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Abstract:A new laser direct w rit ing system is int roduced and the potential application of the
diff ract ive opt ical elements ( DOE� s) fabricated by applying laser direct w rit ing system are
presented. The fabricat ion techniques by apply ing the laser direct writ ing are developed. Ex�
perimental results have been obtained by apply ing laser direct writ ing machine w ith line
w idth of 5�m and 10�m.
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1 � Introduction

� � DOE� s are important components for opt ical

communicat ion, optical computing, opt ical signal

processing, opt ical interconnect ion, opt ical data

storage, and aspherical testing applicat ions. T he

laser direct writ ing in linear photoresist is an ad�
vanced fabricat ion technique of DOE� s at the pre�
sent t ime. As in other opt ical�resist�based meth�
ods, an appropriate resist is coated onto a substrate

and then select ively exposed to light . By varying

the laser intensity, one can control the exposure of

the photoresist and thus the prof ile of the ele�
ments. A single subsequent etching step completes

the process. The continuous range of the laser in�
tensity eliminates the mult ilevel limitat ion imposed

by binary mask lithography. So far the laser direct

w rit ing system used to fabricate DOE� s is either

Cartesian coordinate system
[ 1- 3]

or polar coordinate

system [ 4- 11] .

T he binary laser direct w rit ing system devel�
oped by Changchun Inst itute of Optics, Fine Me�
chanics and Physics, Chinese Academy of Sciences

( CIOMP) has a key feature. Its w riting system

consists of a Cartesian coordinate system and a po�
lar coordinate system, in w hich a binary pattern or

cont inuous micro�relief is w rit ten by focused laser

spot on the planar or curved subst rate w ith thin

photoresist f ilm.

2 � Binary laser direct writing compo�
nents

� � A schemat ic diagram of our laser direct writ�
ing system is show n in f igure. 1.A translation stage

def ined X�direct ion in Cartesian coordinate system

or radial axis in polar coordinate system, w hich

carries a vertical Z t ranslat ion stage w ith an opt ical

system of the focusing object ive, is mounted on a

bridge over the Y�stage and W�spindle on a granite

base. The substrate w ith thin photoresist film is

fixed on the top of Y�stag e or W�spindle. T hree

air�bearing X, Y, and Z translat ion stages are driv�
en by linear motors and posit ioned precisely by

piezoelectric systems. The stages are controlled in a

closed loop by at taching g lass scale sensors to the

stag es for instantaneous detect ion of the stage posi�
t ion. The t ranslation stag es of X and Y have a po�
sit ioning accuracy of � 0. 2�m over the range of

200mm , and Z�stage has a positioning accuracy of
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� 0. 1�m over the range of 40mm. The air�bearing
spindle shaft is driven by a servo�controlled motor

and its angular posit ion and velocity are measured

by an optical encoder. T he available stable angular

velocity is w ithin 60�600 rpm. Both radial and ax i�
al runout of the spindle are measured to be less than

0. 03�m.

Fig. 1 � Schematic diagram of the main components of

t he four�ax is laser direct w riting system

Linearly polarized light f rom the 150mW He�
Cd laser source (�= 0. 442�m) is diff racted by tw o

acousto�optic( A�O) modulators and passes through

the pinhole of a collimator. The f irst modulator ac�
counts for only the overall change in pow er required

as the radius changes, and the second modulator

cont rols the variat ion of laser pow er w ithin each in�
dividual zone. T his configuration results in 40 dB

of analog intensity modulation where the beam

alignment after the pinhole is maintained despite

laser pointing instabilit ies and thermal ef fects in the

modulator crystal. A beam steering shut ter is locat�
ed after the collimator to shut of f the modulated

light beam whenever photoresist exposure is not

desired. Follow ing the collimation, the conditioned

beam propagates parallel to the slide t ranslat ion ax�
is ( X axis) and is directed through a m icroscope

object ive by a reflect ing mirror, focusing on the

substrate surface. The spot size is cont rolled by the

choice of focusing objective, and is chosen as large

as possible for a given microstructure relief. T here

are four replaceable focusing object ives w ith differ�
ent numerical apertures for w rit ing process, and its

spot size ( 1/ e2 intensity points) is 1, 2, 5 and

10�m, respectively. An opt ical system w ith video�

screen at taching to X�stage is used to precisely fo�
cus and align opt ical and mechanical axes.

A computer is used to direct the controller that

cont rols the mot ion of four stages and A�O modula�
tor by calling the data files and the DMC ( mot ion

control software) f iles in Visual C+ + language

prog rams under the M icrosoft w indows. T hese

files def ine the st ructures of DOE and then com�
mand the mot ion and the intensity of w rit ing spot

direct ly . In addition, the w ork on two�dimensional

CAD package for fabricating DOE� s and auto�fo�
cused system is under w ay in our teams.

