07 FEBRUARY 2007 1 Device Manufacturing Method and Device ﬂéactureg
Thereby The present invention relates to device manufacturi W BRYARY 2007,
| it hographic projection apparatus conprising: 5 - a radiation system for
supplying a projection beam of radiation; - patterning neans for patterning
t he projection beamaccording to a desired pattern; - a substrate table for
hol di ng a subst r at ®eviredManufapruring-Miethodsamst Beni¢ oM anmfayitweedt Heerphy t er ned
beam onto a target portion on a first side of the substrate. 10 A

| i t hographic apparatus is a machine that applies a desired pattern onto a

target portion qheprsePShiaion rélafeh ROISRRI arRPRALRUS ctBEMs &%ﬁtgtggrafaﬁ%

exanple, in the manufacture of integrated circuits (1GCs). In

ci r cunst anpsyjediopappatahisigmpsaing; such as a mask, may be 15 used to generate
a circupt pattern carrespondi to.an indi.vidual |ayer .of the IC and this
patterngcaﬁ be i & at“brh?yé{é&lf}’gfb%orlylf}%?ﬂ(@ﬁm(o&% ‘?‘mc%ﬁ?ﬁjr"i‘téqnng part of, one or
several dies) onpaerdtyShéms forlfAttBmirh e btdfQBondERH acdiding 88 dasitc¥faftedt |
radi ati on-sensitive material (resist). In "general, a single substrate wll
contai n a Ret wor k sobsteth tablerfor haldipgta spbsttatgasdt hat are successi vel y

exposed. Known |ithographic_apparatus jncl ude -cal | ed stepper.s, in which
each 20 target p&rﬂr?lg?f“?nssyﬁttefnaﬁf upaging,the ﬁ%?ige%ogﬁtaitﬁfge%r{@ﬂneﬁ% t he
t ar get po”sicf%’?)fhﬁleﬁf%@ﬁ%@: and so-called scanners, in which each target

portion is irradiated by scanning the pattern through the projection beam

in a gil@en direction (the "scanning"-direction) while synchronously
scanning the substrate parallel or anti-parallel to this direction
Alignment is the process of positioning the inage of a specific point on the

mask to a 25's p%iiﬁf-o‘éﬁ@m‘gghtpp%turs e, WAkkihe Vfﬁ Eﬂg)liie§ahgsig Ip%ﬁ%%?ﬁio a ga\f%étcal ly

one or nore alignnment such as a sma attern, g e provide n each
of the subgbrtaineofarmhbithae. Mathiographidepparetusayn bewrd] for exdmppiaiy thayemnsfavdtecdt
are built up by successive exposures with interpediate processing steps.
Bef ore eachntegigted sirsuity(ICeh #b&‘@t PELRSEARCS, RPafiakig raeans, TueB as g Bwskdney bhd

(e T35 | SRR L A AR PSP Ic B
pattern can be imaged onto a target portion (e.g. comprising part of, one or several dies) on a
substrate (e.g. a silicon wafer) that has a layer of radiation-sensitive material (resist). In
general, a single substrate will contain a network of adjacent target portions that are
successively exposed. Known lithographic apparatus include so-called steppers, in which each

20  target portion is irradiated by exposing an entire pattern onto the target portion in one go, and
so-called scanners, in which each target portion is irradiated by scanning the pattern through
the projection beam in a given direction (the “scanning”-direction) while synchronously
scanning the substrate parallel or anti-parallel to this direction.

Alignment is the process of positioning the image of a specific point on the mask to a

25  specific point on the wafer which is to be exposed. Typically one or more alignment marks,
such as a small pattern, are provided on each of the substrate and the mask. A device may
consist of many layers which are built up by successive exposures with intermediate
processing steps. Before each exposure, alignment between the markers on the substrate and
the mask is performed to minimize any positional error between the new exposure and the

30 previous ones, which error is termed overlay error.
For some devices, e.g. micro-electro-mechanical systems (MEMS) and micro-opto-
electro-mechanical systems (MOEMY), it is desirable to be able to create structures on both

sides of a substrate using lithographic processes and in many cases, the structures on opposite



