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Fiekd df the Invention The present invention relates toJjgbutter
mechani snms for | aser systens, particularly to an inproved design for
mechani cal shutters. Background of the

| nventi on The fundanental requirement of a shutter systemis to
provi de a conpl ete nechani cal bl ockage of an energy source, such as light.
What di stingui shes shutter systens from ot her el ectromagneti c nodul ati on
devices is the use of a straight-through cl earance aperture having no
optical surfaces to nodify the el ectrohagnetic wave front. Typically,
shutter systens are designed to function as either safety interlocks, as

BEAM DIVERTING SHUTTER FOR A LASER BEAM

Field of the Invention
The present invention relates to shutter mechanisms for laser systems,

particularly to an improved design for mechanical shutters.

Background of the Invention
The fundamental requirement of a shutter system is to provide a complete

mechanical blockage of an energy source, such as light. What distinguishes shutter
systems from other electromagnetic modulation devices is the use of a straight-through
clearance aperture having no optical surfaces to modify the electromagnetic wave front.
Typically, shutter systems are designed to function as either safety interlocks, as
modulators, or In both capacities depending on the intended application.

When used as a safety interlock in an application such as a laser system, the
shutter is used to block and absorb the laser beam whenever the laser’s control system
receives a request to establish a safe condition. A typical control system is comprised
of a DC power supply, a relay or solid state device that switches the actuator which
drives the shutter mechanism, and associated microprocessor based logic components.
An example of such a control system is described in U.S. Patent No. 4,513,345,
incorporated herein by reference.

Generally, shutter systems are mounted directly to the output port of the laser
bead, or in some cases a separate housing is constructed to enclose the laser output and

- shutter mechanism, thereby serving to prevent access to the laser beam. The
properties of a shutter system, particularly those used in conjunction with a laser
system, require that they absorb all of the incident beam energy, with very little back
scattering. Most prior art designs have sought to contain the resulting back scatter by
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nodul ators, or in both capacities depending on the intended application.
Whenh used as a safety interlock in an application such as a | aser system
the shutter is used to block and absorb the | aser beam whenever the |aser's
control systemreceives a request to establish a safe condition. A typical
control systemis conprised of a DC po%/er supply, a relay or solid state
device that switches the actuator which drives_ the shutter nmechanism and
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electromagnet is inactive. The electromagnet is of conventional design, having a

ferrite core 12 surrounded by a magnetic winding 14 on a pancake bobbin. In

operation, the winding 14 is energized, thereby activating the magnet 6 and causing the

free end 2’ of foil 2 to be attracted to magnet 6, moving across beam path 4. As foil

2 intercepts the beam path, the beam is reflected away at an increasiﬁgangle of

reflection as foil end 2’ moves into a biased position adjacent the magnet 6. In the

full, closed position, as shown in FIG. 1, the foil conforms flat as it biases against the

magnet, bending into an “S” shape as it approaches the retaining screw 10, providing

an incident angle of about 50 to 60_ for beam interception.

The foil 2 is extremely thin to allow for the required flexibility to enable the foil

to contort into the “S™ configuration. This required thinness, however, is inherently

weak, particularly at stress points in the “S” shaped bends, and is also not thermally

suitable for conducting away heat resulting from absorption of higher power lasers.

Another aspect of the foil arrangement is that the foil reflects the light beam at an

angle near that of the unaltered beam path, resulting in unwanted stray reflection lines

appearing at the target plane as the foil end 2’ begins to intercept the beam, continuing

until the foil end is flat-biased against the magnet. Since the reflection is at a very

narrow angle with respect to the unaltered beam path 4, the reflection cannot be

eliminated in the device, and the fully closed “S™ shape allows for a back scattering of

laser light, whose effects as previously discussed are undesirable, from a safety

standpoint and also from a component standpoint. This is due primarily as a result of



i'rrportant froma design perspective. An exanple of a well-known
magneti'c flexure type shutter is depicted in FIG 1, which includes a very
thin flexible foil 2 which is deflected into a beam daffis& ¥ FAs

el ectromagnet 6. the foil 2 is seen as being attached at OQEP@QQDtB(SEEg
collar 8 by a retaining screw 10, and :{ I es parallel to—and—petowthe—beam
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coupling of such instrumentation without disturbing the output delivery system of the

laser.

