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(71) w~. KASPER INS1:'Ru?.lloo:s, ".liiic;, :tfuii. 'liP. ~~-~ple. thereof Will . .ilow: b¢ .4¢s,. a c.orporation ... organise,d ~dO:existing. :tinder :ctibed., with· ref,CJien#; t~ the a.ccEimp~~~ 50 the laws of· the State of California; U:nited dta'*:ings,)~ rwlliCh: ;- · · · . ,. · ·~ ... States pf AmeriCa, of 983 .Slt.~an AV¢iie~ · : .l"ig)ll:e :Jis)i pJan .of an optical .aligi@~ 

5 -~;:t: ~~~~~: :i! hc:!~~tecla~ntt: :_._;_.n·~.·-•_tF~1•_.mgure· :_"'_: ~-n_. ~-t2f9.a1S~_:.~cao.;.r.s._.~1·_.-.din~,g·.e::_:eova.otn10n· .. e .. a.~_I: _"vb1~.ew·_~ .. -.· ·.1.·:en_.m.n_ • .. t.'.'nOf.·:a, inVCllti()ill; foi •Which WC ,ppi;y tlt~t- 8 ':Patent J.! Ml,_,,~~ 55 .may ·be grante(f. to us, arid the)rieth()d" by :pans .:c;t., the ins~e~t brok~ away" l'* .which it is to.:. be performed, to be p~@cu- clarify; ,, · · .· . . · ·. , · · '10 J.arly described: ill a,nd by the following: ,$t!itC,. _ Figiµ:e :3'Js. :a .. frilgmen~ vert:i~al 1~ngj.-·m~t: ....- · · -,· . '. ; :,, . : : · ·.· . tudipaf.Sectjoµat vie~ t~µgb the ~t i!J4 . . ~e ·,inv~ti.~n: *~ates t~. a~gnment .-iPP~ta,. 9bjective lens. systein· ·of .Figures·• 1 and 2; 60 
J_us :for ,abgmng ·a. n;iaslcw1th a w0:rkpi.~ · .. 