For some devices, e.g. mcro-electro-nechanical systems (NE%a

m cro-opt o- el ectro-nechanical systems (MOEMS), it is desira EE¥%U6%Y39Q%
to create structures on both sides of a substrate using |ithographic
processes and in many cases, the structur on opposite 07 FEBRUARY 2007 2
sides of the substrate need to be aligned wth each other. This neans that
it i s necesgies ¥f thekubstiate deel hobe alfited wibpAatiabtsr. t Thiathieans thaeit Rpddcedsarytel NY
projected onto the frontside of a substrate to_alignnent markers on the
backsi de. Thf lithegraphje appasatugta Higadhe P@t@ﬁabelh%lpwf‘él ongo ghe %cmt$lé%of 2 $bstrefpect
an i mage of e [ t us a
Substrat e 1 itRiehE HERREL Bl thljdi? i 0k )i Rt I RHBERA Bl el o 0
silicon sulspfopdceadithadeas al Hadkdidmake£torthe froarsidedhithel nutR rhiedd hlym@aeshbgtfwe
wafer. 10 It is an object of the present invention to provide a device
manuf ac® ur ithay lmnswenwnfmr@arﬁ Bpm@arsber%@fl withe slicaprfabsraie bafhag limitsdt r at e
aligned to narkersdon th oth t hout the need for additiona

har dwar e afHFeH™ r%z}yo 8515%) ea?w] “i#rs and ot her objects are achieved
according to the invention in a device nmanufacturing nethod conprising: 15
providing a first substrate having first and second surfaces; patterning
said first surface of said substrate with at | east one reversed alignnent
mar ker; providing a protective |ayer over said alignment nmarker(s); bonding
said first surface of said first substrate to a second substrate; 20 locally
et chi ngosai d fir$isahBefetfdfthéprebett idenfidh @ fREAUEE dbVite hid¥Bfactufinf; Hethdd
trench around the or each reversed alignnent marker; and form ng at | east
one patterNdﬂdiayﬂnnmﬁﬁwﬁwmssaoomddsgfiadEHMSmhgmdimehbgsapMmmﬂmnmﬁect|on

appar at us hayi fropt- acksi nt system whi | st aligning said
Slbetrate CotoHECRenhREAITHERR SRt R FRPEN! SFBen L r enchr 28 The
reversed ali gnnentdmikfher o‘Bj’é&?s%é &lﬁé?)%dfabéo?&mg%fh%‘i@ve'nﬁoﬁ aygakag by the
etch as a normally oriented alignnent mark o which the |ithographic

prolect|onn&mm&manmgrnahodemﬂpmxngaJ|gn Patterns directly aligned to the

mar ker printed on thg fr t5|g efore be printed on the backside of
t he su@)gt rate. providing rst sul stra avmg 1rst and second surfaces;

patterning said first surface of said substrate with at least one reversed alignment
marker;

providing a protective layer over said alignment marker(s);

bonding said first surface of said first substrate to a second substrate;

20 locally etching said first substrate as far as said protective layer to form a trench

around the or each reversed alignment marker; and

forming at least one patterned layer on said second surface using a lithographic
projection apparatus having a front-to-backside alignment system whilst aligning said
substrate to the alignment markers revealed in the or each trench.

25 The reversed alignment marker formed in the first surface is revealed by the etch as a
normally oriented alignment marker to which the lithographic projection apparatus can readily
align. Patterns directly aligned to the marker printed on the frontside can therefore be printed
on the backside of the substrate.

The protective layer which conforms to the shape of the marker is preferably formed

30 of a material, e.g. SiO,, selective against the etch used to form the trench(es) and hence forms
an etch stop layer. A reflective layer, e.g. of Al, can be formed over the protective layer

(before bonding) to increase the visibility of the marker when revealed in the trench.



