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Pat ent Application Nunmber 5 09/613,349 filed July 11, 2000, and clainms the
benefit of U S. Provisional Application Serial Nunber 60/164,241 filed
Novenber 8, 1999, of U. S. Provisional Application Serial Nunber 60/196, 243
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60/ 196. 652 filed April 12, 2000, and of U.S. Provisional Application Serial
Nunmber 60/ entitled "Vaf erWASER LEVEL ARHLICATION OF Tack-Free Die-Attach 10

Adhesi ve Fil m Rev. 00" filed by Kevin Kwong-Tai Chung on or
about August 4, 2000 ﬁ*&ft@@éﬂ é%%ﬂ%m@g@% the application of
di e-attach adhesive and, in parti cuI ar, to the application of a tack-free

di e-attach adhesive. 15 Since the adoptl on of epoxy for attaching
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t hat |srelat|vely known is the'use of a fast-setting or

f ast - bondi néuwsr%n@a@n er that cures rapidly at a high terrper ature and t hat
is on a base material such as a polyimde film typically for attaching
menory chips on what is known as a "l ead-on-chi p" package. Such film
adhesi ve i s i ndubedrd¢sentfihvewiandiaiee nothavipphitnios @€ dindsachtadiestvenp&riat ur e as

hi gh as 275 - 350C de endi.n he a heS|ve used. Typically, such film
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placed on t u%stlrartlglxx Ith(glé?xlly 18'9(17%%?1': 1\3/]§cefolf lexgrt]echc materials, silver-filled conductive
epoxy pastes have been the primary material used. Insulating die-attach adhesive
pastes have been used where required by the specific application. Die-attachment has
traditionally followed a process of dispensing epoxy adhesive onto the electronic
20 substrate or package that is to receive a semiconductor die, placing the individual
semiconductor die into the dispensed adhesive, and curing the adhesive hy applying
heat to the assembled substrate, die and adhesive..
Uses of film adhesive or adhesives other than pastes for die attachment have
been relatively few and not well documented. One usage that is relatively well known
25 is the use of a fast-setting or fast-bonding film carrier that cures rapidly at a high
temperature and that is on 2 base material such as a polyimide film, typically for
attaching memory chips on what is known as a "lead-on-chip" package. Such film
adhesive is induced to flow and bond within seconds at a temperature as high as
275 - 350°C depending on the adhesive used. Typically, such film adhesive is
30 supplied in reel format of the desired dimension, individual pieces of film adhesive

are excised therefrom, semiconductor die are placed on the individual adhesive film
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These film adhesives and many others require that the equipment or tooling for
placing the semiconductor die onto a substrate maintain a certain pressure between the
20 die and the substrate at an elevated temperature until the adhesive gels-up to
substantially cured state sufficient to retain the die in the desired position on the
substrate before releasing the die and substrate for post-curing the adhesive. This
requirement tends to tie-up the pick-and-place machines and other equipment utilized
in an in-line process, unless batch processing utilizing special fixtures for applying
25 proper pressure during curing or utilizing special pressure-clips [o maintain pressure
during curing, both of which reduce production and add expense. If proper pressure is
not maintained, the die will move and voids will be created along the bond line,
thereby to cause unsatisfactory and/or unreliable bonding.
In addition, the temperature needed to so cure the adhesive tends to be high,
30 e.g., 200°C or higher, and the time therefor also tends to be long, e.g, as long as 10-60

seconds. A disadvantage of such methods arises because the higher curing



thereby to cause unsatisfactory and/or unreliable bonding. In addition, the
t enper at ur avovmesdet to so cure the adhesive tends to be hp@hyspedsioe. 0., 200C
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curing WO 01/ 35457 PCT/ US00/ 30506 -3 tenperature, such as 200C or higher,
tends to build up nmechanical stress during cooling in the bonding cycle
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t he sem co di.e i,s.to be utilized, at rc d to a cold
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attach adhesive individually to the excised sem conductor die. Perhaps even

nore i npoftAElypmull h¥hercitke sgminspductadiedntoddweStedat fiidyatedices @id achnment t hat
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the sem con e so ‘expense &f the
pi ck- and- plr@igednadaipmblmamekmanbadmced pr ef er abl y to as short as a few
seconds or rmre erag_\%q 0 less than qgn is also desirable

that the positi® 06 ingly, dhef 133 gred e Sty eiee‘“ﬁg‘ éhséﬁd@‘cé“ﬁm ficantly
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importantly, there is a need for an adhesive film die attachment that flows and forms
at least a temporary bond immediately upon placement of the semiconductor die so
20 that the required time and expense of the pick-and-place machine can be reduced,
preferably to as short as a few seconds or more preferubly to less than one second. It
is also desirable that the position of the die on the substrate not change significantly
during the subsequent curing of the film adhesive 1o its fully cured solid state, even
where no tool or fixture holds the die in such position during curing. Ideally, such a
25 film adhesive should have a fast bonding characteristics much like that of a plastic
molten state instead of like a high-viscosity liquid paste.
To this end, the present invention comprises a method for making a
semiconductor die having a tack-free die-attach adhesive preform thereon comprising:
providing a film of tack-free die-attach adhesive;
30 placing the film of tack-free die-attach adhesive against a

semiconductor wafer;



nolten state instead of |ike a high-viscosity liquid paste. To this end,

t he preseMOMdShti on conprises a nethod for naking a PERUSWIEW6t or di e
having a tack-free die-attach adhesive preformthereon conpri sing:
providing a filmof tack-free die-attach adhesive; 30 placing the film of
tack-free die-attach adhesi ve against a sem conductor wafer: WO 01/ 35457
PCTI US00/ 30506 -4 heating at |east “thte tack-free die-attach adhesive film
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Drawsng whi ch ipmiloudéthech@lﬂREdle-Atmc}aacxhhﬁVE fiimremcledlenexs.i ¢ di agram
illustrating a sem conductor wafer, an exenplary wafer-|evel tack-free
film and the juxtaposition thereof, according to the invention; FIGJRE |IA

is a plan view schemat iBRIEF fHSORIPTIONOFTHEORAWISK] conductor 15 wafer, an
alternative exenplary enbodi mrent of a wafer-|level tack-free film and the
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tack-free filmaccor e invention; S 3A and 3B are plan view
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al ternative exaphty eaBONLIRN SR SBLE 18V She La8KaLdER, 1| m accor ding

to the invention e “Sreset Keetd onal Pc di agr am of
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FIGURE 1A is a plan view schematic diagram illustrating a semiconductor

15 wafer, an alternative exemplary embodiment of a wafer-level tack-free film, and the
Juxtaposition thereof, according to the invention;

FIGURE 2 is a plan view schematic diagram illustrating an alternative
exemplury embodiment of a tack-free film according to the invention;

FIGURES 3A and 3B are plan view and side cross-sectional view schematic

20 diagrams, respectively, of an alternative exemplary embodiment of a wafer-level tack-
free film according to the invention;

FIGURE 4 is a side cross-sectional schematic diagram of an exemplary
attachment of an electronic device to an electronic substrate employing the alternative
exemplary embodiment of a wafer-level tack-free film of FIGURES 3A and 3B;

25 FIGURE 5 is a side cross-sectional schematic diagram of an exemplary
attachment of an electronic device to an electronic substrate employing the alternative
cxemplary embodiment of a wafer-level tack-free film of FIGURE 1 or 2;

FIGURE 6A is a plan view schematic diagram of an exemplary holder for a
semiconductor wafer and FIGURE 6B is a side cross-sectional schematic diagram of

30 the holder of FIGURE 6A with a wafer therein;

FIGURE 7 is a plan view schematic diagram of an alternative embodiment of
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for a sem conductor wafer and FIGURE 6B is a side cross-sectional
schematic diagram of 30 the hol der ofs FIl GURE 6A with a wafer therein;
FIGURE 7 is a plan view schematic diagram of an alternative enbodi nent of
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DESCRIPTION OF THE PREFERRED EMBODIMENT

FIGURE 1 is a plan view schematic diagram illustrating a semiconductor

20 wafer 10. an exemplary wafer-level tuack-free film 20, und the juxtaposition thercof.
according to the invention. Semiconductor wafer 1) is typically circular and either 6
inches (15.24 cm), 8 inches (20.32 ¢cm) or 12 inches (30.48 cm) in diameter. Wafer
10 has a front surface (not visible) on which electronic circuits and/or devices are
formed and a back surface 12. Typically, a flat edge 14 is utilized for indexing the

25 wafer 10 spatially for processing. Ultimately, wafer 10 is excised or separated into
individual semiconductor die, often called "chips”, each one containing one of the
electronic circuits or devices previously formed on the front surface of wafer 10. In
the excising process wafer 10 is attached to a tacky transfer adhesive film, is scored
and broken or is sawed into individual die. and is removed from the transfer adhesive.

30 Tack-free adhesive film 20 is preferably a preform cut or fabricated in a size

and shape to have a broad surface 22 that is substantially like the size and shape of



25 wafer 10 spatially for processing. Utimtely, wafer 10 is excised or
separ at eWO MB8#57 1 ndi vi dual sem conduct or di e, often cakCewstossops”, each
one containing one of the electronic circuits or devices previously fornmed
on the front surface of wafer 10. In the excising process wafer 10 is
attached to a tacky transfer adhesive film is scored and broken or is
sawed into individual die. and is rémoved fromthe transfer adhesive. 30
Tack-free adhesive film20 is preferably a preformcut or fabricated in a
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surface Thu t ckfre adhesive film20 is excised in a
single ogierkgﬁegﬁégwetp%mm? ?10d?"w§ Suﬁdcco(?ﬁiapqge exci sed fromwafer 10, as

repd esent ed by‘hukiﬂheabkafrefemﬂsesBef:lmh?eﬁeé)gcxsedl inr siragld SgraA@ios @peeat e operati on
and t he hapdli ndi vi.d die f the attach nt of adhesi ve thereto.
Thi s bend?4¥f ﬂq??f é‘b/é'g eb‘?%flég’é’ wfet f4ras mREsesdddashed sHaws Br f ace opposite
t he frontheebyfelietning aBéfarddopertiol deEthe herdink 6BhaeRRkASSE foré? that 15
provi de neans for_ making electrical connections to the electronic circuit
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substr at efh@@m@&e%kwﬁ&hé MRitont &%@&%h AotiRGHdek & it stﬁ%,a{gamh form 30, and
el ectrical connections are nade to contacts 4 ereof, such as by bondi ng

fi A& wi r @sovideanesns farmaking\edagiricalrpnnestionsep theWﬁ@tremauwmlﬁteqrdh‘otqjl ng adhesive
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Where a wafer-holding adhesive film is very thin, e.g.. less than about 50 um

20 (about 2 mils). such wafer-holding adhesive film can tear upon removal of
semiconductor wafer 10 from the dicing tape that is utilized to hold semiconductor
wafer 10 during the dicing operation so that some of the wafer-holding adhesive film
remains attached to semiconductor wafer 10 and some of the wafer-holding adhesive
film transfers to and remains attached to the dicing tape, thereby leaving areas of

25 wafer 10 lacking sufficient adhesive for properly attaching the excised semiconductor
die 40 to a substrate, electronic package or the like. FIGURE 1A is a plan view
schematic diagram illustrating a scmiconductor wafer 10, a wafer-level tack-free film
20 including an intermediate or sacrificial layer (i.e. "interlayer") 26, and the
juxtaposition thereof, according to the invention that overcomes the tearing so that

30 sufficient adhesive remains on die 40 for properly attaching the excised

semiconductor die 40 to a substrate, electronic package or the like.



remai ns attached to sem conductor wafer 10 and some of the wafer-hol ding
adhesi ve nsfers to and remains attached to the e,

t her eby Iefé%/(#&r?g%tgs?eas of 25 wafer 10 | acking sufficient E’%-‘r:{{ejés}igvaeSﬂ
properly attaching the excised sem conductor die 40 to a substrate,

el ectroni c package or the like. FIGURE 1A is a plan view schematic diagram
illustrating a sem conductor wafer 10, a Wafer-level tack-free film 20
including an internediate or sacrificial layer (i.e. "interlayer") 26, and
the juxtaposit 40 l%lafl QR 14/2pse [ver cones t he
tearing so that k@%‘%ﬁﬁﬁeg;g;\c?&gd %gﬁgé&@%&r@ﬁ#g %n (Jise dja for properly
attachi ng tdeecribed insetltioseAIGUREUGY provife @ w&r{luebtd@ubsiﬁﬂatfé} widl ectroni c
package or .t WO 01/ 35457 PCT/ U ey 26 is
preferably’ tﬁﬁ%yrﬁéggfhat PREDS AP “I”g\%éze é%?é r(}aémfr m@’ra%eﬁgevc taéi‘d{écscrl bed in
relation t ofiinl 8okt mrmye@% derefratBf, Biierlagatel liﬂﬁiﬂhésﬁ\eehzfthd m20 with
interlayer 26 that nma applied and utilized in |ike manner to

waf er 3| evel ingosgatible @l aﬂw ozanwwwmemlym%ﬁi fodietaciofiee Beaftashap) y,

