-1 APPARATUS, SYSTEMS AND METHODS RELATI NG TO THE
RECONSTRUCTI ON OF SEM CONDUCTOR WAFERS FOR WAFER- LEVEL
PROCESSI NG AND RECONSTRUCTED SEM CONDUCTOR WAFERS 5
TECHNI CAL FI ELD The present invention relates to the
processi ng of sem conductor wafers and dice. Mre
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di @@ssible, are omitted from subsequent processing steps. As the dice are singulated, the

defective sites, although singulated, are not separated or “picked” from the wafer.
25 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
30 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
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individually, or attenpts to repair defects on dice.
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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:



In the draw ngs, which depict the best node presently
known for carrying out the invention: -3- FIG 1l is a
side view of one possible enbodi nent of a

reconstruction table and fixture plate, useful wth

sonme enbodi ments in accordanc8 with the present

invention; FIG 2 is a side view of the
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t halignmephdwptetadiopised therdehG. 4 is a side view of the
reconstﬁﬁgti.on tabl.e of FIG 3, with_ an underfill,
di sposetibet Ratie ieW SLATOReHCLOR tahl¢ | agreydansg with the present

fi o . . , . -
Lol g all i e Bl M B Soscons by
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t 04; ' . - gL ngi.ng, .7 is a
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usettached to @oadhesinbrge fatiask-grindiagor dance with the
present _invention; 20 FIG 10 is a side view of a
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di sipgulated fempihereqanstracted wales oY 7di ce and t he
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the reconstruction table; FIG 12A is a top el evated

20vj ew of FEGptis peideyiew pla eeenstiactiomctablg imagoordapge 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;
25 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-
30  grinding process;
FIG. 14 is a side view of another embodiment of individual semiconductor dice

singulated from the reconstructed wafer of FIG. 13;



FIG 12; FIG 13 is a side view depicting the
reconstructed wafer of FIG 12 after a back- 30
grinding process; FIG 14 is a side view of another
enbodi ment of individual sem conductor dice
singul ated fromthe reconstrudted wafer of FIG 13;
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there is dechted a reconstruction table 100. .
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fo]ﬂkﬁﬂ?ﬂﬁ&hﬁﬁ%hgga?m% o 'nductor wafer. One or nore
waf er reconstruction l'ocations 101 may be present on
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W {aBlel OB Heséd £ plafre 3O canrductifpRtbeinicondi@6r wafer. One or
| ower, or maintain a desired tenperature of the _
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I n ctice, tenmperature con I stem 102

15 oo AL r ST VE R BB bl | RLRLE e AR R 3 conourren
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of heating or cooling, sem conductor-type heat
ex tpaaseriedrbyl 0dilss magbe praspietrin kertechorc With greonstgiciag table 100 and
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a controller 107 for nodul ati ng the tenperature of

20 r ecoMptiseresistive heating elements, passageways within reconstruction table 100 for
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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 (as shown) reconstruction table 100 or in contact therewith, sensors
103 being used with a controller 107 for modulating the temperature of reconstruction
25  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 surface of a substrate comprising reconstruction table 100, each in
communication with an alignment material delivery system 105. A fixture plate 110
may be disposed on the reconstruction table 100. Fixture plate 110 has a plurality of
30 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,
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25 patdlgive ﬁobﬂbﬁ@éleaﬂ 288 db @6t 18Mit the invention. Alignment cavities 122 may be
formed in the rear 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,

30  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 the present invention, it is currently preferred to use a
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rear surface 123 thereof. For purposes of facilitating

t he understandi ng of the invention, the die 120 wl]|

be referred to as having an active surface 121 as the

"front" of the die wth an opposite rear surface 123.
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location 101 to define locations of dice 120 for reconstruction of a wafer, a plurallty 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
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20 1 pvepfigipaishap the @gilication ofa cheminahsstingkent, theexposure of alignment

L —

extigp| such &ld ghveiilymet @fdbid udif expoiirels rﬁdlhﬂl(ﬁi«l(ag for example,
epoxy that is heat cured to solidify. Wth such

rthat argHigrid whee beajehand gel wpon @fmemratt@raéla@ﬁn,t sueh as UV
I b tel t
P N TR Y L R R —

25addkﬂrpnal exanpl e of a suitable 15 alignment materi al
may be a low nelting point netal, such as a tin/lead
sol der, Osice wignment 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
30 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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sol der or other low nelting point netals or alloys.

The I ow nelting point netal maybe nelted and

delivered to formalignnent droplets 112 and then

cooled, or allowed to cool, to solidify. It will, of
course, be appreciated that aBternative processes for
solidifying alignnent droplets 112 nmaybe used and are
witndenfillt inetesialo[6 lds dubesl, prresmstru@ed wate 180 o formed rand gnay be
the app)ication qQf a chem cal setting agent, .th .
efﬁ@ngeréh fr AE R Gafpisgl o th%rﬁccgﬁﬁgctma%b@? g,y pgnin
algrgn @?nﬁ“h‘ﬂ?écgﬁétﬁ{cﬁeho\%afe? 130 (REPHAD Undkrgo WRY SRt Waff-level
light, such as a photopol yner curabl e usSing” exposure

t proadsiag tooohplete the rfateicatiph ef thepdiky i20 sr tdratreatiion of complete
liquid when heated and gel upon exposure to radiatjo
sUBpltidic somicqndgetpr asgerpblies. Hor ex elge T%C@estﬂctegrw ﬁfyﬁo may
ot her. . pr. S X ' j ' :
¢ NGBl R A 0081y PR T R S OD, lhoughit
pawill & dppresiatdddhdtiaryldesiiad waftbeddviel freatrait eudhak whkf-levelietouting

as an epoxy, may be di sposed under, the dice 120. The
enftfoupieetavel sratmensssfor packaging maydier performgt ¢y the reognstructed
di% §?Q)betmeen the dice 120 and the fixture plate
110, 1s"shown in FIG 4. Various dielectric underfil

mat er i alt svill BSappsetidiedihatife ran aobnsaneted wafds? &duskd herein, means
epoxi es, are known to those of ordinary skill in the
ar yaseenshycted bplk sybgramimsluding sepieendpgtpr digs Such reconstructed

enpl gve . j [ .
LM AT S -
t h@ay ®eaRRSikAblE F@pro@dssing wartc eoriveationdt wafed dahdlidg and processing

material 126 has cured, a reconstructed wafer 130 is

f opqripMmentd Qegr pabodimentsapaxpPradues sqUaFeopTestapgulanrecppstructed
used) frgm.th econstr ' . : S j

