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ﬂ'\e most Promisfng excimer lasers

STRUCTURE OF RARE GAS MONOMALIDES
@ Ra re d . ¥ ¥ & _ T :. o,
885 tmers ! Arz ! Krz- J XCZ asari X0 -STRONGLY BOUND,

HONIC LIME ALIAL] HALIDE

wren
LASER TRANSITION (1-23)

ENERGY

First fo S disorered as aclive megia

wx (T -STRONGLY REFULSIVE, COVALENT
Ml

XD} -WEAKLY ATTRACTIVE, COVALENT
THERMALLY UNSTABLE

Navelength emission ronge.: Yacuum wltrgriolet

© Mercury halides: HqCl, HeBr, HgT
Effic.ent Sources of .S]uc-‘gmn llgu'

W.er. : visisle

® Rare. gas halides 'KrF*Xz.F‘XcCI*A F K ( -
‘ ] t ] r
XCBF* A ])
he most studied ond carmied ouf excimer hasers

W. e.r. : near wltraviolet
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PULSE
CHOE LASER GAS
A OiSCry
IMPEDANCE
% MATCHING CERA! SPARKS ASf [\ SPARKS AS
CIRCUIT UV SOURCE 7N UV, SOURCE ‘
DISCHARGE
ELECTR POWER SUPPLY

Electrical configuration used for excitatic
iIse-repetition rate XeCl laser.
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'ptical Society of America
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GP2000 Gas Purifier Operation Hanual

i. INTRODUCTIGN

The GP200C is a cryogenic trap which significantly increases the

single gas-fill lifetima of excimer lasers by the selective removal of

impurities from the laser gas mixture. When wused in conjunction with

the GP2000 enables the output of

periadic halogen donor replenishment,
The device

the laser to remain constant for greatly extended periods.

1s designed to be uaed with any excimer laser system and all the

commonly used excimer laser gas mixtures, i.e. KrF, ArfF, XeCl and XeF.

Xe SiF, HCI SF,
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Low diverge_nce, beams

® The Frese.,nce, ot the two oar.'f:r mirrors indwces
the formation of defined transverse mooes of
SRR | B Us 2 erdar mode & (nnci Mo

® ‘The lower the order of the transrerse mode.
the lower the divergence. of the oulput deam _

® rrom this the necd of intradu wng neah losses
cn the Ngh?f order Transrerse modes.

® This canbe accomplished by means of the Jo called
‘unstable. eavities', th which the distance of &
light ray from the opfical e is direrging, Jo Yhat
only the more internal oscllahions con Sgive Mie 4o
laser achion.

(] Exampk of unstable cavity: SFUR
(Seef Filtering Alnstabée Resonator)

~The lowest fransverse mode selecteol
%““ (gousian spabial preAle)
ot 2 |

~Beam divergence : O.1S miad on Xe(]
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Loser Intenalty (rei. wait)
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Radial distance 1 (mm)
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Ultrashort, Pulses

ﬂ'\c sLondard methods fo dbtein shorf pulm from
lasers ore ¢ & 5w(fchina and mode-]och‘ne_

o Thc Q—ém't'd\{rt? cehnai‘ St. wied w.'f-h execmer Ia.acrn'
Yosac of the very short [fetime of the gctive
malecules (1075 ) compared with $heir Yormetion Fime
("IC;F.S ), In which energy Cannot oe dfored .

® With achre mode-locking on @ XeCl Jaer, Shay
anol his collaborators (los Alawmot) adweved 120 P
POJJCI wth an enerpy of Is F.T (425- 77 PoX IDW)-
This i3 upio now the Seit result abfacned from an
examer oS llalor.

® Shorfer uw.v. )ou.hcs can Se cbfaineof “sing
the excmer achre medium as ampliAen
gtheraﬂha dhe ulbashort Se with another
o3d Hator, Uéuelly a nng |3ger with a dye a3
active mediu.mJ pwivdy mode Jocked with a
Jabursble sbsorber N used a3 Source of the ulfrashort
pultes (upo fens & ). After amplification (inanother
drc) anol W.v. conrersion l-lhc short pulte is fent v
an exCimer and greatly ampkfed due lo the l'ng)k
g&'h el cent.

Limits Lo obtain high peak powers

There ore imitations bath on the mihimum Lemporq | Jength
of the pulie and on its maximum cnergy

{
@ The minimum length i3 determing epeally oy :
—exiime nakxow dandwofl (4t « Yy,

— toup neoccba. disperyion ﬁt He MM wh(
g ' ?