The protective | ayer which confornms to the shape of the mar | r |y
formed 30 of a material, e.g. Si02, selective against the gﬁ:ﬁkﬁlé@ﬁﬁ{{gﬁ orm

the trench(es) and hence forns an etch stop layer. A reflective |ayer, e.qg.
of Al, can be fornmed over the protective I3ayer (before bonding) to increase
the visibility of the marker when revealed in the trench. 07 FEBRUARY 2007

3 The etch step d&ficlkd sre@eapibséwabyedrwﬁ?rfﬁ@gﬁ RSP ia8Y layeing 2| fyaide, gnghe of
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etch-resistant |layer in said gpenings. To pattern the resist to formthe
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used tgﬂal |lgnut he s‘téqrductures fo%lprred og the %\ie,q(igfgfg S;g;f ace. In this way, the
posi ti dRal lecallyrerpeadias ngeessary. rathentan heigg sp Befar kers and hence of the
structures on the;first:. e ed. 15 Afte
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Al t hough spegbé pfinte@lieiRRame RRY abehdredasd dlignfiest m@iders Wed Realiieth@btructures
|'i thographic apparatus in the manufacture of ICs, it should be understood

Cs

that the | ifemmesgranghe secapd sudrcgs In s way.skeipesitiasiahrelationship ef Seermal and
licati h t ' ' t
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20 di spbays (LCDs\fter bBhding, thefirsdgittrate ni@astsred@ied in THicknekd, klgeBy gfiddiggn Wil |
appreciate that, in the context of such alternative applications, any use

of the terns "wafAdtough qu@ifec'refmr?p mayftge mle ig giis et cifie g ofylithegraphis wi t h
e " S5 s RS2 s W 08 She bl P e TR o™
for exanpl @egribedGkretrfmbP Bhvel diBdr dppRéativhs, budPa the tatufadiied ofdhtepRBdBptical @
substrate and devel ops
systems, guidance and detection patterns for magnetic domain memories, liquid-crystal
20  displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms “wafer” or “die” herein may be
considered as synonymous with the more general terms “substrate” or “target portion”,
respectively. The substrate referred to herein may be processed, before or after exposure, in
for example a track (a tool that typically applies a layer of resist to a substrate and develops
25  the exposed resist) or a metrology or inspection tool. Where applicable, the disclosure herein
may be applied to such and other substrate processing tools. Further, the substrate may be
processed more than once, for example in order to create a multi-layer IC, so that the term
substrate used herein may also refer to a substrate that already contains multiple processed
layers.
30 The terms “radiation” and “beam” used herein encompass all types of

electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of

365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a



25 the exposed resist) or a nmetrology or inspection tool | i ,
the disclosure herein nmay be applied to such and ot her subsﬁﬁp ﬁ iggéfng

tools. Further, the substrate nay be processed nore than once, for exanple
in order to create a nulti-layer IC, so that the term substrate used herein
may al so refer to_a substrate that already contains multiple processed
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of electr petic radiation, including ultraviolet (W) radiation (e.g.
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i n the range of 5 20 nm, as_particle beans, such as ion beans or
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i nt egrated aglaﬁelubgrateaQHE‘afqt erni ng neans may be transm SSI ve or reflective.
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mask types bi nar al.tternatin hase-shi f1 at t t
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position, for exanple with respect to the projection system Any use of the
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r ner al rm?* rnin " . .
fore gene astru}:tlene ma ? g %rame ot tgﬁ&qgr éxample, which may be fixed or movable as required

and which may ensure that the patterning means is at a desired position, for example with
respect to the projection system. Any use of the terms “reticle” or “mask” herein may be
20  considered synonymous with the more general term “patterning means”.

The term “projection system” used herein should be broadly interpreted as
encompassing various types of projection system, including refractive optical systems,
reflective optical systems, and catadioptric optical systems, as appropriate for example for the
exposure radiation being used, or for other factors such as the use of an immersion fluid or the

25  use of a vacuum. Any use of the term “lens™ herein may be considered as synonymous with
the more general term “projection system”.