L el L BESRIBHEYE LR PO iy BRNDh Sapes e

anyittlesthe e6bpaaft ee-prevésd inv@rtd@essi ng to conplete the
fabrication of the dice 120 or for creation of
conpl et ©nse yafer-layekpraeassing iromplate, shesespnpirucied wader 130 may then

ex | e e reconstructed .er : .
P EP gl S R SRR LHES BRI o7 R g A RE g previousty
t haseal Oas pkicks fart dilikdidniis depidted inFEGBPEI7eaiIBt Gle kdtdhstructed
any desired wafer-level treatnent such as wafer-|evel

r emvatiri13g is @racherd tora filavef adhesive-pratedpalyrenpldkasdnmgorugntional

be riormed on the recgnstructed f.er ; I

i PR L B et R Bt Sfo R heRdised o siered o he
vafigh, 13208s dspedled BT BIQN 6. MER ecodiicte® GRIRET130GE eénlbabicground,
substrate including sem conductor dice. Such

r econeving theefixturgapletes! Ioa(witese preaeny), dless prdesfild mgierial 126 and the
in %li%n%&% d?op%q Ty.e%ie%}ﬁ‘é dicd War\é\%g s%rfﬁcsllan egpth %%Eness, 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 wafer thickness,
resulting in the structure shown in FIG. 7 of a number of thinned dice 120 attached to
the film 132. The individual finished dice 120 may then be separated by simply
removing the 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 the dice 120. For example, the reconstructed wafer may be

singulated with a conventional wafer saw or by any other suitable technique.
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may be desirable for processing with conventi onal

waf er handl i ng and processing equipnent. O her

enbodi ments may produce square or rectangul ar
reconstructed 15 wafers, which nmay be desirable for

use with testing equi pnent. Al9- such shapes are

Wi thin the scope of the present invention. Once

waf er - | Eheforggoorgansthodithius enatblqs Ica#a‘éon dfheecoastornskimai¢rading only

L el BB R e o i e RSO Ghse s e b
no&&%l%&%@%ﬂ%&?ﬁ& fiofddl nﬁthﬁBhﬁ%g&%Q%gifr‘gﬁﬁé?nén& may be made

6, 7 and e reconstructe 130
at toathledehsicomethbd lami @il sudh esfincmentaire dvitidh ythe scopd f ths present
in_a conventional wafer back-grinding process, with
t hEVERH9Yy o surface 121 of the dice 120 adhered to the
film13
v or 1357 F EnFBRh B pfhokieltinocoliihcb SRR S Fhvention may
pI bé Hseﬂl i@f(ﬁMEYeﬁzonhmmﬁo)thertsh&tun&d asd tebd)nsﬂ’abted wafer 1sX6rmed or
the aljgnment drops 112. Wiere the dice 120 are
of %#%Q @Féw@ée&tthereﬁomhﬁéw@@@f upRPI9sescesase dapigted 1 §IGS. 9
the alignnment cavities 122 and
the r gj%girlgcg?sreﬁgg%gvnrrent droplets 112 | ocated

t her ei NFER® depictoeséralbdi fipent dics22A , 2heB wad Z10C that maybe used in
thi ckness, resulting in the structure shown in FIG

of PECHGIRB Esrtash cmbpdifeatsaf the piqsentaﬂvea%ln@dmféerentwbgmmmhwa 222
1Sa'eat;géﬁt5 Igagé\sf%e% l%t/)plﬁédnfosé)a%g dg% %501#2?2@%%{ ES& b(;“The alignment

separ ate renovin

depias 222lof die BRGA cBmpfike 4t (aakiSone viid 228A thafimas&ss Iﬁ[r@ﬁgh’ihe thickness
that any 30 alternative nmethod for wafer singulation
kneﬁﬁhq gntirgodie, 'éiowaiqeatayt betwepn jthe @Preveamrfm;zﬂb@d the rear

glg'fe[cg 2§§Qﬁ% 1#%-!1 ‘r:ebde%iggﬁle gaa%uéttaé%%af Ii;]g may ¥ be placed on the

reconstructe S e

C oiteridrisaffade ofalieevia 320 OF ok aple, & hiSiladvt doalth€may be placed on
techni que. -9- The fore%gl ng net hod thus enabl es

cr gt via 2280 ‘aaliSe@glngteShf alie ML@ ifrogs thﬁ:glnéuﬂty/e&f%ets p£@ current
120
or Bt B bR BucRRal 1ok AfinEp 5o 202h o Al ety o

f uR6ihduelitd coiE fnkap rb@' apﬁéh@d‘ 46 Jord) Pat &1 @@mtzﬁvé'rﬁi(&@onnectlon
made to the basic nethod and all such refinements are

V\/ltsmlq’fuﬁehe scope of the present 5 invention. Sone
enbodl roc S .,N ord e with th .

o Doont Tk B 2 pe BB thbirea feastane via 2228
Or tiHt b@gse§ﬂﬁwghtth@ﬁn@1§1e§s SfAROMSLLUB! §4a YELFELs ﬁaﬁléll?lrfﬂl%@i witha
or dice 120 are singul ated therefrom Exanples o

sucblepied Eilssmatenink22fe piabtas d saarificiabiategial ot condbetivg negerial that
di & BE 1endelectrlc¥1Y communication with the integrated circuit formed on the active
surface 221 of the die 220B. Desirably, via 222B is filled from 1/4 to 3/4 with the
selected filler material 225, although any other 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 selected filler material 225 substantially throughout its
depth. It will, of course, be appreciated that the walls of alignment holes 222B and

222C may be coated with any desired coatings prior to filling with the selected filler

material 225.
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10 FIG 9 depicts several different dice 220A, 220B

and 220C that maybe used in practicing certain

enbodi ments of the present invention. D fferent

alignnment via 222 treatnents have been applied to

each die 220A, 220B and 220G 10rhe alignnent vias 222

of die 220A conprise at | east one via 222A that passes

t hr oughAs shewinhn EKhd$9sa nwhbdr b€alegumenedmwplets 1dRlaoxtrgded through
copnt act between act.ive surfac 2 d the rear 15
subf geegnsz%ﬂ%félﬂfaqﬁ&@ﬂ hapdes _Ogeﬁ%o_i%%?@@ arg di5ppsed leggon. such
COoRkLi Mg iABMcHRE Bf BESHAR ttil§on i)fltth@ raligﬁmérﬂ.rcfrgﬁ@ts Qf12bfiBns dice
via 222A. For exanple, an Insulative coating nmaybe

pl 2202 299B, t220Cvfaa &A2tAplaaérhenttim pretomstrudted whifer, 22 MAs been
fromthe inductive effec of a current )assin )

t HIBTFPBREaRLY YeacihalieriiRe appregiated that r%gﬁgwaemi%gpplet 1125size
221%% bé“é&n‘ﬁfopé& {otEdutin fﬁ}h@%‘éj bin¥ 61 68 Qﬁ%rﬂﬂeﬂ?@%s B%)A-222C that
applt1ed to formpart o conductive i nterconnection

20hast idt deen dilledhgredibugn veth a weksted 2216 fmategal 2218 the alignment
sinilarI{ conprise at |least one via 222B  that passes

t hirenish 1 thdniis @reelan “‘smpbh aigsechoas@a2Aythis can sqsult én a via filled
p ' £ i . i - ATRE 1 .
S A A A g S5 S LTI A i 1
meF @ra pattidliy@inptyedn, sheh as22e Bethivreadds i ovapadialy filted with dalected
the integrated circuit fornmed on the active 25 surface

2 2Allgsmmatfrgal dp.s with e remaineriilid byl gnmentenaterial 19§, da the case of a

f 4 ' I L j
A bap i Mo il 5 BP0 8ly sttt
Si mvétakd the fillehRatatial 228550 tleat cheaui facuemdionvo falig@méntdiopléte 112 is

