2 7 MAY 2004 SINTERED METAL FLAKES BACKGROUND OF THE | NVENTI ON Fi el d of
the I nvention The present invention relates to the manufatture of circuit
boards and integrated circuit packages. Mre particularly, the & venthﬁn
relates to | ow storage modulus, electrically conductive thermal £/ MAY2
interfaces for integrated circuit packages. 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 applications. They are
particularly useful in large scale applications such as in industrial
control equipnent, as well as in small scal e devices such as tel ephones,
radi os, and personal conpuBSRYEERERR MREABJLAKES or nore intensive

el ectronic applications increases, so does the denmand for electrical
systens that operate at faster speeds, occupy |less space, and provide

more functionality. To gRekKGHOOINIFORTMISINVENPIONt urers design el ectri cal
and el ectronic devices contalning nunerous electrical conponents residing
inrelatively close proximty. These conponents tend to generate | arge
anounts of heat which nust be dissipated by sone neans to avoid failure
or mal f cti?ﬁ“ag t he device. Traditionally, electronic conponents have
been cocPEEREFIVERIOUad or convective circulation of air within the
housi ng e frBRneRVEffn el td\the idhufRbRe Gf'éiﬁﬁhitnfoﬁt\dkdﬂ&iim%ta@ i nt egral

part of an'electronic device or are separately attached 03/ 041165

PCT/ USO ¢i® 25 packagesviMorqariculady athe irfventidnrelatea &t low storegesueduese area of the
integrated circuit ckage iLch is. expos to.air rents. Such fans
are enpl%?f:é‘bcail?ﬂ CP?%&@E%@W%F%%EB#@W‘%Q&M“ tﬁﬂalclééﬁr culated within a
device's housing. U S. patent 5,522,700 teaches the wuse of a typical fan
device for dissipating heat froman el ectroni c conponent.

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
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



U S. patemWOS 321)9?1’(.275 describes an air manifol d nounted agicgagpiszko an

i ntegrated Jf curt for directing air jets onto el ectronic devices nounted
to tthe circuit . The air manifold has an air inlet and a plurality of

outl et nozzles positioned along the channel for directing air. ﬁﬂ@ﬁ @ﬂe

el ectronic devices. Unfortunately, as integrated circuits cont? ﬁ
decrease in size while power densities increase, sinple air circulation
is often insufficient to adequately cool <circuit conponents. Heat

di ssi pation beyond that which is attainable by air circulation can be

achi eved by ati,aeh felgin@g[egﬁ% tgé biHacOhre®bAGE inté%%’téﬂircﬁiiit pRiRaHich isdevi ce to

the el ectroni c conponent. patent 4,620, Z16 describes a unitary heat
sink for a serdxposeduie ripcurpatk &yeh fray e gmaloped todndreage the velyaieiohgir f i n

el ements, whig eat .sf Y . [ 4y 2do\bL9EaRed circuit
modul es. U. S. W@&F@%ﬁ“@‘fa@gé‘{'@ﬁ‘? fegg%ﬁggf?ﬁ%éh%g. a?ﬁggs%ééddc}% an a‘?r bl ower
and a heat si ndse of t typicabfahdsviee foodisdipating hedt flomsanzetecironie geraponbiitower t hat

cools an inte ted circuyi ackage. . The. .bl,ower. i,s.attached to a,heat

ST tha e o P s REERRR i PP B e SR P bl S ey by

t he i nt egr at edcigdultGet dire@pHICTES oh cldittodieddvics Mounted vahbtiour. Thedier at es a

streamof air that fl ows across th? h]gtz;t si@k an]d rem)ve(? heat fromthe
e o) #

package. |t i sTRMERIAhasenafdnlstgrdiaEgp Sf pist prgeled posifoned plevgPe i nter f ace

to attach suchciaRReIAR direBlimeSdindhd MO eevdnéedvices.a heat enmitting conponent.
However, conventional interfaces have been known to suffer from several

di sadvant ages. Interfaces used in the sem conductor industry typically

conpri se netal Uh?&.ﬁﬁ%:@lg,ea% iRE gl ¥ABts caAReSio\Rereldelin G5k Whitdposenduct i ve
fillers. Metal 1 nterfaces such as solder, silver, 2 WD 03/041165

PCT/ USOI / 32544daifitienincreas simple ajotigulstienis glen wanfheientde adeauaely BRA have a
high storage n?lgéﬁlit%%mﬁggenﬂ q—léﬂf)&issipation 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. 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 generates a stream of air that flows across the heat sink and removes

heat from the package.

