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THERMAL | NTERFACE BACKGROUND OF THE | NVENTION Field of the Invention The
present iwoasbiknesrel ates to the manufacture of circuit beardsoasasis
integrated circuit packages. Mre particularly, the invention relates to

| ow storage modul us, electrically conductive thermal interfaces for
integrated circuit packages. Description of the Related Art |ntegrated
circuits are well known industrial products, and are used for a w de

vari ety of comrercial and consuner electronic applications. They are
particularly wuseful in large scale applications such as in industrial
control equipnent, as well as in small scale devices such as tel ephones,
radi os, and personal conputers. As the desire for mgRei NS CpPOYRB8E! ectronic
applications increases, so does the demand for electrical systens that
operate at faster speeds, occupy |less space, and provide nore
functionality. To mEebctRReE CPERISCTRILTAGRIIRT INGRREARY, ©f ectrical “and
el ectroni ¢ devi ces contal ni ng nunerous ectrical conponents residing in
relatively close proxinmty. These conponents tend to generate | arge
amounts of heat which nust ans to avoid failure or
mal functi on of the device. ete conponents have been
cool ed using forced or convective C|rculat|on of air within the housing of

the device. Cooling fans are often provided as an integral part of an
el ectronic déﬁi&@lgihﬁﬂéﬁﬁeparately attached WO 03/041165 PCT/ US01/ 32544
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circuit packages. More particularly, the invention relates to low storage modulus,

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
pro.vide 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 enpl oyed to increase the vol une of
air which is circulated within a device's housing. U S. patent 5,522,700
teaches tweo3saedf a typical fan device for dissipating Reatusbr/sasan

el ectroni c component. U S. patent 5,166,775 describes an air manifold
nount ed adj acent to an integrated circuit for directing air jets onto

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,
sinple air circulation is often insufficient to adequately cool circuit
conponents. Headto dordsdrpaingahe hefooaret bothe Mibghed Sirctlit packaehidlyisai r
circulation can be achi eved %y a&%aching a heat sink or other therma

di ssi pation SHRRFPLE o UHESeSUER FBRAIE EBIRYSH ENDCreaseshe ylvmnpf @r 620, 216
describes a whidhas ¥ircl)fad withitka J&fce%vhﬁiﬁ%ﬂﬁ@ O QUGLQH S%Eﬁégz?gﬁé@tﬂeg a

plurality of cooling fin elenents, w heat "sink 1s o0 cool high
densi ty i nt egtatiedypicaldan deviesdlar dissipating heatfimear elégtBat, @Mbohedches t he

conbi ned use Er t.sink. lt, teaches a nodul e which
has an integ}§§4ﬁﬁga%}6@z§¥&%8@#gagﬁﬂgﬁpg§¥g?%ﬁn%k¥%ﬁpgqoﬁ%gﬁﬁﬁg? The
bl ower is attachedr tivedinpeatjets bink eicb@dnit devidns McREtet o R idchit eURadied

circuit package. at generated by the integrated circuit conducts to the
heat si nE. ?%Blfﬁm\%?‘g@éﬂﬂ?té‘?gé Pi-/’r‘r%[ft}’Q PHUSE nogzies pagtionad lpngdls oss the heat

sink and r emeiRsel foediectingairh® tRAGKaRic ddvicks known in the art to use a
thermal or electrical interface to attach such thermal dissipation devices

to a heat emtting conponent. However, conventional interfaces have been
known 10 201 Uikl b0yt alch SRONELABGSY HBIELIEET eyl 1,
adhesi ves fi Hémdiesfincheasqnthuglt bir eirfildtioaris oftdveihalffitivhtas bagpste5uebl as sol der,
silver, circuit components. Heat dissipation beyond that which is attainable by air .
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. If
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 generates 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
dissipation 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, silver,



2 WD 03/041165 PCT/ USO1/ 32544 and gold provide |low resistivity, but have a
hi gh storage nodulus and are not suitable for large IC dice. Furthernore,
pol ynmer aabagiovass can be very | ow nodul us, but their resiPetivsnt/y2sis t oo

hi gh. As the amount of heat emtted fromchips gets higher, there is a need
for a thermal interface for use with an integrated circuit package or

sem conductor die, which thermal interface has a | ow nodulus as well as

hi gh thermal and el ectrical conductivity. There is also a need for such
interfaces to be capable of being assenbled and processed at | ow
tenperatures, such as about 200C or |ess. The present invention provides a
solution to this problem According to the invention, a porous, flexible,

