A METHOD OF STACKI NG THI N SUBSTRATES BY TRANSFER

BONDI NG This application clains priority to US

Provi sional Patent Application serial nunber

60/ 609, 131, filed on Septenber 10, 2004, which is

herein incorporated by reference inits entirety.

BACKGROUND OF THE I NVENTION (1) Field of the Invention

The invention relates to processes for the nanufacture

integrated circuits and nore particul arl\é to the

aAé\&Eb'HglibQﬁ SACKING THINSSUBSTRATES BY BRANSEERCBONDING

by wafer stacking. (2) Background of the invention

and description of previous art In the apparent never

endiThis gppBcatiamelainsfpridrityrtortd $iProvisioredl iIRateminlipplication
seriat haather®b09; 131, filed Dt Feptensisdri 10, 2004 cwhivheig léreth
:n@ﬂmateabymetacdmmlmgunhae&ﬁbeen forced to devel op

new packagi ng approaches, er than discrete single

surface silicon chips. One such approach involves

packagi ng integg "(ﬁ?Gﬁbr bﬂﬁErqugH‘ Hgl e chips

| ayered and |nterconnec one upon
oncept of nult|layered chi ps is ol d,
“ﬂﬁ'gr&fﬁﬁﬁ "Vc? OFo produce them cost effectively was
not avail able. Such processes as SO (Silicon On

I nsulator) and SOS (Silicon On Sapphire) as well a

t he_bondi ng of discrete devices, such as MEMS

(M dhe- Iw@g@n delalascRanpeessesyat thaupamHaetureeligtegrated circuits
circuit chips were well known but not cost or 1 design

andfmexst particulamy toctberareg efifasmingives-dimgnsionah integrated circuits by
devel opnent of high precision wafer thinning nmethods

wagercstagldn@MP ( Chem cal Mechani cal Polishing) and DRI E
(2) Background of the invention and description of previous art

In the apparent never ending quest towards further miniaturization and
increasing circuit density of solid state integrated circuits, the technology has been
forced to develop new packaging approaches, other than discrete single surface
silicon chips. One such approach involves packaging integrated circuits using
multiple chips layered and interconnected one upon the other. Although the concept
of multilayered chips is old, the technology to produce them cost effectively was not
available. Such processes as SOI {Silicon On Insulator) and SOS (Silicon On
Sapphire) as well a the bonding of discrete devices, such as MEMS (Micro-Electro-

Mechanical-Systems) onto integrated circuit chips were well known but not cost or



(Deep Reactive lon Etching) in conjunction wth
i nproved bondi ng nmet hods and naterials such as fine
adhesives, multiple chip stacking has becone
increasingly desirable as well as practical. In
addi tion, these inprovenents have al so allowed the
formation of itenms, which were previously inpossible
because of processing inconpatibilities. Wada, et al,
U S. Patent Nunber 6666943, describes a process of
desigareffestive.ndn aedant years haweias, with theataveinpenenttof Aigh precision
tenperature on a first substrate, onto a second
wakmmmnmngﬂnﬂmudssu@hk$tbww’MﬂumnmngMthn&u¢ﬁoﬁﬁﬂﬂgmund[HUE
if the filmwere deposited directly on it. The
(Dpep Resstive lopnEtchibap ibtenjoictionavisf ieiprovie boteding ietbds and
films fromone substrate to another and the separation

métefialis'seish %s'ﬂnfatacmkﬁslveﬁrrﬂgﬂigﬁa chY@Bﬁackﬁlb s bddomme meﬁe%@,tngly
Application nunber 2002/ 0106867 Al describes a net

defs%blbra%rlﬁélﬁéé b ti8al R itsh , (N i Wt V6 tsth%vé%Mrowed the

wafer to form 1nt egr at ed sem con evi ces

forthich Jt nfsaWH[&qjﬁé\%f n,g@vfoas&@ﬁh@bgﬂ[é@d%é@agge B 8.[5;@9&956

on one sur ace moran

inRUPBINES e 51 B4 & Phlesk Nl ot dkebgs & Brocess
etch ng ch [nc s and the carrier wafer is then
of Sah SR § o POV RS ROMAIFLE! B AISH e RSkIZoR TSt

menbrane and | eave the nmenbrane bonded to the device )
subgirale, onteea aeaandEUbsaler which serldaiotiheye sndurad suebfast anneal if
the layers. RIE using a shadow mask, as applied by
the filn were deprsiteddlirsstleoniity eThe mren@saelspmly ehratde of transferring
portions of the 2 carrier wafer, poses critical
depbsitathiiints fporo kmlnermbst?atettbanothdreamlﬂhh sdpamtinntrequires a lift-off
suitable for wafer |evel post processing. In Yang, et
pradessl. S. Patent Application nunber

Yang, et al, U.S. Patent Application number 2002/0106867 A1 describes a
method for transferring a membrane from one wafer to another wafer to form
integrated semiconductor devices wherein a carrier wafer is fabricated with a
membrane on one surface. The membrane is then bonded to a device wafer by a
plurality of joints. The joints and the device wafer are then isolated from exposure to
etching chemicals and the carrier wafer is then selectively etched away from the
back to expose the membrane and [eave the membrane bonded to the device
wafer. The method requires special tools to transfer the layers. RIE using a shadow

mask, as applied by the reference to selectively remove peripheral portions of the



2004/ 0063322 Al, wet etching to renove the carrier

wafer is replaced by gaseous etching and the surfaces

of the device wafer are protected by an oxide | ayer.

Ni kl aus, et at. "Low Tenperature Wafer-Level Transfer

Bondi ng", Journal of M croel ectronmechanical Systens.

Vol unme 10, No. 4, Decenber 2001, pages 525- 531 shows

that by bonding a target wafer onto a base wafer by

means of a BCB_ (benzocycl obutene) bonding process, it
cajrierpyrier, poees oritical alighonent preblearsy dturthelr cthetroethod is not suitable

desired thickness by a grinding/etching process to
forwafeh level postipretcassirigaylerYarigg let atl.,U.SePatdnt ApPlikestionatuenber

Transfer. Enabling Technol ogy for RFApplications”,
200E[0063622 A1, sietretchirg/tosemavetth@carriey wedrds F@alécéa\@gaseous

device wafer on SO onto a gl ass substrate by neans
etéH indaR@ ltlYé@urféBe‘éQ)f gy ﬁéwéé‘ Y é}B'Hr‘Stectetd B)ﬁaﬂp BRidk Phyer.

to achieve high Q RF systens. None of

approaches, however, are suitable for th| cker

substrate transfer for MEMS or Wafer |evel packaging

SPONKBLE G0 a1, S8 Feiberhe Valuel At oter o' Joumal of

I f d
MigioRRRoeeahlsaLaysioms: Vet 10Np 14, Sarsupber 2001, pages 525-

m croprocessor may be configured with different |ayers
534 irhowsthat ywberding a torget Wéléﬁnqm@ RgggvaTaLhY Beang of a BCB

| ayers, which separate each circuit |layer of the
(benzogyelobetenehbonding prnaessay isrpasaiblote thitbdowa theitasgetavafer to a
separate wafer or thin film material and then
desiredh ffigmesd byra grindieg/etohingaprosesaimtreach anatch-stop layer. Dekker,
i nterconnected. The 3 reference only describes a

et AR-SYbLRAeREHEBr: Bnadlif| lTb@ﬁrﬁMb%y ﬂﬂd?ﬁdﬂpﬁhda%né’elmm 2003,
how t he 3D-wafer stack 1s forne Col i nge, et al

smxﬁ!riy‘ &Qﬁvs‘-tﬁ&? by HoRBiHges CHED S YevidivipireBON @'O'i %n?&‘? glass
Debondi ng", Jodrnal of Electronic Materials

su@QtratEkby rheans of a polymer glue layer and thinning, it is possible to achieve

high Q RF systems. None of these approaches, however, are suitable for thicker

substrate transfer for MEMS or Wafer level packaging applications.

Zavracky, et al, U.S. Patent Number 5,793,115 cites a method of integrating
a three dimensional processor using transferred thin film circuits. [t describes
specifically, how a microprocessor may be configured with different layers and
interconnected vertically through insulating layers, which separate each circuit layer
of the structure. Each circuit layer can be fabricated on a separate wafer or thin film

material and then transferred onto the layered structure and interconnected. The



2001, pages 841-844 describes a nethod of separating

and transferring thin silicon |ayers froma base

waf er by a hydrogen inplanted |on-cut method.

Sterrett, U S. Patent Nunber 6,586,843 B2 cites a

met hod for bonding and interconnecting a flip-chip

die onto a substrate using a partially cured BCB as a

bondi ng adhesive and as a connection bunp. Finnil a,

U S. Patent Nunber 5,426,072 cites a process for
refesendesenly dea@ptwaawalaesyatem designar architegiuse aud does oot relate

usi ng stacked thin silicon |ayers forned from SO
hoswibet3rvafevadtacisis fomiedr Gblage CétralLiSikconr [eayler Tadnsfer Using

formed on the thin silicon | ayer of an SO wafer.

wWhitd iBomdiig @ BEBondifgTe8uPRl bhEleERPfE Wéﬁﬁﬁev&ﬁnfer@ No. 7,
integrated circuit and conductive feed-throughs are

ZOE)Qr PEGeLEA £B4k @gséﬁbés@{%%cgﬁ@l{? %ﬁ{g‘ éncﬁré'ns@lﬁn &hin silicon

I"ayer. A carrier wafer on to

IS HolPh Bk WEHRY & lyobEH ihoRfifkd f&ﬁ/@gn@}z{g@”at e

and “sacri |C|a & 1 eRs i on and
i ndi um bunps are then forned on the now exposed
bottom of the thin silicon |ayer, connecting to the

feeq-t hr gugh Th insilic yer is then bonded,

ci t EPPTED. B B Raenb AL aRiiete 8t BR s 2 mpihedi o aaaing and
_formed thin silicon layer. The carrier wafer is then
inteegeseatingsa dlin-¢hip gie onthishsuhstiateusing parastiaicused Bsithas a

on other SO wafers, prepared in a simlar way, and
bondngextiesive\arsoasie donoedtion Humpt FinmmilaiU.S5c BatdnaiNeambey

forma stack. The method requires bunps and UBM
5,428)072 cifesp phdeak forzabhofactuaingesibfed diysensiodal Htegrdtis! circuit

to 4 the process conplexity as well as cost. In

usafiddthtiud thimsinstglay@isebrmiad b 801 sabbtidie wWafdrEE thtedrated
two stages, both prior to final bonding to the

cirBGRdTRRETEt PRASH LAltRe thiARAIRBY IayeP S bh ISTY vttt InARAh bumps are
processi ng steps.
formed on the upper surface of the integrated circuit and conductive feed-throughs
are formed extending to the subjacent sacrificial oxide layer. A carrier wafer is then
bonded on top of the passivated integrated circuit and the SOI substrate and
sacrificial oxide are removed. Metallization and indium bumps are then formed on
the now exposed bottom of the thin silicon [ayer, connecting to the feed-throughs.
The thin silicon layer is then bonded, either to a final base substrate or to a
previously formed thin silicon layer. The carrier wafer is then removed. Additional
thin silicon layers may be formed on other SOl wafers, prepared in a similar way,

and successively bonded to the first thin silicon layer to form a stack. The method

requires bumps and UBM (Under Bump Metallization) at each layer, which adds to



Tsai, et al., U S Patent Nunber 6,319,831 cites a

two- st age nmet hod of ECD which includes a first |ow

current density plating stage wherein the copper

deposition is slow but highly conformal. In the

second, high current density stage, the brighteners

and |l evelers in the plating bath are depl eted which

enhances the growh rate of copper at the base of the

openi ng, thereby inhibiting void formati on. 5 SUMVARY
theppropees cRVRieKitDgsiwell as epstolpj astditiont, thrhugh imaterrmhétatlization is

provide a nethod for stacking and interconnecting
forinmecbigr taoedages, botht pritento diealladreting to/therpemskeenberidimnge, thereby

thin wafer/substrate layers. It is another object of
requirisg adsdidohalprotesspigostefe. a net hod for stacking and

i nterconnecting nultiple transfer bonded thin device

waf er | ayers whereby devices and circuits on any one

| ayer may be connected to devices or circuits on any

ot heig,; 'e%?f U tpdte tyﬁ‘hmaBPﬁ@j@f 5 ts. Phwdk élbg% method of ECD

|nvent|on deSCI‘I e a met rmn

on )t %@%g% ﬁrg{) Iggrq;thrrce?ﬁggﬁ%{yﬁﬂﬁﬁg‘ggéﬂq\gﬁé{ﬂ tl"\é] egpr)éj}'ldeposition
s ?'WQ%% ¥ Sorfelrert ot The Retarsh e Gteae Pnapvaﬂage the

iptercon ctlpg nultlple thin integrated circu
bﬂaﬁtﬁn@és <35 TP oENG RRiN@0e EPpletecineh enhances the growth
pass- through el ements and interfacial conductive
rat\ﬁl ¢ficegper alidhe base of theapening Jbetsby dthikiting woid formation.
acconpl i shed by bonding the top device surface of a
first silicon device wafer to a handler wafer with an
easily renovabl e sacrificial bonding



| ayer. After bonding, the first silicon device wafer
is thinned by renoval of silicon on 6 the unbonded
side. The exposed silicon underside is coated with an
insul ative layer, for exanple silicon oxide, and a
non- conductive barrier |ayer, for exanple silicon
nitride. An adhesive |ayer, which can be an inorganic,
organic or nmetal layer is then coated on the barrier
| ayer on the underside of the nowthinned first
silicon device wafer. The adhesive layer is patterned
phot ol i t hogr aphi CBUMMARY Qiy THE/INMENTIONans of
patterning such as inprinting, screen printing,
dry-filmpatterning, or etching to forma pattern of
adhesi ve which mates the bond pad patterns on the

sur 13§ Anbjekt of O MeAfIR £PRBVIRIEY metHRoRERRKIRG ZHdi T
waf er and also fornms a protective seal ring around

mtfer%nﬂSr‘!t‘ir@gu f’é&‘?at@ﬁ'Eﬁ’rcﬂi?ﬂe%&%@@%y%ﬁ%ﬁﬁb@?\@%ﬂ#Ct or

I ntegrat crrcurt er contarns rcuits,
wd?@llldéﬁ)rsﬂgpe]% I%I ce and wiring which termnates at bond
S expose oh the top surface. After patterning the
adheswe | ayer on the first device wafer, the two
wafers are pressed together and securely bonded by

fuII curij ng EJ@ g tterned adhesi ve. irst wafe
H%ﬁ“?fé‘P qRiegt ¢ 1Bis ipyen wartemé?v%ﬁéneﬁbydde& %@Fﬁ"ﬁ% and
fromthe bondi ng | ayer or sacrificially renoving the

mtsmanﬁ@tmgalyuItlpleanr@@fﬂebqnﬁ@dythmedme waie@&ases%whmrdewces
can be directly bonded to an integrated circuit wafer
angcingaithen ahy anejayarenachbe adivessited td dgdecessoricitchids on any other
t hi nned down to the required thickness. After
layeini nni ng, integrated circuits can be forned in the
t hi nned surface. Through-holes are etched through the
thinned first wafer in regi ons where the
i nterconnections are to be made fromthe second wafer.
The [tti§ yeLgivthed e aI@HS invention to describe a method for forming
robust wafer pass-through conductive elements with integral bond pad or upper

surface connective link terminations.

It is yet another object of this invention to describe a method for stacking and
interconnecting multiple thin integrated circuit device wafers with robust conductive

wafer pass-through elements and interfacial conductive wiring link connections.

