COATI NG FOR A M CRCOELECTRONI C DEVI CE, TREATMENT COVPRI SI NG SAME, AND METHOD
OF MANAG NG A THERVAL PROFILE OF A M CROELECTRONI C DI E FI ELD OF THE

| NVENTI ON 5The di scl osed enbodi nents of the invention relate generally to
m croel ectronic devices, and relate nore particularly to filnms or other
treatnments for such devices. BACKGROUND OF THE | NVENTI ON

M croel ectronic | ' | | X
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relatively thin in order t 0ORAMIGRS G B@‘HQQ@ to overall package

t hi ckness. BRI EF DESCRI PTI ON OF THE DRAW NGS The di scl osed enbodi nents

w || be better understood fropy@ peatrang VENEIONy foll ow ng detail ed
description, taken in conjunction Wth the accompanying figures in the
drawi n§s i n whifbéidisclosed enfio@merits afidhe 2nventon redats gemaraliyotoahicvaedastronic a
coating fqgr .a nm croglectronic deyice..according to an _enbodi,ment of the

" vent  onevis b Bl et S TuBS SEbfeh et RoRB THRoh AV E e 1 ng of

FIGs. 1 and 2 accordi ng t B RCRGROTNE ORtTHEROVENGMONOf the i nventi on;
FIG 4 is a cross-sectional view of a treatnment including the coating of

FI G 3 attachebligrgelgctsans dorericelolegarie rapidly srayingtomsrderraplss diulgehipof t he

I nventi Onf)ackaging involving thin, high-power die. The die crack risk for thin die is significant, as

10 is the thermal management demand. Strict package height constraints dictate that any
solution must itself be relatively thin in order to avoid adding excessively to overall
package thickness.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed embodiments will be better understood from a reading of the

15 following detailed description, taken in conjunction with the accompanying figures in the
drawings in which:

FIGs. 1 and 2 are cross-sectional views of a coating for a microelectronic device
according to an embodiment of the invention;

FIG. 3 is a cross-sectional view of the coating of FIGs. 1 and 2 according to a

20 different embodiment of the invention;

FIG. 4 is a cross-sectional view of a treatment including the coating of FIG. 3
attached to a semiconductor wafer according to an embodiment of the invention;

FIG. 5 is a flowchart illustrating a method of managing a thermal profile of a
microelectronic die according to an embodiment of the invention; and

25 FIGs. 6-8 are cross-sectional views of the assembly of FIG. 4 at various points in a
manufacturing process according to an embodiment of the invention.

For simplicity and clarity of illustration, the drawing figures illustrate the general
manner of construction, and descriptions and details of well-known features and
techniques may be omitted to avoid unnecessarily obscuring the discussion of the

30 described embodiments of the invention. Additionally, elements in the drawing figures are
not necessarily drawn to scale. For example, the dimensions of some of the elements in the

figures may be exaggerated relative to other elements to help improve understanding of
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FIG 5is a flowhart illustrating a nethod of managing a thernmal profile
of a mcroelectronic die according to an enbodi nent of the invention; and
25FI Gs. 6-8 are cross-sectional views of the assenbly of FIG 4 at various
points in a manufacturing process according to an enbodi nent of the

i nvention. For sinmplicity and clarity of illustration, the draw ng
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not expr eseskssatilydimidedio thedeelements, busmeh instustsether elamantsonot grpriesslielisted
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as directly or indirectly connected jn an electrical or non: 25 electrical
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in the sane gener
as used herein, is defined as directly or indirectly connected in an electrical or non-

25 electrical manner. Objects described herein as being “adjacent to” each other may be in
physical contact with each other, in close proximity to each other, or in the same general
region or area as each other, as appropriate for the context in which the phrase is used.
Occurrences of the phrase “in one embodiment” herein do not necessarily all refer to the
same embodiment.

30 DETAILED DESCRIPTION OF THE DRAWINGS

In one embodiment of the invention, a coating for a microelectronic device
comprises a polymer film containing a filler material. The polymer film has a thermal
conductivity greater than 3 W/m'K and a thickness that does not exceed 10 micrometers.
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region or area as each other, as appropriate for the context in which the
phrase is used. Cccurrences of the phrase "in one enbodi nent"” herein do not
necessarily all refer to the sane enbodi nent. 30DETAI LED DESCRI PTI ON OF THE
DRAWNGS | n one enbodi nent of the invention, a coating for a

m croel ectroni c device conprises a polynmer filmcontaining a filler
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conducting the heat away fromthe die e issues outlined above may
possi bl y termalicogducsars end els¢ hirveshigl thigknebsepra§ikes dat anciéase Bwrinsl meistandem