resilient heghq Félﬁfﬁ%\ﬁf&e 1Rt eibBlityl But haved it gh WG moldRiuS hhdhre ROITPY | SES
network of netal flakes. Such heat transfer materials are referably

produced by fuitable foplaignl§ dice drrdihetare pohisnes adlmviyes ednrhy veryloati l e organi c
sol vent and td ] o wiahe i i ated to a
femporature SoToy el aR nigh A SRERHE kP B Sl ol

evapor ati ng thips getohighat, thendlis sinetdfor atherhel ififesfk@sfoomeywidt art ihepratedldges. The

edges of the flakes,are fused to the edges of adjacent flakes such that
opgn pores afBCHbPIckags WsemEandusior dicp X, icgé%ﬁa]o‘f’téft%%e léadjaé%fﬂ%"dflfuékes ,

t hereby for magg.eR afRigHAKdfmal andRlRtrichl @BSotivitf NTHerB & MY KnetliraiGhb € al | ows
the heat transfer material to have a | ow storage nodulus of |ess than

about 10 GPaintpiadestonzeqangpleeblping assembledandrpsaqested st ow fsmppetirdses. SUMVARY
OF THE INVEh@ﬁ&?%@@ﬁmkﬁmqﬂgg@QLprovides a porous, flexible, resilient heat
a IC

transfer materi conprises a network of netal flakes, said flakes
havi ng edges, which flakes are

The present invention provides a solution to this problem. According to the
invention, 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 a
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
least 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.



sintered only at their edges and are fused to the edges of adjacent fl akes

such that open pores are defined between at | east sone of the adjacent

fl akes. 3wo0308116311165 PCT/ US01/ 32544 The invention furt ReT/ysoosisdes a

met hod for formng a porous, flexible, resilient heat transfer nmateri al

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

conductive netal flakes having edges; and b) heating the conductive paste

to a tenperature below the nelting point of the netal 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

bet ween at | east sone of the adjacent flakes, thereby form ng a network of

nmetal flakes. The invention still further provides a method for conducting

heat away froma microchip which conprises: a) formng a conductive paste

conpri si ng aTlsoihvention durthee oreyides p wethedtfar fofthing @pordvayilexdpledgelient b)

attaching a Iay&r ﬁgfr ﬁar%e%iaﬁ:(v)v%%ﬂ%invgseo_aste between a mi crochip and a heat

spr eader, ]ﬂe o] rl‘lg a conpos,lltg; 5) heating the conposite to a

t enper at ur e Heb@wing beomdictivaghsieaioniprisihg b kelvemttaad corfduatiesmethhfidkedy

evaporating the solvent and sintering the flakes only at their edges, thus

fusing the tfyEe Weesidfdcent flakes such that open pores are defined

bet ween at %ﬁﬁﬁ%n?@%orﬂfucfib@pa@@lt@ﬁ%Mpetdéﬁ%%@lovﬁﬂé‘n*feﬁfn@‘plaﬂlt%f fheat transfer
e e

material | ayer ween the nicrochip an  heat spreader, which heat
transfer nateeiabflakeschpebsesperatieg thosivet apdsintering Hedlkes 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.

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 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.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top view of a layer of heat transfer material of the invention.



BRI EF DESCRI PTI ON OF THE DRAWNGS FIG | shows a top view of a |ayer of

heat transfer material of the invention. 4 WO 03/041165 PCT/ US01/ 32544
FIG 2 shwea3a4nobdse-up top view of a |ayer of heat transfrem/usat/gasual of
the invention. FIG 3 shows a side view of a |ayer of heat transfer
material of the invention. FIG 4 shows a side view of a |ayer of heat
transfer material of the invention attached to a mcrochip. FIG 5 shows a
side view of a layer of heat transfer nmaterial of the invention attached
to a mcrochip and a heat spreader. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT The invention relates to a porous, flexible, resilient heat
transfer material which conprises network of netal flakes. A conductive
paste is first forned which conprises a mxture of netal flakes and a
solvent. The paste may be formed wusing any conventional nethod known in
the art suchFEs 2heiag chaserupiep Yipwer a Tayer ofdeal transigk msteppkdfdhabl y conprise a
nmetal such aﬁﬁgkﬂg{nunl copper, zinc, tin, gold, palladium |ead and
al l oys and conbinations thereof. Mdst preferably, the flakes conprise
silver. The fl akes preferably have a thickness of fromabout 0.1 mto

bout 2 ferabl y from about., 0. to abqut. 1.pm .and nost
or of or abl'y 1 Pl SHBUS 20O Eha orshrabe R aae feREPIBry nave o

di aneter of fromabout 3 mto about 100 m nore preferably from about 20 m
to about 100 m and nost preferably from about 50 gmto about 100 m In a 5
WO 03/ 041165FHEGH susasxsydew of a layér of heat transfer material of the invention

attached to a microchip.

