WO 01/ 26131 PCT/ US001990 Three D nmensi onal Device Integration Method and
I ntegrated Device BACKGROUND OF THE MUM= Field of the Invention: The _
present invention relates to three-dinmensionally integrated sen conductor
devi ces andwoion2@arti cul ar, to senmi conductor devices verP$¥HEP¥bnded
together to formthree- dinensional structures. Discussion of the
Background: The ability to integrate determ nes the success of the

sem conductor industry. THiree Dimensipnal Deviedningration™Methof t h t he i nvention of
the integrated circuit (1C). The an@IntegratedDevicy consists of fabrication of.
el ectroni ¢ conponents at the surface of the sem conductor wafer followed
by i nterconnection of these conponents with netalization on top of the
conponents. The dramatic remWMase i n performance that
has resulted fromthis integration has had a profound econom c i npact.

Si nce the iFivldofthodnvshtiethe | C, the sem conductor industry has experienced
continued rapi ro . .t o.cont i,NUOWS I Vi | L tion
density of vari %&g pﬁv%’gﬁq'gﬁfog r%%s%%%ﬁ?%%éfs Sérdéﬁﬂé{%ggés?
resistors, ghdpaghitionlss, teefmidonhifor dnésds virtidally bendsdbogethaitéd formithres | npr ovenent
in integration density has cone fromrepeated reduction in mninmm feature
si ze which W“ﬂ’cﬁ“@c@ﬁ‘rponents to be integrated in a given area.

Addi tional inprovenent has cone fromincreases in wafer size. These

i ntegration inprovenments are essentially two-dinmensional (2-D) in nature,
in that tHbissussiomeftheBagkgmandy t he i ntegrated conponents is essentially at

t he surface of enj.conduct or fer. Although.dramatic i nprov t.S In

i t hogr aphy havﬁ?gé“ﬁg'ttgbmfﬁate ?Bﬁg‘?&?&ﬂ’ﬁﬁ‘#&“ﬁﬁ%‘gﬁmﬁ“ﬁ‘%’?‘ﬁﬁwz-

i nt egr at i ONwastfiQdemehstrafel With@ inventidd oF theOntegated Sifuait (IC). The IdesssntialBe
achieved in 2-D. One of these limts is sinply the_mninumsize needed to

make these w@ofipspkibicationefidlrstonic sampopents 4t the sicdaee of the sRmicapdp@ersater,
| Nt er conne Cod @Y hERBREAI R b ARBRARSHI AR A RAGPAIRN ©) Z€ 1 S

reduced. FEf NI eve 1 ntegratron beyond that available with 2-D has
been expl or eshpamsits. 'Ths dtaretic redudtiop imoostrand increasedinpgrfompanse shathes résultecher

sem conduct or industry 0 . For .instance, the trench capacitor uses
si gni fi cantg%ml%ﬁmé?rggu%%@?%@ﬁﬂm%%r surface WO 41126137 B
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area. Qther efforts, directed at . . . . .
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



achi eving higher levels of integration by increased use of the volune in a
gi ven chi p wioaansishave recently increased. One approach res/usea9®o iterate
the integration process by adding sem conductor material on top of the
interconnect netalization followed by additional interconnect
met al i zat i aid allwishsore funtctidralityad bevichield i o' gival khip afetl. Othereffoptspdireead at per chip
area, it suffers f,ron;%g{]er@%robl ens, i ncl udi n(g significantly increased
t-her mal budghiewing higher leygls of igtpgration by Bprgased pee,of e vohung ing given ip #82 i n t hat
t hey only t REKto 3 : :
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Substrate. t su n evices to the thermal processes Tnvel ved in
f abri cat i ngemicenduptormetsrialeattopafifeinsicomect nietalizationfoliowed by laddifiadal i cat i on of

the devices.. Anot b lts f th ' f the ability t

Scal | nt oTugRDES Baiza GGk puBAY Bl Bt doReatedf rions,

I deal |y, oRgaVefiffers fidin eﬂlk:_tﬂraﬁémﬁhm% SBnifi@intiPinkledsed theRfal blidzekaiE as a
n

gate di nensi on. However, since the scali of vias lags the 'scaling of

devi ces, i nédtemthivandshes effgrtsiaze distipctindhat fhay oM psepne Hbstade and then workn t ryi ng
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must be devi Ribrcating the istbicentieet valtsimgtify b énbaits eledieationRE Graesiess.  equi r ed

for one technology often interfere th processes required for another. As
a result, conprﬁﬁ?%%’ém?ﬂ?@‘mﬁ'&ﬁf@"ﬂhéw giBg g1 the il o $rale datergennette conbi ned

t echnol 09y aBRGERScoipR%aRo ddlifg d¥ice BRI S6ns, 4, BhEwiri @9 Eﬁﬁéa?ﬁin@ﬁsiﬁff‘g n

technol ogies that aré being conbined very difficult if not 1 npossi
ot her wor dof a viado bathe sampasagets dirhensionoHowews dince the beatihpofi wiss legsehan ot

conmbi ned and evplutions in.the technol ggi es cannot be expl oited. Another
probl em of * %%Pﬁ4e§5:e%é1§?ﬁg%108 F’Eg‘stg‘ ngt custoni zation must occur up
front. One nust Firthesproblems giisetwien Aying eSimteptitd diff@aithipecofitbdnblegibomtagi es and
thus the Iljmtations are built into the device. Again, one cannot easily

take advanf&gle cBruitsraTali BHMOgtone prarienbynicslly, specid HeTssigy teshmiguest hat
requires r?rﬂﬁt%e%bi@&ltB!B@aIHE%ﬁﬁhﬁ%e%ﬁ&q:m%g%%%melt I's an

obj ect of the present invention to pr e a net I ce having high
i nt egr at i otechielegytoften interfege withoprioensses gquired fof artother. i An/amsily compromisesirde a

net hod and devi.ge whe Iffere type f terial be.inteqrated. -2
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structure conprising the integrated devices. .
impossible. In other words, the most advanced "best of breed” technologies are not combined

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.
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It is yet another object of the invention to provide a nmethod and device
where di fWweosmis7st ypes of technol ogies are integrated. [RCT/USOH21990i | |
further object of the invention to avoid or mnimze the thermal budgets in
i nterconnecting devices. It is yet another object of the invention to allow
the integrati gaisaffuithe objeetof shegprésaiitlinventichab pruvivgiattethddi dTantégraigi Ng
significant processing.conprom ses. These and, ot her. objects of the

i nvent i onmﬁﬂvnﬁépeééﬁaévgé% aStpetps SempHsinghagiintagrated deviges ng pol i shing
respective fi r1§fsryémoaﬁmje&om%m®%q9 vﬁeqxﬁg ol dndBdVidYVARRS €ach to a
desired surface roughness, bondi ng together sai I rst surfaces of said
first anddiffecortypeswdtachnologies arpintegeatidng a second surface of one of said
first and secqpd l.ec fter. bonding to said supface rqughness, and
bondi ng sai d 3?&5&%55%8%°§%&W?W°%’§%%W%&e%a%agﬁwé‘d second
surface. ihieconhéctingdevitly be polished to a roughness of no nore than about

5-10A. The first workpiece may be obtained by fornmng a thin first
material on a Isisyeranothsr ebipq jof the inventionde allow e insegsationof thetbestamailableed by

form ng hi L -1 Al A j.al, and the third
wor kpi ecgk" W[bgée@%ﬁgl neg t@lﬁﬁ%ﬁt%&%&%{ﬁ}%*%sl al on a sixth material.
The met hod mayTheseamidiotkeer bbjects bfthe invéntion imag b achi¢vied by & rethodiofibérdlignd fi fth

materials, to obtain.the first. surfaces,. The first and third materials may
each be fBfivde thsg‘"}geffﬁe?tﬁ'ie frst shrfages.of °F9Pé‘ﬁﬂéﬂ‘“qem§ﬂ&°tem ¥ and & high

di el ect ri gesr@\iraeH roughiss bérling thgkithed s first sukfabes TREAd it snd'Borle Sel ected

fromthe group consjsting of silicon dioxide, silicon and dianond-Iike
car bon. TWerkpiepssspolishing p gecond syrface of ongobsaidifizst and\sedond workpisges aften t hi ckness

of about o ' ' { fourth and

o xt o RS S Sl RS SRl borblo A8 ot siffck e RRERESon it ) 701
form ng fsaidpolisiedcegindistifacd. sem conduct or devi ces on respective first

t hrough third gubstrates as t.nh i rst-third workpieces. Surf.,aces of the
first and sec S&@W%&EEP?JFﬁHL AR °f)’_é°‘BBﬂ%iﬂ§ﬂﬁ‘€§°‘t‘t ’Maﬁ’?‘?ﬂe _
respect i VQodkbie8d maybk obiAfI WY ﬁﬂﬁiﬁﬁﬁﬂﬁn fitstmbiefifl 0R’4388Un8 maferfal, HRlsedBplier i @l

may be formed on the surface of the first sem conductor device and a

second nawerkpigre may bhebtaiaedhyfogning A thin third seaterigl on yfourth mstatial, sedhihe triduct or

device. T | Y _ ' . ] A . i N, the

eupect  vabikplebehaPBfBRaTF) BRAE s Bk i Pk el PIRB AR

exposed sinchidethe stfepmf@oﬁshinMe first, ghirdharcd fifthomatetistetoiobaitcthie fist suifavésces may be

pol i shed to & flesitot i A58 aHE o7 8 ALLE oA adniilS, [ hiR bty Second
conductivity and a high dielectric constant. The first, third and fifth materials may be
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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 second, 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.




exposed surface. |n another exanple, an exposed surface gk fr@b t he first
and second @M% duct or  devi ces may be polished to a surface roughness of
no nore than about 5-10A after bonding the first and second surfaces.
Surfaces of N2 seqy (e gels Vi,fﬁ% Eﬁiﬂ IR{% ' fhef® . | a' surface
roughness of a&&?ﬁgéa%ore toﬁgxﬁe - 32 %% %g:%ﬁconggéé&wgrpﬁ%gg?ces may
be bonded jdliskddao hdesied stuifics ronghssafiepbuehding thecfivstdnd seondimvibeessantl ¢heobt ai N an
N i nt egrated bonded, deyice. .Suhstrates of ch . of the N2 senm . conductor
devi ces nafrshwriaceibe ﬁe"?‘f’f@%}’ﬁ?" Vigt gh %%@i@m‘%ﬁw 395 r d

semi conduct or dgyj 1836 i3 drBhEGHR S 42l Sidhd Snfihfor ON
substrat es. Olceiﬁ\é?&tﬁﬁe su s’trta&%qgg'é"%f t he f%rst and second sem cond%rctor
devi ces nagevives may bopelished b asurfive raughutissief iotee than shont 2t0A afepdemtingyy

more. than B SandseGori HEiees Supmol B2 SuBON PUres Y PE AR B pol | she
to a surf agRid,oiaRaSEuinesd BPsbout i Hbre thah 3ADAS The N3 semidddldich devitdsace of

the third semconductor device and the polished exposed surface may be
bonded. Timey hebdnded tedhe banded firstand gecondhsemigongurtasdeviedsitgottais ap Nogat e
Substrate as th f”?# r&piece. of ' R ' ji. on a
second subg‘?ergﬁt% bgs dee"i\ggc%l{r?éﬁ &V\kg)srqgﬁ%é?g?g hg%ﬁ%@hﬁ%g&gﬁgaﬁéﬁ l%)ef the first
substr at e, repivédinitgintegatiod proeesof the integrated circuit, and bonding the
first substrate_ and the integrated circuit. A second surface.of th
integrated cirti , y be

i d ci rEwifstRyd srmioRntcler dgvices ey BT FOMRPEPITEBHd CTARS gy b
formed on g, biikifesS GR3F Bk QuiRBatbd 6 the #st d)d WRBKDIcRAGNdTIcH EEHES n et NE
second integrated circuit may be polished, and the polished suiface of the
second i nt egroatdafter thebandingisisp. e susfapeiexposed by hemdvingghe substetrmayt circuit. A

first materi.a f he surfa f e slkeral. and pol i shed.
A second Wh?@%sﬁ&?“ggeﬁ%ﬁ?n%cﬁ%gﬁnfﬁo%ﬁl%g’ég'&’(k)%fmﬁg% | ﬁt%iengr ated circuits
and pol i sheghicohdgetdd desice magibe pelishsddo aBintick Aughneeyofaborft as Mpek than H10Ai ckness
of about 1-10_ tines surface .non-planarity, of the surfaces of the
stibstrat e #HdhF FEBET ofithr i vaq@%&wem@fr gnhsmﬁ*@&mﬁwém%b%o
include stgps.@f forming Nthin filns on a first material to obtain the
first workpi ece and polishing an uppernost one of the Nfilns to obtain the
desired surf acBemptigideayslsoanddudedhatepy of iy asufrogatssubsirate asdleofirst nat er i al
to obtain the secand.-4 01/ 26137 PCT/ US00/.21990 . wor kpj ece .and pol i shing
b Upper moSPIBIES AT EHFRE PR on St AT B B SEP R P Pc o
roughness. pdildBingR ishi@ide GBthe bt sbubitivid, pelshy ol sGsde 0B R itégritb®cifuR hd Of

polishing at |east plural . L .
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 substrate 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 material 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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of the Nthin filnms and polishing at |east plural of th%%@é@ I|“ITB A
surrogat e WABH6I¥t ¢ may be used as the first workpiece . S relieving
| ayer may be formed on the surrogate substrate. A thin filmmay be fornmed

on the stress relieving layer and the thin, fllmm%ﬁ‘bﬂ"ﬁdOHShed to obtain

the desi memkpiteeraé Bolishingian sprermay engiefthol tigyfilms o ph esiied Swnnect i ng
the sem cggﬂ”g o i L or _
bet ween i'hdi Vi % i\‘ eé\l/lﬁgglg n?é%%ﬁ%%?ﬁg’fﬁéwpﬁ%% ev (}gs y Fncl ude
bondi ng af theN thid filyrerand polishingrab least ipbwal wbthe Mo thixi filmdse devi ces after bonding
the two devi ces Af t er bondi n the fi rs?ﬁgnd secon sem .on.du?tor devi ces,

one of the sufsTFRBae sybstate pa P%Pﬁ?géﬁthf §iF9ss LEICVIRR faYeL By ace may
be poli S*b@?? aceoﬂﬂsemdrdga@mbsﬂwu,&mﬁhdﬁmy B@foﬁﬁé’d Gehbapdertlitang igepo! i shed

