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I nt egrated Devi ce BACKGROUND OF THE | NVENTION Field of the | nverd7iJIOLY 2004

PCT/ US00121990 The present invention relates to three-dinmensionally

int egr at edWOIREBAduct or devices and, in particular, to scGHEEWHALIODr

devices vertically bonded together to formthree- dinensional structures.

Di scussion of the Background: The ability to integrate determ nes the

success of the seni condiithree Dimensiénal DeVite IntepRitidn Methodemonstrated with

the invention of the integrated ahd3iicbrdtb&Devitbe | C essentially consists

of fabrication of electronic conponents at the surface of the sem conductor

wafer followed by interconnection of these conponents with netalization on

top of the conponents. The_dr.apngati eduction in cost and increase in

.performance that has resul SN THEINVENHONas had a prof ound

economi Cgj @fi&e]ﬁé}ﬁﬁmg he invention of the IC, the sem conductor industry

has experienced continued rapid growh due to continuous inprovenents in
~.the integrati 0he grsent yvedtionatlary so Br&ClinRAtibnal FARREARABmidonuctor devices

transistors, diodes, resistors, capacitors, etc.) achieved. For the nost

part, t#ndm ptisylandn semiconducerdeviconveitioallytbontedtogetiver thifom theeat ed

reducti Ogigleﬁsi%ﬁimg@ ure size which allow nore conponents to be

i nt egr at na dgrven area. Additional inprovenent has cone from i ncreases

in wafer size. These integration inprovenents are essentially

Nro-di mensi onal (2-D) in nature, in that the volune occupied by the

i nt egr at Bucessinporfdhe Backgressdntial |y at the surface of sem conduct or

wafer. Altho ramati.c i mprovenents in |ithography have resulted in

consi der abl eufﬂﬁ‘pg%@@ﬁrﬁg’&?t g 1%?%@9@ the fusgessiot %PF sepeanduetpringdpstei ddlis [ i nmits
to the dgashitsydeibheiaiCPRR & | b, -2 e of e imts.is sinply

t he mini mum s?/z% needed to ﬁaqﬁgéﬁﬁﬁgggmc%&aﬁ%ﬁég?wggwhjﬁe:[' ﬁfSFmi‘aég’t he

signifi Cmntsisismxt‘ falasatipn of akeett@nid) B@Aponents at the surface of the semiconductor wafer

followed by interconnection of these components with metalization on top of the
components. The dramatic reduction in cost and increase in'perfonnance that has résulted
from this integration has had a profound economic impact.

Since the invention of the IC, the semiconductor industry has experienced contiﬁued
rapid growth due to continuous improvements in the integration density of various electronic
components (i.e., transistors, diodes, resistors, capacitors, etc.) achieved. For the most part,
this improvement in integration density has come from repeated reduction in minimum
feature size which allow more components to be integrated in a given area. Additional
improvement has come from increases in wafer size.

These integration improvements are essentially tvwo-dimensional (2-D) in nature, in
that the volume occupied by the integrated components is essentially at the surface of
semiconductor wafer. Although dramatic improvements in lithography have resulted in
considerable improvement in this 2-D integration, there are physical limits to the density
which can be achieved in 2-D. One of these limits is simply the minimum size needed to
make these components. Another limit is the significant increase in interconnect
requirements between components as the component size is reduced.

Efforts to achieve integration beyond that available with 2-D has been explored and
resulted in improvement in chip memory and further semiconductor industry growth. For

instance, the trench capacitor uses significant semiconductor volume below the wafer surface
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requi renents between conponents as the conponent size is reduced. Efforts
to achieve integration beyond that available with 2-D has been eylor¥doaad

resulted inwpwigygrent in chip nenory and further sem condu e ry
grow h. For instance, the trench capacitor uses significant Cf’tscgﬁéé’@&t%{%t or

vol une bel ow the wafer surface -1 WO 01/26137 27 JULY 2004 PCT/ US00/ 21990
and al | ows r ' MAVE e_achieve in a .given chip area. O her
efforts, d ia%gca?lgggglg &Ieac ﬁ |ﬂg§%ﬁhtg?%$egﬂc evpé{llggge&%}ug %y ro_&g‘?rcﬁﬁf%‘fa dirrstedbaled
use of the a¢hlevirg Hipher lgvelesr inhbRtigh 87 incrdlddBusk §F ﬁ{at\ﬂoﬁlyké;%;a?@gee&hig‘a?ea,

approach has been to iterate the integration process

seni conductheie aweatly icrensed. opnadppréneh hat bronanierete the&igralivni #cdso by QUi by
additional __int erconnec tali ze%t i an. Al though this fpot entially resul t% in
rore conponERYEOngHs Oﬁfﬂaﬁ)m PLipp of theaptercongedt mstalisetiar folewed byradditiohaldi ng

o for s ar g e A TS Do Rl ot SndPenpeaie on

efforts are distinct in that y *us

one surf aceres ittshfferssinis bttet probais iseIbHAE kighHichiey iﬁl@féhs(éﬁahérﬂqaﬁ Pﬁc}%elﬁse el
processes involve in fabricating the intéerconnéct would sinpli and

enhance t h@df&op; higandpthar efiees aw\diginet inAhasttieyrondy adel camsnisstatd gndf themwloRe
| aggi ng of el 1.t | e iL.at er connec di.mensi ons conpared to
scal i ng deeﬁggegg%éﬁséfé%@?&lﬁ%égﬂ ypLs lPJECtW&ﬁE‘%d?WSé‘?ﬂ*@i@naﬂpmmbmmvobﬁeda

Vi3 1o be himbsoiTgne inaabodt HBAE LARbIMNTY Hanc bR i iE S 6RRE 19 0L, V1 2

| ags the scaling of devices, integration densi 1S HEFS:

probl ens arise vimether pyible tesultnfremrta Bgging b€ trnbiltty REScaRf intepsdanelogi es
into a sipgle circuit or V\%Fr. Bi.CM)S is one exanple. Typically, special
processi ngTERRINRY ERLPAGE to $raling dedesdimensianss Jieallyoonsowtyit thetdnitical dimension

t echnol ogi g8, vR196E BRESnIEQ Y . .one;.t echnol.ogy, often interfere with
processes required for anot heg;a.f‘edd,&élgéﬂér}rgs PYeve | ¥8dng PEVIR thethe
overal | descelingnédevicss, integrationidenss it Getieal ogy becones frozen in tine,

making flexiblg int e% tion, of the technol ogies that are being conbi ned

very difficult Fytiesp Yi5§| hentrying tedntegmtaidiffeichitypesof rchisges ngest |
21; nﬁ (r) ;aeg ; sté"?(%F gf}{:@gb@&aﬁf %ﬁ%o%%??éengx%np?g )?p\fgawlllljjzf ép%gi%l ;ijr%cgsr;?ngttgglrt}ggtlleggi o
must be devised to be able to combine the technologies. Processes required for one
technology often interfere with processes required for another. Asa result, compromises are
made. The overall development of the combined technology becomes frozen ;n time, makihg
flexible integration of the technologies that are being combined very difficult if not
impossible. In other words, the most advanced "best of breed" technologies are not combiﬁed
and evolutions in the technologies cannot be exploited.
Another problem of combining technologies is that customization must occur up
front. One must first design the processing to combine the technologies and thus the

limitations are built into the device. Again, one cannot easily take advantage of evolutions

and improvements in technology since that requires redesigning the processing.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method and device having high

integration density.

It is another object of the invention to provide a method and device where different

types of materials may be integrated.



Anot her probl em of conbining technologies is that custom zati on nust occur
up front. One nust first design the processing to conbine the tEchgpyaaoas
and thus the |imtations are built into the device. Again, one cannot

edasi |y takeV@®am3dge of evolutions and inprovements in te®@UToIsHgRIMWdnce
that requires redesigning the processing. SUWARY OF THE INVENTION It is an
obj ect of the present invention to provide a nethod and devi ce havi ng high
i ntegration denBig g furtherohjeatrafithepresdni Bwentivn tb heovidevERbILOR of P auhgde a

met hod and .g{evi ce wheﬁgeydi fferent types of materials may be integrated. -2
27 JULY 208Heifp BPFS 84 99V 1esEmndgoimstionemnrising the integrated dotigect of t he

present inventi | t f integratin I fferent types of
devi ces, and a lgti.kr%égtag?%&t:o e‘??ﬁ&ﬁ?&ﬁﬁ%#ﬂ%{@%&;g&ﬂ%ﬁg@v;@ WESTY et
anot her ohjifeienpiypedef feohmidginré pudpiayd de a method and devi ce where
different types of technologies are integrated. It is a still further
obj ect of the ilhisenttilbfirther enjeqt of the inveniioh meavioktbort hizfimibde theit@ehsl buligets in

i,nt er connect i nﬂnd Vi C S It is yet another object of the invention to allow
t he i nt egr3FFE %c?mg &t available technol ogies without making

signi ficant prqggRSSt A&oth folny) : a her_objects, of the .

i nventi on may be ??hi eved b gbﬁn@téh%vgngg%)oa%?ﬁn © IjiyRt @B%Fﬁtéﬂ?lrlﬂsﬂe
respect i vaedhnokigies withwae saking fsignificansre o66ingd B6mphyntidesWor kpi eces each to a
desired surface_roughpess, _bondi ntg together said first surfaces of said
first and secoﬁlales.‘?/\%‘?d{:?fﬁ%rég’é‘?"tspﬁﬁ & WivAgflon mescbmathiaved by e méthedef béndigg d
first and: ' . ondi o said r.face roughness, and
bondi ng sé’?‘g&qﬁﬁggwgs% %glg& S?é EI%E ém?‘ﬁfisr %{]%5{’ E‘?ﬂoﬁéén‘fgmds‘ﬁ?ﬁpﬁﬁﬁ &avEdo 8econd
surface. Hesdreduuffacemugmyesldopdihl $6Rehet Said firQ Yok : t han about
5-1 OA. The first workpiece maygbe obt al neld by o??ﬁf%dg??%ﬁgﬁo gt

mat eri al dwrkpiesss.rndishiagarseeand surfacesefomadf said first and second workpieces after

bonding to said surface roughness, and bonding said first surface of said third workpiece to

said polished second surface.

The surfaces may be polished to a roughness of no more than about 5-10A. The first
workpiece may be obtained by forming a thin first material on a second material, the second
workpiece may be obtained by forming a thin third material on a fourth material, and the third
workpiece may be obtained by forming a fifth material on a sixth material_ The method may
include the steps of polishing the first, third and fifth materials to obtain the first surfaces.

The first and third materials may each be formed of a material having a high thermal
conductivity and a high dielectric constant. The first, third and fifth materials may be
selected from the group consisting of silicon dioxide, silicon and diamond-like carbon. The
first, third and fifth materials may be formed to a thickness of about 1-10 times a surface non-
planarity of the s_econd, fourth and sixth materials, respectively.

The method may also include the steps of forming first through third semiconductor
devices on respective first through third substrates as the first-third workpieces. Surfaces of
the first and second semiconductor devices may be polished to obtain the respective first and
second surfaces. In this example, a first material may be formed on the surface of the first
semiconductor device and a second material may be formed on the surface of the second
semiconductor device. The first and second materials may be polished to obtain the

respective first and second surfaces.



wor kpi ece may be obtained by formng a thin third material on a fourth
material, and the third workpiece may be obtained by form ng a7 juby 2004
material on a sixth material. The nmethod may include the steps of
polishing W@o0f2¢18T, third and fifth materials to obtain thedTwsnn/2z1990
surfaces. The first and third materials nmay each be formed of a materi al
having a high thermal conductivity and a high dielectric constant. The

first, third anth éxpasedsatfaeicflone Bfihe st £@sesdrdGeini @Rl &R,Q@nggfggl sting
of S|I|con di oxi de,. silicon and di anond-Ii ke carbon. The first d and

fifth mat dolighed tagdasued sprface roughaessrfick herding thedbstund secb@d simfaes, anduld ace

- pl d t | Th
otnon aadiekstirfile e IRRPAich R BHCe Ind nd et wib hokoried quce,
seni conduct or  Idenbtbese@imple %E%@cbbéé% st dd oﬁdﬁ'é%‘[’%% £t 3@&9@ C&aé{il%? the

first-third workpi eces. Surfaces of the first and secon SEMiQ

devi ces rmlyVlb@ pay be pelished to btsu:facet toeglirespeid merd thirsiboan sk 104aRPBonding
surfaces. In_this exa rst rraterl al may be fornmed on the surfate of

the first ‘hes%ﬁ%i %@rﬁ?ﬁe%‘“@éeﬁf 4s af Ned ssmicongeior devieasymayebe priishetl excht he
surface o ) devi,ce. rst., and second naterials
may be poflﬂ&lﬁgﬁﬁg%og %gpﬂ}bglg 8%5% TG &5 g(?f -bl&e @@cﬁ’fﬁﬂc@@?’?tﬁéé%‘“cesﬂ
JULY 200414918 boRGBID ﬂ%b&dﬁﬂ&h&ﬂ&ﬁ&e&ﬁhc?@&ﬁﬁé&@in%P hates®l of finine irst
and second sem conductor devices may be polished to a eS| red surface

r oughnessimiggraied bordndisvicse Sﬂlbm@temﬁzbash oﬁthd Nrilrsemeeaduandievives nfay bst
surface ofe toq,%dt h{hr<3 ggl\nconguctor devi ce may be bonded with the exposed
surface. 1 &0 PE Progs Bxposed surface of one of the first and
second sem conq}y@ﬁgﬁ_th@@ydngegnm e roughness of no
nore than about 5-1C0A after bondlor{g Vjt%%eh%? HQO sec%%%rgtse&r 'éléssts ‘I

Sur f aces of stisRatssnOoo nﬂﬂw@tsubsmhem afcthe finy aﬂ@s&b@hd séifidoRaktor ded¢tNGaf be
surface r The N-2 sem conductor

oughn &B t no nore than 5-1 OA
devi ces fﬁ‘&ﬁ’ ‘iaﬁ?f &4° %ﬁ‘@PbcﬁhﬂE&Cﬁquse@lhmr@é@mﬂ@@nbwmybe devi ces
to obtai %@ghgaﬂorgswfaa@%ghg&g%ag&y J[% gﬁ@éﬁggf eac?aglggdtshe N- 2

sem conduct or devices may be r em)ve
semiconductor device may be polished to a surface roughness of about no more than 5-10A,

and the surface of the third semiconductor device and the polished exposed surface may be
bonded.