Tt 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,



suttable for | ar ge | C dice. Furthernore, polyner adhesi vexmesnbsivery | ow
nmodul us, bYPOMAE™ resistivity is too high. As the anount of heat emitted
from chips gets higher, there is a need for a thermal interface for use
with an integrated circuit package or sem conductor die, which thernal
interface has a | ow nodulus as well as high thernmal and el 2daavijggal
conductivity. There is also a need for such interfaces to be capabl e of
bei ng assenbl ed 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 po , £ £ € Rich s@Rize ARtV srRNSd ®t material is
formed, which a“&rﬁ?lgrpf%’d’eggﬁpr?slwggéy’?gt?]v%rk 5t srreF%ggl fl akes. Such heat

transfer matersudise for GargeiiCafier dttyerporsdpeEnenndhgsivestantds Vi a conducti ve

paste conprisin volatile. or L Cr:SPl AN nteP ARG ehitég friomt al  f | akes.
The conducti ve® ‘Eseb‘ltzheﬁrerﬁ?lgalt?gsqggh'?g'n)ég%t ire bel ow the melting point
of the metal fdralsqets higher, divye iswapwaifata thgmahinterfes foppe VEREndPEEaER ng t he

flakes only at their edges. The, e . A EBice RdsB lok Wo@GuE 0 the
edges of adj ac@ibit PRARESOISHRIFOPHS Ogggé‘ﬁ;"ﬁ%&ggnuére dEt | hed bet ween at

least sone of fgeipdihaganénal aldetkctrickanadistivior iiharg ipalpred DRSE KOTSPCHhet al
flakes. This network structure allows e frdsal to have
a | ow storage mﬁm@ms&gbwm&@gﬁw as%e%bflj% afgﬁgg%%sé%ﬁ\g{e Vi ng Sgood

el ectrical resighangRut PIPOSF febes. SUMVARY OF THE | NVENTI ON The invention

provi des a porous, flexible, resilient heat transfer material which
conprises a network of netal flakes, said flakes having edges, which

flakes are  si &L@Ex%%npiﬂbaﬁﬁeﬁ plobigkya Rgestoans pablemt useddingtathe edges of
adj acent fl akes such that

t he adj acent f imvestson, BPAEES( ggv?@ﬁegl%‘é’ggt%?%ﬁ%%ggﬁﬁw wien! €ast some of
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
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.

3



2 7 MAY Zogg)‘qwni('pventi on further provides a nethod for pormsmng2adporous,
fl exible, PIER heat transfer material which conprises: a) formng a

conductive paste conprising a solvent and conductive netal flakes having
edges; and b) heating the conductive paste to a tenperature BdlMay Nie
melting point of the netal flakes, thereby evaporating the solvent and
sintering the flakes only at their edges, thus fusing the edges of

adj acent fl akes such that open pores are defined between at |east sone of
t he adj acent flakes, thereby formng a network of netal flakes. The
invention still further provides a nmethod for conducting heat away from a
m crochi p which conprises: a) form ng a conductive paﬁte conprising a

sol vent and canéiiseition fomtteaprovidekemethpd i foymingarorousy NexiRle g a [ ayer of
t he conductive past betmein a gﬂﬁ@@gpip and a heat spreader, thus
formng a conpeRiesiergateial pRich CURR S hnosite to a tenperature bel ow the
nel ting poi nt'a?fontnn@ aGhdlctivé pasteesmptisieg mipjventandserduchys PHal W¥5FYent and
sintering the tlakes only at their edges, thus fusing the edges of

adj acent fIaké@WQ&Eﬁ?ﬁﬁﬁg open pores are defined between at |east sone of

t he adj acent fbgﬂ&ﬁﬁﬁt&r&nd’lmmé Steao heatpetananbdley theamadiingnoimafle  pet ween
the mcrochip and the heat spreader ich hea héak
conprises a nens@iflakes theesby pvappraingthe ‘éﬂ@ﬂ@g@ﬁﬁ@{?" as:m_i_ E{ﬂ[j)RAW NGS
FIG | shows %&%g}h&ﬁié’in fihPedb@)F adjefenhidkes Suchrmt epenipates aieadefingd t he

invention. 4 1165 PCT/USQ1/ 32544 2. 7 2004
between at least some of the adjacent%akes, thcre%A%rmmg 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, thefeby 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.