(DBF). This i typical l fer.leyel fil of perhaps 1,to 5

ni cr omet eé}cs? 02“3 i etg? 5?%65‘}1%83é%?%wé@h"pnﬁ’f%ﬂsrﬁsrl%)t?meg(gﬁ(;th@%?e&/, &LFW%?S may be
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wafer or die. Such application may 20 take place after a wafer-thinning

process. The DB issues ppilingd phove may possibly bomgigaited aslipunstedbythe usg of a

per manent \. { he, | | ] ectrani hce such as a
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coated di e and offer_si gnificant protection agai nst die cracking and
otherwise applied to the backside of a silicon (or other) wafer or die. Such application may

20 take place after a wafer-thinning process. The DBF is typically a polymer/inorganic
composite and is permanently attached to the back side of a microelectronic device such as
a semiconductor die following a curing of the film.

Among other things, such films increase the reliability of a microelectronic

package containing the coated die and offer significant protection against die cracking and

25 warping during package assembly and handling. Such films can be especially
advantageous for products sold or shipped as bare die packages, which otherwise (i.e., in
the absence of such films) would be more likely to be subjected to wear, abrasion, or other
backside damage introduced during the assembly/test process (or arising from other
sources), possibly leading to poor die backside visual appearance and/or die cracking

30 during transport or use. However, most existing DBFs are thermally non-conductive,
leading to problems with heat dissipation and thus potentially to loss of performance and
even die failure. For example, existing DBFs contain silica fillers which, although they
provide good mechanical properties (higher modulus), lack acceptable thermal
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25 war pi ng during package assenbly and handling. Such filnms can be
especi al | y advant ageous for products sold or shipped as bare di e packages,
whi ch otherwise (i.e., in the absence of such filnms) would be nore likely
to be subjected to wear, abrasion, or other backsi de damage introduced
during the assenbly/test process (or arising fromother sources), possibly
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2 are cr O@albdeWoﬁfaﬂfenpaav@esoﬁasahdpanlnamge aB@siboresistarice whilethermallys devi ce
accordi ng f the inventj Coating 130.is.shown in FIG 1

t
as being %angg%hvé’d’rgﬁbg%?nrg%’e Eﬁ“lﬂar‘i‘ﬁ? egmal ‘ﬁssﬂllf’r“ﬁn ag@y fomethedie- 2 substrat e
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130 alone. As illustrated in FIGs and 2, coating 130 conprises a p%l ymer
fil m 131 Borfonp miergelgetteri¢ device accordmg to an embodiment of the invention. Coating
130 is shown in FIG. 1 as being attached to a die 120 that is, in turn, attached to a substrate
110 as part of a microelectronic package 100. FIG. 2 illustrates coating 130 alone. As
illustrated in FIGs. 1 and 2, coating 130 comprises a polymer film 131 containing a filler
25 material 232. (Coating 130 and polymer film 131 are essentially the same thing, with the
difference in names being maintained principally for discussion and identification
purposes.) Polymer film 131 can have a glass transition temperature (T,) that is greater
than 50° Celsius (°C).
Polymer film 131 is a DBF having a thermal conductivity greater than 3 W/m'K
30 and athickness 133 that does not exceed 10 pm (and can actually be significantly thinner).
One reason for this relatively small thickness maximum is that for any material of a given
thermal conductivity, a thinner film will introduce a lower resistance to heat dissipation

from the microelectronic device. Thus for a given device power, a thinner film will enable
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25 material 232. (Coating 130 and polyner film 131 are essentially the sane
thing, with the difference in nanes being maintained principally for

di scussion and identification purposes.) Polyner film 131 can have a gl ass
transition tenperature (Tg) that is greater than 50 Celsius (C). Polyner
film131 is a DBF having a thermal conductivity greater than 3 WmK 30 and
a_thi cknesse dbdcelth 2iin SAEBWPLIenfEEAGY tH WoN1d amc@rﬁlﬁcp&%ﬁ »hple
significantly thinner). One reason for this relatively s i ckness

maxi mum i SieYlﬁaWItﬂl@rth@mgal dedign pewerdTDR) gf geeatet then dﬁIW@tmmﬁ&m\vuth §h,erraalt hi nner