220C passes_thrpu%; the thickness of the die 220C,
bueffecsive itp plign diet F206e| Beheeridesined othe pligampnt) matorgal 108 may be a

su dal Ly thr 0 ' th, ' f
coup i it sRPACH bl 180 f padduptls bl or o polymer
hot@faidihgBechiddctd RdGaByspededoticfiin W Alleradtivelle $hé @l gnment

coatings prior to filling wth the selected filler
matatarial 108may camprisgs seprafigiali matprid. [will be apprasistedghat the term

al kgnnment, droplets 1 are_extruded thrgugh the

" ccORRF ARG aB e heBAT s b Sindegh 95 Bhonipag that may be
22QQliadderodlh speERGuh&RNGA ANy ﬁmbss o Radthddhss thé“lﬁreéeiiﬁ {riveftion and
of the surface tension of the alignnent droplets 112

al thendedpmevedat@Aatepstagent spolpproress os methodp | Eae example, where the

a reconstructed fer s _has, been. 5 di ssed .

or SRR S A R baghir SR BRRYeR 4 B3 Bcpmed previousty
al heRire tuckl FaﬂFﬂnﬁEntldrgpl%tsZ €12 ARY chRidepddt tPbt @dsdcHficial material.
result in filling the volunme of the alignnment vias

22 Bacrifpcad materials ey beselepled o fadilitaty theievanenysl giteriuse, as will be

seldles%tlsesgd Hdhleleﬁer%F erial with the alignnent

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
herein and depicted in FIG. 12. An elevated view of a portion of the reconstructed

wafer 230 is shown in FIG. 12A.
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droplet 112. In the case of an "enpty" via, such as

222A, this can result inavia filled wth the

alignnment material 108 or a via partially filled with
alignnment material 108. 10 For a partially enpty via,

such as 22213, this results thla via partially filled

wth selected filler material 225 with the remai nder
filled A ths ipgimetie reaomstiuated M@er P30 iy vadeegmtiny wafer-level

o) POFTTEAE A GO Soi8 Sghs BeebBuSbgerehBlatiilgvel pmin and
! | teStftip #HRY Qubdibe 28AdudAl. | MAerd Bt AltinhRGe R 308 Wlected is a

alignnment” droplets 112 is effecti
2 200dustfvemeateiia iand,df ptebent ahe spletett filbaxneateridl 2298 admyconductive

a_damand g&%&%ﬂﬁhg gét?egﬁspcgq‘%gc%h@éﬁtaif}e Qs Bk the éieszozlog,ezrzb}a?zzoc,
c ) A . . .

OB T s SRR o AL Ll
methe soladified 4lignirent tnetedplpli08as atpmded dtatie refiguifadei the reconstructed

4 rificial terial" as used herein refers to any
?ra\fs"gﬁgf Z%, aé%“%@b‘gﬁ iips 10a8f a bxiprgplatq kit j zed for a
speci fi j e, r
o aaent o KaRS IRl oY PRI RERS e el A e ot B may thenbe

st siggulattd mte inyonbaes separaterdicb220A,PA0B £200D 1S¢miliie that discussed
the alignnent droplets 112 are back-ground fromthe

di BFYOBSIY ASTem.ssRraeesp ek, i¢jug 159 1s Aenigied in §lGh. 13 and 14. The
al feg _ Eteﬁ Wérefﬁ) i% Lta @l t&?ﬁ‘eﬂgﬂfBF htegivg-?ozﬁed ﬁlr% 132,asina
sacrificral material. acriticral material's may be

set@nestibriab wadei badkagrindifieipfodesyyovith thd laetivel S@faceS 221 of the
di scussed further herein. 25 The alignnent

ill b
G Sise 450A 28R 0C Al tioatiing b dehe reRorcRFsS N Biar 230 i then

t . Ll l 1 dj ngd _an .
AT Y i
di el B2QAignA2MtiBateA A0 G Chetctrd Tiller Meat&ridll 5 iR ds present in the

alignment droplets 112 resulting in the structure
s e BOTtIPR ofthe dice 2208, 2208, R0 ikt ard hack-paindad hisgesudts in a number

ot ' Lidi fA const ruct waf er .230 .
oL ERYRS R8AAT 180 R LSRRI ANER 392 55 B
30F@reiBach fidisHepdie RedA| 2208, 220d dontAifis £1@22b RO W BE across
a portion of the reconstructed wafer 230 is shown in

FI the witlth thergof] thatas fillrdseigher nith theesolestadnBierumatetial 225 or the
L0 T 967 S0 B0 SHESRRE i

Vafagth- & @valactipmsélbcta dillet @8dterd IDBY isC¥EAubPyeC M Y i Glectrical

Where the alignment material 108 selected is a . _
c oferyeuigationawidlt tha petiviegurfade 231 eSthadice 2RRA J20Bc22E, this provides

L e AT RN 1 N—
di @icé20e4, 22B.320228G complete semiconductor package or in an appropriate
device. Individual finished dice 220A, 220B, 220C may be separated by simply
removing the 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, 2208, 220C.
Some additional processing embodiments, in accordance with the principles of
the present invention, are depicted in FIGS. 15 through 18. A reconstructed wafer 230A

is created as discussed previously herein in connection with FIGS. 9 through 12. At this
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testing and bumin may be effected by nmaking

el ectrically comunicative contact with the

solidified alignment naterial 108 as exposed at the

rear surface of the reconstructed wafer 23 0, as

t hrough the vias 106 of a fixtanwe plate | 10.

Foll ow ng the wafer-I|evel processing, the

r geoms theu cfcenstmafed r w280 mmayy undesgo ey dedirgi mgldrdevetl processing

into nu ce 220A,. 22013, 220

SRR o adt PSR it {10 Sat GGy <Feing 4 Bisn the fixtre

P890 §O¥en Ot ndadi®al HAR) AR bribinkl PRy il thelihture plat

ThIQ reconsetruct ed waf e? |s%gttlggr?edyto a{ﬁ? y e plate

of 1 1@dh@s ia\neaterdel ttieed nfdyl b di8alvedisr by removmmgmhe hixihoe alate 1 10 with

waf er back- gqugin rocess, wth the act .surf

221638Fel%t N e it 59pike 2891 B covige tieiReRIaT s IRESHF Ry be
A b4 HELES fixture plate 110.

oo TR CRIBL BB AR ER LI g

presentThe etligemendholﬁletls 11 2radeetiisak led Geeeasiblef i ﬂot partially exposed,

al i gnnent materjal 108 or ed filler terlal 225
¢ ribfougt thsraderitll materiald 26 W@@@fﬁ%he fepRnsEEd BtAZ 304 ogether.

