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Fabrication of an Array of Divergent 1\ficrolenses for 
Multiple Beam SpJitting 

JÍUlCppc Anlonio Cirino. Ronaldo Dorningucs Man~:mo. PaÍrick Vcrdonck. Luiz Gonçah·cs Neto• 
LSI • I:PüSP- S.lo Poul<> l:ni•ersity • Brxtil 

• EESC • Slo P~ulll Uni>·cr.ity- Brolil 
..,n.>il:riusq>peou pattick@ki.usp.br 

Abslr:lcl 
' :i".ir "'v rt:. tiJc d~Jign. fabriíation c ru/ on.:;lysi.s tJj a" 

f'J tJf r--zraho!~c Jü rr~("l miL·ro!.;I'IS~s fa,. m!fit~f'J{t# 

splir::.r2.~ is prner.t~d. Bt'CUUJ< e/Ih< cq:n~OJm('r.t 
~oci-trJ, :11..- .,.·M:I: of zht ff'!icrdtr.us "as dctcrmir:c:d 
:~ 10 p.m. Ir ~.t·4!1 mlcr•!a:rd that a dh·ctgt'r.t paraboli.e: 
"' •i:hf-nombtr of 0.5 '"'~ld d<ú•·u lht tkti~Yd 
-;:Xal parurn oj mulrip:t' bt>a-:.s disuib:tud ()I:C'T 90 
Iwru . . ~ surf.;u r<l~f J,plh of ó.S Jll1t was cakulatd 
;.:tP:4ttir.t lhe plws< d istributioru t>/ :such tciU.. Tht> 
'r.itJ 'lttlCf~ f~brit:r.tcd ifl â /0 ~ tltici plrn/0 TCÚJl. 

~ a contacr prinr<r t.<poSIUt tl:rougft a mtUl .. ;lft a 
-.,nili_, 4 jJ.tn /ir.t • 6 jJ.tn Sf'dU pdtltrTI. Tlzt dtW !o per 
=••uaüon (UII! ,!c•·tlopwu:"t timt ,..,,. ~djor tl:'-tt 
:t.."!J 41IUI rM c~sur~ tine~ was .,·ari.._d Üt ordtr to obra in 
~~ étJircd proflft'. 1ft~ WJwlJing JifftJ:J..:tion pa11~rrJS 
~.rt d!arc,·tl"riud cmd a S4tis/)ittX ~J..:..tz H'lU: ob:ailscJ. 
lir pa:tcrn <an IN us~d itt robt.Jt cnJ ozh~r applica~ions. 

l.lntroduction 
The \llo'a\'cfror.l rcodubtio:t C""...p:lbility or t!'~ SO· 

:J!kd di1TtJC1ive urtic.>l e!err.cnt (DOE) rn:>ke> ~ .. -ic!e 
ao~ o( oppfu:~timu po«ihle fU<h "" op1i.::>l 
::tc.:~nnections -.·ith C:a:1·in :trA f;ut-oa.l DOE·~. ~:u:t 

cünl :~~ p:tac:rr..s rn~ rohot "ision et.;. [ 1}. M:t:ty ::authors 
::,e rcpuolcd on lhe: .!iffr::ll:tion propcrt.Jc.s o( :11 

:~inuou-t conicaf pha\C' rdicr ~tin~ for mul1lple bc-.Jm 
~pl::tin0 [2-4[. In t!lc«: grotmss. cxh <•>r.it>l ph:lsc rdid 
r.s .11 :1 conver,~:-=nl tens. concenttu.ing :.U thc incfdcnc 
:(Jllt just ""hind lhe p:>~ing !Sl. prcducing "-~ =r of 
!wr.J. lnis >tTa)' of bc:lJm coa bc "'J('T<><im>~ by lhe 
Epl di•ltíb•nion ltu) x comb(u/U). The c!ul:<d Cfli>'31 
;-..:."ltm is cbuincJ by c.;alcul::~;r.inr lhe F~t.mh..::lfcr 
c!ilfrx-:ion p>ttcm of ((u\. whJt Í!l oblained by the F<>urier 
w.donn o( ((u). (iving l(X} X Ü'omb(u~) (Of, 1b: 
>;roiÚmoti<ln of llu) tn co:~:~b(u/U) i< inClc:>....-d by 
:.U.ín~ t!:c microl.ens r-numbct ~ lov. :l.~ rossihlc :mJ 
liitl b) m~king thc t.:'Cnlinuoui. coniQJ relicf shapc to bc 
•dl tl:l"o.l•ccd during lhe fobtie:uiun. A poor l<m 
dhi&n rc->u!IS in ;~ strun; in1emtry v;ri.ltion (:.bout lO 
tie'lCS co:u.akrin: lhe rr.nimA.Im :.nd th.e minimum 
inlcnsiti<>) in the li:ht <!isLribution iíx). 

