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2098728 - 1 - WAFER TILT COVPENSATI ON I N ZONE PLATE ALI GNMENT SYSTEM'Thls

i on relates to nethods of al.ignnment and.apparatus therefé} gg%
faprication of mcromniature devices and circuits often reQU|res
e alignment of a mask with respect to a sem conductor wafer. For very
esol ution devices, submcron alignnent tol erances are often (F\
‘teSsary. Such allgnnent Is of particular 10 | nportance for the use of
phot ol i t hogr aphi ¢ st ep- and- repeat projection printers such as the GCA Mann
DSW 4800. For alignment, it is customary to enploy alignment narks on the _
wafer surface. One type of preferred alignnent mark is the 15 Fresnel zoge .
plate. (See Klein, MV., Optics, John Wley and Sons, Inc., New York,
1970, for a general discussion of Fresnel zones and Fresnel zone pl ates.
See also Feldman, M et al, U S. Patent 4,037,969, for a discussion of the
use of Fresnel zone plates as alignnment marks on a 20 sem conduct or
wafer). Illustratively, a Fresnel zone plate |ocated on the surface of a
sem conduct or wafer conprises alternating concentric annul ar regions of |ow
and high reflectivity. Alternatively, the zone plate 25 conpri ses
alternating concentric annular regi gns which cause reflected light to
undergo destructive and constructive interference. Such patterns may be
formed in 28 a variety of ways known to the art such as by direct - 2-

el ectron beanyfRBRSYIETOCONPENSATION IN'RONE SPISATE CALIGRMENYAEESPEMO be
aligned for UuSe€ TN a step-a ﬁﬁ-_aTn -TEpPEQq (;%gtaT_'—t‘_'sys -—€9| I-‘X_Itliq—-?l 'Te'T‘mo'_or mor e
alignment nmarks on a suffaBe 1PSEBtHOTHrGhR eHRods; 8fpy- chip
al i gnnent tdakignment and apparatus therefor.

5 The fabrication of microminiature devices and

circuits often requires the pfecise alignment of, a mask
with respect to a semiconductor wafer. For very high
resolution devices, submicron alignment tolerances are
often necessary. Such alignment is of particular

10 importance for the use of_photolithograpﬁie.Step—and-repeat:

| projection pfinters such as the &CA-Mann DSW 4800.
For alignment, it is customary to employ
alignment marks on the wafer surface.
One type of preferred alignment mark is the.

15 Fresnel zone plate. (See Klein, M.V., Optics, John Wiley
and Sons, Inc., New York, 1970, for a general discussion of
Fresnel zones and Fresnel zone plétes. See also
Feldman, M., et al, U.S. Patent 4,037,969, for a discussion
of the use of Fresnel zone plates as alighment marks on a

‘20 semiconductor wafer).

Illustratively, a Fresnel zone plate
located on the surface of a semiconductor wafer comprises
alternating concentric annular regions of low and
high reflectivity. Alternatively, the zone plate
25 comprises alternating concentrie annular regions which
cause reflécted-light to undergo destructive and
‘constructive interference. Such patterns may be formed in

. 28 a variety of ways known to the art such as by direct



- 5 ~ap~alignment mark on each chip. The Fresnel zone plate alignnent marks
have a:umi que optical property which gnables themto act sinultaneously as
a positive lens-with focal lengths f f of [err] and as a negative lens w't
focal lengths of 10 [err]. The exact va%ue of f is determ ned by the
eometry of the plates. (See Fel dman, pra). Thus, incident radiation
g\s¥ i mated p@lfdtgion deaw expdsuite o Hy sexprsismg Ilﬂyo’eofeseismel taoneghtat e

al Mghmant mmﬂd}té)f:bfbé éi%%xfﬁdlrﬁdftds&f oarg{ugﬁjg/ ;‘?&f :?)t, 1c‘lél?tances

[err]. in front of the wafer face an
virtwal | mg@Sualdyt dpcluds dwm @ maxe a mt Heaxies con smrﬂal:éacen this

speci fi cati opordiitiraRestid) wadt¥, ofrdie el Biy-Seiip C@l?%ﬁnéﬁ"}‘efh@fe is
positive_and 20 dl stances behi nd thﬁ waf er surface are tTaken as negatlve

|11 ustraPi vel’asf1 &P waf er in. accordance with a
typical prior art technl cmfe Rr:e:braﬂ one ﬂdﬁ@tm@ﬁ&xﬁ A S5 Shave e

.pldte to for of. I at ed, at’ 25 prescribed
di st ances i nratlﬁgr?[ 1\/\/{51103) ggglﬁ% ‘?ﬁaﬁﬁ"i/ ¥ -a%kused virtual

i mages | ocat @dmlt@mnégmlbedlsjlasmdammm tmm/an‘mabmémg:ﬂst ?‘el ect ed
one of the f dii W' sqaciate e +
focal |engt h%?rj?iehé vigr t'dal i magée assog-gttaigc#'vr%ﬁs ﬁﬁleahoé qadl :ﬂb l?%n

is projd&ed by an optlcal system onto a four-quadrant photodetector

arrangenment \MilCh.,_aLO Wit t | s a
posi t?on sensi rég‘sgeans' The po% ?ﬁdﬁgﬁfﬁeiﬁg flssca%&wt{e'&dy ?;e%{g?hn?ne

when the proft& Vmede the dlgdesy i 1dmamc | sHaKa tﬁrlblli)r esel ect ed
| ocat i on whi dinciildlemst ml\aetlmn Szoa‘llitnhﬂ;eﬂ igraldfel hed fEHE -oppbaNtaxis

et 1T TheA 0B B ARy e AR S Wi 2

15 plurality of focused real images at distances £, LR
in front of the wafer surface and a plurallty of focused
"virtual images located at distances -f, - 3,.- % +++ behind
the wafer surface. In this specification, distances in

- front of - the wafer. surface are taken as’ pesitive and
20 'd1stances behind the wafer surface are taken as negative.
Illustratlvely, to align the semiconductor

wafer in accordance with a typical prior art techni@ue,
‘radiation is directed onto a Fresnel zone plate to
form a plurality of focused real images located at

25 prescribed distances in front of the wafer surface and a
plurallty of focused virtual 1mages located at prescribed
dlstances behind the wafer surface. A selected one of the
.focused images, usually the real 1mage aSSOciated with the
+f focal length or the virtual image associated with the

30 =-f focal length, is projected.by an optical system onto a

' . four-quadrant photodetector'arrangement which, along with

appropriate electronic circuitry, serves as a position
sensing means. The position sens1ng means is adapted to
determine when the projected image is substantially

