WO 03/ 003531 PCT/ US02/ 17999 LI NE NARROW NG UNI T W TH FLEXURAL GRATI NG
MOUNT This invention relates to lasers and in particular to high power gas
di schar gewbas®ozs3ni th a grating based |ine-narrow ng uni PCTASOE1I9p%ent i on
clainms priority to Serial No. 09/451,407, filed Novenber 30, 1999 which
was a continuation-in-part of Serial No. 09/390,579, filed Septenber 3,
1999, now U.S. Patent No. 6,212,217B1. BACKGROUND OF THE | NVENTI ON Narrow
Band Gas Di scharge Lasers Gas discharge ultraviolet |asers used as |ight
sources for integrated circuit lithography typically are |ine narrowed. A

preferred pri %NENAWW(EWWI?%?LE%- ert%ﬁg}\%}m LNg based

| i ne-narrow ng unit ng w coup aser

resonance~cavity. T in nmediym w thin i.S, cavity i roduced b

oot r camieintion oI s Aol h o o Hidh PO ot o, BreRBR LS il o

fl uori ne gagtthgneaed( fifé-narrdfiingl AR )  ThigrigGehtioh! YREhE pradgifly NROBefiAlONAN Ar F
| aser); or fluorine and heliumand/or neon (for an F2 laser). Line

Nar r owi n@9f42d Qe tled Npweraberoi0, sifof whigh ivs & condnuetiomin-pas fwperichNo. G 1
which is t : , THhe syst em shown

i ncl udes 0?@?9%? b’?@ﬁ{l)ﬁgﬁe%ggla%lgg? ’ %&%)Pa%?p&?aé’gfz’%#aﬁn%er 3, chanber

w ndows 11, and a grating based line narrowing unit 7. The |ine-narrow ng
unit 7 is typically provided on a lithography | aser systemas an easily
repl aceable unit and i s $NEKGROUMN) DFITHE INVIENAZIONOW ng package" or
"LNP" for short. This pri art pni.t,includes two beam expandi ng prisns 27
and 29 and a grating 16 dﬁg%@gﬁaﬁnﬂ%sﬁl?%&{ﬁeé&sﬁrﬁgurati on. Gratings used

in these st.e are, extrenel sensitive optical, devices, A typical
orating. SrdbeRAiayelet et sh goviEhY seiee i infeer b airpt HRRFRRY num
| ayer or tysYAlySareNind daloWedd! ASteBHES tpﬁaﬁs 8rt F%i{ﬂ%g%tﬁrcﬂl\liiﬁé ISt&g%gl%e qs td ﬁé‘é"ﬁi ques

for fabrlcaplngther_nare described in"U.S. : , 318 which is
i ncor por exa&mgheased nlingynaredveipgnewit atongr wath am toutewtheoupler foorforay dhelilaggr

di stortigp of the .grating surf S unt the .grati.ng.on a,neta
grating (rl)rr%sltj)ﬁ e & é’n%f a”fl}%atggfrﬁi g%%l‘i:mn wﬁl%nngus cavity i¢ produc%d Qy elgg%ncall
discharges into a circulating laser gas such as krypton, fluorine and neon (for a KrF laser);
argon, fluorine and neon (for an ArF laser); or fluorine and helium and/or neon (for an F,

laser).
Line Narrowing Packages

A sketch of such a prior art system is shown in FIG. 1 which is extracted from Japan
Patent No. 2,696,285. The system shown includes output coupler (or front mirror) 4,
laser chamber 3, chamber windows 11, and a grating based line narrowing unit 7. The
line-narrowing unit 7 is typically provided on a lithography laser system as an easily
replaceable unit and is sometimes called a “line narrowing package” or “LNP” for short.
This prior art unit includes two beam expanding prisms 27 and 29 and a grating 16
disposed in a Litrow configuration. Gratings used in these systems are extremely
sensitive optical devices. A typical grating surface may have 10,000 grooves per inch
created in an aluminum layer or layers on a thick glass substrate. These gratings and
techniques for fabricating them are described in U.S. Patent No. 5,999,318 which is
incorporated herein by reference. A prior art technique for avoiding distortion of the
grating surface is to mount the grating on a metal grating mount made of a material
having a small co-efficient of thermal expansion closely matched to the thermal
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having a small co-efficient of thermal expansion closely matched to the
thermal 1 WO 03/003531 PCT/ US02/ 17999 expansion co-efficient of the
grating gwess/oesbstrate. The gratings deteriorate rapidlyPCin$er/17999
ultraviolet radiation in the presence of oxygen in standard air. For this
reason, the optical conponents of line narrowi ng units for |ithography

| aser s akgpinsinCed-tificint @€dhe gatingnglassstubstiatei NMbheopeitiaps detevibtate rigidlggen.
FIG 2 is a sketch showing.a prior art |ine narrow ng_unlgt abricated by
Appl i cantgder Wipyigleb radiatiopdn thq presence of gxygenin standarg gt r Fof S| IegRonLther owed
l'i thogra r ' i I e '

| ncl udes CPheS S puRnehs IS hard3GRE RALSIHOAIRLEDE) 165K BE ypltlPuleed
a gr at i ngoiinudvsiyahiring op¢tttomivithadfesgepur ge from bottle 44 enters the unit
on the back side of the tuning mrror 46 to avoid purge flow directly on

th ing face. In this. systemthe.. | engt h h b i
Cont o1 1 4077 BT b cROWinR) & rEBh et e P Eier WAL BRI oh ABPOFE boam
i's masure%l@érj@éﬂh&@lnc%?as AArt GTRIPHOr Gkt 1GRMakoWed Nittrraphe Kl asspaysbangt h

information t'o adjust the angular position of tuning nmrror 14 to control
t he waveliegngpérating suchessflevaer. v Ahe anit Theludesrtbivge deamcexpanding paisys & 1900ds used

to nmechani,cal | y. bend grati 16 .t o kel i cave npl e.
Thi s deviie & SiAEaBrTBd +i aaru B Bitd o iR SBsCanObotBHATE
Cyner. Usateps thehing o@lié bakpidedfltbe fuddncinirest 48fto aheid panebrleiy dirsaiyeshdic, but
it still goes out_ of specifjication when the |laser is run %, hi%g duty

cycl e. Feratingifcs Jarthis sydem dhreyvavalensth phide daser brasy6 isaeasizolipd inea Frsflbaske

that "di tolbhhGfsoh Wifh 4BSEEIGRM CPUhd REmCRURRAR ,%gsmt) W 823t he
face of the grating. ererore, ser esigners I n the past have nade
speci al ebimputes contrélbe 24tuses thiervgeyelenpthoigfornfatiomtd ddjustribe angulacidsitionroft he
face of the grating. Sever exa es of these efforts. are described . in the
Japan PattEWPgi{“G@GafStQ W@Fa theqw ll%{’@&/ép a S’ferﬁievaéﬁ%ng‘lhg baaﬂg §oREek act ed

FIG 1, t{agicePt 4€ ubddow hﬁcﬁiélﬁ@ﬂltyigerfdrz omibE GR% BRkt!ie sighiP\wehshvtNeorback

side of grating 16 through port . _
example. This device is described in detail in U.S. Patent No. 5,095,492 assigned to

Cymer. Use of this device permits reduction of the bandwidth somewhat, but it still goes

out of specification when the laser is run at high duty cycle.