The objects and features of the present invention are realized by use of a shutter
system having a slide mechanism mounted on a rod-roller bearing support which
restricts the slide to a single degree of freedom. The rod-roller beam supports provide
a rolling contact interface between the slide and the shutter’s support base. The roller
bearings are constructed of a hardened precision ground steel and are subjected to only
a light force load due to the unique rod-roller configuration, thereby allowing the slide
to function without tubrication. The shutter’s support base incorporates a beam
aperture positioned in alignment with the output beam of the laser system. The slide
has a corresponding aperture of identical dimensions which aligns with the support
aperture when the slide is fully retracted in the open position, thereby allowing the
output beam of the laser to egress through the shutter uninterrupted. Mounted on the
slide, adjacent to the slide aperture, is a dielectric mirror positioned at an angled
position relation to the beam path. When the shutter mechanism of the present

invention is commanded to move from the open to the closed position, an actuator
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3 the absorbed back scattered energy, and the contam nating of the exposed
optics, including the shutter's own reflective mrror, as a result of this
Qut gassi ng. Summary of the Invention

An object of the present invention is to provide an inproved autonatic
shutter for use in a | aser system such as an exciner Iaser _capabl e of
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alignment with the housing aperture. The close tolerances between the slide and the
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support base, combined with the slide aperture repositioning, create a multiple number
of reflective surfaces through which any back scatter energy would be required to
negotiate in order to leak from the housing enclosing the slide and mirror components.
As a result, the problem of back scatter leakage is effectively eliminated, The shutter
housing aperture is adapted to allow secondary devices to be attached to the shutter
support base and positioned directly in line with the reflected beam path. An interlock
safety switch is mounted on the shutter support base adjacent to the shutter housing
aperture, to ensure that a secondary device, either diagnostic or beam stop, is present

before the laser system will operate.

Brief Description of the Drawings
FIG. 1 depicts an electromagnetic shutter mechanism of prior art design.

FIG. 2 depicts a side view of the shutter mechanism of the present invention in
the open position.

FIG. 3a depicts an end view of the present invention along section lines B-B.

FIG. 3b depicts an end view of the present invention along section line E-E.

FIG. 4 depicts a side view of the present invention, having the shutter housing

omitted for clarity, in the closed position.

Detailed Description of the Drawings
Referring now to FIG. 2, a preferred embodiment of the shutter device of the

present invention is disclosed, indicated in the figure as 100. Shutter 100 comprises a
rigid shutter support base 110, having a base beam aperture 120 centrally positioned
therein, as also shown in FIG. 3a. It is preferred that support base be constructed of a

material which is insensitive to ultraviolet energy, such as uncoated aluminum.



di agnostic nount, for the attachnent of diagnostic instrunentation, to
all ow the coupling of such instrunentati on wthout disturbing the output

delivery systemof the |aser. In accordance with a first aspect of
the present invention, there is provided a shutter apparatus for use in a
| aser system conpri sing: a shutjter support base having a diagnostic

i nstrunent nount, and fir beam apért ur i sposeq therein: . .. a
shutter sli J@fﬁﬂ@gé%f?(}céﬁlﬁp‘gébt %PE‘W@B§ 'erfgpg §§ﬁ§d§ﬂ’°ﬁl§ hgjtudinal
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shutter sli deriphetalngige of suppudt basarnl@parditheresids sfjmeamoapettaree120. On the a
light reflection neans angul arly nmounted on said shut ._al ong an
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therein, sairddhoi®amb155 prefarahly haveadiametdar ediial po theddeptheofeslo, 140aoccreasam por t

being const rfllju%L ?xcliternal surface on the aperture face of rod guide supports 130. Rods 150 can be
secured into position by any of several well-known means; as shown in FIG. 2, a
simple screw 160 is used to biasly secure the rods into position. Preferably rods 150
and 155 are constructed from a case-hardened material which is compatible with, and
wili not deform while subjected to fit tolerance operation with the roller bearings
discussed infra. For excimer laser applications, it is preferred to use stainless steel
due to the operational cleanliness requirements of the material.

Referring again to FIG. 3a and 3b, slide shutter element 170 is shown along its

longitudinal axis, having a slide mounting slot 180 containing slide rods 190 and 195
in an upper and lower position respectively, which mirrors and is symmetric to the
arrangement in rod guide support 130, including a securing means (not shown)
operationally equivalent to screw 160. Like support base 110, slide shutter 170 is
manufactured from a UV insensitive material, preferably uncoated aluminum, and rods
190 and 195 are likewise manufactured from stainless stecl type of material. A
plurality of hardened roller bearings 200 are journaled between rods 150, 155, 190 and
195 to allow slide shutter element 170 to move in rolling contact along rods 150, 155,
190, and 195 in a single degree of freedom along its longitudinal axis. The number of
bearings used will be a design choice based upon dimensional and operational
requirements, as those skilled in the art will appreciate. For the design shown in Figs.
3a and 3b, six roller bearings were positioned on each side of slide shutter 170 as
described herein. Roller bearings 200 are of conventional design and precision ground
from a hardened material such as stainless steel. The roller bearings 200 are
segregated from each other by utilizing synthetic buffer strip 210 which is UV tolerant,
from a material such as PTFE, such as Teflon®, and having a series of individual

internal holes (not shown) to accommodate each of said roller bearings. Fit tolerances