4



FI G Z-ShOW@oﬂy&bﬁﬁe'“p top view of a |ayer of heat transfrerusatersial of
the invention. G 3 shows a side view of a |layer 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 material of the invention
attached to a microchip and a heat spreader. DETAI LED DESCRIPTIMON®E THE
PREFERRED EMBODI MENT The invention relates to a porous, flexible,
resilient heat transfer material which conprises network of netal fl akes.
A conductive paste is first fornmed which conprises a mxture of netal
flakes and a solvent. The paste nay be forned wusing any CP venti onal

met hod known i FIQ.Rehaws a dlosskureiep iewiof g layarpihpe tapsfer materigh @i he o) 1 akes
preferably CO”B&L&Fna nmetal such as al um num copper, zinc, tin, gold,
pal | adium | ea and’ al l oys and conbi nati ons thereof. -Mdst preferably, the
fl akes conprise silver. The fl akes preferably have a thickness of from
about 0.1 mt out 2 r I ineftiom t o about 1
Foym and most IGrereraaRt IR sl AN ini AU uPinkelle £ D s
preferably have a dianeter of fromabout 3 mto about 100 m nore

preferably from aboyt 20 p.m_ 't hout pERkaiabl y from
Bbout 50 m to SHouh Shows st vivieta g ?f*é%%fg;fi’a@g%ﬁ%ﬁg&/ US01/ 32544 2 7
MAY 2004 nost predhed tedfmardeal ment, the each flake has edges which are

thinner than the center of the flake. The solvent preferably serves to
| ower the nelting point of the netal flakes. The

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 metai 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, 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 pm, more preferably from about 0.1 pm to about 1 um, and most
preferably from about 0.1pum to about .3 um. The flakes preferably have a
diameter of from about 3 um to about 100 pm, more preferably from about 20 pm

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



sol vent preferably conprises a volatile organic solvent hevwsg/as0iling
poi nt of “ﬁbﬁﬂ?lﬁéo C or less. Suitable volatile organic solvents
nonexcl usi vely include alcohols, such as ethanol, propanol and butanol. A
preferred volatile organic solvent conprises butanol. . The conductive
paste is heated such that the solvent evaporates away and Q@g Ezhfl
fl akes are sintered only at their edges. The flakes are thus PH to the
edges of adjacent flakes such that open pores are defined between at | east
sone of the adjacent flakes, thereby form ng a porous, flexible, resilient

heat transfer material which i a0k ds2libet vitmaRd thvesinbat s and
bi nders. HeatT®HP e”teﬁgm\g@%ﬂ](ﬁﬂt@ﬁ%%m?gstesi sé preferably conducted at a

t enper at ure hghewofihenarel ti ng point of the netal flakes. In a preferred
enbodi ment, the heating is conducted at a tenperature ranging from about
100C to about 200C, nore preferably from about 150C to about 200C, and
most pref er abhye JolveRR fRERIblySEEE tb tovee chetmel Eint o ths Mstalf8ksSed "Brbodi ment
the heat transfer material is produced in.t £, bBil; ht & ansf er
materi al | ayesolvenhpreferadlyfoBpes Blvﬁﬂﬁgﬁéga&l/c Sgglﬁf’@{agiaga I a‘;l/]grsaof conduct i ve

paste to a suf 0@9?0[9%&1t§,y.bgﬁi@mkivaiame obganic selvbuts nerteaclusively ekt ng t he
conductive paste [ayer i

as descri bed above to,for : apsfer materi al
layer. The helaohdimalwaﬁéFth%ﬁ"é’i‘?P&P‘ﬂIaaéjgﬁ‘ta?fgyp‘t%ee@%p\{a?aglﬁfa#%y‘be r enoved
fromthe substra Eégggh5§Lof,suitable substrates nonexcl usively
i ncl ude heat 5%?%% %? , Silicon die, and heat sinks. A preferred
substrate conprises silicon die. The paste nay be applied using any known

P taoL; B9 UL IRPeB St Gvapbralts A@dyl &r8Bhe
PCT/ USO1/ 3254 E“‘f“dﬂﬁv%fégfg%*?ﬁcmcg" : vapibr

transfer mat emetdl flakasare Mgreéorglg ?@gﬁégdgcg?le He'ﬂaﬁer:segree {h%sb h%éd ttorﬁ% heat
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 ata
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 ofa
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 blc 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



f rom about v")ﬁ)f}m}]&;about 50 m nore preferably from about pdO4setiesEbout
-35m and nost preferably fromabout 20 mto about 30 m The heat transfer
material |ayer preferably conprises a storage nodul us of Iesiﬂit han about
10 GPa, nore preferably fromabout 1GPa to about 5GPa, and sMAym,
preferably fromabout 1 GPa to about 3 GPa. The heat transfer nateri al