For many years, designers for line narrowed lasers have believed that distortions of the
laser beam could be caused by gas flow near the face of the grating. Therefore, laser
designers in the past have made special efforts to keep the purge nitrogen from flowing
directly on the face of the grating. Several examples of these efforts are described in the
Japan Patent 2,696,285 referred to above. In the example shown in extracted FIG. 1, the
purge flow is directed from N, gas bottle 44 toward the back side of grating 16 through
port 46.



WO 03/ 003531 PCT/ US02/17999 |Increased Repetition Rates Line narrowed
ultraviolet laser light sources currently in use in the integrated circuit
i ndust ry wopBoedsBy produce about 10 mJ per pul se at repet PCirarsor/amves of
about 1000 Hz and duty factors of about 20 percent. Increased integrated
circuit production can be achieved at higher repetition rates and greater
duty cycles. Applicants' enployer is currently selling a 2000 Hz gas

di scharge |ithography | aser an@hofgstd RapdtdioarRhtésheir fel |l ow workers have
desi gned a 4000 Hz gas discharge lithography | aser. Applicants have

experienced difficulties i ntai ni ng consi stent. narr.ow bandw dt hs at these
hi gher r&p¢ marghed lsavialgt oSk, IghtcSAUreRs. CURTEREY 0 3P S <the dntegafsdagfany i ne

narr owi n i : j el i cycle
M Sy e U R

provi des dutyfatirsgf bbar Q0| ferenh anceasaigntbgratedkcifait prodeetioncanbe aghievealser s
duci i.gh | aser bgans, Techni ques are. provided for mnimzin

Piver e o ke SBreHan RIF0uth sy Fro croles, AutieRife rstoomon fgently "

narr ow NGseAmg £300412 baxdScharddAkddspHYOHRE ahd A@Pﬁa&&e&lm&@ Rel16 Srbddetsy

elimnates stress on the grating vcaused by differential thermal expansion
bet ween thae glesignerha 4080 thie gas\tistharesi lidrogrephy) dasar. eApplisants heed expezignced

Cur race el hall b alhl SRER RSBt sy oy i

al um num dgpeydig. structure using a flexural grating nount. At |east one
flexure joint is provided in the grating nmount which permts thermal
expansion, and_contraction of the alumi num hausi ng w thout. producin

Undesi r abh GoF ERAI PRI LaPledineero am dovirehnd etiBlqiea e e FeRstlipRiding, | n
sone enbqgggaa&§?ag%agggahu%gggﬁgses a netal plate and the flexure joint
jorn S

is a HFle whi ch | chined into the netal plate. In another

enbodi ment, two HFlex joints are provided. In other enbodinents, the
flexure joint is a dovet aSUMMARY QF HHE INYENEIQNd of the nount to slip
relative to the other. In another preferred enbodi nents a streamof gas is

directed ’ﬂférﬁ%§en'i BfehAsE pfgvi&elg% grating based line narrowing device for line narrowing

lasers producing high energy laser beams. Techniques are provided for minimizing

adverse effects of heat produced by the laser beam inside the line narrowing device.

A flexural grating mount is provided which virtually eliminates stress on the grating
caused by differential thermal expansion between the grating and the LNP housing
structure. In a preferred embodiment the grating which is comprised of a very thin lined
aluminum surface on a thick ultra low expansion glass substrate is attached to an
aluminum housing structure using a flexural grating mount. At least one flexure joint is
provided in the grating mount which permits thermal expansion and contraction of the
aluminum housing without producing undesirable mechanical stresses in the glass
substrate of the grating. In some embodiments the mount comprises a metal plate and the
flexure joint is a H-Flex joint which is machined into the metal plate. In another
embodiment, two H-Flex joints are provided. In other embodiments, the flexure joint is a
dovetail joint permitting one end of the mount to slip relative to the other.

In another preferred embodiments a stream of gas is directed across the face of the

grating. In other embodiments the effect of a hot gas layer on the face of the grating is



grating. In other enbodinents the effect of a hot gas |ayer on the face of
the grating is 3 WO 03/003531 PCT/US02/ 17999 reduced wth the use of

hel i um aswea opwo3ze1 gas and i n ot her enbodi nents the purge ®@as/uspr/e®sure is
reduced to reduce the optical effects of the hot gas |ayer. BRIEF

DESCRI PTION OF THE DRAWNGS FIG 1 shows a first prior art |ine narrowed
| aser system FIG 2 shows a second prior art line narrowed | aser system
FI GS. 2ATedveedmitBribovuse pf heltuma ef agiuags B Fsuim other ebodimgiie thepege Zaghows

adver se glzefsgﬁ%:%@&uc%?%?%ﬂkgl’%}%f%@cgﬁtffegﬁ% jtl?e\'iﬁ)rt rgg%'lagg&e face of a line

. £ -
narrow ng grating show a prefer nbodi ment of the
present invention. FIG 5A shows bandwi dth traces at various rep rates

with prior art purging. FIG 5B shows bandwi dth traces at various rep rates
wi th purging in accor danc BRIEF DERCRIFBEONOF RHOZDRAWINGSS. 6A, 6B and 6C
show al ternate enbodi nents of the present invention. FIGS. 7 and 8 show a

LNP equi d, f,or fast feedback contragl. Fl 9 shows the heating of the gas
| ayer on ﬁ'el ﬁoﬁsiaﬁs s‘%}a‘r}(%rﬁ@?ne We%dasgﬂs %en}i techni que for reducing the
purge gas pressure. FIGS. 11A B, C and D show features of a preferred

enmbodi meMIGO? slidwe dueeshprior anyiemdt Adrowel 1458 syk®f. B and C show features of
anot her preferred enbodi nent of the present invention. FIGS. 13A, B, C D,

and E sh eat ur of another preferred enbodi nent of the present
i nvent i o%\fIGE- Mi@é&%fﬂﬂefﬁﬁwﬁlﬁwﬁ%@ﬁ {98® DESCRI PTI ON OF PREFERRED

EMBODI MENTS
FIG. 3 shows adverse effects on bandwidth of a hot gas layer on the face of a line

narrowing grating.
FIG. 4A and 4B show a preferred embodiment of the present invention.
FIG. 5A shows bandwidth traces at various rep rates with prior art purging.

FIG. 5B shows bandwidth traces at various rep rates with purging in accordance with the

present invention.