3 � Methods and techniques

� � Because the binary laser direct writ ing system

( BLDWS) includes a couple of w riting systems,

the multiple w rit ing methods make it have ad�
vanced function and wide applicat ion range than

one in a single system. In polar coordinate system

that consists of X ( called radial ax is) , W, and Z

stag e, DOE� s are w rit ten by tw o methods: contin�
uous spiral scanning and raster scanning. In the

first case the scanning of substrate surface is ful�
f illed by tw o mot ions ( substrate rotation and radial

displacement of w rit ing spot ) . Typically the later

( radial sliding of X�stag e is noncont inuous while

substrate rotat ion all along) is used to fabricate ro�
tat ionally symmetrical DOE� s such as Fresnel mi�
crolens, zone plate, and w ave�front correct ion etc.

Alternat ively, Cartesian coordinate system is com�
posed of X, Y, and Z stages w hen X�stage slides

over the Y�stag e. Sim ilarly, there are tw o w rit ing

methods: the vector scanning and the ruling scan�
ning in Cartesian coordinate system, which are

suitable for fabricat ing DOE� s such as mask, g rid,

optical grat ing lens and lenslet array etc.

When w rit ing circularly symmetrical DOE� s
and computer�generated holograms ( CGH � s) in

polar coordinate system , it is important that w e re�
quire precise centering of a focused opt ical system

over the mechanical axis of a rotat ing opt ical sub�
st rate. The technique for aligning optical and me�
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chanical axes based on a rotating linear grat ing has

been described by Tom D. Milster etal[ 12] . Decen�
t rat ion errors of less than 0. 2�m can be readily

achieved by this technique w ith a rotat ional g rat�
ing. The accuracy of this technique is approximate�
ly one�tenth the spat ial period of the grating that is

used. In general, there are two modes for w riting

single line w ith larger width than spot size in the

fabricat ion of DOE� s by applying laser direct writ�
ing. For example, if one considers the fabricat ion

of a zone plate w ith a f ix ed spot size, the spot size

must be smaller than or equal to the width of the

smallest outer zone. The object ive is appropriately

chosen account to the minimum feature size of the

zone plate. All larger zones are machined by the

overlapping of the spot unt il the zone is milled.

T he other mode is the intentional defocus w riting

for filling the zone w ith larger w idth. It is very dif�
f icult to cont rol precisely the spot size by varying

the amounts of defocus that are fulfilled through

the fine updown Z�stage.

4 � Experimental results

� � Considering the range of the focal depth, a

0�15 ( four orders) numerical aperture object ive is

used and then an approximate 4. 5�m focused spot

is produced. The photoresist used is Shipley M i�
croposit 1805, spinning�coated onto g lass sub�
st rates. A spinning speed of 5000 rpm gives a film

thickness of about 0. 5�m. Thicker resist f ilms can

be obtained using lower spinning speed for shorter

times. After coat ing , the films are baked in an

oven at 90 � for 30 minutes, and the evelopment is

carried out using Shipley M icroposit AZ303 devel�
oper at a dilution of typically 1: 10 w ith deionized

w ater.

Examples presented here w ere fabricated by

our laser writ ing system in the preliminary experi�
ment. Firstly, the isolated lines w rit ten in pho�
toresist w ith thickness 1. 0�m by the laser direct

w rit ing is show n in figure 2. In order to verify the

method of defocus w riting , we have gotten an ex�
perimental plot of the spot w idth vs the amount of

defocus[ see f ig. 3] and then w rote a reticle w ith

nominal line width 10�m and the circular rings

with line space 50�m in the photoresist in terms of

this plot [ see fig. 4] .

Fig. 2 � Isolated line w ith w idth 4. 67�m obtained in pho�

to resist by laser direct writing in Cartesian coordi�

nate system ( AFM)

Fig . 3 � Experimental plot of linew idth � vs defocus

amount z, in w hich scanning velocity is

5� 0mm/ s and beam pow er is 1. 5mW.
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( a) ( b)

F ig. 4� Photogr aph of the elements fabr icated by laser direct w riting in photoresist under the intentional defocus case. ( a) the

reticle with linew idt h is 9. 36�m and space period is 20. 117�m in Cartesian coordinate system, ( b) a set of circular rings

w ith linew idth 10�m and line space 50�m in the polar coordinate system.

5 � Conclusion

� � Experimental results on w rit ing pattern in

photoresist have shown that BLDWS is capable of

fabricat ing a w ide range of binary, mult ilevel, and

blaze DOE� s. Rotat ionally symmetrical computer�
generated holog rams ( CGH� s) for test ing convex

aspheric surface on the subst rate w hich may be pla�
nar, spherical surface w ill be primarily developed

by our teams in the nex t step.
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