1
._;_ ... · Fe··.··i·g.4 1_,E_·.~_~4_ .. _·~ .. ;o·,.f'.~-~~-·1;gur~. )i_ee,~3i_.,9ri!ll view_· :.:~~~ll aj.pi;ig_:',•. ;bavi!lg'; a' Jight•senSitive 4ihn :to be· .exp()se4 .... ,l' 'is 1:~11gh -$e ·ipask... :; · • , · .. ·.... . ... ,· : ·: Figii~e·S ~s::a siinplified dia~tic"~C\V .:' All :object of.· the inve.nti'1n is .to .provide shqwipg th~ )ighi: -path.s 'f<>t .one· .of ~-~it an ·iinp,rov~· t>ptical:alignitient -instmmeJi,t tQat 'field )e.ns ·~ysteI.DS of FiF,es . 3 .· an.d 4 ~ .' . 6, -may. be. 'u8ed ·ill. the' fabricatioµ -OC-inte:- :,:: Figur~ .~_,is .a wew ~bow.iµg the light pa$s· grated .Circuits' ,'fo aci:u~tely :align.a ·s~kpli~ ·~or .tlte :sµigle fi~d .1¢ns syst~ of .F~ 20 'ductor wafer an4 a ma.Sk .;With a m.ii,timum •Qf J ari.d. ~; .. . . ' . ' op~ratcir Jatigue' and to exp,Qse -i(photo'; sensi::- . ' : Figure . J: is ,a fr!lgxnen~ry Yettie~ JQ~i~ .tive film on 'tile wafer tht:ough the ma·~~ : · . 't,ti.diliitl '.s~_ctional view '. tlµ:()ugli t~~ f 9rriiµ 70 •.·:. According. to.: the inv~~ign,, ·there is p~o.;. ;citd af, th¢.1)ase)mit ,Qf 'F.iggrcri iuid,.shp'Wjµg 

~~~~S~ .:_va.~n-[d{_._f_:er~_1hto~_.;_ .... d~ersk_b_._.:s1_ras2.~a~_;_pr:um~.:t~.r.i_:~ 75 ·having ·a firstJmlder (or :t~e·mask,·a sec()nd !IV...... ~ 
, hol4er for thedi\to:dcpiece, and· controlapJ;>ara'." . .Figtire ~ is, ii.xl -~~rge4 mmsverse .secti().il~l 30 itlllii !o,r movin~: at"l~st ,!>~e of the hQkJei;s ~view" m.:ke~ .. ~lpµg Jiµ.¢ :9~9 .of ·F~guti' J r.cla.t1ve, to the o:ther to brmg the mas~ aµd ,8Lid ~lio.wiilg ·th¢ . nje,Ch~~ism for .:tDO:Ving ,m,~ the woikPiece into a.ligmne!lt, ~aid aUgrinajit .'1nask al.ld' w;µ,er hol~ers -~~i~, t() pne ap;,, so appan\tuS fUrtlier ' C9mprising an 0pti~!ll . u,nit other;-

.mount~, on: the'..base unit and beii;ig ~atac- . Figure ,10 __ is .a. s~():tl~I: view . ~a~ .. itlong ... ·35 .tetjzed: in :that)he opti.C.al unit r~ctw:tes ;an, .line 1(µ...lQ 'b:f ,J1igl)re 7 :,showi.pf the ,~QJl!S~-!)Culilr 'lens. syStem; .a ·1'9tatable turr~ .hav1111_g · ;jrig. media~ :Jor flie )vafet ,¢huc~'Jlqlg_ef; a plurality of :.positfons, .. at )~st one objective · · FigUre .11' is·, an. "ei:tlarged vertical Io.µgi­

. 45 

lens system. moQnt~ ori :th¢· turre~ f~· ;aJi,gli­
ment with the cX,:ular lens sY:stemJn 'a( le~ 
>~ne of :the tui'iet. positioµs to:j>rovide a :m~g-
.Dified view of• .. the: ma,sk. '.a,nd •··the · w:orkp.iece 
cin :'the first arid ··.second· holders,· and· aai illu­
.mirtatio.n _sysiein ~luding'..anoptieal .element 
·.:rii.o'iln~ed J)n )}le •• ~t fQr .. gir~tin.g :J!ght on 
· t() .. the· :wc;n:~lec~ ,thtough the maSk . in an.+ 
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90 
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-other of the· turret p<>Sitions. ·to ~ose the .str.gin~t cQitiWfsifi,g· _aI,t op:tjc.a:l::uQit ·.i9 lll\d :light-sensitive 'fil,m on the workpiece. '~ ba.se)roit' i~ . . 9Ptj~ ,w.iit ;26 ·is .pi.Y.o:taJ.ly 95 · For a b.etter "understandi~. of. the inYen-. ;sec~ to t?as.e .tii:lit 2.$ hy,a r<>l;i .30 $l;lppQi:te4 
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·-by brackets 32 of the optical unit and pivot- ably ·supported on· the bottom of base 37. 
ally ·carried in aligned V-grooves in bracket~ An ~li;ned .plane cam is mounted on the · 

2 

.. 
34 of the base unit. KeeP.ers 36 ~ttached to . carriage. A roller cam follower is rotatably 
the top of brackets 34 maintain rod 30 in ·the supp9rted between the lower edges of slides 

S V-grooves. · · · ·. · SS and beneath the ·path of the light beam 
Base unit 28 is adapted to carry a semi- from lamp SO. The· cam follower rolls up 

conductor wafer. 38 and a high resolution or down the inclined plane cam depending 
mask 40 through which a light-sensitive rum upon which direction the carriage is moved 

7~~·· 

·,. .. Q-n the wafer )s exposed. Optical unit 26 ·by rotati0n of knob 100. Thus, by turning 
10. <irieludes a hoµging comprising a base 37 hav- knob 100 in one direction slides 58 and 60 75 

- · .. jµg :Qat 1).ottom with upright side walls 42 a~d attached ·cover 44 are raised and by tum­
arid comprising a cover 44 having side walls ing it in the opposite direction they are 
48 that extend downwards inside base 37 lowered by reason of their own weight and 
to prevent light leakage therefrom. A mercµry that of the apparatus carried by cover 44. 

15 vapor lamp SO mounted ·on· the· botti>in of Microscope 52 is raised and lowered with 80 
base 37 is adjustably positioned by means of cover 44 and may therefore be focused by 
~ lever 110. connected to lamp .mounting 112 kitob 100. · 

· ·· through linkage 114. Locking screw 116 ex- Refemng now also to Figures 3 and 4 
tending from one side of·optical unit 26 locks microscope 52 includes an ocular head 140 

20 lamp mounting 112 in the desired pQSition. with binocular eyepieces 142. Ocular head 85 
Rod 104 is movably carried by rear wall 42A 140 is .mounted on raised forward portion 
_of base 3T for manually adjusting a concave 144 of cov'er 44. An· aperture 146 in cover por­
miITor 102 to properly focus a light beam tion 144 is aligried with Ocular head 140 
from lamp SO. This light beam is directed and with transfer lens 152 supported in the 

25 through a. tubular leIJS housing 118 contain- qptical path be~.1;1 the eyepiece and objec- 9\) 
lng one or more lenses 120 to a ·microscope ·tive len.s systems bY a lens retaining ring 150. 
·s2 · mounted on cover 44 and · thence onto The objective lens system is . carried by a. 
_w8fer 38. Rods 122 slidably extend :through tun-et 154 mounted for~rotation about a ver-
'Mll 42A for manually adjusting housing 118 ticallv extending axis. Cover portion 144 has 

30 _along :the path of the light beam to properly a central downwardly extending boss 156 and .9S 
foc:us the light beam at wafer 38.; Piston ~ a con(:entric. flange 158. A thrust bearing ' 

'· ._. 128 of a fluid cylinder 126 mounted On. the 160 is provided between the lower face of 
bottom of base 37 is pivotally atta.ch~ to flange 158 and. the lipper face of turret 154, 
·an arm 130. This arm is attached at its ·and a screw 162 extending through a central 

35 inner end to a fiiter 124 and is a~ched at aperture in the turret is threadedly attached 
its outer end by a pivot pin 132 to a bi- to boss 156 for rotatably supporting the tur­
furcated bracket 134 mounted on the bt>ttom ret. Ttirret 154 comprises a turret body 163 

'·· · 'of. base 37. In the illustrated unp~ssuiized atta.ohed to a cylindrical-shaped top plate 
conditi0n of cylinder 126, filter 124 is:. pivoted 164. A resiliently biased detent device 168 

40 dc>w.n:wardly into the path of the light 'beam cartjed. by cover 44 is adapted for engage­
from_ lamp SO to provide filtered light for menf with any· one of four indentations at 
illuminating wafer 38 and ma~ 40 dming quadrature spaced locations on the edge 166 
their alignment as described more fully b¢C.:. of plate · 164 for releasably locking the turret 
.inafter. When cylinder 126 is. pressuijied, a:t four angularly related positions .. 

45 filter 124 is pivoted upwardly' out of the . In Figures 3 and 4- -hU'.l'e~ 154 .i~ _sh~wn 
path of the light beam to provide unfjltered in the Jocked position for which the split field 
light for exposure of the light-sensitive fil¢ objective lens system 178 described below is 
·on. wafer 38, as also described more fully operatively aligned With transfer lenses 152. 
hereinafter. A beam· splitting device 18Z comprising a 

SO Two bearing blocks 54 laterally spaced on right-angle prism having mfrror surfaces on: 
:OP.Posite sides of the path of the light· beam its right angle f~ces and having an upwardly 
frmn lamp 50 are attached to the bottom of extending apex 188 is located directly beneath 
base member 37. Slides. 58 at· .the forward lerises 152. "Prism 182 is supported by a 
ends of· blocks S4 ate attached •to flaµg¢s holder· 184 seci.Jri:d. to turret bodv 163. The 

55 64 of cover 44. Slides 60 at the rear ·ends . o?tical system is focused upon a small dia­
. of bearing blocks S4- are bolted to forward meter focl.ising \lvire 189 carried by holder 
.slides 58 through· elorigated_.holes 72 in ·.the ·184 .a short distance directly above prism 

_. ' ·bearing blocks. Ball bearings ~ secured be- 182. Thus, dust or impurities on the prism 
tween each bearing block 54 and itS associated sUtfac(s are not in focus. A pair of · com-

. 60 .. ·ths.l,iedesls
1
.d5es8· a·a

1
nond }thO etobeannfa~lgitabte10 ... cksmo.~en.'"': .. ;;;."ceo. f _plementarY movable lens retaining blocks 189 

,., itWU 11g1 ,and 190 having vertical bores 191 for pass-
verti_cal movement of. cover 44 and a.~ed ing light are slidably mounted in pins 192 
miqqscope s~ with respect to . base, .37. .. ~ . extending inwardly from a pair of anns 
·rotatable knob 100 is threadedly eoupll.Cd 194·-on the turret and are resiliently _b~ed 

65 t~ Qii:~c;- lll~_ber . 31;: t() a ca.rriage~ :i.,noy-,., .tc;>,w~d-.e~ch.. ~th~ by springs 196 carried on 
.. ~...... · ......... · :.:. ,,;··-: ~ ·:· .... -'' i .-. ..;.. __ ;;· !i ....... '.::l··~c 
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the:,pin's-betweeri-:-the:·arins·and·iIC:Ds\J>l9~- mirrors .•248: tO~-inclined.· mirrors ·201A. From :Rollers ·200.:nioimted··-ori'.blocks:l89:--arid lriin'c:>rs ZOlA:itdi; ~eflC,cted onto :the:;oppo--190-a:ie urged" intO enga' ---g-emerit with a'Wedge" -., -site_ sides ofcprisri:ls.182A:from.-whence 'it is ~haped_:•adjJiS~g ltj,efuber ?Qi;. -A.40\retlient t>f refleCt:ed upwardly -through·---_ transfer :lenses . member· 202-t<>Wll,r.dS'the c~~er-of turret 1_54 -152:iand:. the':l~e8- of the .eyepiece lens 70 -tirges·~ blacks :-1_89'' ancf, !9.0 -·_apart; ' wheic:~s syStem -for. vieWing by the ·operator; · _ moVeinerit .hi_ tii:e_oppos1te_ direction -cau8-es ·<Wedges 202<•ari~• __ -20~A: are :adjtisted·::by springs 196 to -- niove them together·' 89'.iara:,. :finger act1Jat~" screws -223 '~and 223A, ; res;_ ti on :of :the- opt~r:ai axes: Of split '.field· obj~c~ve -pecti:Vely. -Wedge _ 2Q2: J~ _ forilled : at the:: end 10 :lens .systertC 178 ill :thereby-.adji.tstable; •-Ea.ch .of-a rod 224-" slidably _mounted <in a radial ·75 leris: block -189-:or 190 carries:~ an -inclined - b9re.•:226 ':formed through :tu~~ :body 163. mirror 201 -adjacent'to its upper eild~;o_ppo- 'Reduced .thiCkness :eri<:J. portions 228', ltild 230 , site prism 182, and above ·its passage"Ways :of:irocL2U,pass.·1:>etw:een;'bloCks: 189' arid 191 for deflecting;light--b~s::_travell4ig'µp -19.0:and,·betWeen~bloCb 1.89.A.and::l90A; reS­throu.gh: passage\'\1ays _ l91 :onto the -·_opp~ite pecti-vely. The-'upper end of'a Jever. 234 ex- :so _sides of prism -182. With Split field Ierts-,sy-s,.. ,~ds __ into :an- .eye r:XiC1nbet:: 232' -secured -to tern 178 in the op~atlye positi0n; illumination -end' portion : 230 Qf rod' 224.- .Lev.er: 234 is of wafer 38 i1CproVideg bv p115sing the light pi'V():.tallY mounted• ~n: a: pin: 236. e~tending 
- .: - ;20 

beam from, lamp 50-_tht"Ql1gh _filter :. 124;- 31le _:betw-een atms 238 · that extend .from the turret nltered light· beam. -p~s~s- thi-o!Jgh-, op~~gs body. Adjusting screw.. 2i3 is threadedly 85 -203 in the outwatdly _fa~i,Dg sides ,of-blod:s -rtio.unted in a tube .240 eitending.drom ·the 

·;;.-.: 
·: ~~ '. 

189 and 190-:and strik¢s sdnitranspartj:lt :turret.housing. :The lowei:end ofJever' 234 mirrors 204 carrie:d·:bv bJOcks' 189c:and :190 CJ(;tends through_ a- slot:242 in_ tube: 240 and .in inclined ·grooves:-208 that intersectJongitu- e~ges•, the ·end of .sd:e\v 223;_'By.:tu:miog ·25 diiiallightn?as~ages'l9l_-and openings 2()3. -~crew.243 into tube:240,lever-234isrotated :go. ·Mirrors deflect a p~Qn· Of the.:fil~red ·light :COuntei:clockwise to dtawfod 224 and attached -beam:. 'do}V)iwardiy j:hrougli: pa8sag¢ways.J91 'wedge: 202 toward the center c)f !$et 154 and arid-- :th~ce- through lens: fubes.20(at(aehed :sp~d blocks 189 apd:J9()·apatt. When screw to bfoCks ·189. and'-190 af-the Jower: end Of ~22_3,:is ·turned :in :the Opposite. dire(;tion, -the ;~ .tmhae~~-P._, a_---_asnsadg_• _____ e,· ~"'-a_e yesr; _ ·-·-···t.thheeiire·' ¢_~!~_-ea•_ ithllwn.-_-·--·-~-i~fgtlllh~·t __ g,_ • __ ••f:-•ro·--~~m~e_ :~C:tiot). of: springs ; 196. on bl®ks_ -18_9: and -190 '.:95 '1A. ww.1 UQJ .IJI _ iJrg¢s;:rod~ 224 ·and:'-attached:~dge,-202 away -the: illuminated sP:aced :·fields op. _the;ll]a$k ~\the -center -Of::furret 1,54~>'.fllis 'pivpts ;and wafer passes-tipwan;lly throughJ~s-.tlibes ·!e~:i':234 in a; clockwi~e- _directio;n:'_to keep -206 .and semi-:transoarent mirrots :204::to-:mir;. ?t m contact with screw 223 •. :•We4ge- 202A .rors· 20L: MirrQri;-~201 defi:eci:· -th.e' ligh:t #ito JS:- a~ched to on~ end Of a rocl-244-:slidably '100 :the oppoiliie: sides of ;' ptism 182: from whe~e exteµi:ljng _ through.;aµ axial b.ore: in rod : 224. 'ifjs :'i'eflec~ed up\Vardly -_ -thr<iugh transfer W~ge 202A exteilcis ·thfough: '.a -transverse lenses:-152 :arid the lenses ofo~r head HO ·apei'.ture-·246:·. in :end portiQ:ll. 230 ·of rod to binoctilar· -eyepiece 142 for :viewi:rig·;by, the 22i~ -t9 engage rollers-200A. An- eye· member .operafor. --'--;: -.-,- :" -- _: .-___ :'· - : :.-- ~32,A _secured to· ·the opp~ite-:end of rod 105 ;: : -With turret T54 rotated 1&9 degrees 'from :24.4:1!;I)gages _aqjustiµg sc~w 223A:·~ough 