filmwll anc toh I SSi
m cr oel ectc?%&r]lllcglglg%gf?gv /?Iﬁ'mﬁlfgdglifﬁrhesig? &ﬁeatfé el%ﬁBV\éSPeS lglatq‘ﬁtﬂ r‘?@‘?seftﬁ‘f mwill
enabl et ldevidew @@ hofter Bifovak 120 @Etvelt6 RIS Rithie DB AWNE il ténpdrhtakese il m
For exarrpl e, for a device with a thermal design power (TDP) of greater than
10 Vat Os, SEeater thaog® t@ﬁlﬁl%ksrgﬁneré]é}ﬁmlr%hlﬁ gs brasregipes tke padformrinck prds of
reater t hott over
% (relati \?%ﬁ P %R gzlhg%v%ng %?B%ge%%ciw%@e&l&% rﬁ%ﬁ%ée\lrgg% g’rtféﬁéo %)nal 8%‘%55? than
1 Cel si usaitisingamel3althyn waﬁidﬂjelﬂabdzﬁeﬁﬁalthlckafﬁlhﬁ(lhuGﬁtdim&nbedlﬁﬁhﬁﬁp&?m@fld

I‘e|labl|ltg¥ B he m croel ctrinc deV| ce. Many nore materials may thus be
consi dere rf‘g a% "I"IP‘PFtTcﬂ qune’s maful %%rﬂoﬁéemﬁ@a%%@ake@r cEein i Bker film

In certai BysERiathdFBbe KRUYERY) thid iTereater ?Ar%g(t}gf%%é %elfﬁw ngr?% ?‘Pd“' us at

roomtenperature ( ér?a ken herein"to be~approx that is
gr eat éf t hased Qn@!ahalﬁgalmdﬁhdmmmlnnhxﬂmman@ubmmbsmnd repc:t;ansma,l ly rigid

t her noset |ncIu ari ous oxi es ep re | asti¢cs such
as pol yet frgw%}a g‘b%taﬁ‘eﬂo < ﬁ 1e ﬁgdlﬁﬁe(géryrk%n‘f ?’éfﬁﬁfi%mt?'gw Farss

ki nds, angings, il @fmﬁ@hﬂ{téﬁd@ AsArthe dift@ssedibefoms §Ql@u@l%|o?\6/theﬁnﬂﬂ’&l@i}@r fifm Ot her
mul ti - | ayer film de5|(?n can be used to neet required | am nation and

t acki nessdesigidianibs to meet reqyl@diagmnh@@l @ﬁtadﬁnesqu@mms cont ai ni ng active

pol yer 111 10 120 PEEGEh S0 L ebmaPRRRLLE LR 128 BRLS P e f2

backsilfle épposite H’bﬂlﬂ side 1PHL AKisAbwR Idlyiht ﬁlﬁﬂml 1Sﬁ)oﬁleﬁra0ba(ﬂ(r§i’d@122na§10 scal e
fillers based g? mat.eri als that have high thermal conductivity [e.g., k> 10
A

Wm K] andkPRetg rdis pasksidedila ance. As suggest ed above, such fill ers nmay
252 bhn aomy e BRRKI TBb Koo DIl HaRL AR Ll b oL, Tl ert @

232 can conpri se partlc es of” one or nore o ungs opaz ),
chr omi um materials thatrhawd high themmalkeoadutivayeign &, 1@)W/ﬁd ‘RP3d high ubfasiom ni tri de

(A1 t t bi d I n car Si C), boron, boron carbide
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anong ot hers. Nanot ubes an
topaz (Al,Si0y), chromlum aluminum, aluminum oxide (“alumina,” or Al,O3), aluminum

nitride (AIN), tungsten carbide (WC), silicon carbide (SiC), boron, boron carbide (B4C),
boron nitride (BN), nickel, nickel vanadium (NiV, with, for example, less than 0.05% V),

graphite, carbon powder, carbon fibers, and diamond, among others. Nanotubes and
25 nanowires of the foregoing substances can also be used. Each of the listed materials has a
thermal conductivity of at least 10 W/m'K, with several of them (notably diamond as well
as nanotubes of various ones of the materials) having thermal conductivities of 1000
W/mK or more.
Particles, nanotubes, nanowires, and similar structures as described above can be
30 uniform in size or, as in the embodiment of FIG. 2, can be of multiple sizes. In certain
embodiments, the particles have a maximum size of 1 um, with many particles being far
smaller (e.g., with a largest dimension of 100 nanometers (nm) or less). The desirability of
nano-sized fillers comes at least in part from film thickness constraints (thinner films
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25 nanowires of the foregoi ng substances can al so be used. Each of the
listed materials has a thernmal conductivity of at least 10 WmK, wth
several of them (notably dianmond as well as nanotubes of various ones of
the materials) having thermal conductivities of 1000 Wm K or nore.
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enbodi nents, the use of solvent b mitte .Q., in 15.order to
orovent - S Bsedht raS, B et el e Rimeie O bt any efiran B OBIGHIER B i xea
directby éraéCotphd efPOYNtehtRs vBididgHidkomaRe A PRIdhe Afbrs HhyBn el YireSB) N
coating can create finer thicknesses with good thickness control, achieved