3a to restrict light transm ssion to an incom ng beam wherein when said
shutter apparatus is in an open node said first and second apertures are
atigned to allow said beamto pass therethrough uni npeded, and when said
shutter apparatus is activated to a closed node, said actuator neans slides
said shutter slide along said rod-rollgr bearing supports to reposition
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repositioni (ig sai d second aperture out of alignment with said I rst
aperture whill@ within0.020émched.y positioning said UV reflective mirror
Referring now to FIG. 2, mounted on top of slide shutter 170 is mirror base 220
(also shown in FIG. 3b), having an angulated support face 230 oriented to face the

output path of the laser beam 250. The specific angle of support face 230 will be

operationally dependent, as those skilled in the art will readily recognize, based upon
the orientation of the output beam of the laser system and the desired beam deflection
angle. In the embodiment depicted in FIG. 2 the support' face is angled to provide a
45 degree angle of incidence between dielectric mirror 240, mounted on support face
230, and output beam 250. Mirror 240 is positioned on support face 230 such that the
bottom edge of the front face 245 is approximately aligned or slightly overhanging
with respect to the bottom edge 235 of support face 230 to facilitate output beam -
engagement discussed infra. Material choices for mirror 240 will likewise be
operationally dependent, based in principle upon the type of laser system being used.
For example, for an excimer laser system mirror 240 would be required to have the
front face be a UV light-reflecting surface, preferably made from a fused silica
material. An additional feature incorporated in the mirror design is to have the back
face be a visible light-reflecting surface to facilitate alignment of the laser’s optical
components as will be described infra. Attached to rear longitudinal face 260 (as
shown in FIG. 4) of shutter slide 170 is actuator means 270. In the described

embodiment, actuator means 270 is a pneumatic actuator such as those manufactured



into engagenent with said | aser beamto deflect said beamto an

i nstrument coupled to said instrument nount;

3b a housing having a beam port di sposed therein and nmounted to said
shutter support base to light seal said shutter slide and said mrror
located therein, wherein in said closed position back scattered energy from
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Referring again to FIGS. 2 and 3a, a housing 290, manufactured from a material
such as uncoated aluminum, encloses the shutter slide and mirror base combination and
includes an incoming beam port 300 designed to transmit only the incoming light of
beam 250. With the shutter mechanism in the open position, as shown, slide shutter
170 is retracted, thereby positioning mirror base 220 and attached mirror 240 away
from beam 250, while simultaneously aligning slide aperture 215 with base aperture
120 to allow beam 250 unimpeded egress for operational use. Referring now to FIG.
4, when the shutter is commanded to move to the closed position, through a laser
control means not shown but well known by those skilled in the art, actuator 270
forces slide shutter 170 to move forward along the roller bearing/guide rod
arrangement previously described. As slide shutter 170 moves forward, mirror 240 is
positioned to reflectively engage beam 250, while slide aperture 215 is repositioned out
of alignment with base aperture 120, with the slide’s bottom face 310 closing off and
effectively light-sealing base aperture 120. This light sealing aspect of the present
invention is achieved as a result of the close tolerances, of about .020 inches, between
slide shutter 170 and support base 110; as well as the repositioning of slide aperture
215 out of alignment with base aperture 120. In order to leak from housing 290, back
scattered energy would have to be reflected through slide aperture 215, re-reflected
through shutter/support tolerance gap 217, and again reflected through support aperture
120, as shown in Fig. 4. As a result, the problems associated with leakage of back
scattered energy is, for the most part, eliminated.

It is to be noted that as a result of the alignment of the bottom edges 235 and 245
of the support face 230 and mirror 240, respectively, the mirror intercepts beam 250
ahead of edge component 235 encroaching the path of beam 250, to immediately divert

beam 250 without any inadvertent reflections. It is preferred that the operation time



to function without lubrication. The shutter's support base incorporates a
beam aperture positioned in alignment with the output beam of the |aser
system The slide has a correspondi ng aperture of identical dinensions
which aligns with the support aperture when the slide is fully retracted in
the open position, thereby allow ng the output beamof the |aser to egress
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a safety interlock switch 350 is mounted at the aperture. This arrangement allows the
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alignment of the optics by remote access, thereby eliminating the need for disassembly
of the laser delivery systems.

While the invention has been described in connection with what is presently
considered to be the preferred embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but on the contrary, covers various
modifications and equivalents included within the spirit and scope of the following
claims. Therefore, persons of ordinary skill in this field are to understand that all such
equivalents are included within the scope of the claims.



support base and positioned directly inline with the reflected beam pat h.

Aninterlock safety switch is nounted on the shutter support base adjacent

to the shutter housing aperture, to ensure that a _secondary device—either

di agnostic or beamstop, is present before the Iaszal
[
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shutter mec‘émag] of prior art design. @ ctts a stde* view of
t he shutter nism of the present invention in the open position.

