P-0383. 010- 1 Devi ce Manufacturing Method and Devi ce Manufactured Thereby
The present invention relates to device manufacturing nethods using

| it hographic projection apparatus conprising: 5 - a radiation system for
supplying_a projection beam of radiation; patterning nmeans for patterning
the proj e€t$830b%am according to a desirdd pattern; a substrate table for

hol di ng a substratg.: . |ecty ySt f.oryJd magi ng t t erned beam
onto a target porpﬁglﬁ%oﬂa@ﬂ@lgpg ﬂé[?@é)%oaf“dﬁﬁl%“ P%cgﬂefgﬁ;ﬁﬁgx hogr aphi c

apparatus is a machine that applies a desired pattern onto a target

portion of a substrate. Lithographic apparatus can be used, for exanple, in
t he manuf act ur e Tb¢ prasentdgyentien relatet i deyicg In@mpfacturingina¢thedsrusingslithogrephia

patt er ni ng macg.ns, suc&ﬁas a.mask, may be 15 used to generate a circuit
pattern cHBFPESFBIEPHE™ME GORR™PA& vi dual 1 ayer of the IC, and this pattern
can besi maged ORtgHiAidnAdySRhn ﬂ%?gﬁﬁp@ﬁnéspﬂ)'sc@i%%%ﬁ'o@gadﬁlﬁfoh; of, one or
several dies) on a subsStrate (e.d. a Si rllcon wafer) that has a | ayer of
radi at i on-sensi patienimg tnszans for (patenitg)the projectionbeanh acarding ¢ £ dssited paréra; Wi | |
contain a network of ad'ﬁlgg_nt (irget lg)ortion that are successively
exposed. Known F‘iSPIPFS‘Ej‘F“'&% oﬁkﬁ% PR A UOSt3e so-cal | ed steppers, in which
each 20 target . 1 SethtrAdi i ' -t e o the
Carget portion P eaensshiBrinalen, (Y pRtenal Rnfbh sl ekl REOFETa REk
porti on i sidewf ddisabstchtdly scanni ng the pattern through the projection beam
in a given direction (the "scanning"-direction) while synchronously
scann'Q}g the substrate parallel or anti-parallel to this direction.
Alignment is the process of positioning the inmage of a specific point on
the mask to a 25 specific point on the wafer which is to be exposed.

Typi cal |y one om litaographic gppeitus fﬁfmhﬁchinéﬂi@trhpgﬁe@a &d¥ated phtedrh Ontd a AFR:t
provi ded on each of the substrate and the mask. A device may consist of

many | ayepartighiof g subsraty Lithographig appasatus ednke usgddeuexasnplg, tim thermanufactingtod
processin t B e exposure, alignnment between the rkers on
t he subst %&?%gtg%ﬁm@%gd@s%%p%t cblg'l"?lgtﬁ%da%‘w e %S’a?ﬁgh ?)Soyntagg%y % ror
bet veesn t QsedneWerRRIWiRuRPEttéN oREspBhdnb 83/sn RARSduaMYyENofahE AT, dnd thig! Med

overlay error. ) ) o
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 (MOEMS), 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 sonme devices, e.g. mcro-el ectro-nechanical systens (MEMS) and

m cr o- opt o- el ectro-nmechani cal systens (MOEMS), it is desirable to be able

to create structures on both sides of a substrate using |ithographic

processes a[ﬁg igo_rrany cases, the structures on opposite P-0383.010- 2 sides
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of the su need to be aligned wi th%ach other. This nmeans that it is

necessary s{dg§ of thBSubdttatOHea b aifiRa WiHhUSich Btht@}d | Bifls H%ﬁn#ﬁfnig ;{(hé%@ésgﬁ fph o

projected onto the frontside of a substrate al 1 gnne ers

backsi de. thehlithographibepptoates wi dlignahieipaticernbding projevasdeont® th@. fronpdid€of a fudstrate
project an i e of backsi de marker .to the front side of the substrate or

| T8 ] as
using a sdfbalignment markess on thebagksides Iy can bgrdoge méth additionnt hasdware, v apsies
with a siligoE t - h i Cl undesira heat
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manuf agt uthangs treisparent. Mhfre-Fedoadiafion odn 15 Usd@ WitheSsiebnMRBstRitéButdas Ansitelst r at e
aligned to markers on the other side wthout the need for additional
har dwar e asfdragytand imayrudesirabbchaabhe wafer s and ot her obj ects are achi eved
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
| ocal Lé{ etching,said {).irst ubstr%\te as far as sai.d protective layer to