[ nter| ayer gfeds ARIASHE: blBhork Suhd NEAREH dloRa W h efrkisng does ot

per nanent |y to the tack-free die-attac adhesive of film?20 so that
It will norepeshsrongiajerdedeblion 10 Typichind ligat tuctkeafﬂmtbyn diagt pygramape than to
vvafer-level f|| | a_|light tak t 50 gramns
per inch of P F]ﬁg‘('éif)h %F “ggbg%g’ crce '%ﬁetﬁrtolq L) pue| Sﬁcn@?ﬂ)p?%ﬁﬁj strength is

provi ded ffOf the hgerfaoé @ith mem»blmmm‘aemd b @iphbr simrhcm 2hesiotlicahdiwgfher strength
adhesion to, the waf 10_di |n ref er abl i nterl. ayer 26 W ||
not Hve a q’%i%ﬁap%f‘g#‘él"é&”é@ ‘hﬁ’?@%z‘lygrl% "YAhé‘P 8 Yg§f¥ﬂe‘ﬁ? W’té a stronger
bond to thandesike agk&érﬂ&ok%ﬁﬁendeﬂﬁcﬁﬂ&l't@mrtdCR@duﬁﬂa(@&-ﬂedIrb@flafy%mat ible with the
| am nation tenperature and pressure utilized in attachi ng tack-free film

20 to seni copddee epmpgiiblerwithohe lamination ipmperaluraang pressiserdt?6f & i n t he range of
80-150C and,, :ﬁc}ﬁﬁgﬁé&”ﬁ& filth 4()‘185&%%1‘?!88&@99”0 2% Zgﬁﬂﬁflyﬁﬁ Blafe g2- 1.4 15

kg/cm ), out” causi ng the icing tape“adhesive to transfer to the
di e-att ach thathesof8- lfsmcmm mcssvmeer marzar’ge efrabdincy- Kgpsahtbowt@r?évla‘} fromthe

t acky, .di Ci tape.. To the nt .t.hat er.! av heS| ve

resi dde onr%/c@] gt“f“zs’(%t FYYH tgf)me)fqu'ﬂgﬁ By éé“es'écg‘%g%% rmﬁ] adeee‘?tf?l on preform
30), such adhesiermrIeondiLiquref geial kiyd ;@hamgmn{thezdcwxélagexpenm gy of the
die-attach film 20 by | ess than 50% 20 Preferable J (rﬂ)untl

i nterlayer HRatesnt asinteriaygida lqayssadhaijye restslue g /gie- actach fim 20 i ustrate

as phantom layer 26" on preform 30), such adhesive residue preferably changes the
surface energy of the die-attach tilm 20 by less than 50%.

20 Preferable wafer mounting interlayer materials include types WMF 50. WMFE
100, and WMF-HT 100 sheet or film adhesive tapcs avatlable from Al Technology,
Inc., focated in Princeton, New Jerseyv, which are not coated with a refease matenal.
however, conventional light-tack dicing tapes having a release coating. such as types
PN1009R, PN1010R, and PN101 R available from Ultron Systems, Inc. located in

25 California and G-11, G-12, G-16, G-26, G-36 and G-65 available from Lintec
Corporation located in Japan, could be utilized.

Thus. semiconductor wafer 10 is attached to wafer-level tack-free film 20

which is attached to a conventional wafer dicing tape by sacrificial or intcrlaycr 26.
The cutting of semiconductor wafer 10 in a dicing operation should cut through

30 wafer-level film 20 and may cut partly or completely through interfayer 26. When the

excised dic 40 are picked up, interlayer 26 will adhcre to the tacky dicing tape and



100, and WVF-HT 100 sheet or film adhesive tapes available fromAl

Technol ogyo 014987 , | ocated in Princeton, New Jersey, WypEhusSosiPt coated
with a release nmaterial. however, conventional |ight-tack dicing tapes
havi ng a rel ease coating. such as types PN I100r3R, PN I010R, and Pit 101

| R available fromU tron Systens, Inc. located in 25 California and G1 1,
G 12, G16. G 26, G 36 and G 65 avai-Bable from Lintec Corporation |ocated
in Japan, could be utilized. Thus. sem conductor wafer 10 is attached to
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of sem conduct or

di ci ng tape sgerificial or interlayer 26. The cuttin
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and may Culhegidhlof shtedlay&r@BIb Ghrk-YevEINakUBR fIARMiRYESH K#O40 a1t he  excised
die 40 are picked up, interlayer 26 will adhere to the tacky “dicing tape
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transfer GPEPREPGARRI LR TV fifigtioneso tahmderipyer 28 Wikkresmain Witk e W¥k-free  film
20. 10Mher etdchpdicaghapedi cing tape is a UV rel ease type tape, it is preferred
that the tape_not be exposed to UV radiation so that interlayer 26 wll
remai n with t héareedilngOugaydiedf algctrigply comduetive adbesivg onaf AGulstige be of
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and/or may be filled wth thermally conductrve particles so as to be nore
t her mal | y be methuberimally cemsluetivg, dsanayritesntedyyer 2@ SucBadiesivdmegibce may be

nol ecul ar f i, bl i.e.. t has.a ul.us of . el astjcgi hat i s about
35000 kg/ %%néeckﬁ%ﬁ%gﬁ’galte’ 15305,}16‘7)‘6"18%?]5'5 %rﬁ)e?als%%%' tg%éls %Oﬁéssibgégg}ﬁw el ongati on of
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flexibl e ageeriweepbidnee. APrefeRBiy tadkidee HRADE AHEHRYer db 8T infy, Is¥rge,
such molccularly flexible adhesive where an individual semiconductor dic is large,
e.g., has an edge dimension of 20 mm or larger. For larger die, a molecularly flexible
20 adhesive having a modulus of elasticity less than 7000 kg/cm? (about 100,000 psi) is
preferred. Tack-free film 20 and interlayer 26, if any, also desirably has a sufficiently
high bond strength and low enough modulus of elasticity to provide a die attachment
bond that withstands the stresses caused by the process of attaching bond wires to the
contacts on the front side of the semiconductor die, e.g., temperatures of about
25 150-250°C. In addition, tack-free film 20 and interlayer 26, if any, is preferably
storable for extended periods, e.g., at least 12 months, under ambient conditions,
including time both before and after the tack-free film is laminated or tacked to the
semiconductor wafer.
Alternatively, tack-free film 20 may be a preform 20’ formed as a pattern of
30 pretorms 30 on a release liner or release substrate 32, as illustrated in the plan view

schematic diagram of FIGURE 2. Preferably, release substrate 32 is of size and shape



e.g., has an edge dinension of 20 nmor larger. For larger die, a

nol ecul ar | ywloassdst e 20 adhesi ve havi ng a nodul us of el astgmisbysek@ss t han
7000 kg/cm (about 100,000 psi) is preferred. Tack-free film20 and
interlayer 26, if any, also desirably has a sufficiently high bond
strength and | ow enough nodul us of elasticity to provide a die attachnent
bond that wi thstands the stresses causgd by the process of attaching bond
wires to the contacts on the front side of the sem conductor die, e.g.,

t enper at ur esutsfantifiyiike et &5Qa265MCincludingd diat édge 34 waick edmreaedistbrsl 20 and
interlayer 26, if i.s preferably  storable for. extende eriods, e.g.,
at | east 12“’%@%%?4%1%"‘5[ @ﬁ%ipé’ﬁ‘f‘psc%ﬂ’o‘?‘éqrgﬁ%‘f“ﬁ Ofﬁg]sﬁﬂf%d"%l’?ﬁfg both before
and after t hglidid@kopefl@ BositidnPréform 20MWIAt&He @Ko WaeKERX 14 Partififar, &M conduct or
wafer. Alternatively, tack-free film20 my be a preform 20" forned as a
pattern of PEGTRHPLIEIORES Hrogasrandsep drpausm Abslecypnic sirelsenddibst rate 32, as
illusteated,j : i k- ! E - Preferably,
rel easge subse!te?tg%ngce%egkciggfﬂo gaé\énztgggﬁlg%%%sg% %\%%g@ g%ﬂ&?%%%b@/"%osoe -9
subst ant i al ke Siekandishgte tothewteonid Orcuit ncdayde ngwaich ltag tobdgucBal. whi ch can be

registered wth edge 14 .of wafer 10 t erhaps with other fjducial or
regi strati onPH&r Ks S%?Ets ﬁﬁa?p@f%’?g B F?@“‘g&ﬁhf ?’8%“}5‘? é"PSrFr%%'Ib\)\'ﬁﬂfh respect
to waf er 10be tut opadphatatadimb indiVigual @attern of prefornms 30 corresponds to the

pattern of el ectronic,) i‘_rtiui_ts and/or 5 electronic devices fornmed on the
front surface of PRReFE2011 lapingrd 9ites pksusticn b ogvadsr 101Wibead PEf°HRd shape to

the el@ct ronp eifj labthdieddb EDALICS dnl ofWRE Sdhnibdndbdod P RlibAeded.  Spaces or
"streets" 36 separating prefornms 30 are in the |ocations where wafer 10

wi Il be cuthemondeparexaised teravthivwien Wathn P isgxeisedprsededri®eQ@oves | ani nated to
the back sunface; ',ﬁiefél)’ﬁ]fﬁw c&gdmimm‘%éﬁ% BE &L MrackGr 3P 8h 19 am nated to
t he back of one of the sem conductor circuits or devices thereon, to be

exci sed t hesmwing[36\hherewmpt formd B0 is suffixientbedlide asthdgsepmpesi) dobove.
Tl PHEL LT S0 el S B2 L 5,4 09 RIS AIREC, o, v
pref orsrs 30 10l0PseBIrms BY BElof e ShRCEEduGAlTy E6HILADE Or hdul@ihgt Arydrr ont surface of
the individual circuits 40 of wafer 15 10. Prefornms 30 are of the sane
el ectri cal | eEBHYFOPIUFH v materials padgserped APRIE AR TelatiRR FHat Y SeedBiddctndve,
materials ag,gdesmby RAIARRUR T iclBlaPdr of FhidrRvdr@Bkis hEBRbdd HBI20, and
Because preforms 30 are securcly attached to wafer 10 as a result of being laminated
thereto, release liner 36 is easily removed after preform 20’ is laminated to wafer 10
20 and prior to the excising of wafer 10 into individual dic 40.
In accordance with the invention, a dry, tack-free film of adhesive provides the
die-attachment adhesive for semiconductor die or other electronic devices. Typicaily,
the tack-free adhesive film is a thin film having a thickness in the range of about
0.25 - 1.5 mm (about ! - 6 mils) and may be a thermoplastic or thermosetting
25 adhesive, or a blend or mixture thereof, or a laminate thercof, or a hybrid thereof. A
laminate includes alternating layers of thermoplastic and thermosetting adhesive film
that are laminated together. A hybrid includes any combination of two or morc of a
blend, a mono-layer film and a laminate. The adhesion of the tack-free adhesive to
the semiconductor wafer should be good enough that the adnesive material and its
30 adhesion to each individual die is substantially unaffectcd by the dicing and cleaning

process that the wafer will be subjected to. For example, the adhesion of the uncured



may or rragé not include a sacrificial layer or interlayer 26 as descri bed
above. PAYEMSHref orns 30 are securely attached to waf@mUsbO3as86 a resul t
of being lam nated thereto, release liner 36 is easily renoved after
preform 20" is lamnated to wafer 10 20 and prior to the excising of wafer
10 into individual die 40. In accordance with the invention, a dry,
tack-free filmof adhesive provides ¥he die-attachnent adhesive for

sem condugtor die or other electronic devices. Typically, the tack-free

adhesi ve FIFTTISPYInG aghesine fq thealgudyego its pslt Sleweadkingprepratiosamugebof  about 0. 25