FI G 3a depygitSs @%irg&fiis\’i ew of the present invention along section |ines
B- B. FIG 3 epicts an end view of the present invention al ong
section line EIE A shutiet @pafatde furaiss ima dasde systegncarhprismeg: pr esent

i nvention, having the shutter housi ng omitited f.or clarity, in the closed
posi ti on. a shutter support aseg}ta&ng 1pRNOSHIG IDSTYRERIMOYL aBg A\ ngs

Referring now to Fl Ggrgs ?@&g{r Laent of the shutter device of

t he present inventior?rlgtsbegringarl osgdﬁ%oﬁé(ﬁ)%g%ée% in the figure as 100. Shutter
100 conprises a rigi d shatshettersslidp operablycougled to theshutter support basechy apert ure
120 centrally positi?_ggd ih rein, as also shg}wn in Flilglg 3a..lt is preferred
that support base be Fe&rler Deamng Sppart foallow the shigfier slide to adicylate ma (o

ul traviol et energy, gieticSptafeddd &hoRtboHiAINME of the shutter support base, said
shutter slide having a second beam aperture disposed therein;

a light reflection means angularly mounted on said shutter slide
along an edge of said second beam aperture;

an actuating means coupled to said shutter slide;

a housing mounted to said shutter support base to light seal the
shutter slide and light reflection means located therein, said housing
having a beam port disposed therein, said beam port being constructed
to restrict light transmission to an incoming beam, wherein when said
shutter apparatus is in an open mode said first and second apertures are
aligned to allow said beam to pass therethrough unimpeded, and when
said shutter apparatus is activated to a closed mode, said actuator means
slides said shutter slide along said rod-roller bearing supports to
reposition said first aperture out of alignment Wfth said second aperture
and simultaneously move said light reflection means into engagement
with said transmitted beam to deflect said beam to a diagnostic
instrument coupied to said diagnostic instrument mount.

2. The shutter apparatus of Claim 1 wherein said rod-roller bearing support
further comprises a plurality of roller bearings journaled between pairs of guide rods.

3. The shutter apparatus of Claim 2 wherein said light reflection means is a

MiITor.



5 Referring to FIG 3a and 3b, depicting shutter—t60—aloeng—+ts—

hori zoht al -1 ongi tudi nal axis, rod guide supporgﬂlﬂ,ﬂﬂﬂm ﬂﬁ’m’lm)re clearly
as being nounted on the peripheral edge of sup i ther side
of beam aperture 120. On the aperture side, rod gui ‘de"su bport ¢ 130 each
have a nounting slot 140 contai ning gy de rods 150 and 155 positioned at
the | ower and per es ectrvely t 14 he..r od 50, and 155
preferably have‘{)a dl’gﬁesfné‘ s t%mﬂgﬁf%? %9%1“311 f’iﬁ&‘f’r BEATES | ush
i nt er nal fardh of ds 150
can be secuégﬁsrﬁﬁ?gle&g%gtﬁfg\&%&ghglc%&se\@g weII vvn %ﬁ%g héaﬁg shown
in FIG 2, suppomdad for esol shiDbéasingsed to bi asly secure the rods into
position. Preferably rods 150 and 155 are constructed from a case- hardened
material which is conpatible with, and will not deformwhile subjected to
fit tolerance @eratmw&ﬁpaﬁdsodﬂ hin 4 3itleRei b 3HP RAding Rifingrdsthe

exci mer |aser applications I'sS pre erred to use stainlessS steel due to

t he oper at i needlforcubsicdtionds saiddwaringsoent s of the materi al . Referring
again to FIG 3a and 3b, slide shutter element 170 is shown along its

| ongi tudi nal axis, having a slide nounting slot 180 containing slide rods
190 and 195 in @n UpjES, fﬁﬂﬂﬂs%laﬂ?g He %ﬁaﬁa@ér'aémsaﬂa'sﬁ{a Hlidd i and
is symretric to the arrdngement 1n rod guide support 130, 1ncluding a
securi ng neammadmiactosétbfmin opasedirdened Stginkegusteed] ent to screw 160. Li ke
support base 110, slide shutter 170 is manufactured froma UV insensitive
material, preferably uncoated alum num and rods 190 and 195 are |ikew se
manuf act ured from st st hidor btk ardened
roller beari ngsp200 'giregp?our nacfﬁga e?\%ve%?re%g 150: 155, lé(l)glgh 195 t

al | ow sl i derefleatingeurfoeteeor atfrahf faceandavesible lrghtmﬂﬁmm oalacbwgkrfm;ts 150
155, 190, and 195 in a single degree of freedomalong its |ongitudinal

axis. The nunber of bearings used will be a design choice based upon
di mensi onal andg operpel @Bﬂaﬂs%‘mﬁm Rlfereif Sail fﬁ@ﬁ@tuﬁéﬁn&r@% ;pﬂedrﬁﬁlcadnﬁ will
appreci ate. For the design shown in Figs. 3a and 3b, six roller bearings

wer e posi t i capable ofi ar activasion dimef atsirrbcteva:nubomrwﬂ)ms tosabout 300 ms.

9. The apparatus of Claim 1 wherein said actuating means is electromagnetic

and capable of an activation time at or between about 200 ms to about 300 ms.