form &trench 4rdEmabERPishe pgsant ysnianig Pé?‘f‘ﬂ‘?]ﬁgﬁ‘fig‘?r’élﬁﬂ ctugpg nietiod ng at
| east one | ' ' {.C
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al i gni ng sathdut thebetd far edditondhdamimagnarenvitimanprevel acewmay.ed i n the or each

trench. 25 The [I_Ever ed al L%nment mar ker formed in the first surface is
reveal ed by t he IBIS@RYQEhes obigpis 3 Jpicypd asroEing g he RRtioRINGIeMS whi ch t he

li thogr apMﬂﬁUﬁE%&g{?&ﬁbm@Jﬁﬁ can readily align. Patterns directly

aligned to the mar print oM the frontside can therefore be printed on
t he batksi de of ptdvediag bd$irstatisstrate having first 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 amaterial, 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 marker is
preferably formed 30 of a material, e.g. Si2, selective against the etch
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may be reduced in thickness, e.g. by grin ugh specitic reference
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such alternative applicatjons, any use of the terns "wafer” or "die" herein
my be consi dePddongh seridisyaistraciman be madgwn thigieneioahe wserofdithegnanhic at e” or
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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
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types. An exanple of a programmable mrror array enploys a matrix

ar r angene knowh i hthograghy,rand sncledechasiftypdsisoth ashindre, driatidg phakeadhify, andl t ed
so as to reflect, an incQm n adi atiopn beamin different directions; in
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pat t er ni ngy; UDRAH % arsdn s : e, for
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respect to the projection system Any use of the terns_ "reticle" or "msk"
her ei n rra;‘?’%e@g’ec‘%ﬁ%‘it beag §)Pﬁ5?f§?%ﬁ§ eggh srample efpaiergEgapeanst e support

"patterni Qﬁ}u&ﬁér}ﬁ;y be a frame or table, for example, 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 interpreted as
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el ement of the projection sys nrer si on

the art f egferentctoaths her@nipasying seteirzet damengsineviaéh: proj ecti on systens.
Enbodi nents of the invention will now be described, by way of exanple only,

with referencekigue hdepists arliibegraphic prirston pppamtaswhish cam bemsashin thg mathed 1
depi cts aoi‘h{quge"n?iﬁm C projection apparatus which can be used in the nethod
of the invention: Figure 2 is a plan view of a substrate show ng the

| ocation of ali giuRaD iT@pIEE KievisRtsubdBate Ehd%ih% IRt IbaMiofTof bii@nrh & $rk &8 us@nd
Figures 3 to 8 illustrate steps in a nmethod of manufacturing devices
accor 8% ngin ¢himppthod efitbainvention; and
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, correspondi ng reference synbols indicate corresponding
parts. 20 Lithographic Projection Apparatus Figure 1 schematically depicts
a lithographic projection apparatus which can be used to perform steps of
the nmethog @eslphg i nvention. The appar at ys conprises: 25 - an illunnation
system (illunmnator) IL for providing a projection beam PB of radiation
(e.g. WV radi at iagojectioh, systema@digah redinktiv@priojdcfibn FaBPRL forﬁﬁiﬁgﬁ(ﬁ%‘dr}ﬁuéﬁ- g. a
mask table) MI for supporting patterning neans &ﬁé%é: a mask) MA and
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connect ed Mpatgdrietheprejaction bessn FBhypapgining means a taogst tpbtg'ftinr(% (e
atternin Lth r It PL,,,30 - a substrate table (e.g. a
\R/afer tablggﬁa%ﬁg\(%é {)ﬁngfeg‘glgstgogﬁbes gg{]faée%.g. a resist-coated wafer) Wand
connected t0 se@@rd@pidied MdWppaRARSs BWﬁ%snﬁ&@wt?%@té’g.l%ﬁﬂa i ng the

substrate with respect to itemPL; and P-0383.010- a projection system
(e.g. a r&rnspissivemask); adieimerivelwnthy aplardtey mayrhgofwredleptinte tepe(e.gd. rpepldyéni 4 0
the projection beam PB b atternin ans onto a target portion C (e.qg.
conpri si n§"EHEB 1508%‘5%_5 O%Wﬁégggg‘gr%g@o‘\ﬁ?'_ As here depicted, the
apparatus is of The {ihihinHios fl, MRclv¥PEbéEn Of raBERbR Yo fﬁdﬁlti%{x@gﬁ% §9), \ffie Mask) .
Alternatively, the apparatus may be of a reflective type (e.g. enploying a
pr ogr ammulsdwrceramd e lithagzaphaf appatapysenasbea epanmtesnhtitios, draxaimpleMRer the yommeaisor
IL receives a .bea%%f radjation, froma radiatjon source SO The source and
a