The illumination system may also encompass various types of optical components,
including refractive, reflective, and catadioptric optical components for directing, shaping, or
controlling the projection beam of radiation, and such components may also be referred to

30 below, collectively or singularly, as a “lens”.
The lithographic apparatus may be of a type having two (dual stage) or more

substrate tables (and/or two or more mask tables). In such “multiple stage” machines the



The term "projection systenm used herein should be broadly i
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optical systens, reflective optical systens, and catadioptric optical
systens, as appropriate for exanple for tle exposure radiation being used,
or for other factors such as the use of an imersion fluid or the 25 use of
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al so enconpass vari ous types of optical conpdhents, ncluding refractive,
reflective, and Qat dichogpdphicapppiatGahaycasplenei typé ohedin the sulhsiratesis apinegsed or
controlling the projection beam of radiation, and such conponents may al so
be ref err edn  H9uid haxing g relagvely bighsefrgctiye ndexgegapater, s as to fill a gpace bppyieen the

l'i t hogr aphi t . ' t |y re

subst r ot o (p| Sapd ot FndTbicsfiofbyefnt MNP Bl WibAHR i iy Bk BPLE oo
machi nes t applitd tboBfdiARYe2 HRe lithogeiibhici apparatuspfok esaniply, Heewethetle masRandithee! |
or preparatory steps may be carried out on one or nore tables while one or

nor e ot her firstisleseens pbthsareigetipsetystewmy Inmpisionrtechmigyss prerwelbkngyn in the pader us

may al so be of a type wherein the st ;[s..mrersed in a liquid having
a relati vellgfr?ﬂsgﬁ tﬁgf‘%‘s &P ‘?rh"cri%?fﬁl rgj.eﬁ{lgr\%éfséeﬁs‘so as to fill a space

between the 5 final element of the projection systemand the substrate.
| mrersion |iquids may al so be applied to other spaces in the |ithographic
appar al®s, for etamhsdimeniepfiheinventompilk newbe dpscribed, bytway efexamplsfondavith
proj ection sfﬁsten%?e*lmrerosi on t ec(kéhnei q‘%eii ar.e V\{elvlV lgnown in the art for
i ncr easi ng TERERUIRETT 8410HSEY e P pr61"eRes 'on Wt ens. 10 Enbodi ments of
the invention w IHigpeWdegiceesiehbdaphic Bbbj%n@f)%z@éftamhﬁ:hfbﬁh%e udéd i thé ple@ioance
to the acconpanying schematic draw ngs in which: Figure 1 depicts a
| i t hogr aphiof therioyerdtonon appar at us which can be used in the method of the
invention; Figure.2 is.a plan.view of substrate show ng t.he | gcation of
| gnirent o ber Jidiska 153 Blep i it 5 SionBeR SR ving U Giona <lidfme R ratkes w854 o
8 i 11T ussratRemtBBRod Bf the WA, @hdmaNUf act uring devices according to the
i nvention.

Figures 3 to 8 illustrate steps in a method of manufacturing devices according to the

invention.

In the Figures, corresponding reference symbols indicate corresponding parts.

20

Lithographic Projection Apparatus

Figure 1 schematically depicts a lithographic projection apparatus which can be used

to perform steps of the method of the invention. The apparatus comprises:

25 - an illumination system (illuminator) IL for providing a projection beam PB of
radiation (e.g. UV radiation or *** radiation).
- a first support structure (e.g. a mask table) MT for supporting patterning means (e.g.
a mask) MA and connected to first positioning means PM for accurately positioning the
patterning means with respect to item PL;

30 - a substrate table (e.g. a wafer table) WT for holding a substrate (e.g. a resist-coated
wafer) W and connected to second positioning means PW for accurately positioning the