10. A shutter apparatus for an excimer laser system comprising:

a shutter support base having a slide slot disposed therein with an
instrument mount positioned at one end of said support base and a first
centrally positioned beam aperture;

a shutter slide operably coupled to interface with said slide slot by
a plurality of roller bearings journaled between pairs of guide rods
secured to interface edges of said shutter slide and said support base in
said slide slot, said shutter slide baving a centrally positioned second
beam aperture disposed therein;

a UV reflective mirror angularly mounted on said shutter slide at a
base of said second beam aperture;

an actuating means coupled to said shutter slide, wherein upon



descri bed herernm—Rotter—bearimgs 200 are of conventional design and
pr-eci si on grougmummu“mﬁllriﬁd mat eri al such as stainless steel. The
r-ol | er beari ngg il g8it ed from each other by utilizing synthetic
buffer strip 210 which i% UV tfolerant, froma material such as PTFE, such

as Teflon[err], and having a sertes oﬁ I ndi vi dual internal holes (not
shown) to accommodate each_of said.ro iler bearings,, Fit tal erances

6 between rol | er beafPMEand sxid Aryatingmeans il movesidydutterstils; fram ane
m ni m zed so that no éH;%B ' t 7L &Qﬁ? ' Y
| ongi tudi nal axis w %Sﬁ sf‘g"é%f”ﬂ%@% qﬁ{ea[ugds%c%@ mu t%}{)e?ﬂgpériér{: glrlg‘é)%ari ngs

in a side nmounted, fihdkdaser beune carcbatramsasitiedotharetinfoughy; it @ dlased positidle

wei ght of slide shutter_ 170 to be distributed anong each of the roller
bearings 200, result Prglidablyrpasigeniag ssid setond aperdiie oyt of slignment with: said

| oaded. This light | [ I &ﬁtﬁq ' Eﬂgg {ané ' ] ut the
need for |ubricati on%g%égg%g%a e V\SAEI [ n%{“%g’ ?éasgw r dga.gil gna -htb%ﬁbgwglsrg(%open
activation time of aksoiengigement Wwith sdid ldseSbéann® deHletidicobenm apait ure 215 is

centrally positioned and in alignment, with base beam aperture 120 when the
shutter nechani smi sMSHUmARE Q?&B#%d%ﬁl@ileP@W&bl y, the alignnent

bet ween base beam apertu ﬂi?!% [ : t : ' Lk bl ps®. 005
i nches, and the fit tol e?g]géég%e @%bgﬁ%gﬂg%%??@rﬁigﬁgﬁﬁgﬁ%%%ﬁ Ekétgse
110 within 0.020 i nchiegter supportRebeto lighy sealvsaidoshixitép. slide andsaiiemirmn t op of
slide shutter 170 is_mrror base_ 220 (al so shqQqwn i.n Fl 3b), .havi ng an
angul ated support f alqsatsd heseine hegn qagcgqeﬁé)osmon bac% scattgred energy

from said deflected laser beam will multiply reflect in said housing, said

first and second apertures being light sealed as a result of said
repositioning and a close tolerance fit between said shutter slide and said
support base.
11.  The apparatus of Claim 10 wherein said roller bearings and guide rods
require no lubrication as a result of said roller bearings equally distributing the weight
of said shutter slide in a light support load configuration.

12.  The apparatus of Claim 10 wherein the UV mirror has a front face for
reflecting UV light and a back face for reflecting visible light, said back face being in
operable alignment with an optics module coupled to said laser system to allow

alignment of said optics module by remote access.

13.  The apparatus of Claim 10 wherein the actuator means is pneumatic and
capable of articulating said shutter slide from open-to-closed and closed-to-open

positions in a time span of about 200 ms to about 300 ms.



output path of the Iaser beam 250. The specific angle of support face 230
wi 1 be operationally dependent, as those skilled in the art will readily
recogni ze, based upon the orientation of the output beam of the | aser
system and the desired beam defl ection angle. In the enbodi nent depicted in
FIG 2 the support face is angled to provide a 45 degree angle of incidence
between dielectric mrror 240, nounted2on support face 230, and out put beam
250. Mrror 240 is positioned on support face 230 such that the bottom edge

of the front fg -ﬁpg:‘f E%Mghtly over hanging with
respect to the ome%z § of suppgﬁ face lgg to facilitate output

beam engagenent d| scussed infra. Material choices for mrror 240 wl|

| i kewi se be operationally dependent, baseg in principle upon the type of
| aser system being used. For exanpl excimer | aser systemmrror
240 woul d be required to have the front face be a UV light-reflecting
surface, preferably made froma‘fused silica material. An additional
feature incor parsiueer mechanésmrhaving a dlide elememt doopled wea tsiygpobbise bgae be a
visible light-reflecting surface tq facilitate alignnent of the | aser's

optical co ﬁB’éﬂEﬁt"g rolier\ fepyingsoumaled hstypen NPP%Fm&P%&f&“WOﬂﬁé& disclosed.