These objects are accomplished by bonding the top device surface of a first
silicon device wafer to a handler wafer with an easily removable sacrificial bonding

layer. After bonding, the first silicon device wafer is thinned by removal of silicon on



t he bondi ng pads of the second wafer. In addition,
access openings are forned to 7 wiring levels in the
first wafer that are to be interconnected to bondi ng
pads on the second wafer or to initiate bonding
i nterconnections to circuits on any to-be-added upper
integrated circuit device |layers. A blanket confornmal
insulative layer is deposited over the entire wafer
l'ining the through-hol es and access openings to

the bebenged sideathe exposedtsdicon nindersidenis chatech witreas irsutadive layer,
substrate. Anisotropic etching of the insulative

fot @xenplelstitoroRidee and Aendreshduvrtlse Barrich tayee genexamapiersiticon
and | eaves insulative sidewalls wthin the openings.

vven . . _ i - . . .
it Ay aRhBeE R crhiién Eaf Berth Rty 8l Br e fiver s then
cessary. if he. .adhesi ve lLayer ,an .t he .

oo B B g FarPEFBEAGH 1is vadotSigB o Bk X Gurefife Bk sliGen dgice
te A conformal barrier er is forped in the

Waﬁ“ﬁ"eﬁ%éggﬁ% YEhis Rﬁéﬁeéme%a qtaitographicay artyanyrpther means
holes are then filled with a conductive material, such

of patterning sy¥deap HRRNtAgcsEpen priptirg. siy-fimp paiteming, or etching to
accessi bl e connections to the circuits in the

forsn Bj pdtem obadhwsivenahich matee thebprd path pettemsmedthesurface of a
subsequent |y planarized by chem cal nechanica

sepohd semimpn@Gticl Pitegrnateskciscuitiwafehand disbdomad aghrothetivet demal ring
CVMP process renoves the entire surface copper and

arsury theeddvideaand bond padardanat |ies outside the via
regions. A second barrier layer and an insul ative
shi el d/ passivation |ayer is deposited on the thinned
first wafer and the layers are patterned to form

contacdechhd %ewﬁccﬁmcto?@fﬂgg@&éa/&r&diﬂwérepx%rgeg\ég%g%a circuits,

netallization and patterning process or scene

pai&%%%sés diE:? ShaPKir TR KW Eh Ehhih Qb BE BBRE pLQ BRp Sl EiEfhe top
the circurts on

surface. After patterning the adhesive layer on the first device wafer, the two wafers
are pressed together and securely bonded by fully curing the patterned adhesive.
The first wafer is then released from the handler wafer by detaching from the
bonding layer or sacrificially removing the bonding layer. Alternatively, a non-
processed wafer can be directly bonded to an integrated circuit wafer by means of a

patterned adhesive layer and then thinned down fo the required thickness. After

thinning, integrated circuits can be formed in the thinned surface.

Through-holes are etched through the thinned first wafer in regions where the
interconnections are to be made from the second wafer. The thrbugh-ho]es expose

the bonding pads of the second wafer. In addition, access openings are formed to

7



the first and second wafers. Another |ayer of
protective barrier and an insul ative
shi el d/ passivation. | ayer is deposited and patterned to
formfinal bond pad openings. The process can then be
repeated by placing a third device wafer onto a
handl er wafer, repeating the above processing steps,
bonding the third wafer onto the second bond pads and
agai n form ng pass through connections. In this
wiriagh eyels in fing %rqb maferdhat aredd berintegeantnedtes todaoindingcpadshan the
stacked and robustly and reliably interconnected. It
secendwaféren tolnitate bohding istercormections toocirmuils bd@anyg to-be-added
met hod for stacking and interconnecting integrated
upper intedratteivdiceitwalizedayprst A dliket civifomhalgnsative layer is
concurrently formng sidewall protected trenches over
depbitéd Biérithe ehtiffafel linihg tHE thralgh-Hle LB EECXs dpihthgs to
Invention to provide a nethod for hernetically
i . . ! )
838 OB\t SR SRR N RS ERLOAN MitothiEdicting
. . . : g
ofgﬁé ﬁ‘n‘éhfatlgg'([:é;%f ;/h L %)ﬁ)loggh A Sod Ea&:?gpfﬁg déle%pﬁg m{%?f%reasnd leaves

ni sot ropi ng trencheS over C
. after i.nterconne conducti v ass.throughs ve been .
ingtl e SR BRI e fRe RS o B idaoR AL o[iRlTe PEfisyative
entirely through the thinned |ayer, .through the )
a3t e GO UG et PR GIacrs SabEske s ek gt berpeessary i
dicing trenches are etched in each |ayer after the
the gdhesive layepag dbe heed gad i afeadypat N eanheeprocessing
formed. Thus, after each layer, the dicing trench for
stemh g confoenali harvier layer is fermead ipithe ppeniagsjpad @mthe axader surface
When the final layer of the stack has been, conpl eted,
angrttie through halesdare then filled with a conductive material, such as
electrodeposited copper, thereby forming accessible connections to the circuits in
the subjacent second wafer. The copper thus formed is subsequently planarized by
chemical mechanical polishing (CMP) process. It should be noted that the CMP
process removes the entire surface copper and subjacent barrier layer that lies

outside the via regions.

A second barrier l[ayer and an insulative shield/passivation layer is deposited
on the thinned first wafer and the layers are patterned to form contact windows and
conductive links by conventional metallization and patterning process or by a
damascene process, thereby making any interconnections between the circuits on

the first and second wafers. Another layer of protective barrier and an insulative



trench therein is fornmed, the dicing trenches extend

all the way fromthe top of the stack to within the

base wafer. Next protective sidewalls are fornmed in

the deep dicing trenches thereby, formng a hernetic

seal over each of the exposed edges of the porous

bondi ng adhesi ve. The protective sidewalls are forned

by depositing a pore-sealing layer like silicon

nitride, silicon carbide, titanium tantalum or
shiglil/passivativey lapér. is Hepositedlapbpatierded do foraetital bgnd padropenings.

is etched back to | eave a pore sealing sidewall
Treparoeess cart hentberepleatethisy placmigr third sidviceavafbeosiatahhandler

the trenches is then renoved, preferably with a

watbE irgge sty the abbe praietsinbastshs; Bonding thé daMblvhfes BAkSthe
seal s the polyneric adhesive edge from environnent.

g v iy i i o
i . i i .
m¥lhpltgﬁéé‘¥é?'g é)? gﬁﬁgrrakég‘&réuﬂg cBh %teesﬁééleé%l aﬁ'ﬁ]ar[obhkﬁkgaﬁépe Labla

ic of non- herieti c seal dependin
int]%Pcoi\?l%c{éépe of bonding material used. If the bonding
ay |

S'a porous material |ike BCB or any other
pol ymer, further treatnment becomes necessary to seal
the pores of the bonding |ayer. 10 BRI EF DESCRI PTI ON
OF THE DRAW NGS Figs. 1 through 3, 5, 6a, 6b, 7
t hr éU@ﬁ’”Q@‘,er phigct 9%5‘,'5 ipyentigrytopgoyige agngthed feestarkiRg and
. of portions of sem conductor wafers show ng a sequence
intgreqnngetingintagrpted girstit deviee vplfersray ransigryornsting whité
thin integrated circuit wafers according to the
copcarestty fofmingf sidewalbpriobetited trendfest dvies wafieradicingdinesi g.
4a and Fig. 4b are planar views of adhesive |ayer
patterns used to bond successive thin integrated
circuit layers together according to the enbodi nent of
It is yet another object of this invention to provide a method for hermetically

sealing porous bonding adhesive edges along the diced perimeter of transfer

bonded multi-layer integrated circuit chips.

These objects are accomplished by anisotropically etching trenches over
dicing lines after interconnect conductive pass throughs have been formed in each
thinned layer. The trenches are etched entirely through the thinned layer, through
the bonding adhesive, and into the subjacent layer. The dicing trenches are etched
in each layer after the conductive pass-throughs for that layer have been formed.
Thus, after each layer, the dicing trench for that layer joins the trench of the

subjacent layer. When the final layer of the stack has been completed, and the final



this invention. The patterns shown in the figures are
lithographically defined after deposition of the
adhesive. Figs. 14 through 16 are cross sections of

portions of sem conductor wafers illustrating
alternate process steps which replace correspondi ng
figures in the sequence shown by Figs. | through 3

and Figs. 5 through 13 for formng a multi[ayer stack
of thin integrated circuit wafers according to the
tremeb deereinois farnsed; dhel dicingbivelchestexténd 4l thei wanefioinghe top of the
Fig. 17 is a cross sectional view of portions of two
staaktioodtidiu theohaseadvaies. Nésit potactve sidewalioadddrraad in the deep
processed according to a third enbodi nent of this
diciny erehcloes thereby, fdiming a hetrdbtd syal@wvepbach ODihki dPoséd adges of
patterned glue | ayer used to bond two wafers

th@peaiLéi bithdirgy adHdived TRBRREIctB sigbwhind §rel fauaed 'b?réiepositing a
Figs. 19 through 24 are cross sectional views

po?@%a%ﬂa%ﬂmésg.mh%méegné&q é’i}B}ﬁl‘engtahﬁﬁn ftaﬁqmrh 08} oxides

and processing of a bonded integratéd circult

théreBe ﬁ*‘.ﬁ“%@d%%%&%r %?F%%@E%E%E@éﬁ%ﬁs E%?éfaﬁ RRsgRgaling
sifeiallse ”?”g B MR Tt FeribinkEos it iee H%téem?wthen

circ % gers is formed consistin gtof tvvo '
regope &Heeﬁ iy ey dicingRav to singple thedigsy Uaﬁgd?wau gpacer
integrated circuit layer, the |ater being fornmed on a
sealsribe polwmriic aghesteedas omanyienmest. Thircerahedimans applies

illustrates not only the
especially to MEMS wafer level packages that typically require a hermetic seal.

It may be noted that the protective seal ring can further be a hermetic or non-
hermetic seal depending on the type of bonding material used. If the bonding layer
is a porous material like BCB or any other polymer, further treatment becomes

necessary to seal the pores of the bonding layer.

10



met hod form ng and transfer bonding of nultiple thin
sem conduct or device layers to create three

di mensi onal integrated circuit chips but also the
application of the mnmethod to interconnect devices on
adj acent | ayers, non-adjacent layers, and nultiple
| ayers. Formation of a First and Second I ntegrated
Circuit layers Referring to Fig. 1, a first silicon
wafer 10 is prepared by conventional processing.
Seni conduct i \BRUEEF/DESCRIPFION O ¥HE DRAWINGS t op
surface 12 of the wafer 10 and a personalization

| ayer 14 consisting of a plurality of wiring |levels
interl eaved with ILL)éinterIeveI dielectric) |ayers

and Figs: el S Sa6ai ol Thveuah 1%l 1a; ddbat2.anghiB aregoss
are forned over the devices., K The wiring | evels
SeElen RGNS OfssRIGeR UROTHHAErHERANING/Ri SEIUANEE of Brogpss steps
exposed through t.erned access. openin i, N
BRI FEh RBR iindfite e
[ .shown,. separ at e al so
pr‘g%%% eo\cf% sﬁrgﬂ%ljnél%@haebgﬁf ﬂW Wivﬁrét'cfr’a\Ser s fr )c;m damage
during subsequent wafer thinning. Together, the
device |layer 12 and the personalization |ayer 14,
whi ¢y, I4a04r+em§, 2 APpRARP LKA %8hé¥|€é |4|)@9Egﬁ&fﬁ%ed to bond
I ned a I nt egrat I't

are herein de a 13 secon circu

sutdasRiveltBindhtddrtet iregit |8 togBfRe '.'E;\fi.‘&&@irﬁejic to&Hé bnfHolfkent of

In the process of this'invention the wafer 10 i s next

thié @slepitien. Bacpaitdryis shywhti's thedifires drd B6graphidhally defined after
handl er substrate 16 with an easily renovabl e bondi ng

depuasiton af theBadhesiveas a wax or a sol ubl e bondi ng agent
or resin (Fig. 2). The handl er substrate 16 may
consi st of another silicon wafer or a manageabl e gl ass
or sapphire plate. After nounting on the handler
sub§igsafld through A€ are csessssactiens ofperéieng of semicandweiar wafers

a
illustrating alternate process steps which replace corresponding figures in the
sequence shown by Figs. 1 through 3 and Figs. 5 through 13 for forming a multilayer
stack of thin integrated circuit wafers according to the process of a second

embodiment of this invention.

Fig. 17 is a cross sectional view of portions of two semiconductor wafers which

are to be bonded and processed according to a third embodiment of this invention.

Fig. 18 is a planar view of a portion of a patterned glue layer used to bond

two wafers according to a third embodiment of this invention.

Figs. 19 through 24 are cross sectional views of portions a substrate wafer
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t hi ckness t of between about 2 and 300 atm,
preferably by grinding and polishing the underside of
the wafer 10. After thinning, an insulative |ayer 27,
preferably silicon oxide between about 500 and 1000
nmthick and a barrier/passivation |ayer 29,
preferably silicon nitride, between about 50 and 100
nmthick are sequentially deposited on the underside
of the wafer 10. The layers 27 and 29 together form an
showdng thei foematinreand peogessing af aihendedirdsgratet pratitdeyar stack
the silicon underside of the thinned wafer. The |ayer
acgarding toy thirskembegimeany obthisaisyentan.i  additi onal
noi sture or copper diffusion protection is needed.
Referring to Fig. 3, a second silicon wafer 20, which
will beconme the substrate or base of a to-be-forned
integrated circuit layer stack, is processed like the
first device wafer, form ng devices (not shown) within
Its upper surface 22 and a personalization |ayer 24
consisting of a plurality of wiring levels interl eaved
with ILD layers and interconnected with conductive
contacts and vias. The wiring levels termnate in
conductive bond pads 26a, 26b, 26c, and 26d which are
exposed through openings patterned in a top
passi vati on | ayer (not shown). Together, the device
| ayer 22 and the personalization |ayer 24 are herein
referred to as the first integrated circuit |ayer 23.
The I ocal wiring can be made of standard Al um num or
14 Copper back-end of the Iine process technology. In
either case, the final netallization step involves
protective passivation |ayer deposition and bond pad
w ndow openi ng. The bond pads 26a, 26b, 26c, and 26d
are fornmed by first depositing a

12



barrier |layer 25 on the upper dielectric |layer of the
personalization |level 24. The barrier |ayer 25 may
conprise Ta, TaN, Ti, Ta/TaN, Ti/TIN, or any other
conductive layer which wll block the mgration of
copper depending on the type of netallization schene.
The barrier layer 25 is typically deposited by sputter
deposition and is between about 25 and 100 nmt hi ck.
A bl anket | ayer of copper 26, between about 100 and
1000 nm tDESERIBRTION OF THERRERERREHEMB@DIMENES 25,
preferably by sputter deposition. Alternately, the
| ayer 26 nay be formed of al umi num since the bond
pads formed thereof will be the nost renote fromthe
Firstanbedisaent cal contact pads and therefore will have
a negligible effect on the overall performance of the
conpl et ed integrated circuit. A second barrier |ayer
(not .in thickness tg the first 25
'Bé‘r}ﬁ%ﬁg?@ (g e eﬁygﬁeurgywnzecteﬁf
rrier

mfffﬁpats%c it BlefsTe %f"getd;%q?seﬁimswiﬁ& Hin 37iebh Teoied orputt

|a€§.ll'§ f&#ﬁ%ﬁwgﬁkgﬁl ?qrgfe%{ archhg%{%egy he [%ter gi‘gweckgg a
co%@@mtufe}ﬁ ﬁé@h V\.%Pé}% §ﬁi§tez Glg}e Qfﬂgo&%n\f\’hiugtr%s%? gpllyrlhe

hi's I ment to orm a rect conductive pa

mépvid Gf@ﬁnih? ahHQrdcrisfeﬁ'tbonldmg%fﬂ‘ﬁé‘dhgleCiﬁYs' éé?mbé’ﬁ{ ctehdddvite layers to
the top of the stack. Bond pad [ lustrate

créfiteghrRdieRhiiohabhtagjratedidirguit Bhipb dut tarsatthd epblicatioAYfthe
22 and in those the second device layer 12 while bond

methdd 26 inteidohnsdtaieviceserncadjacatt ilayerg fnoheadjaesmtilayets, dride
first layer 22 and those in the third | ayer 64.

