3D INTEGRATED CIRCUIT PACKAGE AND METHOD OF FABRICATION THEREOF FIELD OF THE
INVENTION The invention relates to three-dimensional (3D) integrated circuit packages and to a
method of fabricating a 3D integrated circuit (IC) package. In particular, but not exclusively the
invention relates to 3D IC packages having a plurality ofI stacked 'Cs in a single package. 10
BACKGROUND_3D I% integration involves integration of IC components such as memory chips,
microprocessor GHipS 5%%@5@%%&%‘? GESAYR METIEE PACKAGR ITA M EHEREOFackage
at a size that is usable within state of the art applications, 15 components are bonded in a three

dimensional 'fag&ggjf%;e'ﬁ%u i i ther than the conventional two dimensional configuration in
which substrates are space Eg‘gr |:1ﬂ:§§de by side or 'lateral configuration. Consequently, the overall
size of a 3D integrated package may be comparable to the size of a single device as fabricated
according $0 corventianaldD-dfzdachnelogies; 20 Jn additign to the benefit of a reduced size of a 3D
assembly of multirﬁ)%% (ﬁ%'gponents compared vaith conven‘t%?r?a\%%?%agggrﬁgﬁ%'é,%aﬁ%?ﬁs&gﬁgﬁ%lgo

fi B E8ERA R glEs (GerR RS GiaYakE Sipasisscombineitinutesingle sompact

allows generallrfl
assembly, resudtinlysiviigpneviedeptiviormainree@n fangtionaliby. iR} amRled GaAs G 4emay be
mounted to a silicon &éQﬁéD configuration to form a single package. In the alternative 2D
technology, the silicon and GaAs ICs would require to be packaged separately and mounted to a
printed circuit board or other substrate in a spaced apart lateral configuration. Such a configuration can
result in reduc@kpeteroamge of systems based on 2D technologies compared with 3D technologies.
This is due at least in part to 30 an increased distance between components of respective different
ICs. In addition, an increased number of physical connections are required between the ICs which can

further limit pedBrnfantéearaticeliabitity=wmisyeDisntegrationohgerises iskaovwa teEassl inmystems

of smaller sizerapeb#HREPSINE than corespopding 2D integration technologies due to increased
sophistication of associated proc%sses and relatl%ely 0\;\(/£ %Sroggg%sayiseif&%?sﬁ%fﬁ/?&h?a@ﬁaWVEf\PTION

5 It is an aim oF 8MBJHIMENPESrR%R RlvantEs dhrtast pariaywihiitigate atfldbst stramittiens,
above-méntioredprotsemsre bolidsdamaimneéermadina s efdb e inyention R pavide animpigved

method of the conventional two dimensional configuration in which substrates are spaced apart in a
side by side or ‘lateral’ configuration. Consequently, the overall size of a 3D integrated

package may be comparabie to the size of a single device as fabricated according to
conventionat 2D IC technologies.
20
in addition to the benefit of a reduced size of a 3D assembly of multiple components
compared with conventional 2D assemblies, 3D integration also allows generally
incompatible technologies (such as GaAs and Si} to be combined in a single compadct
assembly, resulting in improved performance and functionality. For example, a GaAs IC
25  may be mounted to a silicon IC in a 3D configuration to form a single package. In the
alternative 2D technology, the silicon and GaAs ICs would require to be packaged
separatety and mounted to a printed circuit board or other substrate in a spaced apart
lateral configuration. Such a configuration can result in reduced performance of systems
based on 2D technologies compared with 3D technologies. This is due at ieast in part to
30  anincreased distance between components of respective different ICs. in addition, an

increased number of physical connections are required between the ICs which can
further limit performance and reliability.

Whilst 3D integration of devices is known to resuit in systems of smaller size and

35 increased speed, state-of-the-art 3D integration technologies are generally more



10fabricating a 3D IC package (or ‘3D package’). It is an aim of embodiments of the invention to
provide an improved 3D IC package. In a first aspect of the invention there is provided a method of
fabricating a 3D integrated 15 circuit structure comprising the steps of: providing a wafer having a
plurality of wafer integrated circuits formed thereon, each of said wafer integrated circuits being
provided with a plurality of wafer contact elements; providing a plurality of die elements, each of said
die elements BRIRGEHFigthed teBEcebnndatd Rectiitetiptiorontediwdrbivafedintedgraténteinseits, said

e elements caih e ecplabisael s SIBTRBNTLIZRW IR K slements a respecive

predetermined locations on the surface of the wafer the locations of the die contact elements
corresponding to locations of said wafer contact elements of the wafer integrated circuits; providing a
positioning mepBEMARDYddletéhviiNgdiGgbktaposition with said wafer, the positioning member having a
plurality o formations at locations of the positioning member corresponding to locations of said 25
plurality of wafer integrated circuits, said formations defining respective sets of lateral boundaries
arranged to coh&rAhAboERRMMETRdp&iive Hkcalighahisarhaarirlviocaibentait wattssueothat
respective cortespbodirgeaiiact eleimsients. of the wafer integrated circuits and die elements are
aligned with one another, the method further comprising the step of placing each one of a plurality of
die elements on said wafer 30within one of a set of respective lateral boundaries defined by said
formations, and Korfiing'Saief dreEretieprstosdicewaientiie terpicdideeleménprisvintendsithtp dfclude

referencetto afsuhsiiaig 8mhich:ardptagrates cirguithas been formed, the substrate having been cut
from a larger substrate 35such as a silicon wafer or any other kind of wafer on which a plurality of

integrated circuits have been formed. The die element may be ready for bonding to a further 3
substrate. In shinargivoefieshtsiitrentiotlementisiceddyfordondingto eaidiiithessthsirate without
a requirement for further cutting of the die element to decrease the size of its footprint, 5The term also
includes reference to an integrated circuit formed directly on a substrate that is ready to be bonded to

a further integtARd e 28RESh L NamYVatoUNeRin PErERd aumeirakolirdrieatinaceatp aveataad
inventiondhereirsprewidedra ststreidstGompESHNG: &N pl&(iaﬁa_gr@t@afgkm\pm@fgrﬁﬂ%i;ﬁg g Rlrglity of
integrated cirGyj ore. f said wafer.integrated circuits being provided with a plurality
of wafer contggf([ e Fegra%ﬁ%%ﬁé |lﬁ2|?r£l ii%/%g?‘ él}g %e%lé reflae%}sogﬁa's%i\gav%eéférﬁegé%tﬁ“g %gg'fé%gﬁ'f‘ﬁa%h‘ﬁdﬁd
plurality of die"éBheaBlusflif ehty2ieloeeiions elemessonsingditoe ationdtpfe it wdimeotntaatretéments;

and a positioniagi raembierndhe RASHIPRIBEIMPEPES Beingrproised iHXARAsitian Wihsaidyarer

integrated circuits, said die elements each having = piurality of die contact elements:

20 with the die elements at respective predetermined locations on the surface of the wafer

the locations of the die contact elements corresponding to locations of said wafer

contact elements of the wafer integrated circuits; providing a positioning member in

predetermined juxtaposition with said wafer, the positioning member having a plurality of

formations at iocations of the positioning member corresponding fo locations of said

25 plurality of wafer integrated circuits, said formations defining respective sets of lateral

boundaries arranged to constrain movement of respective die elements when provided

on said wafer such that respective corresponding coniact elements of the wafer

integrated circuits and die elements are aligned with one another, the method further

comprising the step of placing each one of a plurality of die elements on said wafer

30 within one of a set of respective lateral boundaries defined by said formations, and
bonding said die elements to said wafer.

The term ‘die element’ is intended to include reference to a2 substrate on which an
integrated circuit has been formed, the substrate having been cut from a larger substrate
35 such as a silicon wafer or any other kind of wafer on which a piurality of integrated

circuits have been formed. The die element may be ready for bonding to a further



15 wafer and having a plurality of formations at locations of the positioning member corresponding to
locations of said plurality of wafer integrated circuits, said formations defining respective sets of lateral
boundaries arranged to constrain movement of a die element provided on said wafer within a set of
said boundaries, respective corresponding contact elegents of the wafer and die element being
bonded to one 20another by means of a diffusion bond. In a third aspect of the invention there is
provided a posﬁﬁ%ﬁ%’ FmdmBRT R PIOeHMsRidhhE 'S pRINARY Br'artsIinbars donerfurbshafer
having a plurakitjbefr siafeftimtelgratedutieouits jooVidtdtharsien, shibldniegateskel ctitteaghdawng a
plurality of 25%@9{3@&%?%7 said die elements each having a plurality of die contact elements
provided thereon, with the positioning member provided in predetermined juxtaposition with said wafer,
the positioning member having a plurality of formations at locations of the positioning member

corresporfilingTodaeatiosnisoofshidplusalipretwaler integraiad icchite arid formealionsAalining.e
respective set%gg | tr%@tﬁf 1] rran to_30 constrain movement of respective die elements
provided on the Wager su ftggg%%%ﬁ%%agore%g%&%énce ‘Féej‘s‘?ﬁo%‘a’.%'&"ébﬁt‘ﬁétf% Hisfine darid
integrated circBifesHigidie elements are aligned with one another.  In a fourth aspect of the invention
there is provided a 3D integrated circuit structure 35comprising a wafer integrated circuit cut from a
wafer and a diF elementhéhe wafgr integrated circuit having a set of wafer integrated circuit contact

elements formed “4 Theteon” the did elbmeRt HATRg A8t Br 419 HERtad SIESHRERR fOMREEIN%rasn at
locations! @orrasisanelier) toathi ity ratethgircpit coityact ielegrents, dleaprciiveneartastelenesiscef the
wafer integrategd;gifgsHt ang digelement deL; ¢ / ns of a,diffusion bond.
Some embodiménts of the i%/e[ntion have #l;"gg gg\?ar%%g%v%?%e%%%%l@a? %é\é?ét?e?f 3ﬁ{?gétemegmaer§f5 a

integrated circBl' &R SlEmEmpdaricewrisst arctirfiefiom e ving sopkreliyeobtigioviiagta
decrease in thelsizenandiossprcingategueshglemenisaidhs digelpmenicmnsnwaten-BRIER 2

DESCRIPTIO - N bodiments of the present invention will now be described
hereinafter, byb]\c/)v%;ogﬁ egxaRmpie é’n §/§ Wiy [E'eg er (%efgo%re%a%%%r%oé’ﬁ?ﬁﬁgﬂa#é\%%?‘f@oss;aﬁ‘ﬁr@v}%ﬁh:S?WS. 1is
a cross-déctiolafeicriematrviagraniuseiin intelpraetionizcalt teadiement dbeopdisitoiran eebbeiment

of the inventiogarres gokaiing IS0l REITHACHY R MG W OLA PSRRI REMNLT (AURE ID80ME  ations
embodiments gefmZOthe inven{jon. Ig?l.?féia%%iross-sectional schematic diagram of a process o

fabricating a positiomng member i PRBRRSSSIRIEHRSSS (RERRRNRIBAMovement of a die

element provided on said wafer within a set of said boundaries, respective
corresponding contact elements of the wafer and dis slement being bonded o one

20 another by means of a diffusion bond.