35 coincident with a preselected lgcation which 111ustrat1ve1y
is at the origin of the four-quadrant arrangement IP

response to output from the position sensing means, the
38 wafer is then moved so that the projected image coincides



o 3: witﬁ the preselected | ocations, thus achieving al i"gnrrent. The accuracy
of e above-nentioned prior art zone plate alignnment technique is limted
cal wafer tilt. "Local wafer tilt generally refers to deviations from
r geonetry on the wafer 5 surface 8nstead of bulk rotation 6f the
r. Loca f I h d | mages forned
by the zone k’)’ﬂ t% é¢145%1gé&%rgguc1ﬁg§sté{}se Jc?'? r%‘rlﬂn&gﬁ{exarrpl e, if thev
zone plate is forTﬂifedaQﬂWa%cﬂft (205 abﬂ"@-ﬁ@“%ﬁ@d BUrOF‘aéet Qe mjagel ocal tilt,
the real 'rrasw@mﬂslﬁc% qid Bs tTimithd ftgCPcicngidr e, beLééaaphaﬁadtmthat

its 10 roj ec N on a ghot«ade{13 tor rra errent col nC|de W't
E 1o

w
presel ect ed IQSB%Hq {48 oas r'F"é{r F‘Fﬁrﬂ?@ﬂ?t%r"ﬂ wa ?'It free
Iol ana[1 S\u\,{] f agarfavel dnmtadpdsmduue Matzﬂi\gef ms_o@fate_d_oua{l hwé flee t_-gl'o‘ ocalt ]

engt h, 0s | hr t t [r nt . coi
thegpresel ec?egpﬁ?g tf‘%ﬁ &E gfgb%mi(an ]rrgzifgzi%ggs S@Eﬁgﬁl Eﬁeerz:aﬁ%.pq%§%’ :
||| ustrativeltherebyl pmaducmg eystematioferdovut For| exanpleani fl kel zooe giliagenint
errors on tNeqprdlenn pg]r'eﬁﬁl 88 "nel GareiOSubfiice] ha;]mgemﬁesi nggneyl plos. A

simlar problemari Ses resi st_coverin conductof wafer is
of nonuni f or iMag8 @rpRGiated rY”tthl 'é"ecéigefOCtaﬁe1eZU heganabe  ispbacad gptthag its

regions n%%‘jecf't%ﬁndhhetp}fo%déﬁedtbrCdWﬁﬁ Rl ¢eiadides Wit i préstaestsd of

f al h f e resulting in
yelerat o aipeatian: BERopgushy Bt of Rarment iarkcen & L1 frikfet Rianar "
directed.to fsunthcegwwmauot cprodlmeeaaatmageprassoc'batedautth tthé t+fafioéalr

arers Tor. pARtaidss, ProdsSRLGH AR Tnd Bnbfiie R AT PLarklenS LR BL "

Accor di ng t owdtle faspmasebecteldewgaasem thavehyt iiatraduei g ias systematital error.

- appar at “foO'ilﬁls&ltﬂﬂel?, Sﬁ%ﬁgﬂ%‘?éPrti"l’%f@F aBBut "leglh}’dﬂﬁchﬁ‘alteaklnfd udes on a

surface portion thereof I nage neans | um nat ed by
i nci dent radlal\ig’tﬂﬁ“?(ﬁ"r\"er?eod! the, prdey (qfal- QQ)(b‘ug% 3pﬂalgef§°§ba]@§8ﬂap'{&ﬂﬁ from

the plane of $@¢g:§ wafer surface In opp03|te di rections, said apparatus

‘conpri sing- rreans lrecti N at i at sald pmage formng "
means to for m saifd ilgﬂ&gep]rqbﬂgla Cisg if pﬁgt resTet Zoved ng t

sem1conductor wafer is of nonun1form th1ckness. In this case, the
20 refraction of Iight in regions of nonun1form photoresist th1ckness can '
Tead to the displacement of images formed by a11gnment marks on the
_'wafer surface, thereny resu1t1ng in systematic alignment errors.
In view of the above, efforts have been directed. to finding a way
to compensate for local wafer tilt and/or nonuniform photoresist
25 thickness in the alignment of semicohductor wafers for patterning by
step-and—repeat photo11thograph1c systems.
' According to one aspect of the present 1nvent1on there is
provided apparatus for aligning a sem1conductor wafer of the type that
'1nc1udes on a surface port1on thereof image forming means that when
. 30 “i1Tuminated by incident radiation forms real and virtual focused
| 1mages spaced apart from the p1ane of sa1d wafer surface in opposite-

_ direct1ons, said apparatus compr1s1ng means for d1rect1ng inc1dent
radiation at said 1mage forming means to form said focused 1mages
spaced from respect1ve sides of said p]ane, photodetector means

35 responsive to projected focused 1mages for providing electrical

»
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spaced fromrespective sides of said.plane, photodetector neans 35
responsjve to projected focused i-nages for providing el ectrical -4-

out put. Signal s dependent upon the configuration of said projected i mages o
sai d-detector neans, neans for projecting spid real and virtual focused
I.mages to sai d_phot odet egt-or means to formrespective projected focused

iweges, and meSWPUtesiAds dependentaupen the candhguration of; safdienodarted; d
el g cont| gures bnSatd detectir MM, PRARETEF proJangolatachn el

' [ n.for mvin ai'd_ ) r, to,a positio "
p regi:agt e g ° |n rr:ag géﬁéé':ag focused; e‘@?&j SCE oﬁif‘\i% Bﬁ%‘i‘%"Sﬁ?C&E CBRAISnEP (fOrm ysspestive
aspect of the projestedrfocusad inages; oadiedars rospmistivel tof ETem:r'ricaal isrhgnaj{sh
o Cod w g . . . ; _ o

wnt er bei g or BHvIded 15" Shil BhOEHEEEEUC hding Mo catfyd Br Fathhladsle, ¢

neans that wheimagesufgthhetep dy @ esiesd ceafiigurationt Sommoving sahd wafer kel a

focused i magespsLILRER taty fhichs BafE Srafetitbd  nages NP fNe dodidege waf er
surface in opp e 15 di rections, and wherein the wafer is aligned by