substrate with respect to item PL; and



In the Figures, corresponding reference synbols indicate cor andi n

parts. 20 Lithographic Projection Apparatus Figure 1 schena{’fEEPFyAﬁg&Pg?s
a lithographic projection apparatus which can be used to perform steps of
the nethod of the invention. The apparatusé conprises: 25 - an illum nation
system (illumnator), IL for providi nf? a proj.ection beam PB of radiation
(e.g. WV radi ati drPreiectionsysteq) (o8- gsiracve proigetion sens) PL dorimaginea paltesd  a mask
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first positioning nea or accurately positioning means
W t h r espeabnippisinigee Bk mod®diesofthbatbstite Wabl e (e.g. a wafer table) W for
hol ding a substrate (e.g.. a resist-coated wafer). Wand connected to second
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nore dies) of the substrate W As here depicted, the apparatus is of a
transni ssi ve typdhedllgminafasbyecsiyes adearn of sadiation feorprg sadiation soareeat@-videy, t he
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apparatus may be separate entities, for exanple when the source is an
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other cases the source may be integral part of the apparatus, for exanple
when the souhenehg sowcerisracnergulydapp. TiesoyrngrragiDhg pluminator L, tegatlarovith the
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for adjigsting thern@um@fator [L may comprise adjusting means AM for adjusting the angular
intensity distribution of the beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. In addition, the illuminator IL generally
comprises various other components, such as an integrator IN and a condenser CO. The
20  illuminator provides a conditioned beam of radiation, referred to as the projection beam PB,
having a desired uniformity and intensity distribution in its cross-section.
The projection beam PB is incident on the mask MA, which is held on the mask table
MT. Having traversed the mask MA, the projection beam PB passes through the lens PL,
which focuses the beam onto a target portion C of the substrate W. With the aid of the second
25  positioning means PW and position sensor IF (e.g. an interferometric device), the substrate
table WT can be moved accurately, e.g. so as to position different target portions C in the path
of the beam PB. Similarly, the first positioning means PM and another position sensor (which
is not explicitly depicted in Figure 1) can be used to accurately position the mask MA with
respect to the path of the beam PB, e.g. after mechanical retrieval from a mask library, or
30  during a scan. In general, movement of the object tables MT and WT will be realized with the
aid of a long-stroke module (coarse positioning) and a short-stroke module (fine positioning),
which form part of the positioning means PM and PW. However, in the case of a stepper (as

opposed to a scanner) the mask table MT may be connected to a short stroke actuator only, or
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illum nator can be adjusted. In addition, 7the illum nator IL generally
conprises various other conponents, such as an integrator IN and a condenser
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al i gnnment rks Pl, P2. "Thé depicted apparatus can be used in the follow ng
preferred fddeclative tolthe stasptableddT i Aeterminéd byathe ¢ddvinagnification sud ghagrtrevdrsddl e
W are kept essentiaII}/ 5 s.tationar%lbpv\/q%lle an cFntire attern inparted to
the proj ectthFACHSES Of s REPISEHAFYSITIP Ly 1 S5agdpode, frermriman sizeofdhe gxpasu. 4
si ngl e st aty r e habl: i i o :
and/ or 13 d?jregdcﬁgﬁﬁgoﬁpﬂjaqygleﬁ%gﬁﬁg ‘?lg‘%&gg?)v%fglrlﬁa%ér?goﬁgh ugggg% %o‘%@g?“%(n
step node, ekpesuraysvhiernastisilewstiybf theacamprpsuotorf dedrchihdsrthe beiphtd(irsthe ecainghe
target portjon Cinmaged in a.single static exposure. 10 2. In scan node,

the mask t Seetiont ok Hi teiget RUIBE r at e table W are scanned
3. In another mode, the mask table MT is kept essentially stationary holding a

programmable patterning means, and the substrate table WT is moved or scanned while a
20  pattern imparted to the projection beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning means is
updated as required after each movement of the substrate table WT or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning means, such as a programmable mirror
25  array of a type as referred to above.
Combinations and/or variations on the above described modes of use or entirely

different modes of use may also be employed.

Embodiment 1

30 Figure 2 shows a wafer W which is to be provided with devices on both sides and on
which are provided normal markers (not shown) and reversed markers 1-8. The reversed
markers 1-8 are mirror images - about the axis about which the wafer is to be rotated, in this

case the Y axis - of the normal markers. The normal markers may take any convenient form,



synchronously while a pattern inparted to the projection beamis proje
onto a target portion C (i.e. a single dynam c exposure). Tﬂléi?%‘gg‘éhébgﬂd

direction of the substrate table W relative to the nmask table M is
determ ned by the (de-)nagnification and i8rage reversal characteristics of
the projection systemPL. In scan node, the maxi num size of the exposure 15
field |initsych #sea gating A grAuR pkerabness baxin-bayx. damedniftame. shevrens, etgr gakngy¥a il on