In a third aspect of the invention there is provided a positioning member for use in
positioning a plurality of die elements on a wafer, the wafer having a piurality of wafer
integrated circuits provided thereon, said integrated circuits each having a plurality of
25  contact elements, said die elements each having a plurality of die contact elements
provided thereon, with the positioning member provided in predetermined juxtaposition
with said wafer, the positioning member having a plurality of formations at locations of
the positioning member corresponding to iocations of said plurality of wafer integrated
circuits, said formations defining respective sets of lateral boundaries arranged to
30 constrain movement of respective die elemeants provided on the wafer surface such that
respective corresponding contact elements of the wafer integrated circuits and die

elements are aligned with one another.

in a fourth aspect of the invention there is provided a 3D integrated circuit structure
35  comprising a wafer integrated circuit cut from a wafer and a die element, the wafer

integrated circuit having a set of wafer integrated circuit contact elements formed



25FIG. 4 is a cross-sectional schematic diagram of a positioning member according to some
embodiments of the invention positioned over a wafer. FIG. 5 is an exploded view of an embodiment of
the invention showing a wafer, mask member and integrated circuit die element according to an
embodiment of the invention. 30 FIG. 6 is a cross-sectiopal schematic diagram of an integrated circuit

die element lo in a,positioning member. on an integrated circuit wafer according to an
embodiment oﬁl%én%’eﬁ%%ngl% If%?eé‘%aa\gpgssa-s%%tti aM&ciiamatic rigram SRBMRHgtEreoprass

member havind®&35iaralifPBefeeaIdietiasionsrieer byt Gendndanapressresmbesaleseat cpraaided
over a protrusienementber thhilre? issyeiRssheciond é@@s@ﬂ@ﬁr%&%@aﬂ&%ﬁ(ﬁlgé‘ é%t% rated bc,}m““
n. . IS a

elements bonded to a \%\/gfg&fagcorgg to an embodiment of the inventi

cross-sectional Schematic diélg@% N integrated circuit according to an 10embodiment of the

invention Having a guard ring and a seal member. FIG. 11 is a cross-sectional schematic diagram

showing profilespf POHESIONSQ itioni ccording to some embodiments of the present
invention. 15FIG. 8]% is a pIan-viéﬁi%%g&%%émﬁa% %%\gﬁﬁrg{%g 8t§1§?€%§’8§§ ﬁ8§?tﬁﬁﬁ?@‘?ﬁ@?ﬁber

according to sdma2nibGaiRieRCERihesiHEws: inveemion sF@diBastiows diprocesstafdibing ane

integrated circuitveategtodoriivaipbeatiteekdie iglemants. URIG kbis dLIRssssectional schematic
diagram of a pggitigping memberaccording to an embodiment of the invention. FIG.151sa
cross-sectional schematic diagram of a positioning member formed on an 25integrated circuit wafer

accordind % a further embodiment of the invention. FIG. 16 is a plan view diagram of a die element in
an aperture defiregrop EisCraternost elemenisp awinGgs

Embodiments of the present invention will now be described hereinafter, by way of
example only, with reference to the accompanying drawings, in which:

15
FIG. 1 is a cross-sectional schematic diagram of an integrated circuit die element
according to an embodiment of the invention.

FIG. 2 is a perspective view of a positioning member for use in some embodiments of
20 the invention.

FIG. 3 is a cross-sectional schematic diagram of a process of fabricating a positioning
member for use in some embodiments of the invention.

25 FIG. 4 is a cross-sectional schematic diagram of a positioning member according to

some embodiments of the invention positioned over a wafer.

FIG. § is an exploded view of an embodiment of the invention showing a wafer, mask

member and integrated circuit die element according to an embodiment of the invention.
30

FIG. 6 is a cross-sectional schematic diagram of an integrated circuit die element

located in a positioning member on an integrated circuit wafer according to an

embodiment of the invention.

35 FIG. 7 is a cross-sectional schematic diagram showing a process of bonding integrated

circuit die elements to a wafer according to an embodiment of the invention.



30 DETAILED DESCRIPTION OF THE INVENTION FIG. 1 is a cross-sectional schematic illustration
of a discrete integrated circuit (IC) die element 100 prior to bonding to an integrated circuit wafer (or
‘wafer') 200 bearing a plurality of integrated circuits. The die element 100 has a substrate 110 over
which an 35integrated circuit layer 120 has been formegl. Bondpads 130, 132 are provided over the
integrated circuit layer 120 to facilitate attachment of the die to the wafer. The bondpads 6 130, 132
are formed from copper by means of a damascene process. The bondpads are separated from one
another by an friSulétisgmedsrmeittraidingetadiie eahadinestald 6. 4 HhesosHiatipg megiymis a
layer of silicon gxide,; ' | rming the %)n ads 130, 132 and
insulating meﬁﬁg?éggé%ﬁg%%ﬁ% %ﬂ?gi%%%?é? £a| & r&éég ik 5%%”8?? EAERA4belled
130) are connEEEEHEBREBIORTore electrical elements of the integrated circuit. Such bondpads 130
may be cdnnected to said one or more 10electrical elements by means of via elements 131 as shown

in FIG. 1. Some gf tBegQ%QﬁS%?SQ%QSQGP SJ(,: ?“%riecn%t connected to electrical elements of the
integrated circuit layer 120. Rather, such bondpads 1334 fotHedd o r i Rifso S8 Bt raeamie
additional mectifiealistPemgler rravedinteifae anbedfoenedidbtimemtie. die 15element 100 and the
wafer 200. FIG. 2 is a schematic illustration of a positioning member 300 according to an embodiment

of the inventiogig"[ h$0pgsétigrrg€ﬁ9 member 3%0 is used to correctly position a plurality of die elements
100 at a requited location Sr the SartARe ST REArEPSERhFbRN intsgrated circuit according to an

10 embediment of the invention having a guard ring and a seal member.

FIG. 11 is a cross-sectional schematic diagram showing profiles of protrusions of

positioning members according to some embodiments of the present invention.

15 FIG. 12 is a plan-view schematic diagram showing protrusions of a positioning member

according fo some embodiments of the present invention.

FIG. 13 shows a process of dicing an integrated circuit wafer to form a plurality of die
elements.

20
FIG. 14 is a cross-sectional schematic diagram of a positioning member according to an
embodiment of the invention.

FIG. 15 is a cross-sectional schematic diagram of a positioning member formed on an

25  integrated circuit wafer according to a further embodiment of the invention.

FIG. 16 is a pian view diagram of a die element in an aperture defined by discrete post
elemenits.

30  DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a cross-sectional schematic illustration of a discrete integrated circuit (IC) die
element 100 prior to bonding to an integrated circuit wafer (or ‘wafer’) 200 bearing a
plurality of integrated circuits. The die element 100 has a substrate 110 over which an
35  integrated circuit layer 120 has been formed. Bondpads 130, 132 are provided over the
integrated circuit layer 120 to facilitate attachment of the die to the wafer. The bondpads



20to bonding of the die elements 100 to the wafer 200. In order to facilitate correct positioning of the
die elements 100, the positioning member 300 is in the form of a generally planar stencil element. The
positioning member 300 is formed from a silicon wafer. in some embodiments of the invention the
silicon wafer 25from which the positioning member 30Gis formed is of a comparable size to that of the
integrated circggd/vq 2r00ft0 wrfgc the die elements 100 are to be bonded. The positioningqmember
300 is provided With & pllrality of ap2rureEREiLY reRFS ot dPlIRRIGHE PRCSSE IobBRRRa Srafe
positioning me#fbee3Bted irespondiagotberdsitomm st 30w hickidie. elementsd 00:aeestatheibrnded to
the wafer 200.dRespecive iffRIRRS ARGHLGS 313815 /aimed 49 be of a size cormesponding to that of

the particular corresponding die element 100 that’is to be bonded at that location. It will be appreciated
that die elements 100 need not all be the same size. Thus, the apertures of the positioning member
300 may be of@twrespardiiglydifferentsizes. iof Aseaiding:to thegmbodiasnt of Rl Zthe.apgrtures

313 are forme%g&ig%qr%qngtg]gymb\p@’g@t V\%% égt%%%rgrees%%%d%%ﬂg element 100. As discussed

below, the maximum difference in size e apertures and die elements 100 will depend
on the size and spacing of bondpads of the die elements 100 and wafer 200, as well as the precision

with which ape3tumesoB i paydpadermedand Jop Meeisinradthwhich dieelemants: 100.may he cut
from a host wagﬂh@%%rng 8t%ig,he.temg’;)o in%ent of FIG'ieg the apertures 313 of a positioning member
B Bl Sdine SiBoR OF' o retBRSHERSifIiRaE §18 SFMRBided

are each of the same S In'Some embo wrgé) 5‘011
on each PositigifeGasisherBoDMerier 0 vasisrivwsriddtysormenting: th&positioning member 300
with respect to a wafer 200. 15FIG. 3 illustrates a process of fabricating a positioning member 300

according to s\%me en;%ﬁgiments of the invention. The positioning member 300 of FIG. 2 is formed
from a silicon WATEF Ravilfy B HRaT R SEREHRE rrdBffoRPhrNTE S en 18 Slotinaer stmeDiner the

thicknesses arstedsetegeiuuit laver 120. Rather, such bondpads 132 are formed for the purpose of
providing additional mechanical strength to the interface to be formed between the die
15 element 100 and the wafer 200.

FIG. 2 is a schematic illustration of a positioning member 300 according to an

embodiment of the invention. The positioning member 300 is used to correctly position a

plurality of die elements 100 at a required jocation on the surface of the wafer 200 prior
20 to bonding of the die elements 100 to the wafer 200,

in order to facilitate correct positioning of the die elements 100, the positiocning member
300 is in the form of a generally planar stencil element. The positicning member 300 is
formed from a silicon wafer. In some embodiments of the invention the silicon wafer

25  from which the positioning member 300 is formed is of a comparable size fo that of the
integrated circuit wafer 200 to which the die elements 100 are to be bonded.