- 1.5 mm higRendugh so tHar ik hinesi®O layBtallRd %o thB Qe hi’l?&tdigisqﬁm&nﬁr mosetting 25
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adhesive, or a blend or m xture thereof, or m nate thereof, or a hybrid
t her eof . fom|theiapkat reessvre sengisive Silm of diaing tape caryentonefly ttileredipihast i ¢ and

t her noset §,ip0. 3phesl i 43 | am hated to etg)gr., hybrid includes
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to each iﬁ'ﬁf“\??‘ﬁ’ﬁgﬁheaivg%?@ggﬂﬁg‘%ﬁ?ﬁ’it tp 'fg‘?“r‘ang‘é%‘teé*&dﬂv bopg thereef ivg  and

cl eani ng thpsasiessiutAvafehghdvRé Aast\We kble REwfikdMAGhETashRe sF@btnExanpl e, the
adhesi on of the uncured WD 01/35457 PCT/ USO0/ 30506 - IO thernosetting

adhesi ve FE¥HPTOREARiES didthe Glepniag ad destorting eeselsiang operbemicalss nust be  hi gh
enough soudifzad iefen, &MESH R wFAYAd BELAANGREE the die when the die is
e

removed fromthe tacky pressure sensiti i'lmof dicing tape

conPent i onal | yFauthel wafercsizeradhesive findebays thef prefeuedsiacigng drel duridg vi dual die from
the waf er ffected 5 by exposur o ultraviolet (W)
light whi %fﬁg‘,!?ﬁé@u@gg%nmﬁéﬁsrﬁ%f@gwéca %%oegﬁ&hi8§ﬁsf°p°e§wa@ﬁ%dﬁ‘a B fifhesi ve

films. | nofabiigd of Brsfagedaihesiek -Typeal @adbasions famslof Beapantil Bggxgof to the
sem condurtx:étvgrs].a fcer band di e rm%t. ﬁe bg,e }o'vm'thstand the washi ng and ot her
cl eani ng prodSailical body, Juiatetog bry it?lge 1rgledend snpsi e s8Rd Withad ot her

cheni cal scantirifbrisapsbrt, Meh@s B polynivdiikhod AepbRAf BhssiicdivehiRlgcsubj ected. 10
For, .t he waf er-si ze adhesive filmto have the preferred tacking and curing

pr dper t i e¥PPYIFAPRNGIMA may b6 uppgybex gisrkly tamiferesyitlethg disingpfake t 0 be handl ed

as a thi nsehiidoMiucir whifdr@dd 86 ntealiRdeghrA6 DAR pYRise LYRUiLAIn HOBY&Yri onal fil s
of B-staged rigid epozg have significant body, but are too brittle to he

handl ed afifi WatsT e indiyidugkprefiomes. \Pthér aghesivgrilingrsutors fleaipofilm  such as a
pol yi m de,dhidiva PhesAK RO X ’%@%ﬁ dr¥ph£ss amiés%8§§b99vailable from Al
Technology located in Princeton, New Jersey, have sufficient body and flexibility for
20 satisfactory handling and so can be utilized as a wafer-level preform, however, they
do require significant pressure to be maintained for tacking so that part movement
does not occur and voids are not created, and so are less advantageous.
Suitable adhesive films are made with a suitable combination of thermoplastic
and thermosetting resins that are sufficiently molecularly compatible to form a
25 suitable solution and, when dried to remove solvents, to form a suitable film.
Typically, a solid epoxy resin is employed as one component of the combination so as
to produce a film that is dry to the touch and tack-free. The removal of solvents in
forming a film must be performed at a low temperature so that cxcessive curing of the
epoxy component does not occur, which would impede the desired meli-flow property
30 of the adhesive film. Likewise, curing agents and catalysts that would cause

excessive curing before the film adhesive is utilized should be avoided.



15 supported epoxy filns may be used, they typically interfere with the

di cing of thes 488y conductor wafer and do not easily sepgF@stondshdr precise
exci sing on t(he ack of the wafer into individual preforns. O her adhesive
films, such as flexible film adhesive types TK7755 and TC8750, or ESP7455
and ESP8450, available fromA Technology |ocated in Princeton, New
Jersey, have sufficient body and flexijhility for 20 satisfactory handling
and so can be utilized as a wafer-|evel preform however. they do require
significant preggupe tfxé}m%lam%k ﬂk%’d@ﬁ‘ﬁ-{ﬂc@ﬁnéﬁﬁ 516 o8 @ stk cpalyt Movenent
does not occur and voids are not created, a so are | ess advant ageous.
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property 30nayfalsothe uiiizedsi ve film Likewi se, curing agents and catal ysts
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i ncl ude acrofl15¢°§ mrboveodndesit! erclt sahbe Buwablfbetaddesdi 2 terBRArAYTeih®Fude Quart ex
2410 .solid e )OX esin~avail abl e from Shel .'. ) g%m;p y located in
Texas},a U. S.‘ﬂ.ﬂ,‘e Ogﬂ(é' gdioﬁﬁoéfmpg%:lﬁos. St tf)g%fi%he%g'fqg]r!}@g Vent sax?ncl ude

n- met hyl pyemibhdlicoenatet MiR)ittlror ke turidaydt laabunoaipnifeyntizering. iWhilzed as a

conpatible 5 sol vents. Curing agents or catalysts such as, dicyanan de or
ot her sl ow R&aE{eFhrpclersie g g“é‘i“':sdri’ ﬁ%ﬂsua%t@md%’ﬁ?fff fhW°FP*jQ€"‘?‘§r epoxy
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thernmosetting filmadhesives ‘%/fpl cally cure rapidly at a tenperature of

t !
150C or aboteshed nefowd Hackrairfacewfch weerpt disapraroel FadkP gVl a tenperature
0 the 10 LARAG: BEsBA okl 9o dBus2UB03A) AR alBnRmeadAS vel y

| ami nated o semn conduct or “waf er w e or no curing, at |east
no signi fi geribd efltirthagf, lesattiang 0 niiavésngndiigemblamauch éash i ¢0 BnuRs| ﬁg dry and
substantial Aexcstszfrly(f:,krﬁghriﬁce pz?stses%?Ehﬁzlzmipu?tgxdglabggatus may be used to ensure intimate
adhesive without trapped air or voids as long as the total time the thermosetting
adhesive is at an elevated temperature is sufficiently short so that no significant curing
20 occurs. Once the lamination is completed and the wafer and film cool 10 ambient
temperature, the adhesive will again be tack-free and the wafer with dic-attach
adhesivc thereon is ready for wafer dicing.
Suitable thermoplastic adhesives typically are melt-flowable at a temperaturc
in the range of 100 - 300°C. The melting temperature of the suitable thermoplastic
25 adhesives should be well defined and repeatable so that their thermal stability is
adequate for at least several passes through the laminating apparatus at a suitable
temperature for lamination, c.g.. at a temperature as high as 300°C for those varieties
of film adhesive having a high melting temperature. In general, the time for which a
thermoplastic adhesive is exposed to melting temperature during the lamination

30 process is not critical. The wafer with tack-free adhesive film laminated thereto is

then ready for dicing. The temperature must be raised high enough for a time



and storage tenperatures. Such tack-free adhesive filmis |am nated or

ot herwi s@vo ew3séifhed onto the back surface of a wafer atPCI/Uuseti®stéat ure of 80
- 120C with 15 sufficient pressure (about 0.2 - 7 kg/cm or about 3 - 100
psi) for a controlled short period of time of less than 10 m nutes. and
preferably nmuch less than 10 mnutes. if necessary, nultiple passes of the
| am nating apparatus may be used to 12nsure inti mate adhesive without

trapped air or voids as long as the total time the thernosetting adhesive
is at an saffiieat @CPT‘P‘B&%@?@&%? adhegive flew ptthe presspresidized Wentwaintimgtesi gni f i cant
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cool to anbient tenperature, the adhesive will again be tack-free and the
waf er wi tthereyetoatlowatmovatiofabd individvel doand astached tekftse adeive filinci ng. Suitabl e
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t enper at Urhmsody, BR. B@atézm@nh&&oﬁmg&nvmwérk@s sudtfasfi ldncathesi ve haVI ng a
hi gh meltlng t enper at ur e, gaenera the time for which a thernoplastic

adhesi ve thiskesssss 983 mils apd Fil]ﬁ bouth&#5and 0dSdwP)-ng t he | ami nation 30 process
is not critical. ilgm%‘ﬁfe%'i 8(‘*’I 126° (§ AGolteH eldrbﬁ?érl‘fg(al’;dx}t gL b@ﬁ} gﬁﬁ ed thereto

is then ready for dicin nperat ure mnus rai sed enough for a
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adhesi ve flow ressure U dto Lnsu inti.nat act and
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to al |l ow r enpwuad ESP76715ehermosenting didlectticsepaxygfik, ttiset,haftelr taclahg o ee adhesi ve film

fromthe tacky pressure se sitive dicip 5. Sui dry, tack-free
adhesive fil m{ IF’HEtfcle‘é”r‘F H’& P PTESHThef 8?;)‘8&%91%%3 yp#ﬁ?ﬁ‘é&:mﬁ@e ascendi ng
| ami nation t enpKEAbMARinakl lat gﬁ°c\eiﬂle§shh§d @oaugbrbé@bmflrp@mm thed €Chnol ogy,
Inc. located in Princeton Junction, ersey, such as in standard

t hiléknesses ofcu@dr‘r‘i‘ﬁh§“‘af’r’i‘éfs‘ﬁeﬁﬁﬁosc(f%ibokiﬁ”rse g macHalgnayeiied ot ani nate at 80

-120C at abouthidhedRmperhtufe #6P4 SR et @ROUt 5 - 20 pSI) for 10 a few seconds
until a fillet of mslpt ed adhesive is observed: pes ESP8550 and

Laminate at 120 - 150°C at about 0.35-14 k cm” (about 5 - 20 psi)
for a few seconds until a fillet of melted adhcsive is observed: type CP7135-E
thermoplastic electrically-insulating thermally-conductive film and types

20 CP7138-E thermoplastic epoxidated film, that, after tacking or lamination,
need no cure. Type CP7135-E can be tacked or laminated at 135°C at nominal
pressure in 0.5 second and type TP7090 can be tacked or laminated at >120°C
at nominal pressure in less than 0.5 second.

Laminate at 175 - 250°C at about 0.35 - 0.7 kg/cm® (about S - 10 psi)

25 for 0.5 - 5 seconds until a fillet of melted adhesive is observed: typc TP8150
thermoplastic electrically and thermally conductive adhesive film and type
TP7150 thermoplastic dielectric adhesive film, that, after tacking or
lamination, need no cure.

It is noted that while these adhesives are characterized as "thermoplastic” or
30 “thermosetting" adhesives, they are actually blends or mixtures in which the

properties of the one of thermoplastic or thermosetting type adhesive predominates.



ESP8680 t hernosetting electrically conductive epoxy filmand types ESP7555
and ESP767 setting dielectric epoxy film that, kng or

| am nat i on%éﬁ%‘n%thout pressure at 80C for 8 hours. TypeﬂEg@g@S can be
tacked or lam nated at 80C at | ess than 0.07 kglcnR2 (about | psi) and then
15 cured wi thout pressure at 80C for 2 hours. Each material may be cured at

a higher tenperature for a shorter tj{r_;fa_. Lam nate at 120 - 150C at about
0.35 - 1.4 kg/ch (about 5 - 20 psi) or a few seconds until a fillet of

mel ted adhegi ye e %ﬁz{t‘{ed‘th as%y%ﬁésu% £dr ?)‘?’.{ﬂ?ﬁ?ak%bﬁmno resin

el ectrical l'y-i nsu erma conducti ve nd types 20 CP7138-E
t her mopl astingy mﬁwedtaheﬂncfrlai‘nm,mttthmtallydéstsé’rantab.@kﬂ% baswﬁhﬁ\mtﬁat\'?fdw need no

cure. Type CP7135- n, be tacked or t pressure
T 0.5 Lecct ATty pTeTe o Rokdresr Pkl o iR B

nom nal pr eﬁﬁ@ﬁe@mb&tt §§11éshﬁlfha9ﬂ5asseﬁﬁ%m¢tatd.amer;aﬂﬁnaheﬂ%ﬁc -In286C at about
0.35 - m%/cmz(a out - 10 psi). 25 for 0.5 - 5 seconds uBtll a fillet

of melst ed arfihesiye/batjisa db@'@ﬂ%ﬁéﬂbg" @%@vcrﬁgfsm‘s HE‘?‘WB?J‘F‘%’§€FS&“ Bfe®trically and
therml Iy C%g%“ﬁ;lla}{g?'l%%ﬁ &o{n' 408 Wez%ﬁftgﬁlt typfe4t fasd BethaDRE ast i ¢

dielectric esive after t ng or 1Tam nation, need no cure.
It is notedadhbate hmhdtwablhe‘s:en@sdﬂtnegcm peorertich andeet ismcHelipveablonin gy nmopl astic"

or 30 "the ting, .adhe I fjextures in
whi ch t he %?g %ﬁtggd l?eettcﬁzjlrg %m()f ?%tgr%{rrr% Fz&t’ 'ﬁ’Id t%errp)% %ﬂq%l)gfeﬁst |eng type
adhesi ve prgeppd indizesin pife: Odilditiorn T dhiﬁﬂ(}biBQﬂged sheg@rifitmderch adhesi ve
that is a therm)plast c" adhesive, for ex e ti resin my
be pri¥sent in miPRsd ea?f-ﬁ&ﬁiuc eHeriNe i 9‘%@? ngéwag i‘i{; slaftf%y wei ght, to
give the aglb&sis4tn Q&ﬁkﬁ@é}!o%pbh%ﬁ [¥RRFASThiS pRIVAIREIHE aBifityi 1B mdgaidttieed or
B-staged sheet or filmform and thernoset properties in that jt has a

cur ed st at edigposite c}ﬂé bpreklineatesiy et the intarfrenbasvesaissitipeh A4S VS %”da
“thernosett] 9; w?i 'tﬁé%tg%%}%b%égﬂ)é ﬁmt&c@%ﬁ}@ﬂlz asd 4 &bEtﬁx’ié & pBlacbe present
0

in an anoun out wel ght ut typically less, so that the
adhesi ve ham giascuraamkremtchmpmwftcungg withdunprepppperti es and yet is

mel t-fJ owabl c i w iWSPW ggg;iu%hﬁ% 6@%2‘5 Ingfor &8 ﬁ%lxéa&xkﬁg fgre %méy'qg"

t her lastic a
the stacking of two or more die and for optoelectronic devices where relative position

of the die and substrate must be accurately maintained for high productivity. The
ability of the die-attach adhesivc to maintain the die in the position in which itis
placed on a substrate or within a package to within about 25 micrometers (25 microns