- exposed su Sem conductor devices and integrated circuits of "different

t echnol ognémemiﬂmmym@gh&eéwomthmmemshyﬂo the invention may
al so conpri se. hondj firs a rst
substrate to ﬁ g"%gmagﬁiscé% tl%r arﬂl ﬁ%qiiﬁ Qﬁy&g&c&?&ﬂ%& g&%strate,
renmovi Ng canieetisrs@iayte bebwedn tirduits osbepwdendidiviteal éemmelmrcmﬁngmg: tpor ti on of
said first sem conductor devic and, i ntercqnnecting sgid first and second
“sem condfieviges m%Ye‘Wng%bm‘éE‘Ss"t‘%Iﬁﬁl‘l layer ipteggopnegtion foong ﬂg@F 3&%@8 be rempved.
Sur f aces f &k ﬁle b abvigdad second devices may be planarized and bonded.

| nt er connect | e devices may conprises bonding a nulti-Ilayer

i nt er.connecti mﬁetbondmztbéﬁtsmdde@mde@mcm@mrwmoswﬁmaxbetmwnbe bonded

to one the deV| and t res ond| st.ra noved e ot her of
Lhe dovi s s xRt mitts, THESERRIRN K SHARN AR Col TRYRRaaHlE

substr at Qgevﬁeidaybdbmed&ﬂhmmaiéa@aﬁaduﬁaet he first and second devi ces,
and the three devices may be i nterconnecte subs te of the third .
devi ce may be Semifspdistas drtipss an ‘?H{‘@F%?ffﬁ’r’@ %ﬁil emtqg{y}oz%gsxgqu%e i nventi on
may al so | Qi eved by a bonded device having a.first workpiece having a

first surPa with a surface roughness and a second workpi_ece having
respective sed'(hndleﬁwdaGQW&@B@dN&E@EIOEMahanWW@@neﬁﬁ@é roughness, the

first and second onded
{ oget hor STIERRr IR PB ARG bdaliv R s il ni S ASRME MM EEN o
r oughnes Ssecobldgubstrategremoing apoition o0 sdidfisssubsteatdordpate b @gﬁuﬁiﬂg poriibeof i r st

‘wor kpi ece
P said ﬁlrst semiconductor device, and interconnecting 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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include.a thin first material disposed upon second material, the second
wor kpi ece nwpoe1kdisd ude a thin third material di sposed onrar/UswRide nat eri al
and the third workpiece may include a thin fifth material disposed on a
sixth material. Surfaces of the thin first, third and fifth materials may

conpri se t bgficésbring tondaitdpativel Adhird substtatelhasefourth asfeckity the yurficach of t he
thin first, third and flfth materjals may_conprise_a material having a high

ther mal coFrrshnesy The thindjand HW@PéﬁtpriedéQﬁﬁ%rﬁheéﬁﬂwﬁﬁW%mﬁél ect ed
fromthe g ' | l“{’ﬁ%ﬂ nd-1ike
silicon calrir%?‘l@'é?&?ﬁe Eiaﬂ:ﬁ?ﬂf %eld O&gn %’t Kl g?#laa lsegérrglgyhave a

t hi ckness d)fchrdbaﬂnnﬂntdﬂnatm&éwwwdnﬂaﬁ:m@mmﬁﬂamﬂheﬂmdo@ork@moond
fourth and.s i als, ectively. T h|nf|rst Lthir dflfth
material s Fﬂ&b’ e gt %k‘f‘b'mf‘a*é‘é ??Slr%alsf U'F"F%% {; p‘g\’ one of
each of th%ﬁakﬂmlalsway% %Qﬁ§ﬁrs€9&£9ﬁd§id@&n‘ﬁ1‘lﬁrfide§ %és cigapnd and fourth

)3
surfaces, respectivel "}F? first, second and third vvorkpl eces nmay conprise

first, second awhpﬁmedhmmmmd@ﬁhmmfmwmmmawwvmnghrst

second and thlrd first. second and
third i nt eQEgpagoK E%éﬁﬁ'tag’ﬂgﬁ’@&gg?én}? o m\f'ﬁ’é‘ﬁf‘?r%tsgle e B0m the B1oWPh; 1 g

seni conduc tersisty dfflscoipilicdn divkids end difGbénd-iMeQilgbn &aMidd] e hin bifsg)Hrdf
unconnect ed deV|ces The,  second and third deV|ces may have substantlally

al | of theird idmaterialymay havew thickness of sbout 4-10 times a purfagy napoplaertycaf thea
conpri se a gifd ?&%emﬁ%{zng{ﬁﬂﬁxe,v%&ﬂ%s?ﬁ%ﬂxﬁ&%@ FarRAERLE ‘3‘? nmay

each conprise a sem conduc e surrogate substrate may conpri se
a thin fir stchisdwleiagplurafity pﬁ&'aﬂaans;anap}suwndlenﬁbahloﬁthp pluadityeoft liyeerd i r St

material co rLs rf,ac The semm .conduct or devi ces nmay each

i ncl ude a f’?ff‘ %@?{iﬁfs“a?i%?u SiTAPEN ﬁlﬁ’ed circuit and the thin

mat eri al s conprTisSsst Mﬁ%ﬂﬂﬁrﬁ%&kﬁ&eﬁﬂmy%ﬁr@éﬁ& stRndatthiv@l y. The thin
first, second and third materials may have a thi ckness of about 1-10 times

a surface ﬁW?ﬂ dugter deyipes FesP??EV@chhFoﬁfﬂﬁaﬁeé?ﬂ%n thind semisondyetor devicgs mard
t t
LT oA S Tl Sl M LA PR PO L

the thin fse:xmbondnttardeaicemuw tomprisefistidirough t—hmdaI—D amysbﬁmcommdeﬂm Kpi ece
may i ncl ud at n nat er i r and a stress relieving
mat eri al g?‘ eﬂ"&ggﬁidqe est‘ﬂ?"ﬁ‘“["ﬁ?‘f"&%@ﬁﬂ%%E‘ﬁ‘ﬁﬁ“ﬁ’%"?%ﬂ?‘faﬁsmt erial.

Sur f aces of,entld@edt hin -6 WD 01/ 26137 PCT1US00121990 first and third
materials may include the first and second surfaces, respectively. The

devi ce accor di nbhetfistiraknienpsanyicompritna amegatzwhystates andithe sependgndthadd devi ce

havi ng workpieces may each comprise a semiconductor device. The surrogate substrate may

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 a 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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a first sem conductor device, a second sem conductor device, conprised of a
| ayer of d¥Qi0H2637 forned on a substrate which has been yuse lr;%art ially
renoved, bonded to said first sem conductor device, and interconnections

connecting said fjrst .and second sem copductor _ devices, The second device

may conpr r§@§1d§}HF‘JomP § Mgy g Pg’ééirrg‘&‘ AcEHICPPHEYnhi ch  has been

substantially I ) s IS\ | of a
méraeweaaccmg%mﬂ&nﬁwﬁtﬁi@gwﬁmﬁm&@%& ﬁa%ﬂ,rgt ally -

| ayer of devices formed on a substrate s been~at | east pa
renoved, afisst semiconduwer device,talsecand semidondluctordevict) vonipriseal af adayer of devisestay

i ti-| i nt i on bonded to.th ice. Th
CoTRr ! o o dn A e M BT e el Rnoni, BRI i SR8 B Ty o & whi ch
has been gulsdndndibralevice, aod N ebnAetidfslcdnfecting SHid R30&R seetdlsémicondudidd t he

second device may conprise the |ayer of devices forned on a substrate
whi ch hasdeyiséh substantially renoved. The second and third workpi eces may

be of differe | . AF nor e
conpl ete appr gltge;s?@ggﬁ%‘?&%rﬁé ?%% s(?rflﬁ nd&ﬁ%ﬁﬁgﬁggﬁrﬁ%vam ages
t her eof ~ vihdsbednesubstandially renistved, andia ddrdtstmicendvetob dadivepconipristdof dlagke ot 0od by
reference tp the ol l owi ng detail ed description when considered in

connect i pﬁiF‘%e'f ﬂ@fé°%%%gﬁﬁﬁyﬁﬁg hﬂ&emlﬁ&t FP%?E‘V é?‘ﬂ‘.’veﬁul gy be l?°§d%§ ®ect i onal
di agram i fnt 4hhdddvits. Thé irfddcdnflediidBs MRY LushrRE & Bfufli- gertiﬂceicbﬁlecﬁ&h\'ﬁogaé&) n, FIG

2 is a sectional diagramillustrating a step in the method according to the
i nvent i onto t secord dewice, Thedfirsisieuice miay gemprise 2/layst ofsdeviees fooneti anp subsirate

B onRE SR AL Ak Bl NG rorh ST BARR o LhFogdle bibsfiyB 30k b8l BGLET 2

bonded devi'ce accor e 1 nven 'S a sectron feagram of
a het er oj may tomprisbilpddyar of deaicss fotrned onfd substfatd which Babeérosubbtatiatlgr am

illustrating b I ng the ansistor of FIG_4 according.to the invention;
Flo 7 | srmbusb g nﬁﬁ%ﬂf_; VOFkpieceRIcte of differnt inchualogiesy to the
i nvention; -7 WD 01/26137 PCT/US00121990 FIG 8 is a sectional diagram

illustrating a step in bonding to her two devices according to the
invention; FIG 9 is a SoSEELEICRIPRIONOF THEDRAIWNINGS a step i n bondi ng

together two d& mof;eec%mplete 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 éonsidered in connection with the accompanying

drawings, wherein:

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

FIG. 2 is a sectional diagram illustrating 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. § is 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;
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according to the invention; FIG 10 is a sectional diagramillustrating two
devi ces bonded according to the invention; FIGS. | |A andrisimsse
sectional diagrans of two devices to be bonded according to the invention;
HG 12 is a sectional diagramillustrating bonding of the devices of FIGS.
11 A and  1113pil §is dsdcddhaRifghtih SAHinE h 36 A Bohding igtiBiritg daviesep of

I nterconnecting the devices o FIGS. I"ITAand 11B; FIG 14 is a sectional
di agr am i | dcaedingité thy inventieny of bondi ng the bonded devices of FIGS. | |A
and 11B to anothar,device: FILG 15 is .a sectiqnak. diaagramillustrating
bondi ng and i nt Gc%f‘?naesc?fti’q%f J(:mzéﬁwg%nggg,step ﬁ%ﬁ%ﬁ%ﬁ%gflﬁv’%agraﬁs

i 11 ustrati pQodappdd @ ihvehtién;i Ntegrated circuits; FIG 17A is a diagramof a
| ayered interconnect structure; FIG 17B is a diagram of bonding the

| ayer ed i nt er cdAfetq isaspetiony]diagemm iHpetrating o dsviges boadadapqordins 1odbs ng

I nt egr at ed; g@a‘[@gs; FIG 18 is a diagramof a 2-D array of circuit

el enents; an 19 is a diagram of bonded and interconnected 2-D arrays
of circuit el erffiGSs11A AR dREsChonal-iagrizhd-dfawe HevideBoeMohied aBeirding tong now
to the drawi ngs, ,and nore particularly to FIG | which illustrates a first
enbodi nent BEEAVERPYet hod and devi ce accor di ng to the invention, A substrate
10 has a upper pratiJ fAGQedibnilAighih ﬁufd&ﬁﬁéﬁ&dﬁﬂg%@%'d&%ees%ﬁpﬁjst UL add
preferably is a surrogate substrate or an 1ntegrated circuit wafer. The
non pl anaritB; of surface 11 shown in FIG 1 is for illustrative purposes

and is not neant.t ' bi nay:i Al ti o strate 10
preferably has q!ng g‘?g? %‘g{o@ %ﬁi&‘%ﬁ% g%f%’r 5”3‘%%%@3%@%%?"85:@& ed
snoot hnessFsl110kedhAIB;ty of the upper surface nay be achi eved through
pol i shing. Chem cal - mechani cal polishing or CVP is gn nner, of _achi evi ng
the desired sntﬂph_%E§smnﬂl%m419§“%aﬂg?°f\)®“@&$§‘6‘§3$#’gﬁ7‘?952€] 21990
CwP procesgﬁdss_lpgmma\qﬁ)&gc@g%opri ate selection of polishing pads,

S po

pol i shi ng urries and olishing conditions to obtain the desired surface
roughness and HIGnkY istaysectionaldiagfancilustrating bondingead integconndctingrihte? dawivésng a

t hi ckness great t han : rface.non. Rl ri.ty .of f. A1, Film 12
shoul d have g 001-§E§ h%@ %rg??ﬁ&rqs&lqs&a%@og&ﬁg B’F}ééd?tg ét}:éé ?lﬁ%ﬁs’

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.