The positioning member 300 is provided with a plurality of apertures (also referred o as
‘windows’) 313 at locations of the positioning member 300 corresponding to positions at

30 which die elements 100 are to be bonded to the wafer 200. Respective different
apertures 313 are formed to be of a size corresponding to that of the particular
corresponding die element 100 that is to be bonded at that iocation. I will be
appreciated that die elements 100 need not all be the same size. Thus, the apertures of
the positioning member 300 may be of correspondingly different sizes.

35



20 Other materials are also useful. In some embodiments, the positioning member is formed from at
least one selected from amongst glass, ceramic, quartz, and a metallic material such as aluminium,
stainless steel, titanium, copper, or any other suitable material. 25FIG. 3(a) shows a wafer 300
following the formation of a layer of photoresist 311 over a free surface of the wafer, and patterning of
the photoresist 311 to expose portions of the wafer at locations of the wafer where it is required to form

apertures 313 B985 P T LeeH a6 RLEhTe AL BREGUEHY SUbjR psaeE 1 BF BRNBIBUEES to
form wells 312wndeutich408m todepibratithesr lerations.180 FIGs Xrshawstbestruaureohila. 3(a)

following rever e orjentation of the wafer (also.referred to as 'flipping’.of the wafer) in order to
expose a reards?ﬁ%%fcnte&:% 1% tﬁbeé%vg]ae erf% Fﬁ&e.ré(g)ss%owas ec} iéz’trejc‘;’trﬁgﬁ *8351%;‘;”5? f5i Hgt%e
process of thirffRROf theafiate PROO TRt réur disrfele80E By tnentaritel gfibdiasgviribedetho form

through-apertyresigida Nithevwareh3oR.RASBaNHE, SeeNdeRHIIGB(@), thethrmugh-apeiiures.313
have a width B’ sli httlgq%ger than a %?rresgﬁndigg ¥vidth ‘A’ of the die element 100 to be positioned in
that aperture. ﬁ A'éhows thé %%gﬂf ﬁ?l% 7300 of FIG. 3 arranged to overlie a substrate 200

in a process of forming a 3D integrated circuit structure. The positioning member 300 is 10located so

that edges 313 of agrgurema B aistinaaboupaary anthessuiface; ot the waler, 500 withinwhigh it is

required to locate a corresponding die element 100. FIG. 5 is an exploded view of the structure of FIG.
4 showing a IGERLN SiSviAEHE §8f element 100 is to be positioned. In some embodiments of the
inventioripositioning member 300 is placed in direct contact with the integrated circuit wafer 200. In

some embodiments.of the.invention the positioni ber is positio such that a gap exist
between the positioning mem%grgg%oga%n”d t e%&%r_@% I %dﬁagcé’r%ggt%maé%tg Eg\?ié'aggssg s %?S%ided
on a side of tHePpSHiBAIfity MehFEC300ofaeIng thesirale coUuedivordentioa o cositisizepiesindace
area of the posgpwingresgamres Qi cantact with the wafer 200. 25in some embodiments of the

invention a spacer element is provided between the wafer 200 and the positioning member 300.

15 FIG. 3 illustrates a process of fabricating a positioning member 300 according to some
embodiments of the invention,

The positioning member 300 of FIG. 2 is formed from a silicon wafer having a thickness
in the range from around 720 to around 750um. Other thicknesses are also useful,
20 Other maierials are also useful. In some embodiments, the positioning member is
formed from at least one selected from amongst glass, ceramic, quartz, and a metallic

material such as aluminium, stainless steel, titanium, copper, or any other suitabie
rmaterial,

25 FIG. 3(a) shows a wafer 300 following the formation of a layer of photoresist 311 over a
free surface of the wafer, and patterning of the photoresist 311 to expose portions of the
wafer at locations of the wafer where it is required {6 form apertures 313 (FiG. 3(c)) The
siiicon substrate was subsequently subjected to a dry etch process to form welis 312
around 400um in depth at these locations.

30 '

FIG. 3(b) shows the structure of FIG. 3(a) following reversal of the orientation of the

wafer (also referred to as ‘flipping’ of the wafer) in order to expose a rear surface 301 of
the wafer.



In some embodiments of the invention, die elements 100 are positioned in apertures 313 of the
positioning member 300 by means of 'pick and place' apparatus The pick and 30place apparatus may
comprise a vacuum tweezer arrangement. Some embodiments of the invention have the advantage
that relatively low precision pick and place apparatus ngay be used to place die elements on an
integrated circujt.wafer, whilst still accomplishing relatively high precision paositioning of the die
elements on thH(alE?s'S% 3&&?‘%?5%%%%%% iﬂ@ﬂ%e%m%%’?ﬁgﬁfﬁﬂ?@?ﬁﬁm% HpBRIEES13 of
the 9 positionitip rifemies BG0 st BtHdoproeessriutaigmedthylocatity antalighingydieRieneats 100
with bondpads:230Q, g32,0f:thesmafer 200. FIG. 6 is a cross-sectional schematic illustration of a die
element 100 situated in an 5 aperture 313 of a positioning member 300 overlying an integrated circuit
wafer 200. A lateral dimension of the die element shown is A mm, whilst a corresponding dimension of
the aperture 343 odiiiespesitioningFideraker iseBingAscanhe saeniemRlGubethayalves @A and
B must he sel agni f the differ 'C' between A and B (where C = B-A)
is less than or%gé%ials%?%gb r%}%%(?ﬁ%lﬁd@eﬂmﬁ%%grﬁigaﬁ%wr%%ni%q%)o%%Bgsdg%&irl'%ia ga%? di& element
with respect to corresponding bondpads 230, 232 of the integrated circuit wafer. Account must also be

taken of other pIocesshialeraRcessiNARIgIMEANG e3REetad tanss H1dhe alyasiohA and Bresssh as

the accuracy v'\gtg which th ertures. 313 na 1be defined, 15and the accuracy with which die
elements 100 may’ %C%a?.%@r?w%%oaws thnee&rﬁgﬁj?ér%fj%@f%"ﬁﬁriIT&%W%'B@Q@%WBﬁ@oﬁding of
respectivié cortessgiondind i nelfsids Bfahed digediontedt 300:8nd waker2ROvtooneanotaes A die:
element 100 hagrbestonlasasinierahoidheranestives313 {yuwoed-in herositianing g9 member 300.

According to the embodiment of FIG. 7, the positioning member 300 and watfer 200 are clamped
together by means of a bonding chuck 400. The bonding chuck 400 is
FIG. & is an exploded view of the structure of FiG. 4 showing a location at which a die

element 100 is {0 be positioned.

15
in some embodiments of the invention positioning member 300 is placed in direct
contact with the integrated circuit wafer 200. in some embodiments of the invention the
positioning member is positioned such that a gap exists between the positioning member
300 and the wafer 200,

20

in some embodiments a recess is provided on a side of the positioning member 300
facing the wafer 200 in order to reduce a size of a surface area of the positioning
member 300 in contact with the wafer 200.

25 In some embodiments of the invention a spacer element is provided between the wafer

200 and the positioning member 300.

In some embodiments of the invention, die elements 100 are positioned in apertures 313
of the positioning member 300 by means of ‘pick and place’ apparatus. The pick and

30  place apparatus may comprise a vacuum tweezer arrangement.

Some embodiments of the invention have the advantage that relatively iow precision pick
and place apparatus may be used to place die elements on an integrated circuit wafer,
whilst still accomplishing relatively high precision positioning of the die elements on the

35  wafer. This is because in some embodiments of the invention the apertures 313 of the



arranged to prevent relative movement between the positioning member 300 and wafer 25200. A
press member 500 is placed over the structure in abutment with a rear face of each of the die
elements 100. In some embodiments the press member is pressed against the die elements 100 by
means of pressing apparatus and the structure heated ginder 30 vacuum conditions. In some

embodiments th%iwei ht of th%&r%%%}mem er 500 alone is sufficient to promote adequate bonding
urthe

without a requirément 18 apply Grosdubd {53nRTBRESE MefRErEna CalNs0a th diiias die
embodiments gienreissigewilich S0P adsc286rvse wf distrilatite 2(Eat evenly over the structure so that
uniform heating of the die elements 100 and wafer 200 occurs. According to the present embodiment
the press member 500 is a graphite sheet and 5 pr,es%iga% apparatus is used to press the press

member 500 agiindt the fEParerRENE ™ ot " eHE s e Enaetie dtis #iRRABSS QRtRkiEiedomamtain
its mechahicakipeegritydvbilst stilbbisingngufficiently 30alleablgrie provideraisyhstantialhevamprassure
over the wafer, 200 when the di re.pressed against the wafer 200. in some .

|
embodiments of the inventignﬁtﬁfe?é%gﬁ% S %@t%%ﬁ% n'r?{}r]l"i in !ﬁﬁg nceosrg.e%g&nedfm ()O[Fﬁ%%ggses
are also usefuP’ ot 8RafYRe 13 8bHie kPRbeniRsemME eRapisife ®Aket having a thickness in the range
from around 1mm to around 3mm is used. Other materials are also useful for forming the press

member 500. According to the embadiment of FIG. 7 the structure is heated to a temperature in the
A S0 T R bt Y hel ch GO PR BB SHACHELD Wb 30

15 range of from arou {6 aroUnd 4
minutes."Phe pregsiiveappiieidifarmerdsshabrmbercalig itmivea dhg&ffors drsuticd Steqarsuad

100psi (i.e. argundARHo-TouAMBI0KRA) RN tredasatingspiagessintergiffusion af capRaroccurs

between respective bondpads of the die element_ 100 and integrated circuit wafer 200, resulting in the
formation of a RIS ORI PSR MRNERHGmEnte 4 L6% RerRate ateHintRe hrosesaBiof an
inert gas atmosphtrissuch wxemefofthirogensssgorsrananyiotheeauitahicsypsaemixtiys; thetesf. In

some embodi the, inventi ' ie. ts, 100 is Jower.than 25 that of the
positionin mg/r]%t{)%% %E(%Q %Hvzv};}%ck%%?g %ﬁﬁ%%?g?%gr%%&@f@ %Jgn?%%%uéﬁﬁy%{lln??oa%g eé% ﬁCr)}fflments

the preséineniBerBoE IRV YEE Wik dihadreerin dRsmefdrmad. to have local raised formations at
locations corresponding to those of the die elements 100. The formations allow the press member to

contact the dig e g AN B S R G 0 DO R L0 g of respective
corresponding bondpads of the die element 100 and wafer 200 to one another. A die

element 100 has been placed in each of the apertures 313 formed in the positioning
20 member 300.