by t ai | orintecthe eBe¥ostesiy, follgwah by gpinepating snshare Spimeanting say ersate finsbnposi t e

vol une, j el .Qrder -10 r..l ess. . .well as thicker
ey rabfnbbb Wi Bodd Wi b RS coRbroRade By Bkt it Shimels (o' Doct
i ncr easedetdlation pet afithuted (rgind,Yeoowtd Volame] sic/TRsEch e dudad f G0l frh BESS) .

The type, size, and content of the fillers and the DBF thickness can be
cont r ol | d&sst(@s wakhaptinekes file) maebaeatedomingcthpss teghniguegesi red. The fil | er

parangjers as el pltol{}f"derb%m fﬁcfeia%q(tﬁéﬂal %&qﬂ&ﬁvﬂf %é ?hl? ggintcgeagé V![ ﬂg the

requi red nodul us and, " thus, e-crack prevention. S rega
si npl e r uhedubhs @tifthesse T eghes bige,tand tcontientoor thd filers\nad Afe DBE chiakiesatdnybest i f )

material is mxed in_a pol r trix, the resulti nposite will have
good abr _a“é’PEgh‘?dg@i‘%ﬁ‘“éﬂé ,et%%%m FEneustivHY ag et ee‘?@qraa_rammas el vf
where E 'a|§ tﬁé‘l%siﬂrcﬂ%fsttx?(' &g 'b@%gﬁﬁ?z%ﬁrtg rov¥deéthe réé@kﬂéﬁrﬁi(;dﬁg\gtagg,%us, ez Matrix

and f= filler. (Several of the ceram ¢ partic pr opos ove ‘are known
abr asi vesraokiprévemtidul Inghistegard, dlve sionpthr mét @Raixyud pecdectpthet dniabmsoeenent i n

ther n% ?r%réc ua%tlcia\llliyts%/iff?l Ha%e%sél Psur}lixgcfi ina Sél%e%a%%g '%hrreerrt]:gﬁlting composite will
have good abrasion resistance, according to the equation Eioz1 = EpViy + EfVy, where E is
the property being measured, V are volume fractions, m = matrix and f = filler. (Several of
the ceramic particles proposed above are known abrasives, with modulus of a few hundred
GPa.) The expected improvement in thermal conductivity arises out of a similar argument.

30 For many reasons, including security, branding, inventory control, and the like, it

may be advantageous to have the ability to make a readable mark on die 120. Such marks
may be made, for example, by ink printing or by laser engraving, with the latter method
often being preferable because it offers higher contrast. In order for such laser engraving
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30 For many reasons, including security, branding, inventory control, and
the like, it may be advantageous to have the ability to nake a readabl e
mark on die 120. Such marks may be nade, for exanple, by ink printing or by
| aser engraving, with the latter nethod often being preferable because it
of fers higher contrast. In order for such | aser engraving to be visible,
however, i  § Cd . M ar eas
that  ave oy "ok 1ERet I8 oAl ated KA B PRl AT it b ] Sek
or sone othathaye mrbedn angyavied. Ackdedingly, podlyrmat suchlascdrBan biabk sr some ethses t he

contrast between | aser-engrayved d n-engraved areas on the hacksi de of
die 120 aRETN} BYE bP 3ddsd tﬁapi%%?f%'}g;% asep ﬁ@@nﬁrﬁ%tt%@%eegﬁas&r-semr e
on the pa&'fg}%d%dtneﬁ-eﬁ ﬁze&ﬁreh{'&{ &x@%‘ﬁ&ksﬂﬁ%"f@ﬁl@l@ #fd alio‘s?vsqés%?ﬁxahﬂn%etousef ul

in a high-volunme manufacCturing environnent, coating 130 nust be such that
it can5bebe mlalatiere inpphd elelsavitieor the pacither atthictcastof inmmeasedpadagesjze.