FIGS. 6A, 6B and 6C show alternate embodiments of the present invention.
FIGS. 7 and 8 show a LNP equipped for fast feedback control.

FIG. 9 shows the heating of the gas layer on the grating surface.

FIG. 10 shows a technique for reducing the purge gas pressure.
b

FIGS. 11A, B, C, and D show features of a preferred embodiment of the present

invention.

FIGS. 12A, B and C show features of another preferred embodiment of the present

invention.

FIGS. 13A, B, C, D, and E show features of another preferred embodiment of the present

invention,



Preferred enbodi nents of the present invention can be described by
reference to the figures. Laser Perfornmance at Hi gh Average Power A prior
art |ine warpoosdl Kr F exci mer | aser operating at rel ati velPgTiusoe/anwer age
power, typically less than 5Ww | produce a | aser beam centered at about
248 nmwith a bandw dth of less than 0.6 pm The |laser can run w thout
probl ens at hi gh r epEAK.ED PESCRIFDODMOEPREFERREDEMBOBIMENTSONG as
average power is below 5W A typical |[|ithography KrF exciner |aser has a

pul se en of 1 . Therefore, in .order to avojd .increases in average
Power , 1 Huoiened ctrbedipenty OF S pEisef WERLR Fah BF rsrriPoRow deieynes i d *For
exanpl e, fguresan pe run at 2 kHz in bursts of 200 pul ses with pause between
bursts of about 0.45 second. Such an operation w ||l produce an average
power of : | Om) .200 pul sé&sser Péifo(midnce@/High Avarage Fovedyl ens wi t h bandwi dt h
control start to appear when the average power is increased. This happens,
for exanp]e,. when.the inter st .del i s decreased,. For, exanpl e, |aser
Fnnt ng. EherghAt BRSSNED T GGy e Snera e qe YLy o StvoRRar Ay e |
have an ﬁﬁﬁgﬁ lesBAWRY 59 willPprodhceOaViad? Oodat 8Gferad |at @Bb(2 248 Fim Quith gec At
maxi mum e l'aser is run in continuous node which, at 2000 Hz and 10 mJ

pul se ertendyidth of leguiihamDémm: dhe tasencanr g evifoweproblmsrat high nop irae, wprto | aser
system i wi t h high .average pqwer, the bandw dt.h . ncre S radyal |y

over o pablicihtdnd B RS BEE 4P L s aVEraR IR P AR ERE 4 AR, 1o
0.6 pm mn@lgraggam exdifet Bdritak bpuliegdnergyt dTaD 1.6 ThERefoPlGA oaderith@ieidse in

bandw dth should be avoided in mcrolithography, production runs, because
it will dBersesep ihgedagepayey the daser hes torheoenerated with arrglatiyply low Bbpede-i on

| enses. ﬁg%?%gg&piem%raﬁ BOLwPRP kA2 BlrstsSof MR uideE with PHRsOBLARED Bersts of

PCT/ US02
about 0.45 second. Such an operation will produce an average power of :

_10mJ - 200 pulses
e 0.5sec

=47 (1)

Problems with bandwidth control start to appear when the average power is increased.
This happens, for example, when the interburst delay is decreased. For example, laser
running the same 200 pulse bursts with 0.1 second interburst delay will have an average

power of :

_10mJ - 200 pulses
e 0.2sec

=107 (2)

At maximum, the laser is run in continuous mode which, at 2000 Hz and 10 mJ pulse

energy, is equivalent to 20W average power.

When the prior art laser system is run with high average power, the bandwidth increases
gradually over a period of about 5 to 20 minutes from initial bandwidth of less than 0.6
pm, and remains substantially higher than 0.6 pm. Such an increase in bandwidth should
be avoided in microlithography production runs, because it will cause images to blur due

to chromatic alterations of projection lenses. Another important application is when the
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| aser is used to test thermal properties at high duty cycles of other

| it hography conponents, such as the projection lens itself. In this

appl i cat iwn,03008531 aser i s supposed to maintain its bandwpdrhusandroed her
paranmeters within the specification during the duration of the test. 4000
Hz Laser Lithography |aser systens currently being tested for use in
product i ogief 6! wid@ 10234 Stheh@s | HOpEHIED B PiEEAt Qutit cADR0 ofZothdyhlittiogiaphig
desired | aser beamquality at these increased repetition rates is a

chal | engeomphaenigisuel astbe praiecion hensdisskid I tps epplication. jhedases ghgippesedite  t he

2000 Hz S . I 1S [ . [ dede. Vi ' A prior
art ot ORI S, el PRk v i Gobieifiot qiind AIRBaP]

t hi s casefiiidrestt hi ck gl ass substrate of the grating is attached to
mounting plate 16A at each of three spots with very short epoxy pillars. -
FIG 2B shows the approxi mate pi I%@@e@op zontal positions at 17A, 17B and
17C. The nmounting plate is screwe 48t to the floor of the LNP
enclosure with two screws 16B and 16C. In this prior art design, the
mount i ng I.Hih%gﬁl hf 1904 &y Qb mk Rentt ibeiheRsted 6P u8E fih Proiction ihdledd Risers.
expansi on cl sg 0 zerd and to that OF the grating glass substrate which
ul tra | oWesignghiogiperateatzA90dird Maintuiniog desirsd lassr bean qualisnet these inereaselanber

I i s..alum ich ha ~effici ] '
Cubst ant ey PR FRFL A PR oA TP el Ry SOR0RR e

As a CcONSRAREICEZ sysiéper at ure excursions in the LNP produces bendi ng
stresses on the nounting plate which is screwed tightly to the bottom of
the LNP enclosure and the plate in turn produces bending stresses on the
grating through the short epoxy @RHPBPESOHMEN| ong as the tenperature
excursions are small the pillars are flexible enough to prevent

signific WSt Qrt 400 r i 1 dun8h : { e of
2000 12 a0a000 Fi e D B Lo e '
has beerths &Nt emtlosuse.t dn shibsasentheathick gldssesubsirgte aiffthe grating igwdthched tof t he

Laser beal Boh pidte 168" et oP AR SL WA et EHABALD pifAR! 10, B8 SLART 11 1Y

the approximate pillar horizontal positions at 17A, 17B and 17C. The mounting plate is

screwed securely to the floor of the LNP enclosure with two screws 16B and 16C. In this
prior art design, the mounting plate is made of invar which has a co-efficient of thermal
expansion close to zero and to that of the grating glass substrate which ultra low
expansion glass and is also close to zero. However, the chamber enclosure is aluminum
which has a co-efficient of thermal expansion substantially different from both invar and
the grating glass substrate. As a consequence, temperature excursions in the LNP
produces bending stresses on the mounting plate which is screwed tightly to the bottom of
the LNP enclosure and the plate in turn produces bending stresses on the grating through
the short epoxy pillars. As long as the temperature excursions are small the pillars are
flexible enough to prevent significant distortion; however, at high repetition rates in the
range of 2000 Hz to 4000 Hz and high duty factors, thermal distortion in the grating has
been so great as to substantially adversely affect the quality of the laser beam both in

terms of bandwidth and wavelength centerline stability.