lt is pos.iiólc to oblain an lll':ay of microlcnscs 
-::si r:g microckctrfl.n:c nu.r.u!~,;turing tc-:h.niquc\. One 
Ç\.~~jt:ihty it (a) rcrform (flf:C"Ctr.t ( }(.,01\tJt:S With 
~f!.:!e!U: f~ C:i s~!'K'es r.d i:t this 'lll.lY d~tennir.e lhe 
r-<'-""'U) o! thc r<>uhing rcsiSl raner:> (7) . In thÍ!l wurl:. 
:!i<-.'C:f~IU m.JCTOicn.-.c~ • ·c-rc: ~rated in a thkk phow rC'sW 

usinb- :1 sirr.rte co:'IU.:t prir.ter. Th~y Y.erc {o.>rmc-d inM Ehe 
ph\lto roi~ hy <'trJc,,in,l! !h~ tfdrr.:...:uon ch3t;u;tcriSiics of 
thc light pwje;;1r.:J tltwu,r..h a r.t.,.,tc. with o 4 ~m hnc- 6 
):.m spolo:c p~r,m. Thi-~ :uuy ct' d i,·-:r~r:r.t 1nicro!cn.~s 
prt~uce~ thc s.:.mc c;uk~t ctl'..:!:t :u :m Mr3Y of 
et:m\·crgrnt microlcn...:c...""'. 

2. Design and f abrlcation of lhe Arr.ry of 
Mic:rolenses 

lo tb i;; pr<>j<el, Ih< Jo;:d is t•• Jl"OCf~lc ~ linc•r 
orny of 19 bc:uns ~istriburcd .wer 90 dcs~ using "" 
mõl)' of dh·cr~e:'ll mict,,fe:n~:l. 1'u cbtain ~ dê!fr.Jclion 
All~le of 90 dC$!cCS. tho vict~ lcn.< fo.:ol pl:rne b3S to l:lc 
lcx!lled !l! o <!l•un.::o of tulf ... 1d:!t oi tl:lc lcn> di•nxtcr. 
wh>t results in 3 f·numbcr oi <I.S. fki:>IIS< o( thc uscd 
cquipmc:n. tl-..ç rc":'i,.l t1Ü~~n~s~ thl.s lo llC' in 'bc S ~m to 

lO lJ,m t3.n~c. 11-.t: ~iJth. of Lbet lcns was chos.en t.o be 10 

J!nt. rc.:'tult:ng in f•;..:::al Jis1~rKC of ~ JliU. h is poss1blc to 
c;ol~ulol< the f~rm of L~e itk-.11 kn1 md fur this 
:ç:çlic:uion. ;1 t.fi\c:~cn1 p~holic tens .,.AS f&Nnd (O~ 2 
g>XId MJ1ut:on . Th: dtmcnsions o! t.hc ~bol;i \\''C1"C 

desi~ed C(Jft.<i.i&tin:; Jh,:,t c~t~.:h surf~(: a...1:s u.s ól 

di\'erp.cnt c~li~ril.';~ll~~ ''>id&.l f·numbêr eqwllo O.S. J\ 
wrf.tee rclicf d.:pd1 ~·1 ( 6.!' }.J:n "-':1~ c~kubtcd c:onsi&.Jcrín)t 
lhe rh:s-1-l: .J ;srribt:fÍ<" n~ o( f.U::h Jcn~ (~) . lhe w:welcn,lh 
U~d (Q_!JQ ~mJ .l01J thc ind'I!X O( tcff;I~Üon Of lhe f'holO 
rc~isL i\ ~h~m.Jt.i:t: ••ie"'· of lhe d\!:fltcd sur!~Xc rclid is 
shov. n in figure I . 