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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constant, such as Si 2, dianond or dianond-I|ike carbon (DLCI). Ther mal
conduct i vivoiep2618h the range of 1-10 WcnK and rel ati ve<h U ¢
constants in the range of 1-3 are preferable. A preferable range of .
thickness for film1l is from1-10 times the surface non-planarity of film

11. The OMPaqrocesyis apiémized with appreprints selectianed pplishingipads, pelishing|shawigs andir f ace
MR R S R e ot v
Geposi 111 15 Dol | Shoroner St ace. 53 and then depos i another | 1i1m
(14 1 Felepans of ssHeceidt P P50 ebamw& W&or&em‘@wr@ ﬁ@%ﬁm

snoot h negog,{;ﬁ,tg, gdjaﬁ as mp&ia,ﬁai{gf& 3-1ikP cdrbdit (D%)cg.nﬂh?ﬁﬁl Qhd R/ﬁie§ il M8,

repeati ng epositi'ng and polishing operations for each or tor at |east
t he uppethe tingepf v WiemK sind relative dieieetrie cohstantidis ithegangeof l Scaze prefemabless and

pl anarity. The substrate.10 i.s .how,tready far. waf.er hondin An ype of
substratéﬂﬁ’éha‘blgmﬁﬁﬂ%& st‘ﬁﬁi‘f‘&éfseé%é}' é‘l’@?ﬂeﬁ _?%*T‘%_‘m%r,“\}&%_substrate
16, pref grab] VTR UppERERRNIS G Girh 33/ is then/HliSKed 408 bRhd isiiGace Witheerolghtk@es, i s
prepared in the sane manner as wstrate 10 by formng a film17 having an

exposed sifr-18and prefgrably betwesniStEAr Hunlansessfacewithheropabresy efrfeA ismesyr f ace
13 of fil fis ' feral it il
fur Cher PAIchEd pEY ot Sk duftice il Buthtbe il A Hrodfifls Fuid s Sna LY

nore | ayers vitistalsorpessible toodepositfitin kK2 polish apper strfape 13, aad thee depdsit enbthdrove.
Surfaces _18 and re.bro t into.contact with .each of her hown by the
arr ows iﬁhqrp@mgf&ﬁ%na{xsigﬂ%ﬁcggfgw&fcﬁgy%ﬂﬁgeﬁmeﬂ %8  surfaces
18 and 1§,€Ijie§ s&ﬁb@?é it FIG32).4Threorthére Hlss, raﬁmgqmaPesi ind\pRsHidg

ntly he ns.

subseque ) ating the joined substrates and fil| he preferred manner
of bondi nperationgifor each op &rat least theruppenfilmymay beussd tegshievethe dpsied supface vol t age

or tenper I atnggq,substrate has an upper surface of SiQ2 (or other
bondi ng lr?a%%%;e?séﬁn)dfplone can polish that surface w thout depositing another

Si2 |ayer, Hesubstnat Oisbtow mady fopevafes boiding Ay tipeCH shbstraemidyi tei ent

t hi ckness to,obtain suf f.i ci e ug fac ghness. and plapgrity wth,
g ovbondd P Hetosng G b rgsbele i RRE R B nfERRR e tlbe ¢ ne
case of %f‘e?%ﬁf‘qﬁﬂh% ative deNiEeIDIB Prephied i @k SarkdmainePds@hbsate 10Dy fégningRAS, | NP,
or GaN when o§;| mal thermal” packagi ng and dielectric performance are

desi r ed. filBdhhavirg angxpossd syrface & with agurieaespyghnesp inthe,same MngsAS SHEICRD|
conduct i yi : f gl amond
Cont YO BBLIANE 8 | uf . B ont A e il

the bonding process. Film 17 may be formed of one or more layers with one or more '

polishing operatidns, 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.I It the substrate has an upper surface of SiO, (or other
bonding material), one can polish that surface without depositing another SiO, layer,
assuming that the upper surface of SiO, has sufficient thickness to obtain a sufficient surface
roughness and planarity with, e.g., CMP.



relatively snooth upper surface. As dianond substrates typically have a
relatively urface, a relatively snooth and pl anar Cgﬂw rface may
be obt ai ned%ﬁ%asisshi ng. Polishing may be expensive andP |ffi’2(:1l§ﬂdt to
consistently obtain very snooth surfaces. It is also possible to formthe
di anond substrate on a copper suscept g{mmrj%']armnd films typically "pop-off’
t he copper suscmor after deposition as the tenperature is |owered,

| eaving a r el affhisekgmplapses thexast of httashmers of 4 dismondsabstratyrto whrnterial sutlassed and

a rougher rfa [ r h, t erm nat ed. A .of the upper, surface is
deposi t ed ;&% %ﬁ | %}kﬁﬁgk&sq%ﬁn% e‘mrT‘L% .ng'f‘ﬁqu"%%%&PEBﬁ o iaFfeAepizide
shoul d be tBunaisgto 4 Auberrdth6f d1afteiill 88\Rig d MglherraPodHAMVAY ARIHSIGRE fo befted: , 1- 10

times, but as thin as possible to optim ze performance. The silicon dioxide
| ayer is tHesagybermahtepsfes Thegdigmaend substrita.cftexprenasing # firdonding,des ondi ng, for
exanple, s : [ bstrate hawvi t.he thin siljcon |ayer is now
ready for \%gﬁé‘FeEEo nc%l ngi @%‘ﬁ?‘% s D qnmnﬁgﬁﬁ{}%?;ﬁ@n‘ba?ly&\g\'ﬁ acrgiaﬁggmglbn any
type of sulsatficef relmiyelp emba dtplirar tfjper susfite ke dbtatiel bﬁgaisﬂingxi de layer.
For this exanple, a het er(ywunc(%l, bi pol ar transistor (HBT), “as described
in appl i catioBhiRgIRaybe qypenstys An: %‘?%@BP toneistently obtsin iyegy gnoofinusfacess It is

i ncor por at o phRibR 18 6k he HRHBRE Gab ' LA to the
poi nt where |0€ s ready for attacﬁ%%?lp%?ogg‘&gﬁsrcgrﬂggréte s%%sfp%g@?cg s shown
in FIG 5. "mpoifhe goppetnuscepiotiafttr depokitioeasthetempdrats infowieredliengng he enitter
metalizati . formn ase etchi.ng, applying base . petal]zati on,

appl yi ng a(%%%%‘@ﬁ'\rf‘gw%“% ngﬁ%frsf"% ivglﬁgl %Q)%Bl ‘F’P(ﬁe%a{’ﬁgla)';‘?"}ggg"é“f#?ﬁ?rwﬂe shunt. In
FI G 5 thergeowih tetinbedt or | ayer 22 forned on a GaAs substrate 20,

pl anari zi ng rratgri al 21, base region 23, base contacts 24, emtter 25 and
eni tt er - cont act O2&°P qfitheyppen syrice indnpesited p fhin laygrof siliconghonide. i Thesilicomt i ng a
singl e devigRideii e PoudBe kil Ll RO AL A L 9fg devices
or an integrat eeéa?ygi rcuit m@negﬁg%thggw%gn e %@ﬁgggﬁ%euﬁ%gggér?l& top of

t he pl anar itimssl T pf thineas pbssitiietoldplimize perforomndecThessilizbh dioxide layei i ien| ayer of

silicon di Qx: 7. The thick f silicon dioxide |layer 27 is thicker
t han the ngﬁi-’sg‘?%ﬁaarsfntoﬁﬁs eﬁ%%%aﬁﬁ?’#%@“&ﬂﬁ&%"é‘m&?kt ﬁ%ﬁHﬁ%e fiamgnd 1. 10
tines) but satstritshivigsthe hiiiidon [dyer RRbWTEAR for WafGb 26137 PCTI USCO 21990
performance. The surface of the silicon dioxide |ayer 27 is polished to a

srmoot hness  suf £ Ris@gint auy tyneafdevipe foamedon anp type phimbsteatemay be birdsdtoshe?7 and
12 are the@anaQ . : | | 0 Oxi.mty. . The surf S are
preferably p age III%M31082%?43?1850?“%?3;)%?@&:?I?;ete%wg?cng Ee’éﬁi"‘ﬁg' Cé@gﬁ

fol | owed bys desetibedl inppplication Serinl No. GY65:208 ftke ditolpsind of WhithhicineapRatelie | ayers

27 and 12. A Van r \al s. bond |I.s d. A stronger hond can be achieved
by herem%y reference, may be usecg 'h'xe I—Tﬂg{' g%rocessef to the Igo?nt 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 anid 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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subsequently heating joined |layers 27 and 12. When |layers 12 and 27 are -
heat ed af weyosjzeismi ng, stress may be generated which | eaBCHESHELIR

del eterious effects in the forned device and surrogate. substrate. It i's
possible to forma stress-relieving |ayer between the dianond substrate

and si | i peforaiange; dhe|sasface ohth sibleandiexide layrs 27iBpodished dea smePtEess con di oxi de
YL T R thPwhtel b BeRild 4 SR 18v@097 G B d i bdiaea B'© ST 03

relievin ayer is a &neous “or  conpo yer w material, i.e.,
Young' s plaeidy khem insolush prdxanity. Hihe siufiaces arevpiefertilepldcet keclogeproximity afieraf st ress

bef ore other | ayers. ile e hondi ng has been described using, a silicon
di oxi de wem?agmapgﬂ@ax?@i%r{e&gxg%né%@gm%@ %&?ﬁ@&@,%m’m frs are
POSSI bl ©4536QL7GKRTD! & Vel def Waiks Qind b foriBY. AlshShddFoonki Saithhe dellieblifpcase of

silicon, oxygen nmay be inplanted into the bondi'ng | ayers bel ow t'heir
r espect i yabsequefithcheating jdinpdilaysrs@depd lzint | ayer. The conpliant layer is a

| ayer equivalgpt to t ess-reliLving |ayer. e wou refer.to use a
s i Clor ' o Whep iabetrdP end 2L AR Bt oY qitng, S mep B B Bh o
thermal  GgoA6HaEENd s\ tietts HEthe foptled ddvide andbhifdgme Sttskhte. Ttis pissible €o fohe a

passi vation/ pl anari zatjon material in_the device being bond;d to optimze

the di el suessirelieydgdavenbetweendhe,dipmend shstrate andilican dioxide layenand betigemcent t o
the acti LG : ' [ ' 99 ; latively
i gh e JEHET Uit e HIRGA ickie flyer 27 ol Bhilld MO0 bt 20 G Q|1
mat er i al The Asess redieving fayEit iSa hbmogeneousieT cahapasitelaget withghaterial,)i.ei, Yohog'sred on
substrate 20, After ondi ng..t h evi ce t.0 substrate substrate 20 can
be rempv&Pauis.SYEhthat ‘BFB‘&V&%@XJ@H PP ??P?%P#ﬁ%?s bgfor%%tgﬂ&?yﬁ&. and pol i shi ng.
al | owi ng accegmilethdbunlimg has beeh asiied usihga sBR6H Bidxidohing pslhéd ©fa t he

i nvention, N 2D arrays of devices are bonded together r epeat i ngethe
met hod deledired jsurdace poughaess, other filpgseipossible. For pxample, sltmqrﬁ}qlmmalﬁm bonded

device s QK : xy&}; L &e Qﬁy\g ] (ﬁh&%& H}% nent
det ai | a@?%)lflﬂ}eﬁé@osfﬁ{g%gg)te 28%\5&%2 lh‘?/tg% an e'\t%ﬁe e p)(’)se lgvg??gce of
devi ce 3Qespsctive kurfdcesio forin meaneplisntlpyer.t Theacomipliont laysf issulayst equivadentiththait ageous
for wafer bonding. ,Polighin nd.qri ndi Y. ed duri e renoval
of subst rrYEE" .Vg‘ﬁr*%ﬁeﬁeémr gg‘ggp‘o“‘fgé‘i 'I’Sie&r)gg’ %?&P’g'gjéf‘ ‘fegs“%%‘bg%zh ' on the
-11 0. W&A!f&éé&&pmd&mm&&&&m@eﬁwﬁdgweﬂace of device 30 and

polished to the desired surface roughness, in a manner as escri bed above
for layers 12Idsalsypqssiplg to ghoosathg passivapgréplanagizalinn materiabinithe fryicgdeinge
details 1 Lkl ; ; ' . § o 7 bd e 0N
S toptinSt RR i ictnithht théfmaPeddafictiity b Rsib@i§ adfakent td the
di oxi de g‘%n?%lrrre on the surf acle1 opposI tecsu (:'strtzlte 341. Ft?lamﬁ%% S
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, toa
level of smoothness 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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faornmed and polished in the sane manner as filns 11, 27 and 31. Film33 is
t hen bonde e exposed surface of layer 31. The resphtidisr@svi ce is
shown in Fﬁé'ﬁfﬁ}"gafter renoval of the substrate 34. The upper surface of
the second bonded device nay agai n be polished, ..another silicon dioxide

