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nventi on;

FULL FIELD MASK ILLUMINATION ENHANCEMENT
METHODS AND APPARATUS

BACKGROUND OF THE INVENTION

This application is a continuation in part of
application Serial No. 08/129,414, filed September 30,
1993 and entitled “Full Field Mask Illumination

Enhancement Methods and Apparatus.”

1. Field of the Invention:

The present invention relates to the field of high
power laser systems for -photo exposure and ablatlon, and
more particularly to such systems utilizing a mask to
define the pattern of. the material to be exposed or

removed by ablation.

2. Prior Art:

The high power laser market has several
applications for illumination systems which make use of
the energy reflected from low duty cycle reticles (dark
field masks). In the case of hole drilling with
ultraviolet (UV) ablation, the holes patterned on a
reticle are usually spaced far apart relative to their
diameter, thereby defining only a very small percentage
of the total area of the reticule. This type of reticle
pattern “wastes* nearly all of the incident illumination
energy because the energy reflected by the reticle is
not captured ahd redirected through the openings in the
reticle. Consequently, a relatively high power laser is
normally needed to bath the entire éeticule area in
'energy of sufficient intensity per d%ic area to remove
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the material in question at an adeqguace



*The present invention relates to the field of high power |aser systens for
phot o exposure and abl ation, and nore particularly to such systens
utilizing a mask to define the pattern of the material to be exposed or
removed by abl ati on. 2. Prior Art: The hi gh power | aser narket
has several applications for illuninatioh systens which make use of the’
energy reflected fromlow duty cycle reticles (dark field nasks). In the
case of hole drilling with ultraviolet (UV) ablation, the holes patterned
on a reticl e afcuits Ust | ehaRAC et tharl lgppirbduetavele tsedhinrmatenieebr,

t her eby defini
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i 1'1um nat i on renex ghovrer et Hasemer gy refl ected by the reticle is not
captured and redirected through the openings in the reticle. Consequently,

a relatively high poneyn] &€ Elet1AdHakY gigededelioabayBrbhiecshtepe
reticule area in enengg of sufficient intensity per unit area t? renove the
material in qidkih afdtesaesaddfu{OEepRiBg FaErPReWaste or loss (see

_ Development of a High Efficiency Illuminator for Eximer
Laser Machining, Masaaki Tanaka, et al., presented at
Laser Thermal Machining Workshop, January, 1992). In
that system, a flat pléte reflector is placed in front
of and parallel to the reticle. The laser provides a
beam of the width'of the reticle, but of only a small
fraction of the height of the reticle. The parallel
combination of the reticle and reflector are tilted
forward slightly from being perpendicular to_the optical
axis of the laser, and the top of the reflector is
positioned low enough to enable the laser beam to
project just over the back of the reflector onto the
uppér part of the reticle. Assuming the retiqle is
mostly reflective, the beam will reflect from the
reticle slightly downward to the reflector, reflecting
therefrom back and forth in a downward continuous "Z°"
pattern between the feflector.and reticle, illuminating
the holes in the reticle where applicable, diminishing
in intensity because of energy loss through'the holes in
the reticle, because of losses on each reflection and
because of beam divergence. For a given reticle of a
low percentage hole area, it is stated that this
provides an energy utilization gain of 12 times over the

conventional direct illumination systems.

The foregoing system concept has the advantagefof
being able to use lower power lasers and lasers
operating at less than their maximum output to
potentially obtain the same or higher material removal

rates than normally obtainable with higher power lasers



-2 anount of energy actually productively used in material renoval is no
nore than could be easily provided by a nuch | ower power | aser.

M t subi shi Electric has disclosed a system concept which addresses the
foregoi ng energy waste or | oss (see Devel opnent of a Hi gh Efficiency

[I'lum nator for Exinmer Laser Machining, Masaaki Tanaka, et al., presented
at Laser Thernmal Machi ni ng Workshop, January, 1992). In that system a fl at
pl ate reflector is placed in front of and parallel to the reticle. The

| aser provi desped-dtaag Qft (i€ ndadt Rnefirt hemi ekl cl Bowbérofhenly a smal |
fraction of the height of, the retlgle. The Earallel conbi pati on of the
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‘rise to non uniformities in-the beam intensity in the
horizontal direction. - Also the'distribution of energy
in the vertical direction may be.non uniform because of
the inability to perfectly “stack" the rectangular re-
reflections down the reticle. Because the system '
requires off-axis incidence in the initial beam and all
re-reflections, one does not have a convenient way to
form conical holes in the work biece of an arbitrary
taper. In that regard, applications for such systems
such as the manufacture of heads for ink jet printers
may require not only small holes, but small holes with a
predetermined conical shape. "Finally, such a system
would be very sensitive to the accuracy of the setup,
including but not limited to the spacing and parallel

alignment between the reticle and the mirror.

The following disclosure describes a simple
illumination system which prévides substantially uniform
intehsity jllumination over an area or areas while
increasing the usable intensity of a laser source by
reusing much of the energy'reflected from the reticle
without special sensitivity to alignment of the parts of
the system and without compromising the ability to

produce tapered holes to specification.

"The disclosure also describes a method and
apparatus for controlling the time-intensity profile of
the emission, for large area panel illumination and

other aspects of the invention.



“upper part of the reticle. Assuming the reticle is nostly reflective, the

beamwi || reflect fromthe reticle slightly downward to the refl ector,
reflecting therefromback and forth in a dowmward conti nuous 'Z" pattern
between the reflector and reticle, illumnating the holes in the reticle

where applicable, dimnishing in |nten5|ﬁy because of energy |oss through
the holes in the reticle, because of | osses on each reflection and because
of beam di vergence. For a given retlcle of a IOM/percentage hol e area, it
is stated that this provi (BRIER OB of 12 tines over

t he conventi onal '| | N NS Lng system
concept has the agbﬁﬁfagﬁe%é!Tﬁﬁn QQ%F% olﬁgee hancembﬁer ggerg and
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hi gher power

“pattern of the material to be exposed or removed by
ablation wherein the percentage transmissive area of the
mask is small. The laser emission is focused to a point
or small area to pass through a small hole in an end
plate in a light pipe wherein the internal surface of
the light pipe and end plate are both highly reflective.
The exit end of the light pipe is imaged onto a
teleéentric lens adjacent the mask or reticle, which
mask or reticle is highly reflective .except where
defining areas for ablation. Laser emission passing
through the reticle is 1maged onto a work plece, while
light reflected by the reticle substantially retraces
either its own ray path or that of another ray impinging
on the samé area of the reticle. Intentional detuning
and/or imperfections in the.system result in the light
reflected back into the light pipe generally missing the
small hole therein, most of it being repeatedly re-.
reflected by the light pipe and end plate back to the
reticle to reuse the same by repeatedly bathing the
reticle in the laser emission until passing through

' transmissive portions of the reticle, dissipating by
losses on each reflection or ultimately finding the hole
and-passing béck to the-lasér emission source. The
length of the illuminator:determineé the time-intensity
‘profile of the emission, with a short illuminator
exhibitihg a short, high intensity illumination.

Various characteristics, capabilities and embodiments of

the invention are disclosed.



s operating at or near their limts. However the achievenent is not wthout
its limtations and conpronm ses. Because the beamfromthe |aser is wde
and thin, beam conditioning would be a problem giving rise to non
uniformties in the beamlnten5|ty in the horizontal direction. A so the

di stribution of energy in the vertlcal dtrection may be non uniform because
of the inability to perfectly "stack"” the rectangular re- reflections down
the reticle. Because the systemrequires off-axis incidence in the initial

beam and al | re-reflecti onBRIBR DESERIPFTONAQE FHEODRAWINGS way to form

conical holes in the work piece of an arbitrary taper. In that regard,

applications for %Ug‘-"ﬁ-'% oﬁnf/ zmalof:%ﬁot ggrgﬁﬂ?iﬁ%ﬁ%ﬁ%ws for ink jet

printers mayreqwrl s wth a
pr edet er m negresentainyeageonki nal |l y, such a system would be very sensitive
to the accuracy of the setup, including but not limted to the spacing and

paral | el alignmenty;hetween ltsh% B hehf @m@ugeeamﬁgoehe uniforkiecy ol | owi ng
di scl osure describes a sinple_iLllumnation_system wh (aggrg?org}es
subst ant i al | PEuAPtERFLLNt é’rfs#tl}uI“PFGFrilﬁﬁt?Bn %%é?a%}ﬁ & & while
i ncreasi ng t k@eusabhegonhansixky . of a | aser source by reusing nuch of the
energy reflected fromthe reticle without special sensitivity to alignnent
of the parts of . . . . . .
Figure 3 is a diagram illustrating the optical
'characteristics of the telecentric lens adjacent the
reticle in an operating system in accordance with the

present invention.

Figure 4 illustrates the transit time To of the
laser emission through the optical system before
reachihg the mask, and for the rereflections of the
substantial portion of the emission impinging on the

reflective portions of the mask.

Figure 5 presents a plot of the normalized
intensity versus time, in nanoseconds (ns), of the pulse
emission of a typical laser of the type that may be used

with the present invention.

Figure 6 illustrates the emission pulse duration
produced by a long illuminator in accordance with the

present invention.

_ Figure 7 illustrates the emission pulse duration
produced by a short illuminator in accordance with the

present invention.

_ Figure 8 illustrates the emission pulse duration
produced by a terminated illuminator in accordance with

the present invention.



- the system and w thout conprom sing the.ability to produce tapered holes to
speci fication. The di scl osure al so descri bes a nethod and appar at us
for controlling the tinme-intensity profile of the em ssion, for large area
panel illum nation and ot her aspects of the invention.

4 BRI EF SUMMARY OF THE | MVENTI ON Full field mask

il lum nation enhancenent nethods and apparatus for high power |aser systens
for photo exposure and ablation utilizing a mask to define the pattern of

the material to berigypesed 1(1!11Is€tli‘ﬁ‘ted bymabl i caviehes £ithé h:yspﬁrment age
transm ssive

The aser, enls [ Gused to a
poi nt or smalq%r gt%gélrteoqugs &P&Ug ] %Hﬁﬁetﬁuo e T anf'serggE ttlo lé’n a |ight
pi pe wher ei n asheshomnerimalFigurade of the |ight pipe and end plate are both
highly reflective.

; Figure 10 1l1ustrates a modification of the system
of Figure 1 to obtain a split field illumination

enhancement.



*The exit .end of the light pipe is inmaged onto a tel ecentric | ens adjacent
the mask or reticle, which mask or reticle is highly reflective except
where defining areas for ablation. Laser em ssion passing through the
reticle is imged onto a work piece, while light reflected by the reticle
substantially retraces either its own ra¥y path or that of another ray

i npi nging on the same area of the reticle. Intentional detuning and/or
inperfections in the systemresult in the light reflected back into the

| ight pipe generally mssing the small hole therein, nost of it being

repeatedly re- reflectpdrhyrtbepksgRippige GndrHERIdNMENTIOMACK t O t he

reticle to reuse the sane by repeatedly bathing the reticle in the |aser

em ssion until Jing thr h tr ssive.portions of th ret cIe

di ssi pating by Io §é§go %ﬁ%ﬁ% 18Hr8rlul?|ﬁ%€%$at? cf%%f% °hol e and
passi ng backdhe1emeﬁgasamtems&fyungsmmiumlnaheomE§xﬁ¢emﬁ0ﬁhe |Ilun1nator
determ nes tTe dddid NGRSANCREODE enaf pkDechEl SaTa 1 i bihA ST |

i |l umi nator -€xhi |t|ng a sho h i nt n5|ty [ m nat | on. Varlous
characterlstﬁ@§n .cafibis| isyisgemadd tEepsdEnent other t helyminraticvsh are

di scl osed.  gystems which make use of light pipes as a uniformizing
component in two important ways. The firSt_and most
important difference is the reflective component placed
at the entrance to the light pipe. This component has a
small hole at its center and a normal incidence Rp.y
(highly reflective) coating on the side facing the light
pipef The second special attribute of this illuminator
system is the telecentric imaging at the reticle plane
which is needed to capture the rays reflected from the’

reticle and reimage them back into the light pipe.

The system operates as follows. The substantially
collimated emission from the laser 20 is focused by lens
22 to a point or small area to pass through the hole 24
preferably at the center of the reflective member'26 at
the entrance to:the light pipe 28. Lenses 30 and 31
image the exit end of the light pipe 28 onto field lens
32 which in turn directs the light to the reticle 34.

