low. Copper oxidizes at elevated
-températures and thus caused a barrier to sintering onto the surface: The silver
spot plated surface, however, gave good adhesion at a peak temperature of 200
) °C. The adhesion was significantly lower at 180 °C. Note how the failure mode
for Profile 2 is on the die/paste interface while that of Profile 4 was on the paste
) substrate interface. This shows that the lower cure profile for Profile 4 had less

sintering and therefore, failed-withfn the material. The cure at 200 °C for Profile
2 however, had a higher leve! of sintering. The interface of failure there had been

transferred to the die/paste interface where the adhesion to bare silicon was lower.

The adhesion of Lot #4 was then tested using Profile 2. The results are shown in
~ Table 6 below. '

13



t he radhesi on on bare copper surface was rather | ow Copper oxidizes at
.el'evat ed teNepHHIEs and thus caused a barrier to sinteri METAND3IAhe
*surface. The silver spot plated surface, however, gave good adhezl on at a
peak tenmperature of 200 T. The adhesion was significantly |ower &t/ 2803
Note how the failure nmode for Profile 2 is on the die/paste interface
while that of Profile 4 was on the paste substrate interface. This shows
that the lower cure profile for Profile 4 had lless sintering and
therefore, failed within the material. The cure at 200 C for Profile 2
however, had a higher level of sintering. The interface of failure there
had been transferred to théalde é/fba§h@rﬁrdb@r¢1d7@@ulw1"€r1@t#he adhesi on to bare

silicon was | ower. The fadhestomof—tot—24—wa r 623. tested—tstng Profile 2.
The results are shown iln Table l@—be#ew—é%—-%ﬁ 5 041165 PCT/WS01/ 32544 27
MAY 2004 Table 6: Die $hear AdhdsioMemesyllt sLeadfamey| deapfens [e 2
Heat Leadf r aneLeadf r ane |Ni ckel Ag-|spdtiddal e 10. 6&z-4ib1 4| 20. Bar61. § 30. 61. 31. 8 .
40.72.11.8 50.41.51.3 40.41. 71. 515}- 70. @% 11.16 8-2-.211. 91.1 1.4
2 04 26 1.8
3 0.6 1.3 1.8
\ 4 0.7 2.1 1.8
' 5 0.4 1.5 1.3
6 04 1.7 1.9
») 7 0.6 1.1 1.6
8 - 1.9 1.1
9 - 1.8 2.4
19 1.3 1.4
Failure Mode| Die/ paste Die / paste Die / paste
AVG 0.5 1.8 1.7

Adhesion strength were done with 100 x 100 mils die.

As shown in Table 6, the adhesion for the silver spot plated surface was the
highest, followed by the bare copper surface. In this experiment, the nickel plated
surface showed a minimal amount of adhesion. This partiéular lot of material,

- howev.er, showed significantly less adhesion to the silver spot plated surface as

compared to Lot #3. This may be due to the higher level of organic solvent
) within Lot #4.

Analysis and Conclusion

Three varieties of this material were mixed, and the viscosity has been found to be
dependent on the mixing ratio of their organic content. All the pastes were able to
sinter. Four different profiles for sintering were used. It was found that the silver

flakes could sinter at 180 °C or higher. The volume resistivity of the sintered

14



9--+1.82.4 1---1.31.4 Failure MdeDi e / pasteDie / pasteDe

LAVQ0. 51. 81. WRAIHERIGN strength were done with 100 x 100 ni I'?%&é””%?#shovm

*in Table 6, the adhesion for the silver spot plated surface was iﬁeM,jygom

hi ghest, followed by the bare copper surface. In this experinent, the

ni ckel plated surface showed a m nimal anmount of adhesion. This particul ar

| ot of material, however, showed significantly | ess adhesion .to .the silver

spot plated surface as -conpared to Lot #3. This nay be due to the higher

| evel of organic solvent wthin Lot #4. Analysis and Concl usi on Three

varieties of this material were m xed, andéJ Vi sco \y Bas been Gound to
Ied SR A

be - dependent omaten@lsmaﬁfcwgd foe lgwesrthannsiiver &H?’@’aé Ut CRMPARRE past es
vere able to dGOMsity O Eifver Bids aRE Sd1idre Thé e SbMbRRERPattey Wasused. |t
was found that t égé?r‘ ver lt_y l esgcoSI d si rﬁt er at e180 C] g)hl gher. The