20 or about | mil) during the curing of the adhesive without any applicd pressure or other
mechanical stabilization is very desirable. In particular. such stabilily may be critical
where die attached in accordance with the invention are attached by high volume in-
line processing, such as by high-speed pick-and-place equipment. Lacking such
characteristics as being able to tack (i.e. to melt and induce flow for forming an

25 intimate substantiaily void-free bond line) at a temperature of about 175°C or less
when placed under a pressure of less than about 1 kg/em” (about 15 psi) for a few
seconds or less; and subsequently to cure while retaining its shape and position
without any applied pressure, even the adhesive is still in its "wet” or uncured state;
renders achieving a low cost in-line high-speed die attach process extremely difficult,

30 if not impossible. The ability of at least certain embodiments of the invention to

achieve such result renders it attractive and cost effective.



may be utilized in paste or liquid form or in dried or B-staged sheet or
filmforMOME54She benefit of such adhesives is that of PREVSHOXEi t abl e
stability before the thernosetting adhesive conponent is cured. This
provides the ability to maintain the die position and bond-line integrity
at the interface between die-attach adhesive and die as well as at the
interface between di e-attach adhesi¥®-and a substrate or package, in
particular during conpletion of curing wi thout pressure. 15 This property
is extrenely ﬁfrfjg?&h&hmﬁklﬁ'%@trssa&ﬂﬁy BFRble arcrlaminatioef walemgited thifor  t he

st acki ng splerd WiriRl _of‘ﬁ-rsﬁggd RInBGHE §ri28 2 MORIEGE I Cor St GtRedib G € el ative

position of the die and substrate nust be accurately maintalined for high
pr oduct i Jow yempErasuresbsifore the sobseqirat drleand-tiae proath bg ivbehttie nmai ntain the die

in the pQsitli I i i t.0S ced opn_a subsirat r wi,thin a package
to withi (r%alg{)%u@m?g d}r%ﬂ%:gtto]‘\rcrféetdet?g S’(ﬂgs 3 'OEP%E%geZ%esc?r&r)ég%%ff?? g t?o“(’juri ng the
cur$ ng ofadhdsiveditine slisey Bavelatidymtite imByH1Q pbe excisd i@®SIhdi€idadl adhddBe nechani cal
stabilization is ver%ﬂgesi rabl e. i such stability may be

In partigul ar.
critical PrAR@ISeCFRaP %’Bﬁé&micﬁ“%%?’é} ﬁcﬁh%i “E’Fﬁeteﬁ@sqdrﬂf%fﬁf”i‘so“ﬁ‘"are attached

by hi gh \belhtided i-likk ABnd? i®£ ESrponent tHdd G p1RSd BY a RiBRarg BEEd pi ck-and-pl ace
equi pnent . Lacking such characteristics as being able to tack (i.e. to
mel t  and SPREGRRICHAr dif o Gther Jeqiionis camporent byt Gomrerdioy] piakaanoiplicEy voi d-fr ee
bond 1i nehyitneft, inefMRAE HoHEGniMe, RO enlYerGeda di g under a
pressur e%glfnal 655 t han~about ekgﬁcmen%a%oﬁt alég%g%wpg@[g&?ogﬁf seconds or
| ed@; andackedseriqualit drpubstraic imdividimllly eif desirad. nThregsame or silmalpetagingndsosi ti on

wi t hout lie ressur.e,,.even the adhesive.i.s stil.l inits "wet" or
uncur ed gp gétpg';&%sér%ﬁggcp gjcé]g[%lwg\}?ﬁﬁ’s%qug%acg‘%‘}?tOfimﬁi}‘]"lih" 4Ki'YR- speed die attach
process gatkageebyorté fifbisatestor oBfdr asserilies, adpaseblsey inkhén-dhd | ity of at | east

certain enbpdinents of t A nvent| t .achj eve such result renders it
attracti \Péo‘g’ﬁﬂo'bﬁg‘fesﬁflf‘é‘g‘s‘f‘%.‘h"\f@‘@% %‘g‘&?ﬁe EF1BEHOF besejg are. 14 Besi des
havi ng sufdritié RAtxehRBipkiddt, Both BiaRlafd e bbidfaRRhdi@o@he Waf er - si zed thin
sheets of dried or B-staged adhesive onto a sem conductor wafer or other

subdt r at eemconqusior Mefrsay RIS s morRat abisalGERETaE Mdand- cur e process
by whi ch 4,hfigirysem conductor die is attached to a substrate or package,
these dry, tack-free high flow 5 adhesive filns al so have adequate
integrity to Besuxcdasesda tagk-fre¢ filth VICfan apiddteopiodectinally opndyctiveven apart from

a sem COQQH&‘V%rm' ee&[}nplc;gjgal.sﬂdm3§ )ﬁr?d T?l?gre%'ia?\fv%wngnacs% Cross-

sectional view schematic diagrams, respectively, of an alternative exemplary

20 embodiment of an anisotropic electrically conductive wafer-level tack-free film 120
according to the invention. Anisotropic conductive adhesives include a dielectric
adhesive 122 in which are dispersed a multiplicity of electrically conductive particles
124, preferably elongated particles 124 that are relatively uniform in size, e.g., within
about 10% of each other, and that tend to be oriented in a transverse direction between

25 the two broad surfaces 126, 128 of film 120. The density of particles 124 is such that
there is normally insignificant electrical conductivity in a direction parallel to broad
surfaces 126, 128, but there is good electrical conductivity in a direction between
broad surfaces 126, 128. It is noted that particles 124 are not to scale with the wafer-
level size of film 120, but are enlarged for clarity.

30 Because of the selective and directional conductivity of film 120, it is applied

such as by lamination onto the front surface of a wafer 10 and wafer 10 is diced into



be handled in |ike manner to a conponent that is placed on a substrate or
sem conductx eidsas7or ot her el ectroni ¢ conponent by convePET/9$08/p0506

pi ck- and- pl ace equi prent, including, for exanple, placenent between a die
and a substrate or being 10 tacked onto a die or substrate individually, if
desired. The sanme or simlar tack-and- cure process can then be utilized to
finish the attaching of individual di¥®-nto packages, or onto substrates
or other assenblies, advantageously in an in-line production process. In
addi tion, tindvidud! tied0einditth ewnnee td ihkirssatibetatione Bdier ailiesye dlmd2oiabl e for
ext ended periods, bpt efore and after. hej ) 15

seni conduct?8P” ?S’Fgf ??/E’P‘(’:V%‘few el?nﬁaﬁtrﬁaﬁssgfo%ﬂ%t)lpgﬂ%?ﬂgg |d¥e\,§1)c%Jd?§?rperat ure and
hum dity. |40 (5966F sEASES: coRerb@®ith b aer finfakeilgdld, @bldamlvemplatitunnpi ¢

el ectrically conductive . adhesjve maé he enﬁk%ed. FI GURES ﬁ‘ and 3B are

pl an vi ew Fatiedypaether gesiousmeip} g Her Ymes B o7 i BF RS S Pespect i vel v,

of ansal t erfal¥ie 83wl fihsh; Qaﬁﬁb@mhe%mémusaﬁé@c&ommeav@hectr@ cally
conductive wafer-level tack-free film 120 according to the invention.

Ani sot r opi cng ondulyiniVayensikes veiskel Fraerumieside gica|Ust theite ofbmERiaE* 122 in
whi ch are d"g%grcefo(gecﬁantqleégttehﬂiﬂo% ths ;{afglo{eﬁg waféﬁhé,){nmi\%%l ve particles

124, prefervélly onga particles at are relatively uniformin
si ze, e.(Q. ,paviitdinpor ahodicletOoinfr embh wafeh@®., and that tend to be oriented

in a transverse (i ti.on between 25 the two .broad, surf 126, 128 of
:‘i | m 120. s¥hesdggé{]§§ 4:%"‘?5 ‘?"Erf"i?rségmfilzf@?e?agﬁglﬁ‘grtaﬁ’a(’tt%Hf‘ ’ﬁegrr?ng?'s nor mal |y

i nsi qpi fi caiMcirshie edsembla!100 ORRURE iaMidhihehtvf an eledimici demicpd® al dnel to br oad
surfaces 126, 128, but there is good el ectrical onduﬁ_} Vi t a direction

| i
bet ween  bredagionic pybsEws L iy empieying ihe plerpigi @ ererRETY Ba e&Flééd‘lfj%ﬁ are not to

scal e wi th dhe Wat fIGUREBYSA a8 78 Blcihibd Bbrka® 4ditlacAtesepbREgeevd or clarity.
30 Because of the selective and directional conductivity of film2120, it is

appl i ed  subhreagectiye surfden hereoftoanake elepiaiclcamiect g fhpse clgfrigiiaf er 10 and
wafer 10 i Scogxbxﬁ:%ge L Qes\égll%Hi %?o?’%é %S?Hﬁété@{h%q5_%ﬁx?m&§th'cﬂm whgual die 40,
t'o° PRatde bed a6 efore a

in |like nmanner SCr ove. esive film120 is
appl iled t o faf 20 id@minedeyenfer theSubaintta bt hoad ssprfecti wagattenkd elgpigicdf t he

i ndi vi dual die hereof shoul d be covered.-wth g, a elioo . i ckel - gol d,
gol d, sil Vecroptaﬁqsi?% %‘ﬁ’iﬁrfm %ﬁtaqorra%ﬂoa% 10 &CW@PCFBP%%{“E)‘“"S%z oy ice A{OL

: _ _ _ us e or other simlar
met al |'i zat | RQBEO g V8RbnR LA REIARh when device 40 is placed against substrate 40

in a flip-chip mounting manner. Electrical contacts 112 of substrate }10 project

above the surface thereof to make electrical contact with those electrically conductive
20 particles 124 of anisotropic conductive film 120 proximate thereto when electronic

device 40 with anisotropic conductive film 120 attached thereto is pressed against

substrate 110, preferably at an elevated temperature sufficient to melt flow the

adhesive 122 of film 120 to at least tack device 40 thereto. If anisotropic conductive

film 122 is a thermosetting adhesive, the assembly 40, 120, 110 1s heated for a time
25 sufficient to cure adhesive 122, as described above.

The anisotropic electrically conductive adhesive have similar tacking and
curing properties to the adhesives described above. Suitable dry, tack-free anisotropic
conductive adhesives include types ZTP8090. ZTP8150, ZTP8090-FP and ZTP8150-
FP thermoplastic adhesive films and types ZEF8450, ZEF8450-FP, ZEF8410 and

30 ZEF8410-FP thermosetting epoxy-based adhcsive films, all of which are available

from AI Technology, Inc.. such as in standard thicknesses of 2 and 6 mils (about 0.05



5 The thickness of the finishing |ayer of gold or other precious netal
conmbi ned A BA545Any underlying | ayer such as a nickel | ZF&USWAISENS be such
that the top of the contact 42 w |l be exposed and extend above the
surface of the wafer 10, including any passivating or other dielectric

| ayer on the wafer 10. FIGURE 4 is a side cross-sectional schematic di agram
of an exenplary 10 electronic asseH%1y 100 including attachnment of an

el ectronic 8 yice 40 to an electronic substrate 110 by enpl oying the

al t er nat i¢ gigﬁﬁ}ary waf er-1evel tack-free film 120 of FlI GURES 3A and 3B.