The light in the center portion of the cone of

light entering the light pipe 28 will pass through the

' light pipe without striking the inner reflective walls
of the light pipe (see rays 36 in Figure 1 defining the
outer bounds of the center portion of the cone). As to
these rays, referred to herein as the principal rays,
the field lens 32 is'pUrposely made telecentfic, so that
all such rays passing through the field lens will be
parallel to each other and perpendicular to the reticle.
They will therefore either pass through holes in the

reticle (representing a very small percentage of the



°5 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a

bl ock diagramillustrating the present invention. Figure 2 is a
diagramillustrating the uniformty of intensity of illum nation of the
mask al ong both of the orthogonal axes. Figure 3 is a diagram

illustrating the optical characteristicsBof the telecentric |ens adjacent
the reticle in an operating systemin accordance wth the present

i nventi on. Figure 4 illustrates the transit tine To of the |aser

eni ssi on throagda td ©ipd i et i st em bef aled leeedi by the neSkclandaclor the

reret| ect! ons; 1 ehd e SHOUAUIA 0P Uild PR afle F10nE™ 2R QDsLARENUDGSN Lhe

reflective portlons ' -
these reflected rays, the system is substantially
retroreflective, returning the rays along their original

-path.

_ As to the rays entering the light pipe 28 at
greater angles to the optical axis, these rays will
bounce off the walls of the light pipe one or more times
before exiting the light pipe. Since the lens 30 images
the end of the light pipe onto the field lens 32, these
rays too will impinge on the same area of the field lens
as the center rays herein before described. However
they will be incident to the field lens at angles such
that they do not emerge from the field lens parallel to
the optical axis as before, but instead, for each and
every spot on the reticle, are distributed in a cone
about the principal ray perpendicular to the reticle "at
the same spot (which is parallel to the optical axis as
previously described). The cone angle 0, illustrated in
Figure 3 and equal in all directions if axi-symmetric
lenses are used, is determined by and can be changed by
changing various parameters of the optical system. As
to these rays, inclined with respect to the principal
rays, the system is not retroreflective. Note however,
that each such ray inclined with respect to the
principal ray (axis of the cone) has a conjugate within
the cone, so that when refleeted by the reticle, each
ray substantially retraces the path of its conjugate,
again staying within the optical system for reuse. The
cone angle is determined by the length and aspect ratio
of the light pipe in combination with the focal length
of the input lens (22 of Figure 1) control the
1llum1nat10n cone, and through selection of these
parameters may be controlled as desired. _?



"Figure 5 presents a plot of the normalized intensity versus tinme, in
nanoseconds (ns), of the pulse emssion of a typical |aser of the type that
may be used with the present invention. Figure 6 illustrates the

em ssion pul se duration produced by a long illum nator in accordance with
the present invention. Figure 7 ilPustrates the em ssion pul se
duration produced by a short illum nator in accordance with the present

i nventi on. Figure 8 illustrates the em ssion pul se duration produced
by a term nated il [Lnthat omagingcewstdances wddfddie phesertapbvugeti on.

6 o rays will all be imaged back through the exit end of the
light pipe and then through the hole in member 26 at the
entrance of the light pipe, back to the laser. However

-by design, the imaging optics can.be made slightly
imperfect (including but not necessarily limited to
slight axial misalignment of components) so.that the
-rays reflected frbm the reticle will not be reimaged
back through the hole at the light pipe entrance. The
rays which miss the small entrance hole will be
reflected by the Rpax coating placed on the inside
surface of the entrance plate 26. The rays reflected
from the entrance plate will traverse the light pipe 28
again and will again be imaged onto the reticle, this
time at slightly different positions. The process
repeats until the light either passes through openings
“in the reticle, passes thrpugh the light pipe entrance
'hole, or is absorbed by the optics in the illumination

systemn.

The system shown in Figure 1 assumes a 3X
magnification from the light pipe to the reticle. The
illuminated afea of the reticle 34 assumes a 5X
reduction in the imaging system 38 and an image field
size of 15 x 15 mm on work piece 40, giving a 75 x 75 mm
reticle area. The NA of the imaging system is assumed
to be 0.07, representatiﬁe of a prior art system. . This
imaging NA combined with the reduction value and an
assumed partial coherence of 0.7 give an illumination NA
of only 0.0098. The 3X'ima§ing from the_light pipe 28
to the reticle 34 makes the NA at the light pipe qual
to 0.029. )

The length of the light pipe is determined by its
transverse dimensions and the cone of rays which pass
through the light pipe. Since the magnification from



"Figure 9 illustrates a nodification of the systemof Figure 1 to obtain the
limted nunber of reflections as shown in Figure 8. Figure 10
illustrates a nodification of the systemof Figure 1 to obtain a split
field illum nation enhancenent. _ 7
DETAI LED DESCRI PTION OF THE I NVENTION 10  First referring to Figure 1, a
schematic diagram of the energy intensifying illum nation systemof a
preferred enbodi nent of the present invention may be seen. This system

di ffers from ohéelight upipatldntsydemetilileh 3dake 3¥eapnfl thght pipes as a

uni form zi ng reticle dimensions are 75 x 75 mm, the light pipe's
transVefse dimensions are 25 x 25 mm. The length of the
light pipe is determined by its width, 25 mm, and the
-need for one bounce at an NA of 0.029... The light pipe
length is given by:

W
L = —
0

where 0 is the NA inside the light pipe, W is the
light pipe width, and L is the light pipe length. The
required length for this example is 862 mm. Also the
use of at least one bounce for some of the rays in the
light pipe provides a uniformizing effect so that the
intensity of illumination across the mask face is
substanéially‘uniform, as illustrated in Figure 2.

The size of the hole in the light pipe entrance
platelshould be as small as practical. The magnitude of
the intensification of the illuminatdr'depends strongly
on the size of this hole relative to the transverse area
of the light pipe. Assuming that the system is not in
an artificial environment, the minimum size of the hole
is limited by air breakdown caused by high UV intensity.
A maximum allowable intensity is believed to be
approximately 16 J/cm?, so that operating five times
below that value, or 3.2 J/cm2?, should be quite

conservative. A particular laser manufactured by Cymer

Laser Technologies, assignee of the present invention,
as its model. HPL-100K produces 0.5 J per pulse, and thus
the minimum hole area for this laser is 0.16 cm? or 4.4
mm diameter. This area is approximately 2.5% of thé

light pipe transverse area.

Note that ﬁye hole size has been designed using the

full input energy of the exemplary laser. The purpose



" conponent in two inportant ways. The first and nost inportant difference is
the reflective conponent placed at the entrance to the light pipe. This
~conmponent has a small hole at its center and a nornal incidence Rmax
(highly reflective) coating on the side_facing the |ight pipe. The second

special attribute of this illum nator s&%ten1is the telecentric imaging at
the reticle plane which is needed to capture the rays reflected fromthe
reticle and reinage them back into the |ight pipe. The system

operates as fofl [thus. iTHardunbstiant srEtemcds | toareduesr B oreduiomd he | aser
20 i s focused fy,d eR u%.s%zeh%ra?(po' @Beo%n§%«1:e alﬁ@f‘etﬁi’é‘séax{ oy he hol e

24 preferably at the center the reflective nenber 26 at the entrance to
“the light pipeadden &hapsthe &Ha"slv‘fl%‘d@eb?%u%%‘Eh%n’éﬁcﬁ#l]%% InRyHt pi pe 28
onto field | eterdg Wiilghben st-montﬂmégcwwéhetlha@hbhw e ceidalte 34.

The light in the center, portion.of the cone o ht entering the |ight

pi pe 28 wil |~ P 0§ erhBEPRYRES pi PROVER h %E F??ﬁ?ﬁJQﬂe i nner

refl ective walllustafrattien ket hpilpes{seedeaysmidbed nbowpine 11 def ivdedy t he

out er bounds _qf tQQK&EngElggrggg of the cone). As to these rays, referred
a%he Pﬁ' [ [

to herein as principal "rays, e field lens 32 is purposely nade
telecentric, so that all such rays passing through the field lens will be
paral l el to each dhifemudfdrddcpénanchipakor oofhehietitlemimieion | |

therefore e'%@%&e&ﬁ%%pbﬂﬁ@“@ﬁ Hﬁkéé chE&%%, the duty cycle of the
reticle, the single pass loss of the light pipe and
illuminator optics, and the ratio of the entrance hole
area relative to the light pipe's transverse area.
These three factors can be combined into one factor,
Reotal - Wthh represents the round tr1p loss from the
light pipe entrance, to the retlcle, and back again.
This "photon recycling* process wlll repeat, creating a
geometric series. The multiplication factor, M, is thus
given by:

1
1-R

ctotal

M=

The value of Rigra; is given by:

2
— * *
Rto:al - Rdc T!oss Rarea )

where Ryc. is the duty cycle loss at the reticle,
Tioss 1S the single pass transmission loss of the optics,

and Rppes is the loss due to leakage back out the

entrance hole.

The duty cycle loss can be very small. The )
Mitsubishi paper, referred to in the background section
herein and describing an alternate technology, quotes a
duty cycle of 0.04 %. This duty cycle gives a Ry =
0.9996. The single pass transmission, Tlégs, is

dominated by the reflectivity of the licht pipe and the

-
(



“reticle (representing a very small percentage of the

8 area of the reticle) or be reflected by the reticle back in the sane
direction they came from In essence, as to these reflected rays, the
systemis substantially retroreflective, returning the rays along their
-original -path. As to the rays ent%%ing the light pipe 28 at greater
angles to the optical axis, these rays will bounce off the walls of the

| i ght pipe one or nore times before exiting the Iight pipe. Since the |ens
30 i mages t helessesfdudetd i gwepige AR o ante -riedélléckéms) 3@pathrge onys t oo

wi |1 i npinge L | ﬁﬁljwever fig @loéfﬁ&bfx}ee'n&t %aélaasaﬁ -gleg{agrfiaxé herei n

bef ore descri e Incident to t ens at angl es
such that thegir® wonledmege #]‘éﬁﬂyt he QVelad umdpymphegpise €bdelfetBHEi cal

axis as beforgirieits i &t E8E d¥r A FFfhnce at the oblique angles
-which exist inside the light pipe. The normal incident
reflectivity of UV aluminum mirrors from Newport, for
example, are specified to be 95 % at 248 nm. This
reflectivity will be higher for the incident angles used
in the light pipe (88-89° from normal). Assume a 98 %
value  as a conservative estimate. Also assume that the
AR-coatings on the lenses each have a 0.5% loss. Since
there may be 3 lenses (some configurations may use an
additional lens right at the exit of the light pipe) and
one AR-coated reticle surface, there are 7 AR-coatings
for a total loss of 3.5 %. The mirror losses and ‘lens
losses combine to produce a single pass transmission of
Ti1oss = 0.946. The third loss mechanism, Ryres. 1S one
minus the ratio of the entrance hole area to the light
pipe transverse area. As stated above, the entrance
hole is 2.5 % of the light pipe transverse area, giving.
Rarea = 0:975. |

The above values combine for an Regra; of 0.872.
This value for Ryora) 9ives a multiplication factor of
7.8. The amount of energy multiplication is strongly
dependent on each of these loss.factors; The greatest
loss factor is the single pass transmission since the
square of this value is used in the formulation of
Riotal- Improving the single pass transmission to 0.97
by improVing the AR coatings. for example, increases the

multiplication factor to 12.0.

To calculate the energy densities incident on
_ various parts of this illuminator, assume an energy
v "density of 300 mj/cm? at the image plane (work piece).

The 5X imaging lens should have nearly 100 %



"every spot on the reticle, are distributed in a cone about the principal
ray perpendicular to the reticle at the sane spot (which is parallel to the
optical axis as previously described). The cone angle a, illustrated in
Figure 3 and equal in all directions if axi-symetric |enses are used, is
determ ned by and can be changed by chan(}ﬁ‘ ng various paraneters of the
optical system As to these rays, inclined with respect to the principal
rays, the systemis not retroreflective. Note however, that each such ray
inclined withtraspsissiontaedpthusiped imger(sbtys aof thee regie)lehpd aae
conjugate wtfimnit ne; 3§ when l.ect e teti,cl e, each ray
subjst gnt I all yw%g%rggeggt ﬁ_(lambgt %Q%% Its c%}%t qlg%tgge,d I}aiégfeg s?%rallbng within the
optical syste®ifeR®r eubBrighi2 drivcrethgad ves igetieniHéinyiedevabngt h and
aSIoetctI rati?zgﬁelghie:_ théhhg)é@ﬁ%ﬁ ?ﬂgﬁéﬁé@ﬁr&nd& tehhet hqmﬁ.ciﬁbtb%tnﬂth OL t he
i npu ens of , Figure contro e um_nation .cone, _an roug
seloect i on of '?h%sén'b%?ﬁh@(e?g '1':5&? ‘E)’él"to‘?# 319 dd S B8y é’&ﬁ ge 3

times that of the reticle due to the 3X magnification,
or 108 mj/cm?. The intensity on the Ry, mirror at the

light. pipe entrance will be approximately the same as
the intensity at the exit of the light pipe, or 108
mj/cm?. This dielectric mirror preferably should have a

damage threshold in the range of 200 mj/cm2.

