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Historical Background

Since the first thyrairon-switched excimgr jaser
became ocommercially available in 1977 {Lambda
Physik, EMG 500), sexcimer laser technoiogy has
dramatically  improved: automatic  synchronization
batween preionization and the main discharge became
nossible Dy using a single thyratron for HY switching.
This resuited in lower amplitude Huctuations (<15 %) as
well as higher repetition rates (100 Hz) {Lambda
Physik, EMG 100 serles). Subssguently Lambda Physik
was the first to develop high-energy, thyratron-
awitched excimer lasers {(EMG 200 series) as well as
funable nsciliator/ampiifier systems (EMG 150 series).
Gas-lifetime and HY-component Helimes continued (o
be a severs problem. Then, by 1982, Lambda Physix
introduced the first "gas-orocessor’ Dy excimer iasers
which automatically purifies the gas. The prooessor
makas window cleaning procedures unnecsssary and
vieids gas-ifetimes exceeding 107 shols {Lambda

Physik “E-series”), The lifetime of the most expensive
parts of an excimer laser namely the electrodes and
thyratrons, was however, stifl imited 1o 107 shots.

In 1983, Lambda Physik accomplished another major
breakthrough in excimer laser technology: by using
otl~cooled thyratrons and a Bagnetic Switch Controd
{MISCY  for  transferring  the  slectrical  energy
sconomically into the active gas medium, the Hielimes
of the thyratron, the slectrodes and even the gaseous
medium have besn ralsed by more Han an order of
magnitude {Lambda Physik "MSU-series™).

Currantly, the MSC-series is supplied with a swich-
moce.

Finally, the MSC-series s available  with a4
microprocessor sysiem, which aviomatically stabilizes
the ocutput power for more than 107 shots Unteiligent
Laser Control B0

Introcduction to Excimer Laser Swiitching Technigues

The Theart” of any excimer laser is s electrical
discharge circuit, including thyratron and electrodes
(el page 41 In conventional excimer laser lechnology,
the discharge cirouit as indicated in {a), s used
ipreionization  is  excluded  for simplcity)  after
charging the storage capacitors O, with the high-
voltage power supply HYPS, the full ensrgy is
transterred  through  the thyratron switch.  [(afler
applying a trigger pulse 1o s grid), o the 'peaking
capacitors” O, gnd, thus, 1o the elecirodes. In order (o
norease he lfetime of gl WW-componenis, especially
that of the thyratron, it s necessary o avoid at all cost
any current reversal {cf. Fig. 1) A compiste alimmation
of current reversal can only be achieved by Bagnetic
Bwitch Control.

Conirary 0 other standard or magnelically assisted

switch ischnigues (of. page 4 part &, D). MBS aliows the
optimum sdaption of the Ihyratron 1o other HV.
components.

Thus, the slgctrical input energy 1§ converted most
etficiently Inio opiical Gulput energy.

In other words, electrical energy is only fransferred to
the aclive gas molecules when B is actually required.
Conssquantly not only the total effiency but also the
gas lifetime s greatly increased.

In addition, the Magnetic Bwitch Control (MBL) icl
page 4 part ) from Lambda Physik also includes
circuits for voliage enhancemeni and current puise
compression, which reduce the action of the thyratron
to a simple rigger peak volage as well as current
inorease dHdt are signifanctly reduced.

Figure 1 ; : i

Advaniages of the Lambda Physik MSC-5eries

& 2 years component warranty on the
thyratron. capacitor and MSC-switch

# E-series gas processor incorporated —
extended window cleaning intervals

Breakthrough in Component Lifelime

The MSC-techninue from Lampda Physik offers several
improvements for the excimer laser dischargs oirouil
{cf. Tabie 2).

The most important ones being.

-+ complete elimination of thyratron current reversal

- reguction of thyralron current Increass diy, ke )
oy more than one order of magnitude to about
5 x 100 Aldsec

- reduction of thyratron operating vollage and paak

The combination of all these features ieads 10 a
drastical improvement of the Hietime of all HV-
componemnts (ol Table 23

The Hfetime of the compiste electrode assemply is
mainly limited by the electrode surface material and
the specific type of preionization set-up: Since sparks
are normally used for preionization, the material used
for the preionization elecirodes can be spuitered into
other regions of the lasar head.

S

B New eiectrode assembly — uniform beam
and low amplitude fluctuation as a
standard feature.