;::~~~~: Pfi°:f:;iof:ctN:'1r:!~3,_J~~:-~i(o ~:ir;::~1 ::~/%t&~?:~:i::J~: ~q,:~ -is 'operaiiyely:.llligned- with trllllSfer .-len~s :d_e11tly_ of-·ou:ter tod.".224 and _attached wedge 152; ':Except _as. o~heryvise •despi_bed:~ 'be!()w, :202.-Adjustment of the optical separation of ·no ·lens system: 1so: is coristmcted .1;he-· Sll.ll'le>_as _ eithe(11plit field 1ens,sy8temJ78-·or. lSQ there--lens system: 178 (the{ principal: _<:o#esp()rid,;. ;f~ ':ha"S. no· effect ,_upon the- ·91:h~ and is ,ing _ elem~nts of. hO.th Sy$te.rns beirig, dCSj~~~d : si.t:Qply .aJ1<.i : co11vf!riiently ¢1fect~ _ _-f~ the 

·115 

-.bv. the same- _reference --n:umerals followed .by . froI1t of. :opticaj>@if 26 -by- ·:the: appropriate the-letter.-"A "·.fo-'the ·case ··of' I~s':,sy~em .. adj_usting1:s~w :2@3 •0r 223"";-- -__ - : -_ .:· 180). _ R,eiening:rigw' 81s6: toi Figure 5,-_Y,Jµte $pli~ 11~4.,iens sys.t~ 178 anct i8Q pro­Jight; rronr tungste~· Jariips l~l c~iCcl::withll.i -yicf~ :a, l"CJatively;bigli magiti:fication; .of,- for --housmg: 21() at·•d1agonally oppos1~e std~s --pf ~mp1~, .;ta<t--to,, ~00 dillilt~ter~: to.·-~ble ·:optical-. unit: 26-P.!Sses ·~oujl , ~~?:se --.p~is~ ;alignm~nt J>f the_ maslt:,:a,nd _ wafer. ·openings .. 24T:iri the outei: Wal1s. ~f bloc;~ ;•Irr o.~a#Qn,:t:u,rrf!t 154 is)irst:rotated to 120 -l-89A:'and 190A. ' ~iitranspai'ep.11: i:ni;rrors -operatively align : a. single -:field row -and , 248-'.mOtinted in iJ:iclin~ gr0o:ves··2s~ i~J>~~ column· objective,-- ll!;I)S system 174 with trans­_;:189A:-and ;:J9~{\ Jo/ iI11:~ect ~ssa;gc:~~.s. -{er,,-J~es- 1.52: <-In; .~s tl:iri,et.:positi9rr, as -191A and: ()p~:µi11gs f47:defiect<porn~~.:of ,shown: 1n :f1we .6,J1ght frOlll,- one,. of- the -this ---light--.dowilwaicllv thr()Ugh passage:wa.ys la;mp~:_-181- enters: ,a :'$ide' b.o!'.e 256 _ :anc.:l -is J25 l91A and: ·thenee thii>tJgh lens• tl:Jbes• 2Q6A rc;lf!ff~ted Ao:wn:wardly · by a:; :~en:iitrllllsp~rent -to _ illutninate · tfie·. miiSk;:and _ wa:fei:· theteb~ ::IIlirror · 25.2: :througJ:i single -,: field_• obj~ve -neath.':'Light :Jroi:n the: illtiminat¢d: spa¢! .Je11~es .:qiounted_ in,,yertical'b9i:e,2S4-:to .illu--fields·c:m -the: ~sk and Wafer-pasiies up_~f.dly - :;11iinat~· :~e jiiask;:.-and wafer,~ therebeneath. : through::lens .. tubes- i()QA •arid, ·semi'tfansparerit , ,Liglit-- (r()ID tli~ ~ingie · ~d _on_ the , m9.11k _·and :.I'<> - . -~-. . .· .. ·.· .· .. . . 
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:wafer passes "Upwardly through semitranspar­
ent mirror 252, transfer lenses 152, and the 
lenses of the eyepiece· lens sy.stem for view­
ing by the operator. 

5 The light-sensitive film .on the wafer is .ex-
posed by rotating turret 154 to position 
niirror 176 in the path of the Ultrav.io!Ct light 
·beam from lamp 50 and by raising filter 124 
.to an inoperative position. Mirror 1:76 de-

· 10 fl'eCtS .the unfiltered ultraviolet light beam 
from lamp 50 down onto the wafer through 
the mask. In this turret position none. of 
.the light from· lamp 50 passes upwardly into 
the eyepiece lens system~ Bne:rg:i:zation « lamp 

15 50 during expusure may :~e controlled. 'by .a 
timer switch 258 haW1g a dial 260 .at front 
panel 262 for selectively setting the -exp~ 
sure time. Switch 258 automatically· ·9PenS 
the lamp circuit at the end .of the selected 

20 time. 
As shown in Figure 2, one .end of a hyd­

raulic cylinder 268. is pivotally attached to .a 
.bracket 270 secured :to cover 265 . of base 
unit 28. The piston rod 272 of cylinder 268 

.25 is pivotally connected to one end of a lever 
.arm 274 having its other end secured to a 
pivotal shaft 276. A roller 280 at -the -end 
of a lever 278 secur.ed to shaft 276 · engages 
the bottom of optical unit 26. Levers 274 

30 imd 278 function as a :bell crank in raising 
and lowering optical unit .26 as piston :rod 
272 is retracted and extended from ·cylinder 
268 under control of a valve <and a source of 
:fluid pressure. 

35 As shown in Figures 2 and 7, a ·mask 
holder 266 is pivotally mounted between two 
spaced blocks 286 secured to a ·top plate 
282 of base unit 28. When optical unit 26 

· is raised to the inoperative position of Figure 
40 2 from the lowered operative position in which 

the mask and wafer are viewed through one 
of the· objective lens systems of microscope 
52, mask holder 266 may be pwoted to the 
raised position. A_ SJ:!ring biased plunger "285 

45 reciprocally mountea in support 287 serves 
as a stop for the raised mask holder 266. 

·In its extended position .plunger '285 permits 
mask holder 266 to remain in the · raised 
position only so long as held by the opera-

. 50 tor. This prevents inadverent lowering of opti­
. cal unit 26 onto the raised mask holder .. 

Mask 40 is held in position over an aper­
ture 288 in holder 266 ·by· vacuUIJl ·mounting 

·means inCluding a groove 292 formed in the 
· SS bottom of holder 266 around aperture 288 

. and cov~red by the mask. ·Groove "292 is seri­

. ally .Connected through a ··passageway in holder 
· 266 and through a .line 294 and normally 
·open· solenoid operated valve to a vacuum 

60 source. A normally open microswitch 300 
~ounted on· supJiort 287 is actuated by raised 
holder 266 to energize the solenoid ·<>f · this 

. valve and remove the vacuum from ~ove 

. 292, thereby releasing th.e ma&k ·from ;~he 
65 .. holder and pei'mitting another mask 'tO- be 

pasitioned :thereon. A pair of concentric resili-
ent seal· rings 304 are positioned in grooves 
3-06 on :the lower surface of bolder 266 for 
sealingly engaging top plate 282 when the 
holder is lowered to the operative position. 
The area between rings 304 is serially con­
nected through a. passageway 308 in "holder 
266 and. through .a line 310 to the vacuum 
:source, thereby ·holding the lowered mask 
holder tightly 113ainst plate 282. · Vacuum ;75 
between rings 304 is · released when optical 
unit 26 is raised to permit raising .of holder 
266. 

Top plate 282 is attached to pGSts 316 and 
318 that are secured to a platfonn 322. Plat- :.80 
fonn 322 is supported by an intermediate 
:plate 336 on a stationary base plate 324 
that is .attached to flanges 328 and 330 of 
cover 265, Cover 265 arid attached base plate 
324 are supported within a base member 264 '85 
on resilient s,hock absorbing legs 322. Inter­
mediate plate 336 is supported by bearings 
338 for reciprocal lonftudinal movement· in 
the horizontal Y-directton on base plate 324. 
Bearings 338 may comprise parallel extending '·90 
rods secured to plates 324 and 336 to serve 
.as ways between which ball .bearings 340 are 
pesitioned. ·(Bearings of the same construction 
.may be employed for reciprocably mounting 
-slides 58 and 60 on .bearing blocks 54 in !JS 
optical unit 26). Platform 322 is mounted for 
reciprocal transverse movement in the hori­
zontal X-direction on intermediate plate 336 
by bearings 3 3 8-1 of the . same type as bear­
ings 338 but oriented at right angles thereto. 
Thus, the top plate 282 and attached mask 
holder 266 that are mounted on platform 322 
·are movable. in any horizontal direction. 

A vacuum chuck 312 for holding wafer 
38 is mounted beneath mask holder .266 on a 
platform 346. Platform 346 is mounted on 
movable platform 322 by an intermediate plate 
348. Mutually perpendicular bearing supports 
338-2 and 338-3 of the-same ~e as bear­
ing 338 and 338-f S1J.,.1'.>port plate 348 on plat­
form 322 and StJpport platform 346 on plate 
348, respectively, for .movement in the mutu-
ally perpendicular Y and X directions. Thus, 
vacuum chuck 312 is also movable in any 
horizontal direction.. Rollers 35 8 mounked 
aiong the front and back edges of platform 
346 are engaged ~y brackets 360 attached 
to intermediate plate 348. This prevents ver­
tical separation of platform 346 and plate 
348 while permitting transverse movement of 
platform 346 across plate 348 on bearings 
33"8-3. ·Rollers 358A and brackets 360A are 
similarly ·used to connect platform.. 322 ·and 
plate 336. Platform 322 is. similarly con­
nected to plate 348 by roller.s and brackets 
mounted along the si® edges thereof. 

A control handle 342 is connected for mov­
ing platform 322 for row and column scan­
ning. Releasable locking means 364 that nor­
mally 'locks platform 322 against movement 
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s 
is, released by actuatioo of a ' ·swi~ch '300 
01i: :handle. 342. tQ .. · pennit,, scanning. Lofdting 
means· 364 ·.c~prises. · a · cylinder'. -3~6 open 

.,,, , ... ·at:the :bottom and :testing upo'it ·stationary base 
plate. -.324·. ·A:'sleeve ::368;-:exteµds: upwardly 
from cylinder,-366 through a :large .. clear.me~ 

... -~ ·.2· 

'""": \.·· 

.,,· 

c . ; 

,:::~ 
~,~· II 

hole»<370 .in plate 336:iuid int()'..a·. hole .372 
in .platform,322 .. · Longitudi~1al-:slots 374: ex.;. 
tending : doWi:J:wardly .· fr0n1: the: . upper end 

10 Of: sleeye · 368 pe1!111it. otit\va~chexpansion of 
-~':sleeve>into tight .engagement .. ·witli ,th.e 
walls of/hole 372. ·A" piston 376 .·is; recipt0c:­
ally mounted in: cylinder 366.: ·Seal· riilg378 
at the ·edge of· piston·. 376 .provides- fi.uid-tight 

15 engagement between the _pist<>n:: and cylindei; 
366: Piston t(>d. 380· has. an enlarged.-. head 
382· fQr •e:x:panding sleeve: 368: A. '.vacuum 
source is: ·serially connected W.ough line 386 
and passageway 3~4 in piston rod :380 to the 

~ ·cylinder ·are~ betow· piSt<>n 376,::'thi~: urges 
enl!ll'ged heafi 382· of pis.ton rod: 380 dowll'" 
:ward;· to e:x:pancl ·sleeve ·.368' ·.and lo.ck .-it: .tt> 
platform_: 322 whilcf locking·, (:ylinder-: 366 to 
:bas¢·. plate. 324;:. thereby :preventing ::relative 

2S movement :·between platform .322 and :base. 
plate· 324. A~tion of: Ii.witch 390··on' handle 
:342:vents line.386' to the atmosphere .. Thin·e" 
leas~s the· vacuum.· in ·cylinder ·.366 ·and ,per:. 
mits the cylinder ti:> slide along base .324;.; ; ·· 

~ ' · SlQJ;ted. sl~ve ;368<is. suffiCiC11tly .teSilie.tit · 
.to.; r¢ttµn: t() its normal· :ude*ed.. cooditfon, -th.erebv utging· piston .rod 380 upwardly, and 
p~viding a.. 'Sliding·· .fit :bet:Ween .sleeve: 3.68 
and· the walls of hole 372 .. , · ·; .- · . · : · Ai; : :siiQWn in v~~-. 8, tonn-01 =- l:iandl~ 
342 :i!FpiY:otaliv : attached'' by ball' and: s<de.t 
.CQ~~ctiott 392 to the .\\pper ($d of a: lever 
394. The-l<>wer end' of lever 394 .. is ·pfvotaUy 
a~ehed. 'by . ball and, socket conn~tion 3'.96 
·t~:.a· plate .39R::attacihed>to ·C.Over 26S • . ,A 
large cl~aJ:tce. hQole ·400 in· cover 265: ~mits 
·~atirely<larg~·- pi!otat movem.,~t; .. ··~~:- lever 
:f!~~<i~~~ire:sr.1~0~t~e,vh:'~:~ 

_,,., ... ·;:45 
-~ ~ 

ha.J;td].e 342° :CoYets 'hole 400 in any anglilar 
posjtion ofrlev;er 39.4• Lever 394 is 'an~d · .. 
byJ>all and: socket·co~tio,D.,4Q4· tcHiJ;r~t 
40.(). 'An : arm·· 408:. <>f. :thjs · bratket ,extends 
.tlu!.ouglt : an aperture · 410: .. ·.in· fl.an~: A.1:2.~ .of 

·50 .cover: · .2<S5 · and js: attac:hed to . platf!>n.n :324 
.Tr~verse · ~ove.¢erit ·•· e1f , :!hand.le, 3:4:2. ~there'­
:fo~ n;i,(Jves, platform 32Z tQ the~ iight· or·:left 
across<: iµtermediate. plate.)36;: I;.;Qngi~din,ai 
.movement' of , haridle 342 ii:r.a"' difec1:irin into 
Qr :~t..!>f!t1;1,e'·_p1ane <i(-~: draWfug J,ri.~~~ 
pla~ · 322: .anct plate 33.6. tog¢J:Jlei; .;~~ng 
b1ase·.plate: 324; Thus; by •:tn()'Ving ba1;1dlei:34~, 
:water;'. chuck: 3. 12 'mounted .,on pla.tfoJm!.: 346. 
-an:d-in!!-$11:.·holder-:26.6 'carrie:cton plg'tf0:n~i: 3.22 . '60 

•'.65 

-are m.ove~:aS; .a unit fot p~opei' po~~i9Jii~g in 
·.the. l'I!icroscope· :(ield. )'.?: / · · . -i·:: : ·: .... : 

R~~r.ting now to :Ji'igure, , 9; a· . cy.li.lldf.ielill­
·sbaped h.01.!Sillg- 4i() is attacl.ted by ~ :428 
·to th,e:.bottq:m of an· ari:n 420~ ,M'Jn. 4'20 
ex•i1 :through. . an · apenure 4J:O! ·ilk ~an~ 

22 

.412":.~f cover· 26.S a1'.):d<i$ al!tachecr to platform. 

~a~ ~~~ji~i,41£·, ~n~~::l~o~ 
:,tlttilcne<l. to pjatfO:rfu.. 322,•.,it·is: ma~d with 
'pl~tf.Ornt -322 'by . h&n41e: 342 and: il!. J~!il 70 
against movement witJ.f platf~; 3.22 ·-byJQd(:--iD.g ·(fevi~e·. 364.:'(l"i~·-7._:::an,4 8), ,A.·Iev~r 
436.: •is pivotally • attaeheCf 8';: .it6 ;uppe!' e® 

!~§fi~~c~ 
Ci.>im~ion 43~t i& cyJ.indrical~haped to pcµn:Ut 
~al lluw.eni.ent· M ·th~ ball ih~in when lev:e,r 
436-:is- 'pivoted~,,A fe:c:ess: 44.2-.in tb.e::bottom ,80 
<>f va.uum- :P~~ 44() . p.l'()vid~. with me:. :rop, ;t>f 
base .plate A30·i a: va~iun. ehambe\' f9r rcle1ts-abiy: .sficuri:gg: ~umn ·plat~ 440 tc;> ha.11e .. plate 

Jon:ned:·.in, the bot.toot of ~tio.n 452 and' SCJ1j.;. 

-436:- and vacµµµi: plate 44.0:JS",f~ ,;to ~li4e 
-along;~¢: ~ieA3~ When: valv~ 46.4 iSc.acJ,u~ 

~=~i!~T~:E:~~~:~! 
plate '-430 ~upeif bill :.and soekeF 43-8 
~niprises the .•fttlci,i$-· ~;·levet · 4;36.-!md 
vaC.uum phlte1 4SO. iii: fij¢· tt>.. sli.4e 1,tlQng·.~.se 

:=c:a~:i-.~~:4::.~~f=~=~:~~~ 