An additional critical damage threshold is the

light pipe's aluminum mirrors. Fortunately, the UV

. energy is incident on a largé area of aluminum due to
the cosine effect. Approximately one half of the energy
will be reflected off of the four sides of the 1ight
pipe and only half of the length of the light pipe is
illuminated. For this situation, the energy is spread
over an area of 431 cm?, giving a energy density of 1.56
mj/cm?2. The damage threshold specified by Newport for
UV aluminum mirrors is 10 mj/cm?, so this is well below

safe levels.

To otherwise achieve the 300 mj/cm? desired across
the 15x15 mm image plane, one would need a 675 mj/pulse
laser without any multiplication effect. With the
multiplication factor of this embodiment of the present
invention of 7.8 derived above, this image intensity can

be achieved with a 87 mj/pulse laser.

One preliminary optical design which achieves the
goals of the previous sections uses three lenses with f
numbers of 17, 8.2, and 7.2. None of these lenses are
difficult to fdbricaté and the thickest element is 10 mm
at its vertex. . The image blur for a point source placed

at the light pipe entrance ho.e i1s 2 mm diameter after



"9 If the inmaging systemis perfect, the recaptured rays wll all
be i maged back through the exit end of the |ight pipe and then through the
hol e in menber 26 at the entrance of the |ight pipe, back to the |aser.
However -by design, the imaging optics can be nade slightly inperfect

(i ncluding but not necessarily limted t14 slight axial msalignnent of
conponents) so that the rays reflected fromthe reticle will not be

rei mged back through the hole at the |light pipe entrance. The rays which
m ss t he snaliteffidatainee dfifl @ fivitlhe retieflbeathddbbyngheeimagedoantoag pl aced

on the insid rf gce of ¢ ran | ate o < LAYySel cted from
t he ent ranceetpkfe;'gL el%i\rnﬁzl Ip%ﬁea\r%glrtge%%tc%egﬁﬁgﬁf pF%g égggéégnégngﬂ%mgl | agai n be
i maged onto tswstem jid @ctualdwt itwe aerod| ppft Rysdigher édetpyosngi opS. The

process repeale WHdicd RdidlrLetBBhyPBasGsebhEgughoaneri pe in the
reticle, passes through the Iight pipe entrance hole, or is absorbed by the
optics in theSIINAA AREIh @pgRemlur at- thaeeBLEpBAEsRL®RSi n Figure 1
assunmes a 3X magni fication fromthe light pipe to the reticle. The
i Ilum nated area ofhd il icf &hi4 daveRion 3¥ that substantially

all of the rays reflected from the reticle can be
recaptured and returned to their starting points. - There
will be very little energy loss due to rays refracting

outside lens apertures or outside the light pipe.

As an alternative to the foregoing system, the
limitation of the energy density in.the hole in the end
plate at the entrance end of the light pipe may be
eliminated by operating at least that portion of- the
optical path in a vacuum. This will allow the use of a
smaller hole in the end plate 26, limited by system
mechanical alignment, stability and focusing capability.
This in turn will allow even less of the emission
reflected back into the light pipe to pass through the
hole in the end plate back to the laser source, less
system detuning or both. To achieve this, the vacuum
enclosure would need to include the end plate 26 and
probably the light pipe 28, but could include other
components also as desired. By way of example, lenses
22 and 30 might- form the windows of a vacuum.enclosure,
or alternatively lenses 22 and 32. " Separate. flat plate
vacuum enclosure windows could be used, though
preferabiy the number of potentially reflective surfaces
particulafly between the reticle and the light pipe
should be minimized. Also the allowable energy -
‘intensity would be expected to ge up as pressure goes
down, so that a hard vacuum should not be required to
achieve a substantial gain in allowable energy

intensity. Conseqgquently a true hermetic (fused) seal on



"reduction in-the imagi ng system 38 and an inmage field size of 15 x 15 nm on
work piece 40, giving a 75 x 75 mmreticle area. The NA of the imaging
systemis assuned to be 0.07, representative of a prior art system This

i magi ng NA conbined with the reduction value and an assuned parti al
coherence of 0.7 give an illumnation NA%f only 0.0098. The 3X i magi ng
fromthe light pipe 28 to the reticle 34 nakes the NA at the |ight pipe

equal to 0.029. The length of the light pipe is determned by its
transver se. di vreswvimdows dndhencoriee afequaedMiin hapgs suthr ough the | i ght

pi pe. Since t Lfication from 10
the light pip ag?ﬁg%&#ﬁlgg'r eticle 34 is 3X and the reticle dinensions are 75

X 75 mm the light pipe's transverse dinensions are 25 x 25 nm The |ength
of the light pipe Newdeetentird by Figund dt.h ameEhern agpecthef the

.present invention may be seen. As shown therein, the
initial emission of the laser will have a transit time
To through the optical system before reaching the mask,
and for that ﬁortion of the emission falling on
transmissive portions of the mask, reaching the
workpiece 40. For that substantial portion of the
emission impinging on the refiective portions of the
mask,'reflectéd back to the light pipe and then back to
the mask, this first recycled emission will reach the
mask éome delay timé period after the initiél emission
reached the mask. This delay time period is equal to
. the transit time from the reflective surface of the mask

34 to the reflective inner surface of the entrance end
of the light pipe and again back to the mask. -Again, as
' to the portion of the first recycled emission which does
not fall on a transmissive area of the mask, the same

" will be recycled a second time, falling on the mask with
an equal delay with respect to the first recycled
emission, or two delay time periods from the initial
emission. This of course will continue, though with

some losses on each recycling.

The significance'of_the foregoing may be-
illustrated with respect to Figure 5. This Figure
presents a.plot of the normalized intensity versus time,
in nanoseconds (ns), of the pulse emiséion of a'tYpical
laser manufactured by Cymer Laser Technologies, assignee
of the present invention. As may be seen from the
Figure, the peak intensity of the emission is reached in
approximately 12 ns, remaining quite high for
appréximately another 18 ns and then falling off to

approximately 5% of the peak in another 30 ns. Since



“-need for one bounce at an NA of 0.029. The light pipe length is given by:
[err] where [err] is the NAinside the |ight pipe, Wis the |ight
pipe width, and L is the light pipe length. The required length for this
exanple is 862 mm Al so the use of at |east one bounce for sone of the rays
in the light pipe provides a uniformzingéeffect so that the intensity of
i1lumnation across the nask face is substantially uniform as illustrated
in Figure 2. The size of the hole in the |ight pipe entrance plate
shoul d be as shal bpasdpbacthéaémiﬁﬁomragﬁééuieaﬁ)fl1tdlft io)t @rsi fication of

the illum nator endg ? ? on the size.of this hale elatlve to the
transver se ar%ﬁpﬁ? tha*f g?%% PRSI AP RS (HE@nsdt ShST8T8t in an
artificial enbacbnandtforhh nmne@mhnEnﬁleaﬁldduaduﬁwaqesdheﬂhamwthyoéir

br eakdown cau SLtVY, bl ty is
believed to bgﬁgpg¥%§?%§%§¥ Q%&Gléﬁmfhé;) aI o Fg%%ﬁg vggﬁg s bel ow

that val ue, ofFimeopgriagd ik 'é%lﬂ:?élatﬁ)%dqlnt%lmér \?‘G{lllvé’e A part i cul ar | aser

manuf act ur ed Qﬁp%ﬁf&aﬁé ﬁgrz Teshpot aal as. fcﬁ)%wc;tnec@leofretﬂé%am:efo%@hon
i nvention, as Its nodel L- 100K produces 0.5 pul se, and thus the

mi ni mum hol e %Fe%h?o?PFh?éllﬁ%%FeWs (fQRS%nﬁ?kﬁt%Yqiy long' optical

system, namely an illuminator of approximately 10 feet,
the time delay of Figure 4 will be approximately 20 ns.
Thus, before the initial incident illuﬁination has
substantially fallen off, the initial rise thereof
reflected by the mask will have been re-reflected by the
reflective end of the light'pipe and the again be
incident on the mask. This is illustrated in Figure 6,
wherein the single laser -pulse of Figure S is reproddcéd'
and summed with replications thereof, each delayed
approximately 20 ns f;dm the prior pulse and diminished
somewhat “in amplitude as a result of reflection losses
on each double traverse of the relevant portion on the
optical path. It can be seen from Figure 6 that while
the peak_hormalized intensity is increased by over 50%
by the re-reflections, the time length of the emissioh
is expanded much more. Of course, ovérall, thé total
energy in the emission incident on the mask and on the

work piece has been gfeatly expanded.

In éomparison to the time strétched pulse
characteristic of the long illuminator of Figure 6,
attentlon is now directed to Figure 7 show1ng the same
effect, but for a relatively short illuminator, namely
approximately 3 feet long. Here again the single laser

pulse of Figure 5 is réproduced. With the 3 foot length

of the respective portion of the optical path, the delay
time between successive érrivals of emission at the mask
that was previously reflected from the mask is only

approximately 6 ns. Since the peak width of a single



"mmdianmeter. This area is approximately 2.5% of the |ight pipe transverse
ar ea. Note that the hole size has been designed using the full input
energy of the exenplary |laser. The purpose of this illum nation
systemis to reduce the required input pulse energy. The entrance hole size
can be much smaller than the above val ue iBecause the required input energy
will be 5-10 tines |lower than what the current -exenplary |aser produces,
t hough for purposes of illustration the hole size determ ned above will be
used as a conderseat iprd. sealise on the' ofdernult 2Pl nsattlom deat qveadt this
1 Hum nation SyaledePels U8l BCEPLSEILNE MY £UE) & Llutlihg
reticle, the single pass |oss of the |light pIpe an

in a much higher peak intensity than before, though with

a substantially shorter time period. In that regard, it

-may be seen from Figure 7 that the reflections of the
individual laser pulses add ﬁo the extent of providing a
peak amplitude of over 3 times that of an individual
pulse, with a pulse shape approximating'that of a
somewhat slower, much higher amplitude, much higher
energy single pulse rather than the multiple-peak

waveform of Figure 6.

The energy in the multiple pulse waveforms of
Figures 6 and Figures 7 are substantially equal.
However, since in generai the illuminator length does
not affect the feflectivity of the various surfaces or
the number of reflections encountered between the
delayed emission arrivals, the net effect of the
illuminator léength isundt to control the energy“éf each
pulse, but rather to control the effective waveform, in
the case of a long illuminator of Figure 6, to stretch
the effective pulse in time at the expense of a more
greatly increased peak energy, and in the case of the
shorter illuminator of Figure 7, to provide a much
higher peak energy in a shorter pulse time. These two
illuminator lengths are merely illustrative of two
specific examples of the control over the pulse
characteristics that the illuminator, more specifically

the illuminator length, provides.

The ability to-contrél the characteristics of the
enhanced energy pulse is important, as different
applications of lasers have different pulse
requirements. By way of example, in the case of photo
exposure such as used in photolithographic processes

such as.semiconductor manufacturing and the like, the



“illumnator optics, and the ratio of the entrance hole area relative to the
| ight pipe' s transverse area. These three factors can be conbined into one
factor, Rtotal, which represents the round trip loss fromthe |ight pipe
entrance, to the reticle, and back again. This "photon recycling" process
will repeat, creating a geonetric seriesl8The nmultiplication factor, M is
t hus gi ven by: [err] The value of Rtotal is given by:

Rtotal =[err] dc T[err] Rarea where Rlerr] is the duty cycle |l oss at
the reticle, Phetp] seastihévei mgterpaks drenswigsiaval aespohstike eptics, and

Rarea is the d eak ck out Iheetranc hal.e. - The duty

cycle | oss ca%ggglvgg Eg}?ﬁ ﬁogTﬁegﬁfl BIEHY ¢ tgeﬁ'he 3#8&“%88’268 i'n the

backgr ound se@PhéﬁqhenéilM andrdéscelmm mtaismm emtded:lhnsl ogypcguot es a

duty cycle of +§e04t%sihig ggﬂegﬁ/{:\l, %\% % ]- 04 §6 The single
te e€re

pass transm ssion, Tlerr], dom na ect|V|t of the Iight
pi pe and t he” 1llum1nator would generally be desired: In that regard,

note that whlle Figure 6 represents an 1llum1nator of a
‘length of 10 feet, that length is the length of the

" optical path from the reflective side of the entrance of
the light pipe to the reflective surface of the mask,
and is not necessarily the physical size of the
illuminator, as the optical path may be folded back on
itself to shorten the physical size while malntalnlng

the optical length as desired.