0si t, R
the steps of dF?'B%?FFPgtWHCi dent radiation at said i mage forning neans to
&orm said focused Aceareldng pacenothepnaspespestt ithﬁ ﬁivgﬁ?ﬁo@f tﬁﬁed'if)';ﬁ*taei?ed a
rojectin ai’ | ¢ ' ' i e t ot.Qdet.ect or neans orm
Pesjpect i vgmf)r o'ﬁ%’%‘? gdo fggﬂg’g&%ﬁi&g? ‘ﬁ’ﬁ%r ggerfcgré(fué%f i%rﬁh'é't%éfm"cﬁo"ﬂﬁ‘ft"é'ai d
20  proj ect eawdfgrutedol begpatterned, atheewafard betng iofjuthet type d‘.hataﬁnﬂude; on
hot odet ect or | e ' r Q4 8C : | es do not
-Por mthe desirg zgﬁ?fQﬂﬁgéﬁoaﬁotﬁhn?m&vﬁfﬁﬁt %ﬁ%‘ gggl ?'gﬁéd;f%9M| ch _
sai d proj ect edinGidgat Y‘gSHUPFh Eormg i andl Vi styalgfipcisednimages eqapedtinedy s
serve for i’al: i gfﬁdtﬂdaapd%@iﬁi ﬂfmdf lﬂh‘é (plflaﬁ@;o?rtﬂtd“rv?f@g}xrf@ﬂé“ﬁ d@g%ﬁé Zsi ot '
[ ' ent local wafer, ti, r. nonuni .
hi okness 15Tet{HEEFDFon nd MnedTa, ehf aarer. is; aliined pu Hhe rtess i dbredtiea,
waf er tilt andineidentraidiationr esisafd timagk rfosming meansab Povth yatd Fetusetmges
formed by a Fr e ' Nt Ar ke o I ndi re.
di spl ace)d/ from i ﬁggp Sl ?cll g#r@ht ﬂ%ﬁbggi Ve \E/\})u dggcs(r?dg;ﬁﬁﬁgt h%r%ggégiﬁ'%es%lfd | ocal
waf er tilt andreddnamd vartyaledmagest btk phetodepectoraneanst torfopor tésprativeo
their dist anC@ﬁrié@de_?&c@’ﬁﬁefmaggs thereon, detecting whether or not said
' 20 'project_ed focused images form a desired configuration on said
~ photodetector means, and, in the event said projected focused images
do not form the desi r‘gd configuration, moving t.he wafer to a position
~ at which said projected images do form said desired COnfigura_tion.
The embodiments serve for aligning a semiconductor wafer in a
25 manner which is substantially independent of local wafer tilt and/or .
nonuniform resist thickness. The invention rgHes on the fact that,
in the presence of local wafer tilt and/or nonuniform resist

- : thickness, the real and virtual images formed by a Fresnel ‘zone plate
: alignment mark or target indicia are displaced from the positions they
& 30 would bccupy in the absence of local wafer ti 1t and nonuniform resist

thickness by an amount proportional to their distances from the wafer
surface. Real images located a positive distance in front of the
wafer surface are displaced in the opposite direction from virtual
images located a negative distance behind the wafer surface.

35 -



.ace. Real images |located a positive distance in front of the wafer

Aggat i ve di stance behind the wafer syria_ce. 35 W have found that a
pieni ent alignnent technique can be achieved by using two of the i nages
formed by a FreWediaveofaundl that al convephental kgnmept stechajeueaicRyfent in the
presence ofadndeghd W' Gird bho YTILRY thiaged) Towiidd By IFrRSAET (e hate 11 rst
and second 1 nages, Tormed by a Fresnel “zone plate alignment nmark, and -

| ocated firakigAments@@ekd prescribed di stances fromthe wafer surface,

ace are displaced in the opposite diyecti-on fromvirtual inmages |ocated

o/

respectively, arg sh9beciaddgMmiting fn ANGI predencensti Ngcatenater ailorand/or b

correspqondi ng first and, secong projgacted i es.. JAlignngnt i.s,_achieved
When tha | ahuntForm 5851 SCERknBse) BrsE and Sgead, 1asdeds Formet "l i

po; i tions, llTrreeaeT exvnedpTate ebignmeft taek pramdetecated ntigss, amd secendht s

subst anti a LAROS Ll l..{ o il d n Lafed. 4l st ances,
respectivel e‘?ﬁf@:";?igﬂ@éﬁ%t%%% g‘%%?ﬁgﬁﬁﬁg{%ng%ﬁ{e%ﬁ %]%nafpé\gf/af eg tilt
and/ or nonunocjected @pteta phstkionssensingangansste formccarsespanding ofirstich of
t he 15 proi ] ' n [
of the pr_oj%cf%ég&&gggﬁ\%&sﬁdﬂég?ﬁbi,d%gié\nﬁﬁtt e appropriate pliesel ect ed
posi ti d9. |sacesdrproieetsd impgesoare (isplacad from POsHHiPNSecRIESS1E g

]E)gcg IheI al i ?émn%_r] Bk pA@jeciRed ][ihﬁgf@,g.lbyi aﬁtﬁmfﬁsﬁm%h&ﬁﬁ‘igi%?ﬂnobbﬁtw;nafgto t
ength. _This i e ig loca a firs rescri -di's ce In fron

of the waf ea"esﬂF%\tcé!‘ga%waamef?rﬁféagi%mﬁe% r‘leﬁgeqt{sgﬁgé.d ? Yes can be

tEe f ocusedaMignimemt conditionats dodeperdent tdf fbeal waferctiilt eamgl/br whi ch under

t he appropr] . 11101 ¢ .Loc ' ' c

subst ant | al MPBLEGHH bRk, HfkkiRss o IE prRsBRECAY, ORI Y FocH BF e

prescriled prtejeabed images|is chasendsa ttbataifethe wafaravere| planairs eagheof

regardi ess e pRGjETRUMndYes Wit Yn@hdd With fle dpsRib-iate JrBLENRAeRnCn

the configuration of the first and second projected images is such that

they are’| ow,%&iédl%-u_pst antially equal distances from positions preselected
for each of therpruytpatpdlyyeams of 3the firstaddd tseeond focased inbged iformedind

second. pr e_sgyr itggdafji'g%}ngr% mark rceanOI)g the real image associated with. the +f
20 -focal length.. This image is located a first prescribed distance in ~
front of the wafer surface. Simi_lar'lly, the second of the focused
images can be the focused virtual image, associated with the -f focal
‘length, which under the appropriate t:ond’itio_n can be located a second
prescribed distance,’ substantially equal to and in the dpposite
25 direction to the first prescribed distance, namely behind the wafer
surface. ~ In this case régard'less of the amount of local wafer tilt,
alignment is achieved when the configuration of the first and second
-projected images is such that they a_re_lbcated substantially equal
d-i-s'tances from positions. preseTected 'fo_r each of the projected ima.gés;
30 In addi'-tion, because the first and sécond prescribed distances are of-
| opposite sign the first ah_d second pr_'o:lected images should be
| displaced in opposite senses from the positions preselected for each
of the projected images. ' -