El ectrical conldasdve fiss BhviReNkeaBurdlgiPh@th&fchl &RRY&iont RAnbgsSPective surfaces
thereof to nake electrical contact with those electrically conductive

par ti cl eddepfifiedgboxpinsisiapenioICHRESd: P4 and 2B hpvdmpsrdumisaien. t her et o when 15
film 120 ¢ ?l%n'angAQdfoPcm%?Lo s tﬁ%}%ﬁ{ TR%fs geﬁgrdhﬁg eﬁéﬁp?%‘g%%t Ive pattern

of electrical” contacts 112 reon that correSpon pattern of
cond act s ZEP860 ahinptropic 4B cmicaly caddustieclfilnoisisanilantetypo®A89%ed t her ewi t h when

devi 40Q | | j b e 40 | £l p-chi ' .
e octri carngRed b BRh R ooaiag bRy M pRp e R Bt i Face

t her eof temperktareabet 120e@in CONedsds Wihthuideeaest ETpsi (babd ;7 conducti ve 20
particle 24 of anisotropic conductive film 120 f)roxi mat e t hereto when

el ect r oni*&"THERIFEEEAT4 @ 209 ve Vs in 535 thancbisgonrd Vil /eps thar 1P (3fokhched t heret o

i's pressesagaint %ress%l%b% fsabd dhOrypRAIrRu SR I2EFREsREp SAral©shdt enper ature
sufficient to me flow the adheSive 122 of film 120 to at | east tack

de¥P ce 4@EH34IEFRadhesive filmouxhibpidesitabledhight heleflow jap indesimableforthe her moset ti ng

adhesi ve,,, ke 2538 10le¥s BQeribkdfereik 10 i s heated for a time 25 sufficient to
cure adhesive 122, as esecnri%e%ielabove. The anisotropic electrically

conduct i ve adKESWRE Shaw eids tnosst-setianalokhangatia mighgramipf angexpmpleer ti es to t he
adhesi ves, descri bed e. . Suitahl e dr tack-free ani.sotropi conductive
adhes! ved R iory R a0y Siratieols st Bt Tt Fish e B ipbaTso” °Fp

t her nopl astn eleabhiSsuberatd 2108 mpRGingiRes e ApRBAGAbodihE 450 whidr-1e4EF8410 and 30
ZEF8410- FP_t hernoset ti n oxy-based adhesive films, all of which are
avar| abl éaCkffFeﬁﬁiq%IQ HEE I'ﬁ%gﬁgdﬁr % Et.’s.”a@@&ﬁ‘Saftcoinﬁerg’f’aﬂﬁgmo’l‘ﬁi cknesses of 2
and 6 m lsgbdalkQuth £ QeriGt QbsBRdsra fHaldd it 3 ¥boardl frd ed 0. 15 mm) .

Adhesive films having |ike four-digit nunerical designations to those
plurality of contacts 212 thereon in a patiern to make contact with the electronic

components to be mounted thereto. Substrate 210 typically includes a pattern of
electrical conductors to interconnect contacts 212 and the electronic components

20 connected thereto into a desired electronic circuit. Each electronic device 40 is, for
example, a semiconductor die 40 excised from a semiconductor wafer 10 with a
preform 30 of die-attach adhesive attached thereto, which dic-attach adhesive 30 was
applied to wafer 10 as a dry, tack-free film 20 prior to individual die 40 being excised
therefrom. Beginning at the left in FIGURE 5, semiconductor die 40 is attached to

25 substrate 210 by die attach adhesive 30 and the generally peripherally located contacts
42 thereof are electrically connected to appropriate respective ones of contacts 212 of
substrate 210 by fine wire bonds 216.

Nearer the center of FIGURE 5, another semiconductor die 40 is similarly

attached and connected to substrate 210 and has attached to a central region of the top

30 surface thereof not covering its contacts 42 which are located around its periphery, yet

another semiconductor die 40a. Die 40a is attached to die 40 by die-attach adhesive



identified above in relation to FIGURES 1, 2A and 2B have sim | ar

| am nati on, wd@gkd4smg, bondi ng and/or curing properties theretssosdsss this
regard, for exanple, type 5 ZTP8090 ani sotropic electrically conductive
filmis simlar to type TP8090 thernoplastic electrically conductive
adhesive filmwhich nelt flows for bonding at a tenperature above 120C in
1 - 5 seconds when under at |east 10 psi- (about 0.7 kg/cm) pressure and
at above 150C in less than 1 second with less than 5 psi (about 0.35

kg/ cnR) pr egseiben 30dwhish waﬂ@dlietd’taﬁiemyapma'fﬁﬁ%sm sirdilr 81hb0er Ftha EF8410 and

10 ZEF8410- FP adhesj ve. f exhi it desirabl t.flow as is

desi rabl e f(ﬁre“t‘?ﬁ?ﬁ' 465&?C%n%g 18“2# E%@E“B‘é?@?%’%%mﬁg%épﬁ “ORIKE 5 is a

si de Cross- sfFebhiied2 SEARbY frefiaBaNpairedlly BItofOEPl Bénsubk@Iooni ¢ assenbly
200 includin ttachnent of one or nore electronic devices 40 to an

el ectronic tiqnak dic ool kestacked in gimilee masasrs desiredpiesat thatihe ember
waf er - kevel oflifé il Bialted BPfe E del MheQcrOdie Enh@ﬂ@@nhltc@ thaf the%'xg%&!(z@t fe.dk0 15 a

conventi onal ctroni ¢’ substrate such as a ceramc substrate or a printed
circuit wiriangnbaersdhstatelfaSuch asqymbhal af stackefi chipntradacdit@ddbyt themeldn in a

pattern to ont a e SQaponents to be nount ed
t hereto. Subrge:lFl & gtﬂtowﬁr%pamewfh ﬁ g%‘:h dd?) Attern of electrical

conductors to |ntAenmmnethIGUREc’ﬁCthsee%&ﬁmaﬁtd:ctoh&]e@beaﬂ Lol g are erpiedent s 20
connected thereto [%(p eS| red el ectrgnl c circuit. Each el ects oni ¢ devi ce
r‘\ to&“‘g\:ﬁﬂ’

40 is, for 2BAWS loetiestralg L0 by respecih wetie-pirasprdhesiépi®onduct or

waf er 180 wi tj@aa%()hWh@.th;l}aﬁ‘ag}qxe@fthe%l@améf%@eﬂﬂhﬁﬁl'la\r‘%aﬂﬁ&@&ﬂﬂ@@réms to, which
di e-attach adhesive 30 was b@plhlle to wafer 10 as a dry, tack- free film 20

prior to indietrgedl Digite’. 402 Bvelersies] contiy dftheoneriPBayiTPhgaat t he | eft
in FI GURE 5ma§§9?:&x95ﬂ3ﬁ%%hhgla&e§% cgf%tsé‘gﬁ-ggaﬂcf’nd%?o?suﬁﬁﬂ@ FovadtD by d' e

attach adhesive 30 an he gerfer per i pher al cated contacts

t hereof are %dcewquoomct:ynsdmtwwwmims oneapprhe pdgeabaiaciespbe #0'v40' o@D of
contacts 212 ? sy bgttrC 2%0 bb-%zfst W re bonds 216. Nearer the center of
FI GURE 5, anOtRer S&m Eondact st %'e is similarly attached and connect ed

to sulistrate 210 Bynrehphdsngalry agihecbetabhaive Ethd lRving @gipenicofikd thesdiaple 30
surface thereof not. coveri ng%l ts contacts 42 which are Ié)cat ed. around its

peri phery, yOfRRdRiRSIe KEhi2PoYFataek-Bre Hihesivegdms pive Dpmforad Wi geR¥d to die 40
by di e- at t aqhmadig shi¥ 8eMEL ULt BPd 2X4rs RELLYIROLRA 3 PRatabid #esults. Thus,

productivity and repeatability are dramatically improved by employing the invention
as compared to prior art processes employing tacky films. The invention

20 advantageously can allow meaningful improvement in production usage and reduction
of production cost.

The method according to the present invention is now described in detail, for
example, for making the embodiments described above. This method is sometimes
referred to herein as the "tack-and-cure” method because the wafer level die-attach

25 adhesive preform is first "tacked” to the semiconductor wafer, and individual
semiconductor die excised therefrom with die-attach adhesive attached are then
"tacked"” to an electronic circuit board, package or other substrate, followed by the
curing of the die-attach adhesive thereafter. Curing of the die-attach adhesive is done
without the addition of or maintenance of pressure to hold the die against the circuit
30 board, package or other substrate.

The melt-tacking process according to the invention preferably utilizes a



preform 30a which was applied to die 40a at wafer level in simlar nanner
to that wwoensesrsly described. Bond wires 217 connect oirgsysadzospnt acts 42
of die 40a to ones of contacts 42 of die 40, or alternatively directly to
contacts 212 of substrate 210. Additional die could be stacked in simlar
manner, as desired, except that the nunber 5 of die is |limted by the fact
that each die nust be smaller than-tige one below, i.e. the one nearer
substrate 210. Such assenblies of stacked chips are facilitated by the well
def i ned alaamamrdiaﬁhpwpqﬁmfpem&cﬁ&om‘drbmesdrizemedthmalf’e Rafidso ¥e. At the right
in FIGQU em con g}or di e 40 40' b are stacked and

attac he?EF glpggélﬁe %‘f &gt é‘ffé"sf esa%eﬁ"lﬁé’f"ég %"‘I’@“?ﬁd fodRgp¥satirqrdugPte- at t ach
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simlar rranner to that previousl descri bed. , 40" a, 40'b have
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to be easkinjnatdrasitinat eedcbHDA 26Eavalt Al f#6h Q1. Wabsatedl il Maalsby and with
repeatabl g results. Thus, productivity and repeatability are dramatically
i mproved BSPEHbyi ng the invention as compared to prior art processes
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2 e die-attach adhesive will not adhere, or is itself a
release material. A Teflon® cloth of about 0.05 - 0.30 mm (about 2 - 6 mils)
20 thickness has been found suitable for many laminations, and a soft non-silicone
rubber pad is also suitable.

Where the die-attach adhesive film or die-attach adhesive preform is obtained
from Al Technology, it is preferred that the release liner supplied thercwith be
utilized. A suitable thermal transfer protective buffer sheet type TP7178 may be

25 utilized against the wafer side to facilitate the transfer of heat to the wafer. The type
TP7180 buffer sheet and other similar low surface encrgy films may also be utilized
as a release liner sheet or buffer sheet between the die-attach adhesive film tacked to
the semiconductor wafer and the conventional tacky wafer dicing tape utilized in
dicing the wafer. The low surface energy characteristic of such buffer sheets is such

30 that the adhesion of the die-attach adhesive to the semiconductor wafer is greater than

is the adhesion of the buffer sheet to the die-attach adhesive, so that the die-attach
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tacked to the sem conductor wafer and the conventional tacky wafer dicing
tape utili zB@inaningihgitsapperase Rk Rat signifigantly rs iheradbesi ekt ¢ char act eri sti ¢
of such buf tam$NaehSerhiBreSHE Reuting time below the temperature-time profile for curing
the adhesive) may be utilized.
A suitable laminator for the wafer-level tack-free adhesive preform described
20 herein includes a pair of cushioned rollers that can be heated in a controlled manner to
a desired temperature in the range of about 60 - 200°C, for example, with a tolerance
of £2°C. Cushioned rollers are most desirable so as to maintain a substantiaily
constant value of pressure on the wafer and tack-free adhesive preform being
laminated thereto, and such rollers are preferably spring-loaded and resilient (e.g.,
25 have a rubberized surface) so as to expel entrapped air between the wafer and the
adhesive preform laminated thereto. Laminator temperature is moniiored and
controlled, such as by a K-type thermocouple, and lamination time is controlicd by
controlling the feed rate of the laminator, such as to a typical rate of about 30.5 cm
(about 12 inches) per minute. Preferably, the laminator is compatible with operation

30 in a clean room environment, and with the non-stick wafer holders described below.

