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-1- METHODS RELATING TO THE RECONSTRUCTION OF
SEMICONDUCTOR WAFERS FOR WAFER-LEVEL PROCESSING
TECHNICAL FIELD 5 The present invention relates to the processing of
semiconductor wafers and dice. More particularly, but not necessarily
limited thereto, it relates to reconstructiﬁg‘ semiconductor wafers using

only semicouiop e i a1 o A o Conian el o etan
the ben ﬁ sy (SIR I T MERERY!

proces : = I
processing has allowed for substantial savings and efficiency in the
creation of microprocessors, apREINESAIWRIEIVDecognized throughout
the industry. Unfortunately, however, almost all wafers contain some bad

die sites 15 WS DR GIleS i e RIaqe Pt Urti e R Ay 2 and

wagtedvanéarcatingy defecsivieccicarAtEMAL fRvebacr MBI tedsittueRting
the amount of expensive materials or processing time that is wasted on .
dRESHERNHIC A& RITEWH 120 BeterticengHCiof diet e iehopre dris ggtain
tojiRek e dsicativedigr QT GaE WIS RM WTRIJI$AHRROGESNGEes spent
initial probe testing of the die sites is conducted as is appropriate. Die
SitBPHPREE AL KB o Becdefective are tracked by the processing

equipment and, where possible, are omitted from subsequent processing
steps. As the dice are singulated, the defective sites, although singulated,
are not separated or "picked" frdbM RS/ NIQ/hile this approach allows

for somergaviaas, ibFAMGL RYN BRIE. M MRRQNIRRIAINR UBSRHIGRS9thes and
the defective die sites, such as equipment for wafer-level testing and burn-
inciibichcisindiesusaepribfenigueptocesseonfighaation Yoddymntaegmgedrilyroughout
KRRV GIROY. %ﬁﬁm ﬁg@ Ho‘%c%%q AROJG I 8%?8%8%@%9?1%%8@%"&1 sites
that is configured and designed to frack each die site on each wafer an
theheappbfaraatnderntsrandetesting ontyartd weleotds aitabpsvivictsdromiadiricating

mg,é?enc%ev%, §Cg_ot feasible. Other approaches involve

Attempts have been made to reduce the amount of expensive materials or
processing time that is wasted on die sites that are known to be defective on a wafer.
One such approach is to track the defective dice on each wafer. As the wafer is
processed, initial probe testing of the die sites is conducted as is appropriate. Die sites
that are known to be defective are tracked by the processing equipment and, where
possible, are omitted from subsequent processing steps. As the dice are singulated, the
defective sites, although singulated, are not separated or “picked” from the wafer.
While this approach allows for some savings, it cannot eliminate the use of certain
resources on the defective die sites, such as equipment for wafer-level testing and burn-
in, which is not susceptible, due to its configuration, for contacting only known good
dice, or KGD. It would also require processing equipment that is configured and
designed to track each die site on each wafer and then apply treatments and testing only
to selected sites, which, in most instances, is not feasible. Other approaches involve
singulation of the wafer at an early stage, followed by testing and treatment of dice
individually, or attempts to repair defects on dice. Such approaches can be costly in
both the amount of handling, processing, and materials and in the additional processing

time required.
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30 singulation of the wafer at an early stage, followed by testing and
treatment of dice individually, or attempts to repair defects on dice. Such
approaches can be costly in both the amount of handling, processing,
and materials and in the additional processing time required. -2- A system
or process that allows for the creatlon of a wafer that lacks any known
defectlve dle S|tes et mali the fItS of waf Iev in
would be anta rgﬁ%ssg aop%%cesseocrr?ﬁltel 10¢ ? cmh%? a(gius%g ]t(nown
foﬂBﬁeicE’tteéCdma@és sieuatiias o atld bﬁneﬁfslmftmﬁﬁyet&lam‘t&:wem@ weuld be
leer advanta S. 5 DISCLOSURE OF INV ION The resent
HRSHERIBVi gée Ci‘p%é’?a?ﬁ?ésﬁs’[‘é‘ﬁ@% AneiH ré‘i%f‘t%?t Pifp Interconnect

res@ﬁmﬁmgm Adf seeticondlsigiwalergitonwatebdeuahpragessingous.
Selected semiconductor dice having alignment cavities formed in a

surface, such as the lower 10 surface, thereof are placed in contact with

alignment droplets of a mrrORERIE O, ISIENDIOSr flowable state,
which position the dice through surface tension interaction. Selected dice

may be diCeRIHBLIREBIRN RER¥S SRR ISy e by Bt iedint brlgiae to the

r%@&ﬁ%&@cﬁ@ﬁ" danagrd wvriers: Thealigomenidroplels IﬁP@ééQ%lg Selected
disposed in a pattern corresponding to that of the alignment cavities on a

recaHSHREHOA diseherias dligReatos Ylige forme &g AmEfMcrSprirg it lower
sQlipified d-rogiataipIARedicBRRILCRING At At (RIS 5t HISRRSEH AR uid,

the solidified alignment droplets to strengthen and maintain the

rexsdnstiistedowakes. swiereisfepenti an & fiigrd plaghmeysaatanionhction.
StENGR AN SIMPEYRLOGRRRINAGIERS &%BfeBEQ 1Y nﬁ&%ﬁ&ﬁ{e festing or dice

enhanced handling of the reconstructed Wafe The reconstructed waf

nmqumg@mr@mesqemﬁa@%vehzmot@m}@aﬂm&tgrthstp@sgiegemttem
V&&é‘g&ﬁ@ %g@gﬁ%a A% SHiR 'emﬁén hang %h?e&‘&%}’ ANl a fixture
testin b mn-in eqmpme use to qua 8(2?

dice as "known goo
oplﬁ@D TWheligritheslidropletst droplbth fare t«:nmquo&enl d)fewcr[faiomng and an

mat l oréhe allgngn nf,( av'f'ﬁ .cont ain sacr |c IS madterlal
111 is he so 1 nmen gv < maintain
e remov rom e recons I’UC eawa er e resu Ol
bdlﬁliedoﬁ(stfﬂrmdmnm@neﬂeﬁt, the fixture plate may add add1t10na1 strength
and simplify processing steps by providing structure for enhanced handling of the
reconstructed wafer. The reconstructed wafer may undergo any desired wafer-level
processing although the present invention is especially suitable for enhancing the utility
of wafer-level testing and burn-in equipment used to qualify dice as “known good dice”
or KGD. Where the alignment droplets are composed of sacrificial material, or the
alignment cavities contain sacrificial material, this material may be removed from the
reconstructed wafer. The resulting voids can be filled to form interconnects on the

resulting dice. Where the voids are filled with conductive material, contact pads,

connections or bumps may be formed.

BRIEF DESCRIPTION OF DRAWINGS

In the drawings, which depict the best mode presently known for carrying out
the invention:
FIG. 1 is a side view of an alternative embodiment of a reconstruction table and

fixture plate, useful with some embodiments in accordance with the present invention;
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25 resulting dice. Where the voids are filled with conductive material,
contact pads, connections or bumps may be formed. BRIEF
DESCRIPTION OF DRAWINGS In the drawings, which depict the best
mode presently known for carrying out 30 the invention: FIG. 1 is a side
view of an alternative embodiment of a feconstruction table and fixture

plate, u | with some.embpodiments in accordance with the grese .
verion s i e i e BT S do D R g A e  with
plaierohdnGirdptéthdaignerdenérdooplets disposed thereon; FIG. 3 is a side

view of cqnstructjon table.in accordance with the present invention,
it L o e B o PN ot LS b gesent
byn i @liginmeatidsapieisr btz dsisoscdidRrdavy £f thectaacnitbletiRitions by

table of FIG. 3, with an underfill disposed between the semiconductor
dids ahenmenfiaRiiate; FIG. 5 is a side view showing one embodiment

of a recangiructed wadevidi GCERBRESHMIEINLBIESETTIGVEWAR, an underfill
separated from the reconstruction table; 10 FIG, 6 is a side view depicting

tHESRRSARFONESE tharsmipmdumoEsics mdths ThkiRIate an adhesive

tape for pasksorindings HGy diswasidsyiewrameindereerasisiedafer, in
wafer of FIGS. 5 and 6 after a back-grinding process; FIG. 8 is a side