35
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opposi te,senses f:romthe positions pregselected for each of the projected
i mages.- 35 -6- Advant ageously, the detector neans and the noving neans '\
are adapted to deternmine when the first -afd=second projected i nages are

di Spl aced from pogdvaneifeouBtfS the CAQLctor mRand M iﬁéemem'agegé% lpgges, by
axpunt s subst gnt a(“}_'é ropoh’gl oRaI t 0 %Ere first and . secgn prescri bed
di stances, r BB& I@e,teéﬂ § ¥hep e Arsiaped segond, projected; jmagesnaresecond
proj ected i mujeplaved €ronpposttiohkpipriebel dtaeit foreackh ofSthe pirefedtad each of

t hepr oj ect ' tiall ti . ot first
and “Secbng prEaBRrody deutR SbSeSHIRTY iRrBportBRer do, Y H1ast Apehredamion:
1(r)rb y fTh@r&bmisbede@tstla' geds_,noe_qiemﬁirglyr;eand dondove ¢he uia'f!eir_zgzl that tt{mﬁ

odi nents G 0 ; Nk: G | . e
gbove- ment i oﬁggsgﬁ"gr %ﬂaa"&d%?r%én{ﬁ{n gé%s% i%gge‘?1 sﬁ(ril)g‘fd#etfg% ggrh ea#‘fseiﬁéé i que,
t he al i gnnentPresetfctedfaragcachaof sthecgrofested magese byr sheuntedsubstgatially

coi nci ded Wi tppogortioRgl Go! ehk Ifa¢st iMA: sétdnll Frdserthed 1!5%taﬂc35'1 cated, this
al i gnnment techni que i s%ﬁceé)tl ble tqQ systematic error because it cannot

account for IT8eBeCHiNely, therebynaehheving aliigomeAtsesi st thi ckness. In
cont ra_st _10t he al imrame_caedirgb_em dvel el ighery l&_@gﬂiﬁ:gggvﬁi\d@ﬁ?d h]g\ t&ﬂee25 30
SR by 7 T T M T R 0 e Y R
thi ckness:  the above-mentioned prior art alignment technique. In the prior art
' technique; the alignment condition was satisfied when a single
projected image coincided with a preselected location. As previously
15 indicated, this alignment technique is susceptible to systematic error
because it cannot account for local wafer tilt and/or nonuniform
resist thickness. In contrast, the a'l"ignment condition of the
embodiments involves the | |

opposite si'gn the first and second projected images shoul d be displ aced in@

.20
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~For_a better understanding of the invention, 5 reference is nmade to the

’ ypanyi ng drawi ngs in which: FIG 1 schematically illustrates an
¥ |lat us and met hod for aligning a senmi conductor wafer in accordance wth

| ustrative enbodi mrent of the present invention; and 10 '
. . 2 schematically illustrates an .dl ternative apparatus for aligning a N
Eﬁ?sgﬁ?d!m{zsétwf eivo bﬂoﬁé@?bﬂfiﬂﬁﬁ ist {anmid tﬁlrmh imme;f&amie%mrdf ofhd he

i nvention, :A conce al_ ynderstanding.of the principles of the

i nventive %FPBH%EHFAFBEHiigﬁgeEéﬁl 3 8S§J%ﬁé%qﬁwﬁﬂq f@P papparatus shown
iE FIP: ﬁ.noﬁuﬁiﬁathixythn dphearasist dhimkness.a step and repeat g
phot ol i t hogr aphi ¢ syst uk.ni | , ) ' lis
| ocat ed on novabl e tabﬁg}lg. %QXQ%#e;ﬁr?gegfg#gd%qg e%qllgﬂﬁgeﬁnn‘%[%{%on&’
al i gnngnt mefkresceod st madenty et iageogpanyingdrawingscan Mhighth has a

local tilt 0. 1llustrghigvehyschemd 3118 GASLs ¥a tids % hpdisatdigdi ation
source 20 and mrror 21 serve as a neans for directi%¥;1 nci dent radi ati on
e

22 onto t handometppdt £oa1 pdiendnemay lsemiqanduckqy arafer i} Rfgopdance
radiati on 324iS 260khi (8kee taveAleuoditiedd icHl tiaKi frokserRadimdé:0ei 3; i S
focused by the Fresnel zone.plate alignment mark into a plurality of
focused re@Pdf f | mages | ocated at prescribed distances g=f, [err] in front
of theggwafer surface ardea @ wehenatiafally Fldustrhtes tamlal texestiveat ed

at prescribed distanges f .. f .q=-f [err] '  waf er. su, FIG..
1, dist anc@?plaﬁ'aiflﬁn oF aflﬂgl\ngllgelﬂ- ssﬁer- laccogﬁiayr e %E’ganfgé’ p%@i%%%ﬁgﬁﬁég :
di st ances #¢ithnent hd teahartiver feabodimentaloadh the muesene inmpatiotes in

front of the wafer and gbg) |n%%§ﬁrq%1vvq;rﬁ{ Ortgaaﬁ@p?g%jgﬁf O PLREEPBOsVHECH

represents the average wafer ace. - zone plate alignnent
mark, f istbe dinvestdme @ligamentzgechnique can bengptrined $5emsth
forneqsby bPpatdtes shown in FIG. 1. Typically, the apparatus

is part of a step and repeat photolithographic system.

€i mages

Turning to FIG. 1, semiconductor wafer 11 is
located on movable table 12. A Fresnel zone plate 13
-defining an.alignméﬁt.mark'iswlocateﬁ_on a portion of

20 wafer surface 14 which has a local tilt 0. ’Illugtrativelf,
0 is on the order t:sfl_ICi'-'z-L radians.

'Radi;;ion source 20 and mirror 21 serve as a
means for directing incident radiation 22 onto the zone
plate alignment mark. Illustratively, incident

25 radiation 22 is collimated parallel to optical axis 9.

Radiétion 22 is focused by the 'Fresnel zone-

plate alignment mark into a plurality of focused real

images located at prescfibed distances g=f, %, %I...'

R 1]

a;in front of the wafer surface and a plurality of
30 focused virtual images located at prescribed distances
| 'q=—f, -i, ~% ... behind the wafer surface. In FIG. 1,
disiancés in front of the wafer surface are taken as
positi#e and distances behind the wafer surface are taken
as negafive.z Distances in front of the wafer and behind
35 the wafer.are measured from plane 30 which represents the

average wafer surfage. For a typical zone plate.

alignment mark, £ is on the order of 300 p.
38 Two of the focused images formed by the zone



'pLate alignment mark are showmn in FIG 1. The first is the first order
realflnage .R associated with the +f focal length and located a first A
prescri bed dlstance q=+f in front of the wafer surface. The second is the
first order viftual image, V, associated with the -f focal |length and
Iocated a second prescribed di stanCe é:-r behind the wafer surface. R and V