WO 03/ 003531 PCT/ US02/17999 Finding The Source O The Probl em Wen
Applicants first began seeing beamquality deterioration with increasing
beam enewQy3/00381 cause was not apparent and nmany potenti CTABOYEDINEr €

i nvestigated surface heating of the purge gas on the face of the grating
was one cause and it was largely corrected by directing a flow of purge
gas directly on the grating face as described in a follow ng section.
However, this did not conplihdihy Tt SoumcaOf Thh@rghledl em Finally, one of the
Appl i cants | oosened screw 16C as shown in FIG 2A and the beam qual ity
irrproved bstan i all licants then recogni zed t hat . |fferent

t her al plivie e e e sine, RS AT Setseiarieg. Uit HERGREE PR ch

was Caus'éﬁgrgghﬁle c‘iﬁéee‘&vhé)ﬁ@tt dArend afkE AL ?Bﬁjzehﬁéﬂ cefiSesPwbR SHYdstig AP birfRRE S
have desi gned several nodifications in LNP to solve thiS problem Dove

Ta| | Desdgatn@ef el pargorgas @nt the fpeobf tm gretishovas dne EUSSand itlwas Brgdy D and
E. FIGS. B. ar bottom vie atin unt for m ni.m zi ng
Chermal <PPeded B qifiing afsgor fifes oah gty o U5 Pt b es ditsriBa it Bar (<
100 and YQfowingsbctibd Hdvidier, this AiBnsl Ry ?I‘Htély §11ﬁ’1‘ina1@ﬂ1e F’(Bbl&ﬁrt 100. Part 102
is bolted to the floor of the LNP with threaded hole 106 and part 100 is

bolted to the floor of the LNP with threaded hole 104. FIG 11C shows the
dovet ai | Tnally. one ghithe Applicants Joosgned sepw K6G as shewy e BT 2Haa0d thePeaowi ng
how it is S ows
part 102 BBt I AREed Riudrlelly AppOLAR Heb, ilipfiR ok aithibid banil)

rol | ers I@3Basiipweas capdtd aﬂx&ﬁldagaabmasbemim@ of tke gfatingl whichO#as Eﬂimngraﬁ:l ng

(not sho s preferably nmoynted on top ar 100 u3|n t hree
epoxy pi Yg{]QPQraé‘BBuﬂnl beam | it e /et aaﬁasuit mlalp Bligangy, bayf; esé%?g ﬁe"ﬁéﬁ’mts

the LNP &&&ﬁéatfoﬁsﬁ{@i@mﬁuﬂﬂﬂs @mh{sgﬁg, bt hout putting nechani cal stress on
the grating. WO 03/003531 PCT/US02/ 17999 H Flex Joint A second

enbodi nment of the present invention can be described by reference to FIGS.
Dove Tail Design

One solution to the problem is shewn in FIGS. 11A, B, C,D and E. FIGS. 11A and 11B
| are bottom views of a grating mount for minimizing thermal stress on the grating. This
mount is comprised of two main parts 100 and 102. Part 102 slips into a dovetail slot 104
in part 100. Part 102 is bolted to the floor of the LNP with threaded hole 106 and part
100 is bolted to the floor of the LNP with threaded hole 104. FIG. 11C shows the
dovetail slot in part 100 and FIG. 11D is an end view of part 102 showing how it is
designed for a tight sliding fit in the slot. FIG. 11E shows part 102 positioned inside slot
104 in part 100. Two spring tensioned rollers 108 compress part 102 against side 110 of
slot 104. The grating (not shown) is preferably mounted on top of part 100 using three
short epoxy pillars about 1 cm in diameter and 4 mils high. This design permits the LNP

floor to expand and contract without putting mechanical stress on the grating.



12A, B and C which are top, side and bottom views respectively of a grating
nmount with a single HFlex joint. This nmount is conprised of invar which,
as st atedwelwewesshas a very snmall thernmal co-efficient of Perpsnzitm about
the sane as the fused silicon grating glass substrate. The nmount is about
1/2 inch thick and has a length approximately equal to the thick glass
substrate of the grating to be nounted on it. Holes 120 are cut into the
mount primarily to reduce its wei giHFlexAbidtt Fl ex joint 121 is machined into
the nount as showmmn in FIG 12A. Two dogbone shaped holes 124 are cut into

t he nount, prodyci an "H' _shape flex joint so _as.to | eave four | egs
126 oach ABE0R GURATRREIE KBS BRbCHEY R IAY be Ao e B EeRL BlF S o ¢ he
mount W tleAt, B 88 CHfich a?@ﬁ?ﬁ}’siﬁ!: hﬁ%?%tt&% Xzfie%"i‘%épga%el}zgf @Eﬁﬁhg thoufll With Bi gh

and 1 cmin dianmeter as shown in A. The nount 1s screwed securely to

t he bot t cinghf HelHex joum. ehub ozume isuginmyised of sved whishess staed abhvswhasi nveEy G,
12C. The H-El.ex joint .perm t.s thernmal, expansi on d.contraction. of , the
onci osur Sl Fmel et BRI bRl gt BR SRR e AR SURPhEng aigss
grating. shbrakedi The mBtu@Mb dBsutMe2 Inchithick @nd BSJ $ lehBLapgpRoiilitdly éq@iabSthen t he
|l ong direction of the grating. The expansion co-efficient is about 0.001

inch per thiskistass substrﬁfmfrﬂ@mgaﬁng tebe meuntedieniits Helgs :‘l%Qxene;euéiIﬁ@ﬁg L
crboal ot oai BEeSeei g, % SPEIETNRCT ifltiBfitolft By

FIG 13Aih¥FIa. 124. ivewlogdboe shadRdi oles B4dee curintand mbimt fradudigg an BH't om
view. This nmount,is sim]ar it‘\(!)\!()t he one_descri bed above ag_d shown in FIG
12A.  Howehape flexjpmt 5o anto leave topp flexylaes d 26 paphrabout 46Q ipehthigk 4 d he grafine

enl ar ged ;i Pgo%gt LESR i Hﬁw I m num
as iIs thel!g rﬁ:fsérﬁ% osureg.r{gT eﬁr?ountﬁggﬂrﬁ%}%trt e%latg%p t he étel%%ﬂggg?ze@%bsﬁw
descri bednilnhighendit emi inusanestixonti shewn in Fi@ 1@Aat i ng i s attached to the nount
with three short epoxy pillars as described above at the positions 132A,