condi tions. Ampng .other issues, wvaripus |ammnati.on and tackiness

equi renent s mISTIO s HPL et ERp R AT A e RGPS, PSR 110

t enper at UpRisiHBeaatE that @A 5O réhabBApyITEd tolfle fi 20 Ghded buitdYe nvRifasiutivg be pl aced
in a tape-n-reel systemfor shipment w thout sticking to the cover tape,
even undefondiians; Aong esber isawest earious tamipatiaandriackinnss yequoraients gaust bhat ar e
sonet i nes t ' shi iy h kserdesi l e
i gh o neg A’ PRl QS RN ERp LR KRR BeRUARRISSEC BOUNEE € o
film 10n fre3 emagdypiedlybe glivedins egpeimgel 8Gtent fshipment withedt,stiakidg the
correspondi ng manufacturing 15 issues overcone, by usLnﬁﬁthe,double or

ot her nul tecpusrdpegesngdenrelatiyelyrzireme tempesatufad Rpmaiditg gendiiens thefoie and
that will j I : r i i r.efel £ o FIG
3 S R R R L e T R

i n whi ch Jead tonmoor hdhesioh3tarkigmssiblyal e dminatiore—betyeen didsindIfilmsirstned in FI G

3, film131l c rises.a |layer 331 20 having hi ckness 335 and a first
Tl er corRmEs G fapeerauRgyeHy s Tl ERHOSSoBSRoRiiE ICBESHATE | | e
contens. kédeFokedorhs, BYNAMY BS dBRIE oPbther hiRRIFEesFAGof piimat ffn i BF Hades a
dicing tape 310 attached to layer 331 with an”adhesive 1ayer 311. Treatnent
300, di ciwegs maptongd eboverrddbittersllvnew kediscugset inifinthey defaily whh refdtenceifistd

bel ow. Lq¥§; %31 and 332 can have simlar base chem stries in order to
enabl e st Aé‘ 5 adhesi on between them The two |ayers are depicted as

havi ng equal tIiQ; BAes sRSs-s@onklvitabf 68k3ing THOG AR Binbodifient AeHiSh palynfee Of
unequal thickness, with either of the two | ayers bei nﬁ t he thicker one. As
§

an exanpl&dm {3l haganesg dhaa aneflayem Anillurinted inofIGL 3, filned hsomprsesiadagg 834nd 332
. ; . | . .
any ofper i RERickEed oS SRERTER il ol g Mo 57 M0ne AR AT sl ©

any o cKness conpl na ave a

gl ass tr anscondfillérenpenaFihe] 31idishown hepat bhatefithet F0dhhtay&rind@ddeLcain have
a gl ass tJ,a,nsition ten@grature that is greater than 50 C. This results in a
1 a

fi1 m t hatdieig &me 340 geadhed fortayer 2lkyyith an adhestyedayer 41 b Trsdmeat3 Yadione t o t he

silicon) t@%@aﬁ&‘&d}@h@@ﬁay@} §E1 HAMBL AR RPERLASkYbdHWL O tenperatures of at
| east 50 (to

Layers 331 and 332 can have similar base chemistries in order to enable strong

25 adhesion between them. The two layers are depicted as having equal thicknesses, but in
various embodiments the layers can be of unequal thickness, with either of the two layers
being the thicker one. As an example, for an overall film thickness of 10 microns, layers
331 and 332 can have respective thicknesses of 2 and 8 um, 5 and 5 um, 6 and 4 um, or
any other thickness combination.

30 As an example, layer 331 can have a glass transition temperature that is less than
80° C and layer 332 can have a glass transition temperature that is greater than 50° C. This
results in a film that on one side becomes tacky below 80° C (to allow lamination to the
silicon) and on the other side remains non-tacky up to temperatures of at least 50° C (to
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. : : : it h
t sticking to tape and reel or pick and place tooling). The side wt
?Lgvfgmef %g (Igyer 33?) woul d be placed next to die 120 for |am nation
thereto while the side with the higher Tg (layer 332) would be placed
opposite the die in order to provide a non-tacky backside coating for die
120. As an exanple, the difference in |ayer prqpertles_caq conme 5 from
sl i ght chadﬁ€§m~ﬁ“%ﬁéﬂ@éﬂﬁymdﬁ@ﬂbrpkkmmdphmeu?hrghéhban%yw?ﬁ?ﬁno&%ﬁ%ﬁr
| i kaly to hav r fil.ler conten an tl
o acky 1agar 1t siid biffaded Rl ®'Ge T20 B Tireinetsbinstets pil i deovit thet 20
han at e tadl v dual e L oyai et SphIERR dieth Bl S pri AR B ront s
i.ndj vidyal die |evel. ough no uir e | :
Ejlhgln ngt t ;BZ’a‘Iél‘%d ec?é?ﬁtlil%f“& 8§ist 130. A ag example, the differéreneiim Myeoprgpqem];edat{ ﬁ)nﬁé’l at 10
[ | | [ C wi | l.be di scuss i n further
Gotai | Bt aurt it LR i A4 A0 ol S g PR Gvend Hanor