! i nal . ) ; . !
dot or mi nas EAEARN Sy PRA T St ARG LR (0P PO Rgphidft HTALURREROE 2
I n anot her seiékeof dxposui®ss Kn Fagire2 Mkainplds @if b ré&siPringdr Ynaskter tah @ for peférohed A0 a

programmabl e patterni ng nmeans, and the substrate table WI is noved or )
scanned whinogmal primary aarketneacharmedbytiout gratingsopre shown 96 the four gratipgse o pair

onto a target,portion C I.n thi d ener.al | ul,sed radiation squrce
s erpl By edrehieRl? B pufvitied 4 BovelrRY oM il B PRI
after each gfex@ it havk diffietesifesibdfinta kridinemMhep! Inl the BREMNR @RarhPIRGRS flak@rs
radi ati on pul ses during a scan. This node of operation can be readily

appl i ed t o anepiovisded at symamelgicalitopitions on thei wiferaxepr She presert inveptien mayiiohgourse
nmeans, such,as a pr.ogra ble,mrror_ 25 array of t as referred to
above. cm?g‘%?iﬁei a@%éecgﬁ?d?r{g% W?&Frgt?'%'ﬁgmg?fstaﬁgxgﬁc?@@ %%%g?ﬁe%%&lﬁbdes of use or
entirely differgifydpdess dfusHaR sty idibékabfpl€Phe wRthodTIRIinvBition! 1$tly,
Figure 2 shows a wafer Wwhich is to be provided with devices on both sides

and on 10whinoimalmagkers\notesdiown) and remersédomarkersolt-8 srecsighedantd firstvsarfaend] Geeafker s
1-8. The rev , rkers 1-8 are mrr.or i es - abqut. the i s .about
Shieh t e veen W in A TS maiar st Cvatediia priBegvs e 1 siOT atfa RBORE e

mar ker s.  Thgenqn WRIALTRIKEHA iﬁ%@i&%ﬁ&)’is%ﬁﬁ&‘ﬁ%ﬂ cRIS-sE@bMaldhg tREBRRWARY 2007

8 such as a‘grating, a group o ratings, box-in-box, frane-in-frane,

chevrons, dtigure 2asTHersobsiratenW isleenaflippechoner med/ béraledte baripr substrate CBF kethsa used
Lor 91052 L APTRRL91 2ee oL 6 PG Gl 2 S LROBHE TV,
pri mar yf smargser 1he&asdhdl AFaEA dVugdpeHhodr atings, are shown. O the four
gratings, a palr 5 are horizontal and a pair vertical and, though not
appar ent from t heAdshawnng Figure 55 the wgifatW ngground toemddsirpdithickneys Tde fof ef aout
periods in 7%ull<nn’%\l/\£ thrgaleT)%rr éur%arc]e t1 813 1n£s%§c? Qst reﬁéi?e tl"o? tﬁehdeevirggg 'l[(oelgesformed on it.
To locally etch through the first substrate to reveal the reversed markers 1-8, the
second surface 10b' is first covered with a layer of oxide 14, e.g. by deposition, as shown in
20  Figure 6 and a layer of resist 15 which is exposed to open primary flood windows 16 above
the reversed markers 1-8. Since the primary flood windows 16 are rather larger than the
markers they do not have to be accurately located and the exposure step to form them can be
carried out after the markers have been located using a coarse alignment tool, such as a mark
sensor using infra-red, that can detect the reversed markers through the substrate W.
25 The oxide layer 14 is removed in the windows 16 by a dry etch RIE or wet etch
(Buffered Oxide Etch Containing HF) step to form a hardmask and a deep trench etch using
an etchant selective to Si is performed to form trenches 17. The deep trench etch ends on the
SiO; layer and so the trenches 17 extend down to the reversed primary markers 1, 5 to reach
the position shown in Figure 8. Thereafter, device layers can be formed on the second surface
30  10b' with alignment to the reversed markers 1-8 revealed in trenches 17. The trenches have a
width d, at their tops that is sufficient, e.g. 1200um, to ensure that the width d, at their base is

large enough, e.g. 1000um, to accommodate comfortably the markers 1-8. The oxide layer 14

is then removed prior to continued processing.