Y 25 SRR B G L ol BN T - 3

interconne&w&d\abmmﬁhyefslmmmm 8pn exanpl e of the bond| ng between

T2- 1571 11 Ust r sk BEHUETBOBBERP e lsBioniniises o4 Hih psuntt MBI an can be
form a velbF bt stled BEAEY iofhediithe Rifuccliphd Slbok D b Sy o o
t echnol ogfemedand godishgddn the damdnGRBer ds filds Ah @7 24dB 1. IHﬂmsS?r mtthentbandedéwi ces to
3?32?2??2#1 ﬂ?‘%—?ﬁ‘{‘aﬁgxa@lﬂ%ﬁ?{ W?ﬂ%@%@&%ﬁe?ﬁ%ﬁ%ﬁ%ﬁ% G11 A

a Symetr kfe-oifirhie3 ThéBbbef stfalRTof thNdeind bORtea UbiceARay el be polishegat e
substrate 40, planarizing material 41 formed on substrate 40 | HBT devi ce

43 and |namthmnimn@oméelaméSmosmdeﬂmmomfmmdmgpf&tbnétdame Hbs 1 1B
| lustrat t
mter i a5 SRR R el doe TSR pnteam BT 2 RS,

formed of pigtéinectéBvedtialy in FI G 12, the devices of FIGS. | |A and 11B are
bonded in the nethod as descri bed above, that is, a material such as

silicon dioxide is deposited on theE’E?ﬁ’ﬁ surface of each device and then

polished to a ghek 6&@%@&?&%&&%&&%&%3@0%%&%IQB planarity

is also desirable. The bonded devices are shown in Next, as

i 11 ustrat esd 13151 KEGS1BLA, B gond BA-15 ﬂl@straéehoantbvb@dmgmrﬁggmhfeprwnhect 44. A

hol e 50 ' 41 |
ruter ol Feeipn cad Bt I et 203 of Bl b ey S s ieBedi 8 2 28
i s shown, férn d verticallpntepnaal il orhferinfodiulepiid hovwdifferen techhodsgidsayaytbe forned in

order to nmake the appropriate connection(s) to the -12 WO 01/ 26137
PCTI US00/ ¥i889 devices in the two bonded substrates. Interconnect 51 is

formed in via ﬁ@dse%mammr em%ragmaéaeoﬁ@%na&ﬁ Iﬂ%n?&%n?ﬁ th@‘tiew%e?' S poi nt

t he process co e stoppe If only two wafers were requfred to be bonded.
| f one onf G lddwnd ¢iB mdcksmolabmdgml@mmt waferyhavioglinter¢rangstiosseds  nay
continue lHG.f 1 ‘rAng sr}]'ﬁlm%tr?cg {nS¢ HBT (SIHBT) wafer contains an SIHBT surrogate substrate

40, planarizing material 41 formed on substrate 40, SIHBT 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 shownin 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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| ayer 52 nade of, for exanple, silicon dioxide, which is t@g&@g@l shed to a
surface rovghtizesyy of 5-10A, in the sane manner as descE B e. Inthis
case, the process may include a step of filling any cavity forned in
i nterconnect 50 to nore easily produce a snooth surface of |ayer 52.
The. devi cdevicgs inthewp bonded ubstiates; s now ready to be bonded with anot her

wafer, if desired Qg.m}gﬂ . i f ggt}y%?%mwilc ' h

pl-anari zi ng mil le“"iugflé?rg%/;sbe fg?glglr}glg Sg%ﬁ"};er@élg\lo eren%bg?:a?ﬁr?g'l %gt;i es are
separ at edthiypoiriehd myeessconid Yol stupped if bnly twa wefersavereirequited to bebendgdt If oBach onl y
interacts with the plaparizi material.. Since the properties of the

pl anari zi PRgRPREEEYIFSS D @%@Fﬂ%@fﬂg%‘ﬁm PHITESS B celbtfﬂ’fﬁﬁ}’ goraxé%a%%d%r rent

pr ocesseslagggz_rﬁﬁgoﬁ%ﬁéﬁaﬁbﬁ, Ali®n ARRERIwhich AR olisHel € 4 aefaBOIRghRes The

invention provides a very ~manufactur abl e_manner of combining different
t echnol ogo£510A/kn theseme mahner g§ deseribed ghavsnilny thisicase, the prosess maydnluderastepend of

t he. processj . Both., . bonded.
The !Dnt er 8%??”0%%%%% %r@r{ee%o%%%ﬂsﬁo\ée %‘ﬁg&&é&%’? gtﬁglzlg |% ﬁ of
conbi ned {96520 Thgidevics, ak sioWRIIRELS. 44 is ivev eady tobe bomled with ansther vt ifver

t echnol ogy one needs may be obtained, and these technol ogi es may be those
‘that ar edesitadi | y and commercially avail able. The need for designing a new

process is el iﬂr[ﬂgéﬁgfers o BitRrenPREHnBlogfiY Qe plarizinD Satdria by B EARRICT 1S

possi bl e as we '

efined and devices fabricated with a stable process may
be sel ect &t fvar differstil tedhnologianire Reparatadey, the Jayareef Hlanedzing matsrialdde 9t ocesss

where little ufacturing. reliability or &L | D Eq}“oni_s
avai | abl e MtA%: Eg%nﬁ%m?ga%g W‘% tbaglmﬁngngt%at%rﬁag g‘%‘?u@% ﬁprog&ég I 14 is
i1l ustr at gpnirfidg itertd are Bothi Well kiivadint Bfticomhionlyhised inlcusént ptoesssesy naddi t i onal
metalization 53 formed by etching_planari zi ngger_rateri al 41 and 46 to expose

a porti onney mairials apreeddd tg gorabing ths tecapologies. e iysnHAR RIPEMRS 4 VETY 60- 62.
| nt et connet, A3 e UreRiHng Atk «lindilifessLr [ ace Of planar i zi ng
o facilitate Inter [ '

mat eri al connection on another |level. The device in
the third waf eMorsoverald ofthe custnmnizdtion take Pl af theicnd ofFbe peosspige Bewr connect s -

55 and 57. Another Via | tiepd d
N i i SR AL s S P

- 13 WO 01/iRH5bading CCustbini2atichld¥ 86mbinedteclatolagies takehplacetat the@nd ef the Pbcess. S
| nterconnect 59 is also connected wi,th i hterconnect .55 of devi ce 56.
Aot her | TV RAGBT IS 1O8Y SRt LD APt PP oG FRPE¥ s o
and 52 t0 ,eXROSE afd BRI bvdilable! TRONRE ForWsi :ﬁﬂ%a ASveproesss &cdlinfiflatéds f or med
to contact 1 ntérconnect 53. It should be not e%l t hat G 15 does not

expl i ci t | Merh oonttoheves ghefinabedmbjned 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 illustrated in FIG. 15. Itis

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 ir 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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fornmed between the devices but is to be understood that these are the -
devi ces are‘gg yﬁ;& usi ng the process described above i npegmRaRiden W th
the first e nent. What is also apparent fromFIG 15 that the present
i'-nvention utili zes bot h si des of a contact. For exanple, if the pad at the
top of contac bt t.om
surface oftc 1 Jh?nﬁte | ne Lf'Sﬁg%ﬁ%%%eﬁéﬁ%%éohﬂk%eg%nete{c%aﬁélong under
the pad (@Md)$ dﬁr)ccVﬂﬁl |Amotheeintenprndet 54vie faameld GyoetcHing weyia thsough mmeseialsd8wWi t h
contact 59 overl %g W|th j nterconpec 55 This_cap reduce drive

r equi r emen@d SHP QP’é"BnPfF‘EFS"t"P%?"E?t BCafds BImehe RPNt i on of
ot bei g GaBsikal @9dntsaomse hats FﬁGrlméido%%hE‘ﬂgEﬁ&)’ﬁE Sy g U

t opogr aphy s the ability to desi ree nsi ona rcuit
| ayout s carﬁomedbgwmnthedemfesbutestogaegnd%ﬂoqdhhat&bsdareshetdm@eepmfamda type or

cl ass of devic from t her s ere either tl ncti.oni ng or processing

i nt er f er es USRS 19§ Prqofs ?\Mé"e’&cf’%‘tff?m’t }’oth g‘“ Mh zed in area since
three di mensi onyharie alds BhateRbAQAFIG.Of5 R kht phedbht invetioR NEIRs Both!slBe£6f a
conventional chips of nomnally the same area with optionally different

t echnol ogi eenednFyexrmpledhitiap at’thﬁtenefqomaptcﬁltlwecoatae@asyrem lingy then
verti cal | Y peifoflsfitace SHHE bhd (br lifle) 8 @Andlhc A Hifh intk kol 49 Mifk Hfleunt By T ScluCed

packagi ng ‘requirements o I'pS VS I ps.
St acki ng vésrtlinepivhile thestop bfthe pmd)(mdhm)vsacohmcteld@mhmeﬁm 59 ovalapgingwit, bi as, or

ot her pl anes betwe Chl@ﬁ for inproved signal isolation

o t.hin
during rOuﬂ@tﬁgonnﬁ;ggcjﬁsﬁangeﬂuc\gdgy!%{egwege als are anplified and then

transm tted ovemdm!ssﬁonmsm@nhemtmgeaifﬁiixﬂdeﬁﬁdﬂafﬁot&mlgscoﬁﬁ%ba%x@ | ot of
| evel -shifting, buses and conpensation for various erences in signal

Ievells ahmquI(%P@S@héWQ#ﬁysrs WM@%@M@@W@@OWC awnpl )ﬁel
t
then shi'f 1 SISEMIBY CREN RiolEERINE ShuliaUPibnciBiven RRGHRY. 8 jerah o™ " ' °

detecting devagef dsvitetfiven otherswiiere Rithdr mefu@ﬁaﬂnmrmidmgbﬁteﬁ‘aﬁ%rai e

I ntegrated circuits ,re |r|ng pl i fi cation of the cha e packet through
buffers andnfé’%%kh&ﬁ wmlw&eﬁ%w sinea thige M preasedipgead gna

level s ar %famwmoiafﬂxp@@uﬁee&neén@tslaalt;mps%f%&]ﬂahfﬂie@&ﬁémwﬁﬂ in a menory
cell in the nenory device. Wien the information inh the nenory is needed to

be process wﬂonaﬂ!edllfﬁqﬂemtndmbbaleii mbtdmmmmé’ third Hi€Tred3GOt2KeH0 t hen

| evel -shifte ai [ S buses .to transmt the
dat a over tgglﬁgg'pr]g‘%g%éor ?3'%5 atseffg cg}ﬁ?%?rg%: Efeﬁlg}’ag(a%’ﬁar ate

i nt egr at ed requiretérits of‘ﬂ!manmmam chipy @%.3he i@kcdmsvafatmv@m@nﬁtmw e
determ ned by the mterconnectlon and the buses. The present i nyention

al | ows one “PRAUGHE 1 the iBpsEtiorhef groqng, %%%O%M?mﬁh%'%?hmm 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 4 memory cell in the memory

device. When the information in the memory is needed to be processed, the information is
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addressability. In the present, the power |evels of signals nmay be - oo
det erm ne%@ﬁl/ﬁ&?] el enment, and not the interconnect, i .geT/usobifiosyst em
buses and drivers. As an exanple, as shown in FIG 16A- 16D, a first
integrated circuit consisting of an array of pixels for sensing a |ight

signal, aheh level-shifted agaii asingfiore biuifers kndssyeinbube t frhfemitkBPdata dver &d 410! i fi ed
fashion, the a pixel, 72 is formed in a sem conductor |ayer 71, which is

formed on PAOCESR9EYighalsqumay b fgrmed using a sepamate pniagratedicircnib, Thenower levels nenory
devi _ . e e ! t the oi yel
evi ce neagle ot ighals B deliinbPly M0 ithefinbichnd e bhgg Out of the pixe

array, an own in FIG 16B. A’sem co ctor Tayer is formed on a
substrate 73. Nbapregent@ventichtllawe oo wbtiin elerhany-to-elddent camtruyicationpandcessor

Shown i AR e pifeeh g DRSNS GF SERaK stk oF AFeg By belomeitey | n
layer 77 fagReckhe hibhifbdtai s, Hbsystembisddland Bvers URsi xbsleRXhéASH F6 bonded

together (with the pixel array on top in order to expose It to the [ight).