Vit B amstNahehforg e AR vENHAIV SERA3thicomdhetsicansérugton table;
singulatgqdremsthe; fiRGoRR G dny A Ol Jikiudic A SriSibalditMIR WG, 5

some additional embodiments of semico_nductor dice that are useful in
sottishadboamdhesive saofapbrekwiindig present invention; FIG. 10 is a

side view:(pf & reqQnEITCliOR. AR INRSERLIRREE WD RTRREDLS and 6 after a

invention, with the semiconductor dice of FIG. 9 disposed thereon,
atragkgedndisgipadtess20 positions by the alignment droplets; FIG. 11 is a

side Vie\%ﬁ.t@% raesciﬁg%re%%? QJS‘{B'& Qltnl[:)é)%i'n%gﬂtvc\)lpﬂlgir\]d'dﬁglesré%iconductor dice
singulated from the reconstructed wafer of FIG. 7;

FIG. 9 is a side view of some additional embodiments of semiconductor dice
that are useful in some embodiments in accordance with the present invention;

FIG. 10 is a side view of a reconstruction table in accordance with the present
invention, with the semiconductor dice of FIG. 9 disposed thereon, arranged in suitable
positions by the alignment droplets;

FIG. 11 is a side view of the reconstruction table of FIG. 10, with an underfill
disposed between the semiconductor dice and the reconstruction table;

FIG. 12 is a side view showing one embodiment of a reconstructed wafer, in
accordance with the present invention, separated from the reconstruction table;

FIG. 12A is a top elevated view of a portion of the reconstructed wafer of
FIG. 12;

FIG. 13 is a side view depicting the reconstructed wafer of FIG. 12 after a back-
grinding process;

FIG. 14 is a side view of another embodiment of individual semiconductor dice
singulated from the reconstructed wafer of FIG. 13;

FIG. 15 is a side view depicting the reconstructed wafer of FIG. 12 with a

sacrificial material removed therefrom;
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disposed between the semiconductor dice and the reconstruction table;

FIG. 12 is a side view showing one embodiment of a reconstructed wafer,

in accordance with the present invention, separated from the

reconstruction table; 25 FIG. 12A is a top elevated view of a portion of the
reconstructed wafer of FIG. 12; FIG. 13 is a side view depicting the

reconstr afer of FIG. 12 after. a back- grinding process; E IS a
i view S htothd SO AER SRl OSSR AR i e g e o
singedate ddptrrethenteiDastncteid Wifareofhe | Goill i rEded Hy itha side vidwf the
de%%icgng a{‘ﬁgﬁéeco 1structed wafer of FIG. 12 with a sacrificial material
reffole ff6h; -4- FIG. 16 is a side view depicting the reconstructed
wafer of HIG.1¥5swithda sele dgscaplasersaistilerematgeiad filingiearHG. 16
created by the removal of the sacrificial material; FIG. 17 is a side view

daprehig thanadbrdivaiee \Wakarssblitgetidt FIG. 16 5 attached to

an adhesing tepe; Rk faRCKSV REpIgi RN EhE Koo okBtia @I e W daRIClingyvith an
the reconstructed wafer of FIG. 17 with an underfill material removed
tHEME O MBEesH FOPEGPRORCBARRYING OUT THE INVENTION 10
Turning to FIG. 1, there is depicted a reconstruction table 100.

Reconstruction table 100 may be used as a platform for reconstructing a
5 FHEOIAH S ) FOR CARRMINGR L EE ENNEN BHJ 101

semiconduci3ae SN ATSEECERSIrEHDN %
fiandable d2Qn IR BINEhWAHS: Reconstruction

may be RresaY QRS eGRASKUCHRN,
reconstruction table 100 may be configured for concurrent reconstruction

of#hlatlplérwarbesisadanaertiue LonewinyRIemMAOTBEReETeaEs One or
represeRy Ry SR Ay B%&f&ﬁemfwagrgp&@a%n FREQOINEN2Ron table

table 100 and used to raise, lower, or maintain a desired temperature of
thEfedongirectiondablerd@@stindtisurtabledlff emyirbarmeHigingdreticencurrent

teegrcr%glé?léﬁ%ﬁo%o&ul%luﬂ € W#&% . %Yeﬁﬁ@ﬁﬂ?ee c'beP 'r?%\(é;}]spceergti%, schematically
, passageways within reconstruction table or
represented by coils, may be present in connection with reconstruction table 100 and
used to raise, lower, or maintain a desired temperature of the reconstruction table 100
and surrounding environment. In practice, temperature control system 102 may
comprise resistive heating elements, passageways within reconstruction table 100 for
circulating fluid of heating or cooling, semiconductor-type heat exchange modules, or
other heat exchange systems known in the art. Further, one or more sensors 103 may
be placed within reconstruction table 100 or in contact therewith, sensors 103 being
used with a controller 107 for modulating the temperature of reconstruction table 100
in each region or portions thereof.
At each reconstruction location 101, a plurality of patterns of alignment vias
104 open out at the top surface of a substrate 114 comprising reconstruction table 100,
each in communication with an alignment material delivery system 105. Substrate 114
may include a fixture plate 110 disposed on the reconstruction table 100. Fixture plate
110 has a plurality of patterns of vias 106 that align with the alignment vias 104 when
placed on a reconstruction location 101 on reconstruction table 100. Fixture plate 110
may be formed of any suitable material, including polymeric materials, crystalline silicon,
glass, steel, aluminum or any other suitable material known to those of ordinary skill in

the art and desirable for the processing involved. For example, where subsequent
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circulating fluid of heating or cooling, semiconductor-type heat exchange
modules, or 20 other heat exchange systems known in the art. Further,
one or more sensors 103 may be placed within reconstruction table 100
or in contact therewith, sensors 103 being used with a controller 107 for
modulating the temperature of reconstrction table 100 in each region or
portions.thereof. At eaecttﬂer construction fIocat' n 101, Iuralit¥. of

pRHETSBR SN ARENF 28 DL pER' oL AR R Lhiadarty g fxure pat
suhstiate bkl lecntprisiteenteice raibodimara il oceacman occur without the use
communication wi alignment material delivery system 105. Substrate
o A et e A S
1etmbvstufeplaie rddbadias wop tadityooffpasene fd¢ias] 106 draualion Withhich
the alignment vias 104 when placed on a reconstruction_location 101 on

JOURSE RETRY: 1 dAE DR e SHERE PR AS: B85 RS9 SE GO [P GHtigpy (0T may be

suiaklewidte dampirikdiogiaaly merigdnatefialompystaling & isaofratass,
steel, aluminum or any other suitable material known to those of ordinary

skill in tHY shosrt @eSltapfe FSIMASHRAIEENERY MoHabdelbaxaxig 105, an

WhSIRRMRSAGUENAT 198REQRESING RIEPSJRAUYE HRIRWEIHIRCSAE @hrough at
wafer to be silicon, a silicon fixture plate 110 maybe selected. Alternative

eBYdMtfeRtERnEN pibddsrthgsteariinguithtise BraxRrlpepldfe when
LH0SERY &} ARRIG: R4S SlIngNRIG ATHNY A Ui PRI AR MM R&tion 101,

removed from the reconstruction table 100 following underfill, the
didenssiv frepuehitdies] il sibenressntT Pratdrisats, suskmbprof eligranapedroplets

reCONGAIVGLOOHRGRARD A0k e AR Wit S GemPRUN A RRIL I H Y ment

release of a completed wafer therefrom. As shown in FIG. 2, using an
aligami@at anatdlibe dailang systonrel d8adduhgnimenn material 108 is
delivered.jn a liqui or t.flo le st hrough ne ;.
algmmen g e e e 20 PR R e
ptsestonstfocimal deasonht laligromER ) ohppetsditlted bysweltbosinmirome wafer