are provided at symmetrical positions on the wafer axes. The es
i nvention may of course also be applied to other markers, quﬁEﬁgﬂ&§Y§007
adj acent each target area or die. Figures 3 to 8 illustrate steps in an
exanple of the nethod of the invention. Fi9stly, 10 normal markers (not
shown) and reversed markers 1-8 are etched into first surface 1 Oa of wafer
Win a known nmanndie fissteincoatnysd piosssang et thg dondgdesubstateymagbepo pivet fyrther
reflective r . ' i Qi [.Ch i i8]
Cr oss- seot MHRHRitdRef 9syioREr R bR B g patlntietle oo RBFED0b: pow
over and bajpgesndst ofalid weafer. STRsfuhtemaMRemwicah ba aligiedas intheddhksiprécedsing b Gr e
4 shows the substrate Wbonded to the carrier substrate CW 15 with the
second sur fsgeend sopfagpmerasesvenigrilsthammeirpvealedupaskes. t he wafer Wis ground to
a desired thickness, T, e.g. of about 70m and the upper surface | o
finished as required for the devices to be formed on it. To locally etch
through the first substrate to reveal the reversed markers 1-8, the second
surface | Ob' is first covered with a |ayer of oxide 14, e.g. by deposition,

as shown in 20 PWhilstepecifinembodigmpgats offthe isgension tBveheesrdeserihed sbawa it willdyren

primary flood w nd 6.above t he,reversed rkers 1-8, Si.nge-th rinmary
1 ood wi nacereri e e REERG af of RERECRe R har Frilsy T an a1 A einiigh e
accur at el y il gs@hRadéd® BAR tRXiRo&Ha. step to formthem can be carried out
after the markers have been | ocated using a coarse alignnent tool, such as a
mark d®nsor using infra-red, that can detect the reversed narkers through
the substrate W 25 The oxide layer 14 is renoved in the windows 16 by a dry
etch RIE or wet etch (Buffered Oxide Etch Containing HF) step to forma

har dnmask and a deep trench etch using an etchant selective to Si is
performed to formtrenches 17. The deep trench etch ends on the Si Q2 |ayer
and so the trenches 17 extend down to the reversed primary markers 1, 5 to
reach the position shown in Figure 8. Thereafter, device |layers can be
formed on the second surface 30 | ONwith alignment to the reversed markers
1-8 revealed in trenches 17. The trenches have a wdth d, at their tops
that is sufficient, e.g. 1200pm to ensure that the wdth d2 at their base
is large enough, e.g. 10004m to acconmodate confortably the nmarkers 1-8.
The oxide layer 14 is then renoved prior to continued processing. 07
FEBRUARY 2007 9 The first step in continued processing of the bonded
substrate maybe to print further



mar kers, at known positions relative to the reveal ed markers n t d
surface | ', now uppernost, of the wafer. The further mrqgef@%lgﬁmgzgw

aligned to in the further processing of the second surface nore
conveniently than the reveal ed markers.;o5 Wil st specific enbodi nents of the
i nventi on have been described above, it will be appreciated that the

i nvention ggx Igg practiced otherwi se than as descri bed. The description 1is
not intend 51 inmit the invention. 10 07 FEBRUARY 2007 10 CLAIMB: 1. A
devi ce manufacturing nethod conprising the steps of: providing a first
substrate having first and second surfaces; Eatter ning said first surface of
sai d subst tat e didevichmengpctaringymaibad coraprictiesthapiars oft [ east one reversed

al i gnnment marker, . i €l td aid alignment

mar ker (s) ; bono‘frﬂ‘éleélg;éﬁ%ﬁgg%a&%%g] eﬁrgt%n!sjgi&gg??l\r{rg ce%ubstrate to a second
substrate; | ocattesniregs ahi fivgt siafack 6fi sagitsubstiast wili eoraml hlignnast sarkdrspindt ect i ve

| ayer to forma trenc a?lround the or each reversed alignnent marker; and

formng at2Y!EEeeIREETIFYRIIERHEY MAKRL on said second surface using a

l'i thographi c  py8iigfigiaGRoRBRRNAH Svdrayid g hia8RREHt syst em whi | st
aligning said second surface using the at |east one reversed alignnent

mar ker (s) r eveapaadingsaidfasteiriacect spid diigt jsubspratefo gseqend salséraiedi ng to claim 1
wherein said pr ti i - t.al i 2, selective
agai nst the et clﬁgagg'eelctf\ﬁﬁé S?gafﬂriﬁs{t%lejgtgrtg%c %Jess%dﬁ%t%ﬁﬁe‘%éaeyef gdr%smgn etch stop

| ayer. 3. t#envhtabodd deooredihngvérsedcdlighmert noark&; amanpri si ng the further step of
formng a refl)fr((efctjvelayer, e. over th rotectivelaéﬁr@.prior to