The t hr ee dbkaD, atfisst inggrated cisomitrotsistng of A array/of pixelsforsensing iight sigaal( not

shown) may e. of. er. 71. usi.n he

t echni quesetcdgsggﬁ%%ggg%o@r%s.ﬁ an Qﬁs%E§{‘$~Z‘?é%‘dfgﬁﬁé‘saalﬂ‘%@"%ﬁé? surface
of Iayer Eénm;dih?eagigumtgd:nyéﬁm,%vgichmrﬁwm?kubmﬁn(i sohfgate%n@xmsed by
renmovi ng supstrate: 70. strate ma en be repoved, and_the_ upper
surf ace ofs"g%? 15 %“F%tecg qsmongdevice ng%‘Fé %séméitﬁd@goﬁnwnﬁ@%}ﬁi‘ﬁﬁ“%@bst rate
73. The  Syif bOHSpReFAR! drdli€HEWY iPBIG. 26BY AlketnftoR Nt ovet Pifis BintRl §n 42 The

i nterconnections may be nade directly between the three substrates, in the
manner di substsitad’3a dderaory selisSrane formed indayen@b dLdstly, atvecessondevinedorbuf f er s and

syst em bus [ j o t, the, system wiien t.h tem.i s .
desi gned ??crfas u%éﬁg?{la&lnh{)sesgﬂraiaﬁ’tgg‘g&%g\ﬂncaglg{dﬁ"ﬁ?ﬁ% ) ’%ﬁ%f}?’é s;g"g??om in
FIG  16D. elérhentd 78 arel shoevn(in slplifiedtforn)Gn lalely 70foRsed v substlatesAsl Hagh bhi@evar i ous
| ayers used,to bond th di fferent devices, and that portions of the |ayers
71, 74, arﬁ&bwtmméﬂf"@m w&@ﬁé% e PIXELASRAY o0 &3P in QEdeE iorexpass dttai ng '
substrat esthe Aghtylesi red. Anot her exanple would be a typical mcroprocessor
where the m croprocessor contains a certain anount of on-board ROM while a

| arger anmount . theyubsfeatesqnaychedondsd together. s sumpgate substrate{net shewa)madyre RAM
In this c ' - rd. -15 01/ 26137 -
PCT/ Usoo: AT uactef B 5EERhedrinhel Cudly BPREIR shindipre d) pe 0
f abri cat edsubstraze Z0eremovieds (IThe urpet surfaddief layen@4 sfiths inegiopsdeice it therfonben@ed

toget her apd the processor di;rectly bond to the nenory device, again

el imnati nﬁge _‘H‘E‘%@?&sqﬁ f@%@%@&%@é&?&@&éﬁms Wé%ﬂgﬁ&m&"%ﬁmﬁﬁ?fer s.

The pr tesenﬁppbﬂﬁefaéd oTTay@P Y7 Rbbided td MSurite ekRéd GyAlehdVing Sutiiak 995 ThS) @ nore
conpac

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

-15-




and directly accessible manner, but also allows a smaller footprint. Each
of the separ?ﬁgm&ﬁ/i ces described above woul d take up atpqfpsdonides €€ ti nes
t he amount of space conpared to the present invention they are stacked
upon each other, assum ng chips of about the same size. A fourth

enbodi ment gf. <t her dTweRt gusar ﬁtﬁeqx‘?enji&fer*gé‘ﬁﬁnﬁﬁﬁ%fx w&%a&laﬂ%@at& ongf eate

t he i ntercohnect separat el a?gr:‘agmthe und I ntegrated circul
Typical ly, uvdsnbsttaa;esrammlbabonchd tugntbmandthelpmn&dserdﬁecﬂyﬁoed&d}mﬂm&hemdryor der to

provide all ,the co Iex.funtlon wred nmoy e, | evel s of
i nt erco_nnecflevﬁ“e?y Eds ?efnetgls%f‘ é?’%ﬁ}?‘%?‘iﬂ ‘éﬁ’r&} S-of ther mal
processing, ex pomergﬁegeﬁqm&\a&rﬁdtbﬂg aBGWd ﬂi@fa@ﬁwueﬁéfsg&exﬁé #Shorkt &Rl

budgets and conplicating the fabricCating process resent invention nmay
be used to fuddirectyt access lem@mmbutabvlaﬁwasm@lsla&)@mtaﬁamdfm*wmng | ayers

f int t t t nt
particul o | S aiscORRREP% RIS ks it st fier B r R o ho Sace Hnpartd o
substr at es, tHelpeel andatbn Beird sticksdhonthe ¢tk Msifeh e s@emdﬂle%ﬂ@ral or

all of the jinterconnect |ayers may be fabricated at one tine. The bonded
t oget her or Sigg. ngle interconnected substrate nmay then be bonded to the

substrate havi ngy i emanh %mh%@egﬁﬁ%%‘?@@@ E’hés@ﬁbelgl%é@(}é@regtgsc” bed

above for |nterconnect|ng
enpl oyed. \Whedntérconnsttesepardtély fromabdundertying integrtsdeirtd ’lfypy:elll}s cireuits Ianeluba nded

to the act | ted.in F 7 17B,
Stack of i nf BV RLEPSRSUPRIoRAsLIP ek 5 Ry Ml Pk LR APs S, RS

principl es gf mbfaGeveR O€ MitdrAnatd tha BONERdE) ﬁﬁﬁeqﬁkx%é\a kx%mﬁgﬁf‘am&ﬁ?gpﬂcﬁﬁl the
integrated circuit showm in FIG 16B or 16C. . B shows the conpl et ed

device wit hp@ﬁ@smam@ms%mdﬁﬂxxwhénws wrm@s@em budgetspmd clarity. In
thi s case, %i%%ﬁ and
bonded to a hc vorahll(f a%%% &S nﬁ& ter| a‘% suc ?dgrgrgrkgiqg(x%g car bon.
Wth this eadmd dewices separaéelycand thdntfammng lagérs efmtembmeetslgnhogdxngmbﬂllinghy theot
having to co sa or make m for the various effects of the

i ncr eased tﬂ’g? mn?‘wg @?}f‘ﬂ'iﬂ“ﬁf"ﬁ%@ e forms opgeparate

mul tiple. |a¥li%§§at&f theﬁﬁérﬂgd @flerGhd ﬁﬁuréonhs&éarasaeéa@&ts&&ap&ah%ﬂl@f the active
devices. -16 WO 01/26137 PCTIUSOQ 21990 Anot her appliication of the

i nvent i on i BiterepanessJagers mgy be fabrippated; ﬁﬁpmmnﬁwtbt)h@ﬁ@@ﬂww sbeicng abI eto

separ at el y deiafe

obt ai ned. %gﬁ%teltd}a}?%rs %gﬁﬂég’?&? ose “Sg‘ﬁé% Vé%e 'si gnal s,
may be nor eTedhhigiesaimiidn anthosntdamnbed aboee ﬁ)ﬁ' ixit&r&ﬁheduﬁg the<liffepant b)@femawmred
from each OHE}E. r15 lr)x}éy % Qr?l;r)lo:rf]ecc)ln \’%e:lntt{xfsﬁed | %&?arcl% o} interconnected layers may be bonded

to the active devices.

This is illustrated in FIGS. 17A and 17B, where a stack of interconnect having layers
80-83 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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m nimze overlap. Conversely, non-critical |ayers maybe put. in oadj acent
| ayer s wiwo 0126137 overl ap is not a problemfor high spe 2% of the
devi ce. Apparent fromthe above enbodi nents, the substrate of the

integrated circuits nmay be conpletely renoved in the above enbodi nents.
The result i sAgotherappli¢agign of thejinyentionds iagslecsion phthe intesepnpect fayersi B i ve

pl anari zi terl 1Sl . Each of the
B armont = PR Tk ¥ deBamtcf ol P laferHnnket diork SOy Rlabby bbb 1 ©7 1
array of Cefigivilfess, fos exqmpdsthdsethandlingihigh spted signals, mdy eonomedritiee] thant o be
bonded nay be processed . n the sa way, givyir not her ,2-D array of

dovi ce. o Plgein{Tge cril P ey BF ssp@gied 50 iast pler PSS Pl HGBHAGREE B 1
desired pRpRAL. &\Brlé% S@&xﬁeﬁél&ch%x{-éiﬁcﬁﬂ%{]xﬁw beSput B ddjacditlfefsihef thee Xt €nded

to bonding differ technp’l ogi es together, for exanple,™ CMOS and bi pol ar,
t 0 cr eat everlapRs eiv@Prebdéms for high spéedoperation ofthe dayice. advanced CMOS and bi pol ar

t echnol ogi es b combined since the, t f are par at el
br ocessed. - onAptamm et Be sRaK Bttt ARt & d AsisriRioRl i drogy
devi ce Ofofmplefely femoviédinghe #bbve @ntivditiéitss (The Gesalt isfd BD ahay bddvirgieRfments at her

than having to design a new conbi ned process or settle for_ an existing
conbi ned xmtns@nﬁmlggga%na . grialy f3ge example of i is ghowe 1n G 18a féacBt t he

most advapgedd Rtk AR Bidolcilly S3Blel Hofl Evely bileP EIBAGOR. %% D By 6 1l e and
subsequent "'warers nay al so”be ‘processe re the substrate I's renpved to
creat e a devitesaasopgosed tocaohicuit kayere Adsecorul waferto hel behded maj be processeddnthesecond

arrays. The third devi.ce,n be .yet. anot her .technol . FIG 19 gives an
exampl . SHF PEY,EES SRR 2ALUTY S Saves ey A6 A Bdr SR PRIRG | n
connect i Qftepdbirdtciell i a ddsired maier HREQARLIRIHG UBIRAS, etd. [TFhis QM ek®@ided3o N0t SO

limted. The invention is applicable to any type of device forned on any
type of donding difisreniisehinglogies togathes, W@xwplséﬁﬂﬁé [2Bd,hipplay to greateded to ¢

fabri cat . ' ' %Q%p indFASe ' a GaAs

substr at gﬂxﬁaﬂg).%\gﬁgﬁgggg%%gﬁ% e%’."élgéséa SO, d:tln? | con-hgglég%?%ggp%es f or med

on sil i canmbived sinee theywawafersiaee separately processed.n@ne ¢andhe@awbernesdidg thevi ces or .
t he HBT type devi.ces. ,Technol ogi es such as. Bj .=NN .an np -HBT,

VCSEL, iR rebingg seroloy geit of Sire ’W‘s%%a%"f‘% st iR aNcRRReRY D

01/ 26137 (RGdy thip Wk 9 desighaheniiotibthed pfoetsdion getllefol Aicexisting Bbrabiledr OVi des a

t he-di nensional, |am nar integrated circuit struycture. The det\g,igée,i S a

mul ti - chitgehaplagy whigh gpssgotussiagd canpetdalkeadvaniage pE eimast Jgvanpced tghralegies

i nt er conngel il RSinbidgRscompared to other nulti-chip nmodules. The

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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modul e offers great flexibility as it can conbine different devices and
different twevedepi es. Obviously, numerous nodificati oreTasm2¥8si ati ons
of the present invention are possible in light of the above teachings. It
i's therefore to be understood that within the scope of the appended
clains, the inv I mbpﬁigg | b $ifed-iRRndSnad ReGhd cal |y
descri bed herei 2"3{:!11%{310\/\0 ONb 3%9%%"&%%%&%%??w ~I 1 Ia'lﬁ' |1 I;CS]I 11111 11
I1il Q ai nentegratedcimextrstrdctafe. The deyicets amultichippiaiokedaviag h highintegration f i r st
surface and, an._ opposi ng,. second .surface, conpr,i sing: | { shi ng, respective
irst surf ARy HyTREpd inderiopmertion beriies FOmRASY abBmiltrenippoailes (18 o
surface roughiessrter 26 NBLLABOREEH combifie difftréht devitdsan@aifRfentRitofobiest and
second wor kpi eces; polishing a second surface of one of said first and
second. wor kpi e&®yioasly cumstons medificgions andyagationsiefthe prasgntioventionad bondi ng
said first surf,ace. | prd.wor kpj ' | i . surface.
2" & et nod S Bk of Bk fbevleainidb R i Erlelo BP e HAF iR K