- gequal ly pmdtepamsgmbntdmawkaaee fsrn?@mnoatn FIeXi 1. 91 émr fﬁ&rdqpi%shof
nnment se thege two irfages ause they are

br| ghter tharrrﬁh gi‘%& 8F S?d Paﬁegfnaﬁﬁd ior FﬁaSP"lﬁ& hctﬁ‘fr &Thot shown
i n};'l G 1. Bfbosidl lbagshzands lacadeds af dansrbommetsmghenhgﬁsﬁaxmw V onto

| gl e phot oget gct@r S ~20 rOJe d second
proj ect ed 1SQ +f Eﬁ fgﬁﬂ@ ﬁ% th@ a&&g*f li%‘Ifa%re f@%@%e |nages g?ﬂ?ocused

i mages ﬁandeSéspeéﬁrvﬁﬂytuaﬁ imeged No mose¢iated withe tRe afd V' are
shown as poi #bsailN1EhEthl antThedPele sboBiise pHORAmeR

illustratively are Gatissian spots. focal fens is usegﬁto proj ect. 20
R and V ont o93=f cbeBingdeihe !BfB€c§H§€aReandRvaaﬂevhéﬁfe@amahiﬁmﬂﬂﬁr(nn

surface 27 obppeseebdy emapiaa@d frembobesal ak&@s 9r ei Fpgepudposegonal
Jxﬂarlzatlon gongonents of sur face to.formR and V

respect i vel y° lﬁgﬂeﬂfoz?ﬁoéﬁnﬁXVBBWQEF?gﬁlgﬁ e t@&ﬁﬁoﬁ&ﬁu&ﬂﬁﬁq%nwﬁ R
and V' 1@ adbeuaageotheynarbabrughpervehha mhbehhgmeﬁcerﬂb&eehalnamm

Surface 27. D. e 7 su d on Novenber 9,
1976, for a glscuégl%ﬁxgkg wgl?gc gﬁgﬁg ?% dul d be not ed,
however, that under apprBpfpaad Qens 25rc§natmnaas ﬁpanyrmﬂMQﬂﬁmman a

bi focal | ens;gapeberusgd V%B%SJ e%g&g%%a%&%& HRaas! Pp Sy face.

Phot odet ect or neans 26, al rator. circuit which 1s
r esponsi ve t%°§?gﬁh¥§tgﬁﬁﬁﬂﬁFéﬂdbymGSFeBtoﬁnﬁe§ﬁ§°ﬂd Pﬁ&mﬁ%i%ﬁwltlon

sensi ngsnmeansmagepves that is, R' and V' are focused images of
_ focused images R and V respectively. It should be noted

that while R' and V' are shown as points in FIG. 1,
they do have finite spat1a1 extent -and 111ustrat1ve1y

) are. Gauss1an spots. A bifocal lens: is used ‘o project .

20 R and V onto ‘detector means 26 because R and V are not

' eqnidistant from surface 27 of detector means 26.

The bifocal lens reimages orthogonal polarlzatlon
components of R and V onto surface 27 to form R' and V'
respectively. - The use of orthogonal polarizatlon

25 componengs to form R' and V' is advantageous in that it

prevents interference effects mear surface 27. (see
A.D. White U,S. patent 3,990,798, issued on November 9,
1976, for a discussion of a bifocal lens element). It

| §]

should be noted, however, that under appropriate
30 circumstances means other than a bifocal lens can be used
" 'tq_project R and V-onto the detector surface,
| Photodetector means 26, along with comparator
circuit 28, which is resﬁbnsive to sigﬂals generated by
‘detector means 26, form a p051t10n sensing means adapted to
35 determine when first pro;ected image R' and second
prOJected image V' are d1sp1aeed from posztlons preselected
for each of the proaected images by amounts substantially

‘38 proport1ona1 to the first prescribed distance g=f (distance



anounts substantially 38 proportlonal to the first prescrlbed .

tance g=f (distance ‘9 - frog R_to wafer surface) and the second

: orescrlbed di stance g=-f (dlstance--fron1 V to wafer surface), ;
Jespecti vérgm Rl hotWafelr surfacie)e avdatiee seicomdGpresenihedane | ocation R/

i's presel getedy g sga@h(a&sttaﬁew@rom V to war‘%r S pd | mges.  Thus,.

alignment 1s ac -- the |IIustrat|ve case shown in

FIG 1 whEﬁSDecﬁhUeRY -ar &nsBet aﬂtluatfrytéar@alww Mo dHGellp I aceis

from presghgét edch@gahl PNik. przlgeaeb%elaecr@useadm@:seme rmﬁs R and--V are

| ocat ed equal, and_o ﬁ%SIte scrib d dlst nges 1 fQP t he waf er

sur f a2e. P¢H3§°§Fgg &fScon ﬁ@n Fﬁh@ﬁ%ﬁ@ﬁﬁ i§°€he amount of

| ocal waf ehet111usti-atsheubdsleeshomdmhmet ha pttml\é'cteatﬂlfbbair@n Pis

chosen so t absen l.ocal waf.er fi j ected inages

R and Vv S ﬁgﬁ%ﬁnﬁ6?Eiyd8qﬁfﬁﬁyPanf5OPPOSItely d1sﬁ¥a ‘%@e ment i oned

aIignnentpresdlecmedtionamlsatPsfl&MJS aﬁcmm@ansa<ﬁunuSH§eﬂnhmmwdble tabl e

12 forn1a viNn S ve  t:0 fr t 28, )

for nDV|ngH€hg %ﬁggiegﬁ?%? B@Q?h th %@5%3# fﬁ%% 'S fd?#fgﬁexﬁé%g .

AdvahOageﬁugnythphUﬂﬁaﬁt§§F§ﬁ°ﬁean h2@-ﬂllﬁW@Fﬁﬁh&QﬂQﬁiﬁﬂﬂs&%'¥®kid

ggt ect ﬂslﬁ‘tﬁﬁ aﬁaenmlr 6&'?%@' )ﬁmb%n‘% Bquun%tqd??ﬁerpwme]g ext:ﬁh cgr%aimngegentt
neral ly e presel ected posiTion a e n_.o e fo uadr an

arr angenepe. HOFPdF\’tha&nah? gé’feéeéﬁﬁ§§da§r°f§t1§ﬂb3); 15 ehesan ss%béi%ﬂt ially —~

equal |y apd epgoabbehgedbgphocad iagwert ftd 1 el Gﬁioe(blrmissdte’m Pif the :

radi ation, |ntensht|es |9 theﬁglrst ;AR g thquhg%adrants are substantially.

equal andiPREERR! a8PGt ¥on WOREGN SPAPEL 4% WitE 'Eecond and fourth quadr ant s
are ggbstantially  If -the above-mentioned alignment condition is not™

satisfied, micropositioner:13 and movable table 12 form a
mo#ing means, responeive to output. from comparator
circuit 28, for mov1ﬂ§'the wafer unt11 the[allgnment
condition is fulfilled..- o o :
20 Advantageously, phoﬁodetegtof means.263~
preferably comprises two detectors and more preferably
is a four-qﬁadrant photodetector arrangement. Generally,
the preselected position P is at the origin of the
four—quadrant'arrangement. If R' .and V' are Gaussian
25 spots, they are substantially equally and oppositely —
- displaced from the_preselected position P if the : : ' e
- radiation intensities in the first and third quadrants-
are . substantially equal and if the radiation intensities
in the second and fourth quadrants are substantially