| ayer al so preferably conprises an electrical resistance of from about 1
X 10-6 ohml cmto about |Ix 104 ohmicm nore preferably fromabout | x
10' 6 ohm cmto about 5 x 10 -5 ohmcm and nost preferably from about 1

x 10 .a ohnl cgphQ %ﬁﬁ’é&t WreferabQ, Be b hraiser Materiakiayer hasoentbicknessreff eri al s of
this invention may be used for various purpose such 88 a thernmal

interface betw§em shoutdOpin te abquadQumpmorg Pesferaliy fromgjakout JPUBLR BN heat
emtting articles and heat absprhbi i 1a=% ne
preferred enbéﬁi”?re%ﬁ mogt I?“r'nf%%ag 8’5?%#’?‘%0@{% *&b ﬁ?bﬁ@‘% HTH e treh e

ace of eat ‘transfer material |ayer
is attached t opmtdieRhyer pRifdriblynepnepriséscd soragoaoplue of lebs than ababl 1© GReat
emtting articles nopexclusivel i ncl ud Lerochi ie- chihn nodul es,
| aser di odes, e PREPYEEPM ﬂ?"ﬂ?}e@g&tf’é u?ﬁ@; a’é%nlto 93’5‘*&%‘%?‘8&? bggtrrpri ses a
m crochi p. A saqemdo sbiuf 2GPa0Thd heat teasfer innrialieer alsatreferably dompasesnay t hen

optionally be attached to a heat ahsorbingsarticle. £ f _suitable
heat absor bi ng 28 elerErd SesiFhnes el 1Ry ‘yPi‘ E@I 8[}@"%& aboggﬁ{gg&deﬁn?fcﬁéat
sinks, vapor Ch]?d}p eferablio@dm RbJ¥S x 18" bhinNEmité Kdut $x PO Ef emi/en, dndat

cle

absorbing arti onpri'ses a heat spreader. Such heal emtting or heat
absor bi ng artimﬂstesreks@}ﬂ)’tfeomﬁlt(&bhédo'Egé’h{“ﬁ%mI"Regiou{]%éﬁ@f é’ﬁm ‘erial |ayer
usi ng any suitable conventional nethod known in the art. In a nost
preferred enbodi nent, the heat transfer material |ayer is formed by first
forming a conpdietheatwansiér noaterjsisiof 8us mventigy may 8% U8 RIVEHPWPPUPEHe at t ached

between a heat em ftl [ al surBbsahiior lel &l Riwethe entire
conposite is tﬁ@@ﬁ@éﬁ%ﬁ%t%{e o‘?em a eiga':ltn]%tr?;{]rrlsfer r?ateri al gg‘{rx\egen t he
WO

heat emitting aehdenligingaticlehendtwattabadybing pitiglgs, apd thelike. npge R

03/041165 PCT/ Ue?n %41%12(:151{} lal 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.

i 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



27 MAY 2004 @ﬁ;\ ns er materials of the invention are partipgghatiesisef ul
-in the pro&ﬂ: B m cr oel ectroni c devices. The following non-limting
exanpl es serve to |IIustrate the invention. It will be apnga at ed t hat
variations in proportions and alternatives in elenents of t apmonent s
of the invention will be apparent to those skilled in the art and are
within the scope of the present invention. EXAMPLE 1 Silver flakes were

m xed with an organic solvent to forma honbgeneous paste. At |east four
pastes were m xed. The ratios of organic solvent to the netal flakes of
the pastes are, s 7o} t to Fl akes
Lot No.Ratio of? ’6&&3’#‘%‘&“3'5 g{hgl“i‘i"l?g@% mlﬁgn]”?e@?}%o@fﬁ dﬂégkﬁégmzmm

sol vent to 50Fmidtedectdnit deditesent to 51Fl akes . 46m sol vent to 45gm Fl akes
The pastes were then filled into syringes, and the viscosity of the pastes
were tested using a Haake visconeter with a I OC cone and plate. The
nmeasurenents  pR¢ RIIGAIHR neh-liddeng exaxli’uﬂleé&s\':‘e to Thatraté geosventiorofIt pdlebadi f f er ent
materials prepared is as shown, in

WO 03/ 041
PCT/ US01/ 32544 agpreciatgdythatygriations I"bP“%POr\)?'@ 86@?‘3'{?‘*‘32/“25%‘““8%‘8 igﬁ 1 LOT
#Viscosity at 2ggpon¥hts 6PHE inbeMiondlH be 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 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 22s”! and 40s™. The viscosity of the different materials prepared is

as shown in the Table 2.