32B and .132C hown, i . 3 _The surf f
at the opdy BB ORI rRpreI RS e g LB TP Sl e e e ol

pr ef er abl (30abowA &6 FYG DG 4The H—Fledg&ﬁnb]b:@ﬁﬁts tBérHiHl BRpdnlioRr dUoatractdaed epoxy
surface. The |l egs of HFlex 134 and H-Flex 133 are about 0.030 inch w de.
Fl ex 133 theenslesgredygttons wihow trangaitiph ghany agnifipa stressttp dheygrating gTheyjoint

provides very little resistance to small forces in the long direction of the grating. The

expansion co-efficient is about 0.001 inch per pound, in this long direction, but is

extremely strong and resistant to forces in any other direction.
Two H-Flex Joints

A third embodiment can be described by reference to FIGS. 13A, B, C, D, E and F. FIG
13A is a top view, FIG. 13B is a side view and FIG. 13C is a bottom view. This mount is
similar to the one described above and shown in FIG. 12A. However, this mount has two
H-Flex joints 134 and 133 as shown enlarged in FIGS. 13D and 13E respectively. The
mount is made of aluminum as is the LNP enclosure. The mount is mounted to the
enclosure as described in the previous embodiment. The grating is attached to the mount
with three short epoxy pillars as described above at the positions 132A, 132B and 132C
as shown in FIGS. 13A, 13D and 13E. The surface of the mount at the epoxy positions
(in this as well as the other embodiments) is preferably abraded with #40 grit dry blast
alumina to produce a good epoxy surface. The legs of H-Flex 134 and H-Flex 133 are
about 0.030 inch wide. Flex 133 permits expansion of the mount relative to the grating in
8



8 WO 03/003531 PCT/US02/17999 the long direction of the grating and Fl ex
134 permts expansion in a short direction of the grating as indicated by
t he drawiwQ93/0T3581 second H Flex joint permts the use of Parasonuwwas the
nmount material which is | ess expensive and easier to machine than invar.
Preferably, a four mll shimis used in this and the other enbodi nents when

at t achi nghd Idgg diFédiondg tﬁd)%]rhhi%]mﬂmextl94 pesnltseexphddion e spedireplibd afthe s t he
correct thickness (i Mat chi ng Thernal Co-effici ent of

Expansi o§ratig 2% indadatedh by te rdé@‘éirtgﬁat The seendcd-Tlesijgint ReFmiy 489 mee wbunt s
houl
oxanpl o, ot (GRS TR AbHA TR TR Eb Bigd 2 call bfiadiittbon WA\ (

t he nmountPreflably, agowr nhitieshivalis asedahfthie |aﬁdilthe0fthertelﬁﬁrdalnherﬁx PR btachiignthe ar t o
the thick ULE gl ass grating substrate. Therefore, the gratihg . is attached
with theSfaHngdo El’f?dﬁ?m’éffb%%?g'ﬁ? thatcibe Bt inthe geEeet thiskngss 6 hedehthe 1 ong

part of the nount with no attachnment to the short part of the nmount. In

these two exanpl es, OneMé%E'lﬁngfrhEHﬁal@ﬁ&ﬁQféﬁttd Aﬁﬁm&ﬁ'e mount is attached
to the chanber and the short portion of th at the other end of the

nount i s separately attached to the chanber. The fl exure | I n both
exanpl es Therreadert shouldomate ahad pmﬁemﬁamns(hfé\graﬁ@gsn@nn@ eémid yakeditftd er ent

co-effici ent of expan t and an contra r at,es

Che Fi o BB iop e AR Al el RS BE P GORGRBEC s8I HOCITRRIBU ached
at two [FOGS! IDAT tauniples, 0w iis Gised Rirsthd hUE G6idhOassh @itirfial a6 effidid 9E €S
since both the nount and the housing are alum num The grating substrate

whi ch hadhesmabexpapsion @pylapfo g thigk LdA clasparating subsirate.qilhersfapithe gwhing
al um numy én@hé@&ﬁlﬁq%é ﬂ’lr@easq#artoéfg g‘inﬁé%é Etetw%erﬂla{lﬁa&ﬁo@@&&ﬁ 3 lthd 'Esﬁg pgig%?o each

whi ch by reason et jornts are free to nove re
ot her. Theuspuntfwithiné httadhhest toltht Ahddt pad oFtHeSnouiz Al tlexa b esarhples, maent
wer e nmade ‘g;f al um num th art the nount anly

h t he. |
shoul d b&2%ef therens Perticn ?“%%@gflsfe&%gﬁedatﬁgh? gga%@ f‘étarnﬂg{“%ﬁlam ROHER & t ached
to both par hﬁ)unﬁhtsﬂle'éthérnelﬂ §5thel Adubt 1@@%?%&% attQé’lf'éH tWeﬂhﬁ dhaRfed Orht he

mount, the grating should be attached to the l'ong solid part and the nount
shoul d bélesuredotnédn botht dxampfiesnpremitathe poount sind mchm@@ (hnving 3imificantly

different co-efficients of expansion) to expand and contract at different rates.

In the FIG. 13A-E examples, the long portion of the mount is securely attached at two
locations to the housing. This produces no significant stresses since both the mount and
the housing are aluminum. The grating substrate which has a co-efficient of expansion
substantially different from aluminum is attached to each of the three separate parts of the
mount which by reason of the two flexure joints are free to move relative to each other.
Thus, if in the FIGS. 11A-D and FIGS. 12A-C examples the mount were made of
aluminum then in each case the long part of the mount only should be attached to the
chamber floor and the grating should be attached to both parts. Also if in FIGS. 13A-E
example, invar were used for the mount, the grating should be attached to the long solid

part and the mount should be attached to the chamber at points 132A, 132B and 132C.
Hot Nitrogen Layer

Applicants have determined that the poor performance at higher repetition rates as shown
in FIG. 3 is partly the result of the development of a hot layer of nitrogen which builds up
over a period of about 5 minutes on the face of the grating 48.

9



Hot Nitrogen Layer Applicants have determ ned that the poor perfornmance at
hi gher repetition rates as shown in FIG 3 is partly the result of the
devel opmew0 odfoxm3hot | ayer of nitrogen which builds up ovPer/isopenvsod of
about 5 mnutes on the face of the grating 48. 9 WO 03/003531

PCT/ US02/ 17999 This hot gas is heated by the grating surface, which in
turn i s h&hisebt tgas abdeatld by the gpatirg mfa&)’é whichde rtrd %Mat&eawabiorbingad ly,

as nmuch as 15 tq.20% nci dent gh he absor bed ating
surface. NPEORGE{ L@ﬁ?fe‘?%r@yﬁlﬁa éls@i“’&i'l%% Srp g pf g@l«%@?lghtrmw Thi s

t enper at | f

graring  aed Tl SThR Bl utake F%nﬂ%r%ﬂ%ﬂ%E HBEER 100, |
front of 15€.nTlid tt&m}pmattmeancreasfe ltshmngnmﬁonnglt ishighértiarthe hndldle lo tizd gratimg f r ont
of the edges. Ther for en th m .80.inci de t ating
Surf ace. 880 EvGBELEE RiiagRoNR & Biiriaryerr Gy et Gt 0t B i patiChas
the same Bf @S it ik Bﬁﬂé}%&?ihetaﬂemaﬁrdint otfl@ﬁe e288 ThérefpdSieh th lassPbeah® ai r

near the center of the gratln%ﬂe | ess dens€, than thé air near the edges.
Because 080 fvadents tmatheageﬁmg bartace O ihigoks ﬁmwhdhﬁﬂm‘uadarydhme&s hBetagsevhen