According fo the embodiment of FIG. 7, the positioning member 300 and wafer 200 are

clamped fogether by means of a bonding chuck 400. The bonding chuck 400 is

arranged to prevent relative movement between the positioning member 300 and wafer
25 200

A press member 500 is placed over the structure in abutment with a rear face of each of
the die elements 100. In some embodiments the press member is pressed against the
die elements 100 by means of pressing apparatus and the structure heated under

30 vacuum conditions. In some embodiments the weight of the press member 500 alone is
sufficient to promote adequate bonding without a requirement to apply further pressure
to the press member 500.

The press member 500 is configured to distribute pressure evenly over the die slements

35 100 so as to reduce a risk of cracking or other damage to the die siements 100 or wafer



30 FIG. 8 shows an embodiment in which a thickness of die elements 100 ?s Io_wer t_han a thickness of
the positioning member 300. FIG. 8(a) shows an embodiment of the inyentlon in which a press
member 510 is provided having a plurality of local formations 512 conflgured to protrude into apertures
313 of the positioning member 300. This 35allows pressgre to be applied to the die elements 100

: ) : . N hows an
despite their regdged thickne ve to,the positioning member 300. 11 FIG. 8(b) S _
embodiment ofgtﬁg‘ ig\r}tgr?tﬁgn%?év%%egtgéégnvgga?ﬁ%?s ?ﬁegrgéjgl'sgléﬁﬂé?ﬁ B girhgsigsat fPU¥e in
combination WiﬂY?ﬁé"ﬁ@é@%@rﬁﬁ’éﬁ5’0@“76?311"1@.8??5??@19%19@01@&@@9&1%&1@%@%& &26is

provided with a plurality of protrusion 5 members 522 in a corresponding manner to the formations of

510 of FIG. 8(a). In use, the protrusion members 522 are urged against die
clements 300 prCRRHS S Bl SR FL B LB AL RO BERS05 6 Epp g pressine &rihe
protrusion MmenRFsIH ZIRArAkENS ofskr Pressanensbpres8indObls . SOshous therair-iwembiG. 7
or FIG. 8 followmgamefgﬁéém{é@%@%Qﬁf@%&%@é“&'ﬁ%ﬂ?t%srlr%ﬁng"a‘?r? r?tanrllgx?eel I haannqlo[é Fsgv%
chemical-mechanical planarisation (CMP) technologies. In some embo iments & ary etch 8 t etch
technique may@wgin%gl{/gﬁ}r@esﬂg&efgwhr?@f%?i% t@lé’l‘ﬁ’é?ﬁ%.E’Cﬁ%ié‘?fﬁﬁﬁﬁﬁh@mﬁd@%égrarevas@ﬁI.
15In some embedénéRB WieditheleivesteiOdan@thingestsiawn a?%igﬁa_tctﬂ@;?%?r(%% ?)?pgﬁanﬁ%ggg o

. - 10-shov ! following a process of dicing of wafer o for
;g?kag(le: I8(300. 0Fwo digﬁsggﬁstégggﬁj r??r%g é’évgv%?l%% r%ﬁ?gﬁt%q?;%%é%t%ﬁ Lgbati /8 SHERERR: IPE8. 10
portions dPa giARIMRG AR talybEssden. Ttiecyarieleiny Soasistopmrit ¢otganerdily streLiming

bondpads 130 21182:x2325 23thet the dlecalemamdofand waler289TRe guardsingis,iqemead fram a
die guard ring gl?@&ﬁf@ﬂ%raf&dm?r?glgew ggsrs ugngre'?%oo.

According to the embodiment of FIG. 7 the structure is heated to a temperature in the
15 range of from around 250°C to around 450°C for a pericd of from around 60 minutes to
around 30 minutes. The pressure applied to the press member 500 is in the range from
around 15 to around 100psi (i.e. around 103 to around 890kPa). During the heating
process, interdiffusion of copper occurs between respective bondpads of the die element
100 and integraied circuit wafer 200, resulting in the formation of a diffusion bond,
20
In some embodiments, the structure is heated in the presence of an inert gas

atmosphere such as one of nifrogen, argon, or any other suitable gas or mixture thereof,

in some embodiments of the invention, a thickness of die elements 100 is lower than
25 that of the positioning member 300 in which the elements 100 are placed.
Consequently, in some embodiments the press member 500 to be used with such die
elements is formed to have local raised formations at locations corresponding to those of
the die elements 100. The formations allow the press member o contact the die
elements and apply pressure thereto during the bonding process.
30
FIG. 8 shows an embodiment in which a thickness of die elements 100 is lower than a
thickness of the positioning member 300. FIG. 8(a) shows an embodiment of the
invention in which a press member 510 is provided having a plurality of local formations
512 configured to protrude into apertures 313 of the positioning member 300. This
35  allows pressure {o be applied to the die elements 100 despite their reduced thickness
relative to the positioning member 300.



25element 702 of corresponding shapes, the ring elements being provided at corresponding locations
of the die element 100 and wafer 200. In the embodiment of FIG. 10 the guard ring is formed from
copper. Other materials are also useful. 30 Each of the ring elements 701, 702 is provided in the form
of a ring structure surrounding respective contact elemlqnts of a package 800. During the bonding
process, the die guard ring element 701 and wafer guard ring element 702 are joined together to form
a generally air-tight seal. The presence of the guard ring 700 reduces a 35risk of deterioration of the

bondpads 130F326(B32/286 duestaiexposutetaiambientisinashhrAc.Ccondiians thishbysaYsing a

risk of prematyig Agvi ilure. e.embodiments of the invention an oxide spacer seal
member 600 is formeﬁ@éa@%ﬁ%%%ﬁgﬁ%ﬁntgﬁq ggﬂ*"‘a??a“’ ﬂn‘ﬁ' 0%.9 IRTHE ERBGE ghéith ifr FIG.
10, both a guaf@gi§CPOGHNEESE AT PiBRte? 606 Hr & Zhdwmr tviditbbeitp pretiastity thatdrsoste

Sembodinsentsra:guarel Sgid Qs RIPAREMH@RELARE A5 8RL MEMARS LG, philstin %Qﬁ{b% ipents
a seal membe!';&ioog(séfprolvnidgsdear]g not ?6%uard ring 700. __The seal member 600 is formed around a
0

peripheral edge 103 6f the dis elenieRf 05 SRAIEIRE"S Jererify 4ietigRERIBE! KisvRben Al sipheral
edge 103 and RI®GFREoIDtHEICIA el 200pTHigosea member 600 byayppe fesnaeskbyrdapasiting a

blanket layer er@m@gﬂr%@%%@f@tﬁIrM%%HgoP{ﬂ@iBF&erE%ﬁqB@r layer over the die element 100

and wafer 200 may then be removed t0 leave a seal member 600 substantially as shown in FIG. 10.
Removal of portions of the blanket layer may be performed by means of an anisotropic etching
process $0ch a¥-a festutive tion gtobing:(RIE)hroeessicAlteromiively Adbleekingsl ayerimayhedoimed

over the blan a ly,portions of the blanket layer to be removed. In the
embodiment (l;% I‘é:llif(}sXﬁ iso ?r(?)e@t?#ﬁﬁg?j&g%g%%%%g{%mcﬁ |Cmoiﬁ%>?? é%ﬁ‘ﬁ%fr aRatiarian &iddusetul,

such as silicon&iRAAEIERcon BxFRMRICARPAMPDihe? stilabicmateral vapatiehofdilocking pasgage of

moisture and altsasthvaly extersal RviFmRIaR SEtherpackage 399 he headpads.13Q,:132, 230,
232.

15 in some embodiments the die elements 100 are thinned down 1o a thickness D (FIG. 9)

of around 10um.

FIG. 10 shows the structure of FIG. 9 following a process of dicing of wafer 200 to form

2 3D IC package 800. Two die-seal options and two input/output connection options are
20 shown.

in FIG. 10 portions of a guard ring 700 may be seen. The guard ring 700 is formed o
generally surround bondpads 130, 132, 232, 230 of the die element 100 and wafer 200
The guard ring is formed from a die guard ring element 701 and an IC wafer guard ring

25 element 702 of corresponding shapes, the rng elements being provided at
corresponding locations of the die element 100 and wafer 200.

In the embodiment of FIG. 10 the guard ring is formed from copper. Other materials are
also useful.
30

Each of the ring elements 701, 702 is provided in the form of a ring structure
surrounding respective contact elements of a package 800. During the bonding
process, the die guard ring element 701 and wafer guard ring element 702 are joined
together to form a generally air-tight seal. The presence of the guard ring 700 reduces a
35  risk of deterioration of the bondpads 130, 132, 232, 230 due to exposure to ambient

atmospheric conditions thereby reducing a risk of premature device failure.



25 As mentioned above, in FIG. 10 two types of input/output connection to the 3D package are shown.
One type of connection, shown on the left hand side of the die element 100, is a solder bump 900
provided on a further contact element. The other type of connection, shown on the right hand side of
the die element 100, is an ultrasonically 30welded wirefaond connection 950. Other types of connection
are also useful. In some embodiments of the invention edges 315 of the positioning member 300 that
define apertures 313 are shaped to promote location of a die element 100 within an aperture 313 by
pick and placelapearatesibedimentd riajrenih(bhive erossisectipactsehamatiociagains obparibns of

edges 1315, 231k definipoiRReriuesd 3132313 [espectvele i&%%@#@%ﬁ%medﬁ%@%a@m to
a

some embodiments §f the invention. It can be seen that the edges are either tapered along ‘a portion of

their width betVE5A"8H B FEPANFaR S 16 PRPL I8N BFsEIANE. 151 Msaraiet ioatin GYer
tapered afong ¢heipéntzetwidiubetwieen7an ippensisfose?3d6anekatomarswiace 8347 {HGe11(b)).

