COATI NG FOR A M CRCELECTRONI C DEVI CE, TREATMENT COWVPRI SI NG SAMVE, AND METHOD
OF MANAG NG A THERVAL PRCFILE OF A M CRCELECTRONIC 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 ect r oni COMEFING FOIE ANIICROEEECARGNICTIN VIOE! PREATMENT €X

nulti-chiq? R&gka ir}g i nvol ving thin, high-power die. The die crack risk for
thin die ¢@ BE&N SAMEANDOMETHOD OFVIANAGENGyS TBRERYEARRROBILEct

package hei ght constrai nts g} ¢t .an nust itself be
relatively thin in order t a@ﬁ@ég‘mﬁeﬁ‘gﬁ‘wﬁy to overall package
t hi ckness. BRI EF DESCRI PTI ON OF THE DRAW NGS The di scl osed enbodi nents
wi Il be better understood fr ®IEEDGRTHEINVENTEONS fol | ow ng detail ed

descri_ption, ken jn conjupction with the acconpanyjng figures in the
drawi Ags in \Mﬁs ftsclos emh entg 05% ipveptign grlgesengally g}@rérwle%meﬁ a
coating figficd, MdrpRt I@lﬁfé&%ﬁ%ﬁ?iocﬁnﬁ%%ﬂ%%a %@oﬁg@ﬂﬁ?%eé of the

i nventi on; cross-sectional view e coating of

FIGs. 1 and 2 according t H N of the invention;

FIG 4 is a cross-secti.onal. vjie f a tregfnent. includin he cqating of
FIG 3 att ach o et el eyt s PPIab BT ik Bt SHel GRHMEE of t he
i nvent i 0ackaging inYoll¥ng ﬁam,qﬁgm-bbw&harrhe dib Uack sk A& tRinRé RAGkRficRNAYI Ny a
thermal profile of a mcroelectronic die according to an enbodi ment of the

i nverd@i oty thetigrpgrn@magegey demandr Huist paskagecheight gprsirging$ dictate thebambl y of

FIG 4 Ao RS DU RRAFBE ?‘elﬁtri]vé’i‘y 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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manuf acturi ng process according to an enbodi nent of the invention.

For sinplicity and clarity of illustration, the drawing figures illustrate
t he general manner of construction, and descriptions and details of

wel | - known features and techniques nay be omtted to avoid unnecessarily
obscuring the discussion of the 30 described enbodi ments of the invention.

Addi t i onginbydinfn&EMhSplefert ifvefiGaVThe shing défeendd furfiérhls e AERSEt ifighredr awn t o
scal e. For exanple, the dinensions of sone of the elenents in the figures

may be efenfieihgtsaneclqmants, whils sunilas reigrenge pumenals Ay, Fut dprefnecessddyst andi ng
of enb?&io’i‘?ﬁhﬁla?%l tsPr esent invention. The sanme reference nunerals in
differen I'gures denote the sane elenents, while simlar reference

nuner al s may, Theterthe “fiedt,” (feeend driliyd,” thomal,2 asd thel like ie Herdmériptiohh@dtier s
"first," "second," "third," "fourth,"” and the like in the descriptign and
in 5 Phethecxims, ifany.Hag usedider distupgu gﬁ?%ﬁﬂgﬁm&m Flgmens gaeRoiderpsaly

el enment s : : | i b r:l: CULl ted Al O

chr onol b Tt FBEREAL souuRlal S DAL Bl K Ct e

i nt er chategmabd esadrmte interphangeabla tiedariappropsafeoesmstandes shelt thetthe enbodi nent s

of the invent.ion described. heyei re, .for exanple, capable of operation in
cequenceEHBRERRSL 54 S GITP JeGetaeg Hetei oo EFHPLIE: GOSaF oD EEAENbIn,

Sim | arl Yequbhced oy B tAdkeliBustafedl drRtbriVRE AedkriBed BARRY. Sihil 2 i5EmbMdd Of
steps, the order of such steps as presented herein is not nécessarily the
onl y 18r disrdeperibedibetein ax¢oraprisiee arssrich of pleps, thenarder of suclegiensasipresentele st at ed
steps may _possib be omtted and/or certain other ste not, descrj bed

ner o1 n ngoae eperopet Rl Gy ah wlid R s ey s PToRRG. BEF fitatt

" conpr i sef the stabdl s may fRYiBly bedddit@d in¥/of tatainothet H€Fsadt desktiBed Rérgiaded to
cover a non-exclusive inclusion, such 15 that a process, nethod, article,

)

or appar Belpossikly besfped todhe method Fethesmeres thedemts “semprse e Singludey | i ted
to those“lfakr@,“%ﬂ%%n Qb e GRY tﬁ#ﬁlf}éﬂ@ &%ﬁlﬁﬁ 6 o6V Ao b 1EHR %?c?ééial’% 'sh?"ht ed or
od, artic e terns

i nherent To such process, ne e, or ap%aratus.