vol une resisti vnrtawlxotﬂep@h@nmrﬂbeteewe@wr% v5/2¢50 Hependenton @gcﬁyrf?,%hw 2 7 MAY
2004 material s ord QU ;{n[? L@f 'l’lze[tdrkﬂgsxﬁfaké/@'g Fylitd ﬁ%ﬁ%ﬁw gdhesi ves but
to f % ITvity o g

conpar abl e e con ver ass and sol dér. The adhesi on of
t hese pastes wadetterairficy. Alepdmetie dersuifhe, ﬂlemmratwaselot ahle {gasintal well

d d h h h d di
Curtace (e g. . arParroahy e Ean Lot sbReBRid P bRl B e Z00 OF

surface the material was not able to sinter well onto ni ckel - pl at ed
surfaces but hadV bjteatle prtbeasinwention has Hegr pargpiarlyshave andsdpseried svithni | e t he.

present invention. has Been RAhbSihaik Y% SIPW AR fireakibO e &

) " ordinary skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. It is intended that
the claims be interpreted to cover the disclosed embodiment, those alternatives

which have been discussed above and all equivalents thereto.

15



reference to preferred enbodinents, it wll be readily appreciated by those
-af  ordi nar wa/I165n the art that various changes and nodiHdTzesom/es84 nay be
*made . without departing fromthe spirit and scope of the invention. It is
intended that the clains be interpreted to cover the disclosed egrt?’o Mﬁé)t
t hose alternatives which have been di scussed above and all equivale 4
thereto. 15 WO 03/011165 PCT/ USO1/ 32544 2. 7 MAY 2004 What is claimed is:

A porous, flexible, resilient heat transfer material which conprises a
network of netal flakes, said flakes having edges, which flakes are
sintered only at their edges and are fused to the edges of adjacent flakes
such that open Ybrescclaieed igief i ned between at | east sonme of the adjacent

fl akes. 2. The heat transfer material of claiml1l which is substantially
absent of solvents and binders. 3. The heat transfer material of claiml
whi ch has a st ol &gpornusd flexiSlepfesifierd ieat algnsier rDerf@Pavhish chepidses 4 nethogk heat

transfer materi i m. i.ch .has, an el ical .resi;stance of from
about 1 x 10-6 %lﬁrr#glcdr:%lk?sogaa{%g\é‘?esI?’QVIR%g%eﬁﬁﬁyc‘ilﬁa&%s. areripte ga?f’%'ﬁ’ ﬁlﬁgf er
material of cl atdges andhees Rised tohiee ddgekatadjacene flakes Bichking $penqforesfar@m about 0. 1
mto about 2 p%e?.nd gtdi am@tler of fr&rg ?.bout 3] mto about 100 m 6. The
heat transfer eq Betvgen atlsestiome o e afiace Bakep.akes conpri se a netal
sel ected fromthe group consisting of alum num copper, |ead, zinc, tin,
gold, palladiu nd all o%/fs and . oPﬁi nati ,nf,t hereof. 7. A microelectronic
devi ce whi ch co%ﬁ?e g tanpigy mpterial of Hamh pyuch isysftattialiyeleentaf solvents
and binders. '
) |
3. The heat transfer material of claim 1 which has a storage modulus of from
about 10 GPa or less.

4. The heat transfer material of claim 1 which has an electrical resistance of from

about 1 x 10 "® ochm/ cm to about 1x 10 ™ ohm/cm.

5. The heat transfer material of claim 1 wherein the flakes have a thickness of

from about 0.1 um to about 2 pm and a diameter of from about 3 um to about 100

) ~pm.

6. The heat transfer material of claim 1 wherein the flakes comprise a metal

~—

selected from the group consisting of aluminum, copper, lead, zinc, tin, gold,

palladium and alloys and combinations thereof.