£ dre (RE el nBle6aPRRYS QARG o TS BB Srid B ali goment

t hmaferibim (83@ay fiefiibeatmboed frai the picohstohctad wateiR30A. Where the
Each finished di e 220A, 22013, 220C.contains a via
2 2%hectesislies mapering2 245 gsactiitsial Fi‘%,ﬁt%aébtlhmﬂﬁ e Bf remeyed Removal

f ! !)1L RO REHRR] mMehit o f) edid Elesruﬁtglgle %&%@gpe01ﬁc
ar he g t

Ignnent nmaterl ere I gnnent

rraﬁaehﬁallal therial 40 issue rFoIr Bxaaptb)asalective chﬁm”ldfal étch may be performed
contacti n%ésel ected filler materjal 225 is conductive
antp oy he sacificial materia Alginativelyo Whelieenpropdate, e teperature of

Sujc'he gor%a'&ct @ atli}c% é}‘?%eon h s lofverkiSor fsgg: to tl'@fgseotpe ta}]lgnment

TOV con e rear SUT aces

dl ﬁﬁtehfalilommsebﬁlaﬂgé AridzAidwi dsabBficial @etidlahd 5 b 1ogger solid to be
220A, 22013, 220C in a conplete sem conductor package
or TqmRpvEd by gppligetipa pba VM by|ariishing px I draning PFRSdwEc e

2204, 2 691%%316 %gc%? %&a?e%&?g p&%ﬁ{eﬁ q&@%c@s{m&tgd WEEF?S\GA%ntams

the fi cour se

Wi b lebﬁ aRMNRE IZaO 6l tlid1ﬁideﬁﬂﬂl/ madria€r Datthat &offedpgoads s removed
waf er singul ati on known to those of ordinary skill in

t halignopentgyoplesd 12 gadimay bs eprniestcd te e atdieest paitigily emptyphignment
22 ana:l 3 a§(%ﬁreste %gglﬁ{ed%rs] 3521& raﬁge 25%[? n@?ﬁ?q%d lmﬂltssp'mﬂt "the vacated

accor ance W I'ACI I esen

| nW@]ﬁEﬂeQﬂaytﬂJfﬁle@@ﬁt}ﬁd Rikcted r&il@meﬂlﬁﬁlﬂé?hﬂiﬂ@ﬁlm aé\s desired. For
reconstructed wafer 230A is created as di scussed

pr €¥dropls) e seleeted rmhacemﬁnfefélﬂqrcmatml R4R @y, bea t:md@atg\ﬁ: metal or
o5 3o et ey P on ety fied
Th?glryrﬂétr tt](z cﬁelh‘@ﬁ adfcgldﬁ&tate%tﬂuctwe WasughsBe viapne QQBBQZZ?hEand an
1ntegra1 conductive bump 244 on the rear surface 223, as depicted in FIG. 16. Of
course, it will be appreciated that any desired selected replacement filler material 242
may be used.
The reconstructed wafer 230A may then undergo any additional desired wafer-
level processing. It may be advantageous to attach the active surface 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



plate 110 is renoved, mnechanically by back-grinding or

by formng the fixture plate | 10 froma nateri al

that may be di ssolved or by renoving the fixture plate

110 with 5 treatnent by a suitable rel ease agent. O
course, the need for this predddure may be elim nated

by creating the reconstructed wafer 23 OA that |acks a

f | qaoyr dunprigpirecesdifg, or Prier @l regpomallf tebrsopdi fidtial mMt@riar Brocessing of
thys at. | eqst accessible, if not partijall, posed,

¢ P erh S s ey nchie wareailin 2 b it of 6 204, 2208,
r egRTSheiNEEGidudeBuntd 590 a5 QOfRbGST - Where the
alignnment  material 108 is conprised of a sacrificial

mat er i alhe uriderfdl mafenia A26 mbf theabe ranadved G8mithyretdmstrudied wafer to

rempved .f| 7 the reconstructed wafer_ 230A. . Where fhe .
5 s cripseaalbyip Tt gt B capdushre s g TS pay by accomplished in any

M4\ fab Rl marinbr, T60h Rlb3AekREti e%}%\ﬁfo@mﬁ%
sacrﬁfigPal ﬁate#ﬁgﬁ'ﬁaylie accoln ﬁgﬁ%ﬁﬁﬁ%ﬁgﬁ%ﬁﬁgﬁwgpmgha
sucheabtad efch proces, @beseledting ap anddrfill matdiahthitenn bd indticed to reflow
' For exa a selective chem cal etch may be

i ssue. l.e,

peﬁP@rth%aFCO%%ruzgﬁa%ﬂéerﬂﬁ@ers@@mma& @nditigne rRemoval of the underfill
Al ternat O e f.

ARt U7 SBPEOPLI Bl N GBS0

10 r asiggkir t® thosy depietetl e FIGL 48D coudsy, & will bd @Bprptiatee that some
change_and allow a sacnificial rmaterial that is no.
| offgBedigsnts an wudhethe padestitl anatgrial ponqt cemesd rady be wiilized gnd are
or : [ 1 0] procedure. Once the
sag?¥gﬁg§g#ﬁﬁg?gFﬁgﬁgﬁghpéﬁgvéd, the reconstructed

waf er 23Bdindividual dise 220, 26132200 énay b sin@flfted Frofnliee reconstructed
underfill material 126 that corresgonds to a renoved

20Wafer iRBnt Wlespthstunderfilh mataral, 18@ has heescrempved, similar to the

l e rhd I ' -SuGh as t hos .

15 e anbodifehi Rpiokoy B 18 IS B oot Sy Rimd i i dice 2204,
t he20m,c2R0ed fromotht rdhesae-dRtdd filn€ d32Yi dshhad beeh aft@ed previously
replacenent filler material 242, as is desired. For

ex BfFfine Alteratiyely eingdatioasif theaneamstrigted waferd30anaye agepmplished

: i ve. || in/lead ..
o RSN gER l ay RLoB P bocao
fi tHeadtivdsupfaty/dthe teBorstiaafed wafd QBOA CGhis&ived 4 proteelife layer on the

through the via 222A, 222B, 222C and an integral . _
20 ¢ oAgtirespsfecep dapoftharesplting dice @30A 220Ba220Q 28lternatively, singulation

depj.ct Nkl 16., O. IS bt widl b

apaPS o pe e abfyneihice P2l Bty 200G ey B appsbted or used as
fi WuitidigRtRmbiks. 202 cotiBy, ddeadhefde-cdHN&Q iRk 282 kKdt ¢ ceptible to
waf er 23 OA may t hen undergo any additional desired

waflegmicg@tehingdr orennersgiehani¢al sevgranpeoracmayl apydgaisedand such
at .he. active .surface of .the reconstructed wafer
25 ORe T QR Y RESs Okt Bfkeet FRRAPASS 1o

25 pr ot ect Usti tBE btoéBsse$ %gﬁi@ﬁﬁ‘ﬁt ZillmethoddB L6@ark2ith the present
220B, 220C, as depicted in FIG 17. This procedure nay

invention, reconstructed wafers 230 can be created that 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.

It will be apparent that details of the apparatus and methods herein described can

30 be varied considerably without departing from the concept and scope of the invention.

The claims alone define the scope of the invention as conceived and as described herein.
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-13- occur during processing, or prior to renoval of
the sacrificial material. Processing of the wafer at
this stage may include wafer testing and bumin of the
di ce 220A, 22013, 220C using conductive bunps 244 as
contacts. The underfill materidadd 126 may then be
renmoved fromthe reconstructed wafer to 5
substantially fully expose GIAM®Nnducti ve bunps 244.
Thi s maybe acconplished in any suitable manner, such
as by selectively renoving the underfill material 126

tﬁgg&ggcghn&pgnical etch process, or by selecting an
u rial that can be induced to reflow from
the reconstructed wafer under appropriate conditions.

Renoval of the underfill material results in dice . .