The efficiency and productivity of wafer-level lamination of tack-free
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avoid excessive pre-curing prior to attaching the die to a substrate or package.
Preferred thermoplastic tack-free die-attach adhesive materials for use in the
20 method include adhesive films of the following typcs (having melt-bonding
temperatures as given in parentheses after each type number): TP7260 (280 - 300°C),
TP8260 (280 - 300°C), TP8150 (210 - 230°C), and TP7150 (210 - 230°C), ali of
which arc thermoplastic film adhesives available from Al Technology. The adhesive
must reach the melt-bonding temperature at which the onset of melting and tflowing of
25 the adhesive commences and at which bonding occurs with the prescribed pressure
applied. Tacking and bonding are essentially instantaneous once the melt-bonding
temperature is reached, and the adhesive is allowed to cool thereafter.
All of the preceding adhesives are self-supporting without the need for any
fiber-glass mesh or other support. Suitable support for holding and handling the
30 semiconductor wafer is desirable and is described below.

With the use of an adhesive film specifically engineered for high flow, such as
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about 30. 5vwnis#bout 12 i nches) per m nute. Preferably, pdesosassonator i s
conpatible with operation 30 in a clean roomenvironnent, and with the
non-stick wafer holders described below. The efficiency and productivity
of wafer-level |amnation of tack-free WO 01/35457 PCTI USO0/ 30506 -20
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without the pressure-applying fixtures and/or tooling that is required for tucking.
FIGURE 6A is a plan view schematic diagram of an exemplary holder 300 for
20 semiconductor wafer 10 and FIGURE 6B is a side cross-sectional schematic diagram
of the holder 300 of FIGURE 6A with a wafer 10 therein. Wafer holder 300, which is
suitable for use in the method described above, is preferably rectangular having a
iength L between about 18 and 33 ¢m (about 7 - 13 inches) and a width W between
about 20 - 36 cm (aboui 8 - 14 inches) as is suitable for the particular diameter of
25 water 10 (e.g., conventional wafer diameters referred to as 4", 5". 6", 8", 10", and 12"
wafers (about 10.16, 12.7, 15.24, 20.32 25.4 and 30.48 cm walers) that holder 300 is
to hold. Wafer holder 300 has a generally circular recess 310 thercin for receiving
wafer 10, and recess 310 may include a flat edge 312 for engaging the flat edge 12 of
wafer 10 thereby to locate and orient wafer 10 in a predetermined position in holder
30 300. The depth Dy of recess 310 is less than the thickness of wafer 10 so that wafer

10 extends above holder 300 for receiving heat and pressure for tacking die-attach
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In utilizing wafer holder 300, wafer 10 is placed in recess 310 and tack-free
wafer level die-attach adhesive film preform 20 is placed on wafer 10. Typically, die-
20 attach adhesive film preform 20 is about 0.075 - 0.15 mm (about 3 - 6 mils) thick and
is smaller in diameter than wafer 10 by about 0.025 - 0.075 mm (about 1 - 3 mils).
The straight edges of holder 300 are particularly suitable for being fed through heated
rollers for laminating die-attach adhesive preform 20 to wafer 10, the straight edge
thereof being of like shape to the contact line between cylindrical laminating rollers.
25 Preferably, a release substrate or release liner 336 is placed over die-attach adhesive
preform 20 so that it does not adhere to the laminating rollers or press.
Holder 300 also advantageously may be a section of a belt or conveyor, as
represented by the dashed lines 320 extending from the sides of holder 300 along the
direction of lamination indicated by arrow 322. Such belt or conveyor includes a
30 number of recesses 310 along its length for holding a number of wafers 10 and for

moving such wafers 10 through a pair of laminating rollers in an in-line continuous
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over al | t hivkehass nade.gfe g tolese d80Obddsn edhasion tOwaEr holder 300. nYpfeabout 10 - 20
mls) wher e.4-Ni ) er 10 .1.s..about 0. 20 »,0. about 8 - 18
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tackibree suafPTFEWeb! el ath achidahest\se aluiritonpeatcdrvmh2onstigt aced on
wafer 10. Typical Ix, %h?eﬁ- 20 attach adhesive filmpreform 20 is about 0.075
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by about 0.025 wileQ/kferWBIdtADBW sultable Br Bid Wikh 2 heated lamination press, its

generally circular shape can present difficulties in fecding holder 400 with wafer 10
therein through laminating rollers. FIGURE 8 is a side view schematic diagram of a

20 wafer carrier 450 having therein a wafer 10 in the exemplary holder 300 or 400 of
FIGURE 6A or 7, respectively. and is particularly useful for feeding wafers 10 in non-
rectangular holder 400 through a pair of laminating rollers. Wafer carrer 450 is
preferably of a material to which die-attach adhesive 20 will not adhere, such as PTFE
or of metal such as stainless steel or aluminum coated with a non-stick material such

25 as PTFE or silicone. Carrier 450 is preferably a rectangular sheet of PTFE having a
thickness of about 0.075 mm (about 3 mils) that is folded along line 456 to form
upper and lower covers 452 and 454 joined together at hinge line 456. A wafer holder
300 or 400 with a wafer 10 therein, and having a dic-attach adhesive preform 20
placed on wafer 10, is placed between covers 452, 454 of carrier 450, and is then

30 placed in a heated lamination press or is fed through heated tamination rollers to tack

laminate preform 20 to wafer 10. Carrier 450 may also be used as a protective storage
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renovi ng anyether hetable muthodlf whethativsing b sclineguidvess, w batbh proeéssyanod®ati s | ani nat ed

thereto. FL.GURE 7 is.a plan view schematic diagramof, an, alternative

enbodi ment 11"8 .Rﬁg%ouéﬁg%ﬁoépﬁcemye a ?Bféﬁe"ﬁﬁ&cﬁ%\?? %eéwﬁgl{%sr%ﬁ ly circul ar
recess orclapgsdianghadhidinddnin@er prdkierd aft@ifihdy atratiGedpd theeehferpdr afteF a @iE0CessiNng i n
acg@r dance w t{; ta(e inal_enti on. Wié\gr hol der 400 has, a generally circul ar
recdss 415VINgdReRA-Tror dis attash adhes Vadime fackas! thepep is grokestieda9l48e Ay i ncl ude a
flat edgesuBdizad, Ohe RRPAIINIoRd® debids. €dge 12 of wafer 10 thereby to locate
and orient wafer 10 in a predeterm ned position in holder 400. The

di mensi ons of Waic<amples el tacking ha thckiee disceseh aghesiveHsrapplyingand of t he

mat eri al s.abin MhGiRi1Evel i rl Li lation to
waf or morciuin s¥eBiyibve S%ﬁgF“gg’r‘d %%“%es‘ﬁ%?‘é %f‘%%‘?‘?ﬁg’f“l“g%%%@?‘§°g‘| to which

di e- at t acef hatiwed preesuiOefiective tnatcltfbinethe jack-Fres dichattach 4dhiedvediilmof net al such as
st ginl ess .ok alum numcoated with,a . non-stic mat er i such as PTFE
or 1511 T oom e eRlicy S HEThERBHESehe RRr PEREE e T Reth i heat od

| am nat i cthenosgBng adhssivege natsideted te hotdubadigrshiapdy casd [friesmains dblEf i cul ties in
feeding hol der. 400 with wafer 10 therein through |am nating rollers.

i ore s o usiaend ot inbEn Shharte wif s iy oot | RErem® o0 155 of

applied pressure.



20 wafer carrier 450 having therein it wafer 10 in the exenplary hol der 300
or 400 of 6A or 7, respectively. and is parti cul | for

f eedi ng V\/afv‘g':lr(g"’g ’in non- rect angul ar hol der 400 throughggi‘/gSadldé’é}s?)ﬂ?|

lam nating rollers. Wafer carrier 450 is preferably of a material to which
di e-attach adhesive 20 will not adhere, such as PTFE m’if nmetal such as

stai nl ess steel or al unm num coated w le_ a non-stick m I&Wﬂﬁmmm

PTFE or silicone. Carrier 450 is preferably a rectangu A
having a tRigleese Qhviabeyt 0.075 mm (about 3 mils) that is fol'dedl at ong
line 456 to form upper and | ower covers 452 and 454 joi ned together at
hinge |ine 456. A wafer holder 300 or 400 with a wafer 10 therein, and
having a dig-att LYE Rr nl , A i is placed

bet ween covg'rs 4’%‘%‘@2@%&%& a\({:(gﬂ'lb%sg&%é%?géﬁl hlgssiﬁétj ﬁ@ﬁk%égfié‘g‘% in a heated

| am nati on pressadhgsiveprdfath threougimpnemged | am nation rollers to tack

| am nate preform 20 to fer_ 10. rrier 450 .al so be used as a
protective storage WFUY %%%’?‘ﬁéﬁ%lﬁlﬁ%%%*%%gﬁwdevi ce for storing
wafers 10 wi th di e- atl.amb uRdNRTr YRk g fiRlahcihdhaniengiiad at hereto.  Wile the
present invention has been described in ternms of the foregoing exenplary
enmbodi ment's, varseEtpHSoRMefin t he scope and spirit of the present

nvention as def i ned btk elesh e Bk iRk RS dhbivefimARBBRAE tieo those

skilled in the 5 art. For exanp e tack-free filmmy be of |ike size

as or |arger or tatkefrdeatic-sttrainadies ve faf orthe smidendistdrvafes; andcked, and may be
lam nated to the W?‘f Ghcislng (e é’n%lcén%lﬁabr ZafB 553 theQh k—f?&)ﬁieq‘]nr&gﬁ acﬁw'é&ibé'ib l'e
nmet hod, whet her using an he PTe process, a bat &h process, or one at
time. Al though igrefofn iokednigas sas ndividubl seliropdieice dieedcht mokwfar ee adhesi ve

films be clanped or i ntai ned under pressure after they are tacked to the
wafer, or after Tﬁ’”ﬁi“é’q‘%’t Fresgiaech %fg’ﬁ‘i"l’crég‘ ta?ei‘ééﬁtcfcé%h adhesive film

tacked thereon is tacked to a package or substrate, one may do so if one
so desires. \Wile exanpl es of tacking the tack-free die-attach adhesive by
appl yi ng  cért ai Theenashas) d elpim & wdpssinghe aelgfreadierajpck adifrive {bidet ¥ ar e

descri bed, any j oy N o Livea . It flow the
tack-free die- aﬁ?%g?l%gogﬁem ve }?JlaF%éhfgog\na%egﬁltﬁ&gﬁﬁﬁﬁéﬁggn%ﬁlg;tb%l???ng t he

t her nosetti ng adhiegireeombisitionyapitae. endivbyietheredhe t hernosetti ng adhesi ve
is considered to not have significantly cured if it remains able to
melt-flow and tack onto a substrate with | ess than about 1 kg/cnR (about 15
psi) of 3. The method of claim 2 wherein the tack-free die-attach adhesive is

predominantly thermnoplastic adhesive having a melt-flow temperature in the

range of 100 - 300°C.

4. The method of claim 2 wherein the tack-free die-attach adhesive is
predominantly thermosetting adhesive having a melt-flow temperature in the

range of 60 - 150°C.

5. The method of claim 2 wherein the tack-free die-attach adhesive is

molecularly flexible.

5. The method of claim 1 wherein the film of tack-free die-attach adhesive is self

supporting without a supporting film or mesh.
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applied pressure. WO 01/ 35457 PCT/USOQ 30506 -25- 11111111111212!' liii!
111121111 WOUBSRIAT 1S CLAIME 1St 1. A nethod for maki n?CH/UESeHI%ENduct or di e
having a tack-free die-attach adhesive preformthereon conprising:
providing a filmof tack-free die-attach adhesive; placing the film of
tack-free die-attach adhesi ve again sk a sem conductor wafer; heating at

| east the tack-free die-attach adheméve fllmand tacking the tack-free

di e-attac ad Si Vv f|| to.the seni conduct ar ex0|S|ngthe
sem condulgt or WS cm tgﬂ?‘ hegiine apdtag Bﬂ'é‘gisvaém“ﬁi“éf orm t acked

thereto into itheiavk- dwﬁxeaamh@aﬁ&mtfﬂm@lm seakbndidior R@feg portion of the
tack-free die-attach adhesive filmtacked thereto. 2. The nethod of claim!|l
wherein the tack-free di e-attach adhesive includes at |east one of a

t her mopl agt i ¢ BRbEsHoMe cﬁuﬁb%mz%ﬁ;atd Ilag.uaﬁkgﬁicmaes p?&@-ng ém; end, mxture,
conbi nati on, |lam nate, and hybrid thereof . The rret]h of claim2 wherein

the tack-free semiconductas hvafed Badihe &ilm of tapk-freodie rattarthl agh¢siverfitmplawed | ¢ adhesi ve
haVI ng a ITE| t Jlérg ﬁlﬁmﬁg%gppa ilerl t r1121Gm1 r[laorllll lesaﬁnci]'a eall' Of?"looc 4. The et hOd

of claim2 wher e| r'ee esi Je3t5d edomi nant | y

t her noset ti ng ladinesonelléravi ng a rrelt row tenperature in the range of 60 -
150C. 5. The nethod of claim2 wherein the tack-free die-attach adhesive is
nol ecularly flexible. 6. The nethod of claim1 wherein the film of

tack-frees.di e-Eretnativda bREN ¥ Gurtter S6thprisinsUMRHelthe\@ midnBGMbr afsyppOr ting film
or mesh. This Sheet Has Been Replaced 11111111 1]]1111 1111111 WO 01/ 35457
PCT/ US00/ 30506 non-stick wafer holder having a recess shaped for holding the semiconductor

wafer before said placing the film of tack-free die-attach adhesive against the

semiconductor wafer.