mat eri al orofahesappended etnibsy thainvemion biagibe praticdd bibersvisewkmmnlap speeificallyf or m ng a
thin third material on a fourth nmaterial to obtain said second workpi ece;
formng a t9®iPE e ¥Mmterial on a sixth material to obtain said third
wor kpi ece; and polishing said first, third and fifth nmaterials as said
step of polishing first surfaces. 3. A nmethod as recited in claim 2,
conprising: formng said first, third and fifth materials each of a
material having a high thermal conductivity and a high dielectric
constant. 4. A nethod as recited in claim?2, conprising: formng said
first, third and fifth materials selected fromthe group consisting of
silicon dioxide, silicon and dianond-Iike carbon. 5. A nethod as recited in
claim2, conprising: forming said first material to a thickness of about
1-10 tinmes a surface non-planarity of said second material; formng said
third material to a thickness of about 1-10 tines a surface non-planarity
of said fourth materi al
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formng said fifth material to a thi ckness of about 1-18,1I surface"
. . 1990
non- pl anarw@ 91268¥7 sai d si xth ntuﬁllmu ln mm hod as ré&8 f‘%@aﬁ g’ claim1,
conprising: formng a first se H" e on a first substrate as
said first workpiece; formng a second "serti c&nduct or device on a second
substrat e Gaimsaj d second workpiece; and -19 WO 01/26137 PCTNSOQ 21990

forming a thirg i@:ﬂé 08 Bt inlepta gﬂ@ﬂgﬁﬁg&}e@cﬂﬂ&bﬁgaﬁﬁﬁﬁ&f%@mﬂ%n

Skidohi rd
wor kpi ece. 7. "A et od as re clarm 6, “conpri sing for%ﬁ) éﬁflrst

mat eri al Qébomsurme,rcmtbmge said first sem conductor device; form ng a

second materi al . an rf sai d secqond senj conduc devi ce;
pol i shi ng eachPBIP ﬁﬁ‘%&%‘g{dﬁ 'aaﬁi]“{dzwg 18ce§ﬁq,<#|§%%
roughness,degf}qs‘ﬂ%db ey d first and second polished materials. 8. A

method as recited in claim6, conpri sing: polishing an_exposed surface of
sai d one of sabmdlmg@gefbﬁéa@ékﬁﬁﬁf tapd secgmd, verkpicess: sai d surface

roughness after ggg third
mat eri al on saPﬁPs?’ﬂ%r%&sem cona l?ﬁ’% g\?fﬁége{?gd ﬁ}hngﬁsésgﬁﬁ” r@ggﬁorface
to said sumpidaadadeqtgghnessandand bondi ng sai d polished third surface with
sai d polished exposed ac thod as re

conpri sing: polbraH P&&liﬁﬁé%@%ﬁ?&% ‘eg"a'i"c’ra‘ H@hsg‘Fé ’Eﬁaﬁiﬂla?’t and
second sem congug;ﬁgthoggyfeg&alﬁ@]am;d,oﬁlgﬁglag.e roughness after bonding said
first and second workpi eces; formn wor kpi eces each having a

seni conduct or demmeaﬂmﬁeﬁmatnndosetﬁs@némten obtaingajdfirgtvarkpiesser havi ng a
val ue of at |east .3: gl%gl mﬁa%r“gﬁ)ﬁlﬁl}%t%ﬁtg %S\M&r E&gng%&pe&gh to said

surface roughn %rgungom g sal Sem con evi ces sai d
bonded first aﬁmﬁﬂgzﬂﬂﬂxﬁﬁbm&ﬁﬂ&n@sﬁnhmrﬁﬂwebmﬂmmmmecmmt egrated

bonded devi ce. ed I n cIa| ris enovi ng
respective subsPP Maﬁgrg\‘ap@mpg Y ?E@OW%{'@Q?“&{ AfSspective
substrates. G@qs&‘élté’dqﬁbfaﬁﬂzld%ﬂ@hghg] 1, conprising: wusing a first

substrate as sal I rst workpi ece;
forming said first, thud and fifth materials each of a material having a high thermal

p.

conductivity and a high dielectric constant.

4, A method as recited in claim 2, comprising:

forming said first, third and fifth materials selected from the group consisting of
silicon dioxide, silicon and diamond-like carbon.

5. A method as recited in claim 2, comprising:

forming said first material to a thickness of about 1-10 times a surface non-planarity
of said second material;

forming said third material to a thickness of about 1-10 times a surface non-planarity
of said fourth material

forming said fifth materialto a thi_ckness of about 1-10 times a surface non-planarity
of said sixth material.

6. A method as recited in claim 1, comprising:

forming a first semiconductor device on a first substrate as said first workpiece;

forming a second semiconductor device on a second substrate as said second

workpiece; and
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formng a first integrated circuit on a second substrate as said second
wor k- pi ece; olishing a first surface of said first subs}iptgekiesai d
surface roug‘ﬂﬁ@yg‘}” pol i shing a second surface of said integrated circuit
to said surface roughness; bonding said first and second surfaces; formng

a second integrated.cirguit on third E A RhsBt | | rkpi ece;
polishing a thir Wﬁ%@gdB?’mg(%ﬂ%HCt?rn{egﬁ?g‘%)g is‘r?%w ﬁ@ﬁs@%&gﬁ géée
roughness;. and 2Q\ jabkthbd &9 rbdited ir( A 6) bordprkings L m s WO 01/ 26137

PCT/ US00/ 21990 bonding _said third surface to, Stﬁ%td s,eco({;lgtg%/\grkpi ece. 12. A

met hod as reci t edorming¢ Sishmaterial e ApvRPst fgface ik HFt TEMILONGUEIRY A9ViCer i al on a
surface said 111§ P2 ld:fl nateriPbrd S1NrRf S ot 54id Lol RinkBhaicRor A8Vi;
S; m ng second and Ir I

surface roughnes materials on respective
surfaces of sai dpblishiig eacliofsaid dind and setergimaterthlsctd said surface ranghnpsst axhi ng sai d

second and third rr;éieria to,said,s r%ce roughness. 13. A nethod as
recited in clai mPeBimg stang gecond pqfishyd 1 irst material to a thickness

of about 1-10 ti ge% RAembd i36Qtel RICIRIY) Borhfrising®f sai d surface of said first
substrate; and formng said second and third materials each to a thickness

of about 1-10 ti pelshing suexpasedsunfaee ofisaid an¢ of saigifirstandsesend semicgpdugtoss of sai d

first and segcond integrated circul 14. l: in claim11,
conpri si ng: cwogggpr?%aéqugf%easoﬁefgqngnées F{e&(ﬁ%g&?%g%%t ogﬁﬂgnlfcg%p consi sting
of di anond, di anggehing 4 thérd ematdbiolonaaid third sefddondatdrideviceas sai d first

wor kpi ece. 15. A nethod as recited in claim1, conprjsing: formng Nthin
films on a first Pﬁh@@?&s&}%‘?’@eﬂﬁé‘éﬁtﬂsﬁﬁﬁf*ﬁ%‘@%ﬂ% ece; polishing an
upper nost one of w3adidy Mid pHtiShddithifBsubBeeSRilisafifolide ekpuaigmg;, form ng M
thin films on a second material to obtain sai'd second workpi ece; and

pol i shing an uppér Hosethohas redited i dlaitvl 6, komprisingys t o sai d surface roughness;

e o e 5 Bar R S W b o leopd i, T 10
plural of sadesichs folthid shificeBoughess after bonding said first and second workpieces;
forming N-2 workpieces each having a semiconductor device formed on a substrate,
where N is an integer having a value of at least 3;
polishing surfaces of said N-2 workpieces each to said surface roughness; and
bonding said N-2 semiconductor devices to said bonded first and second
semiconductor workpieces to obtain an N-integrated bonded device.
10. A method as recited in claim 9, comprising:
removing respective substrates of said N-2 workpieces after bonding said respective
substrates.
11. A method as recited in claim 1, comprising:
using a first substrate as said first workpiece;
forming a first integrated circuit on a second substrate as said second workpiece;
polishing a first surface of said first substrate to said surface roughness;
polishing a second surface of said integrated circuit to said surface roughness;
bonding said first and second surfaces;
forming a second integrated circuit on a third substrate as said third workpiece;

polishing a third surface of said integrated circuit to said surface roughness; and
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polishing at least plural of said Mthin films. 17. A nethod as recited:in
cl ai m 1, wooen26138i Nng: using a surrogate substrate as s&?ﬁ“?@@&%"'v\brkpi ece;
formng a stress-relieving |ayer on said surrogate substrate; formng a

thin filmon said stress-relieving layer, and polishing said thin filmto
sai d surf ace bondigg sad third 5erfacA tnsidssdomlswarkiéceed in claim 1, conpri sing:

formng a thi ilicon filmon.a naterial.to obtain said first workpiece;
-20 0TI |191 %PF‘?‘@&%&‘E@H&?}T‘H HSAPSINEC | M .0 WO 01126137 -
PCT/ USOQ' 219 38mihg' i nafealoniGaiadethid fdstsubsfraee of said first thin; and
polishing said first thin silicon to said surface roughness. 14. A nethod

as recited i polishingsaid firsynaterial fvgid sysacesmughgessai d respective first surfaces
and said sec . Q{;’ﬁl l: ' HM‘E: ﬁ? EFEI“ recited in
cl aim 6, corrp(}&%%llﬁ%é{‘ﬁ%&(;ﬁs | n‘g&?&%g"c%ﬁg?ﬁ&a. ¥ §$s§ r OES%O? ﬁi rd

seni condiepteddivhiceand 0 a desired planarity. 21. A nethod as recited in
claim1, conprising: . formn girst sem cqndyctor device in said first

wor kpi ece: fWHW%?‘%?EW#@&“W‘BW@@V?%W%?d second wor kpi ece;
and inter COQP?%&@&O&RAx@ciiehﬁ&laﬁﬂﬂl,%@ﬁﬁﬁﬁhg?em conduct or devices after
bonding said first and second workpieces. 22. A nethod as recited in claim

21, conpri si figmiing s4i¢ Grshmetetial do b thickmess of ebaub 110 fimes aglirfrcelnen-plaesrittes i n
L R PRI o, o, 25, AT g8 Tectiod i,
first and sedonsing edid sseostianidaliird siaterisle each 2ola thitkness bfdboasi-t@tmkesl in claim
B o n-planaity OF rospeaive Suribers of sid host ahd Second intearated aurouits, |
wor kpi ecirfaggpn-planarity of resp s ._ g

14. A method as recited in claim 11, comprising:

using a surrogate subst;été selected from the group consisting of diamond, diamond-

like carbon and silicon carbide as said first workpiece. |

15. A method as reéited in claim 1, comprising:

forming N thin films on a first material to obtain said first workpiece;

polishing an uppermost one of said N thin films to said surface roughness;

forming M thin films on a second material to obtain said_ _sécond workpiece; and

polishing an uppermost one of said M thin films to said surface roughness;

where N and M are integers each having a value of at least 2.

16. A method as reci’_ced in claim 15, comprising at least one of:

polishing at least plural of said N thin films; and

polishing at least plural of said M thin films.

17. A method as recited in claim 1, comprising:

using a surrogate substrate as said first workpiece;

forming a stress-relieving layer on said surrogate substrate;

forming a thin film on said stress-relieving layer; and

polishing said thin ﬁﬁn to said surface roughness.

18. A method as recited in claim 1, comprising:

forming a thin silicon filmon a material to obtain said first workpiece;
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I nterconnecting said first, second and third sem conductor devices. 25. A
net hod as r%m@ltsj,n claim24, conprising: formng N3 segrusewaigor

devi ces on respective substrates, where Nis an integer haivng a val ue of

at least 4; bonding said N3 devices with said first, second and third

wor kpi eces; an |_0g: insgﬁ [ b€ 26. A nethod as recited in
claim 24, conpgfllg"aﬁ{é:ﬂ(g&?g{r}ﬁ%’oan I'ng °§5%ﬁﬁ@rh§f §nzglnd second sem conduct or

devi ces, renovipolisingsabbfimicthia silfcon orseideirfaaraighiesst and second

sem conduct or devi ceS'o(PoI I shi,ng .a surface, exposed by said renoving step to

sai d surface rodg4n@etod asseeish el 1y PPPPEs eni conduct or devi ce to said
exposed surf ace; ;anth sakPreddebtivelfirit shrbdckd dnti 3kl séebhdliukfadel th b dedired plandfy 01/ 26139
PCT/ US00/ 21990epoPermEvi ng %ﬂeéugstrrat e of said third sem conducFor devi ce.