220A, 22013,APIasess Pt rpeeutcting 3 sgnuigondyctoy walsscomprising:

b ' i . .
PR T SRS S ALS! e fongt il o
i N whi cflowdite alipgheteht tolatepial trlitedally Spaced lacetionseth asmpstiete;
utilized and are wthin the scope of the present

i nRlaging 8 firstisemicandpetpridig) hapingeat Jeagironepalignment cayity i s face
si ngul I t . Y\g‘%g

t he ungttélfg Pf’ Isgérga%lgftlh gg{?l%g% Ohggﬁ eeerrllw?;eﬁ{}'ve ’eAfg{sm al‘ré‘on(mcwr
to the did makediitadewith dept khad first afigiment Gropldihsd ispysitiered by
acconpl i shed by renoving the dice 220A, 22013, 220C

from t herientespippthesenfed film 132, as has been

O 7RIS By AP e s ona s

acconpl thefeod suststhmghs\@fl€ist sr\lipemé chvitypfdse sedfidisemiconductor
adhesive-coated film 132 has been ap

] _ plied to the . .
active digmakercaptact yith theea lpgstaseand aﬁamreentzlmpmandlﬁpgsﬂwned
| eaves rotectiv on the 20 active surfaces
221 of ?%g“r?aégﬁﬁnf’i"ﬁéﬁ%f\!%e% 220A, 220B, 220C.

Al trRioEiak itNe hiyleasti anBist alig@Rent MRYpl&tinditie @t 1cast £decdnd alignment
the dice 220A, 22013, 220C may be marketed or used as
mul ti di éroplesetabht deast @artialyr spdidifyintoagsenripepesifiansgof the first

film132 t.hat,i usc ible to .chem cal,. e i ng or
ot her nemingidRslr 214804 Rofnd i EMRI O pieC kST 09 20
anehtfdGéing Sdnnghdcdfill Oflatefialahdifcant thd BurfitRs SoTofhe fist &hé second

present invention. 25 Using theigroc]leessefii equipneng et and
e apleast @rftrst dhigpmen| Gapiet an

d_waf 30 d that ingcl
onl 'y knbtin Gaset e SbnmebioBB RIR Efeat el Feifnaucco

t hen beyprgcessed in the sanme manner as any ot her
waf er, using standard wafer-|evel processing
equi pnent. It will be apparent that details of the

appar at %S anq"hg%trgc%gss algc%rr 1|n£ t(gj S’ ,evghe%%pl forming at least a first

alignment droplet and at least a second alignment droplet from a flowable alignment
material comprises 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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30 be varied considerably w thout departing fromthe
concept and scope of the invention. The clains al one
define the scope of the invention as conceived and as
descri bed herein. -14 CLAIMS What is clainmed is: 5 1.

A process for reconstructing-aSsem conductor wafer,
conprising: formng at least a first alignnent

dropl et3.and ‘Bhe peasts acewimntb ellainyr2yevieradii @pireding rtixrflawable

P e S e S ond i
a 1 . H t o . . .
oA S I Tl KAy ki

al camprises egxaudihy thd aligrendrit reatersalnfrexa ned sgipdy oft Qlighirent material
makes ontait with the at least a first alignnent

dr %r@ﬁy serpledstopgesqnspetipnggbles ur f ace tensi on t her eof
pl aci ng a second sem conductor die having at |east one
alignment cavity on a surface thereof, such that the

at | east. oneThé pioessniccardingtty cbfimt)aviRes® EE substrate comprises a
sem conductor _die nakes contact with the at | east a

s eEBwEE Rletegaduheren epndingthelpwable lignesné materl thyough at least a

su ' e C h | east .a first
885 5Lt BOEEPL b ATt U5 k5980 e
dr apphit ahd adleakeastcopdralighinelt &@pietichiiptisesBxirbimignthe flowable
positions of the first sem conductor die and the

s ealignent plagssialithequgh aligamentriday laeatedindhe fxtire platgde form part of
maLer | ' . es of the first and second
20hggﬁs%%%%%%f%ghgﬁggdgﬁgagﬁTrounding the at |least a

first alignnment droplet and the at | east a second
alignment droplet to forma reconstructed '

sem conduct ofhe pEecess acgordingdo plais d s whereinanducing the at least a first

cl gy: enel n form t least . a fir .

a1 Fifakene 458 Ao @k 106('s 56780 2 Boiieh pop(Gh s et partaly
dr eglidify dddomaiutdih @NE@PbitiGHs AN Hrst'RuEdRAlctoP AR AkPfhe second
extruding the flowable alignnent material through at

| ed@micandyctosidie egmpyiseatlesst anapfiraising erdewernge teorrature of the

i i a. f h | . fi l i t
o oEPRO i i o LRl ety b o
-15- 3. The process according to claim2, wherein

extrudi ng the fl owabl e )
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
semiconductor die comprises reacting the alignment material with an activating agent

to at least partially solidify the alignment droplets.

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 first semiconductor die makes contact with the at least a first
alignment droplet and is positioned by the surface tension thereof comprises placing a
semiconductor die having a plurality of alignment cavities on a surface thereof, each of

- the alignment cavities interacting with a correspondingly positioned alignment droplet

to position the semiconductor die.



10

20

25

30

alignment material through at least a first alignnment

via and at |east a second alignnment via to form at

| east a first alignment droplet and at | east a second

al i gnnent droplet conprises extruding the alignnment
material froma supply of alipgnnent material 5

operably coupled to a reconstruction table. 4. The

pr ocess8.ac cdrtaipngcestaccoming (3 clawh & mherreml]p@cingmmxtoaductor die

rises.a fixture plate. and wher Xtr d|n .the
& PHraliy 0 IR SIS R @w% iersat compeises gacing a
aI j nt viato
£ orchRhodl BoRiing s ol FRRAMER chABEET. V!

Ieast a second alignment droplet conprises extruding

the flowable _alignnment material through alignnent
vi as | otat ed RenProRess facsarding tg)claim Lowhfa?lm lﬁmuca*fg any pderfill

r e&%glﬂr H&]E&glt %ﬁénSﬁI?E&y C&fo{heV\ﬁlfsﬁ d 5secoq'[21ﬁ 1?8rFeaS r di dice and

according'to claim wherein in uc n

f i suditounding dte gneasni fiebt @hgxﬁherﬁmlﬁo[ﬂé’@ndthd tdsdst ascond akiignment
al i gnnent droplet to, at Ieast artlalla¢solidif%$and
rraﬁirﬁplﬁr gompEses datredusing e underfidl materigk hetwisen the Bist and second

angerﬁlp duoP ng anf {He%ﬁﬁ‘ﬂx%‘fet R ?gfo?mc wft&rgi)la? | east
one O rairsing or

Atire 6
al ignnent material to at Ieast partlally solldlfy t he
allgnnent droplets. 20 6. The process according to
cI ai m 110-wheFeg Brocgsfuacaerding do alaime s further jgogyprising curing the

h&# st a second alignnent
dr ople ﬁﬁ?bl g@?#g%% Q%%é* Fdsggblldlfy and mai ntain
the positions of the flrst sem conductor die and the

second sem conductor die conprises reacting the
al i gnnmehl- nalee pra)lcesm aceprdingde clajmili fygthey epmprising gingulating the

l e?ﬁg"'stt sgrg{cgh(%clt(yr 551 9 t{n tc{c])%d seTg:n ucttor 5legtlf aci%}rl]egreé:ogstructed

ocess accor erern

flgéﬁwgﬁﬁk@@adﬂgtor d|e havi ng at | east one alignnent
cavity on a surface thereof, such that the at [ east
one alignment cavity of the first sem conductor die
makes co tac with the at

fi L .
dr opl et i p%%(feﬁ 61ﬁcoad18§ tcégigh:,lﬁg%v&e?egkgr}%ﬁﬁtung the first

th @d&ﬁl@f)n(ﬁ@fﬂi’ rdiseandltdeiseébnd Fmicentuedndgiet #6mdkiR reconstructed
having a plurality of alignnment cavities on a surface

t hesmaigpndustos vair compeisesbagigmnding the redopsirictadesemicondepctor wafer
totstre ol PR LAt uct or “die. 16 5. The process

apcordlng to claim7, wherein placing a senm conductor

dre 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.