. of A, p .
said step of bolREPEG 3 fFahene me@ﬁaevew%?% |SFW35Prf%%éJSme$hO °reveal ed

in the trepghciith afhaRENASYIAS SR HiaRbediOysteRl Whilst afigRing 3aROSREAS kitgack he
further step, before said steJo of = bondi'ng, of formng devices in and/or on
the first wumgtheat least one reversed alignment marker(s) revealed in the or each trench.

2. A method according to claim 1 wherein said protective layer is formed of a material,
e.g. SiOy, selective against the etch used to form the trench(es) and hence forms an etch stop

layer.

3. A method according to claim 1 or 2 comprising the further step of forming a
reflective layer, e.g. of Al, over the protective layer prior to said step of bonding to increase

the visibility of the marker when revealed in the trench.

4. A method according to claim 1, 2 or 3 comprising the further step, before said step of

bonding, of forming devices in and/or on the first surface.

5. A method according to claim 4 wherein said protective layer, and/or said reflective
layer if provided, are formed as part of device layers, with any intervening layers locally

removed as necessary.

6. A method according to claim 4 or 5 wherein normal alignment markers for use in
aligning the structures in or on the first surface are printed in the same step as said reverse

alignment markers.



5. A nethod according to claim4 wherein said protective |ay, /[ | d
reflective layer if provided, are fornmed as part of device @é@%ﬁ@&A@f?ﬁ&%ny

intervening layers locally renoved as necessary. 6. A nmethod according to
claim4 or 5 wherein nornmal alignnment ngrkers for use in aligning the
structures in or on the first surface are printed in the sane step as said
reverse alignnment markers. 07 FEBRUARY 2007 11 7. A nethod according to
any one of the preceding clains wherein said step of locally etching

conpri ses yhe SNBSS cOErdin@NEhMPorRbreleGiede8Biy 1ML whaXe! sai€st& ofQbcaPyi de, on
the second surface; providing a |layer of radiation-sensitive resist on the
et ch-r esi setalnng Pempnises fhatstilestens od foramt anesiddt-igpistant 18 yerce-g- o pxidesm the sacond or m
openi ngs al .said..nar L ap DVI NQ: . sai h-. i t yer in
ohi d openi oscedPaER AEH SPrag B SR Rt g e R P R R
conpr i si ngarddevélopinp edid s¢seyp so asatbtferm s@anthgs hiepyeahidmaurkkr(sy;, andfremedugsaid) t he

t hi ckness of sajid fjrst. suhstrate, e.g. by grinding. 9. A nethod according
to any onee%#ﬂFﬁ?nbkﬁﬁéHPﬁg°E?HP$% wherein said alignment marker(s) is(are)
patterned using the same apparatus as is used for patterning the process

| ayers. 10. A nethod according to any one of the preceding clains wherein
sai d step &f fof\miathpd agcordimgde amnenepdtheairensding glpems opmprasing he dothdr siep.f ace

i ncludes t formati of at.least one. further. alignnent marker.at a known
posi t1on r areseraep 5 Prling bricibe FR ek SPbyuraRPRRe, B bEkrdind
trench. 11. A device manufactured according to the nmethod of any one of the

preceding clainms. 12, The nmethod of claiml, wherein said aljgnnent system
i ncl udes a’f r onf-PEherhassrdee WupmyAMent theyeceding claims wherein said alignment

marker(s) is(are) patterned using the same apparatus as is used for patterning the process

layers.

10. A method according to any one of the preceding claims wherein said step of forming
at least one patterned layer on said second surface includes the formation of at least one
further alignment marker at a known position relative to the alignment marker(s) revealed in

the or each trench.
11. A device manufactured according to the method of any one of the preceding claims.

12. The method of claim 1, wherein said alignment system includes a front-to-backside

alignment system.