- In the_casé of material removal by ablation for
driliing.holes in circuit boards, ink jet printer heads
and the like, peak intensity is the important parameter,
as the hidher the peak, the faster the material removal
and the less the work piece is heated by the emission.
Lower intensities however, have lower percentages of the
emission resulting in material removal and higher
percentages resulting in heating, with emission
intensity beldw some threshold effectively only
resulting in heating of the work piece. Since higher
material removal rates reduce job completion time, and
heating is undesirablé because of distortion of the work
piece and holder, resulting in inaccuracies in the
material removal-patte;n, it is highly desirable in such
applications to provide a high peak intensity, with the
'leading and trailing edges of the near peak intensity '
regions being as sharp as possible. Thus, in these _
applications a pulse shape characteristic-of a short
illuminator as in Figure 7 would be much preferfed over

the pulse shape of Figure 6 characteristic of a long

LR

illuminator.



" 12 | osses due to inperfect AR (anti-reflective) coatings on the |enses.
The reflective material used in the |light pipe would nost |ikely be U/

al um num because dielectric mrrors exhibit poor performance at the oblique
angl es -which exist inside the light pipe. The normal incident reflectivity
of W aluminummrrors from Newport, forl%xanple, are specified to be 95 %
at 248 nm This reflectivity will be higher for the incident angles used in
the light pipe (88-89[err] fromnormal). Assunme a 98 % val ue as a
conservative esti RéLerAlng &sinecd MHilgurke 7ARtheatiragsing tlgel epses each

have a 0.5% | nce there y be.3 | ense sone,, conf ratLons nmay use
anvaddl tional® nlsﬂr‘frﬁlrﬂataﬁorf t"r’ £hgPe ﬁz ?f‘éﬁfepy pe§ ‘3%’51%% cogt ed
reticle surfaddes rdmeated esﬁnmmatoifng&cbelssavebyadielwsedoén@ 5 % The

' I

of e ]S B MR SRIP LA DY AKEE 2 SLPELE PRSRLLE BN 251 O

of the entrareenits fledhe atd dalgpeth, the - 31luhination intensity
has diminished to the.p01nt where the addition of

further delayed pulses is merely contributing to the
trailing edge of the pulse rather than to the peak or
near peak intensity thereqf. Accordingly, if the number
of delayed pulses to be added could be specifically
limited, the peak intensity obtained would not be
significantly changed, but.the fall time of the trailing
edge of the pulse could be substantially shortened..
This is illustrated in Figure 8, wherein for the single
laser pulse, the combined pulse represerits the summat ion
of'thé single pulse and three time delayed pulses, again
with a short 3 foot illuminator as in'Figure 7. It may
be seen from Figure 8 that the capability of
specifically limiting the number 6f round trips all re-
reflections of emission reflected by the mask can
undergo ;ésults in a pulse of substantially the same
amplitude as that of Figure 7, but with a substantially
shorter fall time or trailing edge than that of Figure
7.

The limited number of reflections as shown in
Figure 8 may be achieved by modifyihg the system of
Figure 1 in a manner illustrated in Figure 9. 1In
particular, if the optica1 system in Figure 1 is near
perfect, the omission reflected by the reflective
surface of the mask would be refocused in the opening in
the entrance end of the light pipe to'retufn to the
laser. On the other hand, if the detuning of the
optical system is accomplished by slightly angling the
telecentric lens 32 and the mask 34 (too small to

illustrate), the primary effect would be to take the



‘pi pe transverse area. As stated above, the entrance hole is 2.5 %of the

| i ght pipe transverse area, giving Rarea = 0.975. . ~The above val ues
conbine for an Rlerr] of 0.872. This value for Rtotal gives a

mul tiplication factor of 7.8. The anobunt of energy multiplication is
strongly dependent on each of these |oss?%actors. The greatest |loss factor
is the single pass transm ssion since the square of this value is used in
the formulation of Rlerr]. Inproving the single pass transnmission to 0.97
by i nproving phetﬂﬁncoﬁtthgsiliumima&&qﬂereﬁruﬁmmseg the nwkki phieati on

factor 10 12 fouta navlonssh LAl LPEAIG0% densiebbgs acLdant on vari ous

parts of this um nator, assune an energy nsity n2 at the
i mage pl ane (#ETRWhbRECED. tha %ﬁ(#hﬂﬂplﬂylFémBnShﬁuldhhavefheaté9 100 %

portion of the 1nc1dent illumination 50 is substantially
-focused at a position offset from the opening 24 in
reflective member 26. Each subsequent reflection is
still further offset, so that after the fourth round
trip of the illumination in the nearly retroreflective
system, the illumination now aligns with an additional
opening 52 in the end 26 of the light pipe 28. Thus,
after the fourth round trip, the eﬁission 54 passes out
of the optical system to be harmlesely dissipated. In
this regard, if desired, the emission 54 passing out of
the light pipe might be reflected to a direction
approximately perpendicular to the axis of the opfical
system and spread over a large enough area of an
absorblng surface to harmlessly terminate the same.

In Flgure 9, the succe551vely reflected rays are
labeled as 1, 2, 3 and 4, each shown schematically as
being equally offset. from each other and from the
primary illumination 50. This is schematic only, in
that it would be expected that the spacing between
successive reflected rays would increase so that, by way'
of example, the distance between the third and fourth
set of rays would be larger than the distance between
the primary illumination.SO and the first reflection
thereof. Further, while the degfee of focus of the
primary rays is relatively good, - limited perhaps to that
allowable without breakdown of air in the region, the
degree of focus would be exbected“to decrease on each
round trip of the illumination. Accordingly, the -
opening 52 for the rays 54 which are to pass out of the
optical system may preferably be larger than the opening
through which the initial illuminatiéy'SO pessed. In
that regard, note that in Figure 9 thé region above

opening 52 in end 26 of the light pipe does not



“transmission and thus the intensity at the reticle plane will be 25 tines
less than the imge plane, or 12 mj/cnR. (This 12 nj/cnR value is the

mul tiplied value, due to the intensity enhancenent of the illum nator.)
-The intensity at the exit of the Ilght gbpe will be 9 times that of the
reticle due to the 3X magnification, 8 m/cnferr]. The intensity on
the Rlerr] mrror at the light pipe entrance wi Il be approxinately the sane
as the intensity at the exit of the light pipe, or 108 nj/cnR2. This

di el ectric nipaotipipéeeabhytisdars il deitmon cdanage mhnﬁﬁlhgtsﬂonnofhienyange of
200 m /cnR. n t |cal dana 0 Ls the |i

pi pems al uni nsifn %hér ‘(c')?]gg"ié F%(? unachrié og‘r?]:élraé F‘?I eﬂﬁfﬁgnpognog | ar ge
area of al uni ®aen Blght coive %méllnaQhé(ﬁﬂhemA¢pmopﬁnﬁughyeoﬂecaalbeof t he

ener gy wil | bperefbge ofe idspied Ne ey, Skihal Lhfph bghLyBhpgeand only

hal f of the |ength of | pe is illumnated I's situation,
the energy i SPRTFESE 9 e? %ué%ﬁQQF%ﬂng4?PddﬁE ofherngtiecher ggayenafty of

1.56 nj/cn2. dhe trrmgEnidtieshel daapedd iredrien N@Wﬁgrtriﬁr &V al unmi num
bel ow _safe | eve To ot herw se

mrrors is 10 his is well
thIEVZ t he 3@%}%? 5 %ﬂéﬂ??ﬁféﬁﬁ%ﬁﬁ? PRE Pk %enﬁPFﬁﬁﬁé PYEHE- oS woul d
need a 675 njpaut seefbeseredi irh@eneaay millfli phissabuencef trRet sy éh idhe

the next round trip, so that the objective of cutting
off the tail of the illumination seen by the mask and

work piece is still achieved.

Now referring to Figure 10, a further modification
of the system of Figure 1 to obtain split field
illumination enhancement may be seen. Here the emission
ex1t1ng the light pipe 28 is Spllt and redlrected by
prism 50 to mirrors 52a and 52b, which further redirect
the light along two spaced apart, parallel optical axes
to-reticle 34. Lenses 30a, 30b, 32a and 32b perform the
same function as lenses 30 and 32 in Figure 1, proViding
telecentric imaging of the emission onto the reticle,
but this time with the emission being concentrated in
-and substantidlly equally distributed over two, spaced
apart regions_rather than one contiguous region. Such
an arrangement would be highly useful for such purposes
as forming a plurality of holes by ablation wherein the
holes are arranged in separated areas such as in two
parallel rows. Such an arrangement is often found in
the electronics industry wherein lead connections for
integrated circuits are often arranged in parallel rows,

particularly in multi—chip'module packaging.

Other common packaging arrangements used in the
electronlcs industry have lead connections arranged in 1:.
square and rectangular layouts. In such cases, a i
pyramid and four mirrors may be used in place of the ;



‘mul tiplication factor of this enbodi ment of the present invention of 7.8
derived above, this image intensity can be achieved with a 87 m/ pul se
| aser. One prelimnary optical design which achieves the goals of the
previ ous sections uses three | enses with f nunbers of 17, 8.2, and 7. 2.
None of these lenses are difficult to faBficate and the thickest elenment is
10 mmat its vertex. The inmage blur for a point source placed at the |ight
pi pe entrance hole is 2 mmdi aneter after
14 refl ecti myichf ¥ arte asstocila¢ednalibebong tei cogeshtordtos tttee | i ght pi pe
entrance plat e;Tthe 4489 f [ ' and a
slight "detuni ngl of the %dféé‘%\%éf‘gx%?g?e‘%‘i%?@%i%%%%ﬁ@%&gf% uce the
-desired | ar géhemdfqauninaoisns: presdeyangetheabele pattemhergidien wWian his
invention is Rl cHMSIRIMIsAdeyion. Obviously still other devices

-and shapes may be used to configure the emission into

multiple areas, contiguous or not.

While the present invention has been disclosed and
described with respeét.to.certain preferred embodiments
thereof, it will be understood by those skilled in the
art that the present invehtidn may be varied without

departing from the spirit and scope thereof.

y



“all of the rays reflected fromthe reticle can be recaptured and returned
to their startin oi There will be very little energy |oss due to rays
ref ractt outside | ens apertures or outside the light pipe. As an

alter nat “‘“Mﬁml ng system the limtation of the energy density
in the h !ﬂ)‘m‘“ ate at the entr#&hce end of th |i ght p| pe nay be

elimnate v operMati’ng "at: |l east that portion of the

vacuum This will allow the use of a smaller hole in °

limted by system nechanical alignnmentcLamybility and i Nifty.
This in turn will allow even |l ess of the em ssion refl ected bacK™ he

| i ght pipe to; pgfg &hrough the hole in the end plate back to the | aser
source, |ess system detuning or both. To achieve this, the vacuum encl osure
woul d need to include the end plate 26 and probably the | i ght pipe 28, but
coul d include othey conpolesgkslﬂemétiﬂ&%'sr nﬁxo\éamsef w%f\nalﬁ skenses

22 and 30 night formthe w ndows of a vacuum encl osure ternatively
| enses 22. andZPLNEeh Rt Thafieqs] s chadsufrensmassieeviaddetinouad be

used, though @e&fesaiparddin HHDRMiIGh pat ethealdiXer ebEesti ¥ge surfaces

part i cul ar| y between. the reticle and the |ight pipe should be m nimzed.
Al'so the all oW T gy intensity woul d be expected to go up as pressure
goes down, so thataaldser S prowiingl laslerbemiegtibhed t o achi eve a

substantial gain if&f@é‘W@ﬁé‘héﬁEﬁ*%ér focusing the laser emission

through a small area;

a plate having a small transmissive area therein,
the plate being positioned substantially perpendicular
to the axis of the laser emission approximately at the
position of the small area of the focus of the emission -
so 'that the emission projects through.the small
transmissive area in the plate, the face of the plate
opposite to the direction of propagation of the laser
emission being reflective; .

a light pipe haVing an exit end, and having an
entrance end positioned adjacent to the reflective plate
so as to receive the emission passing through the small
transmissive area in the plate, the light pipe having
reflective inner surfaces;

' a telecentric field lens positioned to receive the
laser emission which has passed through the light pipe

- and to direct the same substantially perpendicular to
the mask; |

the laser emissioh striking reflective portions of
-the mask being refleeted back to the reflective plate to
miss the small transmissive area in the plate and be re-
reflected back to the mask-at somewhat different
positions, thereby making available for potential use
Dart of the energy not previously passing through the

tra;;smlssz.ve portions of the mask.