"l ef 15" that gpiocess, method, drticleasikapparatshat cobpiisesn list'of elements'isinster , " and t he
like in the description and. in the clains, i f any, are used for descriptive
pur posesn%?ﬁaﬁarzfv lﬂatte%bf@ggfaqlwvﬁﬁﬁwt H’éé’é‘?‘ilb‘?erﬁﬁﬂ@%ﬁéﬁmPOtﬁéP@tsiilW &isted

posi ti oNng; inhirehtSt uader, Qalort ms so used are

inter cha‘?\rgea%ﬁee Stggg?ﬁrgp%sbpra?ngtg’gar%{ﬂr’cotfr@?aalt%@%s such that the enbodi nents
of the invent Thatetms Elefietighel Efrontdt ‘thack,5 topxafhottem, tapaht dusler,djped at i on i n
ot her orjentatigns, than those illustrated or otherw se.described herein.
The ter rilte s 5p Bif desciftion 30 ot Taitus S oy Afuiped dOTem RtING PUFPPFRAKect | y

connegt eghtindc@Barflly §6i dds€@bing iserﬂ%em%%laﬁkr@ podifiGRl [tTRR undeRiRABatdRSCr | bed
herein as being "adjacent to" each other may be in physical contact with
each ot hterms squssideeeinterdwingeable vades appropriste circwmstances bechdhatghgener al regi on

h ot . i f t text i ich th h
e e R e T e R e O
necessar pthir dtidntdtihs thahGhsR Sl SRR JQF DBHIWRE UesHBRER Ak iEPhORSERIBINEN" OF THE

DRAW NGS I n one enbodi nent of the invention, a coating for a
m cr oel etstysed hereipig dafined 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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conprises a polymer filmcontaining a filler material. The polyner film has
a thermal conductivity greater than 3 Wm K and a thickness that does not
exceed 10 m croneters. -2- The polyner filmnmay be conbined with a dicing
tape to forma treatnent that sinplifies a nmanufacturing process for a

m croel ectroni ¢ package and may be used in order to manage a thernal
profile dhetpotymerdiloahey be oambineewithe diixj sdpeng fdrad £tréitticpebiiegRpRiseadl v
and testing procedures harbor, a nultitude of 5 potential defect sources,

i ncl udi ndPHEASHITINENArSSh PrrmisTesiectgnicirickasg and amay, beused incorderiommanagn t he
di e backsjiflgn{s$ . ' I:api ng and the like), test pedestal
scrat chi %gtg andﬂggl?gﬁﬁmﬁ%ﬁﬁgﬁr&tﬁﬁgggggources, and others, lead to die
crack fails eiBxgingdard dig packagé assembly ard testinpgiro eddutes thyrboe a miuititudd bfis, an

i deal sol uti uld provide high scratch. resi stance to, prevent die

cr ackisflg p\%tﬁ"ﬁgl %ﬁ%‘%s ‘BB?FP mcﬁﬂuhgg?‘ﬁ‘?‘f?ﬁ gﬁ‘b‘ﬂ% PiFCE H@%ﬂ}‘%@ 8, tophRamEact ve
mat eri al vifiathe URWRICEsiBO BLBREs $85barksine emgﬁﬁg%a@h@&ajtéﬁgﬁyﬁheat renoval
fromthe die. Currently there exist no acceptable solutions that provide

bot h di e stratchinigdandssr rtbhAlledithase sowcesn andhethersdiesd fqpdit icrack fiild etheng scrat ch

resi st ant I.n re tvpicald or i.hermal, conduct ors.and 0 ,have hi gh
t i cknes SufE e’ Hieidick R8k TS EiciRittadandpRyediene

gener al i zedtchetsiitnrd prevehitde tRakking WhiledNotprividing LILSH Hight) Sermhlly5
conductivity), and thus are not effective in _conducting the heat away from

t he dife. conductive mgteriak thablowstr thereal resiviance gy epdies effeplivehent remeitad ooy

el i m nat . i i . ) 14S 1.1 tvpically, a
waf er | e\% (B¥I (F%]?eno? qlf)%& ﬁglsgﬁcgac{ﬁgﬁtégle%Swﬁgwhéfg@%ép{&@g? a¢ SFv1ee rsgzl-a&]chés

' m cr ons tesistaricp aiid hediididsipatiba tExistingfserat chrfiesistapiccoatingy are typedalliy peoappl i ed to

t he backsi de of silicgn r otfher) wafer or die. Such application may 20
t ake pl ai*éerl&fﬂt ‘@ng‘al‘:tﬁ‘éf"’é‘ ﬁ!ﬁ%ﬁwﬁ? ﬁ@#@%@% profiles thpirincreasethermal repistance
pol yrer /i ' i b F Henhpck side of
a mcr oelhéeEg’th?g% F(gmggﬁggj%ﬁcrﬁﬁggﬁ%u@gn%ﬁ%@%?é %i?gh%gﬁsg\{m ng glacuri ng of
t he fli3l nromivwhvityt met thuhareget eSentive fin borsluicting thadeatt dveayrfedm ¢ diet y of a
m croel ectronij ackage,.cant ai ni ng the coated die and offer sjgnificant
prot ection ag;’ﬁﬁgﬁsu‘iﬁ%‘%%@%Pﬁﬁm&gﬂo?gblﬁépﬁlﬁém PY ﬁmﬂﬁ@ﬁé’éféh%g%eé’rfﬂi y and
handl i ngdieeksidd % (9B %iﬁ%&?ﬁb@l ¥, % ARV AGRAL 8 pQhagdl 10duR) S sol d or

| e

: J
shi pped as bare die papkz’i es, ch 'otherwise (i.e., In‘the absence of such
filns) woutrgmstersigbbraviates Rerein abEmsuonsd or Epmi”pthicka that atay dsilaninated ontdner

backsi de _gdamage i ntroduced duri t.he sepbly/test prqcess (or . .arising
From ot het bR malia R HESaRAs haiigor R S e or Bk G amb ipuft iy
appeaoangike pludé afterth @afer-ailihing pedtesh The DBF RRgHedlly Ppolyser/inoiaier , nost
exi sting DBFs are thermally non-conductive, |leading to problens with heat

di ssi pat PORPesite and ispgEasentlyatiaghaddo thskack sidsefonisrastastranig devien setihens