The method may also include the steps of using a surrogate substrate as the first
workpiece, forming an integrated circuit on a second substrate as the second workpiece,
polishing a surface of the first substrate, polishing a surface of the integrated circuit, and
bonding the first substrate and the integrated circuit. A second surface of the integrated
circuit may be polished, a second integrated circuit may be formed on a third substréte as the
third workpiece, a surface of the second integrated circuit may be polished, and the polished

‘surface of the second integrated circuit may be bonded to the first integrated circuit.

A first material may be formed on the surface of the substrate and polished. A second
material may be formed on the surface of the integrated circuits and polished. The first and
second materials may be formed to a thickness of about 1-10 times a surface non-planarity of
the surfaces of the substrate and integrated circuits, respectively.

The method may also include steps of forming N thin films on a first materia] to
obtain the first workpiece and polishing an uppermost one of the N films to obtain the desired

surface roughness, and forming M thin films on a second material to obtain the second
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The first-third sem conductor devices nmay each conprise integrated circuits
formed on substrates. One of the substrates of the first and seyondLyY 2004
sem condu r .ces may be renoved after the bonding ste ce
exposed bs&?)e%%sﬁﬂg the substrate may be polished to a sur?gt@s'?‘]%éﬁness
of about no nore than 5-1 OA, a surface of a third sem conductor device may

be polished to a Sct”f e roughness of about no nore than 5-10A, and the
surface GOYOTERESS i} B‘)@%WWFB?“ §ag iof ghedy] dhin idms poibitain e desped sdfaar f ace

may be £ FJ;}?eHi% | LN tﬁj%eth st eps of usin surrogat e
substratg %t he |rst%§g? plsé)glg?ﬂl o ﬁ!e OBR © WP@‘&F%\?@WI%&PE%F&WIP@&?

second swbgie N tkindHnisundpolishitly YOk pRGS) of tROM @il fihs@ Surface of the first
substrate, polishing a surface of the integrated circuit, and bonding the

first substratesunesatneulishate gnayt edused ms thet firstworkpipned & siiés3 ¢€lic¥ing Ager may
I nt egr at ﬁd Ci rdeitixﬁnag%[r bei B%I shed, a second integrated circuit nmay be
formed ofic MR LGLTPEste Substrae A thip Flmypandsi ferred an hestress eclidvingeyer
second i eaﬂaﬁ‘:gfl%hfa e l d...and the polished surface of the
second i ﬁ%ﬁg{ ated ci rcgi t ﬂarrg%;heggol%g{n eﬂleetdgsﬁr%dejsur@?es@u?l?ﬁeﬁgr ated circuit. A
first materialThemyethed fmay nisd indluddintérbbietnOhe bhRicsaHS i ﬂ&ﬁcé’é?drd-&m i shed.

' circuits

A second nmateri al rrgy be forned on the surface of the integrate
and pol i SPECUGRINRY PE Petiean ciseuitsny hetwesn individualdeyizes. dntepcbrinectingt the okmess

of about-,]1- ' non-.pl anarity of. the s aces of the

subst r at celévé‘;\% %%Slrlgite}g Béflﬁg %tﬂ@gi,'lg}’ “dB E‘E‘iln\‘?%‘it&?.n torpe #é{l%‘éﬂ’l?ﬁé;ﬁﬁér so

i ncl ude bémRigg te thordevitgsN thin filnms on a first material to obtain the
first work-piece and polishing an uppernost one of the Nfilnms to obtain
the desired &dict berdipgthgHirsismd seonhd senmicogiubot Hevicels) dntof e 1bS@SONEA
material, to obt @itn t he seﬁgnd - _ZéF}lULY 2004 WO 01/ 26137 PCTI US(( c) 1%1990
wor kpi ect TAPVEAET SHIRE2 %Cﬁpé‘ﬁ% %6 &2yt be pedishadiand @ third pasnicondsistai n t he

desi red gid-aa8y bé BHEHYASS th BhéE, @E]m so include at |east one of the
steps of pol i_sﬁ)i( ng at Ieasteﬁgiural &l%get e %la '

| thin filnms and polishing at
| east plural 8Sémichedwaterdenicks hmbintelrated cirgaitsofifdatiadBnoRyidgndigrd as the

first workpiece. A stress relieving | ayer ma
mtcpgrate£ : 9 y y

The method according to the invention may also comprise bonding a first
semiconductor device having a first substrate to a second semiconductor device having a
second substrate, removing a portion of said first substrate to €Xpose a remaining portion of
said first semiconductor device, and mterconnecting said first and second semiconductor
devices.

Substantially all of the substrate may be removed. Surfaces of the first and second
devices may be planarized and bonded. Interconnecting the devices may comprises bonding
a multi-layer interconnection to one of the devices. A surrogate substrate may be bonded to
one the devices, and the corresponding substrate removed. The other of the devices may be
bonded to the portion exposed by removing the substrate.

A third device may be bonded to the first and second devices, and the three devices
may be interconnected. A substrate of the third device may be removed before
interconnection.

The objects of the invention may also be achieved by a bonded device having a first
workpiece having a first surface with a surface roughness and a second workpiece having |

respective second and third surfaces each having the surface roughness, the first and second -
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be formed on the surrogate substrate. Athin filmmy be forned on the
stress relieving layer and the thin filmmy be polished to obtx JLF004

desired surw 2ri):,u)ghness. The net hod may al so include i nterlg;?f}ﬁg&)tdgm t he
sem conduct or devices. The connections nmay be between circul et'ween
I ndi vi dual devices. Interconnecting the two devices may include bonding a

mul ti -1 ayer _i.nt erconnects te one af.the devices after bonding the two
devi ces. yA?%%Ceﬁéﬁl&ﬁngO%[dﬁcng@F&‘gf‘ gﬁ@“&%@?ﬁﬁie bas Tovrsntase “é@\ﬁh@g‘éﬁfa@ne' of
t he bstr THe&hfr Efhirth ' rface nay be
pol i :Eez af%%gmfgm/rd semggg%duct g}lﬁg ‘5%\??6 clgonraré%{oggtﬁ%roﬁgllggir%g”?rg@leﬁ%f%ghed

exposed suirfchuie.a tBemfics nuieriabdispeset apsn siaend MbRERR IR dedinbcirksietd ndi f f er ent
technol ogi es may be  i.ntegrated. The nmethod according to the 1nventfon my
" al so conprin§BdsiBimETE mitedal dispepadcemaifosrtb matiwial el the thinlwarkbiecs may

Substrate ' uct or. device havi a_ second substrate,

renovi ng aﬁlg%u? %gﬁagﬁﬁgg‘;%&%?rﬂlgposgﬁggtarsggtﬁn}a@rjgﬂ%gg@cgﬁ ofehathin Aestbirdisad of

sai d firstiARMLaNIYEISCOHRYEE R R sécﬂﬁt;cféﬂif]}a?ﬁﬁ&ﬁrf*%@%sgegd\;e and second
0 es

sem conductor devices. Substantially a ubstrate nay be renoved.

Surfaces of theE#¢h ef thamhin destoitd adé fifihesateninls ey poraprei aAsteANhRREH oh
I nt erconnegtin thg %Evi ce onprises bonding a nulti-Iayer
i nter conne‘g’ﬂ“ﬂ?ﬂ oAy V‘%’f“ﬁﬁﬁé‘b&?@é‘gl_c cansiarK apd enay be a¢lsetedfromnthy ghmipbonded
to onet ' ot : i.n bstrate renoved.  The ot her of
t he devi CQLSO n‘ré’rrg%h%giss%%ﬁ%gﬂﬁ?g%ﬂ%&é%@?ﬁ%nﬁ&é@ essélécoﬁ'fa'Fbé‘ﬁv gthl'"n‘gm’ third
subst r at e.and fifth meltetiald mey have Jdideaaded absut i@ st supee ﬁ&%ﬁﬂﬂm%?vdfi%s

of "the thir

and the three devices nmy be interconnected. A substrate
devi ce mayseEdG: &H@b&nﬁé@} wateriplsetespastivdy Ghe thfinSrsolthied tisd fifth hherialyeayi on

T e, B, OO S B O e S " °
respect i veoafeising thadirst/iecohdaid BERR s@@khs, haykffelyie surface roughness, the
first and second -5 27 JULY 2004
The first, second and third workpieces may comprise first, second and third
semiconductor devices, respectively. The first, second and third semiconductor devices may
comprise first, second and third integrated circuits, respectively. The first, second and third
semiconductor devices may comprise first through third 2-D arrays of unconnected devices.
The second and third devices may have substantially all of their respective substrates
removed.
The first workpiece may comprise a surrogate substrate, and the second and third
workpieces may each comprise a semiconductor device. The surrogate substrate fnay'
comprise a thin first material disposed upon a second material, where the first material
comprises the first surface. The semiconductor devices may each include a thin material
disposed on an integrated circuit and the thin materials comprises the second and third
surfaces, respectively. The thin first, second and third materials may have a thickness of
about 1-10 times a surface non-planarity of the second material and the two integrated
circuits, respectively.
The first workpiece may include a thin first material, a second material and 2 stress
relieving material formed between the thin first material and the second material, or the

second workpiece may include a thin third material, a fourth material and a stress relieving

material formed between the thin third material and the fourth material, Surfaces of the thin
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WO 01/ 26137 PCTI USO0/ 21990 surfaces being bonded together. A third
substrate has a fourth surface with the surface roughness. The azhiudy @004
fourth surfac e bonded together. The first workpiece i.pcl a
thin fi rstaﬁb‘ﬁéﬁ' | di sposed upon second material, the segg%(ar'\ii\[g 2gigsg'ce may
include a thin third material disposed on a fourth material and the third
wor kpi ece.ma .ncl ude .a thin fift ter ial disposed on a sixth material.
Surfaces Pt %/‘W’eh‘(lﬁ Iﬁaépﬁléfr}aytlﬂ?l}l‘gf ‘gﬁg?qi@‘i‘ BFS 25F5 I§FRGCIBSRPri se t he
first, second gpdqf@ue hé: %;ﬁé/ﬁqﬁ : [ f i1he thin first,
third and fifth naterials ne 'co?rg]rv F@@?%%@% fy% IE?S%\%“ 2%tegr eidgcgewieﬁ@ﬂ%

conduct i va fiyst aerdicantingor dtiviteer tdcbid Spiisémintton BelieeYorBfrisdl STatigseridramiche
group consisting of silicon, silicon dioxide and dianond-1ike silicon
carbi de. Trmacd png supstgate whishhgs begnat leastpartindlyemayest, hendeddv eaid firkli ckness of

about 1-10 t.ine face.nan-planarity of the.,second, foyrth and sixth
et er i al s> Rt IR oS g Pt Priteions congeqting Soid drvtend hesoRd sPRigosdngigr
each incl gdgeed plurality of thin |ayers, an uppernost one of each of the
plurality of lavers conprising the first, second and fourth surfaces,
respectively. Thesdcond tieviemmay corapribet kiid thyepofduvizes forfiedl oBCNgubkisae Wit
second a(}(l:l g%iiard sem conduct or devi ces, respectively. The first, second
and t hi r diaSdsER SRR FRRAvEdangafhird samicprductor device, sonpnidecholi ayer of

i ntegrate J 11 S,ant I . e first, second and,third
seni condu(ii:’:tvgére Egewe?é)sn ﬁi’?gﬁ%%p%ﬁcéém; P?e&atﬂwmﬁg PP Ve phay; bebrndsd to
unconnect e setevd desice. Theinteesmeetng nidy coshpdBY h GRH-IBYr HAMBoRIRELRBbAR Y
all of their respective substrates renoved. The first workpiece nay
conpri se ta thasecorhdevieq bEhelisiedeviga anayompsiso adaysndf devieed forvmadki & odatary

each compri. 1 r_devi.ce. .The surrogate substrate may _ conprise
SR T nof TR pa B HORAHENO Fo i F010d 16 o ihatte oo i (e e dedice

mat eri al mgPERhpreRshé el dfidelictiohaE€ on 1 36bs3BH wIRREH HEL e dayd ‘.%%lg'ﬂy' each
include a thin material disposed on an integrated circuit and t thin

mat er i al gemovgsk i Bressecond andabind warlgitdes nay bewf Hiffeeant technplogidsvel y. The thin
first, second and third materials may have a thickness of about 1-10 tines
a surface non-planarity of the second material and the two integrated

circuits, respectively. BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes better understood by reference to the
following detailed description when considered in connection with the accompanying
drawings, wherein:

FIG. 1 is a sectional diagram illustrating a step in the method according to the
invention;

FIG. 2 is a sectional diagram iltustrating a step in the method according to the
invention;

FIG. 3 is a sectional diagram illustrating bonding two substrates according to the
invention;

FIG. 4 is a sectional diagram a bonded device according to the invention;

FIG. 5 1s a sectional diagram of a heterojunction bipolar transistor;

FIG. 6 is a sectional diagram illustrating bonding the transistor of FIG. 4 according to
the invention;

FIG. 7 is a sectional diagram of a bonded device according to the invention;

-7-



The first workpiece may include a thin first material, a second materi al

and a stress relieving material fornmed between the thin first rpgtgulwl209ad
t he secon terjal, or the second workpiece may include a_thin third

mat eri al , 34P1H material and a stress relieving materi aPCEEEAEHHet ween
the thin third material and the fourth material. Surfaces of the thin -6 WO
01/ 26137 27 J&%é,§004 ng%tl(I]ZngO first and third materials may include
the first and*s¥c8A82SErY agrapsiHBsiAting [aystepTin donding degether ovaliagedso t he

i nventi Oﬁcé@éﬁnglté‘&)é‘ﬁﬁ@ﬁﬁc%e an integrated device having a first
sem conductor device, a second sem conductor device, conprised of a |ayer

of devices f®Iged ion sectiublsdisdh® MKtRRn) 3$1BGRBoAlink g%gihlegﬁr/& b

renmoved, bonded to said first sem conductor “device, er connecti ons
connect i Agcosding 19 thesmve@ipnsecond semi conductor  devi ces. The second devi ce

may conpri ses id-layer .of .devices. formed on a substrate which has been
subst anti al | nygngQ/és ,S%fﬁaﬂad%ﬁ%?% ilostratingm R egyicebpnded accomding todat of a

layer of jpdgndces formed on a substrate which has been at |east partially
removed, nmay be bonded to the second device. The interconnections nmay

conprise a nuFiGSI| by eand i1 Breostoteial dhghondetwol dvidetroided 800 fifine e H

first device may conprise a |layer of devices fornmed on a substrate I C
has beentf$UB%DSRR; al |y renmoved bonded to a surrogate substrate, and the.

second devi ce i: e | ayer of devices rmed on a substrate

whi ch has beeh' s‘u%s’tq‘;g‘%?%@ﬁ/&ﬂ%é t.ratﬂé"cg’él%ﬁg tﬁﬁgg‘flﬁsr‘)@ Fie? \di‘eass  nay
be of diff®rent technol ogi es. BRI EF DESCRI PTI ON OF THE DRAW NGS A nore
conpl ete appreciation of the invention and many of the attendant advantages -
thereof will Bé&.lddapispctinmabdingumoiiusinginganseetinresonnet i the aslgtstogod by
refer encgéﬁnlﬁ he flc]?,ovvi ng detail ed description when considered in
connect i i ﬁalnﬁi ¢conpanying draw ngs, wherein: FIG | is a sectional

di agram i | | usticatiyngadecions! &iggﬁﬂqllﬂﬁfmg aas?éboétcgor}l%ir;[g%hé andeid %\é\%&tasl o
FIGS. 11A and 11B to another device; '
FIG. 15 is a sectional diagram illustrating bonding and interconnecting three devices:
FIGS. 16A-16D are diagrams illustrating bonding three integrated circuits;
FIG. 17A is a diagram of a layered interconnect structure;
FIG. 17B is a diagram of bonding the layered interconnect structure of FIG, 17A to an

substrate having integrated circuits;
FIG. 18 is a diagram of a 2-D array of circuit elements; and

FIG. 19 is a diagram of bonded and interconnected 2-D arrays of circuit elements.

. DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, and more particularly to FIG. 1 which illustrates a first

embodiment of the method and device according to the invention. A substrate 10 has a upper
surface 11 having a surface planarity. Substrate 10 preferably is a surrogate substrate or an
integrated circuit wafer. The non-planarity of surface 11 shown in FIG. 1 is for illustrative
purposes and is not meant to depict exact surface planarity conditions. Substrate 10
preferably has a relatively smooth and planar surface 11. The desired smoothness and
planarity of the upper surface may be achieved through polishing. Chemical-mechanical

polishing or CMP is one manner of achieving the desired smoothness and planarity. The
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FIG 2 is a sectional diagramillustrating a step in the nethod according
to the invention; FIG 3 is a sectional diagramillustrating bamivoyt2em4
substrates_according to the invention, FIG 4 is a sectional diagram a
bonded devi¥OP12883rding to the invention; FIG 5 is a sect "ToHEPO%2Wr am of
a heterojunction bipolar transistor; FIG 6 is a sectional diagram
illustrating bonding the transistor of FIG 4 according to the invention;
FIG 7 i SCHFseesss imPPignized aikhappepppisicastection pEpolisbing pdis; golishingsurries and
i nvention; i~ 27 . 0 1/26137 PCTN50Q/ 2199 |G. 8 is a sectional
di agr am i TTRPE SP tﬁé\%ﬁg@ &ébpmwgﬁg%%ﬁgfiﬁ"#ﬁé? efwgd) ¥ according to
the invention;Ofk&fadd 11Sis@epRibil @ ﬁlﬁﬂhgﬁ' s ol |2 hondi ng
together two devices according to the inv nt%&ﬁ%ﬁ%&l‘t&ﬁh@éﬁé?@%&g in‘glﬁal
(di agr am iplénesity ef sunface wd. ddwi Eeshonbhiiae gaod dictinabedndudtivity and Wit @BlectiCS.
11 Aand 11 B are, se .onal diﬁgr ns of two devices to be bonded according
to the iROSARS JirD a8 frpnd oriamongriike garher 8M-C). | Thermak dondudsiniiiisriy  of
t he devi 3 . - Fl.G 13 i.s.a,sectional, di agr.am
1T ust 1 atagoge of 30 idnit aBfeluile dicbitcondons 1l Fivep BES3 & ptGAMe115:
FIG 14 ifsprfasst rapelofdhiskieastir 14t I Rifidg 12 LA @ sﬁm%eﬁl mﬁﬁgocpded

FI G |£ a secti

devices of FIGS. | 1 A and 1113 to anot her device; onal
di agr am ifilmuid T uppenhsrticad3 ah dilmitds tenyetishaigotayiaar sefice 8sth 2 ohShess

16A-16D %rfg__lc%i R%@glseﬁj:rla{)ll}]fsbte{veetein%gl(s) E\Hqﬂlxlna angrhsfuﬁ acei: %t}el%rrgﬁgeh%egsi cIszuSi /Ikis most
preferred as a smoother planar surface will enhance the bonding properties of the film.

It is also possible to deposit film 12, polish upper surface. 13, and then deposit another
film (14 in FIG. 2}, and polish the second film, to achieve the desired smoothness of the
upper surface (15 in FIG. 2). Three or more films, repeafing the depositing and polishing
operations for each or for at least the upper film, may be used to achieve the desired surface
roughness and planarity.

The substrate 10 is now ready for wafer bonding. Any type of substrate may be
bonded to substrate 10. Referring to FIG. 3, a substrate 16, preferably an integrated circuit
wafer containing active devices, is prepared in the same manner as substrate 10 by forming a
film 17 having an exposed surface 18 with a surface roughness in the same range as surface
13 of film 12 (or surface 15 of film 14). A higher degree of planarity will further facilitate
the bonding process. Film 17 may be formed of one or more layers with one or more
polishing operations, as described above. Surfaces 18 and 12 are brought into contact with
each other (shown by the arrows in FIG. 3). A bond, such as a Van der Waals bond, between
surfaces 18 and 13 is formed (FIG. 4). A stronger bond can be achieved by subsequently
heating the joined substrates and films.

The preferred manner of bonding is direct bonding without the use of applied
pressure, voltage or temperature. It the substrate has an upper surface of SiO, (or other
bonding material), one can polish that surface without depositing another Si0, layer,
assuming that the upper surface of Si0, has sufficient thickness to obtain a sufficient surface

roughness and planarity with, e.g., CMP.



FIG 17A is a diagramof a |layered interconnect structure; FIG 17Bis a
di agram of bonding the | ayered interconnect structure of FIG 12% JOL¥R004
substrate having integrated circuits; FIG 18 is a diagramof a 2-D array
of circui tWeldReldfs; and FIG 19 is a di agram of bonded and@GEEWPEHEhect ed
2-D arrays of circuit elenents. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
Referring now to the drawings, and nore particularly to FIG 1 which
illustrates a first enbodi ment of theExmiphod and device according to the

i nvention. A syubstrate 10 h%%ra upper ~surface 11 having a surface
pl anarity. SubS&ifsxamply weshercans 9f attachment pf adiamend sibsiralste a spaterral such as

o For i 17efet gt dy S e iRt el hlabhe oo YGRS ok B e i

pl anar i t Rl {d HasbsuGtdasta mberidihaving 8 HesARENn A 8ndciBhALloE dheso Bk and
pl anar surface 11. The desired snoothness and planarity of the upper

surface nmagnage thartmabiapsienr Pheghiapond sibstrae, aBreprepaingriefondondiag, hapal i shi ng
or CWP is one manner, of achieving the dcggibred snoot hness and planarity. The
-8 27 JUISiaERly SO FBRE SWriaker Assdiamonduihsteales typisallshavies telgtively reghui t h
appropri I i S , |.ishi . | pol i shi ng
condi {1 oneeeE axatioBlymdyl b bR BBRG e sl o b Rl P,

surface Pdlishig@eposs exqensive chditlodiensicogsiderdtly Mﬁ&&rﬁ&h&%ﬂﬁuﬁa@@dﬁ It he
surface non- planarity of surface 11. Film 12 shoul d have good ther nal

conduct i wiseypossibledofPER thy dpmend pebstralg wstasapper sussiptas  Biadmonddilmsoyplcadly

di anond- I, ke o]0 Thermal. conductivities in .the r e .of 1-10

W cnK andp?%?gt?i%ee&dzl(p ere)!' g%:sfc ?I;)I{ & %%%QF%%.{ 33 ﬂfeﬁ_gmpféfﬁ&ée ﬁflo‘i’-e@_gglgév‘ﬁﬁ &f er abl e.
A pref er 3bavel 8RBt arld pl&KdreETadeOhhdrd bidwhh thitifed 40 rbiigherlshifES $hig. sur f ace
non-planarity of film11l. The upper strface 13 of filn13 is then polished
to a pl agmewtueizioatedi t h a roughness of 5-15 A and preferably between 5-10
A. A planar surface with a royghness of . <5 Ais t preferred as a
smoother pl an n@ﬁﬁfﬁ%%uﬂmrlsm_é ﬁdﬁ?@’“ﬁ’l’l@%‘gﬁgﬁﬁﬂ Ogr%ﬁ’ﬁé{lldf%%d“@fﬂteh%hqoinl m It
s al SO RRsghdlafershofRIRShickkt thith i noRPIABRHARRE dRohA Shrfacdk3e g21% ¢ NeN

deposit anot her ] )
times, but as thin as possible to optimize performance. The silicon dioxide layer is then

polished to a smooth surface suitable for wafer bonding, for example, <5 A. The diamond
substrate having the thin silicon layer is now ready for wafer bonding.

At this point any type of device formed on any type of substrate may be bonded to the
surface of silicon dioxide layer. For this example, a heterojunction bipolar transistor (HBT),
as described in application Serial No. 09/165,203, the disclosure of which is incorporated
herein by reference, may be used. The HBT is processed to the point where it is ready for
attachment of a surrogate substrate, as shown in FIG. 5. Typically, this would include the
steps of forming the emitter metalization, performing base etching, applying base
metalization, applying a passivation/planarization level and applying a thermal shunt. In
FIG. 5 there is collector layer 22 formed on a GaAs substrate 20, planarizing material 21,
base region 23, base contacts 24, emitter 25 and emitter contact 26. It should be noted that
FIG. 5, while illustrating a single device, is not so limited. A wafer containing a number of
devices or an integrated circuit may also be bonded in the same manner.

On top of the planarized surface of the HBT is deposited another very thin layer of
silicon dioxide 27. The thickness of silicon dioxide layer 27 is thicker than the non-planarity

of the planarized surface of the HBT (e.g., 1-10 times) but as thin as possible to optimize
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film(14 in FIG 2), and polish the second film to achieve the desired
snoot hness of the upper surface (15 in FIG 2). Three or nore f27J8LY 2004
repeating the depositing and polishing operations for each or for at |east
the upper WOIM{263dy be used to achi eve the desired surface PGIUMRAEYE and
pl anarity The substrate 10 is now ready for wafer bonding. Any type of
substrate may be bonded to substrate 10. Referring to FIG 3, a substrate
16, pr ef dcaorpangs. i Heeyriee ol Be sidigpn diowids tayecDhisgohihed taasinvetltess ces, is

din-th b 0 by f ' film 17 havi
Exposea St SRVEANOA8be P SRR S5 el 1irodddes hemgends i face
13 of fil ighi Il ' : f Dl ' AR
Further Fas T Loro e Tont g e uteds e frole RO pUeREF Aotk ol AR, pir "

_nore | ayeve cleahimgqrecess, fotiowed ppk dplindiepepionas fabsihe HgudSesGh ib@ﬁz@eeﬂ@%e-
Surfaces 18 and 1{? irgoﬁro ght. into contact with each other (shown by the
arrows i hatera” ayd 1 #p derWpals bond ivinymgdr Atrahgerbond carbbe netdeveddiyr f aces

~18. and | nedsaEl A,str er bond can be achi eved by
subseque%ﬁ?gfau%rgftl né‘ggﬁgnﬁﬁax%razzﬁﬂ@%at es and filns. The preferred manner
of bonding i s WheeklyeRknd® vird R i uage Qb ) vol t age
or tenperature. It the substrate has an Jl?ppe% sﬁ%&g@e&g%engfag%is‘?@r%hé a?i{etf’
bondi ng semedelgteriovs sEeetain thelfornkedtdesice and famgatisubatate. depqsdstibRGoanes her

Si 02 | ] that th f f SiO h fficient

LT N L R M T X X O

.g., s ; /. 1990 | Thi |
565 the SadeT arv ek SR Mo e 37 T i DA POt b 2 i ae”
GaAs, | nPhe otresGadliemineglaypt is atblordoenedas oGRSt By 8Nt iateBil,ieC Qr mance

are desired. Bongg\ag to a substrate of a material having a high thérnal
conduct i TcEYlug U6 s dayepeill wield the apnjisatioreefinaess edors fogher 1ajtees. di amond

SR s L e LR

-desired surface roughness, other films are possible. For example, silicon or DLC may also be
used. In the case of silicon, oxygen may be implanted into the bonding layers below their
respective surfaces to form a compliant layer. The compliant layer is a layer equivalent to the
stress-relieving layer. One would prefer to use a Si, SiC or DLC film versus an SiO, film,
when, for example, improved thermal conductivity is desired. |
| It is also possible to choose the passivation/planarization material in the device being

~ bonded to optimize the dielectric constant, thermal conductivity and resistivity adjacent to the
active device. In particular, DLC is effective due to it relatively high thermal conductivity
and low dielectric constant compared to other materials.

As shown in FIG. 5, the HBT device 14 typically is formed on substrate 20. After
bonding the device to substrate 10, substrate 20 can be removed through a process such as
polishing, or grinding and polishing. allowing access to backside contacts.