It goes tgQ.the dIe ortion f the grati ded theln mng

beam i ¢ nOBPEPRRE SEREPRSHESAE i HESh BOlest USSR L e o8 nedt o

COr r espongknid dfahél brmehg eNlesdeaise, thhih She AP RER TN s | fBeadu%E: o @hat Othb Jaser

perfectly flat§0 AFE)II i cants have devel oped preferred nmodi fi cati ons to the
el

| i ne nar r B avedifferans phaseishifisywlagn ifzorstte thenmiddiportion of hengpngr .

Fl ow Acro I ng F r gﬂt}g f S

i nventi onér?ds@c’lgés @o ﬁ%l @OMX? g&4kﬁhlﬁﬂal [ sg)ggg{e}{ tggew%lr?’?g%%n&%&?dge of
about 2 | ivaesfronp e, msbﬂeﬁpendmgfﬂoo&wdrgawmaﬂn.t HFige Glppeap eveH i iffairting 16 Agn

di anet er hoI es Zloaced at 1/4 inch in a 10 inch long 3/8 inch ID tube
funct i oni B8y dlahur ge gas manifol d. Barrier plate 60 and barrier cover 62
force nost of the nitrogen purge flowin the direction shown by the arrows
in FIG 4Ry ﬂ_&!n% hﬁi}é aiagaaﬁéa gr8@riel OfldaRRaeizetd GRE 1iRS HabSwiy SRRV by

t he chart |n . In this case,
substantlally ehmmate this hot mtrogen layer.

Flow Across Grating Face

A first preferred embodiment of the present invention is shown in FIGS. 4A and 4B. In
this case the nitrogen purge of about 2 liters per minute is flowed upward through
approximately 1 mm diameter holes spaced at % inch in a 10 inch long 3/8 inch ID tube
functioning as a purge gas manifold. Barrier plate 60 and barrier cover 62 force most of
the nitrogen purge flow in the direction shown by the arrows in FIG. 4B. This
arrangement has produced excellent results as shown by the chart in FIG. 5. In this case,
an increase in the output average power from 0.1W to 20W resulted in variations within
0.4 to 0.5 pm. It is interesting to note that at 10W average power, the bandwidth is
actually slightly smaller than at 0.1W.

It is important that the purge flow across the face of the grating be carefully controlled to
avoid flow related distortions. Applicants have tested various flow rates and have
determined that excessive flow can do more harm than good. For example, a flow rate of
20 liters per minute produced very poor results. Recommended flow rates are in the

range of about 0.5 liters per minute to about 10 liters per minute.
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an increase in the output average power from0.1 Wto 20Wresulted in
variations within 0.4 to 0.5 pm It is interesting to note that at | OV
aver age pwaes/003sBe bandwi dth is actually slightly smal | ePCrhsnz/ato99. 1 W
It is inportant that the purge flow across the face of the grating be
carefully controlled to avoid flowrelated distortions. Applicants have
tested vafisels inpovanitabamte nhatthlsepurgteti@asmon eubstansitlle xakes rthaetefripemtwan do

nor e harmthan ood., For exanpl g, te of 20 . liters te
pr oduced of @gﬁg fBg grating Iﬁ@é&mdbghﬁtl ‘?/\PW&Fé‘é’e%?‘seto W}Fﬁéomir%‘l‘?lj Y of

about O. r t I 03531
PCT/ USOZ? i%%g e Befr%ﬂpa soglgrrrr%%) gﬁtlt 'gl gesn%c%tg{ﬁ? lﬁigﬂ%e f[thl?éséft glur%}gth}jé\oq%%%t

subst ant iN&dry ysmadidflow datee and:rrq:m'reapumchnglm‘ gaheelgeigyt ipngyentFhanyy et dlﬁigrtr(mﬁal ns
hot. Wat th u does.i..s tao.r er continuously displace air in front
of the grcé’t‘sieﬁé’g)’ é%ﬁ?‘f’“ﬁ%@ ffe}‘f % EISF’h%pef%loﬂeat up by the grating. Very
smal | flow rate and, correspondingly, gas velocity prevents any air
distortions caused by the flowitself fromaffecting | aser operation.

O her Purge Arrangenents Ther éOtheePugarrsogemerts| arrangerrents to provide

gasflow cross the f f the gratin reyv e
Shermar 1Ot Sty roRiaCir ke A aR Ve Aol e e Atfe BlachB®
harrow s |tb toréfenedhe Wuildu ofthe thefthaldaydtenhieh Ghised the ﬁ@blmn slicwrdirc BIG.GB. be
used instead of the small holes. Al so snoother flow could be row d%p wth

a slit tyfesexample) %n@rw skt oo 0f nmet mu)geﬂs@ iength af theapangie %Pmélﬂ
|
Chown'; n o s RERle 66l BEG Bliso SRotBPAGD Lol bOPRSlac b alit Bde

W th a vejoyzlsgatH asfshowh fin arosesécﬁohu’nsﬁrﬁ ﬁpsbmhtaszzﬂémuldheﬁﬂoﬁdeaﬁothat thi S
case, the regular nitr pyr ge coul d, Vi sint prior .art as

shown i n th¢ tgp and b Oﬁﬂmtq(% Ggafing s ﬁﬁ 68 |¢g W%Frﬁ@ttﬁ%e‘ﬁ‘tlpﬁéacﬁr ating
and the g«faﬁfdhﬁer rbﬁdgd)wh%e@érgngnaﬁ@mpwag&ng%sb@ sPedrial iRyt t 1. 60, ahe i nto

and out e caV|ty as shown at 64 and . The tubes 68 | eading to and
from f an td casmﬂeoreglﬂaantrogﬁn mege eouldbe pravidedds imtheprior artaagghaun whFlkh i s
J ust abovg n i (rl ré?nbrc]) }ntngn%t e ga%ltg rbegzveen e gre?tlng and the barrier is not

sealed and purge gas in permitted to circulate into and out of the cavity as shown at 64
and 66. The tubes 68 leading to and from fan 70 connect near the center of slitted tubes
72 and 74 which is just above and below the hottest area on grating 16.

Reduced Gas Pressure

A second solution to the hot gas layers problem is to reduce the gas pressure in the line

narrowing package.