This Sheet Has Been Replaced

R




-|nten5| ty. Consequently a true hernetic (fused) seal on
the wi ndows may not be required in many such appl i cations. Now

refer anot her aspect of the present inwenlion may be seen.
As shammwu"“m‘ﬂm ﬂll nitial emssion of the |aser wi lfl Thig\wg3 3

time Td throtgh®the dptical system beford reaching thetnssk,r i
portion of the emi ssion falling on transm ssive portions o0 ] A
reachi ng the workpi ece 40. For that substantial portion of the em ssior

| mpi ngi ng on the refl ecth¥empokt i Dhgmid{at vt MSten ofl leqtgeﬁ hack to tlhle
l'i ght pipe and then ck to the mask, .this.first cycled enission w
reach the nas"%‘%lfﬁf'é”‘ gtg'feayt%‘?%erbtéﬂﬁcocf %,}epﬁewﬁli]f%%?eeﬁ?gg’%n r eached
t he mask. Thikasiet sgmissiomevhiicth imsegasisetiothrough the small
transmissive area in the plate without reflection off

“the inner surfaces of the light pipe to direct the same
substantially perpendicular to the mask, rand will
receive the laser emission which has passed through the
small transmissive area in the plate and reflected at
least once off the inner surfaces of the light pipe to

direct the same to the mask.

3. The mask illumination system of claim 2
further comprised of lens means between the exit end of
the light pipe and the telecentric field lens for
imaging the exit end of the llght pipe onto the

telecentric field lens.

4. ;The mask illumination system of claim 2 for
forming holes having a predetermined taper in work
pieces by ablative material removal wherein the light
pipe dimensions and the refractive members of the
illumination system are chosen to provide the
predetermined taper in the conical laser emission that

will pass thrOugh the transmissive areas of the mask.

5. The mask illumination system of any one of
claims 2, 3 or 4 wherein the first lens means and the
light pipe dimensions are chosen to provide emission
from the exit end of the light pipe comprising primarily
emission that has passed through the light pipe without
impinging on the walls of the light pipe and emissioen

which has passed through the light pipe with a single -

reflection from one of the wélls of the light pipe.

YR
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-the transit time fromthe reflective surface of the mask 34 to the
refleWof the entrance end of the light pipe and again
back mask Agal n, las to the portion of the fifr cled eni ssi on

which d m“\ transmi ssive area of the ny , be
recycl em‘gg‘\k . fal ling on the sk with an“egual BreA@é{D

respect erfitst® recycl ed emission, or two delay tinme per+s frgmthe
initial emssion. This of course will continue, though with sonme | o0s3Ses on
each recycl I ng. 6. Thige Shalk f'iHﬁﬁtﬁmaﬁidrh%yfsﬁl’eﬁlgaifngnﬁmysfbelhﬁ.inust rat ed
w th respect tofl re 5 This .F| g epts a Iot ofathe nornl,gl I zed
intensity Vel’]SUS tiSr i (%‘élc %ﬁ ; bFeeh Sfﬂﬂ'?e LA ¥ onof a

typi cal | aserplstreifcrtpuriedshy Gpter 1hashe Péeheaol ogi es, assignee of the
present invention. As may be seen fromthe Figure, the peak intensity of
the em ssion is reached in approximately 12 ns, remaining quite high for
approxi mat el’y another 1Bheignasid iHamimationg systemoofpFraiinat el y 5% of -t he

peak in anot a{rt3tNoomPrI&®d of means for redirecting the emission

to impinge on multiple areas of a mask.

8. The mask illumination system of claim 1
wherein the plate has a second transmissive area therein
offset from the first transmissive area and positioned
to allow reflected emission to pass therethrough after
multiple rereflections thereof from_and back to the

mask.

9. A mask illumination s&stem for use with a mask
having a part thereof which is'transmissive to define a
desired pattern for ablative removal of méterial to form
holes in a workplace which a have a predetermined taper,
and which mask is otherwise reflective, comprising:

a laser for providing laser emission;

first lens means for focusing the laser emission
from the laser through a small area;

a plate having a small transmissive area.therein,
the plane of the plate being substantially perpendicular
to the axis of the laseribeam'appr¢ximate1y at the
position of the focus of the beam so that the beam
projects through the small transmissive area in the
plate, the face of the plate opposite to the direction
of propagation of the.laser beam being reflective;

a light pipe having an exit end, and having an-
entrance end positioned adjacent to the reflective plate
so as to receive the light passing through the small
transmissive area in the plate, the light pipe having

reflective inner surfaces;

This Sheet Has Been Replaced
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- 16 the-speed—o#-i—he—em—ss—i—w (speed of light C) is approximately 1 foot
per ns, tance back and forth on each reflection is tw ce
t he Iength mnﬂ"ﬂoﬂ Mamportlon of the optical system_the deI ay time
period illus e 4 will be approximtely 2 hITH®E ES oot of
the relevant portion of the opti cal syst&m For a rel |veI)§E
REC ay of
i nci de

system nanely an illum nator of approximately 10 feet,
Figure 4 will be approxinmately 20 ns. Thus, before the |n|t|al

i11um nati oh has sughst &riﬁs'tsal hL¥nkaht&As Odda ke 1i1YHd Pigd Erdidirads
reflected by {he masE have be(gn re- reflecr:thed %the reflective end of
the |ight pip8%3Hd £ SSSBaF‘ﬁ BEOYHLT MtS TrPt HE Fhdee RRE €09 Ofust r at ed
in Figure 6, whergighthpipengheihasesmguneys: fo fFigyirssion s:haetprhaﬁhaced and

d th LAt ] f th
surmed w1 gL Lot Lags,LASCRg! 5o, R S ARTIIBELY of o [ om e
| osses on eatWadbabpé thavémbtommmarrcbmmqnqmﬁ iodn e@ﬁslsﬁ@noplhlsiéll pat h.
It can be seeﬂa{féoglagggar@hﬁow@ttw@lifgﬁdﬁeplwmw TRl 128G Rensity is

i ncreased by over % by the re-ref] ections he time |ength of the
emission is e’iﬁ%ﬁ%ﬁlﬁﬁcﬁr%r@‘e oraklirale they dight, PiRe it ot al

a telecentric field lens positioned to receive the

laser emission which has passed through the small
transimissive area in the plate without feflection off
the inner surfaces of the light pipe to direct the same
substantially perpendicular to the mask, and to receive
the laser emission which has passed through the small
transmissive area in the plate and reflected at least
once off the inner surfaces of the light pipe and to -
direct the same to the mask;

the laser emission striking reflective portions of
a mask being reflected back to the reflective plate in a
manner to miss the small transmissive area in the plate
and be re-reflected back to the mask at somewhat

| different positions, thereby making available for

potential use part of the energy not previously passing
through the transmissive portions of the mask;

the light pipe dimensions and the refractive
members of the illumination system being chosen to
provide the predetermined taper in the laser emission
that will pass through the transmissive areas of a mask.

10. The mask illumination system of claim 9
further comprised of lens means between the exit end of
the light pipe and the telecentric field lens for -
imaging the exit end of the light plne onto the

telecentric field lens.

11. The-mask illuminazion system of claim 9

wherein the first lens means and the light pipe

is Sheet Has Been Replaced .
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“energy Tm the emssion incident on the mask and on the work piece has been

greatly corrparlson to the time stretched puI se
char acte mﬂﬂ III"P"IIII" dllumnator of Figure 6, attenR ‘

irected t0 [ guren7 show ng the same effect, but for a

i I | umi nat or, nanely appr oxi matel y 3 feet?1ong. Here agdrr
pul se of Figure 5 is reproduced. Wth the 3 foot |ength of the
portion of the optical path, the delay tinme between successive arrivals
eni ssi on at tdﬁnmionﬁarm&e&vim;ﬂmﬁ@fd ealiedibnofirbhetheskxig only

appr oxi mat el yg ' . wi.dt f si.n le
17 | aser pu sgéfl st%(k)ncf]r% (ﬁrlﬂ?rﬁ lng gonggﬁénf:ﬁtgﬁsi ty of a
nunber of refé¢ricssion thay feajida nmﬂd ithgrough &hgudhghkghépepwakhontensity

ﬁgggrgef?{e oy i tdh ehsubstantdaldne §H%%Eeblbé”En@eébﬂsonéﬂtghat

-of emission which have passed through the light pipe
with one reflection from the walls of the light pipe.

12. The mask illumination system of claim 9
further comprised of means for redirecting the emission
to impinge on multiple areas of a mask.

13. The mask illumination system of" clalﬁ 9
wherein the plate has a second transmissive area therein
offset from the first tfansmissive'area and positioned
to allow reflected emission to pass therethrough after
multiple fereflections'thereof from and back to the

mask.

14. A méthod of increasing the intensity of laser
emission on a mask haﬁing a part thereof which is
transmissive to define a desired pattern and which is
otherwise reflective comprising the steps of:

(a) providing an optical system having;

(i) a source of laser emission}

(ii) a light pipe having reflective
inner surfaces and a'plate at the entrance end
of the light pipe, the plate having a small
transmissive area therein and ofherwise being
reflective on the side thereof facing the
light pipe; and, | _

(iii) a telecentric field lens; -

(b) focusing the laser emission through the
transmissive area of the plate to illuminate an area of
the telecéntric field lens at least corresponding to
area of a mask to be illuminated, the telecentric field

lens being positioned to receive the laser emission

Sheet Has Been Replaced
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" -may be seen fromFigure 7 that the reflections of the jindividual |aser

pul ses add to the extent of providing a peak anplitude at
of an imeeyi : wi th a pul se shape approxinati ‘ at
st omr,MHMﬂgmﬁﬁWN ude, much hi gher energy single & An
the mul t1 plee- peak wavet orm of Figure 6. 28 The energy in the

pul se waveforns of Figures 6 and Figures 7 are substantially equal.
However, since in general the illumnator Iength does not affect the
reflectivitywiifidhhéasmpgaaised wHauegh ehet BRanlmbeanshisefvecitrensin

T o nat or A EHAGE FARRHe ¢ tTsE iRl BRE, Beotohas PEhedet R0 at nor
to control t e flfigrity mpﬁa\im‘d)_rtm diiuret;he}:has_eamé aubstr:u@nti:iallifr nat or of
Fi gure 6, top%trr c.IJl%rEftfoeCttHevglaIB#',fﬁnhntg' pg?g%%éeh&gxpggéf of a nore

greatly incréaséd peak energy, an e case 0 orter Illum nator
of Figure 7, 9 -SHEA gdig wegsed sbarughethy sRabl shRRIPLIFRAER ti ne.

These two il ldpdanaOHeROlbhe and HFeEeb¥ekll HEt 1abiyeorde toPE SiieCi fi C
exanpl es of t.he contral over th pgl,sg characteristics that the

11 u nat o, RN SHECRAIEaIty 6 11 PRGN PARERPReRBt P T F DV RBSame The
ability to cant ttle taskcharacteristics of the enhanced energy pulse is

I nportant, as dlffﬁgf”“the laser emission striking reflective
portions of a mask being reflected back to the
reflective plate in a manner to miss the transmissive
area in the plate and be re-reflected back to the mask
at somewhat different positions, thereby making
available for potential use part of the energy not
previously passing through the transmissive portions of

the mask.

15. The method of claim 14 further comprised of
_the step of redirecting the emission to impinge on

multiple areas of a mask.

16. The method of claim 14 further comprised of
the step of allowing reflected emission to pass through
‘a second transmissive area of the plate after multiple

rereflections thereof from and back to the mask.

