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Abstract

g s work, the detign. fabrication and analysis of an
v of purabolic duergent microlenses for muitiple
splining is preserted. Because of the cqaipment
wnzings, the width of the microlenses was determined
oh IG pen. Bt was calenlazed thar a divergent parcbolic
) with fonamber of 0.5 would deliver the desired
sl pattern of multiple beams distributed vver 90
2rees. A surfece relicf depth of 6.5 gm was valoulated
sesidesing the phase distributions of such lens. The
rees were fabricated in a 10 pm thick photo resist,
siRg @ contact printer expasuse through a mask witk a
weetitive 4 i lire - 6 pm spdce pattern. The developer
ucenzration and development fime were fixed for these
221 and the exposure time was varied in order to obtain
Y desired profile. The resulting diffracsion panerns
wre characterised and a satisfiag result was obtained,
s pattern can be used in robot and other applications,

LIntroduction

The wavefront meodulativa capability of the so-
afled diffractive oplical element (DOE) nmuakes a wide
aape of applications possihle such a3 optical
Hesennections with Gnsin and fan<out DOE's, beam
ruting paueres for rabot vision ets. {L]. Maay authers
e reporied on the Qiffraction prupertues of a
srsinuous conical phase retiel grating for multiple beam
sphitting [2-4). In these gratings, each corical phase retiel
&3 38 3 convergent lens, concenrating all the incident
ight just behind the grating [5). preducing aa amay of
Yexms. This amray of beams can be approximated by the
Leat distribution L) x comb{u/U). The desired cptivat
wtetn is obiaed by calculating  the  Fraunhofer
&ffracsion pattemn of 1(u), what is obtained by the Fourier
wansform of [iv), giving #x) x Ucomblux) (6], Tix
povmatien of Ku) to comb(wU) is incteased by
zikimp the micmlens (-number as low 3 possible and
o by making the continuous comical refief shupe o be
sell repraduced during the fadrication. A poar lens
design resulis in 3 strong infensity variadon (about 0
uoxs conudering the maszimum and the minimum
mteaisities) in the hight distribution i{x).

It is posiitlc to obtin an array of microlenses
wing microelectzonic manufacturing techniques. One
positility is o perform ditferert  expasures with
diffezent fecal distances 3nd ia this way determing the
geometry of the rexuliing resist pattera (7], In this work,
divergent muctol wete created in a thick photo resist
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wsing 3 simple cuatact printer. They were formed into the
photo resist by exploing the dittraction characweristics of
the Light prajecied thraugh a mack with 8 4 pm line- 6
pm space pattern. This array of divergent microlenses
preduces  the same optical effest as an amay of
convergent miceolenses,

2. Design and Fabrication of the Array of
Microlenses

1a this project, the goal is v gencrale a lincar
acray of 19 beams disiributed over 90 degrees using an
array of divergent muicrolenses, To obtain a diffraction
angle of 90 degrees. the videal lens fivcal plane has to be
locaied at a distance of hall widih of the lens diwncter,
what results in a [-pumber of {.5. Berause of the used
cquipment. the resint hickacss has 10 be in the $ pm 10
10 pen range. The width of the len< was chosen to be 10
B, reaulting In focal Sistance of 5 um. It is possible w
calculste the form of the ideal lons and for this
apglication, a divergent parabolic lens was found to be 2
good salution. The d of the parabola werc
designed comsidering 1hat exch surface acts as a
diverpent eylindrical lons with a f-number equal 10 8.5, A
surfuce relief depth of 6.3 p1m was caleulated considering
the phase distributions of such lens [1) | the wavelength
ssed (0.810 pm;j and the index of welyuckon of the photo
fesist. A schermatic view of the desired surface relief is
showa in figure 1.
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Fig. 1 : Designed profile of the device wrface

The typical resie thickness for microelectronic
applications is | pum. In onfer 1o deposit a layer of at
least 63 pum, 3 special resist was uwed: the All-Resis
AR-P320. This resivt was spen on a 3-inch diameter
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optically flat B170 SUPERWITE high transparency
glass, during 10 seconds at 2000 rpm, afice which the
spin speed was accelerated up to 400 rpm wheee it
remained for an extra 28 seconds. This results in 2 layer
of approximately 1) pra thick.

In order w understand the obinined eoyulis. it is
rrecessary to explain briefly the mechanism of dit¥action
through 2 mask with ¢elatively smail line-space features
18] The cffest of light dilfraction is shown in figure 2:
the modulatzon of the Lizht behind the mask is tess than
1: light penctrates urder the metal Iive on the mask and
ity Intensity b5 nat Sonstant under the open space.
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The smaller the open space, the larger the