Iocaléo e1S 11 atogaﬁhe fixtt%re plﬁt 1110 when apre%ent. Prefe%ﬁ%pl a

ndm %r 0 gﬁgﬁ}%entlg?g% e1 sn 8 %ilfltt)ees or}mcgvcfl |% 005 %ise%wed 6%&%??1“83(} and

thHenawangehoss bbbadimanyli lbfi@lig are nEada slitOk2 Cam ayilbb éoexyelhisfedlicon,
;%m&%%%g%gg&g%gg@oggwg %é%gée%as%itta elzuggrlg%gﬁductor material and
includes at least one alignment cavity 122 and preferably a pattern thereof, located on a
lower surface 123. For purposes of facilitating the understanding of the invention, the
die 120 will be referred to as having an active surface 121 as the upper surface of the
die with an opposite lower non-active surface 123. It will be understood that such
terms are for making relative positions clear and do not limit the invention. Alignment
cavities 122 may be formed in the lower surface 123 of each die 120 using any suitable
method for forming vias, cavities, or trenches in semiconductor substrates known to
those of ordinary skill in the art. For example, the alignment cavities 122 may be
formed by wet etching, dry etching (and comprise either isotropic etching or
anisotropic etching), laser ablation, drilling or boring with a mechanical drill bit, or
otherwise as known to those of ordinary skill in the art. Although embodiments utilizing a
single alignment cavity 122 may be designed and are within the scope of the present
invention, it is currently preferred to use a plurality of patterns of alignment cavities 122

on the lower surface 123, in order to allow the die 120 to be correctly positioned in
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15 the reconstruction location 101. Dice 120 maybe selected by

qualification using wafer probe testing, visual inspection of dice sites on a
wafer, or as otherwise desired and known to those of ordinary skill in the

art. Each die 120 may be formed of silicon, gallium arsenide, indium
phosphide or other suitable semiconduétor material and includes at least

one alignment cavity 122 and pref: ly a pattern.thereof, located on a 20 .
e B AR B R S R B on
inadidion), thewdibal 26 miidinad yédeechtoeaddnayifg akaagilveosierdaesoicdarallel
as the {)/Jg)ﬁer surface af the (¥e with an op(Pcl)ajite lower no.n.-acéié(g urface 1
133V it BTN AFAtBE that SLAHPIBFS AL FBI Rk iRy Fsiadve pOLitisHEP!e:
clpateand dadanetdimitiésennventing .1 A gome ali coauitiesyl B2 fHadyedeon the lower
formed in the lower surface 123 of each die 120 using any suitable 25

FBCE F6F R Giadt kRS wPErSHERR hAt el taRib s htRatageous

knewistendhosernd andinasy kil itetheaidn ey RN AbealIEGRMEaNt 23 of the
cavities 122 may be formed by wet etching, dry etching (and comprise

eififel 1930d0RE BieAri! aH St atibpRs afhingNasBep sartuhidriitngs ope of the
baringvitlyenmgehanical drill bit, or otherwise as known to those of

ordinary skill in the art. Although embodiments utilizing a 30 single '
alignmehtachAHEN PO Y e W&ﬂmtww@ﬁaﬁ@&fp@dm% die 120,

PLRIBRE AOUS UL FYEIRIY (RECHRERELIR HSEAIRIUARNINRR I?ﬁré?e[&ﬁngfwith a

alignment cavities 122 on the lower surface 123, in order to allow the die

120rtesbendereeaiignpusitisretn|-6- munibldaireeliorns! bethe thesonaripysome
digeaions aatalet @ IHSrE? Lﬂ&%@%h‘?@g{?ﬁféy G997 43l K0P aé‘%i”%éeél)ﬂﬁecﬁng the

rotationally in the same plané. For example, one 6r more parallel rows of
alighveenrioavifies abaodia pAlterthohalicpomenswiadtid 2 3. 22c(fasmgdmpleghput
patterns of four cavities | die 120 t [ m f .
SR A A S S A
adva it ggeusnaecangdmeptdflibefatifpoebnt qaplitiesoi® 2Sophtbmbodierents will

nen- ctive s&lrface 123 of.the .die, 120 may be used and all such patterns
1Scussed 1n more det urﬁ;ler erein. ) X
and arrangements are within the scope of the present invention. Each

alignmecavily 122 impinded farmee tecnytdesioad cepbninhdyliéot 20ample,
10 so long as it is sufficient to enable the alignment of. the die 120 when ..
Inggpggﬂﬁgﬁtwi sultaﬂﬁy programmec? pick-an —p[lglce equipment, 1t 1S rough?y aligned
with a desired final position in the resulting reconstructed wafer. The alignment
droplet(s) 112 thus make contact with one or more alignment cavities 122 on the non-
active surface 123 of the die 120. The die 120 is then released and the surface tension
of the alignment droplets 112 interacts with the similarly patterned alignment cavities
122 to position the die 120 in its final, precise alignment and hold the die 120 in the
correct, desired position. By positioning patterns of alignment droplets 112 in the
reconstruction location 101 to define locations of dice 120 for reconstruction of a
wafer, a plurality of dice 120 may be aligned in proper positions with respect to one
another to form a reconstructed wafer for further wafer-level processing. Achieving
and maintaining proper positioning among the dice is important and required to allow
processing of the reconstructed wafer to take place with conventional equipment.
Once a desired number of dice 120 are correctly aligned in the proper positions,

the alignment droplets 112 are then at least partially solidified to retain the dice 120 in

the correct positions. For example, by using the temperature control system 102, the
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corresponding alignment droplet 112, as will be explained further herein.
For some embodiments, one or more alignment cavities 122 may be used
as vias connecting the active surface 121 of the die 120 to the non-active
surface 123, increasing throughput by using a single structure for multiple
purposes, and enabling novel methods bf forming 15 die 120

interconnects or bumped dice for flin-chip applicatigns, Such
B T GG e SR SRR R o ettt ap st
ispalaiaésbindifitad e odadicudtiai docriioma@ilidy OB c@xprisnle,alignment droplets

cqnyentjopal.and suitably programmed.pick-and-place equipment,.it.is .

o R S e B R s Rggrmen
waitepleTel aligmueairt 200pplat(Brhidviheiamakevarntashwitthemeoprastic resin
more ali%nme‘nt cavities 122 on the non- active surface 123 of the die 120,

AR BB NasEY i e RERRRlaRlisIion BranBeAIRgifddng melting
diepietsy Limngnteipsisuviboeosiiaiiv patierasthalignmentkavitiggedd4as 104
to position the die 120 in its final, precise alignment and hold the die 120

inerHerEisem e dreri o dtohn B HBsiEBRER] Psthera atisirsintmay then be
deQpigtsot hadnthe AR e e psHEIPRlGRlIANekR 0 Hafinall P08t RS @hartially

dice 120 for reconstruction of a wafer, a plurality of dice 120 may be .
aﬁ@héﬁlﬁa-p‘ﬁéﬁé@%@%ﬁ@lﬁiﬂh@gﬁeﬁtf@%@%@sw@% fbﬁﬁl@nment material
regaSHHERHrBEh ik MitheraNpleLs euel pIRreSAIRANARNRYSGsANY and then
maintaining proper positioning among the dice is important and required to
alleaieprotesEINPORHE Fopdnstréeat Waterdlitike Hlaedexamplary alignment

COMMERLPNBREAUPTHEN IR ANGS & ARRIIEE BUMPEHOS AFSHRRMTE With such

correctly aligned in the proper positions, the alignment droplets 112 are
thembadiszsttpantisity soticsiay, tthectempenewice1 26 wighmeyrraes 104 may be

pgéi%%él FL ARG, ?Yo%%v%‘ll‘l%\;&%e’%‘%@r%%éﬁ?dﬁ?%%%hﬁ%%}g{ﬁ 102, Pfional
- -Pempe¥ature of the reconstruction table 1 may be raised or lowere
toeediivpl ol atsleastl epaigiainsolidificatid maf &diglidvatighime pomiaterial, 108 as a
comprising.alignment droplets 112, solidifying the liquid alignment

O TR KA GHI o SR YRR S P The o
dicelfia@ piameltd maive exarptadidbneusingravpie nhgplastic resiiibto form

AR AR08 e D RSRERSISPRINE, yvi o
debiveye béhispighi adig rmenteviasildgrocesses for solidifying alignment droplets 112
may be used and are within the scope of the present invention, such as the application of
a chemical setting agent, the exposure of alignment droplets 112 formed of a
photoreactive alignment material 108 to an appropriate wavelength of light, such as a
photopolymer that is cured by exposure to radiation (as, for example, polymers that are
liquid when heated and gel upon exposure to radiation, such as UV light, x-rays,
microwaves, etc.), or any other process known to those of ordinary skill in the art.
Once alignment droplets 112 are at least partially solidified, an underfill
material 126, such as an epoxy, may be disposed under the dice 120. The embodiment
of FIG. 3, with an underfill material 126 disposed between the dice 120 and the fixture
plate 110, is shown in FIG. 4. Various dielectric underfill materials 126, such as
conventional underfill epoxies, are known to those of ordinary skill in the art and any
suitable underfill material may be employed to retain the die 120 to the fixture plate

110 or otherwise solidify the positions of dice 120 in the reconstructed wafer. Once the
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to form alignment droplets 112. The temperature of the thermoplastic resin
may then be cooled or allowed to cool to a point where the alignment
material 108 at least partially solidifies. As another example, a thermoset
resin may be used as the alignment material 10 108, pumped through the
alignment vias 104 to form alignment dr%plets 112 and then heated using
temperature contrql.system 102 to solidify. A third ex lary alignment
il R AT R RS
eehadiedents, fixknerephacd$8diy pitbe terfipeaiahdre afiha aligntigdat 0@ ss shown
104 may be _separately maintained at a lower level to prevent .