17. An ablation system comprising:
a work piece;
~a mask having a part thereof which is transmissive

to define a desired pattern on the work piece and which
1s otherwise reflective; -

a laser for providing laser emission;

first lens means for focusing the laser emission
through a small area; . |

a plate having a small ﬁransmissive area therein,

the plate being positioned substantially perpendicular

This Sheet Has Been Replaced :
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~appl i catd different pul se requirenents. By way of

exanpl e, se of phgto exposure such as used i ---tollthographlc
processe lﬂ"g i ﬂm dct or - manuf acturing and the/ |THie gy ,
rials are in general respo ve tR@PL [

not peak intensity of the il | umi nation. 2%Consequently to Teoht
Intensities and thus reduce the stress on reflective surfaces, 3
long -illum nator would generally be desired. In that regard, note that

whi | e Fi gure to reps esseld Soﬁrtl‘ié | Laseratenri safioa hpﬁgbhim&tényf@ett;hda hat
l ength is the Ie th of the o ]Sglrpat ffE%nlk LEEE%%VShfégloRf t he

entrance of the } ?ﬁ Of t He re ectlve sur a e of and is
not necessar|$q'Qhﬁt[ﬁhﬁnemﬁsannapﬁbmﬂm§s threuaht bhe smathe optical path

may be fol ded haGkn Ak ivSelfed Ao ald PlakRe RRESESBE SEZEndMph]gedmi ntaining
-“opposite to the direction of propagation of the laser
emission being reflective; _

a light pipe having an éxit end, and having an
entrance end positioned adjacent to the reflective plate
so as to receive the emission passing through the small
transmissive area in thé plate, the light pipe having
reflective inner surfaces;

a telecentric field lens positioned to receive the
laser emission which has passed through the light pipe
and to direct the same substantially perpendicular to
the mask;

the laser_emission striking reflective portions of
the mask being reflected back to the reflective plate in
a manner to miss the small transmissive area in the
plate and be fe—reflected back to the mask at somewhat
different positions, thereby making available for
potential use part of the energy not previously passing
through the transmissive portions of the mask.

18. The mask illumination system of claim 17
wherein the telecentric field lens will receive the
laser emission which has passed through the small
transmissive area in the plate without reflection off
the inner surfacés of the'Iight pipe to direct the same
substantially perpendicular to the mask, and will
receive the laser emission which has passed throﬁgh the
small transmissive area in the plate and reflected at
least once off the inner surfaces of the light pipe-to

direct the same to the mask.

19. The'system of claim 18 further comprised of

‘lens means between the exit end of the light pipe and

This Sheet Has Been Replaced
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“the opt i&lmmichigfﬂ;d- In the case of material renoval by

abl ation for drilling in circuit boards, ink jet_printer heads and

t he Ilkee”,mmm sithe-inportant paraneter, | &t _

peak mﬁgﬂmml al renoval and the |ess the wor heat ed
by the emi'ssiont L&wef intensities howevd?, have | ower e ;

em ssion resulting in material renoval and hi gher percentages gin
heating, with em ssion intensity bel ow sonme threshold effectively only
resulting in Iﬁalat it@@eﬁfant:b@c\/\@id&%]@i%&s ﬁﬂcméaag{gercumtbe&&itabnae?ﬂval rates
reduce job co e tioe, an In esi | £ .because o

di stortJi on of n?’ﬁe& F‘E Bi‘@ﬁeo ha ﬁl?) d'é‘?qlecf%% 19 dg-§h¢ id§8Scuracies in the
mat eri al renoval  pattern, is highly desirable in such applications to
provide a high peakgint eIﬂ%l %stg/{ntgft Qﬁaix‘ﬁaiié ngo@nfi%ﬁtlﬁﬂérlﬂ]}qeesdges of the
near peak intensity regions being as s 0SSl hus, 1 n these

appl i cati ons aamngeasaaﬁ@eéﬁmm@mm% ot veprslmam{eqaq i philetixe in

Fi gure 7 woul daberMHehron6yel reseAVal i PYRe piRPeidknEigHEeafa

characteristic of a_lo | um nat or.
the refracglve members of the 1llum1nat10n system are

chosen to provide the predetermlned taper in the conical
laser emission that will pass through the transmissive

areas of the mask.

21. The system of any one of claims 18, 19 or 20
wherein the first lens means and the light pipe
dimensions are chosen to provide emission from the exit
end of the light pipe comprising primarily emission that
has passed through the light'pipe without impinging on
the walls of the light pipe and emission which has
passed thrbugh'the light pipé'with a single reflection
from one of the walls of the light pipe.

22. The system of any of claims 17, 18, 19 or 20
wherein the small transmissive area in the plate

comprises a hole in the plate.

23. The system of claim 17 further comprised of
means for redirecting the emission to impinge on

multiple areas of a mask.

. 24. The system of claim 17 wherein the plate has a
second transmissive area thérein offset from the first
transmissive'area and positioned to allow reflected-
emission to pass therethrough after multiple

rereflections thereof from and back to the mask.

25. An ablation method comprising the steps of:

(a) providing a work piece
This Sheet Has Been Replac
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19 __Referringagarmito Figure 7, the trailing edge of the

i1 um natlon puI se s of Figure 7 is defined by the rfepe
of succe m‘m\m\ Wﬁﬁnd di mini shing anplitude pul seg.
nunber ﬁ optical path, the illum nati o~
di mi nished tb t‘he poi nt whére the addi ti®h of further del aye
nmerely contributing to the trailing edge of the pulse rather than to Tk
peak or near peak intensity thereof. Accordingly, if the nunber of del ayed
pul ses to be added @oul presrigtied &i makkyhhirihéed, pdte fleaked MtwHisdH y

bt ai ned woul d be si_gnificantly.ch g fall f th
Craling edge o PRESBICCE Eolra B b N0 art 1At PRSP R o et

i |lustrated i pilicgureaddwhiktr ésnofberwvhee stefflectiaser pul se, the conbi ned

pul se represents th(ec)su p;ég?_ngf athp§i99i.espé’t§fﬁ }?A’Plﬁghr ee tine del ayed

pul ses, again with a 'short umnator-as I1n Figure 7. It may be
seen from Fi gure 8 that the chipabid isopree §§eéﬁ§?€aﬁm§/5ﬂ‘h¢tl ng t he nunber

of round trips all re- reflectijons aofll%m-_s%hgg hg{,lj_ﬁgtﬁgfi)é(ctt_b@e mask can
undergo results in a'F“”fﬁ%é¥ éﬂg%g%%gtggd X pTchaat the entrance end
of the light pipe, the plate having a small
transmissive area therein and otherwise being
reflective on the side thereof facing the
light pipe; and, |
(1ii) a telecentric field lens;

(d) focusing the laser emission through the

transmissive area of the plate.to illuminate an area of

_ the ° telecentric field lens at least ‘corresponding to
area of the mask to be illuminated, the telecentric
field lens being positioned to receive the laser
emission which has passed thfbugh the small transmissive
area in the plate without reflection off the inner
surfaces of the light pipe and to direct the same
substantially perpendicular to the mask, and to receive
the laser emission which has passed through the small
transmissive area in the plate and reflected at least
once off the inner surfaces of the light pipe and to
direct the same to the mask;

{({e) the laser emission striking reflective
portions of a mask being reflected back to the
reflective plate in a manner to miss the transmissive
area in the'plate and be re-reflected back to the mask
at somewhat different positions, thereby making
available for potential use part of the energy not -
previously passing through the transmissive portions of
the mask.
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“anplitude as that of Fi gure 7, but with a substantially shorter fall tine
or trartngedge tham tin t of Figure 7. The i mted_nunber of

refl ec |gure 8 may be achieved by nodi flyrggthe.syst em of
Fi gure“‘ﬂ Iam |!‘]1 ustrated in Figure 9. In particplar, 7]
optica el is near perfetd, the om ssion Tef+ell

reflective surface of the mask woul d be refocused in the opening | .
entrance end of the light pipe to return to the laser. On the other hand,
if the detuning of 26he opki fekhsysbentlsimczZ® npldied donpiliisgldt b angl i ng
the tel ecentr{; er 32fand thecmask t?h4 (et Qo _snal It to | Ilustrat e), the
primary effec Yot &° b tBe?Jaﬁ% T mission Lo impan

portion of theultiphenatéas o£fdéeuasdd by the mask which woul d have been
retroreflective and of fset the same

20

- 27. The method of clalm 25 further comprised of
the step of allowing reflected emission to pass through
a second transmissive area of the plate after multiple

rereflections thereof from and back to the mask.

\—_
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“ somewhat so that as shown in Figure 9, the reflected portion of the
incident illumnation 50 is substantially -focused at a position offset
fromthe opening 24 in reflective nenber 26. Each subsequent reflection is
still further offset, so that after the fourth round trip of the
illumnation in the nearly retroreflectide system the illum nation now

Thue, after 1 ffd*figﬂq%ﬁﬁﬁefﬂﬂ%Mﬁﬁﬁ*ﬂoﬁ S R

opti cal system arm essly dissipated. In this regard, if desired, the
em ssion 54 passing out of the Iight pipght be reflected to a direction
approxi matel y.-perpendi cular to the ABEEE he optical system and spread
over a large enougﬂ’uhl efield amasibsdrlbmngasuphaeehﬁocﬁaﬁﬁte@SFk}O@érm' nat e

the sane. é?é%géhé)fdéﬂﬁfaﬂc56§§kVQ5¥e£e£§§eéﬁg faysasqétiameled as
eac

1, 2, 3 and 4 own schematl cally as being equally offset fromeach
ot her and froMibeing mrpsh tidesingnthe. PAFRFETN<OE ‘Fra‘f‘?‘"ce’c’):lﬁjy in that

it would be expasd etbrididda thye am&fﬁllaa hakbveen cHecpesty¥rta@él ected rays
woul d increase so that, by wa m E t he d#j?tan e between the third
&4 shgorapha

and fourth sdtf ST (R A%P St B2 4l st aht® bR¥Tken t he
primary il | urennisdsion S5 afutbused ftor at pbehteori smalheared . téwdder, while

(ne, oo ¢, ka5, o AP YT G5ch Eboh 161, 800t i o0 pethavs

f ocus woul d béhesgiarttdee tmumaéagerénceaeﬁ the llght pipe and end
plate are both highly reflective. The exit end of the
light pipe is imaged onto a telecentric lens adjacent
the mask or feticle, which mask or reticle is highly
reflective except where defining areas for ablation.
Laser emission passing through the reticle is imaged
onto a work piece, while light reflected by the reticlé
substantially retraces either its own ray path or that
of another ray impinging on the same area of the
reticle. Intentional detuning of the system results in
the light reflected back into the light pipe generally
missing the small hole therein, most of it being
repeatedly re-reflected by the light pipe and end plate
back to the reticle to reuse.the same by repeatedly
bathing the reticle in the laser emission until passing
through transmissive pbrtioné of the reticle,
dissipating by losses on each reflection or ﬁltimately
finding the hole and passing back to the laser emission

' source. Various characteristics, capabilities and

_embodiments of the invention are disclosed.

Figure 1 . ®



round trip of the illumnation. Accordingly, the - opening 52 for the
rays 54 which are to pass out of the optical systemmay preferably be

| arger than the opening through which the initial illumnation 50 passed.
In that regard, note that in Figure 9 tfyidegion above opening 52 in end 26
of the light pipe does not 21
participate in the reflecting of the illum nation of any of the first four

round trips, so that the entire top of the light pipe end in the schematic
of Figure 9 can be left open if desired. Also, in this exanple, even if

because of the defocusing and/or other effects, part of the illum nation on
say the fourth round tr LS reflected and part passes out of the optical
system the part refl ected ' pass out of the systemin the
next round trip, so that the opj velof cutting off the tail of the
il lum nation seen by the rask d
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work piece is still achieved. Now referring to Figure 10, a further
nodi fi cation of the systemof Figure 1 to obtain split field illum nation
enhancenment nmay be seen. Here t'he emission exiting the light pipe 28 is
split and redirected by prism50 to mr A 52a and 52b, which further
redirect the Iight along two spaced apart, parallel optical axes to reticle
34. Lenses 30a, 30b, 32a and 32b performthe sane function as | enses 30 and
32 in Figure 1, providing telecentric imging of the em ssion onto the
reticle, but this tinme with the emi ssion bei®g concentrated in and
substantially equally distributed over two, aced apart regions rather

t han one contiguous region. Such an arrange t would be highly useful for
such purposes as formng a plurality of hol e by abl ati on wherein the holes
are arranged"“‘%eparated areas such Lﬁ% parall el rows. Such an
arrangenment is often found in the ele,tronl i ndustry wherein | ead
connections for |ntegrated circuits a e"oft%‘arranged in parallel rows,

particularly in Frr=chrpmodptepactkagi ng-J3 Q her comon packagi ng
arrangenents used in the el ectfonics industrg have | ead conpections
arranged in square and rectandular |ayouts. ;bn such cases, F pyram d and
four mrrors may be used in pface of the

fonrd
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22 prism 50 and associated mrrors to concentrate the emssion in and
substantially equally distributed over the four regions overlaying the
hol e pattern rather than one contiguous region. Cbviously still other
devices -and shapes may be used to configyre the em ssion into nultiple
areas, contiguous or not. Wil e the present invention has been

di scl osed and described with respect to certain preferred enbodi nents
thereof, it will be understood by those skilled in the art that the present
i nvention may be varied without departing fromthe spirit and scope

t her eof .
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CLAI V5 1. A mask illumination systemfor use with a mask having
a part thereof which is transmssive to define a desired pattern and which

is otherw se reflective conprising a laser for providing |aser
em ssi on; first lens neans for %9§Hsing the | aser em ssion; a
pl ate having a reflective face and a first transm ssive area therein, the

pl ate being positioned substantially perpendicular to an axis of the |aser
em ssion approximately at a position of focus of the em ssion so that the
em ssion projects through the first transm ssive area in the plate; a
| i ght pipe having an exit end, and having an entrance end positioned

adj acent- to the plate so as to receive the-em ssion passing through the
first transm ssive area.in the plateﬁJﬂuakgght pi pe having reflective

i nner walls; O aving refl"ectiwel portions and transm ssive
portions; ) &t ic field | epns %%%itioned to receive the | aser

em ssi on which m "
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has passed through the light pipe and to direct the sane substantially

per pendi cul ar to the mask; the |l aser em ssion striking reflective
portions of the nmask being refl'ected back to the plate to mss the first
transm ssive area in the plate and be rgyreflected by the reflective face
back to the mask at different positions, thereby making avail able for
potential use part of the |aser em ssion not previously passing through the
transm ssive portions of the mask, the telecentric field |lens guiding the
reflected | aser emi ssion fromthe mask to the |ight pipe.