In a second embodiment of the invention, N 2D arrays of devices are bonded together
by repeating the method described in the first embodiment N times. Starting with the bonded
device shown in FIG. 7 (the HBT device is shown without the component detail as 30), the
substrate 20 is removed and the exposed surface of device 30 is polished, if necessary, to a
level of smoothn;:ss advantageous for wafer bonding. Polishing and grinding may be used

during the removal of substrate 20. Another layer of silicon dioxide 31 is deposited on the
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surface, a relatively snooth and pl anar upper surface may be obtai ned by
pol i shing- Polishing may be expensive and difficult to consi stemy yUpvtzeoa
very snooth surfaces. It is also possible to formthe dianond substrate on
a copper sWOMBFW?. Dianond films typically "pop-off' the Repp&I/AE¥cept or
after deposition as the tenperature is |owered, leaving a relatively
smoot h and pl anar surface where growmh initiated and a rougher surface
where gexwwshd serfagernfidevice 8f andpolished trethg dpsiredsurfkerreuglmeds poaintaaenast hi n

| ayer of silic di oxi de. e sLli di oxi de | ayer should be thicker than
t he non-ﬂFSo‘t’Hbf"?'t‘ V&éfﬁgeraﬁgr?ﬁﬁz@gﬂ%ce, e.g., 1-10 times, but as thin as
possi ble to optjJu L Il 4 heX]: ) .
polished to a%sfrlregn%ﬁaf %gr’};oace sul tgb%v?dgrdem&g? eag gggdrll@i%ﬁgﬁya?%%a zr%(gfnl%l@e%asﬁ_S
A. The ditdanieydr ofsilistrn dibeidaasiftrgnedhm thé sifadel dppeditel sabratd 34.NPAmrady f or

waf er bonding. At this point any type of device forned on any type of
subst r at éormgy apé pphisheddn ths seme manper ascfilmst11s 27 iaad A1 .dF b 3ddis Itzaperondedto t hi s

exanpl e, .a heterqj ' bi,polar transistor .(HBT),. s,described in

ool | cat PEirERranHREd biJayel B 8 s R e oS b FI L 6T RO at e
herei n biels@h&F0N3£, THR: WHRE of ' i Ly Wher e
it is reglgys for attachﬁ%ﬂr%tesof a°s%S%Eeb?ﬁggﬁﬁiﬁﬁé%ﬁ%%@?ﬁ&@tG 5.
Typi cal | gnothdrisdionndiekidenlayerds depesitedtin psepafatfonrfos pdidpeofenthirtd @levice. This
nmetalization, perform basge .etching, applying base netalization,

appl yi ngtan s Smesip BHSHFG MY Hipteerase et exi56% 59 brpdsdemasibeal shunt. I n

FIG 5 tﬂl‘%f&’ﬂf?gt%?yfﬁ%ﬁ’f | ayer 22 fornmed on a GaAs substrate 20,

pl anari zing na base region 23, base contacts 24, emtter 25 and -
emtter contact 26. It should be notegkahippdé FIG 5, while illustrating a

single device, is not so limted. A wafer containing a nunber of devices
or an i nt egr abe@xempleff thekgpdmedstwecryonliivle devicesds shomm indilGS8r 114an! thp of

L1, BLangid et SHAS%,01 8 T (BT RuERPRLL 6, AR sl ok o
o e oy RomTar s L ageched 29 B et
PCT/ USOJopm@o@rtically-integrated multi-wafer module, and how different technologies may be
joined.
FIGS. 11A and 11B illustrate two devices to be bonded. In this example, the devices
of FIGS. 11A and 11B are dissimilar integrated circuit wafers having interconnections. In
FIG. 11A a symmetric-intrinsic HBT (SIHBT) wafer contains an SIHBT surrogate substrate
40, planarizing material 41 formed on substrate 40, STHBT device 43 and interconnects 42
and 44, preferably formed of a metal. FIG. 11B illustrates a VCSEL device having a VCSEL
substrate 45, planarizing material 46, VCSEL device 48 and interconnects 47 and 49, again
preferably formed of metal. As shown in FIG. 12, the devices of FIGS. 11A and 11B are
bonded in the method as described above, that is, a material such as silicon dioxide is
deposited on the upper surface of each device and then polished to a surface roughness of
about 5-10A. A high degree of planarity is also desirable. The bonded devices are shown in
FIG. 12
Next, as illustrated in FIG. 13, substrate 40 is removed exposing interconnect 44. A
via hole 50 is etched through planarizing material 41 and into planarizing material 46 to

expose a portion of interconnect 47. While one via hole 50 is shown, it is to be understood -

that any number of vias may be formed in order to make the appropriate connection(s) to the
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performance. The surface of the silicon dioxide |ayer 27 is polished to a
snoot hness sufficient for wafer bonding, for exanples 5 A LayasJUlYaodd
12 are then bonded by placing themin close proximty. The surfaces are
pref er abl YWOPHRH i n" cl ose proxinmity after a wet cleaning pgrode¥e2198| | owed
by a drying operation to force the liquid frombetween the |ayers 27 and
12. A Van der Waals bqgnd_ is fornmed. A stronger bond can be achi eved by
SubsequerfieViFehBDE AR BonAesubsiaess 27 and 12. Wien layers 12 and 27 are

heated after j;0jni r y_be nerated which | ead to  songe

del eterious ef! {eeé‘%ors}gjleﬁéilh%?‘?rg}%ﬁéﬁ V@e‘%ﬁ%gé SHereQnecingthe devgestd andts. 14t s

possi bl e thi ph@f MePprottdsRSRINR! st L h& il strate

~and silicon pgi oxXi er I a;er and Sb@?\%\ggn&ﬂ?ﬁgo ﬁ%ﬁe\lx%g\%eggﬁé%gqg??g?:%énéladithg%ede

layer 27.orTimre dedced heedtte be futhas ifiédrard 28e pfnieﬁﬁnﬁyﬂcdﬁkiﬁleﬁyforﬂﬂ@% £ bbRfisy
or_.conposite layer with material, i.e

relieving | ayer is onbgeneous s
Young' s q%ﬂﬁ& &Edeﬁ%cﬁ“ FF@?E‘PqF*ﬁIUIéWPéU@FIdW whick jsehen pelishedbiol 4 sufacoroughnessr ess

before o [1daa ) ' | s heen described usin ilicon
el ore ks dRNFR ik Enkls BONBAGIBIS BRED AESGH BEL ARG 3,31 L
possi bl e.of Fdlingeangnaalvity fainieddn intercofeet 58Yo bRy phagek a ffodilSudAS & of
silicon, oxygen may be inplanted into the bonding Payers be?ow therr
respect i Jayesa2f Abedeyige.fap shavan UGt ildns nbwyeady tdhe bondedlvidnandtesr evaférsifa
| ayer quigzal ent to the stress-relieving layer. One would prefer to use a
Si, SiC F’ﬁ‘i‘c filmversus an SiQ film when, for exanple, inproved
ther mal condubi WHetwafess AAFFIES tedhholodid ' . e .t he
passi vati on/ pl a.nar'E:i zation matrer [ %I P%ﬁgﬁéﬁgﬁ%ﬁkﬁgﬁ%&%%ﬁﬁ %S%?'i mze
t he di el dbe fwe didtsmentderhnologies aed sepanathddiyi thi layety st plasitisik vhiwriadbaeent to
the active deﬁqgﬁ.ﬁn farti‘%ﬁllm r, DLC is effective due to it relatively
hi gh t hel&RCt OPPVSACS] %ﬁlm%lz&amﬁf@nébrﬁsm@rﬂw prapprice@f the ot her
mat eri al g; i SR afe et vice typjcally is formed on
substratb 20 - After  bondi nhgéf%gﬂggy%%qﬁoéognﬂééyﬁgd ’f(f,"méﬂttﬁrf’?eéfeé’% can
be r enpveew ntutariaiiare npededes sombing thStechablbsias."Whe ﬁﬁreﬂidn"]ﬁbﬂge@@%rﬁm i shing.
e

al l ow ng access backsi de contacts. In a second enbodi'nment of t
i nvent i oﬁmﬂf%% ¢ maanesof qarpbiagng differans taghuolpgiget her by repeating the

thod descri Ivar t ' i ent N tines. ' i th the bonded
dovi ce shown 1 1 & DAL PG TR Pl e el Glbe PReobptiine
detai | awafdlyare béparatelyhninuficturddahd tHeABoYALH. ATk fBfcdhPARRs PHESARR Her

device 30 is polished, if necessary, to a
the bonding. Customization of combined technologies takes place at the end of the process.

Whatever technology one needs may be obtained, and these technologies may be those that
are readily and commercially available. The need for designing a new process is eliminated.
More control over the final combined product is possible as well-defined and devices
fabricated with a stable process may be selected for combining, unlike a new, unqualified
combined process where little manufacturing, reliability or longer term information is
available. |
The bonding of a third wafer to the structure of FIG. 14 is fllustrated in FIG. 15. Tt is

noted that FIG. 15 illustrates an additional metalization 53 formed by etching planarizing
material 41 and 46 to expose a portion of interconnect 60 of another device having elements
60-62. Interconnect 53 has an extended portion on the surface of planarizing material 41 to
facilitate interconnection on another level, The device in the third wafer in this case can be a
CMOS device 56 having interconnects 55 and 57. Another via is etched through planarizing

material 58 and through bonding material 52, exposing a portion of interconnect 51 to allow
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| evel of snoothness advantageous for wafer bonding. Polishing and grinding

may be used during the renoval of substrate 20. Another |ayer &7 3ULYQ@00D4
di oxi de 31 ited on the -11 27 JULY 2004 WO 01/ 26137 P 21990
exposed sur‘*czgggé()ﬁ?devi ce 30 and polished to the desired surPlc%ﬁ’%%g ness,
In a manner as described above for layers 12 or 27 (FIG 8). A next wafer,

shown without the device details as 32 with substrate 34 in FIG 9 has a
thin | aye/COBRECEON; W IHEIGRaREst 2 gsraenneet P9 b alse cormaeied wish duterconsesd S5 0t e
34. Film ' f | i.shed in t.he sa ner as_fil 11, 27 _and
31 i1 m S8 dov B S A B R R or i pu g androughmatas 57
resul ti ng a8@'$D &6 ekposehimitibn ofintercdihectd &n 1 i e 34.
The upper surface I(S)of t he second tg((:)ndeé devi cg%n@ﬁgcég%hs%gﬁ%%ﬁﬁé%?

anot her siiltersonnetit §%i deshioniddhe ®ot&d thapBEG.t16dicesnnqirerpliviist show the bohdingilagrsof a

third device. This can be. N tinmes o produce an N-integrated device. The
devi ces s£°f8bﬁ4§2$a"“ﬁ%l‘ﬁﬁé‘evﬁ°ﬁﬁ é‘?tdﬁ)ﬁh rsjeadthat dhase arethedayices apnfosmedml e of

t he bondi ) 'ri’de@ [ ces i k.0 <Fl I 11B and 12-15.
FI GS. | &9“??? g,nage%i_e%% |||a(§§¥‘ifg’_t‘§’“h§é%v ?ﬁ”ﬁﬁb%ﬁﬁf%aegs%%wa--ng_ to the
present i nventWhat is also Bpparsdrdre FIG eVt Bie Predbht Mveadsn QA Vb EIdesPYW
they can be interconnected to forma vertically-integrated multi-wafer

nodul e, afentAGwIgr EREPEls: ifteepadoitdls op ofmyntbe S1jina omdact Phd3S a inetal Angrttlerl 1 B
of FI GS.

illustrateg t devi be honded.. In this exanple, the devices

| 1A andﬁ}e %ma?‘%’fa%? Sgu Ragdtoy ﬁ‘f“%d? Sooler PRt RETaRmseL A T g gnder the pad

I nt er coNNEsEtlieNSAilk fhe ©obGf the pAl hford -h NS T fer
cont ai ns gﬁ S EIBT1 surer o_gat e es%bs(?r g??ﬁg%ﬁgiegkg%@#lﬁét@a%‘%rﬁ%gﬁ I%.f»@or med
on subst r itercdmecs) HEThid can celud@ deivelrdguirememsnect s 42 and 44, preferably

formed of a nmetal. FI.G .11B illustrates a, VCSEL devi ce having a VCSEL
substrate 45, Eféz‘ln]a} a5 Hé‘s?ﬁt{eéme&ﬂdv&%@ge\/@ﬁﬁ Inysytioneofagt beine renstiainsdtecrs 47

and 49, agak hE&AYL 3R YaePy 18Rk i.n. Fl 2. the devices
jriaing g 1?Aﬂ§ﬂ g St ?B a.raeﬁe ) ﬂmﬂ@{)&érapr@? Cﬁ'n%\%'therlbxhtyeto &esign ee
dimensionally. Circuit layouts can be optimized if one is given the ability to separate a type

or class of device from others where either the functioning or processing interferes or is
incompatible. Circuit layouts are minimized in area since three dimensions are used instead
of only two. For example, three conventional chips of nominally the same area with
optionally different technologies can be mmplemented in one third the area by stacking
vertically. The area reduction is even greater if one considers the reduced packaging
requirements of the individual chips vs. the stacked chips. Stacking vertically is also
conducive to the insertion of ground, bias, or other planes between chips or within a chip
for improved signal isolation during routing.