| ongi tudin At &bi’% fé%nbn ct uat or
means 270. s?tflée gﬁs%tr&gesgag&ngb%& &Oéés 8%‘%“?) Hmaan I's nefamatl C
act uat or swhends sﬂuaelexsrmmsfopen lpbﬂﬂon Angularly mounted on the slide, ad_)acent to

7 by BI MBA, and IS a’gler abl cou dto Iongl t udi naI ace 260 by actuating

rod 280. W Qidgisdeg@Ape 9T ¥ hER t&ﬁéma%w&cma@e@r
other act ugyj gbsd &AM mator forces the sllde and support base apertures out of alignment, while

e simultaneously positioning the UV reflective mirror into the position previously
occupied by the slide’s aperture. A laser beam, previously being transmitted through
the aligned apertures, will be reflected by the mirror to a beam stop as a diagnostic

' instrument mounted on the support base.

Fig. 2



meeting the signal-to-close/open tinme limtations operationally required
may be substituted, such as el ectromagnetic or the like. For use in an
exci mer | aser system the pneumatic system manufactured by Bl MBA was chosen
due to its signal-to-close/open actuation tinme of about 300 ns.
Referring again to FIGS. 2 and 3a, a housing 290, manufactured from a
mat erial such as uncoated al um num encloses the shutter slide and mrror
base conbi nati on and includes an incom ng beam port 300 designed to
transmt only the incomng |light of beam 250. Wth the shutter nmechanismin
t he open position, as shown, slide shutter 170 is retracted, thereby
positioning mrror base 220 and attached mrror 240 away fron1bean1250
whil e sinmultaneously aligning slide a érture 215 with base aperture 120 to
al | ow beam 250 uni npeded egress for operational use. Referring nowto FIG
4, when the shutter is commanded to nove to the closed position, through a
| aser control nmeans not shown but well known by those skilled in the art,
actuator 270 forces slide shutter 170 to nove forward along the roller
bearing/gui de rod arrangenent previously described. As slide shutter 170
noves forward, mrror 240 is positioned to reflectively engage beam 250,
wWii l e slide aperture 215 is rgpositioned out of alignnment with base
aperture 120, with the slldefépbotton1face 310 closing off and effectively
light-sealing base aperture 1%0. This |I?§t se
\ | ose

invention is achi eved as &

i nches, between slide shut - 3

repositioning of slide ap: nEnL_MLLh_bpse aperture
120. In order toGI‘ea‘K‘T‘Fo

be reflected throu ided

oRespegt<yl the present
‘1&_——; about .020

shutt er/ support tolgaance_ 25186 ! pport
aperture 120, as shown in & A flha»uu—wm-: { bIenB asdqciated with
| eakage of back scattered |ON S ‘ : i nat &fl. It
is to be noted that as a re e grret] of _th the bot fom edges 235

and 245 of the support face 230 apd mrror 240 , the mrror
i ntercepts beam 250 ahead of edéb conponent 23 : i -the pat h of
beam 250, to immediately divert beam 250 wi t hofX ‘ﬂ\v‘;‘h‘h dt ent

reflections. It is preferred that the operation tine

FIG. 1
PRIOR ART



8 fromopen to close occur in about
enbodi nent

.200 ns. As shown in the preferred
in FIGS. 3b and 4, beam 250 is reflectively diverted through 90,

wherein diverted beam 320 is directed to diverter port 330. Coupled to

di verter port 330 and rigidly nounted on the peripheral

support base 110 is diagnostic instrunent nmeans 340. Preferably, t

for coupling diagnostic instrunment
variety of

is of universa
instrunments for optical a

ﬁysis or di agnosij
switch a device such as a collunating tel escope can be
port 330 and used to facilitate alignnent of the | aser
the visible Iight
described. To ensure the | aser system being used

instrunment nmeans is present to block diverted bea

instrunent nmeans 340 is renpoved, and interl ocks active$é$}{

nndt
32Q,

reflection off the back face ofcﬁf{Lo

ched to

cs by utilyg

edge of shutter

he nmeans

design to acconmopdate a
en di agnostic
y the open

di verter
&gl ng

0, as previously

rate unl esghan

af ety i nterock
Yhe -

switch 350 is nounted at the aperture. This arrangenen ws the
alignment of the optics by renpte access, thereby eli m\matNng the_need for
di sassenbly of the | aser delivery systens. VWi | e i ven5y61 has
been described in connection wth wat is presently co ed Wp/)e t he
preferred enbodi nents, it is to be dersto t hat t hel tiopéV; not
limted to the disclosed enbodi nent but o he contr ove arious
modi fi cations and equi val ents inclu§§q>mjthi t he spi i scpﬁ/ of the
following claims. Therefore, persons of-grdaty—<kih i DVQ:j are to
understand that all such N N W
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equi val ents are included within the scope of the clains.