SO dTChtor T ARUE N IGHET 1o o LSTHEA B Afiegter-level
Marigidasinayohes tvreniedting meaifbmetahesaile as@otindeact aaddess sibveplete
solder or other low melting paint metals or alloys. The low melting point

matHHsy BRI AR AR GBI e d FRF SR By RS RE RN Ut (i 357 30 may
aigiaeres tdifepieiz b &iard 80 soelefy iy awe d10 herbitassatithivl hough it

will, of course, be appreciated that alternative processes for solidifyin

: : g °
alighirhe APRRRE hebany dhsyeH e AkEd ARLEARTIARh N thasstalse sy gheerouting
PESGAIRYERLOfe R RS ACRISAIOM S BChERIGALEYHNG AU Ected

exposure of alignment droplets 112 formed of a photoreactive alignment
m&deral 308 to an appropriate wavelength of light, such as a

photopolymar i %}ﬁé‘di'é‘é‘é?l RS QSRR (RfefOr£XM G ein, means

polymers that are liquid when heated and gel upon exposure to radiation,

sgebi es vt budly sugrateionades, wwixodasipodier pragessconstructed
KROWR I AR LR ding; §l§ﬁ§l§] iﬁb?uﬁ[h% e A IeMSBLAQRIRISAAR, which

are at least partially solidified, an underfill material 126, such as an
epoy bmdgshebliisirosedameslog thétliceny20tiaté wafbotimélimgofid rogessing

wit erfill materijal ispose we ice h
b e P R R e SRS SN B
126 fsuscwbisiBhep beealetionbleuind estlive dosdesn @ipg kpownttoAHoselofhapes are

or&]jliq“z%rrlyt é(is!u)n éhoe% ﬁ}‘% ar}g ang Vseuiglaoble underfill material may be

employed to & the Jie 12010 the fixture plate 110 or otherwise

solidify thmgosittonscotihcecdRininithergdeinstidcteonstaietedvader th) 1Bay then

u%derfill Tat%rjatl 126 hag cured, a reconst lééte w?}]‘er 1:‘;?0 i}"%é%smed and 1

may B TERORE MRAARE SFRIE96' E) sENYHOMANE recondtrittion ">

tafle:d 00na@pakewdTor singulation is depicted in FIGS. 6, 7 and 8. The reconstructed
wafer 130 is attached to a film of adhesive-coated polymer 132, as in a conventional
wafer back-grinding process, with the active surface 121 of the dice 120 adhered to the
adhesive-coated film 132, as depicted in FIG. 6. The reconstructed wafer 130 is then
back-ground, removing the fixture plate 110 (when present), the underfill material 126
and the alignment droplets 112. Where the dice 120 are of sufficient depth or
thickness, the back-grinding may continue to remove the alignment cavities 122 and
the remainder of alignment droplets 112 located therein and any desired portion of the
reconstructed wafer 130 thickness, resulting in the structure shown in FIG. 7, of a
plurality of thinned dice 120 attached to the adhesive-coated film 132. The individual
finished dice 120 may then be separated by simply removing the adhesive-coated film
132, as depicted in FIG. 8. Of course, it will be appreciated that any alternative method

for wafer singulation known to those of ordinary skill in the art may be used to separate
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in FIG. 5. The reconstructed wafer 130 then may undergo any desired
wafer-level processing to complete the fabrication of the dice 120 or for
creation of complete 5 multidie semiconductor assemblies. For example,

the reconstructed wafer 130 may undergo wafer-level testing and burn-in

to qualify dice 120 thereof as KGD, aIth%Ugh it will be appreciated that

e dgsier pafarjevel fement ich s Walelevel Terolting. Ofiied with a
warer-level tréatments for'packaging may be performed on the

recoivsiticiatl watkiesatdo: B diywiliHee aiatécividaidat the term

"reconstrycted wafer,” as used herejn, means any reconstructed hulk .
substratd P ENRAAL SRS AU SR e SR RE AR S AR iy only

hawe any destied:siapsiblacleding, archty entianalresuit yafes ehapehave been
which may be desirable for processin% with conventional wafer handling

Al B e AL S ERE tORAE ATHB A PSSR ArS GRS 31 G made

restang vlaid eaemsausiachll S uafessinaiihsmay ReudasiRbiedisy usenwiiesent
testing equipment. All such shapes are within the scope of the present

iMAYRHBA2ONce wafer-level processing is complete, the reconstructed

wafer 13,mayHeiRensing ped 84 e sLoMRREOH RBRREMR Qis ke Btion may

which may be KGD, as previously noted. One process for singulation is
depieted th PO Ntercp g s oTHBTEHEHEHFS RO RS ed W ket sicfsaened or

105811 P RANERIVR QRSN TBSL hifes @t E&&%%%%@&Oﬁ%'d fld in FIGS.

back-grinding process, with the active surface 121 of the dice 1
adhkreth W wissedihelsive-coated film 132, as depicted in FIG. 6. The

reconstryigied Waier L3205 60 RACKA 9904, E%E’XH&QZI%%B‘H Eﬁa@'@lé%sed in

110 (when present), the underfill material 126 and the alignment droplets

1 pRadiithege ¢tHeltioa tirinagetod Siifipiemtd épthnoions Ehitkieatslignenent via 222
back-qrinding. m i remeve.thealign { ity 22.and,the
e B 2o e
portioA23f ahdierd2oAstougiacevwalersidicthia RAEdsiha puktsag throhehsire thirkeness
shown in F1G..7, of a plurality of thinned dice 120 attached {o t .
ol el S G RS STRlEE RS s ra-ecive
sepetate2lBytisirapiyo rein oWig th deathieisive sodtateel ddmidg) th3P baplaced on the

oo S P ot e cpprecie el e o
miay bea 2 tevsipasgifotect the die 220A from the inductive effects of a current
passing through conductive material later filling the via 222A. Alternatively, a
conductive coating may be applied to form part of a conductive interconnection
structure.
The alignment vias 222 of die 220B similarly comprise at least one via 222B
that passes through the thickness of the die 220B. Via 222B is partially filled with a
selected filler material 225, such as a sacrificial material or a conductive material that
can be in electrical communication with the integrated circuit formed on the active
surface 221 of the die 220B. Preferably, via 222B is filled from 1/4 to 3/4 with the
selected filler material 225, although any other suitable partial filling may be used.
Similarly, the at least one alignment via 222C of die 220C passes through the
thickness of the die 220C, but is filled with any suitable selected filler material 225

substantially throughout its depth. It will, of course, be appreciated that the walls of
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-9- the dice 120. For example, the reconstructed wafer may be singulated
with a conventional wafer saw or by any other suitable technique. The
foregoing method thus enables creation of a reconstructed wafer using
only dice 120 that have no visible defects, or dice 120 that through probe
testing have been 5 determined to bé Y reast functional. Additional

changes and refi nts e made to the basic method and all such.
T RIREAISIE i, 00 22860 BIE STRCEhE T Aah cappgaines Phor o
efibogiméahtehefspraged sdkcimaaedudaasde with the present invention may