- die ecis higelyap ba@dDloweh filler svintdht than@hiehiondthBkPRGON @iyvagsin an
g(r)rgoljimr:rlaﬁt ]g?m? i % lgn?i on @9 mrentioned above, tre_at}?mzt gd(?}(% a??o _
i ncl udes fil m 131 aRRjIcatipRef fian 13 1ordig 130 prot heemrrathyi iinplifiedifehafin and fil m

] ¢ - £ i 1sks,.0f ca single |ayer.
1! Tne Sl b i kel of Ao QRS Bl
| ayer s- | ay@lf emBadigeants diging tg823 t0hah beesefutinsowitestbyvabiamenation hrd Y6 Ba 1

. . . . h hat
500 ot enigr o BRk et poftsscre diheckaeden s vl dewr o n o an
enbodi ment of t KG. iy @RkdseRectHRNPALR $E B Snént m_hﬂfé@g%e&ig@g%e% (30_change

| St ' -1 evel
t di e-prep process flows involving dicing DR _
Ei?eegltf aL%PWM’?‘V\{%A 410 geganding ¢man enbeylimant afithe arventitire Agimddtionad t ape

| ] I bed th 00 makes use of a
1 m hat evEfcaphct 30D alspancthdes A, H3 350 pdfese T a1 1 Briovetn dipira tepe 1.

i 1 Ih H6h-iMustratbe celbs it il 130 HREGE BPF SinbR 190, BF more
certan Sﬁﬁ@gmdﬂigﬁtgfe cnoss-sé%tignal vi ews of tf%afnent gﬁ% a%%amafer

310 at Y ar P HEDRTRCHoN R Bt UPUH g MadosEof te boes gy 3annd layer
332 that were described above—with layer 331 being adjacent to wafer 410.

FIG. 5 is a flowchart illustrating a method 500 of managing a thermal profile of a
microelectronic die according to an embodiment of the invention. Advantageously,
method 500 requires no change to existing die-prep process flows involving dicing tape or

20  water-level die attach film (WLDAF), lamination, singulation, and die pickup at tape and
reel die sort (TRDS). As will be described, method 500 makes use of a film that is similar
to polymer film 131 that is first shown in FIG. 1. Certain steps of method 500 will be
discussed with reference to one or more of FIGs. 6-8, which are cross-sectional views of
treatment 300 and wafer 410 at various points in a manufacturing process according to an

25 embodiment of the invention.

A step 510 of method 500 is to apply a polymer film having a thermal conductivity
greater than 3 W/m'K to a wafer containing the microelectronic die in such a way that the
polymer film has a thickness that does not exceed 10 microns. As indicated above, the
polymer film can be similar to polymer film 131 that is first shown in F IG. 1. As an

30 example, the wafer can be similar to wafer 410 that is first shown in F IG. 4.
In one embodiment, step 510 comprises laminating the film onto a backside

surface of the wafer and then curing the film. In a particular embodiment, curing the
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25 enbodi nent of the invention. A step 510 of nethod 500 is to apply
a polyner filmhaving a thermal conductivity greater than 3 WmK to a
waf er containing the mcroelectronic die in such a way that the pol yner
filmhas a thickness that does not exceed 10 microns. As indicated above,
the polyner filmcan be simlar to polyner film2131 that is first shown in

FIG 1. AspaiymaOfilexesmpréses eXyosiffthe filiafo BRrfalTadiafiond AsWaER{ondd BarliBakteh S
first sho in F{)G ) I.n one enbodi nent, step 510 conpri ses

| ami nat i n\sg]ltorfgax ‘?Pﬁrﬁﬂ’é"ﬁd@lﬂfé’&lﬂéﬁd@f@%mmRfﬂchh@- waf er and then curing
the film In a pahki i : ' - ol rofil onpri ses
exposing the fil mnt_gﬁ#hg{mn%m?%d%@ﬁr gﬂg&%sa%é%(i}?%%%gaép?ﬂnﬁ&ﬁ?tmg $ 510 may
be per f or resttheitidoving ¢s applchton. Dingsn@ap inpee bending of the polyn®éilm to the

enbodi ngnt .. st e 10 anpt her step conprises applying heat to the
treat nengét SH&ﬁ”Pr?Erf? esoé{i‘;p}”ﬁ%&ti on. Doing so nay inprove bonding of the

pol ymer film toa&Rg 550%F He%ﬁ 5901 ﬁ‘)%grlmﬁlflaté b MRE ec];rPnic di?_ligx’oﬁl tﬁg w%%e’%.sogn