9 CLAIMS What is clained is: 1. A shutter apparatus for use in a
| aser system conpri sing: a shutter support base having a
di agnostic instrunment nount and a first beam aperture
di sposed t herein; a shutter slide operably coupled to
the shutter support base by a 3/4 rod-rol | er bearing support to
allow the shutter slide to articulate in a <o %r?ion par al | el
to a horizontal axis of the shutter support , said == ¥
shutter slide having a second beam a re SPO heyei
a light reflection neans—angula i g
al ong an edge of said g€cond beg ; N / ™n actuating
means coupled to said ghutter sifde&y T} E\ ugkng nount ed
to said shutter support|{base tolllig seal €he N gutéer -sAi de
and light reflection hns | oc d t\serein. _sal - O
havi ng a beam port_di psed| t h I'n ot e n%r&‘tem
to restrict light jtr M ss| on { NGON] ' saicg
shutter apparatpusiis a déN\sal NSt e'r't%es e
aligned to all ow_gai 0 pPEYS eNhro upr’ npe ,\d n L.
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said shutter apparatus is activated to a closed node, said actuator neans
slides said shutter slide along said rod-roller bearing supports to
reposition said first aperture out of alignment with said second aperture
and simul taneously nove said light reflection nmeans into engagenent
with said transmtted beamto deflect said beamto a diagnostic

I nstrunent coupled to said diagnostic instrunent nount. 2. The
shutter apparatus of Caim1 wherein said rod-roller bearing support
further conprises a plurality of rolléf4bearings journ etween pairs of
gui de rods. 3. The shutter apparatus of d ai erein said
light reflection neans is a mrror.

10 4. The shutter apparatus of Claim2 wherein
roller bearings distributes the weight of said sh§2ter

bearings to create a light support |oad for each &gid
—

-:/g%

lurality ofege
anong all said

O

T

%

G

7
N 7
1\ %]
N § : é Q
\ \ \ g
2\ Q
g 8 I §,~S \\\2 S /88
LT\ e
1 ; v T /\\\\ o
\ N\.}\ N
Q \ é;-j o S jt;/r i:::-~\
‘é,:_/D// :g ‘? \E*% /] 2
g/ : @@ij
- ////%/// \
\/
o) -_\ij



93
| ;‘L di ng

5.- + The shutter apparatus of Caim4 wherein said lig
el i'm hates the need for lubrication in said bearings. REPLAGEME ,g&d.
apparatus of Claim5 wherein said roller bearings and sgai re
manuf actured from a case-hardened stainless steel. 7,
apparatus of Claim3 wherein said mrror further conprijsgs %1&%&‘(599930 |hg
surface on a front face and a visible light reflecting/|sdrface on a ba ki

face. 8. The apparatus of Claim 1l wherein saijd actuating sfis
pneumati c and capabl e of an activation tinme at or bet 200 ns tjo
about 300 ns. 9. The apparatus of Claim1l wherein said actuating

means is el ectromagnetic and capable & an activation tinme at or between
about 200 mhe absozleiubbacBGCattered energy, and ik conmmhhtztca"rmapmsed optidspr an
exci mer | aser %llgt em.CONpri s shutter support base

having a s|ingudig dhe Fhulg §8&’ntr%§?“éi"ﬁ MTOR 25p result of this ot 238§1p&t r unent  nount

positioned at one end of sai d support base and a first

centrally positioned beam aperture; a shutter slide
operably coupled to interface wi Siinmavafshe fieesdat by a

plurality of rolle be I ngs journal ed, between pairs of guide rods
secured to int AR QLECERIGhE PEIseRI Anvengpm is W PrgY‘Flﬂ an improyed AUOmMIHe FRUEse i n

said slide fok%ge maggsta&hfggxgs%al b8 Bavhi9iat: CERLER! drbI RSt i Pertig ONd

beam aperture di spose
the output of a laser beam;

It is a further object of the present invention 1o provide 2 shutter mechanism
N having an internal configuration in which any reflected energy is multiply scattered,
thereby preventing leakage of any back scattered energy.

It is a feature of the present invention to use a reflective surface to divert the
laser beam, when the shutter is in 2 closed position, to a secondary device, such as a
diagnostic device.

It is another feature of the present invention to have the beam stop function as a
diagnostic mount, for the attachment of diagnostic insoumentation, to allow the
coupling of such instrumentation without disturbing the output delivery system of the
laser.