be used to form inte nects or other sfructures as a reconstr d wafer

s formed ST 100, SN R R RS AT o) Ly Cxiruded
pracssgetharedepicieddn kS 00; k8dakdibee9sed betos, BIGCIteristwsed
several different dice 220A, 220B and 220C that may_be used in

o HEERIRL ekl B BTSSR Qe prase TR tidhe Blivearappt droplets 112

akgipmentyi2oda2 2restments havexhagnRpRlig 10 LREDHICWZA W 220Bs has
and 220C. The alignment 15 vias 222 of die 220A comfrise at least one

viaeon S hsiefassuenbnbgithd thidkhe srpise e bt dhaidligimentgoplet 112
copiasiRYNEsH IR ACNG FHHanE R hansl thi BeiastivemsHitage 223, 222C

therethrough. Where desirable, a suitable coating may be placed on the

intedras uiph becar e dir 2o Bii Bhéa pifsetea Al iguRaToE R oilih ghmalgenent
Placeten 3N§ViRe22¢A WalSIAREPLELE hRiflig 2204 M he-RAUGIVEGa filled

effects of a current 20 passing through conductive material later filling the
viwﬁzmahgémgtt\mgt?@ak&ﬁmﬁwmﬂﬁ@ym&y%wlppligd%ﬁbmatp{aﬁﬂ 108.
OB, CORAHIIVR IR CRNUEHRN SIS AR AIOOMBRRYIRSHRA Al Glectcd
220B similarly comprise at least one via 222B that passes through the
t_rﬁtllmels@t@_ﬁath&d iwigp0. .rmizﬂgﬁ_iiléeﬁdwi al_lgrfmenlt matﬁaalzﬁ)éel@ctt@d:ase ofa
Mg maleralans:susnas saarliclel materialon  eandustl sBaiRleica 1o
that can be in electrical communication with t mtegratedr Gircuit formed
offwie€’ abtivel surfaea 420 Bf th ehdieR20B aPr eéfesabi oAb 2ARBtidipdets 112 is

O 4,0 34t e selecod g el 272 AMPHORARY F%hay e o
conductive material, such as a metallic solder, a conductive polymer, or a polymer
containing conductive material suspended therein. Alternatively, the alignment
material 108 may comprise a sacrificial material. It will be appreciated that the term
“sacrificial material,” as used herein, refers to any material, or compound, that may be
utilized for a specific function in any process or method of the present invention and
then be removed at a later stage of such process or method. For example, where the
alignment droplets 112 are back-ground from the die 120, as discussed previously
herein, such alignment droplets 112 are considered to be a sacrificial material.
Sacrificial materials may be selected to facilitate their removal after use, as will be
discussed further herein.

The alignment droplets 112 are then heated, cooled, or otherwise treated to at
least partially solidify and an underfill material 126 is disposed underneath the
dice 220A, 220B, 220C, and around the solidified alignment droplets 112, resulting in
the structure seen in FIG. 11. Once the underfill 126 has set or otherwise solidified, the

reconstructed wafer 230 may then be removed for processing, as discussed previously
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Similarly, the at least one alignment via 222C of die 220C passes through
the 30 thickness of the die 220C, but is filled with any suitable selected
filler material 225 substantially throughout its depth. It will, of course, be
appreciated that the walls of -10- alignment holes 222B and 222C may be
coated with any desired coatings prior {4 Tilling with the selected filler

aterial 2 5.Ass%<1)w in EIGS, 9.and .10, a.number of alignment droplets
Rl 1 A R T R i B S ORI Water
22002208, n22d0Gaie disposed 5 thereon, such that the interaction of

the surface tensiqn qf the alignment droplets 112 ali dice 220A, 220B,
00 TR LA G L e S s afer
diseubpritdyeriots hergiad Hywlibe appdesiated dhatcdet ANy BfEERvel burn-in
droplet 112 size may be controlled to result in filling the volume of the

ARGAFSHESIEE Y 8550 58 SENHEE A 2 VST S RUPE RS BRI seTected is a

selardgetiitan matarial ithpteseatigneneMl droai el dd2all nAh e Ghsecehdittive
"emgty" via, such as 222A, this can result in a via filled with the alignment

iakE S UKact I hdheRrfRtohihE afdrnierieRsAetiaf teadiqe2A. 220B,
parighy Ry Ma. sHELRTRIAR. &@&E@élﬂéﬁ iR et lleshiithicative

selected filler material 225 with the remainder filled by alignment material

108Nt tRatb ke sotidiffrbalighginenaiaEa 20T asrenestbiidhe ngigactive surface
a&@%?ﬂk@@é&{@&%i@é@@ﬁ@%@tﬂ&ﬁ%ﬁ hdNgLlIRTBRIEH A2 PIARO 110.

t
that the surface tension of alignment droplets 112 is effective to align die

220C. Wdlevdesireaverierdfigprmerneriteribs 108 maydil a bomditonee then be
mafehithRH Al 35 BRI Coroldlr ACANAUSHYR POYTREN A1 PIWIEF (o that

containing conductive material suspended therein. Alternatively, the
akigrowesnd preatevialYlogamaysopnprise sderiicialipriseirtdd indilGSe 13 and 14.
enRielalad MaLeIerma0. saciisnl materild ARLSSADGIEISIPES Rin
any material, or compound, that may be utifized for a specific function in
anymyatessiommiethbdebf ghedingsentdesseritich aine attere beirtwmyvédlabé the
later ess or method. For.example, where the, alignment
e B e T A R TS e
heralier, 3¢l ahgn et grapléiscdiavare denSiderepltocbEl 8 cabeificiabsent), the

B e AR U A A AN R U o
that is present in the portion of the dice 220A, 220B, 220C, that are back-ground. This
results in a number of thinned dice 220A, 220B, 220C, attached to the adhesive-coated
film 132, similar to that depicted in FIG. 7. Each finished die 220A, 220B, 220C,
contains a via 222A, 222B, 222C, across the width thereof that is filled either with the
selected filler material 225 or the alignment material 108. Where the alignment
material 108, alone or in combination with a contacting selected filler material 225, is
conductive and is in electrical communication with the active surface 221 of the dice
220A, 220B, 220C, this provides contacts 226 on the non-active surfaces 223 of the dice
that may be utilized in mounting the dice 220A, 220B, 220C, in a complete
semiconductor package or in an appropriate device. Individual finished dice 220A, 220B,
220C, may be separated by simply removing the adhesive-coated film 132, as depicted in
FIG. 14. Of course, it will be appreciated that any alternative method for wafer
singulation, known to those of ordinary skill in the art, may be used to separate the dice

220A, 220B, 220C.
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discussed further herein. The alignment droplets 112 are then heated,
cooled, or otherwise treated to at least partially solidify and an underfill
material 126 is disposed underneath the dice 220A, 220B, 220C, and
around the solidified alignment droplets 112, resulting in 30 the structure
seen in FIG. 11. Once the underfill 126!Aas set or otherwise solidified, the

reconstrucied wafer 230 may then be removed for PIoeessingy a8 vinciples of
discussed)prewous(l)y NOREEN &h eplc]iled in . I2.A'plan view o 3

paitigietibeénrendosirueteldpiadari? BOGS. Sons) il rksodstAciRefenfieig230A is
back to FIG, 12, the reconstrycted wafer 230 may, r y wafer- .
RS TS ety S SR RGeS hbaa RS point, he
Waterdavietdauxattt ihagtnd destingh miyiesew d9er gond peseeksilvipréctidare. Then,
a}#ignment material 108 selected is a conductive material and, if present,

t

LRSS A A POSET S ARG R HURE B S el o9h v T cthfifpxture
the natteons Ribecve pufans 23 bafkheidines2 3PPy d8RBNZReExture plate

testing and burn-in may be effected by making electrically communicative

cantatimrA Bipmsomaradldharmrietirahud o sreRpyusdheiikmie plate 110

NQRREenRUTage LREBR PJIHA@e@I‘?@E.SW%@Qs\é{%EJr%%Q féﬁtﬁ%%&&&h% may
owi

vias 106 of a fixture plate 110. Fo ng the wafer-level processing, the

retorisiined Wagesatine wrieeearpstes ittt d pekandigrre plate 110.
Separate[ﬂ@%i%%%n@&% lg%zpﬁ'a%%rat%mﬁcg@gﬂﬁéﬁg%‘Qﬂ%ﬂgexposed,

herein, one process for doing so is depicted in FIGS. 13 and

rebonhubeeindeifdl peETnbitcndirthalibsiberestasiresbraiatdd tintogether.