multiplerlayerel y, a damascene or dual danmmscene process
may be used to formthe bond pads 26a, 26b, 26c, and
26d. The bond pads 26a, 26b, 26c¢, and 26d are

Fcf:-n-?;t%nagml Z Ffir%E rar%g gescocru %l’i”egrratgd %II‘CUlt layers

Referring to Fig. 1, a first silicon wafer 10 is prepared by conventional
processing. Semiconductive devices are formed within the top surface 12 of the
wafer 10 and a personalization layer 14 consisting of a plurality of wiring levels
interleaved with ILD (interlevel dielectric) layers and interconnected with conductive
contacts and vias are formed over the devices. The wiring levels terminate in
conductive bond pads, which will later be exposed through patterned access
openings in a final top‘blanket passivation layer. The top passivation layer (not
shown separately) also protects the subjacent wiring layers from damage during
subsequent wafer thinning. Together, the device layer 12 and the personalization

layer 14, which includes a top passivation layer (not shown), are herein defined as a
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However, they may alternately be rectangular. An
i nsul ative glue |layer 28, preferably BCB, is coated on
the polished bottom surface of the nowthinned first
silicon device wafer 10. BCB is available in several
forms fromthe Dow Chem cal Conpany under the trade
name of Cyclotene. For the purpose of this inventi.on,
a Cyclotene 4000 series photo BCB resin is used.
Wiile a Cyclotene resinis illustrated here as the
seponrd egrates cicctiidayerd3 oflthe three layer irdegrated/eissuitfstack. In the
exanple, frit glasses, lowk materials, ceramcs, or
pregasgiof shigiveption threwafesrlOds next fastenled sgcurelyd biyvts upper surface,
resi dual solvents and achi eve dinensional stability
onfha hagdler substeate 1§ with aa pasily nepnavabledoansting meterial 18 such as a
patterned preferably by photolithography to form
waX QS alaale RoNHINS RGN G6 e (Tiork o Mereaniien wbSHRE Homey

o, B kS50 R B  s SSeefe e
i gl A8 e e o & Bl
o5 0 S 00 TR, 8B ol 4 B
i Uy, ARG R S ARG o
SO e300 40 1088 ALK Al £35S alilh v

29?Enééci'ed%ﬂﬁsil&%%ni@ﬁ€; béffeenHbut 88 AR @R rﬁh?hikﬁsr‘éag&bdgrﬂagany

int'error region of each die. The rectangu

depBSiteorf e utti@siBelof MY Wafdr 40! de 1agérs&7 &itd 29 fogether form an
encapsul ation of the die, but also Substantially

indulstiveashsid tdver B thsldhte8 6AE prétBetsaly siliBbh Qriagidd¢f the thinned
nmechani cal reliability of the structure. In Fig. 4b,

wdfdve TiHe laged 204dslspfidial anQlmaybe appliell R additiorall meistued or copper
within a peripheral adhesive band of
diffusion protection is needed.

Referring to Fig. 3, a second silicon wafer 20, which will become the
substrate or base of a to-be-formed integrated circuit layer stack, is processed like
the first device wafer, forming devices (not shown) within its upper surface 22 and a
personalization layer 24 consisting of a plurality of wiring levels interleaved with ILD
layers and interconnected with conductive contacts and vias. The wiring levels
terminate in conductive bond pads 26a, 26b, 26c, and 26d which are exposed
through openings patterned in a top passivation layer {(not shown). Together, the
device layer 22 and the personalization layer 24 are herein referred to as the first

integrated circuit layer 23. The local wiring can be made of standard Aluminum or
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the die and are thereby automatically encircled with

adhesive. Athird alternative pattern would be a

conbi nation of first two. The dianmeters of the

openings 31 are nade slightly smaller than the

di aneters of the bond pads so that when the bond pads

are subsequently pressed into the openings, the

adj acent resin deforns to nmke a snug seal against

the bond pads and | eaving an air space between the top
Coppet brcksentiobtagdinandocdss tbahnalegy. Impiherxgsenthetfanal

underside of the thinned wafer 10. In an alternative
metrllizationi siep velves proteptiverpafrpivabian laven dspositiere and bond pad
.rectangylar and the resin patterns 28a woul d
W"EEWV@Eéhﬁmbingly al so be patterned rectangular with

i nner openings slightly smaller than the bond pad

di mensi ons. After patterning, the nounted top wafer 10

R b S T R
ool BSBF Y AR prBE0R AR afOhis SRR B seret ato e
ba»mgi gérye% %5 'g?@?%(ﬁ‘@ﬁ%??é 'g?]{l hﬁ oA ﬁ'fi/ﬁL ﬁ\f; og]:?rn&gﬁ%%}a&%d uctive

ures Tare’ful
layBl @Richwill BORIAE gﬁ{]ﬁétibﬁto@ %&%@gﬁ@% Af@l‘éﬁgitgﬁea ﬁf metallization

t enperat ure of ween a

eHe Barribk I2yepes id @bg;é||@aéb@§teafbw§du\e@e BepSifit aPis

and 120 m nutes. After bonding to the substrate wafer

beffdentdiut REHMAN 0BAAMHILR. IASHISRIRR AR @ chp B 26)Between about

handl er wafer/substrate 16 and now form becones part
100tnt MB0seR@EHIck RYBEN fe¥mddeh the RATibBlngér 25 tRefpaie BY 8Putter
integrated circuit stack 5. After cleaning any
depasitighlalAltemately, beHeyert@dntan erfainesd of allithinurogiriceehe bond
surface of the thinned wafer 10, an insulative |ayer
pad9formedftherabf wilkhé theomosiviedwté frodeihedinad dlestriceheonipgterads
surface of the personalization |layer 14 to a
ang Herkiose wilbhavsea Regligiblp eifecton theapierat pedomance of the

sC

completed integrated circuit. A second barrier layer (not shown) comparable in
thickness to the first 25 may be deposited on the top of the copper layer 26. If the

layer 26 is aluminum, the second barrier layer may be omitted.

The stack of blanket layers 25 and 26 are then patterned, preferably by
photolithographically, to define bond pads 26a, 26b, 26¢, and 26d. Bond pads 26a
and 26d will be used in this embodirhent to form a direct conductive path from
devices in the first, lowermost, device layer 22 to the top of the stack. Bond pad 26b
will illustrate interconnection of circuits in the first device layer 22 and in those the

second device layer 12 while bond pad 26¢ will show interconnection of devices in
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17 Insul ative layer 30 will be photolithographically
patterned two successive tines to forma shallow
access opening to wiring in the personalization |ayer
14 and deep pass through openings to bond pads on the
first integrated circuit level 23. Referring nowto
Fig. 6a, a first photoresist |layer 32a is deposited
over the layer 30 and patterned to define an access
openi ng 34 over a segnent 35 of conductive wiring in
thea{ifstjlpp@'r 22nand thpsiedy dne thindHayertGde pdeswetely) a damancéreyer dual
14. The segnent 35 is to be connected to wiring (not
dampseene precessmeyrhsossd tedeimo the byrd pads 264, 26is 26¢, and 26d.
subj acent first integrated circuit |ayer 23 through
The h@nﬂmaﬁ w§apdeb.Re, and 26dugremreigrably famedeas ¢imulardishp.
ani sotropically etching of the ayer 30 and into the
However gy may @Bﬁr rla&%hépefﬁd@ﬁg'é'ﬁbose the wring segment
35. The width of the opening 34 is preferably between
about 0.1 and 5 m crons dependi ng on design. The
res dual hot

MR BB 28 Bel iR, 37 Basru dh §o ofighed botom

A O A
fon%%k?rdn? HIEBOR G 45” ouf&ﬁ?@om&agﬁ% ﬁ%@r twﬁq 8 Hae b?bg@ﬁtetn% For

pass-t e coveri ng

theem-sé§e epm iRGerbn, E@ydﬂfléﬁe 4bbe %lﬁe&ﬁﬁ&qo%B $és.ﬁF§used

then et ched ani sotfopica asma etch|

WHile'#Cy¥ibldheaBsifti€ hl@ﬁirat%ﬁﬂie@é Ak rﬂlﬁ!e féf@rreﬂﬁélréﬂﬁé%wboalternatlve
penetrate the insulative |ayer 30 and the subjacent

adiesiveay) &dri es@tripde) fitylassed (nH nidtenale] édramiics, e epaxiés may be
cont ai ni ng hal ogens to penetrate the thinned silicon
usachf Afterlgnft kaldpe tondrivegoutoasitihal smhveshés hiag echigve dirmnemamh
bond pad 26a, 26b, 26c¢c, and 26d. The oxide | ayer
stability theaesindayes28 layaertlatls cared and wmwabﬁer!@gtwmehiydg’
36 _are then renoved;
photolithography to form nngs 28a with openings which mate the device die bond
pad pattern of the second silicon device wafer 20 whereby, when the second device
wafer 20 is bonded to the first wafer 10, each bond pad 26a, 26b, 26¢, and 26d. is
encircled with a ring of adhesive resin 28a. In addition a rectangular band of resin is
patterned on the peripheral region of each die of the wafer. Planar views of two
possible resin patterns are shown in Fig. 4. In Fig. 4a, a rectangular band 28b of
adhesive is formed in the periphery of each die and a discrete ring of adhesive 28a
encircles each of the bond pads 26a, 26b, 26¢, and 26d which are located in the
interior region of each die. The rectangular band 28b on each die not only provides
an effective encapsulation of the die, but also substantially increases the bonding

area, thereby improving the mechanical reliability of the structure. In Fig. 4b, the
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preferably by an oxide RIE or plasma etch to expose

the openings 31 and the is subjacent bondi ng pads. The

wi dt hs of the conpl eted openings 36 are preferably

bet ween about 2 and 80 m crons dependi ng on the

application, the netallurgy, and the thickness of the

t hi nned device wafer 10. Referring next to Fig. 7,

resi dual photoresist mask 32b is renoved, preferably

with a liquid stripper, and a confornal Iayer of a
bosidchadsi 264, 26b) 26@rando26st aredbtgtediithima pedphelal adhesive band of

deposi ted, for exanple by PECVD (plasma enhanced CVD).
th%ﬂt%?n@éiﬁ)@ﬁeh%ﬁutpmtl@%ry anageglrwursa@mss\cﬁ Aolpird alitesnative

et ched to expose the bond pads _26a 26b, 26c¢, and 26d
paffern weulske.a spmbipation st firstdwae T&necdlam@tam of Ky qRenimgs 31 are

e e O .
p 0% Pstsnuy Bréasey D RE sipoibBenBe aditent Fratkibogms to
ol DS s 55000 B T 8 e S
of glgé‘gHﬁ& 'pﬁﬁ% iaﬁéi E‘é Bh P Iﬁ@‘gt‘ g? %l(n% unﬁgt%nig & tﬂ% tl‘?ﬂn&ﬁ wafer 10.

Seed

tahi I
S s, 881 BRSO B

th® A&dih PattbmsersaAdould rc@f'r@&ﬁ&'kd{n@y aﬁa%tﬁé Battétded FoARARAr with

| ayer 44 is then deposited o the seed | ayer

lnmmﬁfp@hﬁ’@jsyshbhtéﬁ@ﬁaﬂ@* tAgh ties bend pad diresiond.on) , under
condi tions and procedures favoring uniformgap filling
of high aspect ratio openings. These conditions and
procedures include the use and control of brighteners
and Aflegpatteming, the mouplkert fopgvafat h0 ispesilidnegsoven thasilsirate
E‘Datl ng rate by control of current density. The
wafpre ﬁgéhazthanaeeleganrethelﬁeew,attﬁm aeecalignadite hearespective bond

bl anket | ayer of co p
pads 26a, 26b, 26c, and 26d. Referring to Fig. 5, the bottom surface of the thinned

wafer 12 is pressed onto the top surface of the base wafer 20 and the BCB features
are fully cured by placing the assembly into an annealing oven at a temperature of
between about 250 and 450°C in an ambient of Nitrogen for a period of between

about 30 and 120 minutes.

After bonding to the substrate wafer 20, the thinned wafer 10 is separated
from the handler wafer/substrate 16 and now form becomes part of the second layer
of the three layer interconnected integrated circuit stack 5. After cleaning any
residual wax or other bonding material 18 from the surface of the thinned wafer 10,
an insulative layer 30, preferably silicon oxide is deposited on the upper surface of
the personalization layer 14 to a thickness of between about 3000 and 13, 000 A
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on the upper surface. the final thickness is dependent
upon the widths of the openings 34 and 36.
Alternately, the |ayer 44 nay be formed to the desired
thi ckness entirely by sputtering or it may be
deposited by a CVD net hod. However, because of the
hi gh aspect ratio of the openings 39, these nethods
present greater 19 risk of voids in the resultant
copper through-hole via. Referring nowto Fig. 8, the
Insidptivaleyerce0 will henphetokibaptaphiaily ppiteimaditwe dubgessBidtimes to
wher eby the copper |layer 44 is polished to a level to
forna ghallewacepperPRIYng igpwiingrin plag pewesalization daysirldiand deep
|l.ayer 42. to formand electrically isolate
Pasgdarough SpgRINge dp Babd prade oariae fisst miggraterheireuiideve| 23.
44d, and the wiring stud 44b' which will next be
connected to the elenent 44b to form a conductive

B R ——
ol RS E H phncP ReESE B8k o
oG oS BL e SR P WS RUAD M e . T
B389 B L R RO PO Ber 2
o5 bR B A0SR e SPGARRT G oy o

op%"n%(%‘ﬁ(fs th&h ?&Hb%dbgf Qni%@@o%@%?e&éﬁn .o?g?‘l%gér 30 and into the

con I've barrier 1ayer 4 eposi t ver

perssrRifRhtiorPlapEed £ tPEkpbsRYhE RiHinEEddifentd5. qhbmiemﬁenggening

bet ween about 10 and 300 nm TThe barrier |ayer 46

34 pEfefdbly Betwkh, abbiut 0 HR&@BlmitidniddpeAling™®h d&digh.! ahe
conductive material, which will block the mgration of

residpalgphotdvexist 32a I ekeemoven drefaraisly biytties ae8 eealiqumtadipper.
| ayer 47, for exanple al um num or copper is

Alternately, the photoresist may be removed by ashing in oxygen plasma.

Referring now to Fig. 6b, a second photoresist layer 32b is deposited over
the layer 30 and patterned to define pass-through openings 36.while covering the
access opening 34. The pass through openings 36 are then etched anisotropically
by RIE or plasma etching, first with an etchant containing fluorocarbons to penetrate
the insulative layer 30 and the subjacent personalization layer 14 and then with an
etchant containing halogens to penetrate the thinned silicon wafer 10, endpointing
on the oxide layer 27.over each bond pad 26a, 26b, 26c, and 26d. The oxide layer
27 and the barrier layer 29 at the base of each opening 36 are then removed;

preferably by an oxide RIE or plasma etch to expose the openings 31 and the
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sputtered onto the barrier layer 46 to a thickness of

bet ween about 0.5 and 1.0 mcrons. The conbi ned

| ayers 46 and 47 are then patterned to form bond pads

47a, 47c, 47d, and a bond padllateral w ring segnent

47b, which conpletes an interconnection between

circuitry in integrated circuit layer 13 and circuitry

in integrated circuit layer 23. This conpletes the

processi ng of the second integrated 20 circuit |ayer.
subtfecent barding paddl Yhé widtha ofthreccaiypleted dgenindsadt aenpreédrably

athird integrated circuit layer. Alternately, the
bat\ﬁe%n gbowict and A0 caiarans dependingmn berapplicationwthemetalidzgy, and

uch as damascene or dual damascene processes as

th‘?rﬁm‘ﬁkf@%d)f thathinned dayicmvaten 18 a Third I ntegrated

Circuit Layer Referring to Fig. 9 a third silicon

device wafer 60 is prepared by conventiona

pro

t heﬁei%iﬁga}r\egﬁg %o ur%tgljﬁ\ég Vér?e%%é%iﬂ%gf rbrrlg(;emovgd preferably

wiff% iR slfriiet Bhd £ 6PniolalialEn &4 Bievay Beblahsprérdrably siicon
4%'% QQ@% ir HerpiE B PELYB T REREAHBRRE U Afer
de'ngﬁSHdﬂ'ﬂgtdeoee [Q | nal‘éﬁ%%trop‘i&%llf EthbH It e% e ﬁl.g l%cwd pads 26a,

atterned on a ayer.