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 such as aluminum, copper, zinc, tin,
gold, palladium, lead and alloys and combinations thereof. Most preferably, the

flakes comprise silver. The flakes preferably have a thickness of from about 0.1
pm to about 2 pm, more preferably from about 0.1 pm to about 1 um, and most
preferably from about 0.1um to about .3 pm. The flakes preferably have a
diameter of from about 3 pm to about 100 pm, more preferably from about 20 um

to about 100 um, and most preferably from about 50 um to about 100 pm. Ina



nost preferred enbodi nent, the each flake has edges which are thinner than
the center of the flake. The solvent preferably serves to | ower the

mel ti ng pwors/ioofies he nmetal flakes. The sol vent preferabl ycrarspr/szses a

vol atil e organic solvent having a boiling point of about 200 C or |ess.
Suitabl e vol atile organic sol vents nonexclusively include alcohols, such
as et hanol, propanol and butanol. A preferred volatile organic solvent
conpri ses butanol. The conductive paste is heated such that the sol vent
evaporates away and the netal flakes are sintered only at their edges. The
fl akes are thus fused to the edges of adjacent flakes such that open pores
are defined between at | east sone of the adjacent flakes, thereby formng a

porous, fl exiRkeprefeBSd binBodimbfatheeh@dNBdkehas S vhth aWthied Barsthbst anti al |y
absent of solvents and binders. Heating of the conductive paste is

preferably ceedticfés Fakea t enperature bel ow the nmelting point of the neta
flakes. In a preferred enbodi nent, the heating is conducted at a
tenperature rangi ng from about 100C to about 200C, nore preferably from
about 150C t @habdudnt pRG€ablg et vesds loyrdliemaltihg pbinbof thometal 78S The about
200C. In a prﬁferreq eQPodinent, trg heat.tr?nsg r.nat§n¥al i.S &Hoduced in
the form of SCIVRUEFTRARlY SPmIPrisFspyoiae qiganie solyq Baving 4Bl DOy oo "oy
appl yi ng a | gy&i 206 °C ePRe Guitile RaBER drganic SWWehRaRnelchaivelbiatiand i al 1y fl at
substrate, and heating the conductive paste |ayer as descri bed above to
form a heat elcahals.spchasetiang], propgeql and W%eétprﬁfeaﬁiv@aﬂlﬁ&f%mm | ayer may
t hen optionag&gmﬁ%m%ﬁ vediahbom the substrate. Exanples of suitable
substrat es nonexcl ustvely |ngludé heat spreaders, silicon die, and heat
sinks. A preferred substrate conprises silicon die. The paste my be

applied usi Gnd anCfl(lgt?\\llg’] pa%t%r}g/ ﬁ&t[eidosﬂglll thta{3 t(l?lQ gci)lggn%sevésp%%a%saa%va?l%ng ichsépenSi ng
metal flakes 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 nonexclusively 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



6 WO 03/041165 PCT/ USO01/ 32544 froma syringe.. Preferably, the heat
transfer material |ayer has a thickness of fromabout 10mto about 50 m
nor e prefwpabloyiiths om about 10mto about 35m and nost pr eCarnasbl/g2sks om
about 20 mto about 30 m The heat transfer nmaterial |ayer preferably
conprises a storage nodul us of |ess than about 10 GPa, nore preferably
fromabout 1GPa to about 5GPa, and nost preferably fromabout 1 GPa to
about 3 GPa. The heat transfer material |ayer also preferably conprises an
el ectrical resistance of fromabout 1 x 10-6 ohmi cmto about |Ix 10 -4
ohmcm nore preferably fromabout 1 x 10-6 ohm cmto about 5 x 10 "5
ohmlcm and nost preferably fromabout 1 x 10 "6 ohnl cmto about 2 x 10