Typically, in a system signals are amplified and then transmitted over buses between
integrated circuits. This requires a lot of level-shifting, buses and compensation for various
differences in signal levels amongst the elements making up the system. As one example, a
pixel in a light detecting device receives a very small packet of charge which is then shifted
out of the device and into a memory device. The light detecting device and the memory in
this case may both be separate integrated circuits, requiring amplification of the charge packet
through buffers and system buses between the pixel and memory device. The signal levels
are then shifted down in order to store the information in a memory cell in the memory

device. When the information in the memory is needed to be processed, the information is
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bonded in the nethod as descri bed above, that is, a material such as
silicon dioxide is deposited on the upper surface of each devi @7 Judyt2oed
polished to a surface roughness of about 5-10A. A high degree of planarity
s al so dewborkdie7 The bonded devices are shown in FIG 12pcivesdn/ 21998
illustrated in FIG 13, substrate 40 is renoved exposing interconnect 44. A
via hole 50 is etched through planarizing material 41 and into planarizing
mat eri al #@ntlevelehiftsbagripositg morobuifent e SHRALE buké 1o Wsh®: 1808atY bde18l€ 50
is shown, it is to be understood that any nunber of vias may be fornmed in
order to FEKESORVRISHALIYIRAY be tsmad asing a(separtie integrateizitgdit. ST pRAG W0

01/ 26137 U vices in.the t bonded substrates. |nterconnect
51 is forﬁ%%? ﬁgr\?%'gsl%gﬂqaelggﬁ c%%fr{?gﬁ?ﬁg%? W@f@%%@%&i@eg@e&nd 48. At this
poi nt the procqgs eeiéntidentdon ' : far | I € 0, be
"bonded. If one orpermre del\}i ces%edggttgakﬁ%@?h%t%iarﬁdé%ﬁg r{é%‘?m%c tZgnpr dcess

may cont i addresspbiflioy.nImthegprerenyithegpovien yerelSoF sigmts by bé @dterﬁiiﬁd”dﬂ%&he glehde&On
~di oxi de, vvhd ch t'bs_then olished to a surface roughness of 5-10A, in the
"sane nmann@id BY 1 SUFTCHBRCCH Gvdhe fstornbuses ané drivers. @ esampleyasishowndeFEG.

step of filly j IL.N..Lnterconnect .50 to nore easily
produce ai%flﬁt)lgﬁ a?ﬁ‘%t}; gl?é/eér ‘I(I)tf\éd E?%‘gﬁ%ng]ft.m& Rg%%?%%fplégs gQ‘iSW‘?“}grP kghtsignal,i s
now r eadyett Oslfgbrivatedioch wiirdl sabebRAFIOR  64). thisimPBRdd Bthiof, Me 4 NGB €T S Of
di fferent technol ogies, the gl anarizing material nmay be the sane. he two

di f f er ent formed vk sericonduetoslaper 7t widiidyis formddayrea subsfratp7anar Oz keecomat er i al
do not ipferact. .Each interacts with the planarizing material. Since
the pr ope?“tnof‘%gteé‘cf fat%ﬁlé:ateglr{%%@ s n%’vllr%ﬁ‘?reflﬁq toaﬁt‘éreﬂg‘? RigrEaton whemitanshified
commonl y s thdpigbl 41844 akd RCRSHAS ] w | [ d tq conbi ne
t he t echnol ogi e?l The i'nvention pr%ggkyd?elsdjﬁ' é;%@?éd#gké?ggfﬁrgg?gm%ﬁﬁ&a of
conbi ni ngsubstréte7éntMemotnallle §b @se fokined v kuyer 24.| Ladlyt Hiprocetséaisvzatibon t akes
pl ace at the end gf.ghhe [ oc.essi nP.- Both wafers are separately

manuf act UPBEFSINE LHEHCHY s magulacired oA Haied substrais shesy wyited 16€t darious

elements 78 are shown (in simplified form) in layer 77 formed on substrate 76. Each of the

substrates may then be bonded together (with the pixel array on top in order to expose it to
the Iight).
The three substrates may be bonded together. A surrogate substrate (not shown) may
be attached to an upper surface of layer 71 using the techniques described above, and
substrate 70 removed. The u-per surface of layer 74 of the memory device is then bonded to
the surface exposed by removing substrate 70. Substrate 73 may then be removed, and the
upper surface of layer 77 is bonded to the surface exposed by removing substrate 73. The
surrogate substrate may be removed to exposed the pixels 72. The interconnections may be
made directly between the three substrates, in the manner discussed above, eliminating the
need for the numerous buffers and system buses required to interconnect the system when the
system is designed using separate integrated devices. The bonded circuit is shown in FIG.
16D. It should be noted that FIG. 16D does not illustrate the various layers used to bond the
different devices, and that portions of the layers 71, 74, and 77 may be removed during the
removal of the corresponding substrates, as desired.
Another example would be a typical microprocessor where the microprocessor

contains a certain amount of on-board ROM while a larger amount of storage is accessed via

system buses on a separate RAM. In this case, the processor with the on-board ROM may be
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t he bondi ng. Custom zation of conbined technol ogi es takes place at the end
of the process. \Whatever technol ogy one needs nmay be obtai ned, ZméULe94
t echnol ogi those that are readily and conmerci al | availa?le. The
need for designing a new process is elimnated. Mre contr FHEvE 190
final conbined product is possible as well-defined and devices fabricated
wth a st be selected for conbining, unlike a new,

| e pr,ocess na
unqual i fi &PHS @ﬁrt?ﬂf"eﬁf% Sthsgate 2l dheomemen mayerfigbriestadaraysecprd subisirhtet Ther
| onger te ' ' ' ' I The bondi ng of thiord wafer to the
struct ur ehng h@l%?{é??r?gb ]?elslfotj@é?g%gg%ef%n %Omfgs.sorl recdy gﬂ’b‘%@&o fhedpepry 15
i |1 ust r at devies) agsidiefirimatingribeakobd fiir spfterd Buded 18R shiYeRLED ioﬂﬁ¥ BhftQar i zi ng

material 41 and 46 to expose a portion of interconnect 60 of anofher device
havi ng el ement dhe pERsept invertiongwh ealytalle®s Hedalzivatn efaysnpdn hingte eOmphe

surface of_planarizing..mterial,41 to, facilitate interconnection on
anot her | %‘i‘fg 1?‘“"’%%@"8%%?"!%"13}1“%*%”@%@Howafﬂémail'?{ fopfpgnic disch e theseparateCMOS
devi ce 563AaVdsHsd BT 4408 her,via i tched t hrouygh
pl anari zi ng Taterial b8 aﬁﬁ’hﬂ]r o%%&blg%atlhﬁ%q%%etp? %[PO@,O?@?&S’SWWQ%H%

portion ofheip¢sentciomertien thity tue stdckedipohdeadly o, ¥ss28fde MO 2843 Fe sam
PCTJUSOOI 21990 connection with i nterconnect 59. Interconnect 59 iIs ano
connect ed®™-th i nterconnect 55 of CMOS device 56. Another interconnect 54

is formed by e ' ' r .erials 58 . and 52 t. pose a portion
of int erconnec%‘cfggﬁggﬁlb?éﬁ?%érngggﬁgc \%% oF Esefif?eﬁEW‘B’eﬁ ?ﬁcﬂgFEa P EBAtfect
53. It shheligtefeonmat sepdritaly fiinSthelmd irGlit | e Ml
| ayers formag bet vveeflbt_hglydevi cees bﬁlgﬁiﬁ%n?%grﬁé@hiﬁ eIEr s%&%%ﬂyhéﬁ%ft%g%gmgre
the devi ceRumba of deviebgiof intsrengnedidn prdecegsodds ell iradmplavRinitiore QBqARHI Sk

with the first 1evrr‘f)odjii.mfnt . V\‘gtat i $ al 30 aﬁﬁ)ar ent fromFIG 15 that the
present | FVEHEI BN USSP npY s fissdest Hhis regpiresa sigmifeant emegntof thérmahe
pad at thfotepingfexpobingthe deligi LM a8k ! ing, jhen the
bottom Str}?f ace %f K?he pad (or ?in%e) 'S cocﬁgg[g}flgéerﬁmh{%a?%?‘ke%%o ect 47 lying
under t heopwdicating theifaljcating processe The pratnttibecnpiofl Mz9beluisa®lo fabrispdpRCt ed
W th cont aft 39 .over | ‘%Bpi ng \Mht h. interconnect 55. This can reduce drive
r equi r emdibge devices separately d then forming layers of interconnect by bonding according to the
present invention. In particular, each level of interconnect may be formed on separate
substrates, then bonded together and interconnected as needed. Several or all of the
interconnect layers may be fabricated at one time. The bonded together or single
interconnected substrate may then be bonded to the substrate having the active devices.
Techniques similar to those described above for interconnecting the different wafers shown in

FIG. 15 may be employed. When finished, the stack of interconnected layers may be bonded

to the active devices.

This is illustrated in FIGS. 17A and 17B, where a stack of interconnect having layers
80-85 is bonded according to the principles of the invention and shown in FIG. 17A is then
bonded to the integrated circuit shown in FIG. 16B or 16C.. FIG. 17B shows the completed
device with the layers used in the bonding process omitted for clarity. In this case, the
substrate of the integrated circuit may be removed and bonded to a more favorable thermal
material, such as diamond-like carbon. With this embodiment, one can obtain tighter
processing control by not having to compensate or make compromises for the various effects
of the increased thermal budget due to the typical processing of the multiple layers of

integrated circuit interconnection on top of the active devices.
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FIG 15 also illustrates the advantage of the invention of not being
constrained to one |ayer (or possibly two layers) for circuit tampogr¥Eond

One has th i to design three dinensionally. Crcuit n be
optim zed i i))t(yr?}/e“'lﬁ|£?}5{7 given the ability to separate a type orﬁc @g@ﬁéﬁ

device fromothers where either the functioning or processing interferes or
I's inconpatible I rcuit. lavouts .are mnimzed [n area since three

di mensi ons are lﬁ%neog]1 ffrna? }elga 0;{1(9? h&?ﬁﬂlﬁit’\%.ls@ﬁlsﬁé%wfg}e 1pieF eomned Apent. Bonal
chips of ngginpable/iolsRparBRIEREAS M ki ' | 4] L.eqhnol ogi es
can be inpl errg_nt ed inﬁoneﬁf%i rd the a?ceog%d)}’qg@gc ?lg%hggégﬁgéaﬁbfo%gﬂgr ea
reducti on Certeindnyas.cfar examifle trose hamiling high spbel igelk; 8y BRGKAFicAfcal than
requi renents of ,él%e ig%hvi ual chips vs. the stacked chips. Stacking
vertical | yoir&rss kg orgt Uely ay bespraratad &om esnh otheyboother ndi-aritjcablayetsher

ol bet .chj Al hi p..f ' d si, | isolati duri
Pout i ng. ToERhinr bPe Ul BlsOy R bRt e By B PR o o Gircrsrresnibe t o3
over busesomxamgﬂotépmmf@@jg;ﬂgpgw 5p%ratmi0§~tﬁ@%crc¢s a lot of

evel -shifting, buses and conpensati on for various differences in signal
level s anongst fppasnefiemithe v mmbogindues, shestibsmratdsf themtealBloReuits mpy ¥e!

in a light detecting deyice receive very_smal | packet of charge which is
then shif t%"d“PISFr'ﬁY ﬁ%‘%vﬁé “bﬁ\?iag@’ea%&?ﬁ%m& ABeERsYlt i 3-Dearrapref devightelements
detecting ' : Rk ¥id 1S th be se

I nt egr at edﬁg?ﬂrngﬁcil @?S$I%ﬁi ng a{i |at ﬁ%:lap?lg?l’?ac#ﬁg Rgﬁ%ﬂérsg%w’bﬁ‘baﬁ@'elgt hﬁ%ﬁﬁ’gh
buf f ers anef thy steerenisusas bbetmpletlyt isslapid > tRIm angly BRRPEYmERY | €S2 219Gy g2

| evel s a[fgethen shift&d down in order to store the info.rmafion I na menory
cel | in tHEMRERSS GPRRSGH Q2 Cippidiiayere A secondmefesto bnbarided neydmeyprocessuddd el t 0

b ( ' | I.S..- 27 JULY 2004. WO 01/ 26137 .
P%T}O [Jgggls y) O‘L%ﬁ E\‘H{lgve -ggh | {%&Yg’g%?‘ﬂc%gf%mﬁﬁ e %ﬁ%é&geﬁlﬁﬁp ¥ thembsuses

to transmiinterdomnelatdine esired nAnng 0 eRBE M irculthisEheitR FBYTIRE cLPbdBletifling @
separate integrated circuit. The power levels for the various Signals are

det er ni nedoBgingifferepeicenoingies tagetberdfor iesabple sEMOS1andiipslentto creant | on

T O RO TSP S S O St oo

el ement, combined since the two wafers are separately processed. One can then, when needing to
create a combined technology device or circuit, use existing advanced, qualified technologies
rather than having to design a new combined process or settle for an existing combined
technology which does not use and cannot take advantage of the most advanced technologies
or evolutions in technologies.

Third wafer and subsequent wafers may also be processed where the substrate is
removed to create a 2-D array of devices ready to be bonded to the first and second arrays.
The third device may be yet another technology. FIG. 19 gives an example.

While particular devices and materials have been described in connection with the
first and second embodiments, the invention is not so limited. The invention is applicable to
any type of device formed on any type of substrate. Moreover, any type of technology may
be used to fabricate the devices being bonded. For example, GaAs devices on a GaAs

‘ substrate may be bonded to HBT devices. Also, silicon-based devices formed on silicon
wafers may also be bonded to either the GaAs-based devices or the HBT type devices,
Technologies such as CMOS, BiCMOS, npn and pnp HBT, VCSEL, PIN, HFET, MESFET,
MOSFET, and JFET may also be used.
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and not the interconnect, i.e., the systembuses and drivers. As an
exanple, as showmn in FIG 16A-16D, a first integrated circuit @mSUEYi20D4
of an arraywajopisx®l s for sensing a light signal, etc. is f i n a
first substrate (FIG 16A). In sinplified fashion, the a pi by
formed in a sem conductor |ayer 71, which is forned on a substrate 70. On a
second substratg is_ fabri ca%ied tﬂ{g.rrermr de&ce needed to store the

i nformati on when 1t FSOSATTFEEE WQUF BYCHfigR pinvides 2 shreerglimensipnal, lamiman i n

FIG 16B. ApgefkcanduftsicthRY efhe/dbvics if QLAmEL bstrate. 73. Menory
cells 75 are F?rt med N | a(;:/er ?zll?e (If_kgisct%l%lg a pFo@ggqsdgie%gﬁ?%%&ggr‘me&ag@éssi ng

t he i nf or madensity with netweédintercetheotiortparhdifich duipaiedasd 8theP Rl chi rﬁ%)tﬁleslgﬁe
Various elenents_78 are_shown (in sinplified form in layer 77 tormed on

subst rat e 780dunefiers £rah BexibllRy ey Kican combing Hifferéng dovineteahd: diffetenetecknilogies he
pi xel array on tQn.l rder tq expgse.it t the light). The three
substrates may b@b%%gg&%gﬁ%‘gﬁ%?ﬁﬁﬁ G PO HISUISRHL the PECSERJRVARiSRMe nay
be att achegokfbiamn HERET a6 tedhinbaY RY i i descri bed
above, . andq) substrate 70 rern)veda‘.‘)j:u'}'1 g ﬁ-l%%l#eg%??cgg%{ﬁgqegﬁg%w%t?’ﬁﬁ-mpe
menory deviof éhd appervied clrims.alie inventibrermay bt peeticodpahatkiythhe BOMIEEIPSt T at e
70. Substr%%en.? Hg%.then be renoved, and the upper surface of |layer 77 is
bonded to OFE¥TLE] IHER exposed by renoving substrate 73. The surrogate
substrate may be renoved to exposed the pixels 72. The interconnections may
be made directly between the three substrates, in the manner di scussed
above, elimnating the need for the nunerous buffers and system buses
required to interconnect the systemwhen the systemis designed using
separate integrated devices. The bonded circuit is shown in FIG 16D. It
shoul d be noted that FIG 16D does not illustrate the various |ayers used
to bond the different devices, and that portions of the layers 71, 74, and
77 may be renoved during the renoval of the correspondi ng substrates, as
desired. Another exanple would be a typical mcroprocessor where the

m croprocessor contains a certain amount of on-board ROM while a | arger
anount of storage is accessed via system buses on a separate RAM In this
case, the processor with the on-board ROM may be -15 27 JULY 2004 WO