42

30 equal. Standard comparator circuit 28 is adapted to
 determine when this condition is satisfied.
_ It should be noted that the -arrangement of
'FIG 1 1s merely illustrative of the principles- of the
present invention and other ‘arrangements may be used -to
35 -1mp1ement those principles. For example, instead of using ---
the real image associated with the +f focal -length and
. the virtual image associated wath the -f focal length,
38 other palrs,of.lmages formed by the Fresnel zone plate



L . e D
'30""'"equal. Standard conparator circuit 28 is adapted--to determ ne when @
this:condition is satisfied. It shoul d be noted that the-arrangenent of

--- FIG 1 is nerely illustrative of the principles-of the present
invention and other arrangements nmay bggpused-to 35 inplenent those
princi ples. For exanple, instead of using--- the real inmage associ ated

Wwith:the +f f3bhgumenEngaRkapant he weedukP cargy avdodhet edignmenthe - f
focal |ength,pB8cesofher pairs of images formed by.the Fresnel zone plate
- 10 - alignment mark can_be H eg,to carr¥ out the alignment process. In
addition, instead of proj LBt él hens; tuptead §§cBHBJP6@&§§gt ges onto a
single 5 phbipsietandosecohdyfoansba pmapest edtonhosingie and second

separ at e phot es ively. to formthe first and second

prgjecte ina§@§£§§%9%§F3£ta§§gg %ﬁgiPFoHrBHeFﬁgngP§P BA&Sdd tor is
presel ect ed feecoma $eparapeophotedeteageramdraspeemﬁbQMantbgcoi? second
phot odet ect or44 I e t : Lected.l e. An alternative
enbodi ment sygéinf{gsgh%ﬁé ?%£§§?59§93§ﬁ§§§i2§3£§ rqngfg?glgtﬁﬁéﬁ in |
connecti on wahresbtbomoem nthe Birstephavedetentotods pmreBelec2eds are

sntended to beor inetf fFE¥CpPH¥etdd! A etgnﬁlgngsiEESEngh %ﬁ@e plate

alignment mark 31 i s |ocated on surface,32_of senm conductor warer 33. The
waf er' k01 oS8P Photee teetor elsopreselpetad| fort theaspgpadus. of FIG 2
bs part. 20 mfojected bmdalgéepeat photolithographic system and fhe _

mask' whose pattern is to pe tyransferred onfo.the fer surface lies in
reticle plane 100. In Flcgn igﬁfg? bﬁei%mé??ég?ﬁgaﬁysﬁﬁ@[}8n§hBV§te

al i gnment markn BIG ol 2 owsNuhenhedl oparametérsmatated in connection
with the embodiment of the invention shown in FIG. 2
15 are intended to be illustrative only. _
Turning to FIG. 2, Fresnel zone g}ate-
alignment'mark 31 is located on surface 32 of _
semiconductor wafer 33.” The wafer is located on movable
‘table 500. Typically, the apparatus.of FIG._2 is part.
20 of a step and repeat bhofolithographic system and the ‘
mask whose pattern—gp-;xhbe transferred onto the wafer
surface lies in retigle plane 100.
In FIG. 2 radiation is directed at the zone
plate alignment mark as follows. Lightfrom monochromatic
25 source 301 is focused by lens 302 at location A. The .
radiation focused at A is_directed by lens 304 into
~ optical means 305, Optical means 305 is adapted to
‘separate the radiation directed therein into first and
second radiation componenté ﬂaving first and second

)

30 orthogonal polarization states, respectively,'and to
introduce a pﬁpq-lqugh difference in the optical paths
traveled by the first and second radiation components,
reéSEEtively,'whereby the first radiation component is
focused at location B.and the second radiation component

35 1is focused at location C. The optical path of the first
radiation component (perpendicularly polarized) is shown
by lines 310. and the optical path of. the second radiation

38 component (parallel polarized) is shown by lines 320.



rso rce 301 is focused by lens 302 at location A The radiation focused

ig directed by lens 304 into optical nmeans 305. Optical nmeans 305 is

d to separate the radiation directed therein into first and second

tion conponents having first and,second 30 orthogonal polarization
States, respectively,and to i nt rodticet path length difference in the _
optical paths traveled Iny the illustnatisecemtiodadeati offi ¢heponents, o’

P | e v Ve 14 et 20021 hBR1GRTPARERL s EHRE < _'ocation

B and the second Tadiatl oh conponen cuse Th s
opti cal mmﬂvkﬂr13ﬂng|bQﬂmr%@ﬂh&t%ﬁscbﬂgohéﬂt4}9eﬂpén§fé§ﬂah29 -pol ari zed) i

i s shown bygdd w%spﬁl&éﬁdw@ec&@ﬁffaéspfighefahgfesgegaﬂsr qéuahhan 38

conponent (paral l'el polarized) i's shown by |ines
i | | ust Bat i Ot harRe bt heoTRVRAL 2ERZLREWARERTERES 203opt|cal means 305

conprises [Hini 3 a1 h@@ms@ut%ﬁ 496 aeﬂgf«igeanélgmsahéze Baadis
splitter 400 coqfrlses right an rlsnB 4

et to
forn1po|am@&¥1 t’eh 2 JEit oy et a??ﬁm BgiﬁréﬁFPgtéP LY afﬁnﬂi%ses ri ght
angle prisms 411 and 411?aa\tuthoﬁe£ﬁciaeﬁormapmbanszsog,l whachade 413.

(ol ane. o Atiaitbed paFEITePoRs BIBAE boolbihnecasPRag. L) 3s” “he*>0
Earal%@ [Mﬁnansnxtteﬂh i pt¢riaicesi #033208 4335cef Thet parbyleilrror 470 and
rought to £§%§ 3 which is s
pol ari zed perpen cular&.jfﬂ'ufil g?%gg&%?gg:2?0299519Bf5§%%§gf9 ctedlgt > .

i nterface A0 ToNs 117%#@&‘@60%&#6@% arfepngoat Hﬁélnﬁepl'ecﬁéélaéapﬁ at

interface 4liddh#/Sin ahdaes. Y?]OSPewﬁféﬂeﬂélﬁaiai'h!eﬂobé ?éﬁﬁlb&dﬁ&“on i's
brought to a fqcus at lt-s cal

oted th the dif n
- path | engt H tRLans ébﬁcby(Y?@?%mbrgﬁBSonéF re eCtPQdPQtll %ﬁ':?&né%t can
be adJ1L§tediibm-:d3t€dlgtmﬁ§IQ prism 420, and reflected again at

interface 413, Illustratively, the perpendicularly
polarized radiation is brought to a focus at B.

It should be noted that the difference in
'Optlcal path lengths traveled by the two orthogonal.