Other eross-segfignal siapesace AlsAUSAIHh 91 SYATPIR syryed shapes, of gy other suitable shape

to assist placement of the die elements may be used. 10 In'some émbodinients of the invention
protrusions 3316 are provided along edges 3315 of a positioning member that define apertures 3313
_(FIGH_lﬁ) ocfi theizosiioningrimensoer g .islil'hﬁrﬁlé_?th@t&@ﬂﬁ @@ﬁﬁ}ﬁﬁ@@ﬁ@@ﬁ@%ﬁﬁ@ﬁ@@@%ﬁ é}%ﬁ@gion
in which a die m place rotrusions have the advant that an area o
potential 1500%@3%%%%&eg%%®e%¥m% L5 ele%weg%esgsrt}ﬁ%rﬁﬁap vl bee%&% 5)b8 RlRed¥elative
to some EmbodrientgtsitReGnvention. In some embodiments of the invention the die elements 100
are formed by cutting or cleaving a wafer 100W (FIG. 13) having a plurality of die elements 100 formed
thereon. 20In spme embog_;%?r%ﬁ of the invention, cutting is performed by means of a laser cutting

C

device. in some EMBAdT HYaY PR rrTRRel ARRaaE g anting e eliriicormeddarereroow
is cut or cleavétk stcivtivat postiters ki3hef srldwaliyof therdiesatemnisa000thahmnayfeonECinay

positioning membesSA0when e die 5 osaed P8 ARSIy as shown in FIG. 10.

15
Removal of portions of the blanket layer may be performed by means of an anisotropic
etching process such as a reactive ion etching (RIE) process. Alternatively, a blocking
tayer may be formed over the bianket layer and patierned to expose only portions of the
bianket tayer to be removed.

20
in the embodiment of FiG. 10 the blanket layer is formed from silicon oxide. Other
materiais are also useful, such as silicon nitride, silicon oxynitride and any other suitable
material capable of biocking passage of moisture and air from an external environment
of the package 800 to the bondpads 130, 132, 230, 232.

25
As mentioned above, in FIG. 10 two types of input/output connection to the 3D package
are shown. One type of connection, shown on the left hand side of the die element 100,
is a solder bump 800 provided on a further contact element. The other type of
connection, shown on the right hand side of the die element 100, is an ultrasonicaily

30  welded wirebond connection 950. Other types of connection are also useful.

In some embodiments of the invention edges 315 of the positioning member 300 that
define apertures 313 are shaped to promote location of a die element 100 within an
aperture 313 by pick and place apparatus.

35



253313 are sufficiently smooth to allow alignment of bondpads 130, 132 of the die element 100 with
corresponding bondpads 230, 232 of the wafer 200 within a required tolerance. In order to
accomplish this, in some embodiments of the invention the fabrication process requires that trenches
102 are first formed in a face 101 of the wafer 100W 3Qhaving the integrated circuit layer 120 formed
thereover (FIGF 3 ({ai (b)). The trenches are formed to have sidewalls 103 having a depth d.
Subsequently, @ Qut iS5 Mal8 AR TirEoASRTETENA HENFHRHSI Siad 3ies e PRNENS 00 S8 86 wafer
100W as showrBitbRIEiriR{c)pFiter g dlityofabrescutsplanigdineiA s anearsing denthecadearimens of
FIG. 13 does igh.(ip terms.of 1 ogthness at least) as that of the cut to form
trenches 102.%@%ﬁngoaeﬁgﬁtﬁeg&g%E)%Vi%?gﬁfr%&ém%g%ar? c%ileeeglé%rﬁéf%earee% g%‘?’\f’lagrﬁreéit SUCFPHIES the
portion of eact§B8FIRSIUICbIBRteWiClDOIBRREUER tikSSRYFEISr 0846l nbvsortadatae! 317
positioning messberovhem thestacedQ biotdberdiealementisdprbuimenbyita dhewalss20Q, 5 dhe die

elements are tEEﬁ‘ Qﬁgig?%‘?e‘r"’sihh#“ 9{;5%5%‘%’31!;‘? (ggst)a positioning member 3000 with faces 101 of

the die elements (gt;arlng ondpadas acing towards the wafer 200 to which the die elements
are 100 to be bonded. 10FIG. 14 is a schematic diagram showing die elements 100 positioned within

apertures 331%gidasibieniea membes 00/ \s.eA0-B SoL LmMHIG Al lhlbe dis slament 100
located ready for. bgpdln to wafer 200, the depth d of sidewall 103 is greater than a distarice h from a
R BGO BN Rpe PR

surface of the Wafer 20 FROIFDE ARGl Sierer5rabhreYpsfhding protrusion 3316.

Consequéntly, an area of contact between a die 15 element 100 arid a protrusion 3316 will generally

aways conesndinaiRANEY RO sileARl 108 LR Heasd 0% builes apecaleiia e

precision with which die elements 100 may be positioned on a face of a wafer en

extent upon the' GrECERANRAIMRANRE SontSripsramgadieBdiife prorlitienegtosnmaeieber.
elements 100 d@re forovedichBuseiarsangecrokrdimaents Kf the-nventoadienchesid02 are imed to

have relatively lls.(e.q, by-cutting.with a relatively hi recisign cutting system) whilst
remainin port??r?sqﬁggvé%e%‘é%%(’)f ieeeI%'%{gﬁ?'so%g' aré Foﬁm%qéj{'%%?e%%ﬁ% Fough Reigrdial
comparetPwitFEfbae diatiesrerchiss dometorS8qaently petiidnity inexpeasiseicutting 25 ¢eahaiiues

may be made {gipgidarneuts AlonginasHsfrd Fifzndd(a). This assists in reducing a cost of
fabricating 3D structures according to some embodiments of the invention. In some embodiments of

the invention laser cutting is used to dice wafer 100W. Laser
in some embodiments of the invention the die elements 100 are formed by cutting or

cleaving a wafer 100W (FIG. 13) having a plurality of die elements 100 formad thereon.
20 in some embodiments of the invention, cutting is performed by means of a laser cutting

device. in some embodiments cutting is performed by means of a sawing operation.

The wafer 100W is cut or cleaved such that portions 103 of sidewalls of the die elements

100 that may contact positioning member 300 when the die is located within an aperture
25 3313 are sufficiently smooth to allow alignment of bondpads 130, 132 of the die element

100 with corresponding bondpads 230, 232 of the wafer 200 within a required tolerance.

In order to accomplish this, in some embodiments of the invention the fabrication
process requires that trenches 102 are first formed in a face 101 of the wafer 100W
30 having the integrated circuit layer 120 formed thereover (FIG. 13 (a), (b)).

The trenches are formed to have sidewalls 103 having a depth d.
Subsequently, a cut is made along line A-A (FIG. 13(a)) to release die slements 100

35  from the wafer 100W as shown in FIG. 13(c). The quality of the cut along line A-A
according to the embodément of FIG. 13 does not need to be as high (in terms of



30 cutting has the advantage that more precise cutting of the wafer 100W may be performed thereby
facilitating more precise positioning of die elements on a wafer by means of a positioning member
according to some embodiments of the invention. This in turn enables a higher number density of
bondpads to be incorporated in 3D packages accordingsto some embodiments of the invention. 15 In
some embodiments of the inven;titgn the positioning membper is formed directly on the surface of the

wafer 200 to W IS PERTirS8Y0 B8nde b Bt RHB tRARNSEING forni&is se apstehe 116, 15 is
a cross-sectiopabiichamatiertiostratidn dhoslimgeatwateroé20guoadwhich apasitioninginemberd300

has been fom@gevegcef%ﬁewaeeﬁmﬂqgmmrﬁ@%wn%g@%mw%pmgnr?é%%![é%o%gﬁffgamgd from

a porous oxide material. In some embodiments, other matérials are used {g.o orm the positionin
member 4300 1REBRHEBFABBEIREHIS 1ok IB6 iR ARG eRtinBer BRREYIBapiaentitg followed by a

conventiohal lithographic technique to form apertures in the spin coated layer. At least one selected

bolymers. and oo o e e SRR it 1@ ATy P B30,
In some emboMHEHIE GRERE I\icPiibS, disesiRysRIVAIfe AHeebendsddmis difsdtyamgtimevsutiate of the

wafer 200 to avibisknessoffiemabeit SorHeaRauE 200RFHORgRdSthicknesses are also useful. In
some embodiments of the invention, the positioning member is in the form of a plurality of spaced

apart post elements 4310 (FIG. 16) arranged to define a perimeter of an area 4350 within which it is
requiredtd cohsfrailftniogernirnafia drysementvptacds 20therein. IB0spostiembodinenisdhe gost

elements are {esmesrTEedka g alieralcitg WALSLE eihecemparinrars Jhe,posts g fomed from a
non-metallic material. In some embodiments the posts are forme %/ means of a high precision

materials dispenSiRgPELFARHY RN fURIE0AR) s gaibierrl sidaviv| @ik aispeishag &ystem.
Other systemsiateraist isefuk Qtiietensithodvefdopming the posielivmentsass alseusefl ciuding
methods. An t io post.elements. s that in some embodiments of the 30
invention an 3%%% of rﬁagterlr)?g r{'etg’rc?]%]i:ireg.(tqcf)6 be %t'r% 15aiced onto a SUFfacd g?%/%fregﬁ@"?e@a‘u@eg'?elative
to a method irfiieRta\Warerss 2o@iiwinn SBlsnket lageerefimateriss thatrssabsegquentyepetterned

to form a positartog: BesRario3lprspmegmandiments, the positioning member is formed by
dispensing or otherwise 35forming a material on the IC wafer away from an area in which integrated

circuit devices
It will be appreciated that the precision with which die elements 100 may be positioned

on a face of a wafer 200 will depend to some extent upon the precision with which

20 corresponding edges of the protrusions 3316 and die elements 100 are formed. Thus, in
some embodiments of the invention trenches 102 are formed to have relatively smooth
walls (e.g. by cutling with a relatively high precision cutting system) whilst remaining
portions 104 of edges of die elements 100 are formed to have relativeiy rough walls
compared with those of the trenches 102. Consequently, relatively inexpensive cutting

25 techniques may be made to perform cuts along lines A-A of FIG. 13(a). This assists in
reducing a cost of fabricating 3D structures according to some embodiments of the
invention.