7. A microelectronic device which comprises a layer of the heat transfer material

of claim 1.
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of claim1. 16 WD 03/041165 PCT/US01/ 32544 27 MAY 2005 8. A microel ectronic
.devi ce whi ch V¥ ¥es a nicrochip, a heat spreader on the PRET&SERSH and a
| ayer of the heat transfer material of claim1 attached between the
m crochi p and the heat spreader. 9. A nethod for form ng a porous,
flexible, resilient heat transfer material which conprises: 2(7 i‘rﬁwﬁg
conductive paste conprising a solvent and conductive netal fl dkeS* A
edges; and b) heating the conductive paste to a tenperature bel ow the
melting point of the netal flakes, thereby evaporating the solvent and
sintering the flakes. on at. their .edges,. thus, fusing the edges of '
adj acent fl akes gg crﬂlcf%!i%”%rﬁ‘éﬂevbcc?r"gga’a(gg’pﬁlé Siafeigrocyat e@hSPé‘?a%gre‘E'stge sone of
t he adj acent fl akifochiphed ehiyef K6 gt ttansfel MateKal OF clakh lattachtPk&%eenkRe The
met hod of claim9 further conprising the subsequent step of attaching a
| ayer of the hedbPictochiRepehehsstepieadeit o a microchip. 11. The method of claim
9 further conprising the subsequent step of attaching a. |ayer of the heat
transfer material between a mcrochip and a heat spreader. 12 . The nethod
of claim9 furtHeA Behedt fos fargingtreposasitayilda resdieaphest transfeaniaterigl whitte heat
transfer materiglyf,ps@. M crochip,. and attaching a second surface of the
heat transfer material to a heat spreader. 13. The nmethod claim9 wherein
the flakes conprddemingitaiudive peteepriprioing e lielvery podigendusiive stetal dlakes
al um num copperha\,]ng@ggeszgnlac, tin, gold, palladiumand alloys and
conbi nati ons thereof. ’

b) heating the conductive paste to a temperature below the melting point of the

ng a
ving -

' ) metal flakes, thereby evaporating the solvent and sintering the flakes only at their
edges, thus fusing the edges of adjacent flakes such that open pores are defined
between at least some of the adjacent flakes, thereby forming a network of metal

flakes.

10. The method of claim 9 further comprising the subsequent step of attaching a

layer of the heat transfer material to 2 microchip.

11. The method of claim 9 further comprising the subsequent step of attaching a

) layer of the heat transfer material between a microchip and a heat spreader.

12 . The method of claim 9 further comprising the subsequent step of attaching
) the heat transfer material to a microchip, and attaching a second surface of the

heat transfer material to a heat spreader.
13. The method claim 9 wherein the flakes comprise a metal selected from the

group consisting of aluminum, copper, lead, zinc, tin, gold, palladium and alloys

and combinations thereof.
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17 WO 03/ 04 LUSO01/ 32544 2 7 NMAY 2004 14. The net hod '

Q-Wr‘]erei n thef gﬁgggﬁi’mrrpri se silver. 15. The nethod of clai mp o '2%32%42 t he
fl akes have a thickness of fromabout 0.1 umto about 2 mand a dZar;\ﬁfy%o,
of fromabout 3 mto about 100 m 16. The nethod of claim9 wherein the™*
sol vent conprises a volatile organic solvent. 17. The method of claim9
wherein the volatile organic solvent is selected from the group consisting
of ethanol, propanol and butanol. 18. The nethod of claim9 wherein the

vol atil e organic solvent conprises butanol. 19. The nethod of claim?9

wherein the flakeshahRifiadk 8dindd vielefIRENALN LoMpARYINY. from about 100'c to
about 200'c. 20. A nethod for conducting heat away froma m crochi p which

conprises: a) formng a conductive paste conprising a solvent and

conductive net ajs fhakRenqdR@vbigo SHGRSE: thphal@%%%@i B s @yf%r{) a{)oug p? .
P orming a

conductive paste between a mcrochip and a heat spreader, us

conposi te; . d)uheadbouy?neandaniiaséttref fromabivetpemad sioat b jma t he nel ting
poi nt of the nmetal flakes, thereby evaporating the solvent and sintering
the flakes only at their edges, thus fusing the edges of adjacent flakes

such that open peI®s nftieddetiaied WheiehrB8 solddnt tEASseSPIRaE ofdic adj acent
fl akes, and form ng a heat transfer material |ayer between the mcrochip

and the heat schg}é"d‘ér, whi ch heat transfer material conprises a network of
metal flakes. 18-

17. The method of claim 9 wherein the volatile organic solvent is selected from

) ' the group consisting of ethanol, propanol and butanol.

18. The method of claim 9 wherein the volatile organic solvent comprises butanol.
15. The method of claim 9 wherein the flakes are heated ai a temperature ranging

from about 100°C to about 200°C.

20. A method for conducting heat away from a microchip which comprises:

a) forming a conductive paste comprising a solvent and conductive metal flakes

having edges; |

b) attaching a layer of the conductive paste between a microchip and a heat

spreader, thus forming a composite; .

) d) heating the composite to a temperature below the melting point of the metal
flakes, thereby evaporating the solvent and sintering the flakes only at their edges,
thus fusing the edges of adjacent flakes such that open pores are defined between
at least some of the adjacent flakes, and forming a heat transfer material layer
between the microchip and the heat spreader, which heat transfer material

comprises a network of metal flakes.
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