-5 ohm cm THenhesfrirdee.apséfefablypthe he@lusnefer thiveSalilféehdsi ORickidss B used for
vari ous pur poses such as a thermal interface between a netal surface and a

silicon die, fiom ghouhbdnn tehout dhiviny marp Ragferablydion Alpul éBiem 4 ssiubi ng
articl es, an%S#LHlxeaAd {ﬁgst «{}erﬁglgr R e&b%'h ?éaj.%lﬁlgcc)l cgult lgSrL]tm’ e]c leht Hnﬁgr fa?t(‘.:?cfl;‘.

the heat trans 1S a eat

Exanpl es of snutérablagemaﬁerabm doﬁnpﬂgesearsttmgeeﬁlomm@méssShanaﬂbysut iongpajde
m crochips, nmulti- h[g]ﬁ gro | aser di odes, and the like. A referred
ConRpy

heat enitti n§%F Picty! Eibgléfsl%PW@P%ﬁl(%a gnddnesh Agfasthly fow aBput he heat

transfer matieEpAb ala@l)’t%rGF@Wﬁenﬁth t?é?l%fe?ﬂﬁ{elrl)ﬂ lgﬁ'er%s%%?é?ﬁgbﬁl@oﬁ AgAL
absorbing article. Exanples of suitable eat absorbing art) c

nonexcl usi velay eleagicaldesisiarde of Slomeabdut kx 1ﬁea3thm§ icmkts abwi;iaﬂ%”tﬂmdems heat

pi pes, and t ref rre h at bs n g:l npri.ses a heat
spreader. Sugﬁor%g&?elaﬁr?}'?rﬂnnagogtr egt qu 0[ ng |é§“ﬁ%[§r aﬁlg attached to
t he heat tramsfseprefepildy frain dbaytelrx m16ragmaay1tsuﬂ>duablxelo Tehment i onal et hod

known in the art. In a nost preferred enbodi nent, the heat transfer
material layer is forned by first formng a conposite which conprises a

The heat transfer materials of this invention may be used 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 article.
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 the art. In a most preferred embodiment, the heat
transfer material layer is formed by first forming a composite 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



| ayer of conductive paste attached between a heat emtting article and a
heat absorbing article. The entire conposite is then heated to forma heat
transfer woaBmosiled bet ween the heat emitting article and tea/useas2sabsor bi ng
article. The heat 7 WD 03/041165 PCT/ US01/ 32544 transfer materials of the
invention are particularly useful in the production of mcroelectronic
devices. The followng non-limting exanples serve to illustrate the
invention. It will be appreciated that variations in proportions and
alternatives in elenents of the conponents of the invention will be
apparent to those skilled in the art and are wthin the scope of the
present invention. EXAMPLE 1 Silver flakes were m xed with an organic

sol vent to f ehfiifer HSEHASBLOY I RAGSEare pAtichiBdp hisehi i HRFsdREiNEsE N xed. The
rati os of organic solvent to the mstafj fl akes of the pastes are shown in
Tabl e 1 bel oRpicrpglseigonic dewigeso of Sol vent to Fl akes Lot No. Ratio of
Organics to Flakes 1 4m solvent to 50 gm Flakes 2 4m solvent to 50 gm
Fl akes 3 4m solvent to 51 gm Flakes 4 6m solvent to 45 gm Fl akes The
past es were tlhefdoliowihgdon-hmiingyexamglkes sereatd itlistrate the owentionoflit whkbepast es wer e
tested usin ke visconeter with.a 1C cone and.plate. The neasurenents
wer e done a'? ag%rlség -gﬁegg%&v%&%l-o?? lnﬁ%})({ﬁl%gggta@erg?twteﬁﬂpﬁ?m?%? %fg ®material s
prepared is caspsitawvfitife ihhentibalik b2 apparent to those skilled in the art and are

within the scope of the present invention.

EXAMPLE 1

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 4ml 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 40s™'. The viscosity of the different materials prepared is

as shown in the Table 2.



8 WD 03/041165 PCT/ USO1/ 32544 Table 2: Viscosity at 22s -1 and 40s -1 LOT
# Viscosity at 22s" Viscosity at 40s-' (cps) (cps) 1 4093 2685 2 3920
2476 3 903358085 4 2256 1472 As shown in the table, botkThw1/Ab4and Lot
#2 had simlar viscosities at around 4000 cps. This was expected, since
they both have the sane mxing ratio of conponents. Lot # 3 and 4,
however, had significantly different viscosities which can be correl ated
to their respective mxing ratio of conmponents. The nmaterials were then
cured with four different cure profiles, as described below in Table 3.
Curing was conducted using the follow ng procedure: 1. A mninmm of three
slides per profile were prepared as follows: a. A 1" x 3" glass slide was
cl eaned with isopropyl alcohol and air dried. b. A glass slide was pl aced