~~~~~ 
.. ;·.GiuijlaL46.8 has :~r gbnbal:ring 4zo; piV«1t-:­
:all" c.onnected:-:tli:i 4ibtf~,bi.'acl.ret ·474 by 
·dia~y:PilP6si~e;piVQt.pimL476. a.-nd'.an~ 
.ginit;if"rmg: 412 pi.V~y.· CQJJ~eC,t1l4, to··_g~ 
·rlng470bfpiv.ot"l'1ns.478·~~:.at righ.t 

:=~~l1:~lnis:J6iJ&e~··;:f!i,:ft,= 
:4:72'; A$· S¢t. SCJ:ew·:·4St in huh:.:480-: fi~es giin­
:baJ .rin$:472: .ta:le:Ver ·436; Tbe Jnt~ection 
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·of the axes of pivot pins 476 .and 478. is 
llPaced a greater: distance along lever .436 
from the center of ball and socket 438· than · 
from the center of ball and -soCket 448. This 

5 provides both . coarse arid , fine ·control . of 
bracket 474. Bracket 4 74 is attached by screws 
484 to· an arm 482 positioned for ni.avement 
in a ihorizontal plane withfo · -ari enlarged 
central aperture 424 in arm 420;: Aim 482 

10 extends through aperture 410'. in .flange 412' 
-11rul is connected by an .: upwardly· extending 
link 486 to platform 346. Pivotal movemeiit 
of lever 436 by actuation:·• of handle 350 
therefore moves· platform -346 ·relative to plat-

lS ,form 322 along· the horizontal- X_ and Y 
directions. Thus, after control" handle · 342 
·has been used to move . platform 322 and 
the mask holder carried ther.eon , into posi­
:tioil for viewing _ a key pattern on the mask, 