13¢h@3 1D Ao AR GIICNA VAR DRG0P RERESE N NG RSHYShment
surfaces 221 of the dice 220A, 220B, 220C, adhered to the

adiseizd-tohwdyfithe B2 13ihe vest tiostrdutadcanafercz3ovisfiied0A. Where the
b%&é}% gﬁrrgm vin E@ f'x} I here pr the underfi
; YA PIER rlriubg"i’,? B rdfoved! I

materlaﬁ;@ an trle a%%nr%ent rﬁafe%?eel f élor }s,eﬂ%gtg(?%ﬁer%né)tver?al %% ova
thatttie preséridhnhepartiory bé tteaipdi 2RAAN 220BRRGGCyitlhtedi@ the specific
bacg i 'rcoulnd.'atT p 5 2t()lsrseusu|i§oirne)§apnurfébg L %tpi‘pn&% d%%g %? A 22lg)eB erformed
25?)(51, attached 1o the adhesive dodted *fifm éf, Similar {o fna %pl edin
FiGretndachdhishc dim2204, 240By2RCT, wiwrtaapprapriat@ 2RA e @ip2Biture of
222C, across th% width tlj%%of thatbis Iilled e&ther with the .

the reconstructed wafer may be lowered or raised to reverse the alignment

material 108 phase change and allow a sacrificial material that is no longer solid to be

removed by application of a vacuum or by a flushing or draining procedure.

Once the sacrificial material is removed, the reconstructed wafer 230A contains
at least one void 240 in the underfill material 126 that corresponds to a removed
alignment droplet 112 and may be connected to an empty, or at least partially empty,
alignment via, such as those depicted as 222A and 222B in FIG. 15. At this point, the
vacated volume may be filled with a selected replacement filler material 242, as is
desired. For example, the selected replacement filler material 242 may be a conductive
metal or alloy, such as tin/lead solder, gold or a conductive polymer or conductively
filled polymer to create a conductive structure through the vias 222A, 222B, 222C, and
an integral conductive bump 244 on the non-active surface 223, as depicted in FIG. 16.

Of course, it will be appreciated that any desired selected replacement filler material

242 may be used.
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selected filler material 225 or the alignment material 108. Where the
alignment material 108, alone or in combination with a contacting
selected filler material 225, is 25 conductive and is in electrical
communication with the active surface 221 of the dice 220A, 220B, 220C,
this provides contacts 226 on the non-aétive surfaces 223 of the dice that

may be ytilized in mounting the dice 220A, 220B, 220C, in a complete
e oo ARS8 R gt water
diee 23024¢c2208, 220@y aydesapasated bytsinply remoyingfive 221 of the

adhesive-coated film 132, as depicted in 30 FIG. 14. Of cqurse, it will be .
T R e B AP A BB R s active
thaseafolirdniskide n2he, 2a10B)12g (e, isechiorsEparaie theTdirerddéifire may

220B, 220C. -12- Some additional processi

] ng embodiments, in )
aCEPSHBESRERGFRS R BRQT P fﬁ&lﬁ}f@%8&(%&%%%%?5?@@&%@5%%% of

FifaSwARrls thsraeop sttycieduiaiendsAdas GiRpbachasn disadsREes220A, 2208,

previously herein in connection with FIGS. 9-12. At this point, the

recHistHti8 ¢ WARSHIYRDURRIerdd 2y PBRSHed wafer-level processing

procedurghe k@B RIHAESHTE 1R thtd BasHSE RHRANRL HGtructed wafer to
reconstructed wafer 230A, the fixture plate 110 is removed, mechanically

byubstiagtbaiRBy sxpRseithefegdneifsRirapm s Hosmimes Feepmalished in any
malesiak thah ARy & ASEONE L 1R Ry EeB oM BIHD EHbctHR RIALE 10 Wi uch a

treatment by a suitable release agent. Of course, the need for this

prbeatcrerpapraseselipnpateldaip g raamdgriHbmatasiabthac red Dednsiuogbin reflow
thatjacks Alxiug Rtk ) ANgale Q@?&ﬂ@é%ﬁdﬂt%@%&%&ﬁ of the

least accessible, if not partially exposed, through the underfill material
126detichnirsiaitines véis an shiaec?20 AvRVB.3PACo gathenbshand tHelly exposed

alighiment naferial 108 3 compised. %flé.ﬁ%(.:r@?&'u@l@}?{?{llt@ea%zl%gcnll?&{ that
mater‘tl)al 108 may then be removed ?rom the reconstructed wafer A
Wihoere ambodetertediiiidian dieriall22Blis ateadrifioiet neratedd imiaynbay @lsed and
be rem ve(;[ih Remov %5 of the sacrifigi(z)arl material may be accomplished

. are w1811n (v SCORG € plﬁzsent anFIll e e . .
in"any manner suftable for'the specific sacrificial material at issue. For

exampleThesadiciival cheriitah £220B12300emey fersied] ded &mavie tfeeonstructed
e G o O L
akigibodintent depicted in FIG. 18, this may be accomplished by removing the dice 220A,
220B, 220C, from the adhesive-coated film 132, as has been discussed previously
herein. Alternatively, singulation of the reconstructed wafer 230 may be accomplished
using wafer sawing techniques. Where adhesive-coated film 132 has been applied to
the active surface 221 of the reconstructed wafer 230A, this leaves a protective layer on
the active surfaces 221 of the resulting dice 220A, 220B, 220C. Alternatively,
singulation may not be effected and the dice 220A, 220B, 220C, may be marketed or
used as multidie assemblies. Of course, an adhesive-coated film 132 that is susceptible
to chemical etching or other non-mechanical severance or removal may be used and
such singulation is also within the scope of the present invention.
Using the processes, equipment and methods in accordance with the present
invention, reconstructed wafers 230 and 230A can be created that may include only
known good dice. These reconstructed wafers may then be processed in the same

manner as any other wafer, using standard wafer-level processing equipment.



material 108 phase change and allow a sacrificial material that is no
longer solid to be 20 removed by application of a vacuum or by a flushing
or draining procedure. Once the sacrificial material is removed, the
reconstructed wafer 230A contains at least one void 240 in the underfill
material 126 that corresponds to a rembted alignment droplet 112 and

may be conngcted to an east rtlaII nment v
Rt S e T R
vaseata@bucdomﬁmyybmﬂidﬁd &eﬁhrax@eﬂmﬁaﬂereplﬁaepmadtsﬁﬂﬁe ofakerialention.
Zﬁ is S|re or exam tﬁpe .selected re lacement filler mater @L&

Ry BeES PSR AR S dor gt rein
conductive polymer or conductlvely filled polymer to create a conductive
structure through the vias 222A, 222B, 222C, and an integral conductive
bump 244 on the non-active surface 223, as depicted in FIG. 16. 30 Of
course, it will be appreciated that any desired selected replacement filler
material 242 may be used. - 13 The reconstructed wafer 230A may then
undergo any additional desired wafer- level processing. It may be
advantageous to attach the active surface 221 of the reconstructed wafer
230A to a length of adhesive-coated film 132 to protect the active
surfaces 221 of the dice 220A, 220B, 220C, as depicted in FIG. 17. This
procedure may 5 occur during processing, or prior to removal of the
sacrificial material. Processing of the wafer at this stage may include
wafer testing and burn-in of the dice 220A, 220B, 220C, using conductive
bumps 244 as contacts. The underfill material 126 may then be removed
from the reconstructed wafer to substantially fully expose the conductive
bumps 244. This may be accomplished in any 10 suitable manner, such
as by selectively removing the underfill material 126 through a chemical
etch process, or by selecting an underfill material that can be induced to
reflow from the reconstructed wafer 230A under appropriate conditions.
Removal of the underfill material results in dice 220A, 220B, 220C, with
substantially fully exposed bumps 244, similar to those depicted in FIG.