Gas convection modulates the gas density spatially, causing an inhomogeneous
distribution of the refractive index, which in turn leads to phase front aberration. The
magnitude of any aberration caused by gas density fluctuations, which are due to the gas
convection close to the heated grating surface, is appré)ximately linearly dependant on the

nominal value of the susceptibility or the refractive index and thus the gas density.

Convective cooling of the surface of the grating and other optical components is not
substantially reduced so long as the mean free path of the gas molecules is not less than
distances between the “hot” and “cold” surfaces in the LNP. If we assume these distances

are about 10 cm then as a rule of thumb we would say that the gas pressure should not be
11



Reduced Gas Pressure A second solution to the hot gas layers problemis to
reduce the gas pressure in the line narrow ng package. Gas convection
nodul at eswoha/oggas1 density spatially, causing an i nhonogen®@cTaISozii®pe i buti on
of the refractive index, which in turn | eads to phase front aberration. The
magni tude of any aberration caused by gas density fluctuations, which are
due to thendas beGORY ffet profsusd iRrd thel MRakIgRE QD IeotN G Bbtta®eemi SThat
approxi mately |inearly dependant on the noninal value of the

suscept i hirsstng ipin thaganasfof abeut/leto Hyeillibarcsorthaighe Aensijs of desngastin thabNect i ve

cooling aof th urf.ace of .t.he,gr.atin . I cal conponents is not
subst ant ilﬁﬁli’%}l?lozld@clg(gpe%eqtg}]egdeggl%f ﬁtee%rrrlg%ﬂwﬁ ?’ggﬂdﬁ@? Y of the gas nolecules is
not |ess than distances between the "hot" and "col d" surfaces in the LNP.
I f we asqUGe 10hesekdilsihpniasa spstéen dbonihinidiniamatdoatolés] pressukeincthe TINfNd we
woul d say that the gas pressure should not 11 WO Q3/QQ35

PCT/ US02/2bpyigh to 1@ quidlghar.p dyis fuireged gves §€ﬁl%‘5) r%thrﬁléghr@%lgc? Sée VAR engt h

i s about N LS 0 E f : mbldgbar so
that  he TRIC % i Rl g BCERIHE Saltint i WOS TP ARE el baculP s lalabie 2
density dy ammoiph®t ising afelddbhcknsign#l] fiam phessiwe aemsoe 06 o shuimlngedlespbteem f or
mai nt ai ni controlled pressure . in the LNP at abqut ta,.10 mllibar.
The i t r BerSIRGR R ixassrlsd sy NPT AR R BSHUEF 1P RIox RSN AL SURH ORI 95T o
used t0 ofERkeht fRmMepPRYI N the LNP and the desired vacuumis maintained
by controller” 94 using a feedback signal from pressure sensor 96 to control
needl e valve 98. Since LNP is a seal ed systemand the pressure is

approxi mately at equilibrium seRsige Wib halijgnhe t her nocoupl ed. Purge Wth
Hel i um Anpt her sol.uti.on e h t. f |; - DUr 1 he LNP
with hel i%ﬂﬂr{ﬁ%ﬁ"?“&r%n R Jechfe %ﬁ%‘@#@&?ﬁ?&% Iltl(?¥§rlge (r?ﬁeef ERP i bt el
hot | ayerhagal Smatiet aefekedsial fifiatidve index sd that addi laya@nwillhalusaleshadistortimb Inet t er
heat transfer properties than nitrogen. Argon_nsz% al so be used with the

sane advaidiinss helgm hanmugh Retjeheat Gannrprapsriesdipe ALTOgEN Hyggon may also

be used with the same advantages. Helium, however, is much more expensive than

nitrogen.

Persons skilled in the art will recognize that in addition to the above-described specific
embodiments of the present invention, there are many other embodiments possible to deal
with distortions. For example, materials other than invar or aluminum can be used for the
mount, but for reasons explained above the material should have a co-efficient of thermal
expansion matching either the rigid grating substrate or the chamber housing. Another
technique for dealing with the hot gas layer is to provide active bandwidth control to
correct for the adverse effects of the hot gas layer. Techniques for substantially real time
control of several wavelength parameters are described in a United States patent
application filed September 3, 1999, Serial No. 09/390,579 which is incorporated by
reference herein. These techniques include fast feedback control of the position of the
beam expanding prisms, grating curvature and tuning mirror position. Control of the
position of the laser chamber is also provided. FIG. 7 is a combination block diagram
schematic drawing of the entire laser system and FIG. 8 is a drawing of the LNP with the
added feedback control features. In this embodiment, the curvature of the grating is
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NEErogen. ---------mm oo Persons skilled in the art wll
recogni ze that in addition to the above-descri bed specific enbodi nents of
the presewOD 030038t i on, there are many ot her enbodi nents p@sTiushr11999 deal
with distortions. For exanple, materials other than invar or alum num can
be used for the nount, but for reasons expl ai ned above the material should
have a cocdfidolied 89 taringtdipfaiiat stePermsiod 308 eoMpbitkaf fob € dibRrtidOéhs&r at i ng
substrate or the chanber housi ng. Another technique for dealing with the
hot gas |kydke het g Jayervpridhadaceved Bengraiing h Therefers) theoscoperafelbe mresent he

adverse ef f Laues. sfor. S i y real
time con frvglﬁog'fs(ﬂgléls/dgbgéj?%mhave?gkggﬁa%fg;g%@é% aglfl éﬁ s %%ggrﬂl e@@%eﬁ@a United
States patent application filed Septenber 3, 1999, Serial No. 09/390,579
which is incorporated by reference herein. These techni ques include fast
f eedback control of the position of the beam expanding prisns, grating
curvature and tuning mrror position. Control of the position of the |aser
chanber is also provided. FIG 7 is a conbination bl ock diagram schenmatic
drawing of the entire |laser systemand FIG 8 is a drawing of the LNP with
the added feedback control features. In this enbodi nent, the curvature of
the grating is 12 WO 03/003531 PCT/US02/ 17999 controlled by grating
curvature stepper notor 30 to conpensate for the distortion caused by the
hot gas | ayer on the face of the grating. Therefore, the scope of the
present invention should be determ ned by the appended clains and their

| egal equivalents. 13 WO 03/003531 PCT/US02/17999 CLAIMS WE CLAIM 1. A
grating based |ine narrowi ng device for line narrowing a |l aser producing
hi gh energy | aser beans, said device conprising: (A a grating having a
grooved surface layer or layers fixed on arigid
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grating substrate, said grating defining a long direction, (B) a chanber
for housing at least said grating, (C) a purge neans for providing a purge
gas for pwogBstgessai d chanber, (D) a beam expandi ng neans PCoruSexpmsdi ng a
beam from said |laser to produce an expanded beam (E) a tuning neans for
directing said expanded beamonto the grating face in order to select from
sai d expanded beam a desired range o€CLAIMARI engths, and (F) a flexural
grating nount conprising : (1) a first part and a second part, said first
part and (g[rgn ond part each being securely attached to said chanber,
and said\il?r "being securely attached to said first part only; (2) a
flexure joint connecting said first part to said second part so as to
permit said serond AgfdtingbassiMend Rir@ivingtyvieator liye harrowiagd lhengroduciagt i on
relative to said first part, 2. A device as in Caim1l wherein said flexure
joi nt is Mahepqrgrlaspigheams, s3id eViRE\GORTENG n Ol aim 1 wherein said flexure