20 ·control handle 350 iS- used to· move platform 
346 · and the :wafer chuck carried thereon into 
position for aligning. ·a· corresponding · key 
pattern on· the wafer with the mask key pat­
tern. Coarse adjusttnent .of the wafer chuck 

,25 .for ·bringing· the wafer key pattern into ap­
'Droximate. alignment with ·the mask key pat­
tern -is provided by moving handle. 350 =with 
switch 466 in· the released. position so ·that 
lever 436 is pivoted about ball •~d -socket 

30 4-38. Fine adjusttnent is provided by: closing 
sWitch 466 so that the fulcruin ·of lever 436 
·is shifted ·to baU.·aru1socket448 for increased 
:mechanical advantage. Platform. 322 is. nor­
mally · ioc::ked i~ position by .' focking · device 

·.SS .364 (Figure 7) when ·handle 350 is moved 
.for pivoting lever 436 t() "inove :platform 346 
and the . wafer chuck- mounted thereon, . · · · 

As shown in Figure 7, chu.Ck 312 extends 
· -through an apertut~ 494 in platform. 346~ A 

·40 radial flange 496 at th~ lower end of aper­
·ture 494 rotatably supports : · an annuiar­
·shaped chuck holder 498 •.. A plate 500. hav­
ing _ati aperture 502 in axial alignment with 
-aperture 494- 'is secured to the top of p1at-

.4S :form 346, whereby an- annular channel 506 
·is- · formed betWeen flan:ge 496 and .plate 
500. Chuck holder . 498 has .an ·ouiwardly 
directed· ·.radial- flange· 50'8 tliat .eitends ·into 
channel · 506. ThruSt ·bearings -510 ·at : the 

. 50 upper· and• lQwer faces. of flange 508 rotatably 
·support holder 498 on -platform.· 346. A.s 
further shown -in .Figure 10,.·roller bearings 
·512-1, 512.;.;2; and. -512-•3 .at the .periphery 
of. flange 508 maintain. chuck. holder 498 ·in 

'. SS -uial alignment with ap¢ure: '· 494r R-Oller 
bearings 512-1 and 512-2 are mounted on 
-rods ·fixedly sectired to platforin :346;>where­
·&S roller beatirig· 512-3 ~is carried by:a:block 
514 radially· slidable in a gro~ve -in platform 

· 60 '346 .. ·.A. spring 516 resiliently.·· biases block 
-514: toward. :chuck: -holder. 498 for 'engagmg 
'roller bearing 512-3 with the chuck holder 
Which, · in · turn, is urgCd into. engagement 
·with ·roller bearings "..512:.1 and 512-2. Fine 

. 6S •aiJ.d coane . rotatable :adjuStlilent. of . chuek 

holdetA98 is provided by rotatable adjusting 
knob 518 and locking knob 520 at opposite 
sides of platform.. 346. Knobs 518 and 520 
are fixed to the outer ends of rotatable rods 
522 and 524, respectively, which threadedly 
engage opposite ends of a slide 526. Slide 
526 is releasably locked in a groove 528 ex­
tending across platform 346 by a. locking 

7Q_>:~· t 

pin .530 extending through an ~perture in 
the side of . the slide. The inner ·end .of rod '15 
524 is beveled for engagement with a beveled 
end of locking pin 530. When knob 520 is 
rotated to tum rod 524 into the slide,. pin 
530 is . Urged outwardly against the wall of 
groove 528 to lock the slide in the groove. lJO 
Rod. 522 engages one end of a slidable push 
rod 532. A head at the other end of puSh 
rod 532 engages . a ball 534 carried at .the 
end of a ·pin 536 extending fJ;om flange 508 
on chuck holder 498. The !head of another ·ss 
-ptish rod · 538 is resiliently urged into en­
·gagement with ball 534 directly opposite 
rod 532 by a compression spring 540. When 
rod 522 is rotated into slide 526, chuck 
holder,. 498 is rotated counterelockwise by 90 
.action of push rod 532 on ball 534. When rod 
·522 is rotated in the oppt>site direction, chuck 
·holder 498 is rotated clockwise by action of 
spring biased push rod 538 on· ball 534. 
The threaded connection between rod 522 9S 
and· slide 526 provides for .fine rotatable ad;. 
justment of chuck 312. Coarse rotatable ad~ 
justment of chuck 312 is provided by turn-
ing knob 520 to release locking pin 530. 
Slide 526, with push rods ~22 and 524 car­
·ned thereby, is then axially movable for 
coarse rotatable adjustment of the chuck. 
ThUll, . wafer chuck 312 may be coarsely and 
fincly · adjusted · in a rotary' direction about 
.its . vertical z axis for aligning the wafer 
-key pattern with the mask key pattern. 

Referring now to Figure 11, chuck holder 
498 comprises an· upper part 498A having 
radial flange 508, an intermediate annwar 
section 498B having a radial flange secured 
to part 498A by screws 542, and a _lower 
.part 498C attached to part 498B by screws 
544·. A cylindrical-shaped wall 546 of part 
498C · extends upwardly through parts 498B 
and 498A at a spaced distance therefrom. 
·The uJ)per end of a chamber 548 inside cylin­
drical wall 546 is closed by a m~ber 550 
having a downwardly extending sleeve .552 at­
tached thereto. Sleeve 552 telescopically sur;. 
rounds . wall 546. and is axially slidable there­
along. A flange 556 on sleeve 552 limits down­
ward travel of the sleeve. Sleeve 552 is niised 
by: applying compressed air-- to chamber 548 
through line 558 arul is lowered under action 
·of gravity by venting chamber 548- to the 
atmosphere. To facilita,te lowering;. line 558 
-~y be connected to a source of vacuum. 
.· Wafer chuck 312 includes a chuck plate 
560 . carried by end member 550. The face 
of chuck plate 5-60 includes a pluralitv of 
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:~:; intercOmiected:. ·radial' groO;ves>·562·:,8na is A,_ring: gear '604 ·is·.at'mclied .to: stop ting covered by a perf<>ratecf tap.' plate 564.: A 600/ A spur gear606 is affixed: to sh~ft: 608 dowi:i\.vardl{ '~tending central stem 'S66 ,_o-f for -·rotating ring :gear. :604> .'Shaft• 608 As 

..... ~.:· ... · ..•. < . < 5 ~s-,15:0:_.·:i··~s;oans:·.«~. :~aian_:·g.,_ .. lo ..... x.··_.;.· .• %·e51s .. 1 .•. ·•_bore:_.o•_:.s. ... w621 .. tfi.~~ ... an·~nd.·:'· .. ···.th· .. •o.' .. n .. inem_L.'_.·_~:.~ .•.. ~d. e1~y;· ~1~~1t~J:~·~C .. :le?_,;:~61~ ·~~: w .r· lli:I QA.I uvu;; ~.......... ins~t. (Figure 7-). -. Tum;·' the ,, amount flaring:upper.end•570A~:.:A sleev~ $7.z·.titthe ring :588 travels:bet.ween'fiange·598 arid stop 

'.'' .. 

. ~ 
~: ~- . 
;: 

: .. '. 

>(; .. · 

_·,_: 

''!· .. ·. 
'JI- ..... 

,; ·_. .... 