failure. . : | St Qﬁf .n silica fillers which, although
t hey pro%?%ﬁelcgféog A&eedéﬁggriltlogéllll %?opegl??tﬁggh?h'l gher nodulus), |ack acceptable
t her mal 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 fiflers which, although they
provide good mechanical properties (higher modulus), lack acceptable thermal
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conductivity properties. The thermal conductivity of a silica-filled DBF is
less than 1 Wm K, which is too | ow for many applications. What is
needed, therefore, is a thin and highly thermally-conductive (high k) DBF
for nobile bare die applications, for desktop package applications where
the high k DBF 5 will cone into thermal contact with a thermal interface
mat eri al qomilngtivity gepertias. The thgrrealednéwcaivity jpf e aitiea-f{lleHI$)BF arleksftidn bi mi | ar

environ Sa-Sych a filmwould reduce the yield loss attributable to

di e-cr ack'lkrﬁéﬁ’ “@B@hﬁs@%{ﬂvﬁ‘\%%@ﬁ?%n%nd handl i ng for nicroel ectronic

(and especi al I'Whhtdg nbédah, eNFir), 'Qﬁﬂhﬁ%ﬁdh@[}}?y& 2 S vt the
n Ure i nt t Qﬁﬁﬂgjyaﬁﬁﬁ a%’iééh tlac/} [ﬁu%

fil mwould reduce any tenperature increne hat occur
films afprmebile bare die apmlicatisms.dfon¢skiopatackage applitations mhemevhé highdnDBRe di e.

Enbodi . {: | L an Rr-QVvi t hese .and ot her efiLts by enabling a
very t:ﬂien%?liCﬁ%ﬁ%@@@nﬁ%ﬁ%‘%%&&%@ﬁ%@ﬁﬁ% elgﬁtﬁ”ﬁ%mﬁﬁ‘a}ﬂﬁﬁn conductivity
and havi rigtegtagedieed ipraadeo(IHS),tani lfer eliltOeriidofiteh@SSuchMBfilkl Would FBgu@1RY! i ng
of | aser r ki ng QQ t he die backsi de saves space that woul d ot herwi se be

used for Yadipsraitrpyiable o dicecrarkdhatqecyrs dyting assembling aed Bandbiog &r t hus
| eadi ng_tiicRRRER0SE \idtkpBAR ProP AU Riwer)] PNRLes CAR! mBRGH 398, FUEy LPH,_I0! NI

characteristics o vent’ v S are acC rnvario ment s
wi th t he fibel would retuicé gy telmperanire ynaanehtahdt gaypsicti dhetd thefiRs WpBlicatios Wi | |

be di scussed i tail. below. Stiffer rtj.cles may hel p enhance abrasion
r esi s@an@@&“ﬂmﬁ%ﬁ’t"‘h ?%VF&@SWH%”(I%P@P%Q@?CI es may hel p enhance thernal

di ssi pation awgyhddiRat Bﬁm@ii@vena&g%ggoﬁc{g‘gtﬁ%ggﬁwﬁaw&fﬂéW ng BvEy 1 and

2 are cross-sectional views of a or a mcroel éctronic device
accor di nghindilmrhazimgddghssmatcipfesistimce andhigh tirerm@bednidngtivi§Canidsasingwhe i n FI G 1

as bein tache 0 di.e 120 that.is,.in rn, .attached to substrate
110 as 833{111‘36&’%&%11%?@&9 %I&"Y ?r(,m‘ﬂfg%ahe %%’&ngf’é?as? ARG pahg g 0at i ng
130 al on®ackAiielshidsshacs thsk woull bfBerwike 88dsed foPﬂ%ilﬁ&kﬁ%QmCtﬁgg{i%% s a pol ymer
film2131 containing a filler 25 material 232. (Coating 130 an golyrrer film

131 dfe &ubsiate ogicispwhere, Swmleadingrig spase shvingeandi & sneallendewencosapaskapei ng
ot 178l i ; S oontifieat o 2T,
Fr1m 131 e Rk B0 Shartrodlic bR AU TN E DS 2R a8 2 Pt g Rads o

50 Cel si udth(tk® helPol gty thédnailyldhdb@ing pPaBiclQaH ipbBmeer] RenilBle Gomeieatih Vi ty
greater Eigtglrll bglo\\gvv. ré]tifoer particles may help enhance abrasion resistance, while thermally-
conductive particles may help enhance thermal dissipation away from the die.
20 Referring now to the drawings, FIGs. 1 and 2 are cross-sectional views of a coating
130 for a microelectronic device according 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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30 and a thickness 133 that does not exceed 10 gm (and can actually be

significantly thinner). One reason for this relatively small thickness

maxi numis that for any material of a given thermal conductivity, a thinner

filmw Il introduce a |ower resistance to heat dissipation fromthe

m croel ectroni c device. Thus for a given device power, a thinner filmwl]I

enabl e  tthedeidué toeruh at 4 loweatterapdratey thirewoeldat thicket filn Rop ekample! fok gker film

For exanp far a.,device with a Eger)in‘gl desi gn power (TDP) of greater than
[

e, C
10 Watt s,‘Jeé{‘CFi"Yth ErmEliHesighPORSH greptetihan 1) Wakts.miatnt with I of
greater t i [ ' ' : 0 y over 1
C (relat id\z}g&%%ﬁgpgf gmﬁﬁﬁoﬂ?f%%%%s%?r gaé&{}ﬁm?gy eﬁgt%%}[%&g? {I)Séaérg%tz}il? er than
1 Cel si udlevige denarlaitley by ndeslirGbtlativs ta 4 dieawithoetDBE).t A eispar temporange ofind

liability.of.the fi | ectranic.device. .Ma terial thus b
Cons, dbr ERHEraR T3 CHSER i Sps D ohieGs sl elh S Restormans oor 111 m
In cert airaiﬁﬂngdifmmwéﬂtﬂbﬁwdéﬁde%ﬁ;n{@énﬁt&ﬁ&tm%gmﬁs K@HM%%WE' us at

roomtenperature (taken herein to be approximately 3 Kel vin at is
great er tafhin BmEHyL the weirld be the easeFor athjckse filrg. Ihasddinembodithents, palsinyerr i gi d