{
met hod 500 is to singulate the mcroelectronic die omt wat er.
exanpl e, e GROPIHYep 2P mdydemedionsedgsing 8 sandad grquescesh as waler @satwaf er
coat + la i.be + . FlLG, 6 depicts an.enbodiment. of step 520 in
whi ch di cislﬁsgrger ?Cg%)_gq_i SsaWUSzeg{ﬁ ?&?Pl tﬁS’{}vﬁmlBﬂ&E} ofsten vl WARhiEh digtng tape 1§ usedyi | ar
seribing oks ubblingIG.onlhe SvhdeeQushitartOribik or bi¥iL A1 Ghfifiadtdfignd f11m
131 an@ into dicing tape 310. Dicing tape 310 I's used to enable dicing as
vel | ae dicutshrorgh WargHéd pydfilmy 3t and interdigingetapedlf). Dicing taper3d s tsedpo ovi de
a level of,hapdi - 3 f the DBF and dicing.tape 310 that is
sufficient t o@gfrce eér%t% %ﬁ%@d% g%?{l %i-‘éo(ﬁjf’ggf’ Eac%% may Be requlre&m %GRw, the
si ngul at egraliide alerelpifblonding betstean et 382(0f HEOHF sMCdicRS 7230 thkt id5 this
st age, polrg@gr film131 renains attached to the die. The renai nder of
t r eat ment SW@Gient toprevegt anydiedlyoff shdicingd adhesi ve | ayer 311, are not

transferred toalhessli 8he sin%%léteg life ard pflRRY & ftaﬁ(iyf"d %J\?/@H%:ﬁts%&} gsln’gglggl }\F i film

131 after the dicing tape t he adhesive Tayer een may
be sedf t Has stagr pelypws iim (i remainohttdchydto hdje. The edmliindertof trelgeatbouli nent s

and concept s . di SCUSS above, .is a nagn-tacky surface that 20 will resist

sti cki ng F%” dic §%%C§$ %Htaﬂﬁ%Yeclﬁy‘?rglﬁsarﬁF’BE:EPRSf‘?rFﬁddoé}jéﬁﬁlﬁct during typi cal

use. A SFER H&Ricf thertdpamht@fled with @ilﬁtl%%he{)ﬁx% dﬁ'&iﬁ%p%ﬁle ﬁﬁ& R © die to
0 may I she

a package substrate. As an exanple, step 53 e acco using a
sol der r etdhsgivp tayerhayeiheemiinadver hk npyl berseen fhiat theiespdsefl sudxqeagteser B3 8 i s

e S oo B Al By R S RSRS M et P nimBilst e 0
20  will resist sticking to substances with which it is brought into contact during typical use.
A step 530 of method 500 is to attach the microelectronic die to a package
substrate. As an example, step 530 may be accomplished using a solder reflow process in
which the polymer film is left exposed. FIG. 8 is a representation of a chip attach
procedure in which singulated die 841 (with interconnect structures 842) is positioned
25  over a substrate 810 having solder bumps 811 in preparation for attachment by solder

reflow.

Although the invention has been described with reference to specific embodiments,
it will be understood by those skilled in the art that various changes may be made without
departing from the spirit or scope of the invention. Accordingly, the disclosure of

30 embodiments of the invention is intended to be illustrative of the scope of the invention
and is not intended to be limiting. It is intended that the scope of the invention shall be
limited only to the extent required by the appended claims. For example, to one of
ordinary skill in the art, it will be readily apparent that the polymer film and the related
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25 over a substrate 810 having sol der bunps 811 in preparation for
attachnent by sol der refl ow Al t hough the invention has been
described with reference to specific enbodinents, it will be understood by
those skilled in the art that various changes may be made w t hout departing
fromthe spirit or scope of the invention. Accordingly, the disclosure of
30 enbodi gRnkS LW, j [ oSl il : | . scope
of the inventi Sériéngl gﬁl}g&n(gtgéﬁsﬁ%aeﬁﬁgeelg K}%a%%%g |ie?nnét?il?ercllglll aﬁ?}l}é@tq%ﬁgﬁg%&ﬁ?ﬁat

t he scopeamf thatthe foregoihg discushminloflbertdin ot these enboditments deeendtawrtessaijyi r ed by

t he appended cl ai ns. For. exanpl e o one of ordinary skill in the art, it
will be r@gmsm}%ﬁﬂeﬁée%ﬁagg%%a%wwgw k’qiﬂmaﬁa- the related structures
and net hods di aguipaslly)BERitils, Ba¥r BEvantIRee MRALEIH bR B pteBlERs Ka been

embodi ments, and that "the foregoing discussion of certain of these
enmbodi frendescdbeswitibtegantosperific ymbedimestsnThabasfits, edvanthgss; splutioontoof al |

possi ble e di ments. Additionall nefits, other advantages, and.