Iower:end of bore 570 is':¢onnectaj:'by·a ir,8,lve ring 600 is !'adjusted\ 'by rotating· shaft-·614 to a: vacuum: 59urce ~tigh fitting' 57 4:,' tU.bitlg to .rotate stoprring' 600; . . .. ' ... 10 576," passa~f.,578; 8,rid tubing 580, With .. The· wafer· is.-Joaded onto:;vacrium:::cliuck 75 '> • a vai:umr•a:pplied to chUck: plate 560; ~~ 312' by moving it ontO -pe'rforated •plateJ64 38 ;is·held firfuly oh the ch.tick~ :f:\cttuition:of wheri the chuck is iiLthe .lowered ·position; the valve: for 'veri~1tlirie 580. to the ·atJiio"' The chuck is then raised :to :bring 'the wafer :sp"here frees .. wafer :38. f0r in:<>V¢irlent;across·. irit<>-faoe-to-.face engagement'.with.the .·mask. 15 the'. chuck. ·With\ the ·war~ hdd :in .. p0siti~ Tube . ..592 is deflated during this :·operation 80 ,.·:: on the .chuck;·cham,ber .S4~is pressuriZedto 8o·thatupward·movemeiltoUoclcing ririg588 raise -the wafer :into. cQritjl,Ct: with tjle· bottom with: the chuck . is ··stopped by:· flange 598 of:the 'mask; A b¢~ri11g 584 comp.rising a while the chuck continues moving ·upwardly $CCtion :of a:. spJ:iere:i~ secured tQ:. St¢,tn 56(; to·bring the .wafer info engagement• with. the 29 of-chuck _t)late'S~j)-~Js:i'eceived.llijhe coni-:- mliSk;'. With the chucldn the raised:position 85 .. :;.; cal shaped upper portion .570A of bore: 570~ ancL l~cking ring 588 .. abutting on flange 598, aearahce'space·b~tween'chuck pfate:56Q an,d tUbe ·:592 is ·inftated to ··ciariip •·the. ·lOcking end member 550 'permitS tilting of the .chi.i<,k ring to-sleeve 552. The chuclcis:theri lowered . -plate· to as~ure· face-to.,;ice engagement, ~f sliglitJy .. to an. -intennediate p·oSition Spacing 25,; the wafer with the ma when the chuck lS t~~owafer. and mask' ·apatt:;-for :alignment. 9.0 raised. The center of ra us of spherical sec- T.h.is'ois:.done by connecting· a· vacuum to.chain-tion bearing 584 is located at approximately ber: 548 to' move sleeve 552· and' chuck plate -the center A. of the top stlrface ·.of .cliQclc 560 ::downwardly. Downward· movement of ,Plate· 560 't9 :: prevent .. tj:ansverse: In,ovement sleeve 552 .is limited ·i,y :engagement of locking 30 .of the :chuck plate during, pivotal moveni~t:. ring 588; with stop ring. 600. The 'downward 95 ··' i :thereof; This SQbstai.ttially ellinina¢s· scraping movement of sleeve 552 is the same for wafer8 ·ot the :wafer across ihe rii~Sk wh~';they.·8fe of all '.thicknes8es. sin.Ce fockirig :ring 588 .is .brought ,futo:,fac~t<>'-face\¢ngagem¢nt;. :When clamped: to the sleeve,only after the: wafer and cli11ck· :plate: 560 is· l<)wered, frictiorial~ge!- . mas,k . are brought into engagement. The 35 ·ment b,etween<.bearing. 584 and :the' 'Wa:lls wafer· is therefore always spaee~La predeter- 100 '.,.;: .ofbearirig.reqeivfug .. wcll570A is suflitjent.(o mined· distance below the; mask-:during the maintain the·. parallel: rela:tj<)riS'hip b~: ;the aligning process; (This.· spacing: is .·readily ad­.adjacent faces of:the'tnas.k·aµd wafer. : ·• ... ·. _.,' justed·~ by rotating shaft·:614' but once set'is · , A- locking device 586 comprising ·a foc~ilg seldom readjusted). Thus; ·the microscope -re-:40 ·ring 588 haVing an"arinu.Jar groo-~. 590·inits mains·in focus for wafers of different· thick;. 105 ,, .. < :inner wall s¢oµnds .Yerticaily·; -movable ness eliminating the:need ;for '.refocus.:aftet ·sleeve 552. Jaw8:"594 .. abufagainst a>tesilient, . each wafer alignment. The cliuck is relowered 'inflatable, ·annular. :";ti.ibe.' "592 seated. on ::tJie .. to the wafer loading arid ''unloading' position ·V-shaped. bottom<bf.: gii>l:JVe. 590. Tue~·· ja'Ws .by; d~aJirig tube 592· t() release· locking .ring 45 comprise sections of .-a _,ring having' <:a-:tri.'.' 588 'from sleeVe · 552 .and: permit· the sleeve 110 ·; '. ; ·atigUiar-shaped: ~ve hi its. outer wallto. seat to·; drop· to the lowemiost ·position. · '.inflatable tube:.592;<Tube 592 is connected . · Referring now to Figure l2;:a plate:r622 through.:a :flexible. ti:ibe· $96 ·and a W:Ivei to Is attached to the rop of plate.SOO. A loading a·: s®ri:e of:.compressed afr. Wlleri the valve slide- '652 :is secured .at':one end to a :rack 50 -is open~d, tub7 S9~ isJrifil:ed and jayvs,:S94 "658 :::¢ciptocally mounted between two- ·ways 115 .. -are urged·:rad1a1ly_:.rµward:f»lto·damp~:en"' .660 :attached to plate :500. One of:these :::. :gagemeilt ;:with:>Sieeve. 55l. therebj · 10cJcirlg ·ways :is -segmented to·:permit ·slide 652 to ·ring 588.:to -sleeve• 552. wnen tube 592 is de'- be-.dtjven :bv a pinion: gear 662 attached. to fiat¢d, ·:jaws: 594 and ·st~e .S52 are'.slidable the-:shaft of a reversible·: drive motor. The 'f : · 55 ·relative ro.one:aitother. l{owever, even·w~n other;erid of slide 652 has :a Vl.shaped. head 120 .. · .. · .. · '<· :_ resilieni'tube 592-is d~.ffatCc1~ _it".provide~::suffi.:- :~6.adjustably positionable along the slide to ... , dent :frictional engagen:jeri(between jam: ,$94 :engage: wafers of different diameters .. This :a~ct sleeve:: 552 )(): prevent; ring 588 ~fl'OJll head' comprises two arms ·668. extending ·at .. -.;· • :- . .slidin.g"-dowriw~' under: $e f-Oree Of gi-a:vify. :right angles to each other;and opening gener"' . · 60. xVertkal"'.mOverilent."()f ring 588 is limiteddn ~ly in the·dfr~ion-of"d1uck n:2 for eng~- 125 •: .. ·...• :the upward:dire<;tiol:iJ>Y.'an)nwardly directed mg: a flat portion of-generally circular-shaped ·.•.·: 11.ange >.· 598::: of • clJ,ilCk .. holder section 498A wafer 38A. ·This fiat portfon is ':provided along :anq -is ,.Jimited· in' ~the do~Ward di$tion •by a· :liI)e dep~ndent upon the crystal. structure· of .an: adjustable:: stopO:riilg: (;00 . :threadedij '~:en:.,, ·the:·~Wafer;· · :Wben ·the:· drive :mot<>r -is. ener.,. , · · . (j5 :gaging:thednrierlower.eriifof section··4~8A. gizedfor rotation in.one directiQn,·slide·652 130 . . -~:· ... 
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is drawn forward to moV'e wafer 3"8'A across 
plate . 622 and to a position: directly above 
chuck 312. Switches 678 and 680 are actuated 
at th~ ends of. the stroke of slide 652 for con• 

5: necting the vacuum source to chuck 312 to 
draw the wafer down into tight engagement 
with the chuck and for then reversing the 
direction of rotation "of the drive motor to 
return the slide to the illustrated retracted 

19 position. In the ret~ted· position; an arcu­
ately reeessed· portion 664 of slide 652 permits 
the wafer ·on the chuck to be viewed from 
above with the microscope. 

After the wafer has been precisely . aligned 
15 with the mask and exposed to ultraviolet light 

·from lamp 50 through the mask, wafer chuck 
312 is returned to the loading and unloading 
position. ·and the vacuum source is discon­
nected from. the chuclt. The wafer is then 

20 pushed off the chuck by an ejector slide 654 
oriented at an acute angle with loading slide 
652. Ejector slide 654 comprises a rack 690 
reciprocally mounted between two ways · 692 
secured to plate 500 and driven by a pinion 

25 gear 694 attaclled to the shaft of a reversible 
drive motor. Rack 690 ihas a pusher· head 696 
with a V-shaped notch 698 in its forward 
end. A recess 700 in the bottom of head 696 
along notch 698 is lined with a pad of. flexible 

30 materiaL When the ejector slide ·drive motor 
is energized for rotation in one direction, 
pusher head 698 is driven forward beneath 
loading slide 652 to move the. wafer_ from 
chuck 312 across plate 622 to a storage tray 

35 628 that may be rotatably mounted beneath· 
a. wafer receiving recess 638 in plate 622~ 
At the end of the forward· stroke of pusher 
head· 696; the ejector slide drive motor is 
energized for rotation in the opposite direc-

. 40. tion to retUm the ejector slide to the. illus­
trated retracted position. 

WHAT WE CLAIM IS:-
1. Alignment apparatus for. aligning a mask · 

with a 'Workpiece. having a· light-sensitive film 
45 to be exposed through the mask, said align­

ment apparatus comprising a base unit hav­
_ing a first holder for the mask, a second 
holder for the workpiece, and control appara­
tus for moving at least one of the holders 

50 relative to the other to bring the mask and 
the workpiece into alignment, said alignment 
apparatus further comprising an optical unit 
mounted on the base unit and being cbarac­
terited in that the optical unit includes an 

55 ocular lens system, a rotatable turret having 
a plurality of positions, at least one objective 
lens system mounted. on the turret for align­
ment with the ocular lens system in at least 
one of the turret positions to provide a mag-

60 mfied. view of the mask and the workpiece 
on· the mst and second holders and an illumin­
ation system including an optical element 
mounted ·on the turret for directing light, on 
to the workpiece through the mask. in another 

of the ttiiret positions to expose the light-sen~ 65 
sitive film. on the worlspiece. _ 

2. Alignment apparatus according to Claim 
1, wherein said base unit has additional con­
trol apparatus for moving the first and sec-
ond· holders together as a unit and in that the 7(f 
ocular lens system of said optical unit remains 
stationary when the holders are moved to· 
gether as a unit and then one hold is moved 
relative to the other for alignment of the . ; 
mask and the workpiece, said turret being 75· 
rotatable for bringing an objective lens sys-
tem into alignment with the stationary ocular 
lens. system when the holders are to be 
mmied together as a unit and when one holder ... 
is to be moved· relative. to the other. 80 

3. Alignment apparatus according to Qaim 
1 or 2, wherein said optical unit includes a 
plurality of objective lens systems each moun­
ted on the turret for aUgnment with the ocu.,. 
lar lens system in a different one of the -µtr- 85 
ret positions to provide a n:yignified view 
of the mask and the workpiece on the first and 
second 'holders, said . plurality of objective 
lens systems comprising a single Jield row 8: 
and co!Umn. objective lens system arid at; least 
a first split field objective lens system. 

4. Alignment apparatus according to Claim 
3, wherein said optical unit includes a second 
split field objective lens system· mounted on 
the turret diagonally opposite the first -split 95 
field .objective lens system in position·· for 
alignment with the ocular lens system in still 
anothCl' turret position to provide a magni-
fied view. of the mask and the workpiece on 
the first and second hoJders, said optical 100 
unit further including adjustment ap!!aratus 
having a. pair of members extending from 
diagonally opposite sides of the turret adja-
cent to the first and second split field objec-
.tive lens systems, each of said members being 105. 
manually operable for adjusting fhe separ-
ation of the optical axes of a different one of 
the split. field objective lens systems inde­
pendently of the Other. 