26% ?Beeaclﬁ Y64 abthe @é’% Icﬂt‘%{ ﬂﬁ@ 3 Qﬁdi fH?a \lvﬁ"\‘lg )Pa@%?\gﬁlle

I ne ere as rated circult

!eé%ﬁ@bm@g sicﬁaufa%%@ﬂﬁﬂuﬁ BakH Gb¥p oB¥n|'r1E;5?>(:3LbWGH9 We%cﬁ@él? within the

onto the hand substrate an easi |

shbm\éthmngﬁ Bﬁrr@‘l@e‘rﬂh i§ ﬁeﬁﬂ%‘dﬁf@%a’ﬂy%ﬁoﬁtecﬁ preferably by
sol ubl e bonding agent or resin. The handl er substrate

splifietiy, 16 @rthickhesy oftistiveen abbli t®ANAB0E MnRITHR barrier layer 42
manageabl e gl ass or sapphire plate. For convenience,
mayheoraprige Ma) TGl €a/TaN, TifTiN, or any conductive layer which will block
the migration of copper. A blanket seed layer (not shown), comprising a thin layer of
copper or gold between about 500 and 3000A thick is next conformally deposited on
the barrier layer 42, preferably by sputtering. A copper layer 44 is then deposited
onto the seed layer preferably by ECD (electrochemical deposition), under
conditions and procedures favoring uniform gap filling of high aspect ratio openings.
These conditions and procedures include the use and control of brighteners and
levelers in the plating bath as well as variation of plating rate by control of current
density. The openings 34 and 36 are thereby filled leaving a blanket layer of copper
on the upper surface. the final thickness is dependent upon the widths of the
openings 34 and 36. Alternately, the layer 44 may be formed to the desired
thickness entirely by sputtering or it may be deposited by a CVD method. However,

because of the high aspect ratio of the openings 39, these methods present greater
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substratel wafer 16 may again be used. After nounting
on the handl er substrate 16, the third silicon device
wafer 60 is thinned to a thickness t of between about
2 and 300 m preferably by CMP. After thinning, an
i nsul ative |ayer 48, preferably silicon oxide between
about 500 and 1000 nmthick and a barrier/ passivation
| ayer 49, preferably silicon nitride between about 50
and 100 nmthick, are sequentially deposited on the
rlsmﬁwﬁsmthﬁretshéarvtwb@peemrougieh@lawm 49 is optional
and may be 21 applied if additional noisture or copper
diffusion protection is needed. An insul ative glue
pref er I s_coated on the polished
bot ?‘rﬂﬁ%mge nPucle fig. ﬁ/ ﬁ@e e ataGedhe Apsembl§ sgianarized by

to dri e out esi dual

'\? Witedy e@%@%tr E{stgf* RIRAI SigHs | wn?vﬁﬁ{heééqnermost
PIarE Por eI 26 Balieniar égaf?-tfﬁéﬁ%%fb%ﬁﬁ% peaierhss rough
coliBfitor TR A% or‘{‘“’g'ﬁs et A DR RDd S 445 i wit nex
bepc%%ﬂeEgﬁq Qlt;'e 8%%4& é(? )%rgr? gegﬂﬂa éqn%ggonnségf c?nngetween a

nt eg rate circ

cwﬁﬁi’ﬂé&%’nﬂ?ﬁte?}aﬁ@d bﬁ’&hﬁg??r 13 86d a'cﬂ‘émﬁl 8 1kt |ﬁg9?ated circuit

resinr erm he~ use o e sane

y&%@ tah ovieidiae péhsa Bf fh%torbs.\/@ﬂ af éébcfdd@gié g%ﬁfﬁuté

addition the dunmy pad 68a” provides an t1ona
sugg@ﬁe@% ak&ure %brﬁ;ﬂbtbhsmbémtaﬁyentemwgeédrmm&é ﬁfa"ﬂeﬁa‘i

nodel ed after the resin patterns shown in 4, and

i ncludes a rectangul ar resin band (not shomn) |n t he

peri phery of each die. After patterning, the resin 68

I S. prar insalatiye cap éxlendd df Bitichanithids onsilicdrecarbitfeds depOsited

is positioned over the substrate wafer 20 and ali gned
ongwtheHayen3thip ppeidergsorper diffusion barrier as well as surface passivation.
Access openings to the pass-through conductor elements 44a, 44b, 44¢, and 44d
are next patterned in cap layer 45 a blanket conductive barrier layer 46 is deposited
over the assembly 5 preferably by sputtering, to a thickness of between about 10
and 300 nm. The barrier layer 46 may comprise Ta, TaN, Ti, Ta/TaN, Ti/TiN, or any
similar conductive material, which will block the migration of copper. Next, a blanket
conductive interconnect metal layer 47, for example aluminum or copper is
sputtered onto the barrier layer 46 to a thickness of between about 0.5 and 1.0
microns. The combined layers 46 and 47 are then patterned to form bond pads
47a, 47c, 47d, and a bond pad/lateral wiring segment 47b, which completes an

interconnection between circuitry in integrated circuit layer 13 and circuitry in

integrated circuit layer 23. This completes the processing of the second integrated
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BCB pattern 68a are aligned to the respective

bond- pads 47a, 47c, and 47d,.on top of the second

integrated circuit layer 13 Referring to Fig. 10, the

bottom surface of the thinned wafer 60 is pressed

onto the top surface of the second integrated circuit

| ayer 13 and the BCB features are fully cured by

pl acing the assenbly into an annealing oven at a

tenperature of between about 250 and 450C in an
cireuitdayen The stagktassgeblvf His mow eeddydoothebplaosoentaifaithird0

and 120 mnutes. Referring nowto Fig. 1la, the
integateRcalrcui daver cltaraatelyp ainterconnastion sandedioemed by other

waf er/ substrate 16 and, with its device conponents
kneygr BiagRodsaichas demageaneay difal damasegierrocayess as mentioned

i nterconnected integrated circuit stack 5. After
SURfeani ng any residual wax or other bonding material

66 fromthe surface of the thinned wafer 60, an

i nsul ative |ayer 70, preferably silicon oxide, is

t e . of the personalization
Foﬁgveﬁ% i%'ﬁ'ﬂ c@ﬂﬁe#ﬁﬁ?é (’SE gﬁ3¥ed circuit level an
i nterconnection will be nade between the bond pad 26c¢c
and a wiring elenent 72 in the personal i zation |ayer

64. R@fezfrr'lrfgS Crlacﬁ %%ﬁw@@ﬁ@br‘i‘ﬂeﬁéeh% Fgf e@' Vgntiona[

72 is formed, “using photolit ograp rn|

pro%€b§ I 8BhficdtdtRiVOdenitdd A folfled Wﬁhﬁf t%%ﬁ sgﬁéé‘é 698 the
for the access opening 34 supra and Il lustrated in

wafdr 60 £ a FERGHENAIbhYevel 6320RBR1IAS 68 fbld?ﬁlﬂ? P GirintPlelds
a second wiring element 78 in the personalization

intdriaved G4thi IEDfl@yere dind Reteedonnegtedeasith éshduicve édntactsdfRidvias is
pass-through openings 80 are fornmed, exposing the

formadvéirthe devigesankheswilingseveds fEmoiradte irhogrdyetive bond pads,
patterning and anisotropic etching, in the sane

whighrwik latersbe pattemned oo fingpl des i) lewer.f begdtbenithgydeviee layer 62

and the personalization level 64 are defined here as a third integrated circuit layer
63. Wafer 60 is fastened securely, by its upper surfacé, onto the handler substrate
16 with an easily removable bonding material 66 such as a wax or a soluble bonding
agent or resin. The handler substrate 16 may consist of another silicon wafer or a
manageable glass or sapphire plate. For convenience, the original handler
substrate/wafer 16 may again be used. After mounting on the handler substrate 16,
the third silicon device wafer 60 is thinned to a thickness t of between about 2 and
300 um. preferably by CMP. After thinning, an insulative layer 48, preferably silicon
oxide between about 500 and 1000 nm thick and a barrier/ passivation layer 49,
preferably silicon nitride between about 50 and 100 nm thick, are sequentially

deposited on the underside of the wafer 60. The layer 49 is optional and may be
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pass-through openings 39 supra and illustrated in Fig.
6b. The barrier |layer 47 serves as an etch stop.
Referring next to Fig. 12, the formation of the
conductive pass-through elenments 86a, 86c¢c, and 86d,
and the wiring studs 86b' and 86c¢c' is acconplished
usi ng the sane procedure as that used to formthe
pass-through el enents 44a, 44b, 44c, and 44d, and the
wi.ring stud 44b’ in the second integ rated circuit
apPye T adsifioney m%w@rﬁrwpsod@v@omvw@str%tas naggded.
resi dual photoresi st has been renoved, a conf ornal
| ayer of a sidewall insulator, preferably silicon

|O)r(1|t 2\‘?} h§ulag§£§ﬁ1§ gggei%%grefgﬁp%%ﬁ ? fj#,'rc\:/ o ﬁﬁlrtlée B@lashed bottom
sulaEY B ﬁcﬂr—tﬁﬁﬂ&? ki hét gP{:oﬁ ng% IV\%? lj ﬁ¥t§g ﬁéﬁ Bglalgg 19 gnve out

ani sot ropi cal'l pose ?'hé

oS g AT A o
péﬂeﬁ‘r‘ﬂéd”bye ﬁ&oﬁ?ﬁaﬁ%%g\fs for?rpﬁﬂ%gr‘g?a ﬁztﬁ %rp%bﬂgslﬂy\ﬁﬁlcﬁﬁété the

next conform osited era sputter

udp@raxﬁéuéakmﬁén@sf PReiMa AR h%aaﬁ’d 3?9 A'Itmf éﬂ% the

barrier |ayer 84 may conprise fta, TaN, Ti,

préééntihbatimantthefOBURS hass-thediih cdﬂ@;‘u@fbr\@x{én(dmgpé%\fehﬁe

m gration of copper. A blanket seed | ayer

sesbnMntegratsdtiriitngyer, & lnésin rifg©8adfs meveRAeless alswdhéuded. The
bet ween about 500 and 3000, thick is next conformally

inclegios iof dds daminheresbaring perntitsytae L84, of e §amalphptdimask used to
sputtering. A copper |layer 86 is then deposited onto

define the &bt levebrespy Bngs 284.\In ddiicD tie deormopad G8a’grovides an
deposi tion), under conditions and procedures favoring

adglitions} bengipg £lemantdo &ie sirupures phe resinpatieopismedgled after the
These conditions and procedures include the use and

resig matigrnsoshayyn @rﬁlgf@r@ddﬁglup@@@|r@¢t§nQWar resin band (not shown) in

the periphery of each die.

After patterning, the resin 68 is partially cured and the handler mounted wafer
60 is positioned over the substrate wafer 20 and aligned so that ring openings in the
BCB pattern 68a are aligned to the respective bond-pads 47a, 47¢, and 47d,.on top
of the second integrated circuit layer 13 Referring to Fig. 10, the bottom surface of
the thinned wafer 60 is pressed onto the top surface of the second integrated circuit
layer 13 and the BCB features are fully cured by placing the assembly into an
annealing oven at a temperature of between about 250 and 450°C in an ambient of

Nitrogen for a period of between about 30 and 120 minutes.

Referring now to Fig. 11a, the thinned wafer 60 is separated from the handier
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the plating bath as well as variation of plating rate
by control of current density. The openings 74, 76
and 80 are thereby filled |Ieaving a blanket |ayer of
copper on the wupper surface of the assenbly 5. The
final thickness of the copper layer is dependent upon
the wi dths of the openings 74, 76, and 80.
Alternately, the copper layer may be forned to the
desired thickness entirely by sputtering or it may be
wafepieghsiate B§ andOwith itetdevide daovponents feoomesethefthird @yer 63 of
hi gh aspect ratio of the openings 80, these nethods
the threeayegintatoonnector integreded sircuit staek beAfien ceaniog pperesidual
t hrough-hole via. The top surface of the assenbly 5 is
Wt otgeabmduz@maégnatﬁﬁ fugra thp gurfane gfthe dpjpeed wajes60, an
. polished dowmn to a level to entirely renove the
ingiatiefaver 1), preferabiy pilicemaxide. isierpaited en theayrpergyrface of the
ther?bg_fornigg and electrically isolating pass-
PErsRBUGRIALISHEIRDr el enents 86a, 86c, 86d, and, wiring
studs 86b' and 86¢'. An over-polish period of the
order of a few seconds to a mnute is suggested to

w215 T BB AEPLRL ) ALY Bh TGI8 By BT icen
B Bt SRR 72 B ERl  hiEog o
B85S UEA AR T b 72 RRTEANENS Bt Pinournic
palttafniié %hﬂ%nﬁajo?r%sfbté‘tcl%ﬁg: siffdr 80 prddss' RBAPe P fir #6€ Access

pass-Through el enent 86¢c and wring elenent 86 may

opPirgPRR kL yrabihdanenededm I‘é‘i?'. bal Cohelifd/mtly, a'¥eebR®RABESs opening

channel therebetvv_een. A anket conductive barrier
76 Ry£sehd wiridg RRshéed Dinahe HemsonahZRinl Ixydr aa ieffeineadd .y

by sputtering, to a thickness of between about 10 and
300
Referring next to Fig. 11b, deep pass-through openings 80 are formed,
exposing the pads 47a, 47¢, and 47d using photolithographic patterning and
anisotropic etching, in the same manner as the processing described for forming the

pass-through openings 39 supra and illustrated in Fig. 6b. The barrier layer 47

serves as an etch stop.

Referring next to Fig. 12, the formation of the conductive pass-through
elements 86a, 86¢, and 86d, and the wiring studs 86b’ and 86¢’ is accomplished
using the same procedure as that used to form the pass-through elements 44a, 44b,

44c, and 44d, and the wiring stud 44b’ in the second integrated circuit layer.
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nm The barrier |layer 90 may conprise Ta, TaN, Ti,

Ta/ TaN, Ti/TiN, or any simlar conductive material,

which will block the mgration of copper. Next, a

bl anket conductive interconnect netal |ayer 92, for

exanpl e al um num or copper is sputtered onto the

barrier layer 90 to a thickness of between about 0.5

and 1.0 mcrons. The conbined | ayers 90 and 92 are

t hen photolithographically patterned to form bond

padéftedapedings 804ue famwdaarxbanly msilUahpkotaresisthiasdpeen

segnment 94c, which conpletes an interconnection
remevemhehcoifpanaltiayeriof g sidewalbinadatary preferabbyysiicos Ixideds

circuitry in the non-adjacent integrated circuit |ayer
depgsiterhprio dbenseiaiivedayer 79randdsty g apenings e dnand 80, for

it layer. Alternately, th '

i ntegra [ rcyit . € .
EXARYP @bﬁ’%@ﬁ-oﬁﬁer eapPsiigh tRoXige IAYET Iy ariseterpically aiched to
R RS R B B S e
. t N, ent t W .

R BEAEAL 8 i LAVERLLR 808l SRR sopapive
R 1L I N ] —
| [ f, ' [, si.li f .
o SRR TR ot R B oce
T 180 AN P o YA 80 1S s

of BEPSS e blaAKE! seM ilﬁi??rj (Pob'SIRvi )OcothpAsihg @ thin Iﬁﬁg}f copper or

integrated circuit ayers is not pattéerned a

golcByétiveleh aBepp500 afd 300eAaRiek id hext ebhidimatyesosird diyhe
Is used to bond the integrated circuit |ayers

batrisyeayer84, priferablyinesputiteinge FPciHsS layidn 86Ug theppdspozad onto
are fornmed in the uppernost stacked integrated circuit
the aged laybepreferably by ECD (electrochemical deposition), under conditions and
procedures favoring uniform gap filling of high aspect ratio openings. These
conditions and procedures include the use and control of brighteners and levelers in
the plating bath as well as variation of plating rate by control of current density. The
openings 74, 76 and 80 are thereby filled leaving a blanket layer of copper on the
upper surface of the assembly 5. The final thickness of the copper layer is
dependent upon the widths of the openings 74, 76, and 80. Alternately, the copper
layer may be formed to the desired thickness entirely by sputtering or it may be
deposited by a CVD method. However, because of the high aspect ratio of the

openings 80, these methods present greater risk of voids in the resultant copper

through-hole via.