securely in a glass slide hopggr. \HscoH?ﬁ@ZE hg,d403¢s scribed on the hol der
as a guide, strips of tape were placed 100 mls apart, paraIIeI to the

| ength of the slide7—$he—5%|'th 0 ed s bejat | east 2.5"
| ong. d. There werel no m%lnkles or \ﬁébﬁ %s uﬁg&;ﬁ, ﬁqP%pe 2. The
silver paste was pljaced—on—one—entd—o Slsti-de—Usin razot| bl ade
mai ntai ned at an approxina{e 30 d@qree %ﬁﬁle to|the s??%% sur flace, the
silver paste materijal was 2Zirawn towar ds3%20e opposite 24tb of the slide, and
3 7978 5328
4 2256 1472

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 profiles, as described below

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

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

a. A 17 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.

2. 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.

3. The tape was carefully removed.



the material was squeezed between the tape strips. 3. The tape was
carefully renoved. 9 WO 03/041165 PCT/US01/ 32544 4. The material was cured
in an ovewo o3aliies 3: Cure Profiles for Paste Formul ati ons PCaresoRsshi | e 1
Cure Profile 2 Cure Profile 3 Cure Profile 4 Ranp 40 Cto Ranp 40 Cto
Ranmp 40 Cto Ranmp 40 Cto 280 Cin 2 200 Cin 2 150 Cin 2 180 Cin 2
hours hours hours hours Hold at 280 C Hold at 200 C Hold at 150 C Hold at
180 C for hour for 1 hour for 1 hour for 1 hour Ranmp 280 to 40 Ranp 200 C
to Ranmp 150 Cto Ranp 180 Cto Cin 1 hour 40 Cin 1 hour 40 Cin 1 hour
40 Cin 1 hour The cured materials were then tested for their volune
resistivity. Since Lots # 1 and 2 had the sane m xing ratio of conponents,
Lot #2 was not 4 est&fatelilBras@lddTB afi 86drSti vity was tested using the

foll owi ng procedure: 1. The cross-sectional area (in m of the cured
material was neasured at three different |ocations along the tape strips.

2. Resistance rreasurerren%lﬁbl\g%reulrgqj;gﬁlgﬂopgageMlﬁé&ongackard 4- poi nt probe,

nodel nunber 34401A. 3. resi stance neasurenents were recorded and t he
1 1 1 Aot or mm
Lot SUIVITY Was e e el 1o T EIE Becifis " O T M PR ™l propR 4 A4F- >4) em

Ramp 40 °C to | Ramp 40°C to | Ramp40°C to |Ramp40°C to

280°C in2 200°C in2 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 1 hour for 1 hour for 1 hour

Ramp 280 to 40 | Ramp 200°C to | Ramp 150 °C to | Ramp 180 °C to
°C in 1 hour 40°C in 1 hour |[40°C in1hour |40°C in 1 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 pm?) 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

P = resistivity, ohm.cm

R = measured resistance, ohms

A = cross-section area, cm”

2.54 = distance between inner pair of electrodes, in cm.
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P =resistivity, onhmcmR = nmeasured resi stance, ohns A = cross-section
area, cm2 2.54 = distance between inner pair of electrodes, incm 10 WO
03/ 041165wB@3/0US61/ 32544 Results are shown bel ow i n Tabl @ca/usbt/315an 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 | ow for
silver to sinter. Table 4: Volune Resistivity Results for Materials (in
OChmcn) Lot # Cure Profile 1 Cure Profile 2 Cure Profile 3 Cure Profile 4
1 0.000010 0.0000066 * Not done 3 Not done 0.000016t Not done 0.0000151 4
Not done 0.000012t Not done Not done * The sanple cured using Profile 3
cannot be neasured because the strips cracked when the probes were placed
onit. It was observed that the silver flakes did not fuse together and
there was a residue on the glass slide when the strips were renmoved from
- For Profibess bl belolfinTablcS If G RBCLAL fdh yieduepyrd  from
glass slide and no residue was seen ues in |cate resulted in
curing of samateelsl Wimhbsmtedné’aoﬁl%y T,hlsrls d@ﬁODAble fathibatdbibpekon strengt h of

t he sintered, netal to thr urfaces was tested using a die
ﬁiﬁggﬁﬁ“§T}§H8?ﬁ$§Frf M| ver paste. The test

shear, to def@ﬂﬁﬁﬁge
surfaces were forned by coating silver paste onto nickel plated surfaces,

silver spot pl at edTame4acRsum@ResiNNitG ReONRTOr Blafctiak ¢ Otkhemyet al sur f aces
wer e

Lot# | Cure Profile 1 | Cure Profile 2 | Cure Profile 3 | Cure Profile 4
1 0.000010 0.0000066 * Not done
3 Not done 0.000016' Not done 0.000015"
4 Not done 0.000012% Not done Not done

* 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.