5. Alignment apparatus according to Claim 110 
3 or· 4, wherein. the illumination system of 
said optical unit includes a first source of 
light for exposing a light-sensitive film, the 
optical element mounted on the turret com.,. 
prising a mirror and being positioned for·direc- 115 
ting light from the first light source onto 
the Vv'Qrkpieee through the mask in said. other 
of the· turret positions to expose the light­
sensitive fihn on· the workpiece, said illumin­
·ation system· further including a filter ·retract,. 1_20 
ably movable into the path of light from 
the first light source to provide. filtered light 
for· illuminating the mask aiu:l the workpiece, 
one of said objective lens systems. inclliding· an 
optical element for verticallv directing the 12S 
-filtered ligb.t from the first light source through 
that objective lens system onto· the ·mask 
and the workpiece on· the first and second 
holders. when that objective. lens system .. is 

.... 
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is drawn forward to move wafer 38'A across 
plate 622 and to a position . directly above 
chuck 312. Switches 678 and 680 are actuated 
at the ends of the stroke of slide 652 for con-

s. necting the vacuum source to chuck 312 to 
draw the -wafer down into tight engagement 
with the chuck and for the11. reversing the 
direction of rotation of the drive motor to 
return the slide to the illustrated retracted 

.10 position. In the retracted position, an arcu­
ately recessed portion 664 of slide 652 permits 
the wafer on the chuck to be viewed from 
above with the microscope. 

After the wafer has been precisely aligned 
15 with the mask and exposed to Ultraviolet light 

from lamp 50 through the mask, wafer chuck 
312 is returned to the loading and unloading 
position and the vacuum sotlr.ce is discon­
nected from the chuck. The :wafer is then 

20 pushed off the chuck by an ejector slide 654 
oriented at an acute angle with ·loading slide 
652~ Ejector slide 654 comprises a rack 690 
reciprocally mounted between _two ways 692 
secured to plate 500 and driyen by a pinion 

25 gear 694 a):tached to the shaft ;of a reversible 
·drive motor. Rack 690 dtas a pUsher head 696 
with a V-shaped notch 698 in its forward 
end. A recess 700 in the bottom of head 696 
along notch 698 is lined with a pad of flexible 

30 mllterial. When the ejector slide drive motor 
is energized for rotation in· one direction, 
pusher head 698 is driven forward beneath 
loading slide 652 to move the·· wafer from 
chuck 312 across plate 622 to a: sto.rage tray 

35 628 that may be rotatably mounted beneath 
a wafer receiving recess 638 hi. plate 622. 
At the end- of the forward stroke of pusher 
head 696, the ejector slide drive motor is 
energized for rotation in the opposite direc-

40 tioii to return the ejector slide'· to the illus­
trated retracted position. 

WHAT WE CLAIM IS:-·· 
1. Alignment apparatus for aligning a mask 

with a workpiece having a Iight7~e~tive film 
45 to be exposed through the ma:sk,· said align­

ment apparatus comprising a base unit hav­
ing a first holder for the· mask, a second 
holder for the workpiece, and control appara­
tus for moving at least one ()f:. :the holders 

SO relative to the other to bring the mask and 
the workpiece into ali~ent, said alignment 
apparatus further compriSing a:n; optical unit 
mounted on the base unit and. being charac­
terized in that the optical unit includes an 

55 ocular lens system, a rotatable turret having 
a plurality of positions, at least : one objective 
lens system mounted on the tutre~ for align­
ment with the ocular lens systci:n in at least 
one .of the nirret positions to pr,ovide a mag-

60 nified . view of the mask and the_ workpiece 
on the first and second holders arid an illumin­
ation system including an optical element 
mounted on the turret for directing light on 
to the woi:kpiece through the mask. in another 

. . . ~ . -:··· . 
.··. : . ... 

of the turret positions to expose the lighMen- 65 
sitive .film on the worl!Piece. 

2. Alignment apparatus according to Qaim 
1, wherein said base unit has additional con­
trol apparatus for moving the .first and sec-
ond holders together as a unit and in that the 70-
ocular lens system of said optical unit r~ains 
stationary when the holders are moved to- / 
gether as a unit and then one hold is moved ,i 
relative to the other for alignment of the 1 

mask and the workpiece, said tunet being 75; 
rotatable for bringing an objective lens sys-
tem into alignment with the stationary ocular 
lens system when the holders are to· be 
moved together as a unit and when one holder .. 
is to be moved relative to the other. 80 

3. Alignment apparatus according to Qaim 
1 or 2, wherein said optical unit includes a 
plurality of objective lens systems each moun­
ted on the turret for alignment with the ocu-
lar lens system in a different one of the tur- 85 
ret positions to provide a ItYlgnified view 
of the mask and the workpiece on the first and 
second :holders, said . plurality of objective 
lens systems comprising a single neld row 8 
and column objective lens system and at least 
a first split field objective lens system. 

4. Alignment apparatus according to Claim 
3, wherein said optical unit includes a second 
split field objective lens system mounted on 
the turret diagonally opposite the first :split 9S 
field objective lens system in position for 
alignment with the ocular lens system in still 
another turret position to provide a magni-
fied view of the mask and the workpiece on 
the first and second hoJders, said optical 100 
unit further including adjustment ap~aratus 
having a pair of members extending from 
diagonally opposite sides of the turret adja-
cent to the first and second split field objec-
tive lens systems, each of said members being 105. 
manually operable for adjusting the separ-
ation of the optical axes of a different one of 
the split field objective lens systems inde­
pendently of the other. 

5. Alignment apparatus according to Claim 110 
3 or 4, wherein the illuminatio.n system of 
said optical unit includes a first souree of 
light for exposing a light-sensitive film, the 
optical element mounted on the turret com­
prising a mirror and being positioned for direc- 115 
ting light from the first light source onto 
the workpiece through the mask in said other 
of the turret positions to expose the light­
sensitive film on the workpiece, said illmnin­
ation system further including a filter retract- 120 
ably movable into the path of light from 
the first light source to provide filtered light 
for illuminating: the mask and the workpiece, 
one of said objective lens systems including an 
optical element for verticallv directing the 125 
filtered light from the first light source through 
that objective lens system onto the mask 
and the workpiece on the first and second 
holders when that objective lens system .is 
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.alig~d. -with th_e 0¢:u4ir ~s. system, said the same predetermined _,diStance from .the 
.illulriination .-systems · .. _stjll J~er inclu®!g -mask · . · · · .·· ··· . · · · ~ · · · . · · · · 

:;!ii=l~o~~:::,.~ift,~~~ll!if: : .. .i:_~ts,lt.-~: ...• ·and·; .. ~.•.•~_·:,~.-~.c-·on··_:·'·den_ .• _· •. : .• ·.·~_--•_1ra_·: __ ·:mst«)p.···,em·.·t_.be~us_.·-~-.· .. ·.:_ ..... ~a:_c_.;.._ .• :s..1.~_ ... ::a .. _in_i.f __ .1,ua ... _._~ .. -:.s-:.• ~-'.". 
\S jecti'Ve:::l~s: sy~ems incl\u:ling::~.optiqatel~- :u .... "~"' . ... U\.l ~ 1-v 

·ment: (OJ:',~;~ically directing Jigh,~ from 1:lle able lo_cking device lock¢;·.~ ,,the ·-~~ 
· __ .sel·~cr: .. n_· ~--d ......... tem.Jigh.. -~-"'"-~. sot_o .. ur:_.th.tee·· · .. mthrougha··~_·t.._· __ ._:_··and. • .. ·.tha .... th __ ._et .. •. •,_ .... _ob_.o· · ... _._L_ectt_.1._ece:~_ e !JioI4er: ;in ·tile. ~re.nded .. positio~ ;~id lock,ing 

......, ... :n .v.. - ...... ""l' .~evic~. ·Jib~g µp~n)l:he: .. firs~,.st~:m.eJJl~ 
on the :first and ·· .see.and holders. ,when ;that .'lll:: ·i.he: :· eXteJid.ed ,,p()Sitton -and .. up(ln -lb~ .•sec,. 

:1-0 ,Jlbjective ·leµs sy~ i~ augii~cf wlth. th~ _.oC\1- .Qn~tst~ ·.niember io'..tlte -intCm:lediate P9Sit#>n :7, 
JatJens:SYstem·:.: : : :· ,: .. _::_ ... ·, . a11~t.be.tng -rel~~setL tp .pc:~t:;~turn .()Lthe 
· . 6. Afignment appaiaius a~oajil)g .tp Qaim sec1ond A=if· to $.e" JCtract~ .. posi;i!)n. \ · ... 
1; : .. rein ;said::base -unlt l:uls .~dditi!)il81 :cpn- · 1 · ·· ent appuatus according to Clahn 

-1:r01 :apparatus· inclriding a: first :mailually wer- ·;:~c)~«P.;,"~hirein--·-·_····.~1~1~t~~~--:i_um_ ;lll_··. -~.:m~~---t_· __ J,~_:-. ;:&0_ 

llS 5'"'~l;.:a.~~ ·~. ~ .1-'!'1 ~..-.... ·positioo .¢ .. ~ 
. fiist~µieµ,tio~. coritrol -appara™s -,·inc!ll<les.:a := .'.f~:-fJ1k1(~0~!~~:~~-u~Jfu; 