(cps)C a) WPRAHZABS 239202476 379785328 422561472 As shownCTrnstibiesssabl e,
both Lot #1 and Lot #2 had similar viscosities at around 4000 cps. This
was "expect ed, since they both have the same mixing ratio of ¢ qponents.
Lot # 3 and 4, however, had significantly different viscositiez vHi¥cd0; can
be correlated to their respective mxing ratio of conmponents. The
materials were then cured wth four different cure profiles, as described
below in Table 3. Curing was conducted using the foll ow ng procedure: 1.
A mninmum of three slides per profile were prepared as follows: a. AI1" x
3" glass slide was cleaned with isopropyl alcohol and air dried. b. A

glass slide was placed securefyenvicai9as2al ksteadedl der. c. Using the
|l ines scribed on the holder as a guide, "strips of tape were placed 100

nils_apart,_parallel—%ﬁ—fthmengti~V$m%' stk 0e [ VillgsihPna@od™ of the
applied strips was be at 'east 2.5' Ton epsf- There Ve[ B5)N0 wi{nkl es or air
bubbl es under the tape—2—7Fhe—stHyver—pgsie was |ptacedggm orme|end of the
slide. Using a razor|bl ade ! i nt ali ned p an. approxi nat e 230 degree angl e
to the slide surface| the %ilver paste3f@erial| was a#4wn towards the
opposite end of the stide;—gmd the Mateoh@l Way squeezmd between the tape
strips. 3. The tape s carefully g4—0 WO163/-041165—4—1he nmateri al
was cured in an oven| Table?3: Curp Prof4P®s for Pastg 1;orrrul ations

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 beiow

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 x 3” glass slide was cleaned with isopropy! alcohol and air dried.

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

¢. Using the lines scribed on the holder as a guide, strips of tape were
placed 100 mils apart, [Sarallel 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 approximaie 30 degree angle to the slide surface, the
silver paste materiaj was drawn towards the opposite end of the slide, and
the material was squeezed between the tape strips.

3. The tape was carefully removed.



PCT/ USO1/ 3 hnd116s MY 2004 Cure Profile 1Cure Profile 2CurerRisofizdser 3Cure
Proflle 4 Ranp 40 C toRanp 40 C toRanp 40 C toRanp 40 Cto 280 Cin 2200 C
in 2150 Cin 2180 Cin 2 hourshourshourshours Hold at 280 CHol d at 200
CHol d at 150 CHol d at 1800C for hourfor 1 hourfor 1 hourfor 1 hour Ranp
280 to 40Ranp 200 C toRanp 150 C toRanp 180 Cto Cin i hour#g l@\"iQ )1
hour40 Cin 1 hour40 Cin | hour The cured materials were then tested for
their volune resistivity. Since Lots # 1 and 2 had the sane mxing ratio
of conponents, Lot #2 was not tested. The volune resistivity was tested
using the fol | ow NgyPLAGSHINE cufed iT Eoveh0ss- sectional area (in [err]) of
the cured material was neasured at three different locations along the
tape strips. 2. Resistance neasurenents were nmade using a Hew ett-Packard

4-point probe, model numtier 34801 HdSRAUARGE ToASUr TN S Wer €

recorded, and.the resistivity etermned using the follow ng formula:

P=R(A2,54) cm V\."*._si)re'l Pp= r"s‘rlgt .f. =y ehm nﬂRB— TG EP ¢ EST3t ance,
ohms A = cross-$ L&fea, CurpPronlel 7 [Cute Frofile 3 || Clife Profile pailr of
el ectrodes, in cm_10 WD 1131041165 RCH-UEQ1/ 32544
~ Ramp40°C to | Ramp40°C to | Ramp4U0°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 | Ramp200°C to | Ramp 150°C to | Ramp 180 °C to

°C in 1 hour 40°C in 1 hour | 40°C in1hour |40°C in1 hour

The cured materials were then tested for their volume resisiivity. Since Lots # 1
and 2 had the same mixiﬁg 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.

Resistance measurements were made using a Hewlett-Packard 4-point probe,

model number 34401A.

3. The resistance measurements were recorded, and the resistivity was

ba

determined using the following formula:

P=R{A/2.54)cm

P = resistivity, ohm.cm

R = measured resistance, ohms
A

2

cross-section area, cm
54 = distance between inner pair of electrodes, in cm.