glass sub:<trate 

I em 

Thc: ~·rk.1J rc~i".~ thit:lnC!'~~ for mkroc.l<ctronü: 
~r.plic:atí•,r.s i."< I $J.-11. In ookr v, dcr-o sit ;s l:l)·cr o( 3( 

lc~u 6 $ J,l.m, a Jpc..:i:aJ r<!~i :.: "'~ u<.!'d : thc All ·~ ... i'r 
AR-P3:0. Thi• re;i;, -.·~• >rcn nn a 3-inch di:uncter 
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<>ptíully n~t 11270 Sl:PERW!Tt hí~h lrln>P>rcncy 
1ilss. durins lO >ccond• >I 2000 1"1'"'· ofler "'hich lhe 
spin spccrJ "".;u xrtl<:r.JtcJ up to ~1)(.'0 rpm v..hc:c il 

rcmõ:~in<d for .;~n extn. ~ s«orufs_ This rc:suhs in 3 b.)cr 
of Ofl"Oximolel)' lO 11"' thid<. 

(n 01Jer !o un<!cat:sr.d the c!:1:1!ne.d tCSlJit:S. it ios 
ncce~01ry tu ~~rbin brieny the tnc'l:~un;il., t1f dift:;s..:tion 
th~nu~h > rrusl: .,.-ith rcbrivcl)· s""'ll l~,.·sr= fcotu"' 
(SI- Thc dfc;t <>f li.,la dil!rx:ion is sho-.n in li:;u"' 2: 
the modubuon or lhe IJ~h! ~hiruJ the !ro.Sk Íl !cJ.S t!'J~ 
1: lir,ht peneu,rc~ ur.<!rr f!lc rr.ekll hne on t'lc: Jn:uk ~nd 
llS lnlt:J1sity ÍS not ~OnSl3:l\ U:'I.J.cr ~ Of"tn !lra..:c, 

UillUlljl! -E~ 
__ ... .,,it"-ATC 

lU.~IC ,.._~lEltN 

•u.st 

i; : : l -!--lo(TIJ&l."'-PcSf(R 
i lti" Jtt, -:~~~ .... [0 

!i 1 I I : 

• ..J 1 Lef 

D I 2 .S 4 
PQ:S."':'JOII Clc _.,l:lt u.AI ll"lfiUl 

1'11.! ; ld~•l ond rui lnlntWty di>trilnnJon nr Ucht passina 
throuE!I • mak wltb norrow spocu (li 

l'bc smolkr thc opcn sp:.;e, U:c w:cr lhe 
dil'f::~.cticn cf(c-cL For a c:~ ntact prlntcr. t.'te ~i{fr:.letion 

c!fcct ifi b:g~::r "hcn d:.e di!o~Jn~e bct-...ce:1 w~ftr ;,nd 
m:>>k is bi0ger. T!tis :Us" rr.:.w; r~t f~r o thick resi.<t. 
therc is more difft3l:tiCD th.ln fo1 :a thtn rc.siiJ.. In lb.is 
:t.rPii~:lliNl. d iffrx"'tiotl is us<d to out ~"~"~bC: iD on:h:r 
to ob~n thC' dc~ircd p;lfJ!xJlk ptofir~ . we -.·.::snr lhe Jisfu 
tn pcxtt.ltc: utK!ct ~ m.lSk :l.nd to hil\'C: a n()r..uniiorm 
li~hr lnlen•ity In thc cl'<'n sp:o:c. For ~11 th<se re>sor.s.. 
Lhe cptk.J.J <!c\'Ü:c dc.sisn con.slns of one tlw~ S ~:m 
loog J 11"' widc lio<>. » ith spocc• o(6 ;tm bctween <hem. 
E:lch ~ corui.n.< o( !.a. o r dx~ dcvkci. A concc;:-tu:aJ 
<!c"isn is .d\'l""" in fiF~:c ~. 
l:1 :tbnd.:m.l mio.."l't'CIC'~Irc nic :s.prJic,tirm~. lhe '-'':llls o( ~hc 

resu!ting rc.'i't p:m.e:rn\ h.l\'C :\) bc ou •tc:tica! .l$ P..~'\.ibt~ . 