10.  The method of claim 9 further comprising placing a sheet of release material

on the film of tack-free die-attach adhesive.

11. The method of claim 1 furthcr comprising heating at least the portion of the
tack-free die-attach adhesive film tacked to a first one of the semiconductor
die and placing the tack-free die-attach adhesive tacked thereto against an

electronic substrate to tack the first semiconductor die thereto.

12. The method of claim 11 further comprising pressing the semiconductor die

against the electronic substrate while curing the tack-free die-attach adhesive.
13.  The method of claim 11 further comprising curing the tack-free die-attach

adhesive without pressing the semiconductor die against the electronic

substrate.

A
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-26 7. The method of claiml| wherein said heating and tacking includes

| am nati ng ck-free die-attach adhesive filmto th ] uct or
waf er. 8. fﬁ%pﬁg%ﬁod of claim?7 wherein said |amnating ?ﬁ@?ﬁgégﬂgressing

the sem conductor wafer and the filmof tack-free die-attach adhesive film
pl aced thereagainst using one of a heated |am nation press and a pair of
heated lamnation rollers. 9. The nephod of claim7 further conprising

pl aci ng the sem conductor wafer in a non-stick wafer holder having a

recess shaped fcrmeh_&ksfd;hrwcmﬂﬁﬁ%&qaﬁlyﬁﬁl_@gheaw@,{]@ncamﬂ@mﬁmfdhdoI acing the
filmof tack-free die-attach adhesive against the sem conductor wafer. 10.

The method of cltgkniey dertiapkrdnedrfilimsnakgd [ assrong oae ehibe sergifondedi@iase
material on thed iy .éernﬁttﬁﬁtgélj-fr&%igétg]&ﬁgéh@& AR The&o aghins: tﬁpﬁrsmt hod of
g t east t e

claim1 further conpri si eating at e portion of t tack-free
di e- att ach adhescwmiofductr izekwadk tho fisst $amisindener did theke®w. seni conductor di e
and placing the tack-free die-attach adhesive tacked thereto against an
el ectronic substrate to tack the first sem conductor die thereto. 12. The

met hod of ci5ai MTht retiddReE 1o MahirSinRE d ProRasd dngfi e skt @ndaatior die
agai nst the electroni ¢ substrate while curing the tack-free die-attach
adhesive. 13. THEsiaiMRIeyprovdiae diark-Treg dierptiachoashpy Yedirefgme iFluAget he

tack-free di e- attiagdm 3RaRAE WK RARUe- RELES MhRgvd fierosaidLoRiuet or die
agai nst the electronic substrate. ~ LI 110110 1111111212 1 ~'11 ¢

This Sheet Has BaemhwRepindeerpttem|of indjvidugl taek- ) die-pitack pdhesinopBinms 457

PCT/ US00/ 30506 - - i.mi11. t . i.sjng heating
at | east the porcgﬁ%sﬁang? t%-%gatgﬁaégg- ‘Srqzemeaﬂé]?&elfgg 'gc é%wsaégﬁ{eesﬁ%@gg F(:‘l"?{r%pt acked to a
second one of thafsend bardiet bnweeditiee iadididpdl ack Agge tdheeattaaickihtsiee di e- att ach

adhesi ve tacked thereto against the .first )
pre OIS COTTeESpon mg 10 excxsmg spaccs Of the semxconductor wafer.

i6. The method of claim 1 wherein said tack-free die-attach adhesive is at least
one of insulating, electrically conductive, anisotropic electrically conductive

and thermally conductive.

17.  The method of claim 1 wherein said excising the semiconductor wafer
includes placing a buffer sheet against the tack-free die-attach adhesive film
and placing a tacky dicing tape agzainst the buffer sheet, wherein the buffer

sheet preferentially adheres to the tacky dicing tape.

18.  The method of claim 17 wherein said excising the semiconductor wafer
includes, after dicing the semiconductor wafer, removing the tacky dicing tape
and the buffer sheet, wherein the tack-free die-attach adhesive film remains

tacked to the individual semiconductor die.

19.  The method of claim 17 wherein the buffer sheet is a layer of a sacrificial

material having greater adhesion to the tacky dicing tape than to the tack-free

NI

die-attach adhesive film.
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sem conductor die to tack the first sem conductor die thereto. 15. The

met hod ofwa@éiaisss7l wherein said providing a film of taclkecrrusesdss- attach
adhesi ve includes providing a tack-free die-attach adhesive preform
including a pattern of individual tack-free die-attach adhesive preforns
on a release l|iner, wherein the pattern of individual tack-free die-attach
adhesive preforns corresponds to a28attern of individual electronic
circuits of the sem conductor wafer and has spaces between the individual

t ack- f r ee2qi e-Hretremthpdeadislairn J avhepsirethe films ot @elk-brepdieraitasy adeesbieci si ng spaces of
t he sem condug f.ek. - | al i i.d tack-free
i - 2t t hoh adnBapistEicscte sl BEGURaPnEh e T IR FL ARty

conducti ve, arhsHim oftack-fteadit-nitachlatihesive imdliclts placingthe tackdrendiel y conduct i ve.
17. The met hod tofh ]cl ai m.ltwher.ei n,_said fexci sing the sem conductor wafer

i ncl udes pl aci WEHBUPBUPS 8REBEOUNE R e t ack-free die-attach adhesive
film and placing a tacky dicing tape agai nst the buffer sheet, wherein the
buffer sheet preferentially adheres to the tacky dicing tape. 18. The

met hod of 2kl ai "'J!‘?e‘Wi’e‘?félaﬁnéQlW&c‘@%asdiel’i@‘s‘tnﬁéhcsséﬁiceb%iﬂiﬁ”éfcrmaf er includes,
after dicing tjRaualMERBMGHhRAapRbEhe tltRARY e GichdMeadhaGleNi I dphiagk tape and
the buffer sheet, wherern the tack-free die-attach adhesive Tilmremains
tacked to the dtaekindiciuglaps evhieteondie intestayerinsefereatiallyaghesesttn ¢ tekycl ai m 17
wherein the buffer, sheet is a layer of a sacrificial material having
greater adhesion To the tacky dicing tape than to the tack-free die-attach
adhesive film 2111111j 11111111121112111 11IL Ms This Sheet Has Been

Repl aced UL EN 1t | L 1 WO 01/ 35457 PCT/US00/ 30506 -28 20. The
rethod of 21 ai TR el pL R o S RRB I aE TP RNRIT S adhosi ve

i ncl udes a t adgkclfideserfibvéngitht &Ky didiyig tapa Afleraticihgithe séniy@iduciandafeher ei n sai d
placing the filmof tack-free die-attach adhesive | nc| udesh B:l acing the

t ack-free di e-Wherein the interlayer substantially releases from the tack-free die-attach layer
and the tack-free die-attach adhesive film remains tacked to the individual

semiconductor die.
23.  The first semiconductor die tacked to an electronic substrate by the tack-free

die-attach adhesive film according to claim 11 wherein the tack-free die-attach

adhesive film includes thermoplastic and thermosetting adhcsive resins.

0 i
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attach | ayer against a sem conductor wafer. 21. The nethod of claim 20

wher ei n saiyl, gpaghsdi Ng the sem conductor wafer includes i e
interlayer of the tack-free die-attach adhesive film agalp%g,t%dag’ﬁ%egcky

dicing tape, wherein the interlayer preferentially adheres to the tacky
dicing tape. 22. The nethod of claim 21 wherein said excising the

sem conductor wafer includes renovingethe tacky dicing tape after dicing
t he sem conductor wafer, wherein the interlayer substantially rel eases

from the tagk-freeethof {@naaif floayLfemicndudibievaiack iddiaualli e- at t ach adhesive
filmremains tacked to the individual sem conductor die. 23. The first
seni conduct or disEMicqpRIster €i§ haring p tsk-fren fig-2ehadhesive T proferm Bemos r ee

di e-attach adhegjog.&\mgi%,é:m according to claim 1l wherein the tack-free

di e-attach adhesive tTImincludes thernoplastic and thernosetting adhesive
resins. | i1 1 11 1 phavidirg 4filin dftdckdfrek die-ditadil ddhbdive iScliding Sheet Has Been
Repl aced 111111]{%1%1113{1%1;11%%1 I N Y\O 01/ 35457 PCTI US00130506 -29 24. A

met hod for naking PR S “LEMCEBNEURE BF af er an i ndivi dual seni conduct or
di e having a tack-fr gkcilg eredilinaf lich@lae gie\a@adh ddRsple@Efihdntiher eon
conprising: providing,a filmof tack-free die-attach adhesive including

t her mopl asti ¢ arfamfcﬂg‘?%f?éé’lﬂﬁ KoupBantigdy cqyprachray suacstieEelor t ack-free

di e-attach adhesive againpstleisNe 1RRMeE BRIMEIOIINNR I a St SIANt i al |y cover
a broad surface thereof; heating at |east the tack-free die-attach

adhesi ve film t SCTEPH#PE-2nd bl tiegpressure theectaind ke WFinfreprieg8ephe thereto to
tack the tack-fry ﬁesﬂ'ezfrl]@tt& ﬂx‘é!ﬂmaﬁgﬂﬁgé ¥Eind Ll Qu{x&%ﬁéroﬁr% surface of the

sem conduct or wafer; exci sin e sem conductor wafer and the tack-free
di e-attach adhesive epigdgpthesdmclodocidmesfatand ihatiakifrdidd-aiueh adhesiviconduct or
die each having p?‘efonn tacked thereto into individual semiconductor die each having a

portion of the tack-free die-attach adhesive film tacked thereto.

25.  The method of claim 24 wherein the tack-free die-attach adhesive is
predominantly thermoplastic adhesive having a melt-flow temperature in the

range of 100 - 300°C.

26. The method of claim 24 wherein the tack-frec die-attach adhesive is
predominantly thermosetting adhesive having a melt-flow temperature in the

range of 60 - 150°C.

27. The method of claim 24 wherein the tack-free die-altach adhesive is

molecularly flexible.

28. The method of claim 24 wherein the film of tack-free die-attach adhesive is

self supporting without a supporting film or mesh.

29. The method of claim 24 wherein said tack-free die-attach adhesive is at least

one of insulating, electrically conductive, anisotropic electrically conductive

A

and thermally conductive.
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portion of the tack-free die-attach adhesive filmtacked thereto. 25. The
met hod ofw@bizases724 wherein the tack-free di e-attach adPe3rvseoiosos

predom nantly thernopl astic adhesive having a nelt-flow tenperature in the
range of 100 - 300C. 26. The nethod of claim24 wherein the tack-free

di e-attach adhesive is predom nantly thernosetting adhesive having a
melt-flow tenperature in th:: rang80of 60 - 150'C. 27. The nethod of claim
24 wherein the tack-free die-attach adhesive is nolecularly flexible. 28.
The net hotP-of Tieansthalpl whsim a# whetsia shid hertrs and arplyipg gregives ielidesh adhesive is
sel f supporti e [ L . . thod of claim
24 wher gipn saiqgmitﬁg{éwg glgk 3,:428 %tz{n%%ﬁadg%fk@sf?@ég?%%?‘%l%ggg%%fgﬁe of

i nsul ating, elsemicondwtdrwatamsing bhevef,a heaed bimimpion peseatdrd mildfy conduct i ve
and thermal |y Conglllct.i Ve ]1 11111211211211211121212121212 {111 This Sheet Has
Bc: n Repl aced &t AP TS 111111111 1111 111 IN WO 01/ 35457

PCTI USOQ' 30506 -30 30. The nethod of claim24 wherein said heating and

applying pressure includes _|amnating the tack-free die-attach adhesive
filmto t br%d""é‘l?ﬁdf“’gfg"liﬁo ‘ng‘e"%‘éﬁ‘ﬁné@ﬁd’m’cnéﬁhﬁf“é ndest ' ®ie of a heat ed

| 'am nation pregs ndRGck watd holder hi\emd £cds@fapéd foPRoltimk gy s. 31. The met hod
of claim30 further conprisi nfq pl aci ng the sem conductor wafer in a

non- sti ck waf esemigsndustoryafarbgioze sakmapinasthe il of tagk-fiest die-Aachhe

seni conduct or mgsg‘%e &gifngrtge s%g'li&ngl!xc@&jv*%gert he filmof tack-free die-attach
) . .

adhesi ve agai nst e“sem conductor wafrer. 32. The method of claim 30
further conprising placing a sheet of release material on the film of

tack-free,die-atta hesi before said | am natin 3.  The.net hod of
cl aim 24 ?grt h@?ﬁ 'B%Er%“?(gsc? 'E\éﬁé eﬁ‘éoné‘fnslnééjlls Fede %cér%{ fcgcﬁlseo%‘n?rﬁgere tack-free
di e-attach adh@sthy filoh bf ttK-freddielaftarhadlidsive beforessailflamiratisgem conduct or

33. The method of claim 24 further comprising heating at least the portion of the
tack-free die-attach adhesive film tacked to a first one of the semiconductor
die and placing the tack-free die-attach adhesive tacked thereto against an

electronic substrate to tack the first semiconductor die thereto.