- 920 radiation components can be adjusted by changing the
relative positions of beam splitters 400 and 410 and
prism 420. Illustratively, locations B and G—EFEJchosen
so that photolithographic lens 306, which has a
magnification M, is able to br1ng radiation’ from location.

25 B to a real focus at point D a distance q-2f above the
wafer surface and bring ;adiationlfrom'location C to a
virtual focus at point-E a distance q=-2f below the
wafer surface. Typically, the difference in opfical
path lengths traveled by the two orthogonal radiation

30 components is on the order of 12 cm, photolithographic

| lens 306 has a magnification, M, of abqut 10, and
Fresnel zone plate 31 has a focal length f of about
300p. - ' - | 3 '

S  In the absence of wafer tilt and in the abéence
35 °~ of a nonuniform fesist thiékness, the zone plate then forms
real and virtual imiﬁes, R and V, which are almost
coincident with D and E, respectively. (This is easily
38 understood by an-application of the lens equation to the



T?Jatlve p05|t|ons of beamsplitters 400 and 410 and prism 420. Jgg%;;
- Iklustirativel'y, locations B.and G are ,chosen so that photolithographic le

306, which has a magnification M is able to bring radiation froml ocation
25 Bto a real focus at point b a distance g=2f above the wafer surface

and. bring radlatlon fromlocation G-tol2 virtual focus at point E a

distapce g=- rOBdRY LUomUPEST 15 WALER: © tf[¥pb jebys hbe fbLhereiseila

optical path 7 ort gonal radi a
conpenent s i sibHtange ot¥kyand 12 chropnbhe| #1 hegrephi Barknwhicd has a

magRif i cationgoddl Of eddoRE - 48, +ﬁﬂﬂn&*ﬂﬁn3|Hi?ﬁérpbﬁﬁgr3ieﬁﬁsaﬁdf9§§Euhin9th

f of about [e;r%;Inhihe absence of fer ag he absence 35 of a

“nonuni form r et ?ﬂﬁ¥ﬁ£§2_ ﬁP%FE ALK frPRstheatnghdedtrtual ima
es, RangV, mrégtm:e ai-agwl;)mt C@ti‘]::{.ﬂ@dltlm thtfeDlﬁnd?&atﬁﬁéeéhbﬁﬁhhien(ﬂhi S
I's easily 38 under st-00 an-a t ens.equation to the

12 - presenﬂx%égﬂ%t}gy??ﬁﬁ%?cﬁh?ﬁg b%?%t 5 g ggﬁ@%i}xel €G24t 8nce +2f

and -2f fromkiifaledgeeis nsed MMiSmenstéothb irajjdbntoandf rafiflected

H gher order x&f.eidh Vikt f?@$ d i g the
éncident 5 éﬁﬁeulcn1%éeﬂﬁ%tiu [ ?g%ﬁ{@? ?ﬁ%oégﬁﬁg ra r@g&eggQ§nEE8
the inventiorfRaiEwnin FIGG 22 JoortiemsyD pedalisere hatheddapdapsdused to

separ at g ¢ he dTCEKENY aWivé elbherdey trgi gliéﬁé' of FP6.1 bl Hakr Rt hvA v are

eroc it o e (NGl Spun o TS B hotal e pand Seoteebdlh

both d|splacm&%ﬁrgﬁaésaﬁgﬂturdu§WVEén§hyoélsﬂ@ opti¢&d 2meAhbeBOpasSSi Ng

Lsed To L?Bfﬁf’lﬁ% TR ke b reee e P aREP 885 boPhhot oot or 310

15 to form a*qsbmatmn pﬂmmdland Magest® senfiate . 311 nof hdetasbor 310

15 to form a pair of-projected 1mages R!' and V'. In the case
of no local wafer tilt and nonuniform resist thickness,

R' and V' coincide. The reason for this is that R and V
are coaxial and have no lateral displacement in the
absénce“of;loéal wafer tilt and nonuniform resist.

20 thickness, Alignment is achieved when R' and V' coincide
with position P which is preselected for each‘sf the
projected images.

In the presence of local wafer tilt and/or
nonun1form photoresist thickness, the real and v1rtua1

25 images, R1 and Vl’ formed by alignment mark 31 of FIG. 2
are equally and oppositely displaced from the p031t10ns
occup1ed by R and V in the absence of. local wafer t11t and
nonuniform res1st_thlckness. ‘In this case, progectlons of

. R, and V, on surface 311 sre located at R} and V{,

. 30 respectively. Allgnment is aéh}eyed when Ri -and V are
equally and oppos1te1y dlsplaced from preselected
position P. If the alignment condition is not satisfied,
signals from comparator circuit 510 \huse
'micropos1t1oner 520 to move table 500, on which the
35 'semicbnductor wafer lies, until the wafer is positioned so
that the alignment conditipn is satisfied.
It should be ;oted that in the embodiment of the

38 . invention shown in FIG. 2, R! and V!

1 1 vy are formed from



| ocal
vi rtual
are equal l y,¢
in the absé%gggg§gp ~waf . )
this case, BYopetrgoradbeationand Vwoodiffersnsd Irequeaciesatted fatrn err] and

[err] 3%

25 inteyter

[ ESHECLMABL YR,
equal |y and oppositely Hlsplaced from pr

7y | ocal wafer tilt and nonuniformresist thickness, R and V' coincide.
Ofeason for this is that R and V are coaxi.al and have no | ateral

i spf acenent . in the absence-of |ocal wafer tilt and nonuni formresist. 20

i ckness. Alignne
which is preselecte
maferr?ﬁ}?g

nt is achieved when3R .and V' coincide with position P
or .each

ei‘e-erffﬂﬂdtbenehrf theedelte caloirg Brmita e K SldOL FI G czi\
i o i . H S . V
F5b150)SPEBER e TSR 10, WV

OoCa nd nonudl I

@hﬁggﬁggﬁaksiﬁgggeveq when [err] and [err] are
sel &cted position P. If the

alignment condition is not satisfied, signals fromconparator circuit 510
cause m cropositioner 520 to nove table 500, on which the 35

sem conduct or waf er
alignment condition is satisfied. It should be noted that in the enbodi nent
of the 38 i nventi

13 -

adi ati on ha

lies, until the wafer is positioned so that the

on shown in FIG 2, [err] and [err] are formed from
vi ng orthogonal polarization states to prevent

interference effects near the detector surface. Alternatively, interference
effects may al so- be prevented by using radiation of two different

30

15

20

25

30

38

frequencies to form5 . real image [err] and virtual image V1. 10 15 20 25

n xﬁg_
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35 38° 14 - CLAIMS 1. Apparat us for aligning a sem conductor waf er of 4
t he type:- that’ includes on a surface pgrtion thereof mme form ng neans |

that {vhen illuminated by incident radiation for\r)\g Imu ’HMIIHHB f ocuse
pOsite