the |it hogP SEHMET EiPalbiues chisy: e SQusals dpbcartderadds fommyparbofing lighographia he
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formpart of the |i1thographic 10 apparatus an era eam 1S pdssed
from the sulnfachesd debivetyesysteinBD camprisihg foriekhmplrauitabld dréctmghaarordald/oes v
system BD, conprising for exanple suitable directing mrrors and/or a beam

expander . DF#HN g¥pagider; L athet gasessthe sewrcemgy be inteﬁrélgfrTaaq ofihg %PR?fatlﬂoﬂa éoraapefpmm us,
: _ t
for examplen RABLAGS SHCRy I THESGHES SO the ﬁaglg}%gag]&gg,f e&lga wif - ay

illum nator |L, together eam delivery s r
be ref err bearh deliserpsysath BD Wregiyret affay Borefdiadith helarddadtion sttemay conprise
ad| USE% ng freans T'l‘;\g/I il];u%rlingtg{' ijfgayr} %orglgr?seaarzl?#sltigé 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 g-outer and c-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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novenent %feaﬁw%qﬂ%@ ect tables MI and WI will be realized with the aid of a

| ong-stro no e(coarse positioning) and a short-stroke nodule (fine

posi ti®ning), Whicah redeMhRaidsk efbld RE RRIShS LaRIAE yRENT BV RathefW However,
In the case of a stepper (as opposed to a scanner) the mask table MI may

be connecsyhranonsly vdle aqattotod mpetteditothe projsction bedm Q8@8je0td-onfo ataygdie

fixed. Mask NA and b te W b ' d ' k [ t Kk
M e a R Dsele,f SRRl Gfmin SirRO: bt Hlpon Suaferdfin pthe SRt EBle an
be used i Wt bQatiwl tb@Nd MEskRBRMVTeIddRARR:d by ﬂh@l(éethg'ﬂas tioh Bfd %Iéé&gﬁ MT

and the substrate table )VT are kept essentially ationary, e an

entire pathasnoieristisanf te prejective ystomeRi:. ilo seabeacde thepnajimomesizeontithe expoanget
s tnEh oFRIBaT 2ot edpBcepniie dieiion Qo fiet BOGPR bR SR
Prel 0”1 m i RE VRS E ledh SLGE sERAhe hitfon JERAHENT N, Raoarl BE Sttt ©
exposur e. diréctipn) phthedargetmoatégn.t he nmask table MI and the substrate table WI
are scanng_d 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 projected
onto a target portion C (i.e. a single dynam c exposure). The velocity and
direction of the substrate table W relative to the nmask table M is

det er mi negy bystyhg (de-) magnification and J mage reversal characteristics of
the projection systemPL. In scan node, the maxi mum size of the exposure 15

field |imsichdshegrminki, A grdup $RatiRR; SUXAMBORY 18ink 86 Hafe) cifvrddiCett 2h9Bkown in

portion in a si ngl e dynam c exposure, whereas the length of the scanning

not i on dether ar. aed maydome thetnringdry mankers used fongjobal iatigmhentf thef subbteate arigeto a
portion.

g h ble MI is kept tiall
T ot onar JeTOIR ERgPsAres, TB A Eples OEF FivAE RUING, Pk ahb letsGimsees
tabl e W inSrridl\Rith 2y nisleNach YWhdce _fo&fgrm{g%]?a{rﬁsﬁmféﬁﬁwffeuﬁ%wsg& g%}' on

beamis projected onto a target porfion ©C | I's node, gener _ sed
r adi at § on agcharizentabarehppay edtiesi dnd boyghogt appuediit éropatheeiraving, tieans giatings

dat ed i d after each vement of the substrate table WI or in
bet ween sQbERERATAEVE JHTCSETEBETONR 18 aKDRYPAEIST. JA 4B Presans cxsmRlc S1e BRikeEst | on
b aadi - . _ : . > o
Tt or i b providBPed et QriCpS LGRS or 1k BAKAAREY BlArodthl InkEorRHAPLATIR

referred tabodbapplicdComithan aarkars, can diavkery adjacent enh tagetdier ébdive descri bed

nodes of use or entirely . different nodes of use may al so be enpl oyed.
Enbodi ment 1 30FI§UgeH 0B Uiystiate stepiingn opmgledy thamehog of H?"-GWQ!@QH\A%UWIY;

devic o] ' | r ] Lkers. (;nQt .shown)
o 125 B ISt o g st 0 R, £59 ALE o Y R 01
about t he wafdrsVahakhowh incinnéhandwatbered bg atppotbaiviedyat @l of BIDLdids reflé@Ret he Y
axis - of the ng{ggl mar kers.. The normal markers may take any conveni ent