A MUk . . . ey o
s ol y et B s P ba P B e AR o RE el e B OP 6 | o
ki nds, angpsixithitelly 300 8lelvih K )Mhat 1&rdréeér tHas S GPacPolpRlePAlm 23 daialle or ot her

mul ti-layer filmdesjign can be used to nmeet required |an nation and
t acki Hes basegi meehiaically rigid theqpasets uclpding ¥anqusepoxsiesiendigpbxy gesing ni ng

active ci i . | ﬁ%g i4 e .skde 121, As
shown, po ?Hnllg ra¥?‘€sﬁs1ﬁilg§g?(§y?ggﬂaé{lée%g§’th aé%a)sflﬁﬁgﬁ ??&e hlgé;‘, Bglt pnel((lsz'seoé VR8PS die
backsi de kindspandrimniler matetielsi A fidfher disyussahipsiowea doubloor dthel/ mtltifayne-fisal e
fillers hased on materials that have high thermal conductivity [e.g., k> 10

Wm K] a8 g ‘Fsggit‘bﬁle%@ﬂ’élf m@@g%@&ég’(néﬁ wpdiiens.such fillers may

be Tilled i nt Biano¢RAYY fBRside121Anfhisdls BANe! Fid @S%H'a%acﬁ%ikkggzmte”a'
I T no I

232 can conprise particles of one or e of tungsten, topaz ),
c hr onliSumoppdsiteifrombrsidea 1 2 hi Awushowa, pelyeafilmil Bhis located\itHa8k sidallAPiazum nitri de

(AIN), tungs car,bi.de (. silicon carbide (SiC, boron, boron carbide
(B4C), bSWger‘fEeﬁirkplf?g]ee tfaﬁlﬂé'%{g:ﬁp’&'kel , hickel vanadium (NV, with, for exanple,
I ess than 0. 05%ieYInat&ia2RB2 hity OHPPOONMRRVIRd/orGRANDRBalE iNEEDas di anond,
anong ot hers. Nanotubes and 25 nanow res of the foregolng substances can

al so be ipasrialethatrhaye highahpineal eandugtivity kg, bhad 04Vt rmt! highnuasionvi ty of at

| east 10 K. W r,al _of m._(notab i anond as l.I as nanot ubes
of vari oﬁg\sé{sgihné:% ‘Aggf %‘%géﬁﬁ?%qﬂeaﬁué %ﬁlgﬁlﬂ@y E%@?fglln?oc?fh:ﬁl?& MARE-8S df 1000
W nK20r patieulaPetdnslé dller Rtiteiall D8S car\URPMsE PEsticRRGf Shébt MbreSdfMtiEdstines as
descri bed above can be 30 uniformin size or, as in the enbodi nent of FIG

2, can b&PIE (MaPiQep| chramingy aluyminemy alaminusnbyide (iatuminas’ s AdZ04)i dwsiuave a

maxi mum §j i ; nej flar smal | er ,(.e. with a
| ar gest giltﬁrrgengﬁlhyé’ %&S{%E%%%%@%hwﬁ%fg t%g%)bgr%gg ]é?élscla#é%f %‘*F of
nano- si zberohinitride BNy Mickeditnidkehsinadiunp @iV, Wittdrickample| Rkdias 0089sVy,ai nt s
(t hi nner filﬂms rovi de better heat re|ease). In other words, nano-sized
fillers B8 tw%oa;p@w@m B fibgss, #idsHamendameong odhess. Nraatuhps ansut

sacr ki c har r !

corr gfgpoiﬁ%}?)r‘&gﬁ? iome i?ﬁég?&%égﬁ%tla%eggmy\nﬁg b+ gﬁépﬁ%a@%ﬁ%‘g&mé@@es r %f adi ng
wi t hi n t thermploendwdivityof mbleastil® WimeKe mdithdienaral of them Greothislp iaptbrdms well

as nanotubes of various ones of the materials) having thermal conductivities of 1000

W/m'K 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 ym, 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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5 percent by weight. As an exanple, the fillers may be treated with silane
or siloxane coupling agents or with epoxy amnes or the like in order to
enabl e better matrix-filler interfacial strengths and dispersion. In
particul ar enbodi nents, the fillers (e.g., one or nore of those nentioned
above, or others) incorporated into film 131 i nprove performance of TIM

t hat ar e ptovidechdtat heat aglpdsep dn othet erddi RanoFsiZzedeibaipp@viddiprosertiessubh asl 0
fillers be uysed to inprove wetting of and react with sol der-type TI M.
In certa%‘ﬁ% Tesistagce wHaoytsp mﬂg&mﬁl&pm%wgyétwaa‘éfwrﬂw@wswrface
treati ng gl doleSSchdid® bl 9nat bid gaffclbd)t © uncured epoxy resin
usi ng sol vento, sﬁ’?‘?\ cgﬁilﬁng t%]g?ergfslu ti né&?ﬁ m ocr%%sg the back side of a

waf er, and t h&dlesleadorgawithig thdrepoxylmarik neaydincorrei engpodireertploecyerhdps 70e8% i cul ar
enbodi_nents, the us f sol vent e omited .Q,,.,in 15 order to
rovertt - BGHdRYSET, 8 af qgr Pl T AIERITRY PFeut vt silem TSk be mi xed
di rect|y chiflihgladents BOW the@dkPamingb bPIMRIikEYn SRiePtCRble B tBNHaG IS er SPI N
coating can create finer thicknesses with good thickness control, achieved

by t ai | ointergpojal stergthsandsgispensiony In pedicular embogiorents, thetfidlery (e one@snposi t e