18. Of course, it will be appreciated that 15 some embodiments in which
the underfill material is not removed may be utilized and
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are within the scope of the present invention. The individual dice 220A,
220B, 220C, maybe singulated from the reconstructed wafer 230A.
Where the underfill material 126 has been removed, similar to the
embodiment depicted in FIG. 18, this may be accomplished by removing
the dice 220A, 20 220B, 220C, from théadhesive-coated film 132, as has
been discussed previously herein. éE%r ively, singulation of the
reconstructed wafer 230 may be ac ed using wafer sawing
techniques. Where adhesive-coated film 132 has been applied to the
actiye surface 221 of the reconstructed wafer 230A, this leaves a
p@é@&@é@%‘ﬁ%ﬁ‘ the active surfaces 221 of the resulting dice 220A,
220B, 220C. Alternatively, 25 singulation may not be effected and the dice
220A, 220B, 220C, may be marketed or used as multidie assemblies. Of

course, an adhEsRIGESHIBHTRRANE BB o STucRMIHAO A REFREaprising:
elehint ©hatel NeRtIeSHARIE Al SHKEANGEI A IMQAGHIMAY P HE@RBGTom a

such singulation is also within the scope of the present invention. Using

the proc 1 4LiEmEAt BatF b S 4 SParad ARE R PibdpTEREe:
3QIYRNtoRfecansikEiedM@ErR a0 AR 230ACALRR Greale iR M@¥face

include only known good dice. These reconstructed wafers may then be

processéiFiiche idhiatilisrideass ety benersnarayiDsghstdtitiagmiconductor

wafer-leyel PRI @ AHIRMEN 1 drahind 'aﬁ%rﬂﬂ&ﬁ%bl@?&nﬁ%?&%i%ned by

the apparatus and methods herein described can be varied considerably
without depasgrignfriom theecebncept and scope of the invention. The

C'giﬁ@ﬁqg'é’@@c&?&iQ&ﬁt&%&&?&&%ﬁéﬁﬁéﬁﬁ@@%@&é&%? MR A BPon a surface
described herein. - 15- CLAIMS What is claimed is: 571. A process for

re_constrﬂtﬁmgfess@mkmﬂmm@awm@rabmifrtg/:it}‘mfthngea@wastracmsiuctor
alignmery, coplet and. af aneha sereand alanmant SreRIEiom &R Walfonea
y space p ga

alignment material at latera ocations orT a substrdte; placi
first semigondisctoredieonahinngodit least one alignment cavity on a surface

tl’]i%%%ghs%?l? %I’t]a}%ys]te aalrilr%frjl %Ii&?r%&ll%‘r@ﬁ@% it I%eofatt qgafsl{sat second alignment
semiconductor
droplet to at least partially solidify to maintain positions of the first
semiconductor die and the second semiconductor die; and
subsequently introducing an underfill material between the surfaces of the first and
second semiconductor dice and the substrate to substantially fill a volume
between each of the first and second semiconductor dice and the substrate, to
extend laterally between the first and second semiconductor dice and to

surround the at least a first alignment droplet and the at least a second

alignment droplet to form a reconstructed semiconductor wafer.

2. A process for reconstructing a semiconductor wafer, comprising:
forming at least a first alignment droplet and at least a second alignment droplet from a
flowable alignment material at laterally spaced locations on a substrate
comprising extruding the flowable alignment material through at least a first
alignment via and at least a second alignment via to form the at least a first

alignment droplet and the at least a second alignment droplet;
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10 die makes contact with the at least a first alignment droplet and is
positioned by surface tension thereof; placing a second semiconductor
die having at least one alignment cavity on a surface thereof, such that
the at least one alignment cavity of the second semiconductor die makes
contact with the at least a second alig‘n]fﬁe‘nt droplet and is positioned 15
bﬁlsurface fter}sion .ther(?off' ingucﬂn%the ?ﬁlea,[st a firlst alg%nEnent tdro let f
and thebdt 1edst d'seeont alignment trdpiéfio Atidast partiany solidify o' -
maintaintipasifosscafttiae tiesht $enticnndligionehe anithd gecdindsemiconductor

semiconductor die; and subsequently introducing an underfill material. .
petoon R BIRb RSt L S b GBS CERICKAB) BBt Ligped by
the subsitatectorsuistiantialbf fill a volume between each of the first and
second semiconductor dice and the substrate, to extend laterally between

RSB SR RPLE ARSI UE P ZhIF3S" QU FOIERPEIL SVikugp g4 surface
first alignreesyrdsaieh anpkthe aklenst saaenctRlign@akeromiatigidenductor

a reconstructed semiconductor wafer. 25 2. A process for reconstructing a

semiconti§cRskGIaeRAch sk G IFgrhnerap fetkenameridanplshigdds positioned

droplet andsatigastArGraReafignment droplet from a flowable alignment
material at laterally spaced locations on a substrate comprising extruding

thadsingolBeatighitérit FratetianmesughoRtqe 8¢ dlii st denaligrivramdyidignment
and at leggf,a56600¢ AIGNPERLYIR QIR the hieash feslislonsremle first

droplet and the at least a second alignment droplet; -16- placing a first

semicon%ﬁ]@i@?@@cmmfgaaﬂIﬁwe@f?@da‘mjﬁmlém@i%ﬁl_@surface
thereal Ruel IALIR AL GAA0R:AlIgRMEaRE %\AEXn?ftﬂQ%&&lfﬁtces of tthe first and

semiconductor die makes contact with the at least a first alignmen
droplet aasdordossitionadubiorsdide cente asitnitdene ches b1 deinig aa ferst arignment

semicongligl die hAYINGIALEASLNE RSN SRV AN PSS onsiructed

thereof, such that the at least one alignment cavity e secon
semiconskuctornductor wafer.

3. The process according to claim 2, wherein extruding the flowable
alignment material through at least a first alignment via and at least a second alignment
via to form at least a first alignment droplet and at least a second alignment droplet
comprises extruding the alignment material from a supply of alignment material

operably coupled to a reconstruction table.

4. The process according to claim 2, wherein the substrate comprises a
fixture plate and wherein extruding the flowable alignment material through at least a
first alignment via and at least a second alignment via to form at least a first alignment
droplet and at least a second alignment droplet comprises extruding the flowable
alignment material through alignment vias located in the fixture plate to form part of

the reconstructed semiconductor wafer.

5. The process according to claim 1, wherein inducing the at least a first
alignment droplet and the at least a second alignment droplet to at least partially

solidify and maintain the positions of the first semiconductor die and the second
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die makes contact with the at least a second alignment droplet and is
positioned by surface tension thereof; inducing the at least a first
alignment droplet and the at least a second alignment 10 droplet to at
least partially solidify to maintain positions of the first semiconductor die
and the second semiconductor die; aﬁd%ﬂbsequently introducing an
underfil materiatadiacent the surfaces of the fst and. SoCONG 1 peratuee of the
semiconductor dice and surroun mgl}ﬁe atgast & firdt Aligniment? ropliet
antigheait |leasirinsecandaatignmising ssbpie thefelignmeacansgiletsted 15
semiconductor wafer. 3. The process according to claim 2, wherein

extruding the flowable alignment material through at least a first

alignmerst via amHerieast acseeding @ligament whartnfainnahlemsta st a first
alignment droplet and at least a second alignment droplet 20 comprises

o R ERRR o h ARG Afels APt e SR sHlsBReligTARIGE iRatbrieast partially

oReriakly sRYRIRGhiRIA tREQASITMEionr taflgid: JhRiRsAEESSREROIMNIHS second
claim 2, wherein the substrate comprises a fixture plate and wherein

exERIARBOHE M SUeANR RISkt iRt Rl SRPotY AnatqEakh a8 fkiyating agent

alignmen paand abIrAS %@%ﬁg%é}lmﬁ]ﬁ&%.‘/ia to form at least a first
alignment droplet and at least a second alignment droplet comprises

extruding the flowable alignment material through alignment vias located

in the fixiure plaigelp U REL QAR LREAN PR SARIARAIHE QLM AR uctor

30 5. The process according to claim 1, wherein inducing the at least a

firde BaigRmerieeioplentisaniset srlebstnisetbivg rgerhenciopléieetdeast one
8?%&3&%%&9'69"f}{eaﬁ‘l%@ém@ﬂdﬁﬁo%‘ﬁ%éth%ﬁﬁe‘éfc%}ﬁaféﬁﬁﬁr{ff&%{‘%‘a{g%ﬁrst

le
die and the second - 17 semiconductor die comprises at least one o0
redbigrronicenisigadierppeititoed by theswligrmtenion sherialfeoatidsestplacing a

jal lidi I t dr ts: O. ing,t i
AR O R

ignment drop e at least
a the ebigd ratiginrmane sirjelat tm @b stopandipiy dsadigihoaandreditgamtne droplet
pg)sitioné of Etle first se[picon%uctor die and the second
0 position the semiconductor die.
8. The process according to claim 7, wherein placing a semiconductor die
having a plurality of alignment cavities on a surface thereof comprises placing a

semiconductor die having a grid pattern of alignment cavities.