34.  The method of claim 33 further comprising curing the tack-free die-attach
adhesive without pressing the semiconductor die against the electronic

substrale.

35.  The method of claim 33 further comprising heating at least the portion of the
tack-free die-attach adhesive film tacked to a second one of thc scmiconductor
die and placing the tack-free die-attach adhesive tacked thereto against the first

semiconductor die to tack the first semiconductor die thereto.
[0 11T
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die and placing the tack-free die-attach adhesive tacked thereto agai nst an
el ectroni c wobstsssite to tack the first sem conductor di eptivesmizeses 34. The
nmet hod of claim 33 further conprising curing the tack-free die-attach
adhesive without pressing the sem conductor die against the electronic
substrate. 35. The nethod of claim 33 further conprising heating at |east
the portion of the tack-free die-attach adhesive filmtacked to a second
one of the sem conductor die and placing the tack-free die-attach adhesive
tacked t her¥to dgamsdwrdphdaim 2evherge piid prodidotgarfilaiof tack-feadic-aitaeh f i r st

sem conduct or di e LI LY Juld !l ~Jl] 1~ ~h CL. :1|. . ~.. This
Sheet Has Been ﬁgxﬁﬁggggﬁsﬁ%ﬁ?rwﬁfi%%-lffee Hel'alttf‘%\ ‘}dpe% pée_liff %%ngg

PCT/ USOQ 30506 a-p2derB6f indiveiuaabdkokkeafic-stagh fdhddveriefoahdosaielbagtr ovi di ng a
filmof tack-free die-attach ad?esiv i ncl udes providing a tack-free

di e-attach adhe ﬁ“?/"ewg?r@‘f’él?erﬁai"ﬁ@louH’idh"dff”ab‘aﬁ%f"?ee‘?’?fa%h RERESVYE BIEEIM™E ack-f r ee

di e-attach adhesbi¥&pBidi®4 PRreflofdndiAhERSEctrdnlcNStuits YAGREDDad RifaRat tern of

i ndi vidual tack-free die-attach adhesive preforns corresponds to a pattern
of individual elcEdEsepicendsriotwhfesangrhas spacds boaugenihe fraliraduabfack-free

sem conduct or c N padivi l, tack-free

di e-attach ad h@?ﬁtaﬁf{‘@%ﬁ%@ﬁ?@g gg%?gﬁcﬁgb {ogﬁg%lg E‘?’aﬁ%u"gé%ec es of the

seni conduct or waéreicondggior Fifer.net hod of cl ai m 24 wherein said excising the
sem conductor wafer includes placing a buffer sheet against the tack-free
di e-attach adhesive film and placing a tacky dicing tape against the

buf fer sheet?, wTae eiethot! beclinf Idewherdh el episafzaheRinichtyci@digdres to the tacky
di cing tape. 38. e qethod o; claim37 wherein said excisjn? t he

semi conduct or waIB1Hes PiagRg aldTer sheptagaigptehaiych fies dentcBadhrerefimar er

renoving the tagkypiadisg NAckod8ng APadalt8r AL DA sRREQhereWBE GicRert he portion
of the tack-free die-attach adhesive
sheet preferentially adheres to the tacky dicing tape.

38.  The method of claim 37 wherein said excising the semiconductor wafer
includes, after dicing the semiconductor wafer, removing the tacky dicing tape
and the buffer sheet. wherein the portion of the tack-free die-attach adhesive

film remains tacked to the individuat semiconductor die.

39. The method of ciaim 37 wherein the buffer sheet is a layer of a sacrificial
material having greater adhesion to the tacky dicing tape than to the tack-free

dic-attach adhesive film.

40. The method of claim 24 wherein the film of tack-free die-attach adhesive
includes a tack-free die attach layer including thermoplastic and thermosetting
resins and a sacrificial layer, and wherein said placing the film of tack-free
die-attach adhesive includes placing the tack-free die-attach layer against a

semiconductor wafer.

!
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filmremains tacked to the individual sem conductor die. 39. The net hod of
cl ai m 37 wber/eusy t he buffer sheet is a |laver of a sacri¥dwUssb3ospat eri al
havi ng greater adhesion to the tacky dicing tape than to the tack-free

di e-attach adhesive film 40. The nethod of claim 24 wherein the film of
tack-free die-attach adhesive includes a tack-free die attach |ayer

i ncludi ng thernopl astic and thernmoségting resins and a sacrificial |ayer,
and wherein said placing the filmof tack-free die-attach adhesive

i ncl udes P-aciThg metkod fclain A8 wherieLsaidiexeiping Mrasemisgadustar waferseni conduct or

wafer. 111111t I ] ] Ihi Been

Repl aced 11111@%&4&%{{? ﬁ%‘g’?fﬁm Hy‘f’ll%\‘l% tgcl'% 5%%%@%%?? ?E%%V/eg%’goa 232 41.
The net hod of aghimbta ddkywliangtape, shemdingke sasrifigaltliner pefirotiaby adhereswaf er

i ncludes placing the sacrificial |ayer of the tack-free die-attach adhesive
film against tﬁ%lea%‘%y MG A8t ape, wherein the sacrificial |ayer
preferentially adheres to the tacky dicing tape. 42. The nethod of claim

41 wherein said excising the sem conductor wafer  includes renoving the
tacky di cfhg tHsanethede! claupidh yhersin saidrxeising die ssPisRafustor Walifer ei n t he

sacrificial |ayghdsybnsand ihatdcky &i@ihg@@eﬁﬂémm$ e sériebndutRPwafee- at t ach
| ayer and the tack-free di e-attach adhesive filmremins tacked to the

i ndi vi dual senvssein dietseerifiviad laygrubspngially releasesdiane b dagkfise digrastagacked to an
e ectroni ¢ SubgidahPul¥additctRinl fesitl ArilhARR @iegike 111m i ncluding
t hernopl astic a 't ernosetting adhesive resins according to claim33. 1
1111111 111111%individballsemidonductor Giel

43.  The first semiconductor die tacked to an electronic substrate by the tack-free
die-attach adhesive film including thermoplastic and thermosetting adhesive

resins according to claim 33.
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This Sheet Has Been Replaced 11111 111111 1111111 I[I1~Il | WD 01/ 35457
PCT! USCO 3@d1/354533 44. A nethod for nmaking from a sem cpRflugdeBisesaf er an

i ndi vidual sem conductor die having a tack-free die-attach adhesive film
preformthereon conprising: providing a thin filmof tack-free die-attach
adhesive including thernoplastic adhesive resin and thernosetting adhesive
resin; placing the filmof tack-free3il e-attach adhesi ve agai nst the

sem conductor wafer to substantially cover a broad surface thereof; placing
a sheet of 4del edswethed for makingrem 4 damidohdunicofvafeaekintiivedzaldi e- at t ach  adhesi ve
on the sem conduct.or f am nat i he t free die.attach adhesive
filmto the brodd sti¥a dkg?w?$%m§gﬂ%e%ﬁaugﬁa$w EF“BVﬁEBdﬁVFWg heat and
pressure effecticy@phismgrelt flow the tack-free die-attach adhesive film

wi thout significantly curing the thernosetting adhesive resin; and

exci si ng i ndi vi dual BeMdEBRdtiadidr ofitagk-EacticuachaghesivesIcludig of t he

tack-free die-atg £ t he sem conduct or
waf er havi ng théﬁﬁggéﬂgségmg?&kﬁgm%ghﬁﬁgﬁ%ET%gk%¥%%§?31tacked thereto. r

| f~11~~ 111 ¢ ~I 211nik¢ing thefilm pf mkk- &efsh%etttaChlaéheBeenacﬁepihaced

1lllllllllllllll%é%é&%%wmg[(81/ 3 4§a§l PCT/ U 00/ 30 0? 45. A nethod for

substa su there
maki ng froma sem conduct or wafer Eioe i UH

placing a sheet of release matena} over the film of tack-free die-attach
adhesive on the semiconductor wafer;

laminating the tack-free die-attach adhesive film to the broad surface
of the semiconductor wafer by applying heat and pressure effective to melt
flow the tack-free die-attach adhesive film without significantly curing the
thermosetting adhesive resin; and

excising individual semiconductor die each having a portion of the
tack-frec die-attach adhesive film tacked thereto trom the semiconductor wafer

having the tack-free die-attach adhesive preform tacked thereto.
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sem conductor die having a tack-free die-attach adhesive filmpreform

t her eon wapipedssi ng: providing a thin filmof tack-freeatiusesioseech adhesi ve
including a first layer of thernoplastic adhesive resin and thernosetting
adhesive resin and a sacrificial layer; placing the first |layer of the
filmof tack-free die-attach adhesive against the sem conductor wafer to
substantially cover a broad surface3#hereof; Ilamnating the tack-free

di e-attach adhesive filmto the broad surface of the semiconductor wafer by
appl yi ng 4feat Aamethpd éssuakingdfdnes simieondoctapwefer 41l ipdjvidial t ack-free die-attach

adhesive filmwthout SI i.fi cant [ i dhesi ve
resin: pl aci ng“PHELKIGr ¢ c‘f‘l’“z‘i1 It%k§§Fe%%%e ipﬁ ﬁ{&% f(’wﬁ%’gp féé-ﬁ]zi&tq%%h adhesi ve
film against @mpdsiky: di ci ng tape; and excising individual sem conductor

di e each having an excised portion of the first |layer of t tack-free
di e-attach adhesi v&#iding ¢ ey ?fﬁé‘rké{“’c? $?'6tfﬁ°{‘?15fées‘§gm°&‘@m B wafer,
wherein the sagfd bt Glhﬁﬁopllﬁb{@édhgiﬁél%&ﬁ@ﬁd Akiosa@he b@psivoresinkadhacky di cing
tape. 46. The nethod of "claim45 wherein said excising the sem conduct or

waf er i ncl ude@cmfm%yng the individual sem conductor die fromthe tacky
dicing tape after p‘i’:lc ’IHe ﬁ:laﬁa?é?m:&QW%?&Ek%f:ﬁfc‘atM{ﬂﬁfdﬁb@vé he sacrificial

| ayer substantiall'y | eases Tromthe first layer and the first |ayer
renai ns t ackedagaimst thmmwnixdwtmmafexgemtmnt!@lb'twerda toad surfpgethereof} | | (11 | QU

L e et "?ar;m\latmoﬁﬂee Fack 'f_%és die %ﬁpcha%%s%qﬂm th ﬂeﬂr&ddlsbk}{yel LT

of the semiconductor wafer by applying heat and pressure effective to melt
flow the tack-free die-attach adhesive film without significantly curing the
thermosetting adhesive resin;

placing the sacrificial layer of the tack-free die-attach adhesive film
against a tacky dicing tape; and

excising individual semiconductor die each having an excised portion
of the first layer of the tack-free die-attach adhesive film tacked thereto from
the semiconductor wafer, wherein the sacrificial layer prcferentially adheres to

the tacky dicing tape.

46.  The method of claim 45 wherein said excising the semiconductor wafer
includes removing the individual semiconductor die from the tacky dicing tape
after dicing the semiconductor wafer, wherein the sacrificial layer
substantially releases from the first layer and the first layer remains tacked o

the individual semiconductor die.
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