in some embodiments of the invention laser cutting is used to dice wafer 100W. Laser
30 cutting has the advaniage that more precise cutting of the wafer 100W may be
performed thereby facilitating more precise positioning of die elements on a wafer by
means of a positioning member according fo some embodiments of the invention. This
in turn enables a higher number density of bondpads to be incorporated in 3D packages
according to some embodiments of the invention.
35



such as transistors and other devices have been formed. Thus, exposure of such areas 16 to
deposited material, etch media and other process environments can be reduced or substantially
eliminated. Once die elements have been bonded to the wafer 4200, the positioning member 4300
may be removed. Normal removal techniques may bewgsed such as a wet or dry etching process, or
any other sum?ble remoy |%§9Chnl (%t ome embodiments. of the invention have the advantage that a

level of precision required of A pick andpl gggqtr'l%?ru APHEN D PRIBEIE PEmRAErBAtY Qafafis
reduced 10rel8iac dyikemafpolebrisludiing & sositionagmzmber 386G &ooentingorahockingnts of

the invention. Sgree agbhedisnentsief the inventieq bave e %@%ﬁ%&%ﬁéﬁ%%ﬂ&@@%ﬁgpo may

be tested before placem nt on a wafer 200, and malfunctioning die elements 100 15reject efore
placement. Cé{r%@qﬁgnﬂﬂ/ Shig GIRIER RINSEOMRSG diidBihEnkeT00aESslacdrsi divgater J150
accordingito sonieémbotishents, ofthesiraigntion. MhistisdnicontrasttekaovwindD:package faication

technologies iy frstepirealsris oo ausaeqpd.eoije iler Eqlopina banding of ine
ICG

first and second 20wafers, the wafers are result ng in D packages comprlsmg wo dies Honded
to one anothe?"eff‘WFﬂrﬁé%p[@@%‘f@d%ﬁ‘&?ﬁi@@'ﬁdtﬁﬁ\ﬁémiﬁ@‘%ﬁkﬁﬁégr&%é@mﬁ?@% gRigtoating
technologies wdlldvesdeeadent/spemtheitieidspassesiaips with eaeh sidharsenaraie processes:of

layer. At least one selected from amongst spin-on-glass (SOG), polyimide,
10 benzocyclobutene (BCB}, photosensitive organic polymers, and epoxy or epoxy-based

photoresist may be used to form the positioning member 4300.

in some embodiments of the invention, the positioning member is formed directly on the
surface of the wafer 200 to a thickness of from about 50 to about 200um. Other

15 thicknesses are aiso useful.

In some embodiments of the invention, the positioning member is in the form of a

piurality of spaced apart post elements 4310 (FIG. 18) arranged to define a perimeter of

an area 4350 within which it is required to constrain movement of a die element placed
20  therein.

In some emboediments the post elements are formed from a metallic material, whilst in
other embodimenis the posts are formed from a non-metallic material. In some
embodiments the posts are formed by means of a high precision materials dispensing
25  system such as an ultrasonic spray system or an injection dispensing system. Other
systems are also useful. Other methods of forming the post elements are also useful,

including methods.

An advantage of the formation of post elements is that in some embodiments of the
30 invention an amount of material required to be introduced onto a surface of a wafer is
reduced relative to a method in which a wafer is coated with a blanket layer of material

that is subsequently patterned to form a positioning member.

In some embodiments, the positioning member is formed by dispensing or otherwise
35  forming a material on the IC wafer away from an area in which integrated circuit devices

such as transistors and other devices have been formed. Thus, exposure of such areas



25forming the die elements 100 and wafers 200, and upon the process of wafer to wafer bonding. In a
fabrication process according to embodiments of the present invention the integrated circuits being
bonded to a wafer are pre-diced, allowing malfunctioning die 30 elements 100 to be rejected.
Therefore only working die elements 100 are bonded tgswafers 200, resulting in a considerably higher
yield of workin %acka%eg coagg)ared with known 3D package fabrication technologies. 17 be bonded
to an integrated GIFCUT WATI SO0 ar8 Ut T 4% 8P4 r s rBERRES oo BLRERIY D Fitie bateiEeed 6ffcuit
wafer 200 follewhrrgeatsonditmipsbsess. In known wafer-to-wafer bonding systems the cutting operation
to form die elements 100 5 and the cutting of the integrated circuit wafer 200 are performed after the
bonding process has been performed, resulting in a 3D package having two substrates of substantially

the same size BoTRIEE (BITREH S Pear hRNBehjhFaeinteie tHaPthée aesdfspme shisadidlents of

the presefit invenfior thahdGsubsitatesiofiiterentsizes.can hepeadad toaetherRas the agvanfage
that more efficieqnt, of S material.and fabrication facilities may be made. By way of example,
the number of me}#gr%/ I(%gsgt 'éstl%gaﬁﬁ e (r)rsrlflfgacjj gnfear%?r\ilé et@v(\:/a?écf'lﬁenerally exceeds the number of
microprocessors that can be formed on a wafer of 15 comparable size. The number of memory chips

that may be fasaied emacingimiyader RanRRAMRISOS-A IAAL00 whlS the numbsrol o
microprocess% cltllli%% g}aa;f;% ex%m%le ke around 10. Considering the situation in which'it is required
to connect one emory éhip BiF& JHHEIBR HEEEdBREcs FirRIPHAT sveaaish wkreyced
wafer-tolWaferdiaiidirig iy gierformmdrolowed:byditingref thenpair 0bberdediwalersribisamad result
in wastage of §9@emansiCs. In contrast, in some embodiments of the present invention each of
the 900 memory ICs

Some embodiments of the invention have the advantage that each die element 100 may
be tested before placement on a wafer 200, and malfunctioning die elements 100
15 rejected before placement. Consequently, only correctly functioning die elements 100

are placed on a wafer 200 according to some embodiments of the invention.

This is in contrast to known 3D package fabrication technologies in which a first entire
wafer is bonded to a second entire wafer. Foliowing bonding of the first and second

20 wafers, the wafers are diced, resulting in 3D packages comprising two dies bonded to
one another.

it will be appreciated that the yield of working packages according to such technologies
will be dependent upon the yields associated with each of the separate processes of

25  forming the die elements 100 and wafers 200, and upon the process of wafer to wafer
bonding.

In a fabrication process according to embodiments of the present invention the
integrated circuits being bonded to a wafer are pre-diced, aliowing malfunctioning die

30 elements 100 to be rejecied. Therefore only working die elements 100 are bonded to
wafers 200, resulting in a considerably higher yield of working packages compared with
known 3D package fabrication technologies.

Furthermore, embodiments of the invention allow integrated circuits having different

35  sized substrates to be bonded to one another. This is because the die slements 100 to



25would be formed, tested, diced and stored ready for bonding to a wafer 200 bearing microprocessor
or other devices. It will be appreciated that a process according to some embodiments of the
invention allows an increase in yield of 3D packages. Furthermore, in some embodiments of the
30invention a reduction in overall cost of 3D packagesiis achieved. Some embodiments of the

[ tion h the further advantage that a thickness of 3D packages may be reduced relative to prior
art packages, T B A I EE A G SOt SEabo R SoE RAToEherD

IS IS becagse g
elements 100 ¥oheldufeornicesliovdnit 8Ftie2Bitfelemwionts 200diodprstdgected to a thinning process in
their final bonded locations. 18 This is in contrast to prior an processes in which a first integrated

circuit substrate is thinned before being mounted to a second integrated circuit substrate. The risk of

fracture or oth&r AEHAYEIE A ¥RE RS AtV ElRUR Eifoetting BRESHIAERISIy M EICstREI tH in the
case of pfocessestaeconding tof shménexphaeimentsiofithieprERERtinyertianda \&h&hiﬂénﬁbﬂ%ﬁl@
performed as zbondi e e Iment he_invention have the further adv ntgge
that a reducedar rﬁ%?ge? %lg g{?r%(%ésg%réost%gégs’ eﬁ%l?ggﬁ;:g}d ?Seg[évg%é}fﬁgw?\na\gﬁgp% a%%é?f}]‘éaﬁ%%a uring

10technologie RERHIBIN TS Sohteskifoirmesdrinfreu#rriechnologies soldering processes are used

in
It will be appreciated that the feature of some embodiments of the present invention that
10 substrates of different sizes can be bonded together has the advantage that more

efficient use of substrate material and fabrication facilities may be made.

By way of example, the number of memeory ICs that can be formed on a single wafer
generally exceeds the number of microprocessors that can be formed on a wafer of
18 comparable size. The number of memory chips that may be formed on a single wafer
may for example be around 1000, whilst the number of microprocessor chips may for

example be around 10.

Considering the situation in which it is reguired to connect one memery chip 1C {o one
20 microprocessor IC, In prior art processes in which wafer-to-wafer bonding is performed,
foliowed by dicing of the pair of bonded wafers, this would resuit in wastage of 890

memory [Cs.

In contrast, in scme embodiments of the present invention each of the 900 memory [Cs
25 would be formed, tested, diced and stored ready for bonding to a wafer 200 bearing

microprocessor or other devices.

It will be appreciated that a process according to some embodiments of the invention
allows an increase in vield of 3D packages. Furthermore, in some embodiments of the

30  invention a reduction in overall cost of 3D packages is achieved.

Some embodiments of the invention have the further advantage that a thickness of 3D
packages may be reduced relative to prior art packages. This is because integrated
circuit wafer 200 provides a support subsirate for die elements 100 bonded to it, allowing
35 the die elements 100 to be subjected to a thinning process in their final bonded

locations.



order to bond wafers together to form 3D packages. Consequently, the wafers must be subjected to a
solder bump formation process whereby solder bumps are formed on 15bondpads of the wafer.
Following the formation of solder bumps, the wafers are diced and then bonded to wafers by heating to
melt the solder. According to some embodiments of thegsinvention the process of forming solder bumps
is not required. Rather, the bondpads are formed from copper, and respective bondpads 20bonded to
one another by a thermal diffusion bonding process that does not require the presence of solder or any
other joining miguuin I'Sosntrasnbogdimerats pfabesiusentionibave fine advenirgedthatitwenintegy ated
circuits on respgsiye difgrenisbsialrs:ct,bs oD ioens:apalher Wil gresler posiional, 25
precision with respect to one another than prior art apparatus an methodS. This allows the
employment of 8H&r ittt HetiBBye SR lhairerdrmhesiniigratstraircisitconsiseisbhdbidieyether.
This allovés a kwgertiminibenofcostadt plecaests tadserused forsaaiven-sizeabintedraied gitcuit:
30Some embagli of ' ion.have.the advantage, that die elements may be placed on an
integrated cir(?l'ﬂ{g\}vﬁa{%ﬁ[ﬁo&veﬁiﬁxﬁéy gr%%g rkf)%r 8#&8& [ gg’ﬁﬁ%gpégg Pagp%el%anner than prior art
technologies. Furthermore, some embodiments have the further advantage that the die elements may

be placed on mmm@@mgﬁwwm@nwmtgmmaom@tmﬁ%agem%@mpg%&5&9@@%@96

technologies. 01'9 Srgmgs?mbo iments of the invention have the advantage that they enable a
reduction in a Cost Of the Process of tabriEatilg B DTRHMad8s KA retilichBr AYehdrRe eltiRed to
perform Eproéedyefdaibricating a 3D package. 5Throughout the description and claims of this
specification, the words "comprise™” and "contain" and variations of the words, for example "comprising
and "comprises”, means "including but not limited to", and is not intended to (and does not) exclude

other moietie<, ZHIAITE L0 AMMSITAME. TRESYERSIYIRgdpeh e PRIR LGS aE Bscnteersfsscrrandesidims of
this specificatioethie smygliesfercopp@eses form 3D packages. Consequently, the wafers must be

subjected to a solder bump formation process whereby solder bumps are formed on

15 bondpads of the wafer. Following the formation of solder bumps, the wafers are diced

and then bonded to wafers by heating to melt the solder.