10



2 7 MAY 200#0Resuhéss are shown below in Table 4. It can beP@CkBSMABEdI from
. the 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 @mﬂ?%é Lot
#Cure Profile I1Cure Profile 2Cure Profile 3Cure Profile 4
10. 0000100. 0000066* Not done 3Not done0. 0000161Not done0. 0000151 4Not
done0. 0000121Not doneNat done | * The sanple cured using Profile 3 cannot
be neasured 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 renoved fromit.

For Profiles 1pandsgre shdifn Bdisvi BSTALRRIINEM beRbasied HaTIhe es¥aNedat the om gl ass
slide and no residue was seen._ 1 The values indicated resulted in curing

of sanpl es wi t matsrialdidngt sitsj inProfiledohys is dpratodhfactitpt thetnedligt h of the
sintered netal f s tested using a die
shear, to det e}eﬁpgéﬁ?%éﬂgtgﬁ%%gﬁﬂrgg?%{f?§(k)litl‘re? e ;‘iwl'iver paste. The test
surfaces were fornmed by coating silver paste onto nickel plated surfaces,
silver spot plated sTifla¢epluarResiatstyResperfosMateadesn Olihecmiet al . sur f aces
were attached onto lead franes, and cured in an oven. The cured sanpl es
were tested according toithe followng procedyre: 1. A substrate s set
in the appropriatg hotdi Nayré Brofiik 12} Qe PedtiaR |tGsd Brofild 31 | OGreP34M44 165
PCT/ US01/ 32544 2 71 MAY- 2004

1 0.000010 0.0000066 * Not done
3 Not done 0.000016' Not done 0.000015"

4 Not done 0.0000127 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.

11



2. Adie shamsydspet tip was aligned against the w dest si@eTakiviretel enment
«to be tested. The die shear tool was set as perpendicular to the
substrate and as close as possible to the substrate wi 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 tZEtMawgygie was
conpleted, the force |l evel displayed on the panel was recorded. 5. Steps
1 through 4 were repeated until all elenments were sheared on that
substrate. 6. The average shear strength was cal culated for the el enents

on the substrateg. A #icWRsar abEy weshlighehaghinet thesidestide batheelem@npwof il e |
was too high for the i

industry while Profile 3 djd not sinter the material
sufficiently. Prof iqeées§gd’f1& %?)fhegli tﬂ‘?lé”fasdﬂés P?B‘“"f‘i‘%‘l‘?é‘b@e F‘ﬂ’é'trat? ﬁlédepeak
tenperature of 150 z&clyaSastiResibIOw thOsubSirdty Kithé 1@ contRitig the filbegate t he adhesi on
measurenents were only done for profiles 2 and 4. The paste |ot used for
this experinment is5HH#®H Lot 43. The results are as shown in Table 5 |
bel ow. 12 WO 031Q4 1 ) T hedd € Shear
Adhes on Resul 1T GPeLE s Bror TTe Serof e il pfP AR hedd
sl ugLeadf r ar neLead&esteyddmt sl ugLeadf ancLeodfrane. N ckel pl atedAg- spot

copperBare coppenN £kl ek S SicRRAUs SABRRATRE ForbOBAT bisplayed on the

panel was recorded.

5. Steps 1 through 4 were i'epeated unti] al] 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
whilé€ 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.

12



l5f22.41.70“éuﬁﬁ4§&;51.10.3 34.01.30.90.1 44.91.31.00.1 5NeBr/68mBNaL. 30. 1
'BADHESI ON5. 41. 8ADHESI ON1. 00. 2 74.81.61.90.5 86.01.82.51.0 94.51.91.50.7

| 06. 12. 02. 30. 6 Fail ure MddeDi e/ pageDi e!

past ePasl el substrat ePast e/ substrate AVGh. 01. 81. 50. 4 Adhesi on sZanngémere
done with 100 x 100 mls die. As shown in Table 5, the material did not
sinter on nickel plated surfaces, while the adhesion on bare copper
surface was rather |ow. Copper oxidizes at elevated tenperatures and thus
caused a barrier to sintering onto the surface. The silver spot plated
surface, however, gave good adhesion at a peak tenperature of 200 T. The
adhesi on was significantly_| ower_at 180 failure node for

i . .Note ho h
Profile 2 is on the die/padtde ?%P’@rsﬂ?%é"dgfﬁ‘?rb&?ﬂg’t%vbﬁmgr ofile 4 was on the