9. The process according to claim 1, wherein introducing an underfill
material between the surfaces of the first and second semiconductor dice and the
substrate to substantially fill a volume between each of the first and second
semiconductor dice and the substrate, to extend laterally between the first and second
semiconductor dice and to surround the at least a first alignment droplet and the at least
a second alignment droplet comprises introducing the underfill material between the

first and second semiconductor dice and the substrate in the form of a fixture plate.

10. The process according to claim 1, further comprising curing the

underfill material to a substantially solid state.
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semiconductor die comprises reacting the alignment material with an
activating agent to at least partially solidify the alignment droplets. 10 7.
The process according to claim 1, wherein placing a first semiconductor
die having at least one alignment cavity on a surface thereof, such that the
at least one alignment cavity of the fir &emiconductor die makes contact

with the at least a first alignment droplef and. is itioned by. the surface
tension hbroot TSRS DIACTRY A e LD A0 b RN STarLAye the
offiadigmendraindtie sdan @ndutface dhvedeeineacikaitdiS direfalignine idconstructed
cavities interacting. with a correspondingly positioned alignment droplet to
pS%ﬁﬂlc?ﬂI{rﬁlécggﬁﬁ ductor die. 8. The process according to claim 7,

wherein placing a semiconductor die having a plurality of alignment
cavities on a surface thereof comprises placing a 20 semiconductor die

having algrid patt&rROFaityARTEFEavVIReS M ThE pYOcELE alaHatRedhe first

claifidontberindiiraaictie apddndestithiotaiariabbeiveaothatrufacai@fcted
the first and second semiconductor dice and the substrate to substantially

filbIeNRHE s R e ampsi sthec rgtiad S isdisaerstaists sraicomstugror wafer

and thesdhslralricie g dand;laterally between the first and second
semiconductor dice and to surround the at least a first alignment droplet

and the at least a second alignment droplet comprises introducing the

underfill jaterighpeiygendhg. dyshAndsecand SEMiCARIUASAICe Alng the

the substrate in the form of a fixture plate. 30 10. 'I’he process according ~
toegaisiructedtreniconstyatiny el ryreneo veribie Hilipnatbralqgad further comprises

sybstanta!ly ,?Béigrétr?‘iﬁte' ]a%héljedﬂ&etﬂéoﬁﬁﬁérﬁﬁcﬁ{gg&%f%Qad%&gﬁﬁlﬁ‘ﬁé the

comprising singulating the first semiconductor die and the secon

seenfsvhitgtsidseia dfpodueter redonstructed semiconductor wafer. 5 12.

The process according to claim 11, wherein singulating the first
semiconductor die and the second semiconductor die from the

reconstriidted 3dmjpronchsciarowhifertcompnidésfoabkrgangingitigedhering active

"eCORRIY AP dhReMIGORIUCIRINAST R Temane NeHPSTIEDARIR) die to an

adhesive-coated film before singulating.

15.  The process according to claim 14, further comprising removing the

adhesive-coated film following the back-grinding.

16. A method of performing wafer-level processing on a number of separate

semiconductor dice, the method comprising:

selecting a plurality of semiconductor dice;

forming at least one alignment via on a rear surface of each semiconductor die of the
plurality;

positioning the semiconductor dice in proper positions wherein the alignment via of
the rear surface of one semiconductor die is aligned with an alignment cavity of
the mating semiconductor die to form a semiconductor wafer by placing the at
least one alignment via in contact with corresponding alignment droplets
positioned on a substrate and using surface tension of the alignment droplets to

effect precise alignment of the semiconductor dice;
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10 13. The process according to claim 12, wherein back-grinding the
reconstructed semiconductor wafer to remove the underfill material further
comprises removing a fixture plate adhered to the underfill material by
back-grinding the reconstructed semiconductor wafer. 15 14. The process
according to claim 12, further compris‘iﬁa adhering active surfaces of the
firs semicot duc(:éorfqie argdtthe second emigronductoadite tta.an dt bstrat
adhesieZCoatel fiim betore singuisting: 18 The process according 16 >10° e
claim 14ddisiine n cesupsisiog derroidogdingo?® dAehasive-coated film
following.the back-grinding. 16. A method of performing wafer-level

RS SN R O S BRSBTS SIS MR s
comprising: selecting a plurality of semiconductor dice; 25 forming at least
one alignment via on a rear surface of each semiconductor die of the

plurality; HositioH¥greiBoskehlamal syyredniseld fer g erpbheofisgrispnductor

the @lighmenrtyiketiihe 4sambefaceantusenoicandctor die is aligned
with an alignment cavity of the mating semiconductor die to form a

semiconductor wafer by placing the at 30 least one alignment via in

contact wih corfRs RRIHAG AHGTIM R LHERIBE o NASHIABERE QBN RIMRBERIRIice in

and using surface tension of the alignment droplets to effect precise
alGPPRERPYTME KefatabAderRispeidstar rotidaarjaengyismideanipgye alignment

beWREBHMEPRTIHANRR SUNERRIHEHE JICaBPR IR RHASIAHP R {AHMRing the

reconstructed semiconductor wafer; and performing wafer-level
pEdEEsRNg GARleE rectnett it BbnmideshButtonairien, tBelmopplepaTétien s
of claim 16, wherein selecting a plurality of semiconductor dice comprises
selecting a number of known functional dice. 18. The method of claim 16,

wherein pbsitiohirgnktheeénfictbmauciow beeiingvoper thoslignser finplets to at
semican [ wafer lacing the at | 1e alignmen vig | s
oo R R B Al s
ther lowering a temperature of the alignment droplets.

20. The method of claim 16, wherein the substrate comprises a fixture plate
and wherein positioning the semiconductor dice in proper positions to form a
semiconductor wafer by placing the at least one alignment via in contact with
corresponding alignment droplets comprises placing the at least one alignment via in

contact with corresponding alignment droplets disposed on the fixture plate.

21. The method of claim 20, wherein underfilling the positioned
semiconductor dice to form a reconstructed semiconductor wafer comprises
introducing an underfill material between the rear surfaces of the semiconductor dice

and a surface of the fixture plate.

22. The method of claim 16, wherein performing wafer-level processing on
the reconstructed semiconductor wafer comprises performing a wafer-level testing

operation on the reconstructed semiconductor wafer.



alignment droplets to at least partially solidify to maintain the proper

positions. 19. The method of claim 18, wherein inducing the alignment
droplets to at least partially solidify to maintain the proper positions
comprises at least one of raising 15 or lowering a temperature of the
alignment droplets. 20. The method of #4im 16, wherein the substrate
comprises a e plate, and wherein positoning the, semiconduptor dice, o,
in propef positions to 18 A SERiCaNULEP RSt y %Iacmg & &LI6EE
ore: adignnenttviss émbanideattad tha?2é cotipspsndifioraiigybuent diopletsafer level
comprises placin Hwe at least one alignment via in contact with

LD BT A ARACSRER ffdsed on the fiture plate. 21. The
method of claim 20, wherein underfilling the positioned semiconductor

dice to form a reconstructed semiconductor wafer comprises 25

introducing an underfill material between the rear surfaces of the
semiconductor dice and a surface of the fixture plate. 22. The method of
claim 16, wherein performing wafer-level processing on the reconstructed
semiconductor wafer comprises performing a wafer-level testing 30

operation on the reconstructed semiconductor wafer. -20- 23. The method

of claim 16, wherein performing wafer-level processing on the

reconstructed semiconductor wafer comprises performing burn-in at the
wafer level on the reconstructed semiconductor wafer.