According to some embodiments of the invention the process of forming solder bumps is
not required. Rather, the bondpads are formed from copper, and respective bondpads
20 bonded to one another by a thermal diffusion bonding process that does not require the

presence of solder or any other joining medium.

Some embodiments of the invention have the advantage that two integrated circuits on
respective different substrates can be bonded to one another with greater positional

25 precision with respect to one another than pricr art apparatus and methods. This aliows
the employment of a finer pitch between contact elements of the integrated circuits to be
bonded together. This allows a larger number of contact elements to be used for a
given size of integrated circuit,

30 Some embodiments of the invention have the advantage that die elements may be
placed on an integrated circuit wafer to which they are to be bonded in a mare rapid
manner than prior art technologies. Furthermore, some embodiments have the further
advantage that the die elements may be placed on an integrated circuit wafer with
greater positional accuracy than prior art 3D package technologies.

35



the plural unless the context otherwise requires. In particular, where the indefinite article is used, the
specification is to be understood as contemplating plurality as well as singularity, unless the context
requires otherwise. 15Features, integers, characteristics, compounds, chemical moieties or groups
described in conjunction with a particular aspect, embeggiment or example of the invention are to be
understood to he applicable to any qther aspect, embadiment or example described herein unless
incompatible trgg%%%W&fé Erﬂﬁﬁﬁfﬂ%g VERUPR ARG g?? YRR P¥GARE Grast Rictire
comprising theastepisobthe progessdihtpbriveliog Baviragicephmrality efradifeidntegiatetheireuitsfartoed
thereon, each of &gl W@tg[:gggeg{%gch{ﬁ?i@ heing.prguided with a plurality of wafer contact
elements; providing a plurality of die elements, each of said die elements being configured to be
connected electrically to one of said wafer integrated circuits, said die elements each having a plurality

of die contact elemeyits;vitih thesdipilensedtsiatrespativedaipredatermines lecaionses thasurface
o e B PR A L P R AL fonact

elements of the wafer integrated circuits; providing a positioni erin prgiase%rmniqﬁggs
juxtaposition v&iﬂ?igﬁiﬂ%ﬁﬁ’%r??ﬁe"B’b@iﬁoi’t‘fi’hgaﬁféﬁﬁb@?ﬂwﬁ\?ﬁf@iﬁdplﬁ%a{ﬁmoﬂmna@iﬁnﬂsmtui@ftaﬁbﬁs of the
positioning 15meigtker, catiespnndingdadasaiiongot saigahdrality of wafer integrated circuits, said
formations defining respective sets of lateral boundaries arranged to constrain movement of respective
die elements when provided on said wafer such that respective corresponding contact elements of the
wafer intégratédieivetinsidhg dieseidiemendrelaliohet wishspreitrmibrer iithesmethodfurtheracemsprising

the step of 20ﬁpéags:mgs@a@wmﬂe%@mr@dﬂmfg@ie@alﬁm&nﬁg %'arﬁglﬁa\f\{%@%@%ﬂm&&e%@aﬁ%&@

respective lateral bé)#ng‘%:ies defined by said formations, and bonding said die elements to said wafer.
2. A method a¥ cffre

SRR TR SN ehB S tpF BTG SSidiBideRle Aty Sinidslafsr
comprises thesstgpiaftionmiagselectricat xiornectonsHaatizecn respective corresponding contact
elements of the wafer and said die elements. 3. A method as claimed in claim 1 wherein said die

elements each comprise a o
15 Features, integers, characteristics, compounds, chemical moieties or groups described

in conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described
herein unless incompatible therewith.

20



generally planar substrate and said formations of the positioning member are configured 30to _
constrain lateral movement of die elements provided with the generally planar substrate of the d_|e .
element substantially parallel to a surface of the wafer. 5.A method as claimed in claim 1 wherein §a|d
positioning member is formed directly on said wafer. 2} 6. A method as claimed in claim _1Where|n
said positioning member is formed separately to the wafer and is not formed dlrectly on said we_:lfer. 7.
A method as c%&i in claim 2 wherein the step of forming said electrical 5connections comprises t_he
step of forming diffusion bonds directly between respective corresponding contact elements of the die

elements and wafer it GIECHIES. .. f F% laimed in claim 2 wherein the step of forming
said electrical \é\'lonnectig%r@éﬁh%rii&e%%ﬁg%gpgg§EJ% }%ﬁ%aé: Erscrgg_sslﬁl‘ruecﬁlé V\?é)gz ggiln c}&eeﬁﬁﬁ%ﬂfs a_nd
10said wafer by appl§fityrssSure s ApressaidwinBy plovifed indardas faceitoftactwithesaid die

elements Ssaic:peassfraembesieompiisingadelormaliepateral 1A Methetas.clameddn.claim 9
wherein said pgi%ﬁemgmber comprises a graphite sheet 15 11. A method as claimed in claim 1

wherein said respectivé corresponding contact elements of the wafer integrated circgits and die
elements comprise cBpe#Nd 2. plumaéthoti die elamssdsireektinoflsaitiatieirlsaidfarmations oighed

positioning  to be connected electrically to one of said wafer integrated circuits, said die elements
each having a plurality of die contact elements; with the die elements at respective
10 predetermined locations on the surface of the wafer the locations of the die contact
elements corresponding to locations of said wafer contact elements of the wafer
integrated circuits;
providing a positioning member in predetermined juxtaposition with said water,
the positioning member having a plurality of formations at iccations of the positioning
15 member corresponding to locations of said plurality of wafer integrated circuits,
said formations defining respective sets of lateral boundaries arranged to
constrain movement of respective die elements when provided on said wafer such that
respective corresponding contact elements of the wafer integrated circuits and die
elements are aligned with one another, the method further comprising the step of
20 placing each one of a plurality of die elements on said wafer within one of a sat of
respective lateral boundaries defined by said formations, and bonding said die elements

{o said wafer.

2. A method as claimed in claim 1 wherein the step of bonding said die elements to
25  said wafer comprises the step of forming electrical connections between respective

corresponding contact elements of the wafer and said die elements.

3 A method as claimed in claim 1 whersin said die elements each comprise a
generally planar substrate and said formations of the positioning member are configured
30  to constrain lateral movement of die elements provided with the generally planar

substrate of the die element substantially paraliel to 2 surface of the wafer.

5. A method as claimed in claim 1 wherein said positioning member is formed
directly on said wafer.
35



20member each comprise a plurality of pillar elements. 13. A method as claimed in claim 1 wherein
said formations of the positioning member comprise apertures formed in a generally planar member.
2514.A method as claimed in claim 1 wherein the positioning member is formed from at least one
selected from amongst glass, ceramic, quartz, aluminum, stainless steel, titanium, copper, Ell porous
oxide, spin-on-glass (SOG lyimide, benzocyclobutene (BCB), photosensitive organic polymers,
epoxy pﬁotoregst an%erﬁg%/géjagsse&%%‘?gr&igi/.a'@b 115‘fhﬁrﬁﬁ%tﬁﬁﬂpa°8%“i%89nrﬂ%%ﬁi Eoffiifisihg the
step of subsecfffigtridiscing walickmb ssrof $aithelicdetmihentssaidsaisfavafer by means of a thinning
process. 16. A method as claimed in claim 1 comprising the step of providing a first seal 35element on
each of said die elements around the contact elements of each of said die elements, and a second
seal element afound fhe EORPACRRIGHRIEME o e warehoihibgraten Gfcirtming rRgkhcRieRireRr
comprising thecsteafdiending tisesfitist msez:cmms@ahea@mntﬁat@@m@fﬁ@tl&@m@é@r%«%a?%g_f:jt
seal between i e reby to preyent ingress.of air ngj moisture to sai
contact eleme%tgsﬁ;Jg %8@&5;?@? gg%%ﬁff%}@é (Igﬁ c%aigﬁ%eéew eg}%i% #t\-:-% ?’?r%rf i gae% 0 €45 elements
each comprise a metallic material, preferably copper. 18. A method as claimed in claim 1 comprising

the step of forming a sealsnember awad anp@rémhe@mﬁér@]&@ftﬁf@%}]éﬂef'@&ﬁmgséégds%?é&ﬂégfﬂb_er

idi i i nt and the wafer thereby to prevent ingress of air
QL%V'dmg a gaggg%&%snegé%%%gg theh %t%ﬁ ggeargglytmag 8 pressure betweer¥ saig die e!em%nts and
10 said wafer by applying pressure to a press member provided in face to face contact with

said die elements, said press member comprising a deformabie material.

10. A method as claimed in claim 9 wherein said press member comprises a graphite
sheet. |

15
11. A method as claimed in ciaim 1 wherein said respective corresponding contact

elements of the wafer integrated circuits and die elements comprise Copper.

12. A method as claimed in claim 1 wherein said formations of the positioning
20 member each comprise a plurality of piliar elements.

13. A method as claimed in claim 1 wherein said formations of the positioning

member comprise aperiures formed in a generally planar member.

25 14, A method as claimed in claim 1 wherein the positioning member is formed from
at least one selected from amongst glass, ceramic, quartz, aluminum, stainless steel,
titanium, copper, a porous oxide, spin-on-glass (SQG), polyimide, benzocyciobutene
(BCB), photosensitive organic polymers, epoxy photoresist and epoxy-based
photaresist.