The top surface of the assembly 5 is next planarized by CMP whereby the
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ani sotropic etching process is extended to renove the
resin | ayer at the base of the opening. The second
enbodi ment is identical to the first enbodinment up to
the point where the handler nounted first wafer 10
has been thinned as illustrated in Fig. 2. Referring
now to Fig. 14, a first silicon wafer 110 is prepared
by conventional processing. Seniconductive devices
are formed within the top surface 112 of the wafer

copper layer ia pplishsshddwiz tu & tevel tyentirély4emonsitise Lipgerafost planar
plurality of wiring levels interleaved with ILD

portigperof ths bairier iayes gﬂ dlaerely fwrming end elaatrically dﬁﬂd@t'mgspa@ﬁd
vias are formed over the devices. The wiring | eve

thrpegmcﬁa@léct%elemeﬂtfcwm@%ﬁédp@aﬁ, wiriRgh sleis\6j anréasép An
oveE iR og) rﬁ%%rd%g&éﬁ%&fq%aaﬁﬁgié@ e 1§ spogested to assure
e Ry A R U N

subsequent wafer thinning. Together, 26 the device
| ayer 112 and the personali zati on | ayer 114, which

5100 30 1958 NP WA o b Y i on
t“%%éf*ﬁ?%&‘ﬂé?"&"?ee?ﬁ%’ﬁ’ﬂ?rndv"’éﬁ’?%ﬁﬁ*f%“ oS S aghpn.

Act8sd peingSfithe! passhitirdubh déﬁeﬁétoﬁéreh?é%ﬁs 86486 and 86d and
handl er substrate 16 with an easily renovabl e bondi ng

thaWirig flémdats 861r Bnd 86@’. ke Afgich Balweeh§asBANDUBE ARt 86¢
or resin. The handl er substrate 16 may consi st of

and waitimg elemdnit 86hmayaiptionally e opaagbadivell ¢ fismh &1 interconnect
sapphire plate. After nounting on the handler
chanmal ttherebeti@ent Aablanket tcosdlictverbandérdaydriad issiepobitetbdver the
to a thickness tt of between about 2 and 300 m,
asperablyrpieferahlydry stitiegnarie gpbickorsn gl belweendbost ¢i@ aofl 300
the wafer 110.
nm. The barrier layer 90 may comprise Ta, TaN, Ti, Ta/TaN, Ti/TiN, or any similar
conductive material, which will block the migration of copper. Next, a blanket
conductive interconnect metal layer 92, for example aluminum or copper is
sputtered onto the barrier layer 90 to a thickness of between about 0.5 and 1.0
microns. The combined layers 90 and 92 are then photolithographically patterned
to form bond pads 94a, 94b, 94d, and a bond pad/lateral wiring segment 94¢, which
completes an interconnection between circuitry in integrated circuit layer 63 and
circuitry in the non-adjacent integrated circuit layer 23. This completes the
processing of the second integrated circuit layer. Alternately, the interconnections
can also be formed by other known methods such as damascene or dual

damascene processes as mentioned supra.
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After thinning, an insulative |ayer 127, preferably
silicon oxide between about 500 and 1000 nm thick
and a barrier/passivation |layer 129, preferably
silicon nitride, between about 50 and 100 nm thick
are sequentially deposited on the underside of the
waf er 110. The layers 127 and 129 together form an
insulative shield |layer which insulates and protects
the silicon underside of the thinned wafer. The | ayer
129 is optional and nmay be applied if additiona
noi sture or copper diffusion protection is needed. A
Segend Enkodimest wafer 120, which will becone the
substrate or base of a to- be-forned integrated
circuit layer stack, is processed |like the first

[ MR T RO TN
R SR BN AR LT R e
ayERTHRRT oB Y i HhedhRed kil Mol d S ald Bkt on .,
conﬁfeﬁti&ﬁﬂ%‘ﬁﬁ:@nfvyﬁfgﬁJ straRe ETHQ SeBd @rﬁﬁggﬁrde{hﬁgs %{gﬁlternag\ee to

passivation layer (not shown). Toget vice

the! fR¥EEMBSERIM LA RRT 1S JeHticAP{HI tAB fitePhbobifieR! ScRBE faf the
referred to as the first integrated circuit |ayer

blahkét redineadheeive Iayariwiicts Rruded toaite] e thinned adftdgritedtinsUn
or Copper back-end of the |line process technology. In

layerstis@ot patsamet! ladtef thealayenis tdepbsitsal. imgtead, ¢he enti@ adiesive layer
protective passivation |ayer deposition and bond pad

is usieddo\woogd éne indegrates dironit Iayveds tagedher. 12¢¢r, wh2sdhe daep pass
126d are fornmed by first depositing a barrier |ayer

thraygh epenings angdermed 1 Betunnermagkstagied integrated circuit layer the

ersqonal i zation | evel 124. The
anisotropic etch%ng process is extended to remove the resin layer at the base of the

opening. The second embodiment is identical to the first embodiment up to the
point where the handler mounted first wafer 10 has been thinned as illustrated in

Fig. 2.

Referring now to Fig. 14, a first silicon wafer 110 is prepared by conventional
processing. Semiconductive devices are formed within the top surface 112 of the
wafer 110 and a personalization layer 114 consisting of a plurality of wiring levels
interleaved with ILD layers and interconnected with conductive contacts and vias are
formed over the devices. The wiring levels terminate in conductive bond pads,
which will later be exposed through patterned access openings in a final top blanket
péssivation layer. The top passivation layer (not shown separately) also protects the

subjacent wiring layers from damage during subsequent wafer thinning. Together,
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barrier layer 125 may conprise Ta, TaN, Ti, TalTaN,

Ti/TiN, or any other conductive |ayer which wl]l

bl ock the mgration of copper depending on the type of

metal i zation schene. The barrier |ayer 125 is

typically deposited by sputter deposition and is

bet ween about 25 and 100 nm thick. A blanket |ayer of

copper 126, between about 100 and 1000 nm thick, is

then fornmed on the barrier layer 125, preferably by
the gevice daysdd2ianddhe parsanatizatisindayerd 4, syhich in2lsideay thp

formed of al um num since the bond pads fornmed thereof
pagsivatigr layge (nad showehare heradrdefieed an alsesped integrated circuit layer

113 EES WoRB e FIEUATT e oHAdnCD (6P Provese N dnieation the
B 3 L ] e S0 e b
AT T T
oy e B Pl B AR g PO o
wilPr 60 T PRR0 R S bonBe Phiey A RRBNEE B spe penater
AN ST e -
2SSO0 RSy el e T 1
AftdrlthinRguse q’néuﬂatﬁvaiI%&W%F@é\‘aﬂ&iﬁd&hrﬁﬁd@%éﬁ@en about 500

conductive path fromdevices In the first, [owernost,

ar@eMeEnhaiidk drdla barrdiaksiRatidn 12812, dfrkierddN dilibddnitride,

126b wil | participate in interconnection of circuitry
betwedmabbiitr 3¢ andi 00 @en. tieige brel g usmdallpd spdsitet tohythie indB/side of

second device layer 112 while bond pad 126c w |l be
the avaferct’®d The Bgersct2? amd 429 ngaetheldform anliagdative shield layer
which insulates and protects the silicon underside of the thinned wafer. The layer
129 is optional and may be applied if additional moisture or copper diffusion

protection is needed.

A second silicon wafer 120, which will become the substrate or base of a to-
be-formed integrated circuit layer stack, is processed like the first device wafer 110,
forming devices (not shown) within its upper surface 122 and a personalization layer
124 consisting of a plurality of wiring levels interleaved with [LD layers and
interconnected with conductive contacts and vias The wiring levels terminate in
conductive bond pads 126a, 126b, 126¢, and 126d which are exposed through

openings patterned in a top passivation layer (not shown). Together, the device
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An insul ative glue |layer 128, preferably BCB, is
coated on the polished wunderside of the nowthinned
first silicon device wafer 110. Because the |ayer is
not photo lithographically patterned, the resin need
not be photo sensitive as was the resin used in the
first enbodinent. Wiile a Cyclotene resin is
illustrated here as the preferential adhesive,
alternative adhesives, for exanple, frit gl asses,
layes\#22 anshihernessenalizatiomiayer 124 atphoreisrefemedie astbe. first
_ After soft baking to drive out residual solvents and
iniggrated sireditiaier hak Thex laeal wirigg che beasade phstandardgiluginum or
partially cured and the bottom surface of the thinned
%ﬁeéPa@i@nﬂé)fm%%&%af%ﬁﬁ%tqqnaomm I gither sags, theEinalhase
120 and the B IS fuII cured b aci t he
meBUEHIY SieRToLyes Bivipsiive RgSBRITLEYer desamadbdd pad
. n_about 250 and 450C in an anbient of Nitrogen
W$§$w§$88W90d of between about 30 and 120 mi nutes

t hereby securely bonding the wafers together.
Referring next to Fig. 15 after bonding, the handl er

16 "
ot OSSR A 20 288 1261, At oo i BTy fift Bepositing a
bat@&Aager 126 tH Tﬁ}fhr'd‘i@l@étﬁ@ THi)%F BPﬂHel 6Er§&ﬁé}iz§ﬁo§ hefvrem 34. The

stack™ 6. After eani ng any residual wax or

baheedbier 135 @hy %brr%ﬂqgef'lf ‘T!aNh i, St AGETINNR, ot #er 8bhductive

i nsulative | ayer pre erably silicon oxide is

lag @t &4l slock e migestforsef dopper 8épériting 6h W@lgbzo’ﬂnhéw[hzatlon
| ayer 29 114 to a thickness of between about 3000 and

sch8meOThe Aarriar layer 1281e typidailgrdepssited b sputterldepesition and is
the first enbodinment, the Insulative layer 130 is

beftivean apaitt 2 ardi 100 nhothickn Addamsiedt layee of nopEss 41 26x belsvarny about
the wiring elenment 135, and then masked with

106hatcht @) Bm. thigkeiis thepifotaedi enitinge batiier yes 126 prefgrably by

sputter deposition. Alternately, the layer 126 may be formed of aluminum since the

bond pads formed thereof will be the most remote from the final electrical contact

pads and therefore will have a negligible effect on the overall performance of the

completed integrated circuit. A second barrier layer (not shown) comparable in

thickness to the first 125 may be deposited on the top of the copper layer 126. If the

tayer 126 is aluminum, the second barrier layer may be omitted.

The stack of blanket layers 125 and 126 are then patterned, preferably by'
photolithographically, to define bond pads 126a, 126b, 126¢, and 126d. Alternately,
a damascene or dual damascene process may be used to form the bond pads
126a, 126b, 126¢, and 126d. The bond pads 126a, 126b, 126¢, and 126d are
preferably formed as circular disks. However, they may alternately be rectangular.
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openi ngs 136. The pass through openings 136 are then

etched anisotropically by RIRE or plasma etching,

first with an etchant contai ning fluorocarbons to

penetrate the insulative |ayer 130 and the subjacent

personal i zation | ayer 114 and then with an etchant

contai ni ng hal ogens to penetrate the thinned silicon

waf er 110, endpointing on the oxide |ayer 127.over

each bond pad 126a, 126b, 126c, and 126d. The oxi de

| ayer 127 and the barrier layer 129 at the base of

each opening 136 are then renoved; preferably b

OX| c?é?nﬂl Rdsr130asanth128d wilk e @m@ethtse@nhommt t01 sn a direct

, the ani sotropic etching is continued, for

Coaséaﬁﬁmeep%p o8 Agvisps st thrdirst, lovsmashidryics kgxgsd 2240 the top of

g e %&ﬁ@tp%éég%%'a% M&ﬁhﬁg&g@g@%@ﬁsﬁ;@% fie first
t k h [l th [
e Vel A2 A ouirlish D Recd) é\'@fge et DA w8l Rand pact 1260
@g ot A se t he rbﬂcl(gct i Vi t hereof. The w dt hs
wi et"ﬁ@"ﬁ%ﬁ%% ?ﬂ'cgf)gh?ﬁﬂ %\60‘? breferably between

about 2 and 80 m crons dependi ng on the application,
the netallurgy, and the thickness of the thinned

devigteind@bive &ﬂ:% 13\%4}%2’3' p?éfe @N’@r B & @ téd“&n [z@ghed

enbodi nent 1s”s oteSS|n

urﬁe?sqdf@ef ih@vrﬁfw-aﬁﬁﬁéﬂaraét éihbc?n gontd ey 19, ﬁpﬂ%ahgg tﬁéﬂf]ggr is not

integrated circuit layer 163 on the thin
phiofolfisyrapmbally dttdrhéd,fthé $ési ﬁ’@@@’ 'nB’E‘Bé P%H‘séd%ﬂlve as was the

alternate processing just cited he second
resinluzad e tie first émbbhmé‘rﬂn\r’\nﬂ"etae@jntldil@néfreélh% llastrated Bere as the

| ayer 168 and the additional anisotropic etching step
prefergdiat adbesive, ladtepuative adbesives,Her exasple, frih gEssé§Jowtk
the base of the deep pass-through openings. The
matgnalsi cerlamicks o gnaxies mayixe used.hAftérsaftbakingfo diive out residual
third integrated circuit |ayer correspond the xx
solvents and achieve dimensional stability the resin layer 128 is partially cured and
the bottom surface of the thinned wafer 110 is pressed onto the top surface of the
base wafer 120 and the BCB is fully cured by placing the assembly into an
annealing oven at a temperature of between about 250 and 450°C in an ambient of
Nitrogen for a period of between about 30 and 120 minutes thereby securely

bonding the wafers together..

Referring next to Fig. 15, after bonding, the handler 16 is separated from the
stack 6 on the substrate wafer 120. The thinned wafer 110 now becomes the second
layer of an interconnected integrated circuit stack 6. After cleaning any residual wax or
other bonding material 118 from the surface the stack 6, an insulative layer 130,
preferably silicon oxide is deposited on the upper surface of the personalization layer
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designations of the third integrated circuit |ayer 63

of the first enbodinent. Additional integrated circuit

| ayers may be added on the stack assenbly 6 in the

manner of those described in the enbodi ment. The three

| ayer integrated circuit stack described in the

enbodi nent illustrates that using the nethod of the

invention, a plurality of integrated circuit |ayers

may be formed on a base wafer and i nterconnections
11Bé9\ﬁébwkaﬁ§5 elRetyeemspeut 3944 and 43, Qﬁsogfade usi ng the

sane set of process steps. Advantages of the second

enbodi ment over the first enbodinment include 1) nore
uni&g m and great er str th of the nd because of )
ol e Sline Hianar o Cled T 1oV 30N ap MBS embogiment. the Insulative

critica | f t he nount ed waf w th _the base
a3 13P 75 st PABRVAEH go PP RPRSRA P T 154 Fisbqsing fhe wiring

elet gl_lr]‘;tieﬁ%s @ s%slﬁ}r}%g ?%ﬂfi}ﬁ &{Esfﬁﬂlﬁagra t%c?e%ﬁl% the%ra]ass through

[i.th h
orhgEbet3e, PhePhsh APUEhELuREP 18R FurrdBRd SBeRR0ABHR o e
or E@néﬁ a%ﬁghr%% Wit a%%t@ﬁ&h%h %@ﬁgg@gkgﬁm‘ﬂ% t8peBERatcdhe

e resin | ayer

indoffst etléﬂfé?ul%lb %b#bc%HPHérSBﬁ I g‘ﬂgh “l‘é&)&g_ﬁﬂ%gd then with an

con Vlty acent

etcﬂ%@gbrg‘%ﬁﬁnd Hal@ él'i% fdjp&{m%gé MWQ’Tedtéglcg?'vasm’lﬁ’rbrﬁ’ijIntlng

st ack t wo |n er connect I ntegrate Circul

on'tﬁé %&%e' I§¥ér°f2’ﬂ9&e?3éaﬁh bohd PRAc 289, tl!@b S126cC8Rd W@%ﬁr Fhe oxide

and then thinning one of the two wafers, thereby

lay@r M7 i the bahfernars 1f29ratttIWB§§@6Ve£tQﬂ§bé‘rﬂné @368 are then
separate handler. The first wafer is a bl ank

remopsdgerefeeabiyal ah aide RIEospleema ol &5 eXsea@sin layer 128.
F[rlarl]lg(,e t%taaafn?sdotropic etching is continued, for example by using an etchant
containing oxygen to penetrate the resin layer 128 and expose the subjacent bond
pads 126a, 126b, 126c¢, and 126d. Care must be taken here to fully remove the resin
in the opening while avoiding damage to the exposed bond pads, which could
compromise the conductivity thereof, The widths of the completed openings 136 is

preferably between about 2 and 80 microns depending on the application, the

metallurgy, and the thickness of the thinned device wafer 110.