LAg g

form P-08¥S B seay i Eigye 3 whish 192 gasighoress-sgetien algag thsok axis-ofox,

or vy iy SRE AR A7 if then Hpn NG, oo @l e G Hgh 2

series of lgxpofadhesive LR Figgiyy £shdwsakesibseste W bandeaMe tisCcaptiérabitrat®Cier and,
for reference normal primary marker, each forned by four gratings, are

shownl5 Of withehe g@?ﬂ“@]ﬁ‘&lﬁloﬁdgb UBPPEIOFL- 5 are horizontal and a pair verti cal
have i fferent ASPRONE ™ FiebRshEwRER L Ponding BrdhicREn T o £ 3 a0bR
markers  70um, and the upper surface 10b' 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 10b' is first covered with a layer of oxide 14, e.g. by deposition, as shown in

20  TFigure 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
Si0Oy 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. 1200pum, 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 symetrical positions on the wafer axes. The present

i nvention nmay of course also be applied to other markers, e.g. narkers

adj acent each target area or die. Figures 3 to 8 illustrate steps in an
exanpl e ofp_¢3s8.08t hod of the invention. Rrstly, 10 normal narkers (not
shown) and reversed markers 1-8 are etched into first surface | Oa of

wafer Win a kndm firstrstegrin @notirusd (prcmdsdn)g af the bm&ietilsumtﬂaamaay be to rint Siuflerand

a reflective 12 of. A [’;\ in Figure 3, which is a parti al
cross- sec ke r&l%%@"‘f’ﬁé’osﬁl% g ab‘f’ 56‘1"‘@312 “Wr]ée%t&’lﬁéb‘? gchnd/\;mrgacpﬁ@h now
flipped o he
13. Fi gurgﬁge%ﬁ??%ﬁ%gsm@gﬂ% %?Eg% % c%?lrn?tg‘re%sp POCF ?91@%&435
with the seammddudacdmoe cbﬁbemmmbrthmsthe rdgalel avkdars) Fi gure 5, the wafer Wis
ground to a desired thickness, T, e.g. of about 70m and the upper surface
I Pi ni shed as required for the devices to be forned 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 | ayer of oxide 14, e.g. by
deposition, as 3Whilu spevifioémbodiments 6f thedneentiay diiveiech deicsibed Bbone] & Rviil be
exposed to rimary, fl ood wi ndows 16 above the reversed nmarkers 1-8.
Si nce the aBprg tﬁ%wmman@ Riagticed otherwisa theaas dawribedhe Therdgskepiion hey
do not haY%n&t‘?nthr‘ e?lctﬁllﬁ%ﬂ{ﬁlle%‘ieﬁﬁgﬁed and the exposure step to formthem can
carried out a?ter the markers have been | ocated using a coarse
allgnﬂr&nt tool, such as a mark sensor using infra-red, that can detect the
reversed markers through the substrate W 25 The oxide | ayer 14 is renoved
in the windows 16 by a dry etch RIE or wet etch (Buffered Oxide Etch
Containing HF) step to forma hardmask and a deep trench etch using an
etchant selective to Si is perfornmed to formtrenches 17. The deep trench
etch ends on the Si 2 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 |ayers can be fornmed on the second surface 30 10b' with
alignment to the reversed nmarkers 1-8 revealed in trenches 17. The trenches
have a wdth dl at their tops that is sufficient, e.g. 1200.em to ensure
that the width d2 at their base is |arge enough, e.g. 1000m to
accommodat e confortably the markers 1-8. The oxide layer 14 is then
removed prior to continued processing. P-0383.010- 9 The first step in
conti nued processing of the bonded substrate may be to print further




mar kers, at known positions relative to the reveal ed markers, on the second
surface | ', now uppernost, of the wafer. The further markers can be
aligned to in the further processing of the second surface nore
conveni entyl. ggﬁﬂp the reveal ed nmarkers. ?QV%ilst speci fic enbodi nents of