14.  The process according to claim 12, further comprising adhering active
surfaces of the first semiconductor die and the second semiconductor die to an

adhesive-coated film before singulating.



having a plurality of alignnment cavities on a surface

t hereof conprises placing a sem conductor die having

a grid pattern of alignnent cavities. 5 9. The process
according to claim1, wherein introducing an underfil

mat eri al adj acent the surfaceg$7ef the first and second

sem conduct or dice and surrounding the at |east a

first als. gnrr'ﬁ]nﬁ plrdce}qslaed:ordimg to kmimt14, éftier eorfpigdimgtiremoving the

al i gnment cqonpr.i ses introducing the underfill
(g‘leﬂ)ﬁ: CB%‘?‘Q;\EE% loaving thetbagrgradisgnd  seni conduct or

d| ce and the substrate in the formof a fixture plate.

10 10. The process according to claim1l1, further

C on‘pr i sitng cArprogss foe forumidg fritedcbnmsetied stalchires éh a semiconductor
tgntl ally soljd state. 11. The process accordi ng

to igy Fmofessf“@i‘rtﬂ*i’émgconprl sing singul ating the

fi S con
e T
Thplacmg @%ﬁn@ﬁﬁﬁdﬁtdt 0i¢ Haoing Ailgastdne WERIND cHIitYBH @tdaP Qurface
the first sem conductor die and the second

sem contihgreobrsueh that theat 1qqat QT’@@@BQWPW@@}’ m@kes contact with the at

sem con ac k d i n
reconst %g%tt g{ St%ﬁ?ﬁl d‘tﬁ8 {)lgfan\?(\}ag g?sm &gcetqﬁléswn thereof,

10 uniddoéing thermbleastiadirst aﬁ@mgﬁﬂr@laft@&Se@ﬁﬁéﬂﬁﬂl}ﬁ%h&lﬁy AlddhdMtain a
12, wherein back-grinding the reconstructed

sem conBRitiey ofifhe sgmicondustandie; t he underfill materi al

L R A ARSI b B o BRLE i

r econst Eutﬁ‘duﬁdmgam £QeddS Fiest aldirRént dddplet;The process
according to claim 12, further conprising adhering

actameving e gligemens material fiopsthe swmpensinguederfillimetesinkito create at
t he sec ea9( sem,.conduc

et 30. adhesi ve-coat ed
Btilm betdremsi |H%1t81ifff)%?ec£1‘émd ai}?ceniéhe apfigasty (?ilggment cavity;

ac G0frgi thdatllEasEbidd iftetcbnnédt VblBKitle Wér@drﬁgctrrﬁﬁmdl @(ngrHleat least
adhesive-coated filmfollow ng the back-grindi ng. .

A procesge mtarcdnpeetistrgeture. er connect i ve struct ures on a
sem conductor 5 die, the process conprising: formng
at least a first alignnment droplet froma flowable

al i gnmeny, MatrgE bAcess according to claim 16, further comprising removing the

20 underfill material to substantially expose the at least one interconnect structure.

18.  The process according to claim 16, wherein the at least one alignment

cavity passes through an entire depth of the semiconductor die.

25 19.  Theprocess according to claim 18, wherein placing a semiconductor die
having at least one alignment cavity on a rear surface thereof comprises placing a

semiconductor die having at least one alignment cavity that substantially extends to an

active surface of the semiconductor die.



pl aci ng a sem conductor die having at |east one

al ignnent cavity on a rear surface thereof, such that
the at | east one alignnment cavity nakes contact with

the at least a first alignment droplet and is

positioned by surface tensionl&-hereof, 10 inducing the

at least a first alignnent droplet to at | east

parti al20y sdlhegirdogssardondimigng elhim B, whereirt pladingd setii@nductor die
sem _condijctor di.e; introducing. an underfill mater.i al

adjaxingt leastone glignagntcavily hat Suhganially strade togn astize sfpce of
SUhé gé’fﬂg:'oﬂ c'ﬁﬂ’edi@tco E)Eﬁés aéihgsdt it I atl @Ré Lat least one
renovi ng the alignne et er 1 al Trom the surroun ing
u redighinieht canity &rat ddast gartiaiBafiliedabith 4 lleraasterigslne
i nterconnect void adjacent the at |east one alignnent
Scavity; filling the at |east one interconnect void
with anyqint j .
i nter c:)hnlhec?ﬁgeﬁ? g‘% %?@dﬁ%tg%gg%é’%g}sey %é@@é%?eﬁrg%%gucmrdle
cl whdte b6 leabtUdrchignRipédvity g af RAR\WatthllyMlled2Qith a filler material
underfill material to substantially expose the at
| ecsapriseeplacing p serniseaducierdie whets at ésst opp aligyaend avity is at least
accor di tQ. Gl aj rein. .ast one
2 PRl el B BBl Rk Pl BBE (0T o
10 the sem conductor die. 25 19. The process according to
claim 18, wherein placing a sem conductor die_ _having.
at | eas?2.onelld prgeess r&pcngmgtt‘g/ clgim 21y fugthes comprésang removing the
t hgp eof I S cing a..sem conductor di.e having . ..
o TG o O EAR e AL RGOS i R RRE SO Chhe P EplIBN Meria i
exfeRpied ok the A0frbWRlis und&ElI0Mmatdhal %@ To®nEURt@Eonnect void
die. -18- 20. The process according to claim 19,
whizichidinggheali laast ansdignssnticavityr di e havi ng at | east
one alignnment cavity that substantially extends to an
active surface of the sem conductor die conprises
pl aci ng2R semhé prydust codiny Whakhieh 36, WB&ein IR the at least one
alignment cavity is at least partially filled with a
f i intereonmgeteydid|withs ap intefthengst owderial 4¢ donml iah tpastoons| imfesgonnect

20,, wherei n pl aci a.semconductor die  where at .
| SIEHR oS 151 3 SR8 Sl Plencinnipet Y i @ conductive
fi {di@Corebin@efiallth BrniRlSdst She con@iRIVeSRSrBhAct Rgucture.
sem conduct or die where at |east one alignnent cavity
20is at least partially filled with an electrically

conduct hy € f ]Tilcle %¥ocglsast z?crclo%lirig f%oclaim 16, wherein forming at least a first

15

alignment droplet from a flowable alignment material comprises extruding the flowable
alignment material through at least a first alignment via to form the at least a first
alignment droplet.
25

25.  The process according to claim 24, wherein extruding the flowable
alignment material through at least a first alignment via to form at least a first
alignment droplet comprises extruding the flowable alignment material through an
alignment via located in a reconstruction table.