volunme, etc, Filns .t h rader 5:10 gmor.les well as thicker
iy el it aBbiEle Shetth it lbtbe s linn 151 BReroyfoy i de bot b

| NCr eas egedffaiamet o£ DIMsigat miettdbél'mta&eiprﬂiéusoﬂ thelded Fo examfple Usu-codted Npess) .
The type, size, and content of the fillers and the DBF thickness can be
cont 8 | EHersanaha yrad ie tnprree wedngRL a8 Fragtvith seldersypaddMised. The fill er
paraneters as . resi L.SLT e tde the
required nDduP)l{J\gé&él}llg?m{)%?eﬁtgi @? ?@r% claé S%%‘%g%f ig%n@&}énwt ﬁﬁgm{rrgaﬁgﬁrg%h%ne

si npl e r tHedfilteds, mixingrtke peaed fillars intatuntiredep@iyrresinweing solvenic Bginicoatirlgy stiff)

material is m xed_jn a pol r.atrix, the resulting conposite will have
good abr th; TerpE it aptodhe SRk side Hg wefet pad Bt svrrpatmeohg solventaggm + Ef vr |

where E LS4 ' : ¥ ; = matrix
and f = Fﬁﬂlﬁ?%%ﬁggﬁg@ t he ce@gﬁng tth%/g%ﬁﬁ%giédgﬁg rggggi‘gﬂg@' “are known
abr adisveerdenia prevandialpotential widiegurisk ntthe dil@Pang theHdleesapey be chixedpdimetiyent i n
thermal congductivity. ari.ses .qut of a .simlar ument. 30 For ny reasons,
el udi n{ U eePRY oSt Tioveg B3 seUbsreRy Sho et ARt e B3 rmy - be
advant aggfdmebses HaNngsobl thidiickd édhtt)xto*ll ARIEPePbY ﬁﬂgﬁgé %ig&?s{iﬂy, §ngthe 120. Such

mar ks may be nade, for exanple, by ink printin y | aser engraving, with

t he | at t ravolusioh® perghinuies Grpnngeqmpdsite ablumep etsaliidms pn thef drdersoflfi-thpm asont r ast .
In order, for such lLaser enqravi t.0,be vi,si b] e, .however, the engraved
arcas miSe (3 s e it iy e ppaed tipg liespleshpi i€ nai have not been
engr aged. AccUhéfilladsprovad€Bothimtéased Germsl Gathaivit 8 &lellak is@eRe@t her

pi gment nmay be added to polymer film 131; this increases the contrast

bet ween Mmedulus fsidgsa dIeapasizeetigh coptant af thedillers andghe BBFsthirkness can be 120
and allo Ki . 1.he he
package a t{oﬂégioolg?ﬁlﬁﬁ?e?\%%gé%g %(g@ ‘gb&egs#?gg}%ﬁ%ggggrg} ﬁ%x@g{eﬁssag%ﬁﬁl in a
hi gh- vol ahe resinuElaedistey Gh optintipedtiot procida thetequiddd modiludands tial, dipat it can
be reliably applied to_die 120 under SLiit bl.e manufacturing conditions.
Anong ot féfk preveiton. {nfhisgggaricthe sanle rule AEmisture nredists that if anahsediee nust be

g 8”% izgg(r) f %Ffﬁ'&alﬁ?(ﬁ{mlrﬁateﬂélti@nﬂx@ A 5olyAGThithRtnb FERRAIRI BhfpodtéRhET than

have good abrasion resistance, according to the equation Ey = En Vi + 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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10 film 131 may typically be placed in a tape-n-reel systemfor shipnent

w thout sticking to the cover tape, even under relatively extrene
tenperature and hum dity conditions that are sometinmes encountered during
shi prent. However, the otherw se-desirable high Tg nmay | ead to poor

adhesi on-and possi bly del am nati on-between die and film In sone

enbodi meme be vistde, howeyai thg engqued areenmsestarevide tyffiaiedt ddnerastoritie theQickisNg
manuf act yr i 15 issues overcone,. by usi t he _doubl e qr other nulti-Iayer
desi gn T OFR BAYSRREDCRT FIEFAVSE. AACRRHREY. fERIOT It S LS R OB R M OWF IO ow Do
di scussegidrflert Wabadded @& polytér dind ?jle'i:l’ﬁglﬁfcréabéﬁhn%hgpt@s&et%een aser. G 3
is a cross-sectional viewof coating 130 in an enbodi ment I n I ch polyner
fil m 131 ehgigverbans nomeengoaved lazepe pn thksbackside of die 420 iand Fll@ys Rserfrdrkings fo
conprises a layer 33 0] ving a thi ckpness 335 and..a first filler content
and a X aﬁswaéﬁﬁhﬁﬁ%wﬁag a7 i uite Bo e the %%?e‘i?éﬁﬁf IRFTeRsSr PAGHAESHZS: Fi | m
131 is shown aofilef to ¥ usefill i@ higAt¥olwAe niahafacling ehicdHAES, Radheiny t ape
310 attached to Iggqer_ 331 with an adhesive |ayer 311. Treatnment 300, dicing
t ape 310mushbe siehdlatjtcan g aeligbly applied tpdiefl2Prinder syitebla asufdstiring. Layer s
331 and e . . 1.SL:L noorder to epable strong 25
adneat on B8, ARKRe thif 1 8hed ST 1HLBL0 B LRt AT G R

t hi cknes sesiddoed. Fonexmiplousitteaplasd fRpitiont tb@ptaies Brearn tHaa 50P (Upe

thickness, with either of the two |ayers being the thicker one, As an
exam}l%e, g3 ) ey aisally b PIAFacH auRsLa Tos syserpifer shipment Koyt swkingta 332