27. A met hod as20r Agndthad as recgediinreladd 6, omprising:: | nt er connecting said first,
second and third,sem conductor. devices, conpri.se ongl| I -l ayer

I nt er connect tc}"’%‘g‘f‘?ﬁ?‘ﬂ@?‘eﬁo Wﬂ%&%&%ﬁ‘"gpéw%%“.%“%&kﬁ%e?%&%é recited in
claiml, c i Ng: formng first and second seni conductor devices as said
first and second wor lé% eces;, formng a multi-layer interconnection as said
third wor kpi ece2l. dnmethpd asreeiied drelaimgl. saprsing: st and second seni conduct or
devi ces usi ng Sfa.l ﬁli k= b He6: ' ,g,gga . A nmethod as recited in
claim1, conprisi nﬁ&b&*%’ﬁéﬁ%ﬁ%ect#ﬁ%ﬁ%% coer:fd and third

seni conduct or dfesming 8 saendsemiconiductdr devierinrsaid sevond whikpideapend pi eces; f or mi ng

a nmulti-layer interconpection; bonding said.,interconngction to.said first,
second and t hi rigtelRoPRgSHRg 8 f[‘}%ﬁ‘}g s?cﬂ?‘g*%‘f?ﬂg‘échrﬁ Vieesafjeriho élxpg aééﬁﬁﬁd and
third sem gondusliQlongfsteses using said interconnection. 30. A nethod as
recited in claim1, conprising: formng respective first, second and third
conponents of ai- &4 methed axecited én elpimad] . sempismg’

interconnecting between respective individual devices in said first and second

semiconductor devices.

23. A method as recited in claim 21, comprising:

interconnecting between respective circuits in said first and second semiconductor
devices.

24. A method as recited in claim 21, comprising:

forming a third semiconductor device as said third workpiece; and

interconnecting said first, second and third semiconductor devices.

25. A method as recited in claim 24, comprising:

forming N-3 semiconductor devices on respective substrates, where N is an integer
haivng a value of at least 4;

bonding said N-3 devices with said first, second and third workpieces; and

interconnecting said N devices.

26. A method as recited in claim 24, comprising:

after bonding said first and second semiconductor devices, removing a substrate of
one of said first and second semiconductor devices;

polishing a surface exposed by said removing step to said surface ronghness;

bonding said third semiconductor device to said exposed surface; and

22

L



first, second and third workpi eces; and interconnecting said first, second
and thirdyggpRenents. 31. A nethod as recited in clai mcI0sin®ei n: said
‘interconnecting step conprises bonding a nulti-layer interconnection to one
of said workpieces.. 32. A nethod as recited in claim1, conprising:
form ng a twem6Vifgasulssnate ofisaidithird femioamoctorderitedevi ces in a substrate as
each of said to firat and second rkpieces; and connecting said first

devices to s%?uf*@é@"@ @S FFeifedn claim 26, wi 2thod as recited in claimi, .
conpri si ng: ihércoﬁﬁécﬁh@%i@?&ﬂ@é&ﬁ&hﬁ tRird SenditdiudtbiedeNREs GRipiEGHoNdihy MRt eria

as said first workpiece; formng a two-dinensional array of unconnected
devi césanmniltalageristercatrectito seid thirdsemirandictasdeviead and t hi rd wor kpi eces; and

-23 11111111218;1.;3&11 1 11113(% %i c L.Ns WO 01126137_ PCTI US00/ 21990
i nt er connectfh ?&Eh& FrTgte _\7 ’fz?ﬁ@n?&g‘d second devices. 33. A nethod as
recited in cfy 3i2st afi@5ERbhBIetbondiktdd d8¥EARAE sad first Mid WeoMarkpkéces bei ng of

different technologies. 34. A nethod as recited in claim33, wherein: each
of said firsforming agattieyeniniergoneectian asoyid thisdwarkpisesigad ogy sel ected fromthe

group consi sij ;cgg%/% @QE“’ ig&gj @;%d NaveFET,
VESFET, Ntﬁh'g%ngn q_ﬁﬁg . rxrltﬂatIg ﬂg aé‘gerag%%dg%éusl\{n C a?ﬂh??ye?orrpri si ng:
f or mi ngimatshnédtiont wor kpi ece as a semi conductor device using a first
technol ogy; and farmng saj.d second workpi ece as a sem conductor device
using a secofry 4%&?&%&?“%F%grﬁ°ﬁm§ﬂ&ai d first technology. 36. A
method as regihRg réspediive vt secon® W ihirh B&nicoddubidt A&ieshskald firsh sebbidkpi ece as
a surrogate substrate; formng said second workpi ece as a sem conduct or

devi ce wasd thigd avofkpieses;t echnol ogy;
forming a multi-layer interconnection;

bonding said interconnection to said first, second and third workpieces; and

interconnecting said first, second and third semiconductor devices using said
interconnection.

30. A method as recited in claim 1, comprising:

forming respective first, second and third components of an electrical system as said
first, second and third workpieces; and

interconnecting said first, second and third components.

31. A method as recited in claim 30, wherein:

said interconnecting step comprises bonding a multi-layer interconnection to one of
said workpieces.

32. A method as recited in claim 1, comprising:

forming a two-dimensional array of unconnected devices in a substrate as each of said
first and second workpieces; and

connecting said first devices to said second devicss.

32. A method as recited in claim 1, comprising:

forming a substrate of a high thermal conductivity material as said first workpiece;

forming a two-dimensional array of unconnected devices in a substrate as each of said

second and third workpieces; and
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and formng said third workpiece as a sem conductor device using a second
technology different than said first technology. 37. A ng¢ o3fo9é €Ci t ed
in claiml, YO ng: polishing respective first surfaces of first,

second and third workpi eces each to a surface roughness of no nore than

about 5-10 A 38. A nelhod. integratin em conduct or devi ces,
conpri sing: bdﬁmcﬂﬁneﬁ{lﬁ%cfg%tedrﬁ]%"ﬁegﬁﬂ%a“g§e%%@#%5 having a first substrate
to a second sey¥ ORGHGE &Y rediRd itdaih®2| gnprisgcond substrate; renoving a

portion of said first substrate to expose a renmining portion of said first

seni conduct or  cheid;seeond andithird workpisqescemmig od diffsreat technglogishd second

sem conduct or vigce . jted in claim 38, wherein: said
i nterconnectin Cmﬁhgggsg%gﬁ‘gﬁ%%%&ﬂaﬂ | i ayer interconnect to said
remaini ng  por tdacMof¥aidsfrbtcind becerd wekpieces ceifiprisda reehrviapyaslectatfromthel n cl ai m

38, conprising: renovjng substantially all . ' e. -24
~: 1 , 111 118948 qopsisHng ot GHOS\BICMRS, oan asipp %P’S@%%%ﬁﬁgﬁﬁm hod as
recited i nwwaé‘g,ﬁgqnpri sing: planarizing surfaces of said first and

n 0

second devi ces; nding said surfaces. 42. A nethod as recited in
cl ai m 38, conprisismgethod astiesiteddn ¢lainy Ij cerprisingaduct or devi ce to said

remai ni ng portion;. and, .interconnecting said first . seco hji r.d
sem conduct or otgm’%ggld ﬁ%wo%%etﬁgaexg%o?@gg{ g%'mler‘lls%g g:ﬁﬁ?%ﬁﬁl %got‘g&pérﬁdsi ng:
bondi ng a surr ogahig Salsdcbad Rorkplededs 8 séRioBidutOOdeRRE Liina Sbomtechnblogpt
device; and renoving said second substrate to expose .a renaining portion
of said sediffentrhen sad firsitachnplogiet hod as recited in claim 38, conprising:
bondi ng said s j : ﬁbﬁ?uf -qubstrate; renmoving at |east a
portion. of sai S%ger}gggg‘xggﬁrg{n%g?ne 0 gg{;%{’%g?gnd device to expose a

forming said first workpiece as a surrogate substrate; '

forming said second workpiece as a semiconductor device using a first technology;
and

forming said third workpiece as a semiconductor device using a second technology
different than said first technology.

37. A method as recited in claim 1, comprising:

polishing respective first surfaces of first, second and third workpieces each to a
surface roughness of no more than about 5-10 A,

38. A method of integrating semiconductor devices, comprising:

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 expose a remaining portion of said first
semiconductor device; and

interconnecting said first and second semiconductor devices.

39. A method as recited in claim 38, wherein:

said interconnecting comprises bonding a multi-layer interconnect to said remaining
portion of said first device.

40. A method as recited in claim 38, comprising:

removing substantially all of said first substrate.
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remai ni ng portion of said second device; and bonding said first device to
sai d remaygoisrgorti on of said second device. 45. A nmedrasemassecited in
claimd44, conprising: renoving substantially all of each of said first and
second substrates. 46. A nmethod as recited in claim44, conprising: '

bondi ng a t higl d ASfietheddsqetifedin dlain IBScd rﬁ;ﬁfgd remai ni ng portion of said
first device; and interconnecting said first, second and third

seni conduct oplaganizingsurfaces pf sgid st andpeepnd deviceseandi n cl ai m 46, conpri si ng:

removi ng at | . L.Qn of a third substrate of said third device to
expose a rer?gfiaéﬁl%‘%%%or I&%h of said third device. 48. A nethod as recited
in claimA47, 4¢oanhethddds resiedinclam 38 bahyiisingal |y all of said first, second

and third substrates., |y .49, A nethod as recgited in claimd47, conprising:
bondi ng a nuIbPPdm%ﬁéﬁ“dis%‘P’éPm&T“‘ied°_§% &W@H%ﬁ?ﬂﬁ\ﬁf;ﬁﬁ?t ion of said third
device. 50. AybRbORGRS ikl Seorddind ididSeRfon&iiPdbvitadg: - formng N

sem conduct or devi ces on respective subs'g[at es, where Nis a nonzero
posi tive i nt d3ded mebediastecited imclaimABy coraprising: sai d first and second devi ces;

25 0000eeerprrerrr 5 P L INIIRLL Lk~ 1 41/ 26137 PCT/ US00/ 21990
i nt er connect ibRBA’E%? Wg?tgts'fbsgﬁtg&%?liﬁﬁmﬁlm° s&ggﬁhsig%?en as recited
in claimb50, rgneRhg Siid@cordsibitiattdo akpdsea fematilpdriict bfRhid sedead devies of each

of said N devices to expose_ respecitve remaining portions; and bonding an
(N+1) th devi - Pomethodasdpdited éin Paim 1% RomPrisig: Nt h device.  52. A nethod as

recited in chaj daid SROR devicB % §,§R§?ﬁ}t@ﬁb Rstantially all of said first
and second subg’isntmrlgt es and s"Z?"d subst rat es %#é ’

removing at least a portion of said second substrate of said second device to expose a
remaining portion of said second device; and _

bonding said first device to said remaining portion of said second device.

45. A method as recited in claim 44, comprising:

removing substantially all of each of said first and second substrates.

46. A method as recited in claim 44, comprising:

bonding a third semiconductor device to said remaining portion of said first device;
and ' ' | |

interconnecting said first, second and third semiconductor devices.

47. A method as recited in claim 46, comprising:

removing at least a portion of a third substrate of said third device to expose a
remaining portion of said third device. |

48. A method as recited in claim 47, comprising:

removing substantially all of said first, second and third substrates.

49. A method as recited in claim 47, comprising:

bonding a multi-layer interconnect to said remaining portion of said third device.

50. A method as recited in claim 38, comprising:

forming N semiconductor- devices on respective substrates, where N is a nonzero
positive integer;

bonding said N devices to said first and second devices;
-25-
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said N devices. 53. A bonded device, conprising: a first workpiece having a
first surfaggogideizra desired surface roughness; a second REWUSEIRN havi ng
second and third surfaces each with said surface roughness; a third

wer kpi ece having a fourth surface with said surface roughness; said first
and second surf gesonhedtile taid L€ sERhd ardNId&idedl third and fourth surfaces
bonded together. 54. A device as recited in claimb53, wherein: said first
wor kpi ece conprﬁbeémfthqfhahr*mdslpchﬁ@é‘? icemPEpingsosed on a second mat eri al ;

sai d second work Hpgag; on a fourth
material; said %a?g ?@n?&%&;ﬁ%&%?&"%@% I'n I{I?th mat ef1al di sposed on
a sixth W&tr&pbﬁﬂvermasﬁngm&omfmﬂal d thin first materl al conprises said
first surface; a surface aid thin third nat ri ses said second
surface; and aP @Ww&?)%%v&e%?wmﬁﬁqgﬁm {bc‘%?‘rﬁgl ses said fourth

surface. 55. A ggVvj ag%hé@ﬂclaﬁngi biprading: \/\herel n: each of sal d thin
first, second and third materials conprises a mat eri al having a g
S

ther mal cond uct remdvinganbistantialtyyl ofiseil Sust andcsecond substrates 8@, said substrateso
recited in cl 54 wherein: each of said thin first, second and third
materials & a material selected from the group consisting of

silicon dioxi de5 SA|bb§4bﬂdaﬂde d@@pﬁ;ﬁ@—l i ke silicon carbide. 57. A device as
recited in claimb54, conprising:_ said thin first material having a

t hi ckness of abétﬁﬁt!’ﬂﬂwleﬁh@@%@m“ﬂ@ﬁdﬁlﬁﬁm§°9f°‘{$¥‘n°§%1| d second
material; -26 V@s&%é@@é&?ze?%ﬁ@@%ﬂ&%a&ﬂrﬁcés%&JnIEHsfaihéﬁP&&r' al having a

thlckness of about I mes a surface non-planarity of said fourth
materi al ; aocughaessd thin fifth, material having a thickness of about 1-10

tines a surface ng nar i, t of i d.sixt terial. 58 A device as
recited in claifh %‘BQKE@FC& ¥m§ f‘ﬂmﬁﬁ\“ﬁ“’? tgts”ﬁﬁ gﬁrﬁﬁﬁprlses a
plurality of thigdEaYaidsecondRutfREEEoNaed tofifigerQihd sai d I ayers conprising said
first surface;

said third and fourth surfaces bonded together.