30



22. The process according to claim 21, further

conprising renoving the filler material fromthe at

| east one alignnment cavity as the alignnment naterial

is renmoved fromthe surrounding underfill material to
forman interconnect void intyuding the at |east one

al i gnnent cavity. 15 23. The process according to

cl ai m 1%, wiBieeprocdss ldctdidinighte oddiml B Sthepdie extruding the flowable
i nterconnect void with an interconnect nmaterial to

f clignEent gwigriap farongh at dgpihadirst alignmentvia ook alelgast a first

FiLL . ai .
coisnRtnl 8ot obiBRles MFulilehe APRRE alBhlalhilefyl tyoueh an
C cdlipnaichy/ eia ledatddn afebire plateict ure. 20 24. The process
according to cl ai m 16, erein formng at |east a

Sfirst alignment droplet froma flowable alignnment

mat er i 2#7 conpfd ses sgﬁécfggcﬁhg%fcﬁ?ﬂg} fd %wgr%#@ﬁfi@c{;;:l%tﬂggﬂteast a first

mat er i 't hr ou a al

f odlfpnbteat @kopl@a®t atalehdt! SdrtialB} k@MIBNindd hARItEh - the Dodiion of the
The process according to claim 24, wherein extruding
t heenfipegabtor diegompnisesat least end of raisingou dpwering actamperature of the

L NI -

I

al TSR

10 al i gnment material through an alignnent via |located
in a reconstruction table. 30 -19- 26. The process

accor di 2y t oTk¢ propesg 4¢cowting t elaioxi 6, wdierein inducing theableast a first

o1 SRR, RS e PRaly SRl aitbiprie BOMHOn of the
CO8ERMiLERMCROK Hfdé@h@ﬁsésrf@acftﬂn?\ﬂ?&h%nﬂ{ehﬁ}ﬁ%ﬁm TR & dciVating agent

through an alignnent via located in a fixture plate.
5 wrat lepgepastidtycsobidify theratleagt 4 Hrst alegnmensdropketr ei n

: inducing the at least a first alignnent droplet to at
| east partially solidify and naintain the position of

the sepdcONGHESRBEesILEcorARPLY 3EM 18! whé&8in blaidg aQ€miconductor die
raising or lowering a tenperature of the” alignnment

mahavingit 1¢ast arte dligasentravity an & seassirfade fhgrepfisuclt thhtghs 4t least one

fi 5 1énn?énit 2V1 nE)f gxreo&lnﬁgdnductor die makes contact with the at least a first
alignment droplet and is positioned by the surface tension thereof comprises placing a

20  semiconductor die having a plurality of alignment cavities on the rear surface thereof,
each of the alignment cavities of the plurality interacting with a correspondingly

positioned alignment droplet to position the semiconductor die.

30.  The process according to claim 16, wherein forming at least a first
25 alignment droplet from a flowable alignment material comprises extruding the flowable
alignment material through a substrate comprising a fixture plate and introducing an
underfill material adjacent the rear surface of the semiconductor die and surrounding
the at least a first alignment droplet comprises introducing the underfill material
between the semiconductor die and the fixture plate.
30
31.  The process according to claim 30, further comprising curing the

underfill material to a substantially solid state.



10 28. The process according to claim 16, wherein
inducing the at least a first alignnment droplet to at

| east partially solidify and naintain the position of

the sem conductor die conprises reacting the

alignment material with an acigvating agent to at

| east partially solidify the at |least a first

al i gnmst  dropdeehstrubbed28micbhduqsoesfescongsiising: Ng t o

claim 16, wherein placing a sem conductor_ die  havin

ata phaity of éelalqogﬁ%wt digawsachy ssmicendegior digriaying at least a first
ther GOfalléﬁlLIll%Ht\; {sgéélg 11?5 réaggﬁrtfac% ere | gnment cavity

of the S&m cond es con With the at
| epsitiratity d Mabipnmanti dgspres Hlsgmalaejac@m dld r8ar30&hdécs 0N ed phitality of
the surface tension thereof conprises placing a 20

5 seni co rmnmriu@tpedlﬁd\mdgoahg pieast p figst gfigumeny wifelptcontact with a

caV|t|es rear rface t hereof, each of the
allgnne P8g§99 ggnmgfﬁgﬂg ﬁfurallty |nteract|ng with a
Coin’ @npanli Riitetial RASHoséD Ashcahti GBI iRABEef tthe plurality of
position the sem conductor die. 30. The process

accor di ssgrieanduetar dice end soundihg alignmemigrenletseast a

first 25 alignnent droplet froma flowable alignnment

mat eri al conprises extruding the flowable alignnent

10 mat eri a3 t hrpugBehs@udisd seil @na AT Ferdd claink 3X FHh@r comprising a
plate and introducing an underfill materi al adjacent

t hixteeplateadidanidhopluraity d@hgrcmmddr@plsts, s@cleﬂlatﬁhie underfill material is
t t t
coprreted et BEud nyteRo TRl O ind g B e

the sem conductor die and the fixture plate. 30 31.
The process according to claim30, further conprising
curing 3he Ehdtecfﬁnstructnds@mmmduﬂor wandislam2avherein the at least

sol i.d st.at e. onstruct ed_.sem conduct
15 e 675t B R PST R X ST b Gk SR DT die to an
eaghivedlsRnAsesor die having at least a first

alignment via disposed in a rear surface thereof; a

plurality of alignnent droplets disposed adj acent the

i co, " oath ofhe Reropyeisl el ot dpins ST RRERY Jhayof Jpast a first

CoRfi@hentWialls &lled %th%' rhat€:5a1 2binPRERP Eheddlfgahﬁht drdpRsan

underfill material disposed adjacent the rear surfaces
200f the plurality of

36. The reconstructed wafer of claim 34, wherein the at least a first

alignment via is at least partially filled by a selected filler material.

37.  Thereconstructed wafer of claim 32, wherein the plurality of alignment

25  droplets comprises a conductive material.
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sem conduct or dice and around the alignnment droplets.

10 33. The reconstructed sem conductor wafer of claim

32, further conprising a fixture plate adjacent -the
plurality of alignnment droplets, such that the

underfill material is disposeg_between the rear

surfaces of the sem conductor dice and the fixture

plate. &l ThendtReTPerfoftifswaRml&RIbE:ahg ¥od RImK¥ of separate
claim32, wherein the at least 15 a first alignnment
vi seTeigqnsiygtor ﬂtcenﬁhtl methodpompaisingce of each

e nduc ctive surface thereof. 35.
Théenl?cglcgﬁéjﬁ Ellétty 35%*08pd1{9?0r((’1|10§',m 34, wherein the at

| efginir dtiléast oncligBMOBINia Yh 8 réad shifhde®t edéH Rnfcdib&bs &k of the
conprising the alignnment droplets. 20 36. The

reconstPMEMEﬂ waf er of clai m 34, mhereln the at | east

nnent a.ls.at Ieastgp

] b
2 b Enindite SEPhanSIE chckif broper Svions b fip hatpisghductdr wafer
vafer oby GlRidp e atMee§tedde MGt iid 36019tfactalvitﬁ rU@S‘f"r'é.tapondmg