can have i I{qmq)j%p %,?EE?E”W'” nd_b. » or
any ot heFHet?cE) Pgllc(t% és%v%:o I ng?‘ii&(;ﬁ%.l)p As an @2%?%? gr,l@ﬂ%{@%@%ﬁag gﬁg%é%/%ma

gl ass tr sorsétimesencenyiercd tlurieg shipments Hoassert firrnvtitweaiesirdtdy Righ332ngan have
aglassir nsitio ter{gera ure.ip?&t is greater than 50, C. This results in a
film t hat®ag° BoRs adhepionssandpessibly. fslapnatopghereen diemdsfin. AAsemei on to t he
si | i con) eaBEdiafnts e TbiREsing rélRirchigi 1 hERE AU Of at

| east 50 C (to pr eveng sgi cki ng tgrb?%glgﬂé&n%gﬂcgﬁgsr&gl gt%ﬁap a

t ool il&g) 1ssRs@veicdmeyby hsing theldowble of gther aydii-1881 Ylesignifod pblymer fitmd 3hehdt t o

die 120 far_ | am nation thereto..whil he side with fhe higher Tg (Il ayer
33%) “vould BEARaRO Lo RChEL Y Pe i3 Fgedil, Mot el daieleasitle Sel)
backsi detcloat.i3ng for die 120. As an exanple, the difference in |ayer
properties can cone 5 fromslight changes in chemistry and filler content.
The tacky | ayBIG.(3 igperossgegtionpbyicwxadepiting 139 ihjak empotindngirewhichgntsmdri | | er
cont ent n - |aver . 33 he applicati of film
131 to it T3h s A MAra Likehs IR FIG. 2, oy AT Bt SRV e

waf e20l ekmling aticknesd BBS aaid o fivst filleticoh@titdnddi Ryéredsel havidipta Riehesd 386 ARG UI T ed

in all enbodi rrgﬂts, di ci ng}it a{)e 310 can be useful in a wafer-I|evel
| ani nat | ®EcHRd SllgsamtenhFiim 331 & shepnaaeart iof a freatmegtiPOQ thehalpe shles aas wil |

be di scugief il T1¢/diAedd5Blel 39P LM an adhesive U314, TRaflndit 396 dGGE' 01

view of treatment 300-1ncluding dicing tape shown W a 410
accor di nigpt 81 @rand ablodivedager 61 1 il bie fwreir idisousséd betent | oned above, treat nment

228 r : 'm '12({' B%?&Sa% l m-di]%@g g%@%ﬁ%ﬁ#%%@%%ﬁﬁrﬁ@%@%%%ﬁg? a -
si ngbe | AtREion bBrwhen i AHRARD s 3 QR clel o (l]grmé Ie%%% hg%l&x%g*se'gﬁstflﬁﬁ?e up o

two | ayers-layer 331 and |l ayer 332 that were desc ove- ayer 331
bei ng adyamusembodiwehtsrthe layers can be of Ehdguabthicknessf withetthertofithd twat lagdrs ng a

met hod 00 in thermal profile i.cr oel ectroni c dj e according
To an entons theleR iR i) SHitmn Tongh, vy B digkness 6710 mitrons, layers
331 and 332 can have respective thicknesses of 2 and 8 um, 5 and 5 um, 6 and 4 pm, or

—en(D

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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[ I sti I e- fl ows invol ving
thod 500 requires no change to existing die-prep process \
g?cing t ape o? 20 wafer-level die attach film (WDAF), Iamnatlon,.II o
singul ation, and die pickup at tape and reel die sort (TRDS). As w f'Fn1
descri bed, nethod 500 makes use of a filmthat is simlar to polyner

i ' 'ﬁlﬂg ' | 1..Certain steps of method 500 will be
é?gchgggdl%c%éﬁ&% er %#;%é{%rﬁorn%l 05?“%@&pcgafceli?‘ébﬂ.g)-éf@ﬁl%mlﬂmlewef T, -
cr oss- sect(layend3 Nivemdd bé placedbindre & did000 @ adi-Bhn ﬁ?a@et?%}%%@éﬁé@%ﬁ%gﬁé !

ess according to an 25 enbodi nment o

manuf act ur,i. ) S .
A sten s10 Gl S o gt ki oo o)
Gre i sucpicateaiating firae fa0 RS el i fhek i odks brovsriiq sas come

. .. . . . . . | t
ex?:ererg ra?i&fm pléght chages micheatistty ardoflber cbitent) Thy fRky gdgkgg&?eeg 39 Jomjar to
pol y i

' [ [ FIG 1. As
can be sini %%‘% rc‘étl %tlgéiyetb%&ii%gf‘;@%%\érnﬁ:”}g@ﬂ thaadhpnomrtack Glayér (layer 332).n On?ace
of Uhe vat or - and < haisedcRiof 86l 1571 21120 al BE gleht T pRutted B fmcs cur | ng
ofthewaer,a_n en curi _ FITERL, c
e e uan e el el e ARl AR
procedure.a i3kt fmen?h ocr"]%gtg%% ??é‘r*%usg i1 & vafegyieveh imtastion epcedurgthats e s

oGl ng of L her ool e e o ocl M hediSRRKAR Al NIRRT O]
[ f the_polyner filmto e . _ \ .
g? 23' ggooof meFEBcﬁ/ 500°r9s5-seefiagiahyigvatfdrentoeentB66-oehateding Bicthgtage 1@ t he

%R [ d process
fer. As I . be performed using a standar _
\é\ﬁcﬁ as \A%}?jgvr cog?v%ffr;@g’%cg(% 1 ngxingﬁ&/?d‘ﬁe@(w thg dpieatien. A matfingiedent  of