diffraction effect For a contxt printer, the diffraction
effect is Jarger when the distance betwesa wafer and
mask is bigger. This alio means that for a thick resist.
there is mare diffracticr than for a tun resist In this
application, diffraction ts used 10 our advantage: in order
to obtain the desited parabolic profile, we want ihe Jight
0 peacteate under the mask and o have a nor.uniform
light intensity in the cpen space. For al) these reasars,
the cptical device design consists of ouc thousaed 1 em
long 4 pm wide lises, with spaces of 6 jim between them,
Each mask consists of 23 of those devices. A conceptual
design is shown in figure 3.
In standard microelectronic applicatinns. the walls of the
resulting resist patteras have 10 be s vertical as possible
In tis apphcation, ke desired profile is completely
diffceent. The three most imponant parameters © be
optirmsed in tic lithography process are: exposure time.
develeper aticn and develop time. A higher
deseluper concentratiun tésulls in siceper revist walls,
which is preferable for microelctronic applcatons but
not for this application Whareas for mucroelectrnnic
applications 2 4.3 Dl-waterideveloper mixture was used,
a mixture of §:2 wxx uied for this application Several
texts were petformed and 3 development time of |
minute was feund ta yicld good resulis. The expusure
times wese varied from 33 1o 40 seconds and the
resultisg resist profiles were analysed.

photolithografic
(dark Neld) mask -
Cr film aver quanz
plate

3-inch wafer with 22
devices made in thick
phatotesist over glass
substrie

Fig.} : Conceptual desian of the lithegraphic mask
and pattern transfcr to the wafer

Figure 1 shows a 3-inch quarty safer vath 23 optml
devices. fabricated tsing a 36 scconds cxposure lime.

Fig. 4: hm(a}nph of 3 wafer with 14 CHIPS convisting of
2 1cem by lem array of microlenses made In phatoresist

3. Optical Characterization of the
Fabricated Devices
The oprical characterization of the (abricyad
devicex cumists el the measurement of the inensities of
the Fraunhcler ditfraction patern generated by the
grating when it i3 Muminsied wah 2 He Ne Jaser, 633
am. These inteasities sre measured with a photodetects.
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Fiz. 5 : Schemaiie view of the experimentul set-op used far the optical characterisation of the devices

A schematic view of tie experimental set-up is shown in
Sruce 5. A spattal fiker {pinhole) and 2 feos L7 (focd
length equal to 250 mm) serve to expand the Taser wave
fom. The pupil nperture assures that onjy the arca over
%¢ optacal element is Huminated [5].

A summary of the renults is shown in table 1.
We ke mezasured the toral number of diffraction orders,
te anpolar apertere of exch side (relative o the zero
xéer), and the : and rri i ities within
% signat window comewponding to nine diffraction
erders. The samples were analysed in a Philips SIS
SEM. Two profiles are shown in figures 6 a and b:
eepoture tirngs were fespectively 36 s and 40 5. The
pofile of figure 62 approximates well the desired
qaradola. The tcdal depth of the  suctures s
approximately 6 km. The ratio of mavimum to mirimum
wtcnsity vanes bewween 7.1 to 3.7 for the 36 s exposure
tme sareples: this 3.7 ratio is the lowest obtamned in
these tests. The resist which was exposed for 30 secomds
»as completely developed in the open lines, expusing the
xt glass substrate, and the resujung profile is not what
a¢ aimed fer. This cesulls in the extremely high intensity
of the zero order: most of the light pusses stalght
trough the optical element. Jn this case, the maximum to
minimuen intenuty ratio i4 217 very high. (tis elear that
this w ot the desired device. Fer an exposure of 34 3,
the resutting profile was less than 6 gun deep. and
therefore also results is 3 higher maximum to minimum
mlensity rato.

The optical characterizating shows that 3 laser
beam can be deliceted aver an angle of more than 45
degtees and that the maxisism to mistmum intendity
v can be limited o approximaely 4, which is an
accepuable rexult for muxt applications,

€ Conclusions
An amay of mictolenses has been desigred,
rancfaciured and charastenized. in 2 10 pm thick ghoto
reivt. 10 pm wide aad 65 um deep parabolic lenscs
ncre obtained by varying the exposure lime of a contact.

S——
3227-02 Lutl-use

——————
I®»w3@A4Y <82£L3 $243/52 LEI-UAPG

Figure 6 : SEM microgeapha shnwlog the obitalned resist
prefite for 3 36 3 expasure Uime (2) and 40 3 expasure
Gemeiby

printing  process  The  resulttng  stractures  have
approumately a parabalic profil: and the desired depth.
The cptizal characterization shows thut a laser beam can
be deflected over an angle of mwire thar 45 degreex and
that the maximum to minmum intenaaty ratio can be
tirnited 1o Jpproximatzly 4, which 15 an aczeptable result
for most applications.
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Table ! : Sommacey of the r‘ﬁc}lmlu nhtulned for various ¢ e Hroes
—= L ALUL A Lo

exposure number of aperture zero-th maximum minimum
time diffraction angle order intensity intensity
[sec) orders [+1degrec] [mW] {mW] [mW]
34 15 69 5.0 4.5 1.9
36 15 65 5.6 223 3.1
36 15 66 9.0 144 32
36 15 76 4.3 15.0 4.0
38 14 63 s4 190 3.4
40 4 63 217 19.8 1.0
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