T 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
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 shear tester.
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attached onto | ead frames, and cured in an oven. The cured sanples were
tested according to the follow ng procedure: 1. A substrate was set in the
appropri awe odokdshg jig on a die shear tester. 11 WO 03/ @¢TAGD1/32544

PCT/ US01/ 32544 2. A die shear tool tip was aligned agai nst the w dest side
of the elenent to be tested. The die shear tool was set as perpendicular to
the substrate and as close as possible to the substrate w thout
contracting the substrate surface. 3. The "TEST' button was pressed on the
tester's panel to initiate the shear test cycle. 4. After the shear test
cycle was conpleted, the force | evel displayed on the panel was recorded.
5. Steps 1 through 4 were repeated until all elenents were sheared on that

substrate. 6. TheAadiesla@etodhigivashlighB@hningtheGaideddkidb efihbelenidifioe! ements on
the substrate. IL was obsq&%ed fromthe results that cure ﬁrofile 1 was
too high for the PRESEHr e dipshear opbypy st 25 perpendishlag fothe pubshgegad er i al

sufficiently. Proi élgse%scyogsiﬂle'ﬁo fib @ﬁl%’frafé%thohpcc}nﬂgctfr%(ﬁeér Qfark he peak

tenperature of 150 C was too low for silver to sinte us, the adhesion
measur ement s wer eS§#o9. done for profiles 2 and 4. The paste |ot used for

g_gi ;S/\De)(;g/e(r)lzlﬁg?::)@il; E}%@ﬁ’%&gﬁi\wag Pr%ssf’eﬁ %H ltﬁeste&éres 1%%615 tg ?matie t e-rs%lé)r!lre 5 below.

test cycle.

4. After the shear test cycle was completed, the force level displayed on the
panel was recorded.

5. Steps 1 through 4 were fepeated 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
while Profile 3 did not sinter the material sufficiently. Profile 3 did not sinter due
to the fact that the peak temperature of 150 °C was too low for silver to sinter.
Thus, the adhesion measurements were only done for profiles 2 and 4. The paste
lot used for this experiment is from Lot #3. The results are as shown in Table 5

below,
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Tabl e 5: Die Shear Adhesion Results for
Leadframe Leadfranme Heat slug Leadfranme Leadfranme N ckel
pl at ed Ag-spot copper

copper
0.5

Bawe osoppes Ni ckel
258251.10.3 34.01.30.90.1

Lot 3 Profile 2 Profile 4 Heat slug
pl at ed Ag- spot

Bare copp@®CT/UB05324£.4 1.7
44.91.31.00.1 5N0O36 1.5

NO 1.3 0.1 6 ADHESION 5.4 1.8 ADHESION 1.0 0.2 7 4.8 1.6 1.9 0.5 8 6.0
1.82.51.0 9451.91.50.7 106.12.02.30.6 Failure Mde Die / paste
Die /| paste Paste/substrate Paste/substrate

strength were done with 100 x 100 m | s die.
did not sinter on nickel
bare copper surface was rather

mat eri al

sil ver

how t he fail ur

AT AVEE AN

ave
I

ood adh
& ogﬁﬁsvlesafﬁf

wh

i

ile

t he

on at a peak
Jower at 180 C. Note

AVG 5.0 1.8 1.5 0.4 Adhesion
As shown in Table 5,
pl ated surfaces,
| ow. Copper oxidizes at el evated
tenperatures and thus caused a barrier to sintering onto the surface.
spot plated surf
tenperature of 200 T. T