25,520 Shmctasoog it S d U 15 P Mgt
et er 410 PR3 5h Aot ombotioasoe FEOLS Dioniivg cfapinglfaybrsLised o
onaD Bt @ﬁ]bggmg&:t (gal%/e %}}quB%’Cl f}\&gi%@g\?ﬁs \{']I% l gg@%rl%f'gg’%"e”%éﬂ%gmrdi ci ng
? ;ggr 3t18 303{2%511 were defaribed aboveo—witk Vet 3 TNbeifk Kijhdent Rf fa Rl 4 ci N
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  wafer-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 FIG. 1. As an

30  example, the wafer can be similar to wafer 410 that is first shown in FIG. 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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he singul ated die are picked in standard equi pnent such as
ﬁ:{})gr ,SA?WELSttﬁi S s?age, pol ymer fi Iom 131 remains attached to the die. The
remai nder of treatnment 300, i.e., dicing tape 310 and adhesive |ayer 311,
are not transferred to the die. FIG 7 depicts the singulated dies
with film131 after the dicing tape and the adhesjve layer have peen _
renoved. FP? Yﬂﬁﬁﬁfe CORBHsEIAPOotiRg thefaxtedhermal radintioh. Asyenti@Rd, cadlizeatei Ng t 0

| ERNGEDR ' . s _a non-tacky surface that
égewewogggt?ig{@g??grki ng tohé‘ﬁvg{é an%%g%\nﬁgﬂgﬁfﬂcﬁmﬁ_ i s brought into contact
during typi cal Iuess embodimens, sty 1 G3Oarnkheretep @8mdAGes @ply%éﬁéa@ﬁﬂh%hg o
m croel ec L ictéii e t.g a ’ga .kagls Substrate. As an exaqr;pl e, lstepﬁ%f;} mtgay e
acconpl i sﬁeagﬁggl ng & 'SEPHETAOR PORE 5P SRaysTPrevetondingafdhepdlymer filn tanthe s
| eft egposilicon surface 8f he waf&epr esentation of a chip attach procedure in
whi ch singul ated die 841 (with interconnect structures 842) is positioned

25 over a subsfrsipeS291 methadig)lsie Ittdsingdﬂampﬁe B%dm#lacwl?@@kﬁhdn@ﬂlg];@ﬁeﬁ
h r.refd-ow. Al t hou the invention has
desor | bed Sl ﬁ§&e@§’rsé%?c§ej°t‘8a%%%8?ff9@°8r\‘B ierfndard process ;wchw_@ vtcff@rteqogte bod by
\ . _ | _ .
those skilaepdcilre + kew. AIG. bldepician eﬂ%dﬁﬁaﬁ%zgtgg?g? %g@[& {%%41%' By

is .
Irit e of the invention. . Crosire of
;{3021 n%ggi shesvmoin IR tho aw plade (e 4 fimélaissutibing dr_e:u'ttirigtiteblp amuz?ne%ugghtehz cope
hep | nyg@NhE ' jntended .t.o be | imti ) Is inten
?Letsg%bcra%of th ?&r:a\?eeﬂnfliogﬁhg%a ]l%qbaglgll?tﬁi‘ﬁ%ﬂgE’RF;”lﬁ'gD‘FH’&t@&Q&ISWr ed by
t he appereebleclicingras wélbes dixpigkiup, A&lﬁbsﬁ%Qaersw%d}ﬁ{eﬁe@m&d'inlopd(fw(? art, it
will be readily,appa ent.thq%t the polyner filmand the relate structures
and net hdd “ﬂ?ééﬂgg%@%élﬂ& ties Laeri3dg (of therlPBH and divingtmpes 10 thit is

: : : . : hese
enmbodi ne i 3 . Scussi on of certain of th
enbodi neﬁ?gicé%ggo %‘%?énﬁtggggfsﬁﬁ?a?glﬁg{ ent a conplete description of all

possi bl e enbodifiessew, thadiighlatedalié yre fiekedfih standel kghipafHER RIS TR A ¢

crboot o S FUGE AR S350l afiatic T Berstpmob it sany
CLeren, S Senesges il Smeing O oRARE bR T EEE, 7,50,
critical, reqdif¥eldenets dusdngulaied fieamitheimol3 ledfiomeit diciah taRyn@khal | of the
claims. aghesive layer have been removed. It may be seen that the exposed surface of layer 332,
according to the embodiments and concepts discussed above, is a non-tacky surface that
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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Mor eover, enbodinments and Iimtations disclosed herein are not dedicated to
the 10 public under the doctrine of dedication if the enbodi nents and/ or
limtations: (1) are not expressly clainmed in the clains; and (2) are or
are potentially equivalents of express elenments and/or limtations in the
claims under the doctrine of equivalents. CLAIMS What is clainmed is: 1. A
coati ng $touctwresrarst methedd disnuisseditesrein enayt e ngpdahéme] menqatiesy ofgmbodiments, a

pol ymer fi containing.a filler. materi.al, wherein the polyner filmhas a
Pher ol b GRGIE RIS §Retbion QisdHais ohok SEROCIe s oRn BRI loes. ot
exceed 1QrtpEEs€1'itQJE%ﬁ1ﬁﬂ§tede%:ﬁpﬁﬁﬁo?él%bé&ﬂﬂ@ém%&hﬁhé. wherein: the pol ymer film
has a post-cure You dulus at roomtenperature greater than 3 GPa. 3.

ng's M
The coating oﬂddiﬁ@hﬁt}?)& bemesitsiother a@vanitages, andspluttabetol prbblemspaisbeenpart i cl es
of at .l east .on t ungst en,..topaz,.. chrom u uni, nu al upm_num oxi de,
ol umi Runfarnptutth raeR RSk BBty Thi Dkoelish AV Raet OSBRSS e b de.
boron ni probikgns, MEkB) elelﬁéxﬁi@lzle}iﬁﬂﬁd:h&t%a)géa%ﬁ@hﬁﬁban%ﬁf RAVarRAISF sol @RI ON

fibers, and di anond. . The coating of claim3 wherein: 15the
parti cl et QesWiT besome upire Arpnawessdshayevepxgnelip he sonsyued pecriticsl.i ng of clai m