The final structure of the second embodiment is shown in Fig. 16. Processing
of the stacked layer assembly 6 is continued to add the third integrated circuit layer
163 on the thinned wafer 160 in the manner of the first embodiment with the alternate

processing just cited for the second embodiment, viz. the non-patterning of the resin
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circuit layer conprising a masterslice |ayer

consi sting of active and passive silicon devices and

a personalization |ayer conprising wiring circuitry

term nating in bond pads on a top passivation |ayer.

In addition, the enbodinment also illustrates how a

mul tilayer integrated circuit package can be prepared

for dicing during stack formation. Referring to Fig.

17 a first un-processed blank silicon wafer 210, is
laypr $6% aed theaaddiF ipRaAl lagisolrepicasteing 3tep orpsmetrats thespdriienmof the

oxi de between about 500 and 1000 nmthick, and a
resiplayeel 6 atibehases thageep pags—tfwe@gf@pamlpg%u The symerical

nitrjde, betwe about 50 and 100 nmthick are
de’g@&*ﬂf@ﬁ‘t T 9f§“%| Z%greﬁéﬁ thi thinddntegrried cieuiblayeheorespond the xx

ers 27 and. 229 to a
deasfions o SV TateciyER it wer B af hecFeLhmbogimsite: s
the silicon underside of the wafer 210. The | ayer 229
is optional and may be applied if additional noisture

o EOABSAALP E b RRRTofBS
the%% :%i'et#‘?ﬂ@sé @@scﬁpeﬁﬁﬁ fHe® erﬁBo At O'rha tltnr%quye(r [ﬂ%gﬁ?ﬁd circuit

ed ci1rcul , IS processe

stagﬁ‘db&ﬁ'?oeﬁr]ﬁtth@EH%)jer\éﬁthl'!Jktra'tésstthJﬁﬁﬁ ‘Prgq g arné[i‘rslention, a

a per sonal I zati on ayer 224 consi st n

plufdlity\of infegrate8\e@Lit iayers hagvedohhéd oh latbé@ywmr ahd

i nterconnected with conductive contacts and vias. The
interconmertioay eetwdery anynatoeor morlagdastdancbomade paiie tAeGame set of
226b, 226c, and 226d which are exposed through
progpesnbiegs. patterned in a top passivation |ayer (not
shown). Alternately, a damascene or dual damascene
process may be used to form 32 the bond pads 226a,

226b, 226c¢, and 226d. The bond pads 226a, 226b, 226c¢C
andAdvantages of the second embodiment over the first embodiment mclude 1)

more uniform and greater strength of the bond because of greater surface area of the
bonding resin, 2) critical alignment of the mounted wafer with the base wafer for
bonding is eliminated since the resin openings are self-aligned with the pass-through,
and 3) reduced void regions in the bond, and 4) elimination of the photolithographic
steps fo pattern the resin. Disadvantages include 1) critical etch step which, when
using an etchant gas containing oxygen to penetrate the resin layer at the base of the
pass-through opening without compromising the conductivity of the subjacent bond

pad.
Third Embodiment

In a third embodiment of this invention a stack of two interconnected integrated
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226d, are preferably fornmed as circul ar di sks. However,
they may alternately be rectangular. Together, the
devi ce | ayer 222 and the personalization |ayer 224 are
herein referred to as the first integrated circuit
| ayer 223 of the integrated circuit |layer stack. The
dotted features 211 indicate the position of a dicing
| ane extending perpendicular to the cross section,
where, in the final stages of processing, the wafer
cirguit jayigss @Jprm%’ by &iFsd hop wgttwwlwpa.w@’e@awd ihﬁndhmnmg one of the

rectang circ t di ce or
e Y 8@“&‘5’369 Eee% Qsfemagrary QO'B@‘;BQ ﬁ%é\ﬁ@paraée handler.
nitrjde | a

T*}G"ﬁ%ﬁ %f 7 48 RIS e Her it ascBiE Wekdi ey e Miegrated
o AL e PRSP ot o
dek/i tflgl'kal‘f‘hérs?gﬁlgzr%l‘ﬁbﬁ?a ﬁ@?rgtngs\mnﬁ%lc@@ ?éﬂrmé.é\étrn%fm bond
pa@%mrﬁé( b ARINELIBA 3 Olye?'t Iﬂtﬁddltfdh iﬁbeeﬁiﬁéﬁﬁlérﬁ)é\?éo |ﬁ@§rdt§s how a

partially cured an then patterned preferably by

multialyel intdypgtcdincul patiage earPbé beiparé®fdreiidied dLngg b@Rck
that shown in planar viewin Fig. 18. The openi ngs

fo@Bdtiomt e t he devi ce bond pad pattern of the second
silicon device wafer 220 whereby, when the second
device wafer 220 is bonded to the first wafer 210,
each bond pad 226a, 226b, 226c, and 226d. is
encRefinénp 6 kig. 48 adestun-proseasedilank gilicomeefer2d Oaiseprovided. An
. also covered with the bonding resin. The wafer cross
inglativedayer- 227, greferaply q'lscqrsm@ge pebyrandalaut 08 e Q99 nm thick,
the planar viewin Fig. 18 After patternin
ang  ariggpassiyation | l3ygy ﬂ%( .p&f@@%ﬁkcqm@tweéﬂ%m@ haué 50 and

10?)ﬁgnilgg%g€et §t\%ﬁ.|%gll(yg@/sg tggéngncﬁgyndermde g{ t?ieal Ifgp‘fa‘ijo '?he
layers 227 and 229 together form an insulative shield layer, which insulates and
protects the silicon underside of the wafer 210. The layer 229 is optional and may be
applied if additional moisture or copper diffusion protection is needed. A second

wafer 220, which has

A second silicon wafer 220, which will become the substrate or base of a to-be-
formed integrated circuit layer stack, is processed to form devices (not shown) within
its upper surface 222 and a personalization layer 224 consisting of a plurality of wiring
levels interleaved with ILD layers and interconnected with conductive contacts and
vias. The wiring levels terminate in conductive bond pads 226a, 226b, 226¢, and
226d which are exposed through openings patterned in a top passivation layer (not

shown). Alternately, a damascene or dual damascene process may be used to form
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226b, 226c¢c, and 226d. Referring to Fig. 19, the resin

pattern 228a and 228b of the first wafer 210 is

pressed onto the top surface of the base wafer 220 and

the BCB features are fully cured by placing the

assenbly into an annealing oven at a tenperature of

bet ween about 250 and 450C in an anbient of N trogen

for a period of between about 30 and 120 m nutes.

After bonding, the top surface of the first silicon
th@vﬁﬂ@@ pade 22§a.t2ﬁﬁhaé’66t:oa@d 226d.c Khe ond padsiz2hat 32@n 226¢, and

ut 2 and m , preferably by grinding and

22&916}!’@ mr?fgram!équ@ea ag\gircylas clisks. avertthpy mayglternately be

devi ces (not shown) are forned in the thinped surface
re@ﬁnw\'@r f eggthey, Ith%éﬁ‘"%faéf?r 249 and ke H%@%W‘PM%&QF&% are

avl corr

eyt EredRAdeE &ﬁ% e ety ylfrwﬁleyé)rtiﬁﬂ?ﬂa% tpratecgiipyit ayer
St%i%s%tai??tkﬁf?l 2 536 Oﬁﬁgiﬁﬁﬁ%@%f’? & dhaidtyfang,grncine

|de or at i on tb osited t
Bd"

pofperifiiaidblh %Pr%&%ﬁg e RabBahEe a6t SRR, o warer

R, A A SR e

chiyt ed t hat the process steps for the formation of
sem conductor devices and circuit wiring in and on
the thinned surface of the top wafer, already bonded
to the subjacent wafer, should take into account the

t hénniabulatiabgluetiyyerf228h preferabiyta BOBMesE, &ibwabd on 228 surface of
This applies particularly to the avoi dance of high
thé aitde kyer 229 of thedirstsiiooessafeg 200 F¥hilso Cycldtgieadeintis dlustrated
adhesi ve. Fortunately, nost high tenperature furnace
hepe es dus prefereatialadhestly, bilermnativegadliesives! for exapiple ddt gigsses, low-
id thermal processing (RTP) in present day
k patecialss cegmics, adpoxiesmay be used| ASer sefebalgag t@d@@e out residual

today are nore anmenable to RTP and also require |le
soblleatseggd achiave dimensional stability the resin layer 228 Is partlally cured and

then patterned preferably by photolithography to form a pattern corresponding to that
shown in planar view in Fig. 18. The openings 231 mate the device bond pad pattern
of the second silicon device wafer 220 whereby, when the second device wafer 220 is
bonded to the first wafer 210, each bond pad 226a, 226b, 226c, and 226d. is
encircled with adhesive resin. Dicing lanes 221 are also covered with the bonding
resin. The wafer cross section C-C’ of Fig. 16 is correspondingly shown on the planar

view in Fig. 18.

After patterning, the first wafer 210 is positioned over the substrate wafer 220

so that openings in the BCB pattern are aligned to the respective bond pads 226a,
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Nevert hel ess, these considerations should be taken

into account in the selection of 34 the bondi ng

adhesi ve. A photoresist |layer 232a is then deposited

over Insulative layer 230 and then-is

phot ol i t hographically patterned to define form pass

t hrough openings 236 to the bond pads 226a, 226b,

226¢, and 226d. on the first integrated circuit |evel

223. and later to form access openings to the dicing
226k 2260.2and 286d:r Refgringwo Fig. Hi% thep@sir pajtarn £28aand&28b of the

openi ngs 236 are next forned by anisotropical
ﬁf%ttwfphgwéﬁ prgssedopio the dapsudaceehihe bese wafol 220y and the BCB

et chant [ tluggocarbons,to penetrate the

cont ai ni,ng )
fesityech 2 LY PGS, oY RIaciaR e ReteIplY intaAnatewalig oven at a
tefRpLUB o betfagB ARovt AP ERN RS Cin afcambsa %Eala'r%i?@&gr a period
of BRI AR ATE T2 B Res 2 2y er 520 at i he base of

each opening 236 are then renoved; preferably by an
oxide RIE or plasma etch to expose the subjacent

bo'miéi‘%oﬁéﬂg;r g‘t?l-ligs WdEESf e ﬁrgﬁsimg%?%ﬁf?semirﬂ%% toa

236 1S pret bet ween about 2 and m crons

thidRIRESRHNEF RIWEES BB 2 6A4 380 it NBrei@aBly/ o@‘“‘é‘é and Eglishing

t hi ckness of the thinned device wafer "2 erri

usixéd OMP Ei‘(ﬂ:esg.lAﬂéretﬁirﬁnH@ﬁ debiebs (fstishbwilake 3Aed i the thinned
removed, preferably wth a liquid stripper, and a

suefané of i firstwikcoroivafer 2Hdeswd b pefsotlatizgtion 18y&T 2raBliyrmed having
silicon oxide is deposited, for exanple by PECVD and

coanesponding mesial inteetarmedtiores{mas showi hwhichiteimigatelig aebdnd pad site
214 and the bond pads 226a, 226b, 226c, and 226d at

21 thedep shirfaeadtinayen pasgivgeniaydre230e foriexgmple désilicon oxide or
sidewal I s 240 within each deep openin

silicon nitride or combination thereof is deposited to a g31ickness of between about

1000 to 1300 nm. The bond pad site 214 is then exposed in the same manner as

described in the first embodiment.

It should be noted that the process steps for the formation of semiconductor
devices and circuit wiring in and on the thinned surface of the top wafer, already
bonded to the subjacent wafer, should take into account the thermal stability of the
cured bonding adhesive 228. This applies particularly to the avoidance of high
temperature furnace processing which would degrade the adhesive. Fortunately,
most high temperature furnace processing has already been significantly replaced by
rapid thermal processing (RTP) in present day processing. In addition, the shallow
devices used today are more amenable to RTP and also require less process time.

Nevertheless, these considerations should be taken into account in the selection of
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236. and over the wring elenent 214. A barrier |ayer
242 is next conformally 35 deposited, preferably by
sputtering, to a thickness of between about 10 and 300
nm The barrier |layer 242 may conprise Ta, TaN, Ti,
Ta/ TaN, Ti/Ti N, or any conductive |ayer which wll
bl ock the mgration of copper. A blanket seed | ayer
(not shown), conprising a thin |layer of copper or
gol d between about 500 and 3000, E thick is next

the bppdingarngsivieposi ted on the barrier |ayer 242,
preferably by sputtering. A copper |ayer 244 is then
deposited onto the seed | ayer preferably by ECD

ARG REELBdbr PAEEE ot b e AT o on's
hBFR e ey SRRt AeGE ToiR Paes besrbpaetngs 256 to'he bond

' | ati bat h wel | dati f
ol S8R 23t 2285 Bufrefd ind S ifreraB o Bt Ryp2ag and tter o
' ' I [ bl anket
fortEaR T e gR I e SERY AR #2Lur face. he f i nal
t hi ckness of the copper is dependent upon the w dths
of the openings 236. Alternately, the |ayer 244 may be

“for : i ' i
RRfbriifg hBH to¥8§.1 JEthd PASK PSR yérgﬁdcs\y/%ﬁ rr%?eh%%(.t formed by

sputtering or it Tay be deposite

anid@%ﬁi%hkly SRARGIBIY RI6r prabatal atehiMg Nirehwlts BR @tcHaht tontaining
of the openings 239, these nethods present greater

flubrogkirbdins\oipdaciratet the ingfatlveaayer@zopaid theheutharheichant
via. The top surface of the assenbly 7 is planarized

cobtpirifd’halogerdio pérecteatd e thirmerl silkbh wafer RO, stpdirtidngadn the
| evel to renove the uppernost planar portions of the

oxidarayerr227ayver eddi2 bbnd padr226an226ih,226ci, and 226ds dhatexide layer
pass-through conductor el enments 244a, 244b, 244c, and

227 sad thabaoies layer 229 3¢ theobass of éachoopming 236 afeetien removed;
seconds to a mnute is sug%est ed to assure conplete

preferabhalpy an oxide Riferrlasing gldviediprse éhevaukiacent bonding pads.

The widths of the completed openings 236 is preferably between about 2 and 80
microns depending on the application, the metallurgy, and the thickness of the

thinned device wafer 210.

Referring next to Fig. 21, residual photoresist mask 232a is removed, preferably
with a liquid stripper, and a conformal layer of a sidewall insulator, preferably silicon
oxide is deposited, for example by PECVD and anisotropically etched, exposing the
wiring element 214 and the bond pads 226a, 226b, 226c, and 226d at the base of
each opening 236 while leaving oxide sidewalls 240 within each deep opening

236.and over the wiring element 214. A barrier layer 242 is next conformally
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Top bond pads 247a, 247b, 247c, and 247d are next
patterned on tops of the pass-through conductor

el enents 244a, 244b, 244c, and 244d. The bond pad 247b
includes a lateral tab which connects the wiring

el enent 214 to wiring in the subjacent integrated
circuit layer 223. An insulative cap | ayer 245 of
silicon nitride or silicon 36 carbide is deposited

onto the |ayer 230 to_provide a copper diffusion
depapitach Preferakly by sRullaling: &8 t@a@ﬁaﬁa&flb@ﬁm%@@% 10 and 300 nm.