t he adhesi on on

The

that of Profil
the | ower curéd
failed within

t

e node for Profile 2 is on the die/paste interface while
e 4 wa} on the pastie substratd i nterface. PdRtS ShoOws t ha
prof i | e HiaOkg Pl OfLéadi@ned |hathite@SS|  SiatdbLl | NQeadtiaet t heradsatee,
t he mal erkedbid TAgspEddhe |aBarecd@fdr ( Nowel plaOf |Al-eot copper Bare copper
1 52 24 1.7 0.5
2 5.8 2.5 1.1 0.3
3 4.0 1.3 0.9 0.1
4 4.9 1.3 1.0 0.1
5 NO 3.6 1.5 NO . 13 0.1
6] ADHESION 5.4 1.8 ADHESION 1.0 0.2
7 4.8 1.6 1.9 0.5
8 6.0 1.8 2.5 1.0
9 4.5 1.9 1.5 0.7
10 6.1 2.0 2.3 0.6
Failure Mode Die / paste Die / paste Paste/substrate Paste/substrate
AVG 5.0 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

temperatures 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 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 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.
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2 however, had a higher level of sintering. The interface of failure there
had been transferred to the die/paste interface where the adhesion to bare
silicon vae Bowdass The adhesi on of Lot #4 was then testecugisag3Budfile 2.
The results are shown in Table 6 below 13 WD 03/041165 PCT/ US01/ 32544
Table 6: Die Shear Adhesion Results for Lot #4 Profile 2 Heat Leadfrane
Leadframe N ckel Ag-spot Bare 1 0.6 2.4 1.4 2 0.42.61.8 30.61.31.8
4072118 5041.51.3 60.41.71.9 70.61.11.6 8---1.91.1
9 ---1.82.4 1--- 1.3 1.4 Failure Mde Die / paste Die / paste De /
paste AVG 0.5 1.8 1.7 Adhesion strength were done with 100 x 100 mls
die. As shown in Table 6, the adhesion for the silver spot plated surface

was the highest, foll oweshlby: DiasShbaraihesppResustdfdfrd@e#4 | n this experiment,
t he nickel plated

Profile 2
Heat Leadframe Leadframe
Nickel Ag-spot Bare

1 0.6 2.4 1.4

2 04 - 2.6 1.8

3 0.6 1.3 1.8

4 0.7 2.1 1.8

5 0.4 1.5 1.3

6 0.4 1.7 1.9

7 0.6 1.1 1.6

8 == 1.9 I.1

9 --= 1.8 2.4

10 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 particular lot of material,
however, 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
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surface showed a m ni mal anount of adhesion. This particular |ot of
material, however, showed significantly | ess adhesion to the silver spot

pl at ed suwbas®4\ss conpared to Lot #3. This nmay be due toPcChashi/gises | eve
of _organic solvent wthin Lot #4. Analysis and Concl usion Three varieties
of this material were m xed, and the viscosity has been found to be
dependent on the mxing ratio of their organic content. Al 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 vol une
resistivity of the sintered 14 WO 03/041165 PCT/ USO01/ 32544 materials was
found to be lower than silver filled epoxy adhesives but conparable to the

conduct i vi ty ntfterfld wwfogxhca@aoea@sder&mmwer flind pebesinesvef bt besparpsst es was
mai nl y dependent on_ the tepperature was al so dependent on the surface

they ~adher e 8 cpriyshyity elikypr glass Rt éﬂlﬂqrz de adhesion of eae pasteg Wasyj t h
silver) woul ¢,y @epdraidi®h t%ﬁlﬁ%ﬁurm& aflsrochéEérPi@ntddneché %'Jr%ef% the

material was not  able to sinter wel onto n pl at ed sur gs but had
good adhesi omadhage & Ih@ﬂrt@pbt, aplllmlbabdscmt suntres (e.g- \Whith slvteh)emulébem i nvention
has been par ul_ar. ho escrlb ere referred
enbodi nent s, tb Tt?e]r AT ?(}é r%\/gr ‘.“P‘geg ﬁu]g% &8816% ia Wg%lém(gpﬁﬁ%la&feﬁ skill in
the art that ovir hickes-pislngeBces bot Hnddiobd adtieksionso siB)r ot mafba suh?adebOUt
departing fromthe spirit and scope of the invention. is intended that

a1 ter nat | ves WO B PIESE THEBH oS eSS STaND o ese%’ﬁqw%ﬂ? S ther eto.
15 WO 03/ 041 1&brehéelio \PrbidhatP&fidodiments, it will be readily appreciated by those of