3 whereip; o ' ] L.croneter. 6. The
coating ©O u%%lglom@%%%ggéﬁn%@X?%@qggﬁ%%gﬁﬂ;fﬁ %\%%ﬁ%%g‘a colorant. 207. The
coating of cl &oneovenieaibetdimentdendiahitatiins disdclvosedhgeinsesnat dedicatedteytry havi ng
a fi r§t t hi ckness_and a fi rgﬁtjii filler content and a second |ayer having a

seconll tPHRbEtRder the dogirine pbdrgligation sk the gbegimentsand/or limitations: (1) are not

expressly claimed in the claims; and (2) are or are potentially equivalents of express

elements and/or limitations in the claims under the doctrine of equivalents.
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the second filler content is greater than the first filler content. 8. The
coating of claim7 wherein: 25 the first layer has a first glass transition
tenperature that is less than 80 Cel sius and the second | ayer has a second
glass transition tenperature that is greater than 50 Celsius. 9. The
coating of claim7 wherein: the first thickness is equal to the second

t hi ckness. 3010 The coating of clai@LAIMBerein: the first thickness is
greater n e second thickness. 11. The coating of claim7 wherein: the
first thi ajmediigss than the second thickness. -11- 12. The coating of

clai m 1 wher, el,ancoarnngfm MGkl Wich, B 358idd ARaidin temperature ¢ hat

IS greater than A'treatnent for I c device, the
treat ment conppiogmey:film ehintdimigg tfker nmmha'ﬁavhmémnm pdliyiner fihw haga éheidalr mal

R A RN R TR WA O R
| ayer bet ween ThBeosting dT&1diRPewR&eint he poI yrrer film
the polymer film has a post-cure Young’s Modulus at room temperature greater
than 3 GPa.
3. The coating of claim 1 wherein:

10 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:
15 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.
20 7. The coating of claim 1 wherein:
the polymer film comprises a first layer having a first thickness and a first filler
content and a second layer having a second thickness and a second filler content; and
the second filler content is greater than the first filler content.
8. The coating of claim 7 wherein:

25 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 than 50°
Celsius.

9. The coating of claim 7 wherein:
the first thickness is equal to the second thickness.
30 10. The coating of claim 7 wherein:
the first thickness is greater than the second thickness.
11. The coating of claim 7 wherein:
the first thickness is less than the second thickness.
-11-




15. The treatnent of claim 13 wherein: 10the pol ymer filn1consist?_Ff a

sihgle | ayer. 16. The treatnent of.clain1;3kmhere|na th?'PgLyP?{IeL ggntent
ises a first layer having a first thickness and a fir st ;

gggpglsecond | ayer hgving a second thickness and a second filler content;

' : i eater than the first filler content.
?gg{ hi Sr‘rgfﬁgg' ﬁéé&ﬁg%?%ﬁgﬁg@% "profile of a mcroelectronic die, the

met hod conpri sithgpolymer ﬁlmduma)hgla@gtr&sﬂﬁiﬁt&ﬁ@eﬁaﬂr@‘tﬁa@i%@%@ﬁha&? _@Lni ng the
m croel ectro gc e in §uch a t hat t_hedgolyrrer_fll nas a i C neiss
t hat does no? ‘eAxgrgﬁt&n% 'aéPJGFF\é\“j gnicdexicy 9#§aﬁﬁaﬁtmﬂm_ m?e?tﬁgﬁirgadie

I vit r i Wm K; 20si ngul ating the mcroe
??(r;(rjnuftlV:/va¥e?;a§$1]gg§l{%g??§ng the mcroelectronic die to a package

substrate. a polywgr file hawinigod thérnedl abondidtivilye pRialsr MBS P OWHER ahly! 4 i s

: t. also rises a dicing tape; and _
Fr;g'[ Logffﬁrﬂ%lﬁg?ésggﬁﬁé‘ggigt ’é"r%@?ﬁga?fﬁgle&ﬁr%i ng tape after singulating the 25

[ i L in: |l ying the
i croel ect r o Ahditeatnidht o Hainies RathePbombAlify-17 Wher ei n app
golcg/(r)rgrefi | m conprj ses |am nating the pofynmer filmonto the wafer and then

curing the pol Jh@fhesiyedayer between tixodicifigéapestndahle pélysleatinm 19 wher ei n:

30curi ng thelﬂ?‘?*h)éﬁ%ﬁnﬂén{&(ﬁ%ﬁpié %%gre%posi ng the polynmer filmto thernal
radi ati on.

the polymer film consists of a single layer.
16. The treatment of claim 13 wherein:
the polymer film comprises a first layer having a first thickness and a first filler
content and a second layer having a second thickness and a second filler content; and
the second filler content is greater than the first filler content,
15 17. A method of managing a thermal profile of a microelectronic die, the method
comprising:
applying a polymer film to a wafer containing the microelectronic die in such a
way that the polymer film has a thickness that does not exceed 10 micrometers, the
polymer film having a thermal conductivity greater than 3 W/m'K;
20 singulating the microelectronic die from the wafer; and
aftaching the microelectronic die to a package substrate.
18. The method of claim 17 wherein:
the polymer film is part of a treatment that also comprises a dicing tape; and

the method further comprises removing the dicing tape after singulating the
25 microelectronic die.

19, The method of claim 17 wherein:

applying the polymer film comprises laminating the polymer film onto the wafer
and then curing the polymer film.

20. The method of claim 19 wherein:
30 curing the polymer film comprises exposing the polymer film to thermal radiation.
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