o]

the inventi ave been described above, ‘Tt will be appreciated that the

I nventi onQryMM®e practiced otherw se than as descri bed. The description is
not intended to limt the invention. 10 P-0383-010- 10 CLAIMS: A device
manuf act uri ng nmet hod conprising the steps of. providing a first substrate

having first an econd surfaces; atterning said first surface of said

substratelwith %361%%?5‘?“8#@%%‘383&?@%&13 SHREREr : providing a

protective | aye v ' ' : Llg said first surface
brAV&hg 8 %ré s%étﬁ%ﬁngﬁ#ﬂd(s@oqd%{:ég

of said first substrate to a sec trate, y’etching said first
substréate as fapatgningisgidfirstsadbco/ef sarlysmbstrave fvithrt Rastrons eéverstd atipomsst t he
or each reversed alignnment marker; and formng at |east one patterned |ayer
on said s8¥FRE surface usi ng a lithographic projection apparatus having a

front-to-backsi ﬂ%@di}r}%eg‘é{%ﬁﬁ%%ﬁ %isgiﬁtaligﬁ%m%irﬂﬁké‘@fj substrate to the

al i gnment mar ker ('s) In“the or eac renc 2. A net hod

according to cl adbmlihg vdié fiest Buisaiedf paidifesitsubdrategoer sebond ubsede.of a materi al ,
e.g. Si02, selectiyve against the etch used to formthe trench(es) and hence
forms an etch slosplly Ftagwg.salé.ﬁm sebstrAsRIasier & widhprotestive layen tp form 2 treoelpr i si ng
the fyusth f ] . fl lve layer, e.g. of At, over the

pr ot eg?i ngqugééﬁ% %ﬁaél?fepgﬂg%?iéé&%gmgﬁ&%baﬁ ing to increase the visibility

of the marker whgikgmdadseond patlchdilin6h said sednaBEHLRE @ﬁ%@f lihBgrapmicc| ai m
1, 2 or 3 conprising the further step, before said step o bondi ng, of

form ng devdedioniappHAWs baviag adieal-ta-bapkside plignrecnt system whilst aligning said

substrate to the alignment marker(s) revealed in the or each trench.

15 2 A method according to claim 1 wherein said protective layer is formed of a material,
e.g. 810y, 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
20 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.

25
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

30 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.



25 5. A nethod according to claim4 wherein said protective |ayer, and/or
said reflective layer if provided, are formed as part of device |ayers,
with any intervening layers locally renoved as necessary 30 6. A nethod
accordi ngPt_&SglofﬁiJm 4 or 5 wherein nornmal éfll i gnnment markers for use in

S

aligning the Structures in or on the fir urface are printed in the sane
step as sgid revemstod abiQMRER aiBseaiTihe RelBd Qs wierdin sﬁd@?@pﬁf}qocall?!
according to any one of the preceding clains wherein said step of |ocally
et chi ng cetehingsemprises e sabségps ob forfrongramefclrnesistant layes iest afioxideyoerthe secgnd of
oxi de, on_the secon surface: ..oroviding a lLayer, of radiation-sensitjve
Cesi st onSteecpEn e e aBie e fe S e rcteBistish e Siemins st
so as to hAd RPHAEEd ARRY So SAtb FoRbEGkgE)abodhid ﬁﬁﬂeék(@g_aﬁakéinévin said
etch-resistant |layer in said openings. 8 A nethod according to any one of
t he précedichgegstantiayas ompaid epemingshe further step, after said step of
bondi ng, of reducing the thickness of said first substrate, e.g. by
grinding. 10 9. A nethod according to any one of the preceding clains
wherein sgid ali : i f 3 i

appar at us %és is Mt}?g% B? g(r:éa;%th ?E\é %?yndg&&ﬁ éﬁ%lgrggéggga?gif g:ra @%@E%\é met ﬁ%ﬁep’
accor di ngafter sandstemef eindiree opreduaing thy thicknass ofibuid firsn swiaitrdtesé.@ pbyogriddiigri ng
15 at | east one patterned | ayer on said second surface includes the
formation of at |east one further alignnent marker at a known position

rel atiye o the i r k : tr.e 11. A
devi clle(y maEiJf act l‘j\?’gg&g%ﬁo&ﬁ% I&f%{ﬁng Oge%g&gidéacr%}n%r@ e&ﬁﬁ% ﬂg a%gxg@grétl ng

clai ns.  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
15  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.