joint is a dovetail ,slidj 1 01 Nt J I i jn said
nount i s conprised % adalnétg tedrlé) g&n%%élmndgeg%é\cgf@%éPglﬁ%%ﬁ% %é’iﬁ%gfg%
expansi on cl osel y nat cheglating sdistiate] @idigmgting defipisgibkingatiectién, A devi ce as
in daim1l wherein id heat re al reaps conprises a purge gas manifold
having a plurality @‘% s rfangRst f BFlnﬁﬁ?ééﬁtis%gﬁ%@e gas across the
grating face 14 W03/ OQRedhoRRTHoBRAAEADured gol eItk iRy Sialcharfheti m 2
wherein said heat reroval neans conpiises a grating purge gas flow control
means for controlli@® purbganyexpahiiog naeme far exhandinga beagn fibmcsaid aserpo devi ce

as in Caim3 wherein Saf)rgleclér eexggrfdehlb%\évmg:ont rol neans

(E) atuning means for directing said expanded beam onto the grating
face in order to select from said expanded beam a desired range of
wavelengths, and
(F) a flexural grating mount comprising :
¢)) a first part and a second part, said first part and said second
part each being securely attached to said chamber, and said
grating being securely attached to said first part only;

2) a flexure joint connecting said first part to said second part
so as to permit said second part to move relatively easily in

said long direction relative to said first part.

2. A device as in Claim 1 wherein said flexure joint is an H-Flex joint.
3. A device as in Claim 1 wherein said flexure joint is a dovetail sliding joint.
4. A device as in Claim 1 wherein said mount is comprised of a material

having a co-efficient of thermal expansion closely matched to said rigid grating substrate.

5. A device as in Claim 1 wherein said heat removal means comprises a purge
gas manifold having a plurality of small ports for directing purge gas across the grating

face.
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conprises structures defining a flow path across said grating face and then
away fromsaid grating face. 8. A grating based |ine narrowi ng device for
| i ne nar rweiagozs3l aser produci ng high energy | aser beanspc3aisd2/dmye ce
conprising: (A) a grating having a grooved surface |ayer or layers fixed on
arigid grating substrate, said grating defining a |ong direction (B) a

chanber for h u5| n | east  sai atin C for_ providing
a purge gas f %gﬁ??'bcesaﬁluﬂciaﬁgﬁrbg creln d}g%ge VQ{C%S?{&I "’rﬁgg%s f or
expandi n@raﬁn@%ﬁf@e@a@%Woﬁtrbﬁ%@énstf@r cat@UipeRge @éﬂﬁﬁﬂ%ﬁ‘oi@&ﬂé@raﬁﬁ@ a tuning
means for directing said expanded beamonto the grating face in order to
sel ect ffasm sai d expanded beam a desired range of wavel engths, and (F) a
flexural grating nount conprising : (1) a first part and a second part,

said first part and said second part each being securely attached to said
rigid grating7. subgtdaic asamdflaamﬂWbmmrdlmGgﬁgassf&Mﬁ@m;ﬁ) Mepaghed to said

second paroneeh sgbct® genfing oTublodh sGRAT ) bP? Rstaby ERLAPEkIEAEAA) ) 1

sai d | ongragihb@del On relative to said first part. 9. A device as in Claim8
wherein said flexure joint is an HFlex joint. 10. A device as in Claim38
wherein said flexure joint is a dovetail sliding joint. 11. A device as in
G ai m 8 whereign saifgaRHNbased 1160 ﬁ%b\%ﬁ{é dRebice foBiR adbwikEy laB& oducing
co-efficient of t her rral ‘expansi on closély matched to said rigid grating
subst r at bighkhelyp 108 beBB3 $2iRCTViUSONPYeY: 12. A device as in Caim8 and

further conprising (g) he%tgréﬁa n%%ingr%egr%cs)vedosurface layer or layers fixed on a rigid

)

grating substrate, said grating defining a long direction,

(B) achamber for housing at least said grating,

(C)  apurge means for providing a purge gas for purging said chamber,

(D) abeam expanding means for expanding a beam from said laser to
produce an expanded beam,

(E)  atuning means for directing said expanded beam onto the grating
face in order to select from said expanded beam a desired range of
wavelengths, and

(F) a flexural grating mount comprising :

(1)  afirst part and a second part, said first part and said second
part each being securely attached to said rigid grating
substrate, and said chamber being securely attached to said
first part only;

(2)  aflexure joint connecting said first part to said second part
so as to permit said second part to move relatively easily in

said long direction relative to said first part.
9. A device as in Claim 8 wherein said flexure joint is an H-Flex joint.
10. A device as in Claim 8 wherein said flexure joint is a dovetail sliding joint.

11. A device as in Claim 8 wherein said mount is comprised of a material

having a co-efficient of thermal expansion closely matched to said rigid grating substrate.
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removi ng heat froma hot purge gas | ayer adjacent to said grooved surface
| ayer. 13. A device as in Caim1l2 wherein said heat renoval neans

conpri seswa 03pwsge gas nani fold having a plurality of smalPCTAS0Y/$799Dr
directing purge gas across the grating face. 14. A device as in Caim12
wherein said heat renoval neans conprises a grating purge gas flow control

means for cont il |i Aglevicege irg@mirhl&nmdzfuﬂh&&oh@sgfg&tﬂeagrenfo&ﬁﬁneeﬂrﬁ foA device
means_ Cconprises

as in Clamil4 erein said %e% Jlow cont
st ruct ur SRR QY] B&e}g 5 Lv5E adiacengt g’i‘?@"ffda“é‘éfaﬁ‘?ﬂﬂ‘y@lhen away from
said grating face 16. A device as in Caim1 wherein said nount further

conprises a se¢®nd Afdesida€id Olaith- 12]v7herénQ§M'Hé§t r%ﬁloivé] ek DhipMlgrel n said
mount further conprises a second flexure joint
purge gas manifold having a plurality of small ports for d1rect1ng purge gas across the

grating face.

14. A device as in Claim 12 wherein said heat removal means comprises a
grating purge gas flow control means for controlling purge gas flow across the grating

face.

15. A device as in Claim 14 wherein said purge gas flow control means
comprises structures defining a flow path across said grating face and then away from said

grating face.

16. A device as in Claim 1 wherein said mount further comprises a second

flexure joint.

17. A device as in Claim 8 wherein said mount further comprises a second

flexure joint.
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