';20 

;.'30 

-~ec;on<J. manlJlll.lY operated ·l~r ·a<il!-P.t~d:.:for the-.mask•a:ild.Jn.:tha.t- .. said ·base ruriit-JiaS:.-:a 
~tion by ·the Other,_h~nd of th~ >opera1:0r ·100,di~g,:and -~~ri.g:platf~:.}Vith . .all"a~- ·85 
.to :mo~ ·one ,,0f:,the holders ,-relative .. to .. the . ::nii~ht~~b'1J1:''.~~~~ho~~:: ~ 

. -~~L_,:'_.sspaai.dc£fi.°ii~:-a_1:n_:::.~.('1f_cmms_ted. ~ilia.'er.'t .tb,e :iop .-of:said ;·iatfonn.:in :Y. ·:.retract~ 
_,IJlll.Y lte -~lectively ; C111Pfoye<J. : ,to_ p~yicie ili.e po8iti0n a~ ~ing1'~ised . thr~_:.\aid. llPef-
. seco~d: :manually• opetatcxl lever . :with .first ture. fo~ bru.igu:ig ~ .~orkpiece .into enpge- ~ 
.'.l~D~·>SeCOµd ·mecr1uinical ad~U.ta~~:-10.r coarse ment 1Wi~ th,e:mask OO'.the.,:first.'holder in-.the 
and' fin~ alignment ~4j~~< ·, . : . . . -irii~==~~~t!.~::~~--~=-:~:yd 
.. t;, 

7 ~=;:::it~:¢tl=~~:~ ph!tfol"lll for ·moying .. the W,0rlq>iece onto J4e 
.,para~ 'in,olu;des ::a.· ·fir$t ll1-()\1'8ble µiember ~on'\:"~olde!\·at ,said ;aPerture:·When/th.e ;~- -~ 
.. c~plcd -to.a suppo;jt for .. ~ ::Of:* .holders, onc;l .. holder .is in the retf!lCt«Lposition.-and 
,,a,:~onq mova~le .. mdJlber coup1ec1; to'~ ,sq.p- for ·inQ¥U.g· the .-wPi:ki?iCCe ' off' the secoild 
.•P9rt Jor: the .o~~, of me, 11.olders, Just ,an.d holder '.\vhen'.:tlie :.sCCoiid"-liokier -is in''tlie ;:re- · · 
.. ~ond ... pivot con,nectioils<a~ched,~ :d.J.e, sec- traded positiori. · · ·· · ·· · ·· : · .. ··.· .. ,..;. 
,m.J.d -in:anually -op~ted.1~er,at':spac~,posi- l¥· .Alignment ,~p~~~ as -ciaimi:c:(. ill @O 
~ops ,thereafong, :. pivot.:: appjll'a~s . -~oupling ,:Oaun. J .,or 4, .. w.b~. ,-Baid .optical ,-qµit in-
the second manually operatec;l[iey~_at .. anot;b.er -c'µch~s: a ;p1u.raP~ ,-.of, ob,j~ve lens .,~stems 
·po6ition therealong: to the fir,i!t -movable lJ1em- ea moUll,tCd on; the turret-for aliglllllent·with 
. ber;, .:and. rele~.ab\le locking .. apparatus for .-the :O<;tJliir:leps ... sY8~ :in :a.; .diff~t:, one of 
selectively coupling eithei: .$e .. first .or -the ;th,~: ~c:t :p08itio~ ;:~ .j>:i:oyide :a. ,~agni.fied (,ij)S 
second pivot connection to the second inov- :vi~,~ .the., .. ~ 'll'?d./~heyw0rkpiece -pn.._$.e 
aple mem\)er ·to P.I'()16de the. :~t _or the sec- ;first ~!'J'.id,.-;sec~)~lders, ~id ;·pluralfyy :of .·00-
ond Julcrµm. ·: ... ''· .. · :::: . ;. · .j~ve: .,le.us ~ystems :.(;:Omprisjl'.lg ... at .. <lea$:t :a 

8. Alignme.nt ~ppara.tus.llecording to Claim .. pair'. .. of ;:§Plit: .field,_ ... jepti~·Je.ns ·:,systctms, 
45 7, wherein said control apparatus includes and,in:•t <saUi ,qptfoal 1111itJncl'ud,es. -~PPl1-ta- ;!JIO 

ap_par~tus. (or releas,ab~ I~k~ : tli~ secoI1d tus .. for '.a4justing -pi~ ~a~ation of. the _optical 
;:1J;:1'!t ~e;n~:Jici1%aJ1i:l~~=:·~ . ·;~[''.~ch :xn·~11;~nt;.;~~l~ .®,jectiye lens 
so as to lock said oth~ hold~ against move:.. ·· · · 13. Alignment apparatus as claimed in 

50 ment during movement of said one holder Claim 1 or 2, wherein said illumination sys~ 115 
relative thereto. tem includes apparatus for providing illumi-

9. Alignment apparatus according to any nating IigJit_ to illuminate the workpiece and 
of the preceding claims, wperein _said second for providing. exposure light to expose the 
holder is movable between a retracted position ligh~-sensitive film on the workpiece, said 

55 for loading and unloa~ing the · <workpiece objective lens; .system includes aJ>Paratus for 120 
therefrom and an extended position for bring- directing the :illuminating light onto the work-
ing a surface of the wOrkpiece in~ face-to- piece to illuminate the workpiece when the 
face engagement with a irurface of the mask objective 1ens system is aligned with the 
on the first holder and -:bclµg still ~r ocul~r len$ system, said .optical· element being 

60 characterized in that stOp ia~tus is oper• . , mOtjnted .011 the :turret ~or directing the expo- 125 
able when the second hold~ is. i:'etraCted f.tOni sure' light .onto. the workpiece to expose the 
the extended posioon io stop tbe second light-sensitive film thereon when the turret 
:holder at a position in~ediatC' the re- is rotated ~o said other of the turret positi9ns, 

. 65 tracted and extended po8itions so that work~ and said illµmination system further includes 
pieces of different thiclCness~ 'are each spaced apparatus ¢..ovable. into the path of the expo- 130 

--·-··-~·-·-----·· ·--··-- -- -~-·------·····--·-- -·----···-······. ---

. l'lllllll llllll.llllMllll \1 lllt 
*· C L M S * 



2'1 
lo 

sure light for preventing the exposure light 
from reaching the workpiece and movable out 
of the path of the exposure light for permit­
ting the exposure light to reach· the workpiece 

S when the turret· is rotated to said other of 
the turr~t positions. . · 

14. Alignment~ aP.paratus- according to 
Oaim 1, wherein said ·control apparatus in­
cludes a first manually operated lever adapted 

10 for operation by one hand of the operator to 
move one of the holders re:ta:tive to the other, 
said base unit iricludes · releasable . locking 
apparatus for locking said ·other of the hol­
·ders against movement during movement of 

15 said one of the holders relative to said other 
of the holders, said ba8e unit has additional 
control apparatus iricluding a second ma_nu­
ally operated lever adapted Jor operation ·by 
the· other hand of the operator· to move the 

20 ·first and second hOlders together as · a unit, 
··and said·· base unit further · includes · appara­
-tus for releasing said releasable locking appa"'.' 
· ratus during operation of said· second manually 
··operated lever;· · 

25 : 15. Alignment apparatiJs aCCQrding to 
-Claim 1, wherein said control apparatus in­
. eludes a mantially operated lever f~ movirig 
· one of the holders relative to the other, said 
manrially operated lever having spaced first 

30 -.and second fwcrums that may· be selectively 
-employed to :provide the manually operated 
lever with first and . second mecllailical ad­

. vantages for coarse and fine alignment ad-
justments. ·· ·· 

35 16. Alignment apparatus according to any 
of Claims l to 10 or 12 to 15; wherein said 
base unit includes apparatus for loading 
workpieces ·onto the second holder. 

17. Alignment apparatus according to Oaim 
40 16, wherein apparatus for loading workpieces 

onto the second holder comprises reciprocally 
·movable apparatus for loading w0rlcpieces 
. onto the second holder and unloading wc>rk­
pieces from the second holder when 'the sec-

45 ond holder is in the retracted position. 

H> 

18. Alignment apparatus according to 
Claim 1, wherein said. base unit has addi-. 
tional control apparatus for moving the first 
and second holders together as a unit and 
iri that said ocular lens system remains sta- 50 
tionary when the holders are moved together 
as a unit and when one holder is moved rela-
tive to the other during alignment of the mask 
and the workpiece. 

19. Alignment apparatus according to 55 
Oaim 18, wherein said first-mentioned con-
trol apparatus includes a first manually oper-
ated lever adapted for operation by one hand 
of. the operator to move one of the hoµlers 
relative to the other, said base unit iricludes · 60 
releasable locking apratus for locking said 
other of the ·holders against movement · dur-
ing movement Of said one o1 the holders rela-
tive to said other of the holders, said addi­
tional control apParatus · iricludes a second · 6"5 
manually operated lever adapted for opera-
tion by the other hand of the operator to 
move the first ·and second holders together as 
a unit; and said' base unit further includes 
apparatus for releasing said releasable lock- 70 
irig apparatus during pperation of said second 
mimually operated lever. · . 

20. Alignment apparatus according to Claim 
18, wherein said first-mentioned control ap­
paratus inclij&:s a manually operated lever for · 75 
moving one of the holders relative to the 
other, said manually operated lever having 
spaced first and second fulcrums that niay 

·be selectively employed to provide the manu-
·aHy operated· lever with first and second mech- <ao 
anical advantages for coarse and fine align­
ment adjustments. 

-· 21. Aligrutlent apparatus substantially as 
described· hereiri with reference to the accom-
panying drawings. · 85 

A. M. ·& WM. CLARK, 
5, Stone Buildings, Lincoln's Inn, 

London, .. WC!A 3XT. 
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