paste substrate interface. This shows that the lower cure profile fo

Profile 4 had | gss siptering andofidleref ore, fhil ed withifrfithe terial
The cure at 200 |IC for Prekishee | 2Lhomever Lesdad B Wegheer | | égdime of | shemfeer |
The interface of| fail uf diceinene! kashcdpeen Bt pans| MNickigleedt p AFRERIT of Farsre
interface where [fhe adhesion tp basme s|lican whs | ower| Ther adhesi an of
Lot 44 was then festedjusing Profidge 2| The repults arp shown ip Table
bel ow. 13 3 4.0 13 0.9 0.)
! 4 4.9 1.3 1.0 0.1
5 NO 36 L5 NO 13 0.1
6] ADHESION 54 1.8 ADHESION 10 02
7 48 1.6 1.9 0.5
8 . 80 1.8 15 1.0
9 4.5 1.9 LS 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 15 04

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  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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WO 0310- 11167 §3%ii1¢901/ 32544 2 7 May 2004 Table 6: Die Shepgepfghessgn
Results for Lot 44 Profile 2 HeatLeadfraneLeadfrare Ni ckel Ag-spot Bare
10.62.41.4 0.42.61.8 30.61.31.8 40.72.11.8 50.41.51.3 0.41.71.9 D7 Gdyy %%.6
8--1.91.1 ---1.82.4 1---1.31.4 Failure MobdeDie / pasteDie / pasteD e !
paste AVQ. 51.81.7 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
hi ghest, followed by the bare copper surface. In this experinent, the

ni ckel plated surface showed a mnima! anmount of adhesion. This

particular lot of material s, @WRYSear gM%gRgéLﬁgfa‘rng@m l'y | ess adhesion

to the silver spot plated surface as _conpared t90 10 Ihj s nmay be due
to the higher level of organic|sol vent wi t FiofilelZot #4. Anal ypi s and

Concl usi on Three vari ¢ties of fhi syast er || alLea@FsneN) XeQadfnse [ he viscosity

has been found to be Nickel Ag-spot Bare

1 0.6 24 1.4

p. 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 1.1

9 i 1.8 24

1 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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dependent APobbfnTsxi ng ratio of their organic content. Al 1/past es
were able to” Sinter. Four different profiles for sintering werg,

was found that the silver flakes could sinter at 180 C or hlgherﬁa*ﬂﬁé

vol une resistivity of the sintered 14 WD 031041165 PCT/ US01/32544 2 7 NAY
2404 materials was found to be lower than silver filled epoxy adhesives
but conparable to the conductivity of silver glass and sol der. The
adhesi on of these pastes was nmainly dependent on the tenperature. It was
al so dependent on the surface they adhere to. In particular, a netallized

die surface (enQuerialdividd fGiinll V&b loWBUhah J?ﬁeﬁitebebwradﬁdérvﬁem cofipaeblef rom t he
die surface, the material was not able to sinter well_ _onto nickel-plated

surfaces but hétdthge@’diua@h*é@fé}h’et gassiand gpldesnbhe ?ﬂhaﬁt‘@HOfélﬂﬁsF RRRS Wi | e t he
present inventi f@%g?&%rﬁ@é teh{?Utla Afrd Xt ﬁzﬂ%’!ﬂ d@ﬁhﬂdéﬁ%ﬁfﬂe%@ﬁaé@'tﬁé}

reference to pre It will be readily appreciated by
those of ordi rad]neye wkilih parfienlarrremeteHizedie Stvﬁpﬁ Gus ithepiiyes wand beadi f i cati ons

may be nmade out f%jcﬁp ;%a}t’t'gnog&rhﬁgrpsh{ﬁcesﬂkErteaﬁfn?invgas%%f)&??ﬁfsﬂgaqﬁ jnvention.

It is |ntended i‘nterpre 0 cover |sc osed
enbodi nent, theat rﬁd!deeplﬁﬁﬂ sutEses buhhaihgood udhebier o slivecspetydatedifofagesand al |
equi val ents thereto. 15 V\D 03/ 041165 PCT/ US01/ 32544 2 7 NMAY 2004 What is

clained is 1. eX| rial which
conprises a nemlﬁ%ge B'Ifeserlte‘tnv? P § aﬁsebgg'll é%ﬁ%ﬁﬂ}%&&wﬁ avin E&T 8@3‘@@ whi ch
flakes are si ntrefefecenlpyefatedtmbodimemtdgewilldrdeaily albmemiecthw thhee efdges of