Th TSt 242 el oS 2 Al AL &N Bl aimi ficuctive
i BRP K e kel Hhepe” 0BG atrer Pyer B
ﬁ‘pos"@t a iR RHBH of QSEHIE L K6 db@ét bEh ea';)gﬁféocgéﬁd 5800A thick is next
R T
Iagﬁ?/ 243N ﬂﬁ‘r( J%d}bsnga oﬂﬂyth%' é@eld%%é}gir?gl‘é?éﬁlﬁﬁy |%feﬁF(ijlé{:itrochemical

ch w e mgratio copp

dePbIRBAY, uRRBALISIditish dHcPEBRBARES (SRR UrbRh gaf filing dihigh

exanpl e al um num or copper is sputtered onto

aspaétrat obaiings2Fhetd canditibhs 4@ plocetiuRgtingliate guse nd control
and 1.0 mcrons. The conbined | ayers 246 and 247 are

of bhightepets andhiedeliess incthenplbating bzl as 2vENlags Ratisition 24 platingmate by
247d. Alternately, the pass-through conductor
cosirehafmusrepti densi®y4 he Geeting=2db Aritherebydilled heming ablanket layer
can be formed by other known nethods such as
of aanmfccéh@empm surfaegrathbe final tbtcbnm@‘éhagonpﬁt is dlependent upon
ra. Referring nowto Fig deep trenches 250 are
th%watm Pt thegrmaninasA36 ﬁétﬁfr@ft%dthemra’mgn@y bg. erapedto the
et ched over the djcing. |anes 221. Th tre
deﬁF%ﬁ‘ '%19;55 e@f‘iﬁﬁléby £h %?I@W ‘t’rHtemﬁb;‘rb@ OiSE ﬁ@@etﬁod
Ho%vZeA{re‘F’tboeDc% o? ﬁ'ne re?atlve yh g%n a?#éét ?gtFo 01‘f the openmgs 239, these
methods present greater risk of voids in the resultant copper through-hole via. The
top surface of the assembly 7 is planarized by CMP whereby the copper layer 244 is
polished to a level to remove the uppermost planar portions of the barrier layer 242 to
form and electrically isolate pass-through conductor elements 244a, 244b, 244c¢, and
244d. An over-etch period of the order of a few seconds to a minute is suggested to

assure complete removal of any intervening conductive material.

Top bond pads 247a, 247h, 247¢, and 247d are next patterned on tops of the
pass-through conductor elements 244a, 244b, 244c¢, and 244d. The bond pad 247b
includes a lateral tab which connects the wiring element 214 to wiring in the subjacent
integrated circuit layer 223. An insulative cap layer 245 of silicon nitride or silicon
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base wafer 220. Sidewalls 252 are then forned within
the trenches 250 using well known sidewal l
processing. In the present enbodi nent, the sidewalls
are formed by successively depositing first a
conformal silicon oxide |ayer between about 500 and
1000nm thick and next a conformal silicon nitride
| ayer between about 50 and 1000nm thick on the stack
assenbly 7. Anisotropic etching then defines the
caghide iadleppsitad onto thedayerg@3temraddeasl sopper diffusion barrier as well as
sidewal | s on the edges of the bond 37 pads 247a, 247D,
supfaee pagsivatinny Accasreopenings torthe diassriirouph gondugterelements 244a,
formation of dicing |ane trenches in a bonded wafer

244bq2t4Gvande2did, ke Eopdugdive studs244k’ sandhethge Bond page (not shown)
bottom wafer and then thinned. It should be .

forutﬁaéalrgw_é °f ﬂatth%f)ev%d WalRS 410e At Rafomeddn g laver 245. A

o RO 3RS 6 B e B A B T ol B ety by

splftfink) ¥ adbRibe st riEeR Blpp indd g0 iy et it yer 246 may

ool 88 S B YT NG B BE B SRR BMert whicn wn

blachAE mibifion BT EPboa a4 SREREPcdRiontt MABohHE inéjayer

. _ L ;
24?”%r%4:aﬁﬁ)|lé3?lg éﬁuﬁilg);?rcgﬁﬁé‘rt 1§ts¥)9ﬂ§re‘a onrgg g?é:%ﬂ%?{aﬁ@% Izgs to a

structure i the first e ment .

thif@%éd%gif%eit\ﬁeéhg%hﬁ).giaﬁb ngo hﬁ&%n&{ erkdiconBineWiydis ¥a6 and 247

ormed through the thinned wafer | ayer 310 terni nating

ar@the paitdrosd ko/fornt Bindl padye24ves 247B] 247, |@Wed472 Aldrnately, the
the base wafer 320 in the manner described supra to

pagsfihreugh ichadeatiof elghitents 24da, | 444st 2adedarid 44 dintét2omiddtion can
the notable exception that the sidewall was omtted.
beTfhemse by wthdrikinonwadnethibds suely as daGtasease bhdunalamiestene

the top
processes as mentioned supra.

Referring now to Fig. 22, deep trenches 250 are photolithographically pattemed
and anisotropically etched over the dicing lanes 221. The trenches 250 are preferably
etched through the personalization layer 224 stopping on the silicon surface of the
base wafer 220. Sidewalls 252 are then formed within the trenches 250 using well
known sidewall processing. In the present embodiment, the sidewalls are formed by
successively depositing first a conformal silicon oxide layer between about 500 and
1000nm. thick and next a conformal silicon nitride layer between about 50 and
1000nm. thick on the stack assembly 7. Anisotropic etching then defines the

sidewalls in the openings 250 as well as short sidewalls on the edges of the bond
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of the stack 8 wth the bondi ng adhesi ve 368. The
stack 8 is then processed to the point wherein the
bond pads 394a, 394b, and 394c are conpl eted. Then,
preferably using a photolithography, the thinner wafer
| ayer 360 is penetrated by anisotropic etching to
extend the dicing lane trench 331 as illustrated in
Fig. 24. In this enbodiment the |ayer 360 is the
uppernost |ayer of the stack 8. The extended trench

paRis 2479, R4Tb.| 247ed anil 247d. prot ecti ve sidewal | 334. In
the present enbodi nent the protective sidewall 334 is
formed by successively depositing first, a 38

Todue i siamaN vsptehaormeNarb! GPNBdane Kpaehasdn a
vorrdCLERE AR 119 BrotiTay ke daineisdi 6 e BRtor] wefeand then
iR F oo b FReBa 8 HaTal 58 s My 0SB ForEt i o
bop {3 20 Re ARG hethOF of offfeih 4 or BB hfhoocimen,

w6 B aanlle By bSO BT THR (g OB oncnes

is F_éﬂrca;any%mmea it® QaféroftadReFBREd B?ttﬁ’é Aethtsdlofthe second
itaniumor tungsten either directly on the inner

ersficientwhichaisesladair-pattérngd irésih aluedajéerom the trench
wall with an insulative |ayer of silicon oxide. In the
enbodi nents of this invention, a copper netallurgy is
used to formthe deep pass-through interconnects in
t hd hedprroation oft tegnches @ver disingtlanes/iera multi devicrilayebstack is
understood that any netal | urgi es which are good
illystragad ,md:aQS-c?é’rrmftg% mwhidhneredaprasentaipas of wecqrarlptedstructure
such as caopper,. gold, or nickel or a conbinatjion
(FigndP ek thedipstpmbedimgnt. o In SigneBriBergde shawa & diping lgastrench 331

whidh S 2038 8 P e R e JSRAL (08 Bt t br slightly within
the masterslice level 322 of the base wafer 320 in the manner described supra to
achieve the configuration illustrated in Fig. 22 with the notable exception that the
sidewall was omitted. The second thinned wafer layer 360 was then bonded to the top
of the stack 8 with the bonding adhesive 368. The stack 8 is then processed to the

point wherein the bond pads 394a, 394b, and 394¢ are completed.

Then, preferably using a photolithography, the thinner wafer layer 360 is
penetrated by anisotropic etching to extend the dicing lane trench 331 as illustrated in
Fig. 24. In this embodiment the layer 360 is the uppermost layer of the stack 8. The
extended trench 331 is now lined with a protective sidewall 334. In the present
embodiment the protective sidewall 334 is formed by successively depositing first, a
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and scope of the invention. Electrodeposited netals

are preferred because of the ability to conformally

deposit theminto high aspect rati o openings w thout

the formation of voids. Wiile this invention has been

particularly shown and described with reference to

the preferred enbodi nents thereof, it will be

understood by those skilled in the art that various

changes in formand details may be nmade w t hout

coaéqud Bifigon pxide dayer.shatwieen about Sebprd 4000 hen. iTrhmimahd mext a

9 What_is claimed is: 1. A nethod for formng

Confﬂr@f@' siieRn aideclayen pefwesrairow SOmNds1G nmy tiyck on the stack

a first device fer _having an_undersid

asesm%b?%mqlameg Ry AT OR, BN e HAGV AL SR R earmeuc sea
5

wiféh Botgeto fiee SE%QE?% %fo R bekAEastpSie b, aare e

copftinglf LM G g bRl I Ern Bordifly Bpieifiprosen

mghfj@ses@ lldﬁ%f g‘f Efll@(gn ﬁ%tﬂc?{orq 8{19&? Bkﬁﬁs ﬁm%ﬂﬁ %We?’ materials

'ayer on sal d orman "arra

coliRASE LB &He bRRBCRNGSR/ e)’ﬁg bp Qx%?féerﬂe afs Qﬂ:h as titanium or

arrangenent 10 mrroring sa arra east

turbé%ﬂ% BAeMIRICEP YN Qﬁé thrieP &reAth Sl Gr %Teétr%‘ﬂ? tébngﬁegffroﬁ?ﬂ% trench

is provided with a correspondi ng perihetrical
wmmurngn irduraivg 1hyeepf altbesbxideband; (f) positioni ng

said array of at |east one closed | oop adhesive band
over and
In the embodiments of this invention, a copper metallurgy is used to form the

deep pass-through interconnects in the various integrated circuit layers. It should be
understood that any metallurgies which are good electrical conductors and can be
electrodeposited, such as copper, gold, or nickel or a combination thereof may be
used to form the deep pass-throughs integrated stack without departing from the spirit
and scope of the invention. Electrodeposited metals are preferred because of the

ability to conformally deposit them into high aspect ratio openings without the

formation of voids.

While this invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit

and scope of the invention.
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facing said array of at |east one bond pad and, while
aligning said thinned 15 first device wafer to said
base device wafer, pressing said first and said base
waf ers together, thereby form ng a device |ayer stack;
(g) curing said non-conductive adhesive | ayer thereby
formng a bond; (h) patterning and ani sotropically
etching first device |layer and said shield |layer to
form at | east one openi ng exposing a subjacent bond

Whad s clamngd 1. f or i ng i nsul ative sidewalls within each

T VIO OB IR TV W

met hod of claim | further conmprising: (a) after step

{i(®) of Previding a first device yvafenhavingar UBferside; east  one

sai d pass- through elenent; (b) providing a second

ddbi ceprapifiing Adasegdeviceewisfer having andexposed @rrayhofrati lagst one
sai d second device wafer to a thickness by planar

pol i shhorgl gad;d second underside, thereby formng a

second device |ayer; and (d) repeating steps (d)

t Hepudhinhing eaiddist elick heafeh o ad thitkhed s SIBE plathar ¢RVEKIAg said
| ayer to said device |ayer stack. 10 3. The nethod of

cl ai mJndergige] tﬁeﬁeﬂiy%%h?ta frevisfcavalyef; 1s nmounted on
a handler during said planar polishing using a

sa@y | fofhitly PORAKSGNSASINe SG8RNAR shidBldEside;

sol ubl e resin. 4. The method of claim1 wnerein said

t W}e?nw‘ﬂtérﬁinﬁmhbmﬂvgﬁdﬁgﬁgé RRkr dr TR 8)er to form an

pol 1 shi ng.
array of at least one closed loop adhesive band placed in an arrangement
mirroring said array of at least one bond pad whereby each one of said at
least one of bond pad is provided with a corresponding perimetrically mating
closed loop adhesive band;

(f)  positioning said array of at least one closed loop adhesive band over and
facing said array of at least one bond pad and, while aligning said thinned
first device wafer to said base device wafer, pressing said first and said
base wafers together, thereby forming a device layer stack;

(g) curing said non-conductive adhesive layer thereby forming a bond;

(h) patterning and anisotropically etching first device layer and said shield layer
to form at least one opening exposing a subjacent bond pad;

(iy forming insulative sidewalls within each said opening; and

(i) forming a conductive pass-through element in each said opening.
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5. The nethod of claim1 wherein said thickness is
bet ween about 2 and 300 Am 6. The nethod of claim1l
wherein said insulative shield |ayer conprises a
sili-con 20 oxi de | ayer between about 500 and 1000 ri m
thick and a silicon nitride |ayer between about 50 and
100 nm thick 41 7. The nethod of claim 1l wherein said
first insulative layer is silicon oxide. 5 10 8. The
nmet hod of claim 1 wherein said non-conductive adhesive
2.| dermethegaf staimat fusthiencemprtisingi ng benzocycl obut ene, a
frit glass, a ceramic, or an epoxy. 9. The nethod of
cl &)m Bftehetepi(i) of alaimclyfonmjngh omiddhatoon atledsicdriessaid pass-
adhesi ve layer is acconplished at a tenperature of
bet weenhr@bghiclethéntand 450C. 10. The nmethod of claim1
wherein said conductive pass-through is copper. 11.

Thep)rephewding acdetioft! HevidaeiafePhsanhg a&eresd uhderside;
deposited by el ectrochem cal deposition onto a

pr @c)demﬁhﬁqg‘%aﬁﬁ%bdn@wvic%mh%r tda Wél(hés%eb@%%rtﬁ?hing said

onto a conformal barrier layer. 15 12. The
R et T R S
or (0 "eRfuPor e Eh T BuBE R SRS i Tey S9noH eetn

met hod d%(/icgllgyl(erptol s‘failéjlrc}er\]necre lgy(/)e srtéigkl ng-

3. The method of claim 1 wherein said first device wafer is mounted on a handler
during said planar polishing using a sacrificial bonding agent comprising a wax or a

soluble resin.

4. The method of claim 1 wherein said thinning is accomplished by chemical

mechanical polishing.
5. The method of claim 1 wherein said thickness is between about 2 and 300 pm.
6. The method of claim 1 wherein said insulative shield layer comprises a silicon

oxide layer between about 500 and 1000 nm. thick and a silicon nitride layer

between about 50 and 100 nm. thick
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42 5 10 15 20 (a) defining a pattern of dicing |anes
on said first wafer wherein said non- conductive
adhesi ve layer is continuous, overlies and extends
beyond the boundaries of said dicing |lanes; (b) after
step (j) of claiml1, patterning vertical trenches
along said dicing |anes, said trenches extendi ng at
| east into said base device wafer, thereby
penetrati ng and extendi ng beyond sai d non-conducti ve
7. aline meatlod af/elpim dwhareln gaig fiishipsplative tavey és silichsveride
in said trenches, thereby providing a protective sea
over portions of said non-conductive adhesive |ayer
exposed in said trenches. 15. The nethod of claim 14
8. wiikee eiathsdhdficlpinot egtidreie ssiidlavalcbadediverddhesiae llayee icofiprises a
silicon nitride overlying a layer of silicon oxide, a
redi® tahtalryEbenRcysloBhiek, h fifteflass) vaddramity oRBnicpdwy.at i ve
| ayer. 16 A nethod for forn1ng an integrated device
| ayer stack with an interlevel interconnect
conprising: (a) providing a first device wafer having
9. &hd! ﬂ%ﬁﬁg‘d ﬁ?cl?ﬂt’)l vﬂ{e%i'ncgarikgc&i@é@sa‘#@ﬁbﬁ%oﬂ@&&he%‘egﬂe
an array or at [eas

one expos
layer is accomplished at a temperature of between about 250 and 450°C.