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.
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What is clainmed is: 1. A porous, flexible, resilient heat transfer material
whi ch conprises a network of netal flakes, said flakes having edges, which
fl akes arwoaBnsared only at their edges and are fused toPchasedsrsss of

adj acent fl akes such that open pores are defined between at |east sone of
the adj acent flakes. 2. The heat transfer material of claim1 which is
substantially absent of solvents and binders. 3. The heat transfer
material of claiml which has a storage nodul us of from about 10 GPa or

| ess. 4. The heat transfer material of claim1 which has an el ectrical

resi stance of from about 1 x 10-6 ohmi cmto about |x 10-4 ohmicm 5. The
heat transfer material of claim1l wherein the flakes have a thickness of
from about O.Whatiigelhimeddout 2 m and a di aneter of from about 3 mto about
100 m 6. The heat transfer material of claiml1l wherein the fl akes
conprise a nmetal selected fromthe group consisting of alum num copper,

llead, zinc, tiR pogQlsdflexibR le@flbttMeanndbd rﬁé{t%r@"{ﬁnélpéﬂ?ﬁﬁ}%%é QH&wakereOf 7. A
m croel ect roni c deV| ce which conprises a |ayer of the heat transfer

material of ofmgfahflakesi gidiinles having edzencitridsialies 28sintergd omlyrt Girisel ect roni ¢
devi ce whi Ch g&%'{l?ﬁﬁesfu drﬂ)?ﬁe e%%%:sg?f aﬁ*a@&ﬁtﬂaﬁgsrsﬁgl?@gc o pgiaes ape1 crochip and a

| ayer of the ranster nate aim1l etween t he
m crochi p andefilgl teeatensp tcastddome o9 theAdjmetrh didkésor f or mi ng a porous,
flexible, resilient heat transfer material which

2. The heat transfer material of claim 1 which is substantially absent of 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 ° ohm/ 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 pum to about 2 pm and a diameter of from about 3 pum 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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conprises: a) formng a conductive paste conprising a solvent and
conductive netal flakes having edges; and b) heating the conductive paste
to a tenpwoaBsdaebel ow the nelting point of the netal fl &kegjSot/besueby
evaporating the solvent and sintering the flakes only at their edges, thus
fusing the edges of adjacent flakes such that open pores are defined

bet ween at | east sone of the adjacent flakes, thereby form ng a network of
metal flakes. 10. The nmethod of. claim9 further conprising the subsequent
step of attaching a |ayer of the heat transfer material to a m crochip.
11. The method of claim9 further conprising the subsequent step of '
attaching a layer of the heat transfer material between a mcrochip and a
heat spreades, Algicroeldagonieibact whick tahpaisds b witetip,coneat spsdader dotke subsequent

step of attaching  the heat transfer terial A mcrochip, and attaching
a second sur PHERCHP apfa laygiefithe heghupnsfer mateal 8{8?181 Ea‘F?é? ?J]I%EEY"%%‘& $. 13. The
met hod clairr?,%C WP%h@ﬂkhﬁm§$ﬁ5@§.conprise a metal selected fromthe group
consi sting of alum num copper, lead, zinc, tin, gold, palladiumand alloys

and conbi nations thereof. 17 WO 03/041165 PCT/US01/32544 14. The nethod of
chaim S vher o 10 2 ERTBRAE T AR B BB ™
a di ameter ofcofmpfigasabout 3 gmto about 100 gm 16. The method of claim?9
wherein the Sé? lfo\ér%?r}g e? gorrrlglrni:tlsv%%asate g(?lllqlgalrﬁs,iirllgea s%rlxge?qp Lr?d CO%SI!ICYLi%Q trrietal flakes

having edges; and

b) heating the conductive paste 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, 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 a 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. The method of claim9 wherein the volatile organic sol vent
the group consisting of ethanol,
of clai m®owderdsh the volatile organic sol vent
met hod of claim9 wherein the flakes are heated
from about 100C to about 200C. 20. A nethod for
m crochi p which conpri ses:

from

a conposite;

fl akes,

nmet al

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

16. The method of claim 9 wherein the solvent comprises a volatile organic

solvent.

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.

19. The method of claim 9 wherein the flakes are heated at 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 edgés,
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.

18

is selected
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conducting heat away froma
a) formng a conductive paste conprising a

sol vent and conductive netal flakes having edges; b) attaching a |ayer of
t he conductive paste between a microchip and a heat spreader, thus formng
d) heating the conposite to a tenperature below the nelting
point of the netal flakes, thereby evaporating the solvent and sintering

t he fl akes onHyTiatmethed of dage® whertube flaisk cgmphie sfldges of adj acent fl akes
such that open pores are defined between at |east sonme of the adjacent

and formng a heat transfer material |ayer between the mcrochip
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