01/ 26137
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PCTI US00121990 fabricated on a first substrate and the nenory may be
fabricated on a second substrate. The two substrates are to be 27a5die¥ 2004
.together and the processor directly bonded to the nenory device, again
elimnating the need for system buses, level shifters and other buffers.
The present invention not only allows the fabrication of systens in a nore
conpact and dird&tinpemtedsiErBre compREns: but also allows a smaller
footprint. Each of the separate devices described above would take up at
~least three tiafstelmenhianing opluspiicef otmatadlit dontact dtmichiressent i nventi on
“they are stacked upon each other, assum ng chips of about the sane size. A
fourth embodi nesdcond eliehent songisind b plaRditt dset RALEIR Tof@SGEARGFksapove to

create the interconnect separately fromthe underlying integrated circuit.
TYPi al | YaubiafilihidiSf14bddd feadiBEhe lrud UG St Raof R STAANRE A 1 O der to
provide all the Conplex functions reqﬁlred. X of noré“levefs of

i ntercon Sis y be needed. This requires a significant anmount of thernal
pr ocessi rq[g lé@g’bsi ng the underlying active devices to higher thermal
budgets and conplicat.i ﬂ?g(t e fsggri cating process. The present invention nay
be used to fatfHEhpelde [a¥er dispesgd opa sindas of syd dustalsmantpaidfant @adadare | ayer s
of interconnect by bonding according to the present invention. In

parti cul atavingsafirsi palishedsurface sithirmisiace Toughtess fror seficomusbpaes atnee; -
substrates, then bonded together and interconnected as needed. Several or
all of the i mtscashoade layveydisposedyn bemfabof et ecbontl cnent, st .seddnd bonded
together or single interconnected substrate may then be bonded to the
subst r at eoxidelang HatipgaciktorRl sitdhaBRrfc RN QistRe 1o fidea inkgidi-Basqdescri bed
above for interconnecting the different wafers shown.in FIG I5 may be
enpl oyed. gisdrohibmieadiadd the stack of interconnected layers ' My be bonded
to the active devices. This is illustrated in FIGS. 17A and 17B, where a

stack of inter | -.83. 1.5, ba or di to the

ot i pl es of PR RS P icon I Srcaf QAN B B BB mtlndto ¢ ne
integrated circui own in_FlL 16B or .16C.. FIG 17B shows the conpl eted
devi ce wiTHEHHE @éﬂﬁ%gtﬁgﬁﬂf?%&%‘?‘f nfmqﬁﬂlp@coﬁqggggg’cngﬁq,t ted for clarity. In
this case, the substrate of the integrated circuit nmay be renoved and
bonded to a noYhersinsyf disstoxidednyasis dirasths bpaded to el seeondicaivsrialer i ke car bon.

Wth this enbodi ment, one can obtain tighter
through said first and second polished surfaces without application of temperature and

with a bond strength sufficient to permit removal of said portion of said second element
after bonding said first and second oxide layers.
2. A structure as recited in claim 1, comprising:

said first and second polished surfaces having 2 surface roughness in a range of

about 5-15 A.
3. A structure as recited in claim 1, comprising:

said first and second polisbed surfaces having a surface roughness of no more

than about 5 A.

4. A structure as recited in c¢laim 1, comprising:
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processing control by not having to conpensate or nmake conprom ses for the
various effects of the increased thernmal budget due to the typi2gaJULY 2004
processing of the nultiple |layers of integrated circuit interconnection on
top of the active devices. -16 WO 01/26137 27 JULY 2004 PCTIUSOQO 21990
Anot her application of the invention is the selection of the interconnect

| ayers. By bePhepapis femneddhuwigh edig senond eloment eaiddirsrand sermnti oxider e desi gn
flexibility may by obtained. Certain |ayers, for exanple those handling

hi gh” speethysisgaral sportieny obsaidriras elerriehi, ocaWhicharﬁrsmi&emlfSaidPhﬁalitgriot figsdl | evels
may be separated from each other by othéeér non-critical layers to mnimze
overl ap. @Mﬁ&m&g@tsmgistejx?&edlﬁmers may be put in adjacent |ayers when
the overlap is not a problemior hi gh speed operation of the device.

Apparent from HRER @?&pgéiﬁ% : 3 Of i-at eqy at ed
circuits may bgéd?&corrplylgltee y re \%@@?ﬁ%%@%@ﬁ%gﬁﬁn g%sa%L%S?esult IS
a 2-D arr i nts, i mersed in insulative planarizing

mat eri al _%@f%ﬁfpﬁ%ﬁgt}ﬁﬁ}gﬁlgeﬁa@%« BRF 5 cﬁfe& 18. Each of the elenents

may be conpletely isolated fromevery other elenent, i.e., a 2-D array of
devi ces as oppgsé‘(fhﬁlﬁwﬁeiﬁrﬁﬁmdtmlckyﬁl; whesEEond wafer to be bonded may be
processed in the sane way, giving another 2-D array of device el enents.

. The arrays of saibsacend elgmpgnt ¢nawprises a pubstratepmdect ed in a desired nanner to
Create circuits, subcircuits, etc. This can be extended to bonding

di f ferent techmpértigh e$sdidgetishete,is fentoved toTleh s 2 EMEniag goRion @ adid sé@dngr eate a
Bi CMOS wafer. In this case the npost advanced CMOS and bi pol ar technol ogi es
may be celelkmed since the two wafers are separately processed. One can

t hen, when needing to create a conbined technol ogy device or circuit, use

exi sting advangeg,sasdld gsi@gfetgq%g%ggéﬁ%ﬁq%her than having to design a

new conbi ned process or sett r an e conbi ned technol ogy which
- does not use ' . n e of the,nost advanced technol ogi es
or evol uti onsa%aﬁs%feitcﬂﬁﬁoaluoog:églsd.asaﬁ%#% MYk subsequent wafers nay al so

be processed ere . the substrate js .repoved to create a 2-D array of
devi ces ready\,\?(‘JAﬁH‘l d'e"clf?atlﬁéiqmllswhﬁﬁ@:second arrays.

said first and second elements comprise respective first and second semiconductor

devices; and
said first and second semiconductor devices are of different technologies.
8. A structure as recited in clajm 1 wherein:
said first and second oxide layers each comprises 2 material having a dielectric

constant in the range of approximately 1-3 and a thenmal conductivity in the range of

approximately 1-10 W/emK.

9. A structure as recited in claim 1, wherein each of said first and second oxide

layers comprises a silicon oxide,
10. A structure as recited in claim 1, coruprising:

said first and second oxide layers being bonded without fusing.
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The third device may be yet another technology. FIG 19 gives an exanple.
Wil e particul ar devices and naterials have been described in cOmMiILY @004
with the first and second enbodi nents, the invention is not so |limted.
The invention is applicable to any type of device forned on any type of
substrate. Mreover, any type of technology may be used to fabricate the
devi ces bei ng &bnd@ﬁfﬂcma@@mﬁﬁmdmmes on a GaAs substrate may be
bonded to HBT devices. Al so, silicon-based devices formed on silicon

waf ers may al smi&ﬁrétekad&ﬂtt@nﬁﬁﬁebarﬁrithﬁatm-based devi ces or the HBT type
devices. Technol ogi es such as CMOS, Bi CMOS, npn and pnp HBT, VCSEL, PIN,
HFET, MESFET, sNPRRERlurding of Rielali8Yorfdct StritGurd 7 Iy
D004 PeTI SO0 SR 56 PR of ek accﬁ%ﬁng ey e%%%%%ﬂ%%ﬁ%é% a
three-di ngpgional, lamnar integrated circuit structure. The device is a
mul ti-chip nodul e having a high integration densi ty vvi th reduced

i nt erconnecti on. IR s conpared.to It - nodul es. The

nodul e of fers Bﬁl‘ggﬁ%ﬂ‘@f Bef 1% sp(fgec}@ngaééﬁ ﬂE(Ya T”P l&RonEELi ces and

di fferent technol ogi es. Obviously, nunerous nodifications and vari ations of
t he preseﬁ%“cF‘H %‘isbma%]si ble in light of the above teachings. It is
therefore to be understood that within the scope of the appended cl ai ns,

t he invention hayAbBughessiresditddn blaimildewhdrein: as specifically described
herein. 27 JULY 2004 1. An integrated structure, conprising: a first

el enent - havi ngsaid pdcandbxitly laykr EempisesBk@lohd enat@til;act structures; a second
el ement conprising a plurality of second netallic contact structures, a
subst anti al pogagd@aoﬂ{ df BlaRNo soyMed, gne of
grinding and polishi n a ?agtﬁleom denlggg/ﬂgmg?sposeg%ﬁagséﬁ g%e of said
first el egefbiag. sqdd flrst oxi de layer having a first polished surface with
a surface.rou ﬂlhness in a surface roughness range;

said second layer is disposed on said second plurality of metallic contact
strictures and said second material. |

13. A structure as fecited in claim 1, wherein each of said first and second
metallic contact structures consists essential of a metal material.

14. A structure as recited in ¢laim 1, comprising:

said first oxide layer directly bonded to said second oxide layer through said first
and second poﬁshed surfaces by placing said first and second polished surfaces in contact
without application of pressure.

15. A structure as recited in claim 1, wherein said first oxide layer is bonded to
said second oxide layer without application of voltage.

16. An integrated structure, comprising:

a first element;
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a second oxide layer disposed on a surface of said second el enent, said
second oxide |ayer having a second polished surface with a surf2gcG8UJLY 2004
roughness in said range of surface roughness; and an. interconnection
formed between said at | east one of said first netallic contact structures
and at | east one of said second netallic contact structures, wherein said
first oxide | apépcopd elgmeathavingy s gemisondictpralevion dormeidde alsalystrte, thr ough
said first and second polished surfaces w thout application of tenperature
and wi t hsubstaotiel mirtienefi saidsambftrate being ranpexrbiytat teasmtelof @findiaigdngor t i on of
said second el enent slier bonding said first and second oxide |ayers. 2. A
structurepélishheeci ted in claiml, conprising: said first and second polished
surfaces ﬁaving a surface roughness in a range of about 5-15 A 3. A

structure as. r ggidsthdif ol Mfing GURIHUNG iRl S A3 56904 ool | Shed

surfaces having a surface”roughn no nore t
structure i n claimil, conprising: -19-0 27 JULY 2004 an openi ng,
f ormed th?%@§ﬁ§§%%1 %econd el enent, said first and second oxide |ayers,
and a portion of sa%g nﬁég} elﬁnent, to which a first one of said plurality
of first metaffioemEBRARE 1ayEn HetiDg a seqoad pelivivd qurfagsadispes¢d ontder onnect i on
being formed in _said opening and in contact with said first one of said
pl ural i t ysusface pf spid fiest sgmiicendster devicetandct ures. 5. A structure as recited
in claiml, wherein: said second elenent conprises a substrate; and a
portion of saishidfitssbomling layerdireily Hondedlie aaié secondWhdibp thyRPwithew of said
second element. 6. A structure as recited in claimb5, conprising:
subst ant i gipliyatinl ofeémperhdresaaStik Sr RN SBMUE Yermit removal of said portion
of said substrate after bonding said first and second bonding layers.
17. A structure a recited in claim 16, comaprising:
a first plurality of metal contact structures disposed in said first element;
a second plurality of metal contact structures disposed in said second element; and
an interconnection foxmed between at one said first metal contact structures and
one of said second metal contact structures.
18. A structure as recited in claim 16, comprising:
said first and second bonding layers having respective first and second surfaces
polished to a surface roughness in 2 range of about 5-15 A,
said first and second surfaces being bonded together,
19. A structure as recited in claim 16, comprising:
said first and second oxide layers having respective first and second surfaces

polished to a surface roughness of no more than about 5 A,

said first and second surfaces being bonded together.
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7.A structure as recited in claim1l, wherein: said first and second

el ements conprise respective first and second sem conductor dea7c#3LY 2004
said first and second sem conductor devices are of different technol ogies.
8. A structure as recited in claiml wherein: said first and second oxi de

| ayers each conprises a material having a dielectric constant in the range
of approxi mat ey. A Rrughite 26 nepitedninlcladmnid, whereitt sach of t4ié firs nad sabnd
approximately 1-10 WcnK. 9. A structure as recited in claiml1, wherein
each of shomifig laytrsanmhpaissendlion ckide lagater s conpri ses a silicon oxide. 10.
A structure as recited in claiml1, conprising: said first and second oxi de

l ayers being bQD.dﬁCku%ﬁLP@éktreéi%b%’JiHQIahhzl@Ebzﬁﬂrisiﬁ«%:Y 2004 '11. A structure as
recited in claim1, wherein: said first el ement conprises a first

mat eri al ; sai da%t%nt%t&&ﬁl:ﬁd&@%jdml%&ftpOnt act structures extend above
an i rstoxide

said first material; sal ayer is disposed on said first

plurality of netalli,c_contact strugture nd said first material. 12. A
structure as rgﬁﬂpgﬁc?rﬁa%sgp%ps SPYANG-CIBEW second oxi de | ayer

conprises a second naterial; said second plurality of netallic contact
structures ext @hepas, &my dhrevglosaid seeand elemient, s3id fediadd ssvoddobdiyer i s

di sposed on said second plurality of nmetallic contact structures and said
second malegersaand adrticn ofsaid-fint eemsnty Gowhiel siid fzdtabnadt, suwbrreisrxpael; of
said first and second netallic contact structures consists essential of a
metal matsid al. 14. A structure as recited in claim1, conprising:

an interconnection being formed in said opening and in contact with said first and
second contact structures.

22. A structure as recited in claim 21, wherein each of said first and second
contact structures consists essential of 4 metal material.

23. A structure as recited in claim 16, comprising:

substantially all of said substrate being removed.

24. A structure as recited in claim 16, wherein said first element comprises a
semiconductor device, said semiconductor devices in said first and second elements being
of different technologies.