5 i ages spaced apart fromthe pl ane of a| d
directions, said apparatus conprising nea &t or dlrectlng I'nct dent
radi at i on at said i mage form ng neans to ClAINSsai d focused i mages spaced

from respect ive siges A&éa?ﬂt& p&pr&g,l%rpi g{éﬁ"%& ef %féﬁ%go \ﬁgPé%hat

projected focused.ina rovi I ca
depesdent uponi M@ldgs)rm gmtaﬁacm portim d&hgﬂfﬁﬂfew&s& fmges MHSatfwtdemefbt or

means, means for1uaA ARG by dintdtcht’ Padi &76n vr'orrhy%aﬁ Oﬂheeﬁirtdmgﬁécufsedsa' d
phot odet ect peans to fQrmrespective projected focused and neans
é)o E" 26"4) %’&go}"

responsi ve dnagdes sRaced SIRE) Srog the @ P fosaig patRToqut r?@&ﬂ%‘te_
i ndi cative of diredtpony,esaidl. apﬁaratumrmtngbmm fdir ah #e€syingdincident

d
cont gurati on Lol TRU 1% SR NRCToind RIS Lot AMUCHocRLe RbgLECt o
wherei n sai d dépaeedi frpmeespect veisi des of smrdop'mmaphatodetaru:ter ®ans 3.

fpparatus accoy (p’&ﬂsf\% ‘E#aﬂ Jécfhrg foliete acefhbrr ﬁ?&vﬁ%j Vél'é&tﬁlcajloﬁ}ﬁﬁg

I mages are spaced apart from's er su
Appar at us ]&ccoﬂﬂ’ﬁést‘!ﬂér‘@ﬁ% BPOW\/I’Gbﬁ equwr@tp%pécwrdgpn%m;*,eédmase%@@ a

~ bifocal lens eigmeaétector means, means Aﬂ?agﬁdj'é%tﬁ@?%ijd Waal Qarfdl @4 udy wWherein
sai d novi ng rre ns for sai d. waf er, and

a mcropositio %qusggn%alggs?tst&aggﬂ PF&EJQQQ‘E}H’W mngg\f@trbggqqucgwput of
sai d phot odet eptojectehifscdsed $mdges| i and mearsy rasponsii ve ttabékecteitaicgignaai d
I R ey
circuit, viPereimaggs not being in a desired configuration for moving sa1d wafer to a

position at which said projected 1mages are in a desired

conf iguration.

2. Apparatus accordmg to claim 1 wherein said directing means

compri ses a monochromat1c source. - :

20 3. Apparatus accordi ng to claim 1 or 2 wherein sa1d rea1 and
virtual focused images are spaced apart from said wafer surface by -
equal amounts. :

" 4. Apparatus according to claim 3, wherein said projecting means
comprises a bifocal lens element.

25 5. Apparatus according to claim 4, wherein said moving means
comprises a movable table for supporting said wafer, and a
micropositioner coupled to said table and responsive to the output of

% said photodetector means for selectively moving said table to locate
said wafer in a position wherein said projected images are real and
30 form the desired configuration. .

6. A method of fabricating an integrated circuit, wherein a
semiconductor wafer is to be patterned, the wafer being of the type
that includes on a surface thereof image forming means that when
11luminated by incident radiation forms real and virtual focused images

35 respectively spaced apart from the plane of the wafer surface in

&7



Monductor wafer is to be patterned, the r being of the type that
/ades on a surface thereof inmage fornjng il!l' ﬂu”n .uni nat ed by
i‘dent radiation forms real and virtual foc espect ively

spaced apart fromthe plane of the wafer lsjurface |n - opp03| te
directions, and erelnt ewafeg1 S aLl%ﬁg the teps of di recting W/
i nci dent r adi 2APPSAEE AT ESG ] O FBdrHIERELY, e("o’?c?r i9aed byt theusteps ﬁ'ﬁges

spaced from rdirgetingvénsiddas cddiatiah ptasaid ﬂnayeeeémﬂggaﬁadsrﬁﬁ'fomckaid

i rtual r ti rojegted .-
ocused | e RRed RAGESSpaced StollialRedtlue Yiles of EIFGHTant e arpobeiing”
images form asaddsreaédac@rwirguahtimwmnwlpuommtteMmmems weaform and, in
the event 5sa'r‘ésBé@ﬁi%t prbees %cu@‘?ﬁaq& E‘l?éret)ﬂ”ﬂettﬁgtﬁﬁshﬁee&er r jot

configuration, go the wafer to posi t Ssar’d projec
i mges do fortRidaPTPIAELeT facusads iages fom aidesired configuxagiemen seichr di ng

tf, cl ai mt 6, wheteddtesshr meang,eaho; mnnertaér@aaﬁt %Qﬁarﬂr%@c?ed:"f@éﬂ“éh ﬁﬁa”g%d sItO' alte

al | gnnen mar 0 .Gl real and Virtua

focgsed i mage Jé 5&% @B'HE%% gﬁfrrte "érad“%’f WVEQH\M{E%‘”’%}? Hu& PesiRiARs.

i's | g tatAv(;hlrmhheaﬁdaq:co.lehtag 'tmgek adomfBym wiadededemaedrwoﬁﬁfymiam sigrci &
t [ 0 I+ ecC (o) a -

I's utilizge 7.6Ch quei&o?gﬂgattb A adh 6 Mgﬁtérﬁggg'{ 1ﬁ%§]§fe|¥1d\gpr

method as in claim?9, I"ens ‘el oj ect t
sai d real and€gns tqg’&'PﬂS@égés"f‘Gﬁﬂ@ tzq8e (fHateddtigoment meens to formthe

focused images. ) A methoalaccoﬁdf@t la@dﬂfa% 73' 'waé‘x*ém %ﬂeﬁh&q}?@¥ﬁépr waf er,

substantial |y, as%frelnbefore des bed with reference to or 2 of
t he acconpanyPf AW Irgsarq spa zi‘Péf%sf"PBrsadFil ‘g#leﬁgsgf%%lyoﬁﬁﬂﬂ or
waf er, substanburaisl.y as hereinbefore described with reference to Fig. 1 or

2 of thel§5 aC PRI YRS t8%1aim 8, wherein a monochromatic source
is utilized to direct incident _rad1at1on at said image forming means.
10. A method as in claim 9, wherein a bifocal lens element is
utilized to progect said real and virtual images onto the.
. photodetector means to form the focused images. _
20 i1. A method for ahgning a semiconductor wafer substantial'ly -
as hereinbefore described with reference to Fig. 1 or 2 of the
accompanying drawings.
12. Apparatus for aligning a semiconductor wafer, substantially
as hereinbefore described with reference to Fig. 1 or '2 of the
25 accompanying drawings. o |
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