o ut F onsPO BBt oRLy e sEEfmets BT Aty Y agh dVsRES oo Pion
enbodi menfosoccdihd Heeafé irose pRUYEItcddRWeveR lakt ARG bé CorRirQéd 8N&iticand any

el ement or elenments that may cause any benefit, advantage, or solution to
occur or ¥aeisek oneysentinl deabuaterclemente obany efrall afdhe ¢lainfe construed as
critical, requ r i fiea 0 : of the
ol ai . hor ooveioFbyeRenBE R lod 1RAHORE 0L AERL I Glor¥tioRleq B Inely

dedi c a0 edpubdictuhéerttbe goddtine ofdedératibi & the einbodimenfs afldi tiatiiaciond: {1t drenot
enbodi nent s and/i‘%{i i m at'ions: (1) are not exp,r?ssly cl ai rrgd in the
claims; af@rEsly chimedin heslaypeandial 4t opaisinpHnAlY et vaens eS exrpsnent s
and/ or 1 dihalts tor Mnfifors iR HRIHRLARALNRe G0GHikd HEeddfvaRid val ents.  CLAIMS

VWhat is clainmed Is:
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1. Acoating for a mcroelectronic device, the coating conpri sing: a
polymer filmcontaining a filler material, wherein the polyner filmhas a
thermal conductivity greater than 3 Wm K and a thickness that does not
exceed 10 m croneters, where the polynmer filmconprises a first |ayer
having a first thickness and a first filler content and a second | ayer

havi ng a second thickness and a secopgaAfnkl er content that is greater than

the first filler content. 2. The coating of claim1 wherein: t he
pol ymer fi Whahisclaimgdét - cure Young's Mbdul us at room tenperature greater
than 3 GPa. 3. The coating of claim1 wherein: the filler material

conprises particles of at |east one of tungsten, topaz, chrom um alum num
al um num oxi de, Aaottimdfsmamhitrdeti@trotiogsicethe asdind@omprikingon car bi de, boron,
boron carbide, boron nitride, .nickel, nickel vanadium graphite, carbon

powder, carbon #iPBEmEr fdAycentaipme filler meteriabavhsiginghe qobmerafilihdrern: t he

part i cl es oA BEIGANAY MGuAIEH S WimABOINY 2 ANcRESs du dTRE n6PBLRg 1T Cl ai m

3 wherein: the partic ave a nmaxi nmum si ze m cronet er.
coat i ng of murametefs, wiherceiha :potymeerpdiy cenprisek r finclayeelsaving o lfostathicknass  The

coati ng of clai.m 1. wherein: the first. layer has.a first. gl ass
P anst T ortriom ey FulsF SoRtk anden pesobd favsh hatine Cro T HALE st ayor
has a secomgkrGbagat thh@EiBSkdat? thdnQAP BFAGUELcIMa]. | S greater -11-

2. The coating of claim 1 wherein:
the polymer film has a post-cure Young’s Modulus at room temperature

greater than 3 GPa.

3. The coating of claim 1 wherein:

the filler material comprises particles of at least one of tungsten, topaz,
chromium, aluminum, aluminum oxide, aluminum nitride, tungsten carbide, silicon
carbide, boron, boron carbide, boron nitride, nickel, nickel vanadium, graphite, carbon

powder, carbon fibers, and diamond.

4, The coating of claim 3 wherein:

the particles comprise coupling agents or epoxy amines.

5. The coating of claim 3 wherein:

the particles have a maximum size of 1 micrometer.

6. The coating of claim 1 wherein:

the polymer film includes a colorant.

7. The coating of claim 1 wherein:
the first layer has a first glass transition temperature that is less than 80°
Celsius and the second layer has a second glass transition temperature that is greater
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than 50 Celsius. 8. The coating of claim1l wherein: the first thickness is
equal to the second thickness. 9. The coating of claim1l wherein: the first
thickness is greater than the second thickness. 10. The coating of claim1
wherein: the first thickness is |less than the second thickness. 11. The
coating of claim1l1 wherein: the polyner filmhas a glass transition

t enper at ur ¢hanls@P Jekig@r eater than 50 C

8. The coating of claim 1 wherein:

the first thickness is equal to the second thickness.

9. The coating of claim 1 wherein:

the first thickness is greater than the second thickness.

10.  The coating of claim 1 wherein:

the first thickness is less than the second thickness.

11.  The coating of claim 1 wherein:

the polymer film has a glass transition temperature that is greater than 50° C.

-12-