25. A structure as recited in claim 16, wherein:

said first and second bonding layers each comprises a material having a dielectric
constant in the range of approximately 1—3 and a thermal conductivity in the range of
approximately 1-10 W/emK. |

26, A structurs as recited in claim 16, comprising:

- said first and second bonding layers being bonded without fusing.
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said first oxide layer directly bonded to said second oxide |ayer through
said first and second polished surfaces by placing said first 2FdJ3leY @004
pol i shed surfaces in contact wthout application of pressure. 15. A
structure as recited in claiml, wherein said first oxide |ayer is bonded
to said second oxide |layer w thout application of voltage. 16. An

i ntegrated str2ttAsguctomesregtedga chithilostongirsirent ;. -21- 0 27 JULY 2004 a
second el enent having a first sem conductor device forned in a substrate, a

subst anti al posid first bbnding Myetdirdctlnbendeditp gail @eooa bokdinglaykeMedusngidof
grinding and polishing; a first bonding | ayer, having a first polished

surf ace, ﬂisﬁa%&@oﬁwpaish&}os@méﬁ%l bing 84l $ird iaﬁégec%h&ga%lh emfffcggﬂld bondi ng

t e
| ayer, having a second polished surface, disposed on togd surface of said

first sem : LGe: id first bonding layer directly bonded to
said sec cr;&nogl?%g E@“l&lﬁlg aggi;ﬂéa?l%\i}vio? ﬁge& .

application of tenperature and with, a
strength sufficiept tg permt. renoval of sai.d paoriiqQn _of said substrate
after bonding géai‘gsfrl"? eaﬁﬁ?@@&%ﬂ@%éﬁﬂ%ég@@‘%@ﬁww%@éa
recited in claim16, conprising: a first plurality of nmetal contact ,

st r uct ur ef® sgidssseasbandingdayer prithent applipation ofyollegsond plurality of netal
contact structures disposed in said second el enent; and an interconnection

f or med bet ween2%t A amthahifdnteprating seisthies,aotpeisingt r uct ures and one of said
second netal contact structures. 18. A structure as recited in claim1l6,

conprising:  safotiningrasfirsetithdadayd, Rendd Hamst ByRg Haftoaihasresddve first

and second surfaces polished to a surface roughness in a range of about

5-15 A S@ksffed birfloe SENARS R Bt EBERS oPSIHRY ORIRI L@ 8k B strateBvin
structure as recited I'n claim 16, conprising:
a first semiconductor device formed therein;
forming a second bonding layer, separated from said first bonding layer and
having a second bonding surface with said range of desired surface roughness, on a first
surface of a first element having a second substrate;
bringing into contact said first and second bonding surfaces; and
bonding together said first substrate and said first element without application of
temperature fo form a bonded pair.
30. A method as recited in claim 29, wherein bonding said first substrate and said
first element comprises said step of bringing together.
31. A method as recited in claim 29, wherein said first element comprises a
second semiconductor device, said method comprisiné:

removing at least of portion of said first substrate to form a remaining portion,

said remaining portion containing said first semiconductor device; and



said first and second oxide | ayers having respective first and second
surfaces polished to a surface roughness of no nore than about 27 JAJLY 2004
first and second surfaces bei ng bonded together. -22-c 27 JULY 2004 20. A
structure as recited in claim 16, wherein each of said first and second
bonding | ayers conprises a silicon oxide |ayer. 21. A structure as recited
in claim 16, cutpromicatyg said fifst sud scomdiganistnductondevicas astar shid rensdvired ement ;
a second contact structure in said second el enent; an opening, fornmed

t hrough seiepl second el enent, said first and second bondi ng layers, and a
portion of said first elenent, to which said first contact structure is

exposed; and aBZ'N@étﬁ@d‘Ebe&Eﬂtéﬁfan%ﬁ@g %rﬂﬁﬁsﬂlﬁ sai d opening and in contact
with said first and second contact Stru 22. A structure as recited

in claim?21, ond t structures

consi sts esseV\@%r%biica){fb%gﬁﬂ1 %{aﬁp Peln%er éaﬁtlea%ggfp&%@ I}?chtaﬁf %é’%?tﬁ%? #851 inclaim
conpris substantia all. .of sajd su rate, hei ng renoved, 24. A

st ruct ur e aé‘igg@éfltpéﬁ ?gorE’l %ﬁ?#l W”%%P%Wﬁns?ﬂfggﬁ @m@%ﬁ’é‘ﬁpné’%‘:ﬁﬁﬂi‘%s a

sem conduct or device, said sem conductor devices in said first and second

el ement s #d Fet semicenductar deyicgiechnol ogi es. . 25. A structure as recited in
claim 16, wherein: said first and second bondi ng | ayers each conprises a

mat eri al havi nfpuaing ethidtbonding tayes havingiarthird bordiangefot withpaidbtned el y 1- 3
and a thermal conductivity in the range of approximately 1-10 WcnK. 26, A

st ruct ur edeadred endce dolighnedsaonh Hst sﬁa@iﬂérdfalﬂi)@d sbdirstef dafSthiraRebsh@gond bondi ng
| ayers bei ng bonded w thout fusing. -23-

baving a second semiconductor device formed therem;

forming a fourth bonding layer, having a fourth bonding sutface with said range
of desired surface rou ghnéss, on said first remaining portion;r

bringing into contact said third and fourth bonding surfaces;

bonding together said third substrate and said first remaining portion without
application of teraperature; and

interconmecting at least said first and second semiconductor devices after bonding
said third substrate to said remaining portion.

33. A method as recited in claim 32, comprising:

repeating steps of removing at least a portion of a substrate, forming a bonding
layer on said portion, forming a bonding layer on a substrate, directly contacting bonding
layers, bonding substrates without application of temperature and inferconnecting devices

to produce an N-integrated device, where N is an integer greater than 3.

34. A method as recited in claim 32, comprising:
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27 JULY 2004 27. A structure as recited in claim16, conprising: said first
bondi ng |l ayer directly bonded to said second bondi ng | ayer thro@gruisiay @004
first and second polished surfaces by placing said first and second
polished surfaces in contact w thout application of pressure. 28. A
structure as recited in claim16, wherein said first bonding |ayer is
bonded to sai Hteeemmsetingosil hgt tndaseond semgoendapior devedsaffenbonding saie. 29, A
met hod of integrating substrates, conprising: formng a first bonding

| ayer, hathindgubstfate stsatdnetiaingngsporfiore with a range of desired surface
roughness, on a first surface of a first substrate, said first substrate
havi ng a firsgs samabsdlactoiedda ¢4 jzpeémﬁigﬁlj@rei n, formng a second

bondi ng | ayer, separated fromsaid first bonding |ayer and having a second

bondi ng surfac&,ﬂﬁgﬁﬁﬁhﬁafeﬁﬂg&%e@psi red surface roughness, on a first
e

surface of a first ement’ having a $econd substrate; bringing into contact
said first and_secaond bonding.surfaces:. and bondi.ng together sai.d first
substrate and rse%m&%* art?ffas%‘%%gﬂ? oé\f’atuﬁﬁﬁ'fdasg‘gf)tﬁ%%gqlle%ﬁ ao.*}%cm{ %re to
forma bonded pajr. 30, A nethod as recited jn claim29, wherein bonding
sai d fir SROTHOBSHIdACLO0IHEMEUIRE ParTian contafdgsadwpMiseRieoRductar dayies bri ngi ng
together. 31. A nethod as recited in claim?29, wherein said first el enent
conprises a skwwing ssehinglifaer insercernertcle saislmiecondgtmebhingymptidrgiand: r enovi ng
at least of portion of said first substrate to forma renai ning portion,

sai d remai ni nginfroednnectinpeaidfing ag sseomd seimicindaeint dotsty atiag sadvidglayand
-24-0 27 JULY 2004 interconnecting said first and second sem conduct or

devi ces ahteetongadtd renoving step. 32. A nethod as recited in claim 29,
conprising: after said bonding step, renoving at |east of portion of said

first substratsy fQMBhod as recited in claim 35, wherein bonding said multilayer

interconnect to sald second remarning portion comprises;

forming a fifth bonding layer, having a fifth bonding surface with said range of
desired surface roug,hnes.s, on said second remaining portion;

preparing a sixth bonding suxface on said multilayer intercormect; and

bringing into contact said fifth and sixth bonding surfaces.

37. A method as recited in ¢laim 32, comprising:

removing said third substrate to leave substantially only said second
semiconductor device.

38. A method as recited in claim 32, wherein said removing step comprises
exposing a contact structure in said second semiconductor device.

39. A method as tecited in claim 29, comprising:
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sai d bonded pair to forma first remaining portion, said first remaining
portion containing said first sem conductor device; form ng a @27 JdLY 2004
bondi ng |l ayer, having a third bonding surface with said range of desired
surface roughness, on a first surface of a third substrate, said third
substrate having a second sem conductor device fornmed therein; formng a

f ourt h bondi nepfietigaid bonding sigparemoningtat basidimgriian ¢izeld it mbgmtelfreminge  of
desired surface roughness, on said first remaining portion; bringing into
cont act saidbdrdied gaiandfdmmir temabmmgiporgos,midaesainifppettiog corogaingenidsasd t hird
substrate and said first remaining portion wi thout application of

t enper at Weshicaddctopi®hsHNnecting at | east said first and second

sem conduct or devi ces after bondi ng said third substrate to said renaining

portion. 33, Agpeihadinag bﬁﬁﬁiﬂ%%{#ﬁ Baﬁhgiarﬁﬁ@boﬂiﬁ%g)ﬁ:%é‘g.ﬁtggﬁigiq%ég}?ast eps

of renmoving at least a portio a substrate, yer on
said portjon,.formn bondi ng | ayer o Substrate, directly contacting
bondi ng Areﬁlg;%‘:}%’,’"fa%ﬁ gﬁaesgu%%?ﬂﬁtggr?%etoﬁgﬁpﬂgﬂ%sﬁ%gﬂ on of tenperature and
i nterconnecting devices _to produce an N-integrated device, where Nis an

i nt eger gr eat eforaEgH fgurth hon &&Y%Ha‘&ggﬂé@ﬂﬂg@ﬂdﬁl&ﬂuﬁfaﬁ?wsé‘éﬁ%ﬁesi ng:
-25 0 27 JULY 2004 interconnecting said first and second sem conduct or

devi ces affidesirtsosdfane rasighuiess.tam saifl replsdingipertivns; sai d remai ni ng portion. 35.
A nethod as recited in claim32, conprising: formng a nultilayer

i nterconnect ; briging ing aintdeesdd tardoertibarth béudiag shrfabes; dndubstrate to | eave
a second remaining portion, said second :renmaining portion containing said

second seri Conghaltodaiirsaid (@ Belistatesall dailbmbindiporligl WiEGANECt to sai d
second remai ning portron; and interconnecting said first and second

sem cond%ﬁgaﬁﬁgﬁ&ﬁpé}m said nultilayer

40. A method as recited in claim 29, comprising:

forming a multilayer interconnect;

bonding said muitilayer interconnect to said bonded pair without application of
temperature; and

interconmecting said first semiconductor device and said multilayer interconnect.

41, A method as recited in claim 29, comprising:

formuing one of a silicon oxide film, an Si0; film and diamond-like carbon film as
said first and second bonding layers.

42, A method as recited in claim 29, comprising:

forming said first and second boading layers from a material having a dielectric
constant in the range of approximately 1-3 and a thermal conductivity in the range of
approximately 1-10 W/emK.

43. A method zs recited in claim 29, comprising:
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interconnect. 36. A nethod as recited in claim 35, wherein bonding said

mul tilayer interconnect to said second renaining portion conpri2yestILY 2004
forming a fifth bonding layer, having a fifth bonding surface with said
range of desired surface roughness, on said second renaining portion;
preparing a sixth bonding surface _on said nultilayer interconnect; and
bringing i nto bowingsald §isand secandFrbshnies rithowidisimg 2pplededitage srpregsigst hod
as recited in, claim32, conprising: renoving said third substrate to | eave
subst ant i kdidm@nl y said second semi conductor device. 38. A nethod as
recited in claim32, wherein said renoving step conprises exposing a
contact structu4.eAimethod ok meialid chamidppasitipligfic:devi ce. 39. A method as
recited in claim?29, conprising: _26 0 27 JULY 2004 after said bondi ng

Step, T erovi NubdidhPAN G apidoblledEdal & bhfShoHbBhEALS, oM Sai d

bonded pair to forma remaining portion, sald remainihg portion containing

said first Seﬁ@.cg%&ﬁ&i’{%l%&\fé diﬁ;clafiﬁ}r@ F&n%éstsilﬁé:rd bondi ng | ayer, having a

third bondi ng surface w said range b ed surface roughness, on a
first surface qf a.third substraie; formnpg a fourth. bonding |ayer, having
a fourth bondi m&%@@%@&&%%@@m PEEROSE SBHICKHE FORE M loughness, on
said remaining portion; bringing into contact said third and fourth bondi ng
sur f aces; TeRITINEbHWEiatial pgaianet saidi fast mbsttate by 8t least enaefpddishing pedai ni ng
portion without application of tenperature. 40. A nethod as recited in
cl ai m 29, givshigg.i sing: fornming a nultilayer interconnect; bonding said
mul tilayer interconnect to said bonded pair w thout application of
tenperature; a8l A method as recited claim 29, comprising:
polishing each of said first and second bonding layers to arange of surface
roughness; and
bringing mto direct contact said first and second bonding layers after said
polishing.
47. A method as recited in cleim 29, comprising;
removing substantially all of said first substrate except for a region im which said
first semiconductor device is located.
48, A method as recited in claim 29, comprising:
removing said first substrate to leave an array of devices unconnected by any
portion of said first substrate.
49. A method as recited in claim 29, coruprising:
removing said first substrate to leave an array of devices substantially completely

isolated from each other.

50. A method as recited in claim 29, comprising:



i nterconnecting said first sem conductor device and said nmultilayer
interconnect. 41. A nethod as recited in claim29, conprising: 270JUL¥YQ@00de
of a silicon oxide film an SiQ2 film and di anond-1ike carbon filmas said
first and second bonding layers. 42. A nethod as recited in claim 29,
conprising: formng said first and second bonding layers froma nateri al
havi ng a di el efrming saedft apd sqeand bendingigucrs froappreoxidhesivemateriland a
thermal conductivity in the range of approximately 1-10 WcnK. 43. A

met hod as reci bewitgsaid fistraddsecondbendinmigyers Mithobt AFngULY 2004 bondi ng said
first and second substrates w thout using applied voltage or pressure

bondi ng. 44. AsheAhastheday Reitédia ddimAdRismpsingonpri sing: bondi ng said
first and second substrates at about roomtenperature. 45. A nethod as

recited in cl abdfishthe GONBE dadd Bek adPiRbAY Q&ﬁagb@g%g?% %gxpg#@ @Irgpﬂé’s% room

tenperature sufficiént to permt renoving. E) ronof said

first sub ghg ~ | east one of polishing and grinding. 44. A nethod as
recited cﬁlgl&m é’?gc%tr‘r&ﬁri sing: polishing each of said first and second

contact said 1 74<b EPEBOHIBARAGS) SYBPORR o sai ol | shing. 47 A
met hod as recited in claim?29, conprising: renoving substantially all of
said first subRliching easteefsaid Bvst and segonshbandingaysrs tea shrface raghsesionduct or
device is located. 4%. A nethod as recited in claim?29, conprising:
renovi ng thairahgkiof St108ubstrate to | eave an array of devices unconnected by
an 53. A method as recited in claim 29, comprising:

polishing each of said first and second bonding layers to a surface roughness no

more than 5A.