In L_,i~ :1ppli-.::~.tit.>n. tl:.c t!csm:J rrvfilc Íi CQmplctdy 
diffcrcnt. Tht t!lrcc- miJ'tt impon.lnt r:.t.Drr..e:tcr:t (Q hc 
opt:imrscd ia t."'c lithognphy p:occu 2r;: : c~poosurr: rime. 
tk\.·c:~per cuac~!'lu::Uic:t ;JnJ ckvt!op~nt tin~. A hi,shc:r 
dc:•clop:r c:on.::entt:~t!..:n :s:.sclts in stec:pcr rc:sist Wllls. 
"'i\i;:h is rrc!cr:~blc for mk:ocktroni..; apph..:::Jtion• t-ct 
n'-~l f« \hi$ uppll..::.ldon. \Vt:.::!::JS for nucr~!cctron:c 
ilppli..::atiOM .1. 4:3 Ol·\lr';).ter.C.cHlo-'-rt mixtur~ 't\'2.) uow.:~. 

a m.i.ttur~ of S:! ..... ~ \:3('d ft.lr this :~ppli.:.ltion Sc.,.er.!l 
ttl>l~ ~ c re pc:rfonneJ ~-w ~ d~"c:lopmcnt ÜrT'.c: cf I 

m1nu1c v.~ fcuod lCJ yichJ gocJ re1oll:s. Thc c.,~urc 

times wcrc ' ·arid from ~J to 40 •t.::ll1IM ond thc 
rc.,ultini resisc pnHitt:.:) "'·~ ~n:ll)'sed . 

IO<:m 

rhotolitho.,fic 
(d~rk li~ld) l'!'.llk. 
Cr filmo.erqu~nz 
rl;,tc 

J ~in~h w:~!:;r ~ith 2.! 
J.:,· lce~ ntJde in thtd. 
ph<lhlf~'Í;t OV<T l{l:!.<s 
~ubstrall! 

fiJ.) : Conc<ptu:d dc<i;ln o( tb• lith'>anpbk -
and p:t.Utrn tr:ansfcr to tbe ~Gfrr 

flt:t.lrC .S s.hov.-s ~ 3·inch quarV. '4õlfc-r \lJÜh 2J. CF"..i;-ll 
do:,·icu. (Jhrk:Jtr.! c.'tnt: :1 J6 sc..:of'l(l\ C~f.Cl'Urt rime. 

.. ~-' 
~--

Fi&. "' : f1tqtncraph or .. ..-arcr - ilh consútlnc: et 
.a 1 <'nt by I em ~rruy otmicrolrnsn modr lnpftcfo~ 

3. Opti<:al Ch:ua<:terization of the 
Fabricated Oe\'ices 

Thc- ''~IÍ\:al -=:hu~te:-iz~ i ('~n d lhe f:.bticJ.teod 
dc-.·kc:-..; .,;on)isa cf t~c me:::.~uremcnt 1:'1 &.c irHc::t...;i1ie1 c! 
thc Fraun.~cftr ddrlction rat:crn ço,or>tcd by lhe 
gr~ ing v.·t:en it i1 i!lumin;:.a:d \lr lth ~ H.:·Ne ~r. 6Jj 

nrn. Th~e int.!nO\.:Iíc:' ~ m<JSurc:J -.ich..:. ph.tJ:O\lct.cC!;,.~ . 



spatial filter 
(pinholc) 

f'= 250 

A :schc~rk view of tr.c c:~pcrtmenul set-up h. shown ln 
t;Jrc: S. A spati>l !ilter {pioholc) or.d 2 lcos L' (fnc:d 
1<"-~ cquo.l to !SO ntm) >cne to .. p:md the 1:~-<cr .,..:m: 
Ire~. Thc pupõt r.penurc "'->=• !Nt only thc =• O\'Cf 

~ opti~olcl<:ncnt i• illuminoted [9!. 
A su:nm>ry of thc rc:<ults is s!to-.'ll in t>l:le t 

itc b.:t\C ~U..-c-d thc: 10Uinumbet o f di!frxtitm orden .. 
lbe :an.rul.:sr .Jrcrt~e of ~-h si& (r.eJ-3úve lO cflc zero 
:rdcr}, .t.nd ll:c DU.\imum ud rr.icimum intent.iües ~idún 
~ sign:.l ,.,í~ow cocr«pondinJ to nine díffr:u!tioa 
Cf'Je:>. Thc sor.r.ple• ,...,,.. on>ty>ed in > Philip< S IS 