REPLACEMENT SHEET 24 2.
The mask illum nation system of claim 1 wherein the telecentric field
lens will receive the | aser em ssion which has passed through the first

transm ssive area in the plate without reflection off the inner walls of
the light pipe to direct the same substantially perpendicular to
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the mask, and wll receive the |aser em ssion which has passed through the
first transm ssive area in the plate and reflected at |east once off the
inner walls of the light pipe to direct the same to the mask. 3.
The mask illum nation systemof claimg2,further conprised of |ens neans
between the exit end of the light pipe and the telecentric field |lens for
imaging the exit end of the light pipe onto the telecentric field |ens.

4, The mask illum nation systemof claim2 for form ng hol es having a
predeterm ned taper in work pieces by ablative material renoval wherein the
i ght pipe, the first lens neans and the telecentric field I ens of the
illum nation systemare chosen to provide a predeterm ned taper in the

| aser em ssion that will pass through the transm ssive portions of the
mask. 5. The mask illum nation systemof any one of clains 2, 3
or 4 wherein the first |lens neans, and the |ight pipe are chosen to provide.
em ssion fromthe exit end of the |ight pipe conprising Drigkrily em ssi on

that hhs passed 't hroudh t'he'l'i ght 'pi pe Vi tirout’ i npi ngi ng dngg nner wal | s of
the Iight pipe and em ssion which has paseed through the I|ight pipe with a
singlefreflection fromone of the inner wal[® of the |ight] pi peD
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25 6. The mask illum nation systemof any of clains 1, 2, 3 or 4
wherein the first transm ssive area in the plate conprises a hole in the

pl at e. 7. The mask il l-um nation systemof claim1 further
conprised of neans for redirecting thﬁ i'ssion to inpinge on nultiple
areas of the nmask. 8. The nesk™ il]um nation systemof claim1l

wherein the plate has a second transm ssive area therein offset fromthe
first transm ssive area and positioned to allow reflected em ssion to pass
t heret hrough after nmultiple rereflections thereof fromand back to the
mask. 9. " A mask illumnation systemfor use with a mask having a
part thereof which is transm ssive to define a desired pattern for ablative
renoval of material to formholes in a workpl ace which a have a
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predeterm ned taper, and which mask is otherwi se reflective, conprising:

a laser for providing |aser em ssion;. first lens neans for focusing
the | aser emission fromthe | aser; a plate having a reflective face
and a first transm ssive area thereing,gaoplane of the plate being
substantially perpendicular to an axis o? the | aser em ssion approximtely
at a position of focus of the |laser em ssion so that the | aser em ssion
projects through the first transm ssive area in the plate; a light
pi pe having an exit end, and having an entrance end positioned adjacent to
the plate so as to receive the |aser em ssion passing through the first
transm ssive area in the plate, the light pipe having reflective inner
wal | s;

REPLACEMENT SHEET . the first I ens neans and the |ight pipe
bei ng chosen_to provide emi ssion fromthe exit end of thqalight pi pe having
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t hat have passed through the |ight pipe wthout inpinging on the walls of
the light pipe and conponents of em ssion which have passed through the
light pipe with at | east one reflection fromthe walls of the |ight pipe;

a mask having reflective portions an }f&wwnissive portions; a
telecentric field Il ens positioned to receive the | aser em ssion which has
passed through the first transm ssive area in the plate without reflection
off the inner walls of the light pipe to direct the sane substantially

per pendi cular to the mask, and to receive the | aser emnm ssion which has
passed through the first transm ssive area in the plate and reflected at
| east once off the inner walls of the light pipe and to direct the sane to
the mask, the telecentric field Il ens guiding the reflected | aser em ssion
-fromthe mask-to the light pipe; the | aser em ssion striking
-reflective portions of a mask being reflected back to the plate in a nmanner
to mss the first transm ssive area in the plate and be re-reflected by the
-reflective face back to the mask at different positions, thereby naking
avai l abl e for potential use part of the |aser em ssion not previously

passi ng through the transm ssive areas of the mask; the |ight pipe,
the first lens neans and the telecentric field lens of the illum nation
system bei ng chosen to provide a predeterm ned taper in the |aser enission
"that will pass through the transm ssive portions of the nask. 10.
" The mask illum nation systemof claim9 further conprised of |ens neans

" between the exit end of the light pipe and the telecentric field I ens for
imging the exit end of the |ight p%ﬁs onto the telecentric field | ens.
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27 i 11. The mask illum nation systemof claim9 wherein the first
| ens nmeans and the |ight pipe are chosen to provide em ssion fromthe exit
end of the light pipe primarily having conponents of em ssion that have
passed through the light pipe w thout i, bnging on the inner walls of the

|'i ght pipe and conponents of em ssion i ch have passed through the |ight
pi pe with one reflection fromthe inner walls of the |ight pipe.
12.  The mask illunmination systemof claim9 further conprised of neans for

redirecting the enission<§9J;:E;:E§;E:;gE;aiple areas of the mask.
13. The mask illum nati & d 79 wherein the plate has a second

transm ssive area therein offseh’f?BﬁT?he first transm ssive area
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and positioned to allow reflected em ssion to pass therethrough @fé@r‘ffql“)
multiple rereflections thereof fromand back to the nask. 14. A

nmet hod of increasing the intensity of |aser em ssion on a mask having a
transm ssive portion which defines a desired pattern and which is otherw se
reflective conprising the stieps of: (a) provi ding an optical system

(0" o AN DML £ 1 &ctPVe aRer wal 1 o apBERCACEMENT SHEET,| ., o

at an entrance ertd 8f fhe*light pipe, the plate havjnj a
reflective face and a first transm ssive area therefnjafd JUL 1999
otherwi se being reflective on a side thereof facingjthe |iaht

pi pe; and, (itii) a telecentric fipld |ens; 28
CLAIMS -
1. A mask illumination system for use with a mask having a part

thereof which is transmissive to define a desired pattern and which is
otherwise reflective comprising :

a laser for providing laser emission;

first lens means for focusing the laser emission;

a plate having a reflective face and a first transmissive area therein,
the plate being positioned substantially perpendicular to an axis of the laser
emission approximately at a position of focus of the emission so that the
emission projects through the first transmissive area in the plate;

| a light pipe having an exit end, and having an entrance end
posiﬁoned adjacent to the plate so as to receive the emission passing
through the first transmissive area in the plafe, the light pipe having
reflective inher walls; ‘

a mask having reflective portions and transmissive portions; |

a telecentric field lens positioned to receive the laser emission which
has passed through the light pipe and to direct the same substantially
perpendicular to the mask; :

the laser emission striking reflective portions of the mask being
reflected back to the plate to miss the first transmissive area in the plate
and be re-reflected by the reflective face back to the mask at different
positions, thereby,making available for potential use part of the laser
emission nof previ_ously passing through the transmissive portions of the
mask, the telecentric field lens guiding the reflected laser emission from the

mask to the light pipe.
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(B) f ocusi ng the |aser emssion through the transnissive area of the plate

toillumnate an area of the telecentric field lens a Ieast correspondi ng
to an are 1 um nated, the telecentr

posi ti oned i Jaser emi ssion which has pa>se @FEMEQﬁ'ﬂ@Mr st
transm ssi E' |I‘@Hﬂ@j‘ﬂ$te wi thout reflection off e inner walls

the |ight qﬂ the same substantially p=r edd cliibi%9% ha
mask, and to receive the |aser emni ssion2%hich has paske [ §st
transm ssive area in the plate and reflected at |eastfonce off the inne

wal I's of the light pipe and to direct the sane to thelnask, (C) he

| aser em ssion striking reflective portions of a mask being refl ected back
to the reflective plate in a manner to mss the first transm ssive area in
the plate and be2re-r &heeahask biflutiieatiari | sgstemre décelamackl t whereinmeble at

di fferent positions, thereby ki ng,avajl able for, potentia art of the
| aser eni ss?‘%?F%’E'cp ighh dens W"”ﬁa%el"}{f tthe olager t?f@'sﬂoéhé’}’r’i"gg 6 p&?sﬁegn of

t he mask, n C u t r si on
o ne oS G peh P srel 160 Bl VRS ARpESA off %
further conipiese¢alisfof tm ﬁgrﬁrpnpé 6 @ﬁlneee@he Barehsulsstantallynpérpentieulegeoon
mul tiple areas of the nask. The nmethod of claim 14 further
conpri sed othe mask; épdomllalepgweﬁ@erlmre@mgloawvmm has papsed thrpughdihea
second tran SI ve area of t.he

fromand b ﬁf?t fansmissive, area in the! p?la > 8hd FondMel' B RaSEOREL B 1RO Snddte eOf

walls of the light pipe to direct the same to the mask.

3. The mask illumination system of claim 2 further comprised of
lens means between the exit end of the light pipe and the telecentric field

lens for imaging the exit end of the light pipe onto the telecentric field lens.

4, The mask illumination system of claim 2 for forming holes
having a predetermined taper in work pieces by ablative material removal
wherein the light pipe, the first lens means and the telecentric field lens of
the illumination system are chosen to provide a predetermined taper in the

laser emission that will pass through the transmissive portions of the mask.

5. The mask illumination system of any one of claims 2, 3 or 4
wherein the first lens means, and the light pipe are chosen to provide
emission from the exit end of the light pipe comprising primarily emission
that has paésed through the light pipe without impinging on inner walls of
the light pipe and emission which has passed through the light pipe with a

single reflection from one of the inner walls of the light pipe.
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17.  An abl ation system conpri si ng: a work piece;

having an exit end, and having an entrance end

6. The mask illumination system of any of claims 1, 2, 3 or 4
wherein the first transmissive area in the plate comprises a hole in the

plate.

7. The mask illumination system of claim 1 further comprised of
means for redirecting the emission to impinge on muitiple areas of the

mask.

8. The mask illumination system of claim 1 wherein the plate has
a second transmissive area therein offset from the first transmissive area
and positioned to allow reflected emission to pass therethfough after

multiple rereflections thereof from and back to the mask.