10. The method of claim 1 wherein said conductive pass-through is copper.
11. The method of claim 10 wherein said copper is deposited by electrochemical
deposition onto a pre-deposited seed layer which in turmn is deposited onto a

conformal barrier layer.

12. The method of claim 11 wherein said barrier layer comprises Ta, TaN, Ti,

Ta/TaN, or Ti/TiN.
13. The method of claim 1 wherein said conductive pass-through is nickel or gold

or any metal that can be electrodeposited.

14. The method of claim 1 further comprising:
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bond pad; (c) thinning said first device wafer to a

t hi ckness by planar polishing said underside, thereby
formng a first device layer; 43 5 10 15 20 (d)

form ng a bl anket insulative shield | ayer on said
undersi de; (e) patterning a non-conductive adhesive

| ayer on said shield layer to form an array of at

| east one cl osed | oop adhesive band placed in an
arrangenent mrroring said array of at |east one bond
pal®) wheelnpg anatternatdigingdanes an saiddisst wafer whetsimgaigawn-
is provided with a corresponding perinetrically

mat i ngcendisdive adbesivel lysr isecdndindous, fovepiesiandonditengsstzgydnd the
array of at |east one closed | oop adhesi ve band over

and f boundpriesidd saidr digingflareds; | east one bond pad and,
while aligning said thinned first device wafer to

safd bafter stey (j§ of Wainen, E@ﬂt@ﬁﬁign&rﬁ@ll ¢rehthied along sam dlcing
base wafers together, ereby form ng a device |ayer

st ack; |an@s, sdid 'tr&ﬁcﬁé’é é’xt@ﬁﬂin?%@%i InY@sﬁiﬂrb%%b\b%vlc,%err
thereby form ng a bond (h) patterning and

ani sot fap l@%ér}’etleattiﬁ 09 @b |f|$ Bé)tror%eé’él& ﬁoh%ﬁﬁy&tﬂ/e adhesive

form at st one access open toawrin
there| 't(la% patternl ng and ani sotropl cally et chi ng
said fi |ys devi ce | ayer and

(c) forming protective sidewalls in said trenches, thereby providing a
protective seal over portions of said non-conductive adhesive layer

exposed in said trenches.

15. The method of claim 14 wherein said protective sidewalls comprise a layer of

silicon nitride overlying a layer of silicon oxide, a metal layer, or a metal layer

overlying an insulative layer.

16 A method for forming an integrated device layer stack with an interlevel

interconnect comprising:

(a) providing a first device wafer having an underside;

(b) providing a base device wafer having an array of at least one exposed
bond pad;

(c) thinning said first device wafer to a thickness by planar polishing said

underside, thereby forming a first device layer;
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subj acent shield layer to format |east one

pass-t hrough opening exposing a bond pad on said base
device wafer; (j) formng insulative sidewalls wthin
each access opening and each pass- through opening;
and (k) formng a conductive pass-through elenent in
each sai d pass-through opening and a conductive plug
in each said access opening; and (l) depositing and
patterning a second conductive |ayer on said device

| afglr fasmengka barket imstilative shiekblayeren baitwederside;| east
one pass-through el enent 44 and at | east one

c ofed u c patiernjpiguay nod-condbetivestdhediveflaydrainnsald shikler laier to form
said first device wafer is nounted on a handler

dur i ngas archy RIf a0 aspohé sldised oty Adhadiveasdrid plated in an
bondi ng agent conprising a 5 wax or a soluble resin.

18. ThgrraR§dRENhirfdrtigBaldanbg beLN et dhd BiriNbatwhareby each
acconpl i shed by chem cal nechanical polishing. 10 19.

bet woen ags it i3t Bl S5 YEEOR D8 BrMUSHHPET colipsponing
16 wher.gin said | - : . !
SRR M0 S B T

silico and 1000 nm

L PSR S A G B o7 Sab SR BERYbver and

wher el E’:\G]Sn%]i gaicfj iarrr?':lt},( oif rz‘aﬂcjala%{ é:r\nlg b(lar?g Sgd ia%d,s\izv ;Ie(-: gﬂgn?lzn(é gaei'd thinned
first device wafer to said base device wafer, pressing said first and said
base wafers together, thereby forming a device layer stack;

(g) curing said non-conductive adhesive layer thereby forming a bond;

(h) patterning and anisotropically etching said first device layer to form at
least one access opening to a wiring element therein;

() patterning and anisotropically etching said first device layer and
subjacent shield layer to form at least one pass-through opening
exposing a bond pad on said base device wafer;

() forming insulative sidewalls within each access opening and each pass-
through opening; and

(k) forming a conductive pass-through element in each said pass-through
opening and a conductive plug in each said access opening; and

()  depositing and patterning a second conductive layer on said device layer

stack to form an interconnect between at least one pass-through element
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22. The nmethod of claim 16 wherein said non-conductive
adhesi ve | ayer conprises a resin containing
benzocycl obutene, a frit glass, a ceramc, or an
epoxy. 23. The nmethod of claim 16 wherein said
non- conducti ve adhesive | ayer is acconplished cured at
a tenperature of between about 250 and 450C. 45 24.
The nmet hod of claim 16 wherein said conductive
pass-through is copper. 25. The nmethod of claim24
wher ei And &k [easbppe condudizpdlg.ed by el ectrochenmical 5
deposition onto a pre-deposited seed | ayer which in
turn is deposited onto a conformal barrier |ayer. 26
The method of claim25 wherein said barrier |ayer
17¢ ope nsstisod af cldimiN16 Twherdia/skad\irsodevicé Waler id hotiftedon a
nmet hod for form ng a device | ayer stack on a base
hafl@ler dariM@Eait amadolishiflg usirdy) a Bahficil BEndingidgeht éHMpeding a
waf er havi ng an underside; (b) providing a base device
wa¥adre] sdlamkgsigh exposed array of at |east one bond
pad; 15 (c) thinning said first device wafer to a
t hi ckness by pl anar polishing said underside, thereby
formng a first device layer; (d) form ng a bl anket

18t Pt B4R R e Brbal b e i g by germica

sai d. sFi elltli_lf.l ayer; (f) positioning the first device
m PRI non- conducti ve adhesive |ayer 20 over

and facing the array of at |east one bond pad and,
whil e aligning the

19. The method of claim 16 wherein said thickness is between about 2 and 300 um.

20. The method of claim 16 wherein said insulative shield layer comprises a silicon
oxide layer between about 500 and 1000 nm. thick and a silicon nitride layer

between about 50 and 100 nm. thick
21. The method of claim 16 wherein said first insulative layer is silicon oxide.

22. The method of claim 16 wherein said non-conductive adhesive layer comprises

a resin containing benzocyclobutene, a frit glass, a ceramic, or an epoxy.

23. The method of claim 16 wherein said non-conductive adhesive layer is

accomplished cured at a temperature of between about 250 and 450°C.
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first device wafer to the base device wafer, pressing
the first and the base wafers together, thereby
form ng a device | ayer stack; 46 (g) curing said
non- conducti ve adhesive | ayer thereby form ng a bond,
(h) patterning and anisotropically etching said first
device | ayer, said shield I|ayer, and said
non- conducti ve adhesive layer to format |east one
openi ng exposi ng a subjacent bond pad; 5 (i) formng
insulative sidewalls within each said opening; and (j)
form ng a conductive pass-through elenent in each said
24op&hemoethad ol 6lait 188vherkin said houdwadttive ipabsattdrduiuis dopper.
conprising: (a) after step (j) of daim27 formng a
bond pad on at | east one said pass- through el enent;
(b) providing a second device wafer having a second

28UntRE shetRod Of tlalmi2anviingemad=id 86641ds depbsiRdRf slectréchzmical
t hi ckness by planar polishing said second underside,

delpb8HiBRYntPh PréldefoSREIREII8YeGibRYEfum Bkdddlied onto a
repeating steps (d) through” (j) of Caim27 thereby

' device layer to said device |ayer
co@ﬁ%@%@b%é?%ﬂnet hod of claim 27 wherein said first

device wafer is nounted on a handler during said
pl anar polishing using a sacrificial bondi ng agent
C ri sLnd. & . . . . .
26 e method of claim 25 wherein said barrier layer comprises Ta, TaN, Ti,

TalTaN, or Ti/TiN.

27. A method for forming a device layer stack on a base device wafer comprising:

(a) providing a first device wafer having an underside;

{b) providing a base device wafer having an exposed array of at least one
bond pad;

{c) thinning said first device wafer to a thickness by planar polishing said
underside, thereby forming a first device layer;

(d) forming a blanket insulative shield layer on said underside;

(e) applying a blanket non-conductive adhesive layer on said shield layer;

(f)  positioning the first device wafer with the non-conductive adhesive layer
over and facing the array of at least one bond pad and, while aligning the
first device wafer to the base device wafer, pressing the first and the base

wafers together, thereby forming a device layer stack;
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wax or a soluble resin. 30. The nmethod of claim?27
wherein said thinning is acconplished by chem ca
nmechani cal polishing. 47 31. The nethod of claim 27
wherein said thickness is between about 2 and 300 Am
32. The nethod of claim 27 wherein said insulative
shield | ayer conprises a silicon oxide |ayer between
about 500 and 1000 nm thick and a silicon nitride

| ayer 5 between about 50 and 100 nm thick 33. The

nmetth od ceing s2ifl moprcopreEivenadigsives lpyer thereby farming a kansk:
is silicon oxide. 34. The nmethod of claim27 wherein
saill) neattepingand sriseliericallycetrhing saidirpt device lager said shield
resin containing benzocycl obutene, a frit glass, a

cer an @yenrandrsaig mop-cBBlucive adisedinadlagér ol farma? kast one
wherei n sai d non-conducti ve adhesive |layer is cured at

a t enpepeting expbsihgvediacehobén®padand 4500C. 15 36.
The met hod of claim27 wherein said conductive

- T FrAnitink 612600 BRIewalld withirte 88t 204l opénifh24rg 36

V\herel n sai d copper is deposHed by el ectrochem cal

degpsi fdrffin R kBndudive FRRAAIEA REfithi iA ket Wil @oéﬂ%

i's dep05|te ont con barrier
38 The nmet hod of cla|n137 mhereln sai d barrler | ayer
conprises Ta, TaN, Ti, Ta/TaN, or Ti/TiN 48 39. The

26T R Ghof o iBA &7 R EELorf S ST N0

(a) after step (j) of Claim 27 forming a bond pad on at least one said pass-
through element;

(b) providing a second device wafer having a second underside;

(¢} thinning said second device wafer to a thickness by planar polishing said
second underside, thereby forming a second device layer; and

(d) repeating steps (d) through (j) of Claim 27 thereby adding a second

device layer to said device layer stack.

29. The method of claim 27 wherein said first device wafer is mounted on a
handler during said planar polishing using a sacrificial bonding agent comprising a

wax or a soluble resin.

30. The method of claim 27 wherein said thinning is accomplished by chemical

mechanical polishing.
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(a) defining a pattern of dicing | anes on said first
waf er wherein said non- conductive adhesive | ayer is
conti nuous, overlies and extends beyond the 5
boundari es of said dicing | anes; (b) after step (j) of
claim 27, patterning vertical trenches al ong said
dicing lanes, said trenches extending at |east into
sai d base device wafer, thereby penetrating and
extendi n eyond sai d non-conductive adhesive % r;
3and hf@ﬂ%igp p%ﬁiwrﬁg?ﬁpili@@rem saie thickneralis beiwee@aﬁh@ut and 300 um.
trenches, thereby providing a protective seal over
portions of said non-conductive adhesive |ayer
exposed in said trenches. 40. The nethod of claim 39
32vh&heimethad df plairh &7t wiverei siedviridutative shiald layar taryiprisex a silicon
15 silicon nitride overlying a |layer of silicon oxide,

owdﬂa?/éii bétaxen.abeut 800rahal obeyed. thiel @kl silicoditride layer
insulative layer 41. A nethod for form ng an

bétiii)é@igé%@tobojér\{di 400 hAy qhickt ack conprising: (a)
providing a first wafer having an underside; 20 (b)

form ng a bl anket insulative shield | ayer on said
under si de; (c) providing a base device wafer having an

3 Xﬁ’ﬁé‘?ﬁetﬂ% df ci% m@tT \Arl‘?&'?in Qaﬁ& ski? %‘?ﬂa‘ﬁg [@f‘e? s(hg'b%drhomde

condu FadiRAg
shield Iayer to forni an array of at Ieast one cl osed
| oop adhesive band pl aced in an arrangenment mrroring

aLl'ﬂ arr Ia | east one pad wher eb‘% each .
e met f claim 27 wherein sai non-conductive adhesive layer comprises

a resin containing benzocyclobutene, a frit glass, a ceramic, or an epoxy.

35. The method of claim 27 wherein said non-conductive adhesive layer is cured at

a temperature of between about 250 and 450°C.
36. The method of claim 27 wherein said conductive pass-through is copper.

37. .The method of claim 36 wherein said copper is deposited by electrochemical
deposition onto a pre-deposited seed layer which in turn is deposited onto a

conformal barrier layer.

38. The method of claim 37 wherein said barrier layer comprises Ta, TaN, Ti,

TalTaN, or TifTiN.
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one of said at |east one of bond pad is provided with
a corresponding 5 perinetrically mating cl osed | oop
adhesi ve band; (e) positioning said array of at |east
one cl osed | oop adhesive band over and facing said
array of at |east one bond pad and, while aligning
said first wafer to said base device wafer, pressing
said first and said base wafers together, thereby
form ng a device |ayer stack; 10 (f) curing said
non conducti ve adhesive |ayer thereby form ng a bond;
thinning said first wafer to a thickness by planar
39po| frbﬁlrﬁ@thoglﬁ)éﬁl@w 27tforthemnepraptisings | ayer; (h) form ng
a device on said thin layer; (i) patterning and
an{aot defiinglal pattetc bf digirgdades bn saidsfiret wafied whatrein said non-
shield layer 15 to format | east one opening exposing

a subj acediictive adhpside (dye) i eoritin0Bus, RIS ar é)ttd@d@béy‘bnd the
wi thin each of said at | east one opening; and (k)

f or m ngoandARBUTidauPdiBmgIahdy; ough el ement in each of
said at |east one opening. 20 5
(b) after step (j) of claim 27, patterning vert|cal trenches along said dicing
lanes, said trenches extending at least into said base device wafer,
thereby penetrating and extending beyond said non-conductive adhesive
layer; and
(c) forming protective sidewalls in said trenches, thereby providing a

protective seal over portions of said non-conductive adhesive layer

exposed in said trenches.

40. The method of claim 39 wherein said protective sidewalls comprise a layer of
silicon nitride overlying a layer of silicon oxide, a metal layer, or a metal layer

overlying an insulative layer -

41. A method for forming an integrated device layer stack comprising:
(a) providing a first wafer having an underside;
(b) forming a blanket insulative shield layer on said underside;
(c) providing a base device wafer having an exposed array of at least one

bond pad;
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(d)

(e)

()
(9)

(h)
(i)

@)
(k)

patterning a non-conductive adhesive layer on said shield layer to form
an array of at least one closed loop adhesive band placed in an
arrangement mirroring said array of at least one bond pad whereby each
one of said at [east one of bond pad is provided with a corresponding
perimetrically mating closed loop adhesive band;

positioning said array of at least one closed loop adhesive band over and
facing said array of at least one bond pad and, while aligning said first
wafer to said base device wafer, pressing said first and said base wafers
together, thereby forming a device layer stack;

curing said non-conductive adhesive layer thereby forming a bond;
thinning said first wafer to a thickness by planar polishing, thereby
forming a thin layer;

forming a device on said thin layer;

patterning and anisotropically etching said thin layer and said shield layer
to form at least one opening exposing a subjacent bond pad;

forming insulative sidewalls within each of said at least one opening; and
forming a conductive pass-through element in each of said at least one

opening.
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