54. A method as recited in claim 29, comprising:

said first and second substrates being of different technologies.

35. A method as recited in claim 29, comprising:

forming a first planarizing layer on said first substrate; and

forming said first bonding layer on said first planarizing layer.

56. A method as recited in claim 55, comprising:

forming a planarizing layer on said first element; and

forming said second bonding layer on said second planarizing layer.

57. A method as recited in claim 29, wherein:

said first semiconductor device comprises a first plurality of metal structures, said

method comprising forming said first bonding layer to cover said first pluxality of metal

strictures.
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portion of said first substrate. 49. A nethod as recited in claim 29,
conprising: renoving said first substrate to | eave an array of @MNJIQEY 2004
substantially conpletely isolated fromeach other. 50. A nethod as recited
in claim?29, conprising: -28-0 27 JULY 2004 formng said first and second
bondi ng | ayers %r m am&ﬁ?n-adhe Ive material; and bonding said first and
second bondi ng? aé‘e‘iﬂg ERERGHed Ustlpm 2% Wheginiet hod as recited in clai m 29,
conprising: polishing each of said first and second bonding | ayers to a
surface roughné&d first elemmmt compasasfa sBeongAlurality of el Btrdetasssyeadd fnelodn cl ai m
29, conprising: polishing each of said first and second bonding |layers to a

surface r oughness firming s seangdbaddite bk to 23verAaidnthnd i8Gftedai N ¢l ai m
29, conprising: polishing each of said first and second bonding |ayers to a
surface remghmess no nore than 5A. 54. A nmethod as recited in claim29,
conprising: said first and second substrates being of different

technol ogi es. 5§5 ‘ﬁbtﬂg&mcﬂéddﬁﬁecﬁgrj}&%g%#L aim?29, conprising: formng a

first planarizing layer on sai St Fnéte; and forming said first
ol ai m 95, compPia g sempidiey B Re c P arerg frepaoRH BdPciRigeie et . |
57 A ot Gt REIGHRER RIS SR e PP sl e ol b Sop oD T
device conprises a first plurality of netal structures, said nethod
conpr i si ngrst berding)layer an faid Srst ploradity f tatpbstrictirenandrsagifiigt fitesit]. pl ural ity
° me.t ! 60. A method as recited in claim 59, wherein:

said first plurality of meta) structures extend above said first material bya
distance, said method comprising forming said first bonding layer to a thickness no more
than 10 times said distance.

61. A method as recited in claim 59, comprising;

forming said first bonding layer to substantially completely cover both said first
plurality of metal structures and said first material,

62. A method as recited in claim 59, wherein:

said first element comprises a second material and a second plurality of metal
structures extending above said second material, said metbod comprising forming said
second bonding.layer on said second plurality of metal structures and said second
material.

63. A method as recited in claim 62, comprising:

fortning said second bonding layer to substantialty completely cover both said

second phirality of metal structures and said second materal,
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structures. -29-0 27 JULY 2004 58. A nethod as recited in claim 29,
wherein: said first elenment conprises a second plurality of neta7 JULY 2004
structures, said Method conprising form ng said second bonding |ayer to
cover said second plurality of metal structures. 59. A nethod as recited
in claim?29, wherein: said first sem conductor device conprises a first

mat eri al and aSfi A saethnd efdpiegxatiag subsiates, epmnlising es ext endi ng above sai d
first material, said nethod conprising formng said first bonding |ayer on
said first pl uf@iricatngd firsesahicendusttrdeeise and fastisdbdtiatest material. O A
method as recited in claimb59, wherein: said first plurality of netal

structures ext &ndicaiiovesaahdlsdnhicaidudir geviot oRY sécondisshsdage, sai d met hod
conprising formng said first bonding |ayer to a thickness no nore than 10

Lires sai g O sk a S ofiaiBblale Byet S6i4Ed 4 Khahih Do LONNTS) N0

forming said first bonding |ayer to sdbstahtially co efy cover both

said firs Lut-al.i al structures and said first material. 62. A
met hod asg"}rga(%fatogagl%iﬁﬁégélf%%%@, wherein: said first el ement conprises a

- second material and a second plurality of meta] structures extendi ng above
said second rraP%WﬁhH}g,saéd;ﬁ'Ht%Eﬁ A PP ERISHS FA¥ESai d  second bondi ng

| ayer on said second plurality of netal structures and said second
material . 63. Ppelishingew wper aviacedf $aid edcandrsdBirate dorpaid singg of Bunfareng sai d
second bonding layer to substantially conpletely cover both said second

pl ural i t yrowgghmess ahidsdevicethaving annctidedaykr ae pamn df theidevicabnd sad@upger 2dcfaddl Y 2004

- 64. A nethod of integrating substrates, conprising:
comprising a surface of said oxide layer;
bringing into direct contact said first bonding surface and said upper surface after
said polishing steps; |
bonding together said first and second substrates without application of
temperature to form a bonded pair; and
interconnecting said first and second semiconductor devices after bonding said
first and second substrates,
65. A method as recited in claim 64, coraprising:
depositing a silicon oxide layer as said first oxide bonding layer; and
polishing said upper surface of said second substrate to said range of surface
Toughness, said device having a deposited silicon oxide layer as part of fhe device and
said upper surface comprising a surface of said deposited silicon oxide layer.

66. A method as recited in claim 64, comprising:
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fabricating a first sem conductor device on a first substrate; fabricating
a second sem conduct or device on a second substrate; form ng a f27 3ULY@00A
bondi ng |l ayer, having a first bonding surface, on a first surface of said
first substrate; polishing said first oxide layer to a surface roughness
range; polishing an upper surface of said second substrate to said range of
surface roughfB&saidhondingasion: eerpeiinget laast s ppdioniofyad secondanbstuate frdra devi ce
and said upper surface conprising a surface of said oxide |ayer; bringing
into dir eetid bondedqairdaifetuf 4 fist ryoainingpostiont saié fiast deragihigopion eutddae af t er
sai d polishing steps; bonding together said first and second substrates

Wi t hout apyidl kehi eemiRbndicesiierirture to forma bonded pair; and
i nterconnecting said first and second sem conduct or devices after bonding

said first antfrendiind Rilhe i I@ay P0aBidALERE shlfal BRI O

conprising: depositing a silicon 1de as sail oXI| ondi ng

I , i shi S| . f id d bstrate t id
ange of S5 Ptk A ARTL bR R Uy BBl il R B an ot Bt ot e
f

| ayer as part the device and said upper surface conprising a surface of
sai d depoginf"gﬂ PPcon oxide layer. 66. A nethod as recited in claim 64,
conprising: -31-0 27 JULY 2004 aver said bonding step, renoving at |east a
portion of sai Smésmpushiszidedoadingdayesdiatingorivadh panding surfapenomesaid r st

remai ning portion, said first remaining portion containing said second

sem condufitsbrenabining pertiooy ming a third oxi de bonding | ayer, having a third
oxi de bonding surface, on a first surface of a third substrate, said third

Fourt h oxi do. Boaci e Tayar hau me o T S e el D R et g 07
roughness;
bringing into contact said third and fourth bonding surfaces;
bonding together said third substrate and said first remaining portion without
application of temperature; and
interconnecting at least said second and third semiconductor devices after bonding
- said third subsitate to said remainiag portion.
67. A method as recited in claim 66, comprising:
repeating steps of removing at least a portion of a substrate, forming a bonding
layer on said portion, forming a bonding layer on a substrate, polishing bonding layers,
directly contacting bonding layers, bonding substrates and interconnecting devices to
produce an N-integrated device, where N is an integer greater than 3.
68. A method as recited in claim 64, comprising;
bonding said first and second substrates without using applied voltage or pressure

bonding.
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first remaining portion; polishing each of said third and fourth bondi ng

| ayers to said range of surface roughness; bringing into conta@7 Jaiv 2004
third and fourth bondi ng surfaces; bonding together said third substrate
and said first remai ning portion wthout application of tenperature; and
i nterconnectin gtgwi sai d second and third sem conductor devices after
bondi ng said g IReited: i chBmdb% epPTSING portion. 67. A nethod as
recited in clai m 66, conprising: repeating steps of renmoving at |east a
portion of a spdlsshirgteach pOsaid figpt andsredidiondinyleyerotn s aitthcpasighaess thor mi ng a
bondi ng | ayer on a substrate, polishing bonding |ayers, directly

cont act i nthelvanpdiofg-154ers, bondi ng substrates and i nterconnecting devices
to produce an N-integrated device, vvhere N is an integer greater than 3,

68. A method agp.r 8GhdiBSH i ekl i # J: bonding said first and
second substrates w thout usi ng ap |ed VO t“?é or pressure bonding. -32-0

27 JULY 2004 . M 64 .SI N ol i shing
each of said f‘g S@I%E%E}éecon @0 gcl&yééisg%"f'n?‘ﬁ'aﬁe FEd8 in the
range of 5-15 fﬁ A met hod as reC|ted in claim®64, conprising: polishing
each of sBPEF WA IH and second bonding layers to a surface roughness no
nore than. 5A. 71. A nmethod as recited in claim®64, wherein: said first
surface conpri SesAangthodss rpeitpddn iclajm @, wherain: st ruct ures, said met hod

conprising formng said first bonding |ayer to cover said first plurality
of metal strusidifisssuRee campBtdsadiraspluetityt aftndtal stiuaiures/said eeiodi n:

comprising forming said ﬁrst bonding layer to cover said first plurality of metal
stractures.

72. A method as recited in claim 71, wherein:

said second substrate comprises a second plurality of metal structures, said
method comprising forming said second bonding layer to cover said second plurality of
metal structures.

73, A method as recited in claim 64, wherein:

said first surface comprises a first material and a first plurality of metal structures
extending above said first material, said method comprising forming said first bonding
layer on said first plurality of metal structures and said first material.

74. A method as recited in claim 73, wherein:

said first plurality of metal structures extend above said first material by a
distance, said method comprising forming said first bonding layer to a thickness no more
than 10 times said distance.

75. A method as recited in ¢laim 73, comprising:
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sai d second substrate conprises a second plurality of netal structures,
said nethod conprising form ng said second bonding |ayer to cover ji3gy®004
second plurality of netal structures. 73, A nethod as recited in claim64,
wherein: said first surface conprises a first material and a first
plurality of netal structures extending above said first material, said
met hod conpri sifergunsssd At bamding laysr torsehstantipllylcayptetay oo Bothi saist fiyst ur al i ty
of metal structures and said first material. 74. A nmethod as recited in

cl ai m 73, plndrtgioh metad studtines endodaid fitst tnatepfal.met al struct ures ext end above
said first material by a distance, said nethod conprising formng said

first bonding Fay@rméfodad ReRENRSTiMO73)W8eid:nan 10 times sai d di stance.
75. A nmethod as recited in claim 73, conprising: -33 0 27 JULY 2004 formng

said first bon Hﬁ%ﬁ I i,d first
plurality of rreg%lggeds?tﬁ ?Eﬁctisq&?%e?da éga%% %ﬁi{% élt%{épi erl Al eg&fgﬁm‘%ﬂh&%ﬁg{
reC|ted| %Mv%r LN saldd c{) {hﬂae co esas ond

mat eri al an a secon ur al alfl&ﬁ(iﬂ;l r?é égm e said
second materi met hod corrprl SI n form ng said second bondi ng | ayer
on sai d s¥CEH ‘SL?HCE%‘%V ry“f’cﬁalq’rﬁ‘%‘ll Bl of astabsiaicupsrrdseidsgcondat er i al ,  77.
A nethod as recited in claim76, conprising: formng said second bondi ng

| ayer to B@tssiehntially conpletely cover both said second plurality of

metal structures and said second material. 7S. A nethod as recited in claim
64, wherein: s&l.dAfmetbed suréitaddn ciampricsesmprisigs:t i cal topol ogy correspondi ng
to afirst plurality of interconnect structures, said nmethod conprising

formng said_f foingtafdchnd GurllingdRydrd QubsfdnﬁﬁlflgyEﬂ%elf%v@xfbdtﬂtsﬁﬁconne(:t

structures. 79. A nethod as recited in claim?7 ri'sin
second plurality of metal structures and said second material.

78. A method as recited in claim 64, wherein:

said first surface comprises a vertical topology corresponding to a first plurality of
interconmect structures, said method comprising forming said first bbnding layer on said
first plurality of interconnect structures.

79. A method as recited in claim 78, comprising:

forming said first bonding layer to substantially completely cover said first

plurality of interconnect structures.
80. A method as recited in claim 78, wherein:
said second substrate comprises a vertical topology corresponding to a second

plurality of interconnect structures, said method comprising forming said second bonding
layer on said second plurality of interconpect structures.

81. A method as recited in claim 80, comprising:
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formng said first bonding | ayer to substantially conpletely cover said
first plurality of interconnect structures. 80. A nethod as redz gdLiy004
claim 78, wherein: said second substrate conprises a vertical topol ogy
corresponding to a second plurality of interconnect structures, said

met hod conpri si form.ng sai.d second bondi ng. ] ayer on said second
plurality of i ﬁ?@?‘@gﬁﬂgé?wﬁlbﬁﬁ%gi@’.ﬁ§ Sl‘.g’Stﬂgﬁ’Péi gpkeely seyarsaidisgecandai m 80,
conpri si ngﬂ;'l -34-0.,27 JULY 2004 form ng said second bonding |ayer to

subst ant i ‘Fﬁﬁ‘é’&fﬂtﬁc@W%W@ai d second plurality of interconnect

structures, 82. A nethod as recited in claim64, conprising: said first and
second subst r atdds Aeiethgd e ratittd by dain 64chmplisigies .

said first and second substrates being of different technologies.
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