® The masimuwn energy R given ih;cwdrcally dy
~ Mmaximum exfrectadfy o :

on inveaiion

Ea - hV'B'V'é- ?V c'Mn volum ¢ :
with &+ Jjo, V- 1€ o lnz%n ;‘.'::"‘W:ﬂ
E"’ oo nd " < 3 ""‘ '

- in prackice s anplficat of b pmlantant
emiskon (ASE)swbtacts afeyay o the Shoih pru e

Good experimentsl results have beenidtained by:
— decreasing the bemporal bmadmig‘,dudo the group relocty |
dispersion &y means of negative digaersion Sptems ’
~ Teducng the percentage of Aie Tn the folal extracted
cnuz:y‘go few percent by meansi of gpatial #lters.

Trom XLC] : izofs' 12T = 100G * (J.H 6wonea. andl cof® )
305 300mJ € 4 Tiw (S Watenale onof cstl. )
From KrF o 10fs, 45 mT = 439605 Seafmare and estt)



Narrowband heams

¢ ﬂe. spectral le of the faser Ia;gl\t s debermined
6«, Cwo factorspl.:ofhc qain bandunofth and the

selection on longituaknal osuillating modes operated
by the cavity .

In order to have only one Ionafbu dinel mode  the
distance between fuo modes next to each other AN,
should be greater than the gain width A\ . Tor excamer
active media AA 3 of ~304 (A0t 1) while A=
= A’[2€ = 1G'F, Jor A=100nm and s typical canty kagth
€ =50 can, 50 Hat there are mumerous oscillating modes.

Oscillation on fesw Ion:i buds nal modes up o the &'tgk-
mode, with @ big reduction of the Spectral knewietth
on Se done by inserting dispersire clements m fhe
cavity li prisms and gretings or etilons,

® Single mode opergtion hss been obtsined on3EC]

asers with more Yhan one efolon 1n the
coviby ; the measured Sond widths were, payoachinely
3o HHY <ok 10H@%- (T-3.PACALA ot 1494

Igte)
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Acc.uRAc{y OF THE METHOD :

Plasma r!.Fuc-T?wT; M-4)« (m -4) + Za ("‘lu"‘)
1 2 Wisser > Wyiamg
Wuw ¢ Wy apeana

_'> ("1“) X -z-u- (Au ¢ BX\!) Nk ‘4-47"6"5‘( At

Normalsod fn'nr sttt S cauned 17 lu'f'rodxu‘na an
opfical path di Heconcy ¢

S» -f- A1) = [, {A_{x‘;) N, - am 0"\ L

\-N-\J
AN.  ¢410"y? xaN
LT Ao gy ¥ 0 {4.;94...‘

.sENSiTWIT/ OF THE NETHOD

Assuming S =01 > (E.L)__..'v.s.z 10" -2
fcr LcSOc‘n -> (EL‘. ~ 4.10"0.“'3
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Fig. 2 - Typical Interferograms of the XeoCl
of 4 cm. Delay time since the dischargs b

actve medium with an slecirode saparation

reakdown: a) 138 am ) 215 ns; €1 390 ns: d) $15
ns. The discharge filamentation growth in the cathode region is clearly visible
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CONCLUSIONS

® AT THE INITIAL STAGE OF THE DISCHARGE, HOT SPOTS DO
DEVELOP IN THE CATHODE SHEAT

» THEN, HALOGEN GAS FROMOTES THE INITIAL GROWTH OF
A WELL DEFINED FILAMENT FROM EACH HOT SPOT

® THE FILAMENTS GROWTH (RATE 4¢10+8 cm/s) LEADS TO -
THE GLOW DISCHARGE COLLAPSE

» ALTHOUGH ELECTRICAL POWER CAN STIL BE DEPOSITED
INTO THE DISCHARGE IN A FULLY FRLAMENTARY
MODE WITHOUT ARCING, STRONG INDUCED DISCHARGE ™
INHOMOGENEITIES LEAD TO PREMATURE LASING DISRUPTION

* FIRST DIRECT EXPERIMENTAL CHECK OF THE LOCAL
DEPLETION HALOGEN GAS MODEL

LONG OPTICAL PULSE XeC LASER OPERATION
CAN BE OBTAINED USING LOW [HCI AND LOW
ELECTRICAL POWER DEPOSITION, AT THE

EXPENSE OF OUTPUT ENERGY AND EFFICIENCY
OF THE SYSTEM. |
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Pvepagation of & laser beam in an active medium

¢’ small signal gain cofficient

& nen salurabie iosses coefficient

i M saturation intensity
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