25 droplets conprises a conductive material. -
A et hoaligifmené dfoplats m}ltwafeé 10| acsub$trabe mdemgt:glrfane tens1on of the

nunber of s r.at conduct r di ce he neth )
Comort s RHeTaE feplets B ereEy HPaiFe SE gL abihe SebceRietor dice;
di ﬁﬁderﬁﬁh?‘tﬁ%o@ftloh&?s%ﬁm%}ﬁu@tlot RO Yornd 'a?ec%ﬂstg.]cfe%%émwonductor

surface of each sem conductor die of urality
powiaferoaidng t he semni conductor dice in proper positions

to farm.a se uct or, waf e acin the at | east
ong® ?W@Wﬁfg @?V&Ppwceamg&ettﬁwefﬁn%te% figtor water.

al i gnnent droplets positioned on a substrate and usi ng
surface tension of the alignment droplets to effect

preci se3Ql i giihentethofl of blains 88t vaenen sdlestingiapiral it of semiconductor

underfilli.ng the positioned, sem conductor dice to form
aesaﬁ@mﬁﬁse@%%&ﬁ E‘HH‘&?I@? gpow 1ongldicener f or mi ng

waf er - | evel processing on the reconstructed

sem conductor wafer. 39. The nethod of claim 38,

wher ei n48el edht ntidpif vlagh B8 ywiadreis positioniAgthe o¢micdiductor dice in

di ce conpri ses selecting a nunber of known functional

di EPPepOsitioNs todarppscaRcRudyrter water ki plasing theyatileasbeneajignment

t N&iaSiG HohRBANEH %rr&b&?dlhg alignment droplets further comprises inducing the
alignment droplets to at least partially solidify to maintain the proper positions.

41.  The method of claim 40, wherein inducing the alignment droplets to at
least partially solidify to maintain the proper positions comprises at least one of raising

or lowering a temperature of the alignment droplets.

42.  Themethod of claim 38, 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.
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proper positions to forma sem conductor wafer by

pl acing the at | east one alignnent via in contact

wi th correspondi ng alignnent droplets further

conprises inducing the 20 alignnent droplets to at

| east partially solidify to mgintain the proper

positions. 41. The nethod of claim40, wherein

i nduci gy t herTrl ingsildRNtofdelaph €43 Whein UnBaglllinrthé Adsitioned
solidify to maintain the proper positions conprises at

| exgsricapductor died 49 niprmop resppstiugteda serpiepadugtonr watet ¢dveprises

l.i it d | .25 42 . Th t hod,. of im3 8, .
artoP BT Y e e ey R TeRer Rl R B gyotordice
wheidal surfaesof the ke plag. sem conduct or dice in proper

positions to forma sem conductor wafer by placing
the at | east one alignnment via in contact with

correspondi al i gn .dropl ets. conprises pl aci t he

2t | oagth onerh meHRER I, Hhersis ROIHOE NARE Rovel Brocetsingon
C OfhE @SRASHARE RdnhiBEHIRRlor WS8R &)hﬂ)rﬂéssﬁé?ﬁﬁﬁlj@a tager-level testing
fixture plate. -22- 43. The nethod of claim42,
whepesationiomdbe facbhstrugtet semposdudt@neaferseni conduct or di ce

to forma reconstructed sem conduct or wafer conprises

i ntroduci ng an underfill material between the rear
surfacegs of THemsBoa 6PASHETD th@feﬁ?per%ﬁﬁh@ v@a'férh@&@px%t:essing on
the fixture plate. 5 44. The nmethod of clraim 3 8,

whthe e¢congiarciadrsamimgnidadterwidfenmeinppscpedsinngg burn-in htehe wafer level
reconstruct ed sem conduct or fer conprises perform ng

a PRMEreqoRgEicts 1.QpAueiBE VAt on on t he reconstruct ed

sem conductor wafer. 10 45. The nethod of claim3 8,
wherein perforining wafer-|evel processing on the

reconst 4éict ed reemstonivndstde covapresingonpri ses perform ng
bumin_at the wafer level on the reconstructed

s e RIUFRITC PP Pt 1ead one FeceRyRIctiQR {9cation Aiere at least a first
conpri skigs L CRRE IFl east one

r econst ?I%W%gvﬁg?gﬁ%%a ere gto?rﬁe% ée?%ognfi rst

al b ¢omoendtutel canteplesystemufor mbhintaising halesralf temperafure tahdr m

a tegr@ierature cQ tr?,l system for maintaining a, desired

t e NP, MaRRlHPIAPIOTITER MheQBRUaIcaliRn pyarhe & deaghp first
ia, wneranei 00, UGSl e B Fr ol ik be B B fowable

a f| owabtat through the at least a first alignment via to form at least one alignment

droplet at the at least one reconstruction location.

47.  The reconstruction table of claim 46, wherein the temperature control
system includes a temperature-modifying structure selected from the group comprising
aresistive heating element, a passageway for circulating fluid within the reconstruction

table, and a semiconductor-type heat exchange module.

48.  The reconstruction table of claim 46, wherein the temperature control
system comprises at least one sensor for monitoring a temperature of the reconstruction

table.



20 state through the at least a first alignnent via to
format |east one alignnent droplet at the at | east
one reconstruction |location. 47. The reconstruction
table of claim46, wherein the tenperature control
system i ncl udes a tenperaturezsodi fying structure
sel ected fromthe group conprising 25 a resistive
heat i ng4%®! enERd recénspasiEANEwR Of tRim AB) Whiraini théitehdpetatlire control
W thin the reconstruction table, and a
s efsteBh dwdhesr campprésen entcoaiteliinfs modulating 4Be tgmperature of the
re Ct t.able of .claim46 erejin the
¢ RSB @fteifBysBos o6 minofigs pLE ol b ol sensp
sensor for nonitoring a tenperature of the
reconstruction 30 table. - 23 49. The reconstruction
5tabl e 0%0.cl alhe 4econgimestionntablee of elgier 46,umdersimtthelat least one
system further conprises a,cantroller for nodul ati.n
¢ hEE o Gt Vhorg S0p e Rt efnhint Phoeas piy t t¥urfuce of
I eGRYERIoMPistLs pRigal
50. %[1% r eco@r uct Flgﬁa ?%BI ggg(;?ﬂeg :t g??ntﬂ}lag?ﬁﬁggzl?ghetaﬁleem one
at recerstuciegrelocatéers eathr o the priurhlityani commuvnicagiontwitheths talignment
fi rs*e .aL‘%legnnent Vi a opens out at the surface of the
pl BEFEA LU YSEY a plurality of alignment vias that
10 0open out at the at |east one reconstruction |ocation,
each of the plurality in conmunication with the
al i gnmeht. nmiherdcanstmietiontable of glaine #6, iiferé&it thefilaform comprising
recqnstruction table of, cl aim46, wherein the platform
L pfFebdiitoh iutio e PEt AL ot 151 EBEAEES Bp RagR L a the
at sirfis of thd %lﬁt%mﬂkérﬁﬂﬁ%ﬁ‘fa tforRPRERdRgta ShraliRfof reconstruction
surface of the platform cor?prlses a platformincludi ng
a picatiaisiwheroht least o fisst mlighment vid epeat botna thdwrfacaof the platform.
| east a first alignnent via opens out at the surface
5of the platform 15