9. A mask illumination system for use with a mask having a part
thereof which is transmissive td define a desired pattern for ablative
removal of material to form holes in a workplace which a have a
predetermined taper, and which mask is otherwise reflective, comprising:

a laser for providing laser emission;.

first lens means for focusing the laser emission from the laser;

a plate having a reflective face and a first transmissive area therein, a
plane of the plate being substantially perpendicular to an axis of the laser
emission approximately at a position of focus of the laser emission so that
the laser emission projects through the first transmissive area in the plate;

.a light pipe having an exit end, and having an entrance end
positioned adjacent to the plate so as to receive the laser emission passing
through the first transmissive area in the plate, the light pipe having

reflective inner walls;

AMENDED SHEET
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having a _transm ssive area—which defi nes a desired pat REPLAREVENT SHGk

i ece and which is otherwise reflective; a |laser|fgr—providing | hsér
eni ssi on; m‘u‘ I!“Iu’ul‘kmﬁi'rreans for focusing the lasel eniyg Iﬁm‘ 1993
pl at e haV| ace and a first transmssiv éreat erein, th
pl ate being positioned substantially pebendi cul ar to &n S 01 the | asdr
eni ssion approximately at a position focus of the enisgion so that the
em ssion projects through the first transm ssive area; a 11ght pipe



pésiti oned adj acent to the plate so as to receive the enission passing

through the first transm ssive area in the plate, the Ii | ™

reflective inner walls; a telecentric field |l ens pi gﬁﬁmgﬂ'&ﬁ éﬁEET

recei ve theftaser em ssion which has passed through the itht pl pe and
re

direct the s per pendi cul ar to the mask; 10t HEL 1188%er
em ssion st rnmmm E‘“EMI “port I ons of the nmask being
th

ected back tp
e plate in a nanner ®osm $s the first 26ransnissive arela in the plate and
be re-reflected by the reflective face back to the nmask fat.different
positions, thereby nmaking available for potential use part of the |aser
em ssion not previously passing through the transm ssive area of the mask,
the telecentric field lens guiding the reflected | aser em ssion fromthe
mask to the |ightheifist lens meand8and The liglstk pipe dimgt chosepy te gpnovigte cl ai m

17 wherein the tel e%centrlc fle(g Lens w11 .receive the | aser «%m'ssion whi ch
nas. passed SHRERIG 4B Fioretit 604 0 The JbE Pifes oy o, RImRPGTES T HB oD
reflection offy hige! pASELd vm#dug,hoihet fight bRt withBgit itpfiding lorl fife SRR of

substanti al 'y per pendi cu
the light pipe and components of emission which have passed through the

light pipe with at least one reflection from the walls of the light pipe;

a mask having reflective portions and transmissive portions;

a telecentric field lens positioned to receive the laser emission which
has passed through the first transmissive area in the plate without reflection
off the inner walls of the light pipe to direct the same substantially

_perpendicular to the mask, and to receive the laser emission which has
passed through the first transmissive area in the plate and reflected at least
once off the inner walls of the light pipe and to direct the same to the
mask, the telecentric field lens guiding the reflected laser emission from the

 mask to the light pipe; ' | '

the laser emission .striking reflective portions of a mask being
reflected back to the plate in a manner to miss the first transmissive area in
the plate and be re-reflected by the reflective face back to the mask at
different positions, thereby making available for potential use part of the
laser emission not previously passing through the transmissive areas of the
mask; : |

the light pipe, the first lens means and the telecentric field lens of the

illumination system being chosen to provide a predetermined taper in the

laser emission that will pass through the transmissive portions of the mask.

10. The mask illumination system of claim 9 further comprised of
lens means between the exit end of the light pipe and the telecentric field

lens for imaging the exit end of the light pipe onto the telecentric field lens.
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30 the mask, and will receive the |aser em ssion which has passed
through the first transm ssive area in the plate and ref .
once off the inner walls of the |ight pipe to direct the| REPEACEMENE SHEET.
19. The system of clarm 18 further conpri-sed of |ens
exit end of nd the telecentric field le
eX|t end ofl||W”|I“3“"|ﬂllmalwnto the telecentric field |

he system ai m for form ng hoRés having a predet!
vvork pireces by abl ative nmdaterial renoval. wherein the Ii
| ens neans and the telecentric field |l ens neans of the
chosen to provide a predetermned taper in the | aser em ssion that w | |
pass through the transm ssive area of the nask. 21. The system of
any one of claimi118, The roask@lunhinatiom systenh iof stlailve Sswirersis thedirshiensi ght
pi pe are chosen to q({/)row de em ssion fromthe exit end of the I| dpe

conpri si ng P1aaREr3 thelight pipe; W&t@fbﬁ?“p&ﬁ@i"@?\%@ﬂof‘ﬁéoml% 'FSB
W thout | mbﬂ%@ﬂﬁﬂfﬁ eﬂﬁ Phﬁ{%ﬁf{y KaVi V\g ﬁ%fm%}?erlt]%%}terﬂisgﬁmaﬂ%tq{gvﬁsbé&ewm ch

has passed roug
through the light pipe WIthout impinging on the inner walls of the light pipe

and components of emission which have passed through the light pipe with

one reflection from the inner walls of the light pipe.

12. The mask illumination system of claim 9 further comprised of
means for redirecting the emission to impinge on multiple areas of the

mask.

13. The mask illumination system of claim 9 wherein the plate has
a second transmissive area therein offset from the first transmissive area
- and positioned to allow reflected emission to pass therethrough after

multiple rereflections thereof from and back to the mask.

14. A method of increasing the intensity of laser emission on a
mask having a transmissive portion which defines a desired pattern and
which is otherwise reflective comprising the steps of: '

(a) providing an optical system having;: ,-

(i) a source of laser emission;.

(i) a light pipé having reflective inner walls and a
plate at an entrance end of the light pipe, the plate having a
reflective face and a first transmissive area therein and
otherwise being reflective on a side thereof facing the Iight
pipe; and, l

(iii) a telecentric field lens;

- | AmENDED SHEET “




refl ection fromone of the inner walls of the l'i ght pipe. 22. The
system of any of claims 17, 18, 19 or 20 wherein the first transm ssive

area in the_pl_at_e_eonm_l_ses_a-hole in the plate.

of claim 17 of means for redirecting

of her co ,
pi nge on HIIIIIHH i HHHﬁFIHIII the mask. ‘0 LB TE

L . ]
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(b) focusing the laser emission through the transmissive area of
the plate to illuminate an area of the telecentric field lens at least
corresponding to an area of a mask to be illuminated, the telecentric field
lens being positioned to receive the laser emission which has passed
through the first transmissive area in the plate without reflection off the
inner walls of the light pipe and to direct the same substantially
perpendicular to the mask, and to receive the laser emission which has
passed through the first transmissive area in the plate and reflected at least
once off the inner walls of the light pipe and to direct the same to the
mask;

(c) the laser emission striking reflective portions of a mask being
reflected back to the reflective plate in a manner to miss the first
transmissive area in the plate and be re-reflected by the reflective face back
to the mask at different posiﬁons, thereby making available for potential use
part of the laser emission not previously paésing through the transmissive
portion of the mask, the telecentric field lens guiding the reflected laser

emission from the mask to the light pipe.

15. The method of claim 14 further comprised of the step of

redirecting the emission to impinge on multiple areas of the mask.

16. The method of claim 14 further ¢omprised of the step of
éllowing reflected emission to pass through a second transmissive area of

the plate after multiple rereflections thereof from and back to the mask.

17.  An ablation system comprising:

a work piece;
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24. The system of claim 17 wherein the plate has a second transmissive

area therein offset fromthe first transm ssive area ahdy

allow refl ected em ssion to pass t her et hrough after nu ﬂ?WbFMg@?d%ﬁT ons
t hereof from and back to the mask 25. An abl pt fon net hod

conpri sing the Uwﬂtmnm"u, (a) providing a work pi pcd;0 JUL 199%)

provi ding a nel mr,H m ssive area which defiphes_a_desired paltern
“on the work piece and wfich is otherwi s@%eflective; (c) provi di hg
an optical system having; (1) a souwce.qaf laser

em ssi on; (it) a light pipe having reflective inner
wal |l s and a pl ate at an entrance end of the |ight
pi pe, the pl ate having a reflective face and a
first a mask having a ttanandssies area wrhu'mh dbﬁnm’ a desited tpattemn ©& bei ng
reflective ona5|dethereof faC|n theI| pi pe;

and, the work piece angdjwhich 4s Pg'f%'&‘(é?ﬁ F¢ l,ec’FHVSF d | ens; (d)

f ocusi ng the Ias%rlag ﬁlﬁé’?{}"hm@o‘g?& ér}ﬂfs (frgnsm ssive area of the plate to
e

illum nate an area ric d lens at |east corresponding to

area of the miSkfﬁrét lefis irhéan®s fortfedusihg @hé tdsee emissionf i el d | ens being
positioned to receive the |aser_ eni ssion which has passed through the first

transni ssive are& plate havingaz éeﬂmtwwfaqeeamb@tfl@m tbﬁﬁsmlﬁ%lvprﬁféa thareir, of

ek, and | 5% BEGP it portioged anpaE R Rendeubs B8 A TR st e hker e

transm ssi Venfi§dian | ApproRinrataiye a2l ﬁ&it’icﬁ‘?tfﬁgu@oﬂ 896 lemission so that the
emission projects through the first transmissive area;

a light pipe having an exit end, and having an entrance end
positioned adjacent to the plate so as to.receive the emi.ssion passing
through the first transmissive area in the plate, the light pipe having
reflective inner walls;

a telecentric field lens positioned to receive the laser erhission which
has passed through the light pipe and to_direct the same substantially
perpendicular to the mask;

the laser emission striking reflective portions of the mask being
reflected back to the plate in a manner to miss the first transmissive area in
the pléte and be re-reflected by the reflective face back to the mask at

different positions, thereby making available for potential use part of the
laser emission not previously passing through the transmissive area of the
mask, the telecentric field lens guiding the reflected laser emission from the

mask to the light pipe.

18. The mask illumination system of claim 17 wherein the
telecentric field lens will receive the laser emission which has passed
through the first transmissive area in the plate without reflection off the

inner walls of the light pipe to direct the same substantially perpendicular to
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32  once off the inner walls of the | ight pipe and_to direct the sane to

t he mask; (e) the | aser em ssion striking ref ' oS
t he mask j reflected back to the reflective plate EWEPA_‘A%@E@& é)"('fﬁﬁ

the transm ssive area In plate and be re-reflectefd py the refTect]v

face back Hﬂ“ﬁ”mm if ferent positions, thereby| mpkifdy Haif93%!
potential Usy > ”ﬂﬂ#" ser em ssion not previous| ylpassi ng through
e

|
transm ssive areatof"the mask, the teledntric field|l
reflected | aser em ssion fromthe nmask to the |ight p~pe

ns guiding the
26.

b S

v

or
t he

met hod of claim 25 further conprised of the step of rgdireéting t he

~emssion to inpinge on nultiple areas of a mask.

the mask, and will receive the laser emission which has passed through the

first transmissive area in the plate and reflected at least once off the inner

walls of the light pipe to direct the same to the mask.

19. The system of claim 18 further comprised of lens means

between the exit end of the light pipe and the telecentric field lens for

imaging the exit end of the light pipe onto the telecentric field lens.

20. The system of claim 18 for forming holes having a

predetermined taper in work pieces by ablative material removal wherein

the light pipe, the first lens means and the telecentric field lens means of

the ablation system are chosen to provide a predetermined taper in the laser

emission that will pass through the transmissive area of the mask.

21. The system of any one of claims 18, 19 or 20 wherein the

first lens means and the light pipe are chosen to provide emission from the

exit end of the light pipe comprising primarily emission that has passed

through the light pipe without impinging on the inner walls of the light pipe

and emission which has passed through the light pipe with a single

reflection from one of the inner walls of the light pipe.

22. The system of any of claims 17, 18, 19 or 20 wherein the

first transmissive area in the plate comprises a hole in the plate.

23. The system of claim 17 further comprised of means for

redirecting the emission to impinge on multiple areas of the mask.
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27. The method of claim 25 further conprised of the step of allow ng
reflected em ssion to pass through a second transm ssi v{ ne_prate
after nmul t+ple—+rereflections thereof fromand back to msﬁ.ﬁﬁ&&hm‘} Sﬁ:ET
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24. The system of claim 17 wherein the plate has a second
transmissive area therein offset from the first transmissive area and
positioned to allow reflected emission to pass therethrough after multiple

fere_flections thereof from and back to the mask.

25.  An ablation method comprising the steps of:

(a) providing a work piece;

(b) providing a mask having a transmissive area which defines a
desired pattern on the work piece and which is otherwise reflective;

(c) providing an optical system having;

(i) a source of laser emission;

(i) a light pipe having reflective inner walls and a.
plate at an entrance end of the light pipe, the
plate having a reflective face and a first
transmissive area therein and otherwise being
reflective on a side thereof facing the light pipe;
and,

(iii)  a telecentric field lens;

(d) focusing the laser emission through the transmissive area of
the plate to illuminate an area of the telecentric field lens at least
corresponding to area of the mask to be illuminated, the telecentric field
lens being positioned to receive the laser emission which has passed
through the first transmissive area in the plate without reflection off the
inner walls of the light pipe and to direct the same substantially
perpendicular to the mask, and to receive the laser emission which has

passed through the first transmissive area in the plate and reflected at least
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once off the inner walls of the light pipe and to direct the same to the
mask; |

(e) = the laser emission striking reflective portions of the mask
being reflected back to the reflective plate in a manner to miss the
transmissive area in the plate and be re-reflected by the reflective face back
to the mask at different positions, thereby making available for potential use
part of the laser emission not previously passing through the transmissive
area of the mask, the telecentric field lens guiding the reflected laser

emission from the mask to the light pipe.

26. The method of claim 25 further comprised of the step of

redirecting the emission to impinge on multiple areas of a mask.

27. The method of claim 25 further comprised of the step of
allowing reflected emission to pass through a second transmissive area of

the plate after multiple rereflections thereof from and back to mask.
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