54. A device as recited in claim 53, wherein:

said first workpiece comprises a thin first material disposed on a second material;

said second workpiece comprises a thin third material disposed on a fourth material;

said third workpiece comprises a thin fifth material disposed on a sixth material;

a surface of said thin first material comprises said first surface;

a surface of said thin third material comprises said second surface; and

a surface of said thin fifth material comprises said fourth surface.

55. A device as recited in claim 54, wherein:

each of said thin first, second and third materials comprises a material having a high
thermal conductivity and a high dielectric constant.

56. A device as recited in claim 54, wherein:

each of said thin first, second and third materials comprises a material selected from
the group consisting of silicon dioxide, silicon and diamond-like silicon carbide.

57. A device as recited in claim 54, comprising:

said thin first material having a thickness of about 1-10 times a surface non-planarity

of said second material;
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said thin third material conprises a plurality of thin |ayers, an uppernpst
one of savdevierers conprising said second surface; an®Cq M‘??Pn fifth
material conprises a plurality of thin layers, an uppernost one of said

| ayers conprising said fourth surface. 59. A device as recited in claim 53,
wher ei n:  saiseidfthinghirdpairyial aving » thinkness of alfont k40 Gwes e BntcerOrplanstice; sai d
second c\é{o gg gtggar es a second sem conductor device; and said third
wor kpi e &% ?ﬁf&\rges a’ |rd sem conductor device. 60. A device as recited-
i n clai m 59 saidhiinifth materiall hivingd thivknsss of aboat 1910 tiass strfaceMphiptaritya fir st

I ntegrated c rCU|t Jhaving one surface as said first surface; and said
second F&ads] *devi ce conprises a second integrated circuit having
one surfac aam‘%agg&gmn%mggewman opposi ng surface as said third
surface; and said third sem conductor device conprises a third integrated
circuit havisa thindirstauatériat comprisesss plutabityrof khis layéra,cap upparmost odeof said as reci t ed
in cl al{n 60, V\/nerel n‘\/ﬁgtch of said first, second and third seni conducotr
devi ces' R Bﬁf?ﬁ?nm onal array of unconnected devices. 62. A
device as r %ﬁidttﬁﬁthx?dﬁxhﬁhﬂ&&pns‘e@ APRiraity §f thinJayebR hthugdpefridst Wk df Rdi@ce
conprises a first sem conductor device fornmed in-a first substrate said
second Mrﬁmmtw%msafm d sem conduct or devi ce formed in a second

substrate, iR h&ﬂ? glg%g, ﬁ«dﬁﬁq anq‘?? ‘6 ghig and said
third V\orkPgsrgle conprises a ﬁ% m conduct ry@chTew orrre ?n a third

wor kpi elayersumnpﬂsatgas,mdefouﬁbﬂmﬁca portion of third substrate being renoved..
-27 1111111 1? 11111 L1 iﬁ‘ sé h* .C L NS W 41/26137 PerfusoQ 21990
63. A devic B8 I ’@I Th 2V rising: said second sem conduct or
devi ce conprdpefstSidrkpiscconpriss Hife@ Beiicbiuc@pidvi®;, formed in a second
substrate, substantially all of second substrate belng renoved; and said
third seni cowiiieeand vrskiiecs compyises 3 second semieqndneiondenicemduct or devi ce f or med
in

said third workpiece comprises a third semiconductor device.

60. A device as recited in claim 59, wherein: -

said first semiconductor device comprises a first integrated circuit having one surface
as said first surface; and

said second semiconductor device comprises a second mtegrated circuit having one
surface as said second surface and an opposing surface as said third surface; and

said third semiconductor device comprises a third integrated circuit having one
surface as said fourth surface.

61. A device as recited in claim 60, wherein:

each of said first, second and third semiconducotr devices comprises a two-
dimensional array of unconnected devices.

62. A device as recited in claim 53, comprising:

said first workpiece comprises a first semiconductor device formed in a first substrate;

said second workpiece comprises a second semiconductor device formed in a second
substrate, at least a portion of second substrate being removed; and

said third workpiece comprises a third semiconductor device formed in a third

substrate, at least a portion of third substrate being removed.
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a third substrate, substantially all of third substrate being renoved. 64.
A devi ce as qﬁh§g7in claim 53, wherein: said first worKpicgagodAseri ses a
surrogat e substrate; and said second and third workpi eces conpri ses
respective first and second sem conductor devices. 65. A device as recited
In claim®64, wherejn: | 0 S rate conprises a thin first

mat eri al disposg%'% egagéggﬁgﬁ%H%%%ﬁ%ﬁ#gﬁ%gﬁg'thin first material conprises
sai d first surf gf@sectnd snfiepimntbrdevdcd doimptisesanid savondisinicondetdrdesice

respectively caonprise thin second and _third yaterials di sposed_on
respective %@@%W%@%?“%F@Wﬂygegm0m¥| e@&ﬁ?ﬁ‘i‘?@&“’gai d second

surface; and sgi:gakhi | i Nedolagalcy i ; 66. A
devi ce as reci t%@%ﬂg%cﬁ#%&o conﬁrc?’g,ng: S%.I tsﬁ?lh Pﬁg{&%&cﬁgﬁ?%avi ng
a t hi cknes s thitd substeete, utisGntiallyedl ofi thindishlsstrate being pdmoved.i ty  of said second
material; said thi nglsee.cond MR erilal aving a thickness of about 1-10 tines
a surface non- PraftdFyiFyasfecre Pbcﬂ’ﬂﬁgrwé‘ﬁ%flace of said second device; and

sai d thin thirdsfakgs wekkpltedionfprifestaitdpestbfiateaet 1-10 tinmes a surface
non-planarity of said upper surface of said third device. 67. A device as

recited in cl ai sigsscondhanddhird workpieces corprisenespeative firstrand segpendagmicopdustampr i ses
athin fi r\?%gn&terial, a second material and a stress- relieving materi al
fornmed bet Rsaid thin first material and said second material, a surface
of said thin fiBstArisYies asreciedinulaimieagwhaeid: fi r st surface; and said second
wor kpi ece conprises a thin third nmaterial, a fourth material and a, stress-
relieving mater f3f SEHEAESY E?%@?P@%Mfﬁ@ﬁ?%dﬁwe PIg S ’E%T?QFL ourth

material, a surfagin Bkt Sl chhpriseidal dldPdugated] conprising said second
S . ] ;

surface. 68. A device as recited in claim&53, wherein: -28
#1010 1Jj 1111f 111 84id secontdand thindisemicpmiugtor devieer resprtivelp campriys thin segprfl #ndr st

wor kpi ece Q@g%#tﬁ%ﬁﬁéoggé&%géﬂg%@é%é%gér?agesapd said second and third

wor kpi eces evi ce.
said thin second material comprises said second surface; and

said thin third material comprises said fourth surface.

66. A device as recited in claim 65, comprising:

said thin first material having a thickness of about 1-10 times a surface non-planarity
of said second material;

said thin second material having a thickness of about 1-10 times a surface non-
planarity of said upper surface of said second device; and

said thin third material having a thickness of about 1-10 times a surface non-planarity
of said upper surface of said third device.

67. A device as recited in claim 53, wherein at least one of:

said first workpiece comprises a thin first material, a second material and a stress-
relieving material formed between said thin first material and said second material, a surface
of said thin first material comprising said first surface; and

said second workpiece comprises a thin third material, a fourth material and a stress-
relieving material formed between said thin third material and said fourth material, a surface
of said thin third material comprising said second surface.

68. A device as recited in claim 53, wherein:
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69. A device as recited in claim53, wherein: said third workpi ece. a
conpri seW@oR6ta7ogat e substrate; and said first and se®EHYSWBAWPi eces each
conprise a sem conductor device. 70. A device as recited in claimb53,
wherein: said first and second workpi eces each conprises a sem conductor ’
devi ce; and sagldirst wdrkpiccewwompiises @ surcagalersibstratepandul ti - | ayer i nt erconnecti on.

71. A device gs recited.i.n claim53, conprising: said.first and second
wor kpi eces eﬁé@f?e ?@&@f@éﬁ%ﬁ?ﬁhﬁ@?ﬁ?ﬁéﬁ%@?@“&ﬁ@&r d interconnection
connecti ng igydiAisliclas fRUeTRTIdirh 39) Wigréln:.Ci rcuits of said first and second
devices together. 72. A device as recited in claimb53, conprising: said

first and seeisihirgwerkpieee comprisesp [FRsHe sbsrate; apdit egrated circuit; and said

i nt er connect] ' Lndi Vi ﬁF'E ' a1 ntegrated
circuits of s fsgla!;"gt [ ?%%hgﬁ’all e(lgé(;sn Vi ce‘gy%e%lg%g{nﬁgérgrs‘%g&'A device as
recited in clriArdddee a8 eatited micluim S3swhedein:ur f ace roughness being no nore than
5-10A. 74. An_ jintegrated deyice, conprising: it -a first sem conductor

devi ce; a sevihrsiandsecondwerkpleces prieompeises semicgndpetor deyiers andyt  gevi ces
formed on a gieid Yofkpiedbbdnibridesa RERDagkr idt&esimedohl i @l |y renoved, bonded to

said first sem conductor _ device; and 1 nterconnections connecting said
first and sebonidevigeiasmsitedinglaini$d eoowrising:. A device as recited in claim

74, wherein: agﬁgd sgcond gve ice corigri ses_sai d.Ia%e?Eo of dgvi es fornmed on a
subst rat e wHEiH.ARd Sgcond workpicpes tap FEPPERTREIIE KTHEY L as recited in
claim 74, codaiyinhkidefnection donhéttifg Mdbaddliddvives fioimisaid cirbitof ssie @rdbnd | ayer of

devi ces fornmed on a substrate which has been at | east partially renoved,
bonded $esordgeyicseogstBerdevi ce. 77. A device - as recited in claim 76, wherein:

sai d second fHEVA §&iGATRHSER cBitnG3! &%%h-sﬂg: devi ces forned on a s ubstrate
whi ch has -29 11111111711 11{i 11111 11111°11 1111 * ¢ L a WD 41126137
PCTI [ JSOQO 2 1saBtfirst and second workpieces each comprises an integrated circuit; and
said interconnection connecting individual circuits from said integrated circuits of
said first and second devices together.
73. A device as recited in claim 53, comprising;
said surface roughness being no more than 5-10A.
74. An integrated device, comprising:
a first semiconductor device;
a second semiconductor device, comprised of a layer of devices formed on a substrate
which has been at least partially removed, bonded to said first sém_iconductor device; and

interconnections connecting said first and second semiconductor devices.

75. A deviceas recited in claim 74, wherein:

said second device comprises said layer of devices formed on a substrate which has
been substantially removed. '

76. A device as recited in claim 74, comprising:

a third semiconductor device, comprised of a layer of devices formed on a substrate
which has been at least partially removed, bonded to said second device.
77. A device as recited in claim 76, wherein: '

said second device comprises said layer of devices formed on a substrate which has
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been substantially renoved; and said third device conprises said |ayer of
devi ces forpEeiRsa substrate which has been substanti apdiyugedimued. 78. A
device as recited in claim74, wherein: said interconnections conprise a
multi-layer interconnect bonded to said second device. 79. A device as
recited ig claim7 ! mher;%n: said first device conprises a |ayer of
devi ces f YSBOYHFaf whi ch has been substantially renoved bonded
to a surrogat eg,fihizd Bei®@ coBPrised sAl@ 1oy & f aévides forhedlor Dsubbtiitdwiith hasher ei n:
said second device conprises said |ayer of devices fornmed on a substrate
whi ch hasbeepsebstastifist ismovest |y renoved. 81. A device as recited in claim74,
wherein: said C . ' [ .being of different technol ogi es.
B AREN oikd 5 it 78 kB T ] S

82. A device as cite c eréin: each of said first and second

wor kpi eces congafd ifRroaniieefifizebogiiseamel s tayer ihferondebtbondeda said sseendst i ng of
CMOS, Bi CI(\i/DS npn and pnp HBT, VCSEL, PIN, HFET, MESFET, MOSFET, and JFET.
'-30 evice.

79. A device as recited in claim 74, wherein:

said first device comprises a layer of devices formed on a substrate which has been
.substantially removed bonded to a surrogate substrate.

80. A device as recited in claim 79, wherein:

said second device bomprises said layer of devices formed on a substrate which has
been substantially removed.

81. A device as recited in claim 74, wherein:

said second and third workpieces being of different technologies.

82. A device as recited in claim 81, wherein:

each of said first and second workpieces comprise a technology selected from the
group consisting of CMOS, BiCMOS, npn and pnp HBT, VCSEL, PIN, HFET, MESFET,
MOSFET, and JFET.
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