30
15. A method a claimed in claim t comprising the step of subsequently reducing a

thickness of said die elements or said wafer by means of a thinning process.

18. A method as claimed in claim 1 comprising the step of providing a first seal
35 elemeant on each of said die elemenis around the contact elements of each of said die

glements, and a second seal element around the contact elements of each wafer



moisture to said contact elements. 19. A method as claimed in claim 18 wherein the step of forming
said seal members comprises the step of forming a blanket layer of a material over said structure, and
15 subsequently removing portions of said blanket layer by means of an anisotropic etch process,
whereby the seal member is provided by portions of the seal member that remain following said etch

process. 20. A method as claimed in clai comprising the step of ponding a, plurality of die
Doblements 10 Soam S e e e Ba e 5 RTRATE 6 Gl L A AR sing the
step of cuttings8alEivarertthiereby enedirar tophuralrycetiice seantirig/SD inteyrdiediereuit stclidtares
each comprisingra-AeEtiasy o sridaales-aach:parian Albraidevalerhavig anigiegrated circuit

25formed thereon, said integrated circuit having one or more die elements bonded thereto. 22. A
method as claimed in claim 21 wherein at least one of said one or more die elements is of a size
smaller tHan thdt of themaitish &f tHeivwadentalahichdtisibanded: 3023Adnethoaiasclamaadinsclaim 1

wherein the s%gf&m&g@g ﬁq@éﬁ'{(@”;%?ér%? ﬁg{g‘%@i&%ﬁ@gses the step of providing a die element

wafer having a plurality of die element integrated circuit med thereon; forming trenches of a
first depth around each die element integrated circuit on a side of the wafer on which said circuits are

formed therebygto definectperuseigimnéeachi3bdie elemerin?e stepUbSRAHARN . SRRAALRGLPe die
elements froma?o%ﬁ% %g%r. |,9 (S id perimeter pf each die element by a cutting or cleaving operation.
24. A method as claim ?r% cﬂigm%}g?/?/ Fe?:ieai% s%%l frenc ne'FS %ﬁ'& S‘r@oa\i/i SaT it 2?8%’@)3??5? gt QFOI
formatioH3 of 8afd pEESHIRGaEMIstsragatanathdbe whEsreyordtly Seherpesitioningamernibér imdaid
predetermineghjsixtaRositian wih: saidmterssaid lateral boundaries are defined by a portion of the
positioning member having a height above the integrated circuit wafer surface that is up to a value less
than or equal to said first depth of said trench, whereby with a die element provided on the wafer
surface within1& set df gaithdateratlbouadaniesicontact:betwelen the ditfelennensandsaichferpaations is
limited comprises the step of forming a blanket iayer of a material over said structure, and
15 subsequently removing portions of said blanket layer by means of an anisotropic eich
process, whereby the seal member is provided by portions of the seal member that

remain following said etch process.

20. A method as claimed in claim 1 comprising the step of bonding a piurality of die
20 elements to each wafer integrated circuit.

21. A method as claimed in claim 1 further comprising the step of cutting said wafer
thereby to form a plurality of free standing 3D integrated circuit structures each
comprising a portion of said wafer, each portion of said wafer having an integrated circuit

25 formed thereon, said integrated circuit having one or more die elemenis bonded thereto.

22. A method as claimed in claim 21 wherein af least one of said one or more die

elements is of a size smaller than that of the portion of the wafer to which it is bondad.

30 23 A method as claimed in claim 1 wherein the step of providing a plurality of die
elements comprises the step of providing a die element wafer having a plurality of die
element integrated circuits formed thereon:

forming frenches of a first depth around each die element integrated circuit on a
side of the wafer on which said circuits are formed thereby to define a perimeter of each

35 die eiement;



10to portions of the die element that formerly provided said sidewalls of said trenches. 25. A method
as claimed in claim 24 wherein the positioning member comprises a generally planar element and said
formations comprise a plurality of apertures, each aperture having a lip along at least a portion of a
perimeter thereof, said lip being 15 arranged wherebywith the positioning member in said

predetermined juxtapo%ltion with said wafer and said die element in contact with said wafer surface
within a set of said laterar JoanAnERe R HEIF ESTENE BRNatRrs Aher 2lrreisalderrereistimited
to said lip. 2026 #epheditoti emasiabmedcirticlgion @6avingrefresatiddlip is provided around an entire

perimeter of eggh of sadpsruiESBFEY ip dsfe-seighaleral baurgaries. of said posiioning,

member. 27.A structure comprising: 25an integrated circuit wafer having a ﬁlurgﬁ?y n éagrate
circuits formed'05fEn, WS AAT AIAFHET PhSTIABAIRNG FSAPprVRISH sniged phatly vitvafer
contact elemethits positionagpratityeofidiecelgmentsonsaid walssserehaie elementhaving gaairality
of die contact | rresponding, to locations of said wafer contact 30elements; and
a positioning rﬁ%%h%{%s%rgggﬁﬁﬁn%?n%%mbg g%?ﬁa ?8?/% %’8%”}3%5 r()%ﬁw}g\ﬁiﬁ?%ﬁ%‘a‘f&j%%d
having a plurdit§Beistnriteihsvafabetiiens briHe positianalyaiesadbatommesparidingidoiatations of

said plurality of watetreregraieersispuiit saif loemalippsefining repprsiive stz ot laeral boupdaries
d

arranged to cqnstrain 35movement of a die element provided on said wafer within a set of sali
boundaries, 24 [f}egapt)%rcé}?\%%8%%!56&0&&%{6%5%%?%%%%ﬁf%’ GIAMEW A aAd eedmenediBiigbhonded
to one ahbthetobipriieahsicha digfesiorehohd! f28nexpositiddsdg ae eiberdos osesin pesiiering a
plurality of die elements on a wafer, 5 the wafer having a plurality of wafer integrated circuits provided
thereon, said | tegraé\ed circuits each having a plurality of contact elements, said die elements each
having a plural% y of QidBRKCARISREIE BB Rthafagisin the astisaipasionhng Arsnapeeprvided
in predetermigedgaltapositionsleitiesaidnyasear therpasihensagmemlebhaing & Rlssalineof frnations
at locations o itioning. rco nding to lqcations of said plurality of wafer.
integrated circ%l?i%zﬁ,&s%id foiﬁgﬁgﬁ%}%rlg‘ﬁ mag rggp&ggti\?ea %Qé’{?s Sf Igtgr%ﬂwﬂgﬁﬁo%gg?%réh%é@ B8 hstrain
movemént of FEEHEEMWREERIC Nt ROFIiedh s haren Swithoeedattimed dsxiaptiedion with

correspondingsiantacteiements efdhasnaler integialad Gircuiis anddie slamenis.are aigned yith one
another. lateral boundaries, contact between said formations and said die elerent is limited to

said lip.

20 26. A method as claimed in claim 25 wherein said lip is provided around an entire

perimeter of each of said apertures thereby to define said iateral boundaries of said

positioning member.

27. A structure comprising:

25 an integrated circuit wafer having a piurality of integrated circuits formed thereon,
each of said wafer integrated circuits being provided with a plurality of wafer contact
elements;

a plurality of die elements on said wafer, each die element having a piurality of
die contact elements at locations corresponding to locations of said wafer contact

30  elements; and

a positioning member, the positioning member being provided in juxtapaosition
with said wafer and having a plurality of formations at locations of the positioning
member corresponding to locations of said plurality of wafer integrated circuits, said
formations defining respective sefs of lateral boundaries arranged to constrain

35  movement of a die element provided on said wafer within a set of said boundaries,



15 29. A structure as claimed in claim 28 wherein said positioning member is formed directly on said
wafer, preferably from at least one selected from amongst a porous oxide, spin-on-glass (SOG),
polyimide, benzocyclobutene (BCB), photosensitive organic polymers, and epoxy or epoxy-based
photoresist. 20 30. A structure as claimed in claim 28,wherein said positioning member is formed
separately from the wafer and is not formed directly on said wafer, preferably from at least one
selected from"&MGAHEE &ﬁfﬁ?,oegf%@n?@,nﬁﬂ%ﬁfrﬁﬁmﬁﬁﬂﬁh%tﬁﬁﬁ%ﬁ‘gtgg,etéﬂ?‘ﬁﬁh?%ﬁﬁﬁéinﬁﬁa a
porous oxide 25034 aAcBi2dmiegreded cirgditiatiuatbeaeomprising a wafer integrated circuit cut from a
wafer and a die element, the wafer integrated circuit having a set of wafer integrated circuit
contact elements formed thereon, 30the die element having a set of die contact elements formed
thereon at locéfions COPRESHBHNTE L0 Ese feftagpdieBosifct conterBlermbis elemergsmacaveontact

elementsf thaavakesrintegratadcirsiit anddie plement deindkopasdite anaanotber y:seang of a
diffusion bondc':ircui‘és each having a plurality of contact elements, said die elements each having a
plurality of die contaci elements provided thereon,
with the positicning member provided in predetermined juxtaposition with said
wafer, the positioning member having a plurality of formations at locations of the
10 positioning member corresponding to locations of said plurality of wafer integrated
circuits, said formations defining respective seis of lateral boundaries arranged fo
constrain movement of respective die eiements provided on the wafar surface such that
respective corresponding contact elemenis of the wafer integrated circuits and die
elements are aligned with one another.
15
29, A structure as claimed in claim 28 wherein said positioning member is formed
directly on said wafer, preferably from at least one selected from amongst a porous
oxide, spin-on-glass (S80G), polyimide, benzocyclobutene (BCB), photosensitive organic
polymers, and epoxy or epoxy-based photoresist,
20
30. A structure as claimed in claim 28 wherein said positioning member is formed
separately from the wafer and is not formed directly on said wafer, preferably from at
least one selected from amongst a glass, ceramic, quariz, aluminum, stainless steel,
titanium, copper and a porous oxide.
25
31 A 3D integrated circuit structure comprising a wafer integrated circuit cut from a
wafer and a die element,
the wafer integrated circuit having a set of wafer integrated circuit contact
elements formed thereon,
30 the die element having a set of die contact elements formed thereon at locations
corresponding to the integrated circuit contact elements,
respective contact elements of the wafer integrated circuit and die element being

bonded to one another by means of a diffusion bond.

35 3z A structure as claimed in claim 31 having a plurality of die elements bonded to

said wafer integrated circuit contact elements,