In accordance with a first aspect of the present invention, there is provided
a shuter apparats for use in a laser system comprising:

N a shurter support base having a diagnostic instrument mount and a
first beam aperture disposed therein;

a shurter slide operably coupled to the shutter support base by a
rod—roller bearing support to allow the shutier slide to articulate in a
direction paralle] to a horizontal axis of the shutter support base, said
shutter slide having a second beam aperture disposed therein;

a light reflection means angularly mounted on said shutter slide
along an edge of said second beam aperture;

an actuating means coupled to said shuner slide;

a housing mounted to said shutter support base to light seal the
shutter slide and light reflection means located therein, said housing

having a beam port disposed therein, said beam port being constructed



a UV reflective mrror angularly nmounted on said shutt erpstiee—eat—a

base of said second beam aperture; LAGEMBENG ShEs
coupled to said shutter slide, wherein upon

11 command sai d actuating neans will nove saigzgqggﬁgg de
from an open position, in which said first} dn e 25
apertures are aligned and a | aser beam ca )

t heret hrough, to a cl osed position by slidably repositioning
sai d second aperture out of alignne%? with said st

aperture while sinmultaneously .oositioning said UV reflective.mrror

i nto engagenent® \’/'\?SFII\C‘?E%H trl‘%%%’?s‘%?rﬁnt ’Bc‘%@fng SETg a'ﬁ"areﬁb‘é‘(hﬁ Ba’gn

i nstrument couph@ébrixppHahd it BF il BpBthod¥OMRY first and second apertur a housi ng
havi ng a beam port d?gposeci ﬁergﬁ and rmuntse(a:intf)e ggcll dp e are

shutter suppor talipesictotailomi giid beammlo pass thestthtough usinmipgdedyrad setied ni rror

| ocated therein, Wwherein in said ¢losed pcgsi tion back scattered energy

fromsaid defl éé’lde’&u?‘%fsﬂpaﬁéﬁdﬁ\ﬂﬂ“_fa‘qqﬁﬁai pspd made o 831d EUIQY PeABusi ng, said
first and secormg@spﬁ;# H{u‘?é)t’ e"Hond Q?&f {o%%ilgrdbe%ﬁn@.sgfp%#stt?o‘c sai d
a c 0 | shut

repositioning an ose erance bet ween sai er slide and said
support base. repositichlsaid firkhepeampa vat of alighmeétaiith 004 wéveneiapersaed rol | er

beari ngs and gui e, r(%ds rewi re noq\gubriﬁatj on as a result of said roller
bearings equal 139 SIRYIRNERHSMGOYH s2IMbggFetlection means Into engagement

with said transmitied beam 1o deflect said beam to a diagnostic

instrument coupled to said diagnostic instrument mount.
In accordance with a second aspect of the present invention, there is provided
a shuner apparamus for an excimer laser system comprising:

a shurter support base having a slide slot disposed therein with an
instrument mount positioned at one end of said support base and a first
centrally positioned beam apermure; '

a shuuer slide operably coupled to interface with said slide slot by
a plurality of roller bearings journaled between pairs of guide rods
secured to interface edges of said shutter slide and said support base in
said slide slot, said shutter slide having a centrally positioned second
beam apermure disposed therein;

a UV reflective mirror angularly mounted on said shutter slide ar a
base of said second beam apermure;

an actuating means coupled to said shunier slide, wherein upon
command said actuating means will move said shutter slide from an

open position, in which said first and second beam apertures are aligned
and a laser beam can be transmitted therethrough, to a closed position
by slidably repositioning said second aperture out of alignment with said
first aperture while simulianeously positioning said UV reflective mirror'
into engagement with said laser beam to deflect said beam 10 an

instrument coupled to said instrument mount;



of said shutter*st®ide inm a |ight support |oad configuratioh. E?LAGEMENTlgHEET
The apparatus of Claim 10 wherein the UV mirror has a fron

reflecting UV light and a back face for reflecting visiblejfl
face being in operable alignment with an optics nodul e coupl
| aser systemto allow alignment of said optics nodule by r
13. The apparatus of Claim 10 wherein the actuator neans}is pneumatlc and
capabl e of articulating said shggter slide from open-to-cl
cl osed-to-open positions in a tine span of about 200 ns to about 300 ns.

a housing having a beam port disposed therein and mounted to said

shutter support base to light seal said shutter slide and said mirror
located therein, wherein in said closed position back scattered energy
from said deflected laser beam will multiply reflect in said housing, said
first and second apertures being light sealed as a result of said
repositioning and a close tolerance fit between said shurer slide and said

support base.

The objects and features of the present invention are realized by use of a shutter
system having a slide mechanism mounted on a rod-roller bearing support which
restricts the slide to 2 single degree of freedom. The rod-roller beamn supports provide
a rolling contact interface between the slide and the shutter’s support base. The roller
bearings are constructed of a hardened precision ground steel and are subjected to only
a light force load due o the unique rod-roller configuration, thereby allowing the slide
to function without lubrication. The shutter’s support base incorporates a beam
aperture positioned in alignment with the output beam of the laser system. The slide
has a corresponding aperture of identical dimensions which aligns with the support
aperure when the slide is fully retracted in the open position, thereby allowing the
ourput beam of the laser 10 egress through the shutter uninterrupted. Mounted on the
slide, adjacent to the slide apermure, is a2 dielectric mirror positioned at an angled
N position relation 10 the beam path. When the shuner mechanism of the present

invention is commanded 10 move from the open 1o the closed position, an acruator