adj acent fl akes such t at 0 ores gre east sone of
the adjacent f|%#BYYs! mﬁl?ggﬁﬂtgf vano%rgtagges%{ &P g’%FQ%bmﬁgbgh f*hich is
substanti al | y aligrotdephrtis@fremnliesspirit 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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and bi nder §vo du4tfae heat transfer material of claiml whi garhasm asat orage
» nmodul us of from about 10 GPa or |ess. 4. The heat transfer materlal of
claiml which has an electrical resistance of from about | (b hrﬂ cm
to about |1 X 104 ohmcm 5. The heat transfer material of cl a| m | Y &l
the fl akes have a thickness of fromabout 0. 1 Rmto about 2 Iimand a
di aneter of fromabout 3 gmto about 100 JAM 6. The heat transfer
material of claiml| wherein the flakes conprise a netal selected fromthe
group consisting of alum num copper, lead, zinc, tin, gold, palladium
and al |l oys andyganbiigateddqns thereof. 7. A mcroel ectroni c device which
conprises a layer of the heat transfer material of claiml 16 WO
03/ 041165 PCT/ U 501/ 32544 2 7 NMAY 2004' S. A mcroel ectronic device which

conprises a m CROGHLR, Adi Ear%sxﬁefhaﬁégﬁﬁns?é?nﬁ%ﬂgl WhitH SfihrRedfbrdokayer of

t he heat trans er mat eri a Im1 attac between the mcrochip and
t he heat spreadenctaldlakes, sad fiakds havingfegdges, wglr:hﬂplmswsnntm@ﬁmlbhtethelr esilient

cCompr i Sing o <BEveRt s AR P MR R B G BORREE Y RO T

heati ng the cadefitied bmeqjmimsttsanaofthemmcamﬂaked)el ow the nmelting 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
t hat open por es Tae®edd @hhdl@dnaterial 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 | which has an electrical resistance of from

about ! x 10 ohm/ cm to about 1x 10 * ohm/cm.

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

from about 0.1 um 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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bet ween at Maaswoiswie of the adjacent flakes, thereby fornmpogusnimesor k of
*nmetal flakes. 10. The method 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 n‘%t eg of
attaching a layer of the heat transfer material between a Ydr 8hidl; and a
heat spreader. 12 . The nethod of claim9 further conprising the
‘'subsequent step of attaching the heat transfer material to a mcrochip,
and attaching a second surface of the heat transfer material to a heat
spreader. 13. Thé mitdelsdiraiadevic® whidroompritds e nfitraldep, adeayzpreaderan tet al

selected fromth SISt of alumn c.0 l.ead, zi.nc, tin,
gol d, pall adi un’ @ﬁ’&%%@%é%‘a"r?g“%h%%b‘faﬂfﬁ 1.8%1{1 "#ﬁtcrl%lg? P%hiﬂ%eg‘?/eﬁwlﬁ
PCT/ US01/ 32544 mictbchipdn@ the@ hiat kprédder. The net hod of claim 9 wherein the

fl akes conprise silver. 15. The nethod of claim9 wherein the fl akes have
a thickness of fromabout 0.1 pmto. about 2 mand a dianmeter of from

about 3 mto AWM foPformhfhg aRRuSEIAMLE, Akilich e thnYBehAbial WhghSOl vent

conprises a volatile organic solvent. ' 17. The method of claim 9 wherein
the vol atil e or§8WFESsol vent is selected from the group consisting of

et hanol , propanglkorafify Sibh@it®ve past cotipRsiiEh SMebnPinddoRiu®tive W@Fa¥ ﬁiﬁ@s? he
vol atil e organi C sol vent conprises butanol. 19. The method of claim9
wherein the fl dlesingsdgestaddt ed at a tenperature ranging from about 100C to

about  200C. 20 b) el Rckoh i SOPMH b Mgt BB ulelldy ShIGPEHR! P whi
' 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 8 wherein the flakes comprise a metal selected from the

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

and combinations thereof,
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a) f or ni ng Vo edLest | ve paste conprising a solvent and corffiTéiS0VéSdet al

fl akes having edges; b) attaching a | ayer of the conductive past R’et ween
a mcrochip and a heat spreader, thus formng a conposite; d) héat Ab?D&he
conposite to a tenperature below the nelting point of the netal flakes,

t her eby 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 sonme of the adjacent flakes, and form ng a heat

transfer

material |ayer between the m crochip and the heat spreader,

whi ch heat tr alfaflae method of glpim @ whereindhesflakeseampsisg siber.net al 1 akes. 18

15, The method of claim 9 wherein the flakes have a thickness of from about 0.1

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

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 so}vent comprises butanol.

15. The method of claim % 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 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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