' SE.\1. T~>o prnfites ore: shnwn in fiJurc:.~ 6 a 3.nd b: 
"po<UIC rirnH I'Cn: rc.<~'C<U\'cly 36 S ;>nd 40 S. Thc 
!"'file of fi:uf'C 6:1 >pproxim.>t., ..-eU thc dcsírcd 
j~U.lbo1~ Th.: lct.ll ~~:pth of thc s:ructu.rc:~ b 
~Dlinutely 6 ~m. The r .).f:~ o! m.l-'imum to rrJr.imurn 
i::tr:n)ity v;sn:s bct..,.ccn 7.1 10 3.7 for thc: 361 e~pt.l5Ufc 

ti.'TlC nrnpk>: t~.is 3.7 mi·> is thc IO'o<e!ll obt~mcd ia 
W!o: leSI:I . Thc re•ist "'hich "''O> C'fO\ed f~r 40 SC<OtlÜS 
•J."- comp1c:c1y <!c,·clopcd in the opc-n tines. exposinr: lhe 
!IJt ,u.,. substt>t.:. ~"d h~c rewlting prof:le is not "'h:u 
... >i:ned fcr. This f'Ctuh• in tbe e<bcmcty higb in:ensicy 
cf th# 7.'tf0 orckf: tT.o~t cr t.hc licht pa:'-SCS Str3ight 
tbrou;h thc op!ic.1l clcmcnt. Jn lhis ~.:t.'\C', the rtl.lximum to 
r:tinlmu:n lnten... .. ity ntio i:e. l1.7: \'Ct)' high. lt is tlc:zr lh.11 
~it. U. nnl thc d~i rctJ dc•oicc. fçr m eXÇ'I)\UfC' o f ~4 .s. 
1!:te rc~u!Ün!! profi.lc \\:U. lcs., lh.ln 6 J'Jn dccp, a.nd 
tbercrore ~JO results i1 :a hiiher ml.:-.:imum to m.inimum 
intc1uity r.:.tio. 

Th.e opti;::t.l ch:u::ctC'fiutiun shov.s th;lt ~ l:~scr 
~:sm c:Jn bc <!d1e:ct'd o':cr ~.n ::n,le of nlGn: lh.ln 45 
dc;recs :and th.lc th-ao m.uimum to minirr.um intcnsit)i 
r:~ c.1n bc li1:1iccd to ilppro.~im.ltcly 4, -.a.hi'h is. ;m 
>ro:pt:tble re$~h for m~<t :!pplic>~ions . 

S Condusion:s 
A!l a.~y Qr m:.:rulenses hJo; bccn d~sitmcd. 

:o..l.,cf.:k:tured J.nd ch~~•cr :l:d . Jn a lO ;.am thkk çhuto 
tci\t. lO ).1m \Lic!c 2:1d 6.S ~m decp r:~t:aNik lcfl.i.Cs 
•cc c-buined by •.;a-ying lh.c u.pcxurc timC' or 3. contxt. 

pupil 

-n~ 

photo­
detector 

---U .w 
microlcnse~ 

:ltr.ly s ~ 
illuminatcd t:u-get with 
the difTr<~ction orders 

Ficurr 6 :SOl miU<>~:"'pbs shnvll>l lhe obt>ln<d rcbt 
pl'(lfitt ror 3 .)15 , e...'\pos11f'l' llltW (;,aJ a..t 40 s c..spca.u.rt 
thncfbl 

J'-riDtin~ proc~"'s Th~ rc~uH i ng ~tr~~tures h3\'C:: 
~ppro'i~t<:!~ ~ ~rWlll ic pmlil-: :~nJ thc dC's.ired d\!;'tb. 
Th~ cpti:.:~l ~~:.c.tair.;:.ti?n sh'-' ""'!1. tlt:.~l 3 bscr ~m C.J.."l 

be dcflcct~ O\·c-: ;an J!tgll.! o! n"\l.trc thilr.. 45 &:Jreet And 
th.lt th~ ~.l,im•Jm 1~ m:mmum 1 n t~~ltv r:ttio -:.:Jn bc: 
tln-.it~d to ..1pi'ro1im..;;.tdy 4. wt'll~h 1i !ln ~.:C'publc: resulr. 
(cr mo~t lpp1ic~tion•-



exposure numbcrof aperture 
tim~: diffraetion nn~le 
(sec) ordcrs (±ld.:l!r<:c:} 

3~ 15 69 
36 15 65 
36 15 66 
36 15 76 
38 14 63 
40 14 63 
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