&8 Microprocessor-controlled power
stabilization available (1LC)

This not only reduces the lifetime of the prejionization
gloctrodes, but alse generates impuriligs inside the
laser head, reduces the halogen gas concentration due
o the formation of organometallic complexes
{especially with the fluorines}, leads o instabiities in
the main discharge itself and, thus, also reduces the
thyratron tifetime.

in both the EMG 100-s9ries 84 and the MSC-series, the
sputtering process mentioned above s reduced 10 2
minimum: first, the prelonization is spatially decoupled
from the main slectrodes thereby avoiding sparks on
the main elecirode surfaces. Thus, the mam electrodes
need not be fully made from a nickle, a material which
exhibits  poor heat fransfer characteristics and
mechanical instabilities. Secondly, the prelonizabion is
now more symmetric offering a very uniform discharge
and concomitantly a very uniform laser Deam,

In this manner, the lifetime of the electrodes has been
incraased by more than one order of magnituds,
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Standard: Thyratron Switch {a)

Improved: Magnetic Assist {b)
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Table 2: Excimer Laser Discharge Circuit Data (MBC-Beries)

Lambda Prhysik
EMG 108 MSC — KrF

Lambda Physik
ERz 203 ?’v"b{? Ae(lh

Electrical Av. Power Fed into gﬁwa{ mu by 4.5 KW 19 Ksi’\f
g;efaa;ﬂ Laser Ouput Powe 45 W 109 W
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Breakthrough in Stability

Until now, the averagse power of commercial excimer
fzsers was hmited o I0W, typlocally. With the new
highily efficier? EWMG 103 M50 and 203 M50 it can be
as high as 40 W angd 100 W, respectively {cf. Fig. 41

i addition, becauss of the asrodynamically optimized
Lambda Physik gas circulation system, the average
power s stil increasing even al high repelition rates
icf Fig. 43

With other words, the Lambda Physik MEC-series ang
EMG 100-series 84 are excimer lasers which actuatly
reach their maximum average power al maximum
repeiition rate which, i most cases. 3 only power
supply lmided.

This i dissimilar o other conventional excimer lasers,
for which the puise rate for maximum averags power is
typically 180 Hz, and thus only hall of the maximum
pulse rate. With those conventional excimer lasers
large (10 %) pulse-te-pulse amphiude flucluations
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are Ghserved al high {100 Hz) repetiion rates. Thanks
o the advanced %‘sﬁSC ’{echﬁéque in combination with
the new slectrode assembly, these problems also have
been overcome by Lambda Physik pulse-ic-pulse
amplitude fluctuations are only of a few percent even at
maximum repsatition rates (cf Fig. 3).

Irs the BEMG 103 MDB0/203 M50 models, Lambda Physik
uses an advanced preiondzation lechnigus. Andg the
combination of the new MBUD fechnigue with our
woridwide palented gas processor (E-series) resulis
not ondy i considerably longer component lifelime,
but also yields a significant Improvement in long term
stabibity {cf Fig. 8, 8). For example, using the standard
EMG 103 MBSO excimer laser, our engineers st a new
worid-record for gas lifetime: on September 16, 1883,
after 110,000,000 shols continuous operation with a
singie XeCl gas Hll, the 1aser was still delivering 75 % of
fts specified average power. Such Jong-term stability
and gas hfetime have never been achieved before by
any other scientific or commercial laser. This
demonsiration is only one proof of the inventive
technolegy created by Lambda Physik,

Automatic Power Stabilisation by LD

With other conventional excimer lasers one has 1o deal
with a conlinuous decrease in power during operation,
The maln reasons are window contamination {His
probiem had been solved by Lambda Physik with s
wortdwitde  patented  E-version  gas processor),
generation of organomstallic gaseous  Impurities
{which may absorb the laser wavelengih) and a changs
the concentration of halogen molecuies due o
photochemical surface-processes {if the laser is well-
passivated fhis problem g of less imporiance). But.
only a few gassous impurities can be Tirspped’” by
cooling-down the gas mixture externally.

ne has o
g by fresh
al Arfe und Wb

Thus, in order 1o get stable cutput power
replace {partially} the contamin
mixiure - at least for the most orit
operation.

Consaquently, Lambrda  Physik  deveioped  a
rCroprocessor-controlled power siabilization (LG
imtelligent Laser Controd), which ingludes a f
automatic feedback foop and HY-regulaiion {swi
mode HVPS required). £g. Lambda Physik eng
ceuid siabilize the power for ong full working day

at the most critical ArF-excimer ling.
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Figure 7: Typical Operaling Condition of LT

The theoretical caloulation of opsrational cosls s
gond acco r&ianﬁﬂ with performance ayvailable from
cormmearcial excimer lasers.

Eog. with the EMG 103 MBC operating at ArF. KrF or
Xet using 1LC, the running cosls are below 1 $/Wh
when stabilized at about 75 %,

For compieiensss i should ba noe that the
operation of the Xell-gas can be as -e-com}méc
{although Xa is more expensive) because the 'gas
fetime” 15 significantly  longer with  XeCl  and
automalic gas replacements are 10 be done very rarely.

The maximurm lime for which the powser can be
stabpiized 5 mited by he window cleaning intervals

PR = Partial Gas Heplacements

~

R ﬂ%‘h-t;‘)%fs; by the haiogen gas & dust filler
replacement intervalls {2~ 10 % 107 shots), by the
volume of the gas bottes used {1 10 x 107 shots) and,
fnally, by elecirods dﬁgradafgsﬂ after some 108 shols)
whioh cannot be aveoided, in principle

E a., one set of ;‘erqe gas boltles may last for about 100

mg}m'&e new Arf-flilings (esch at $ 23 and. thus, for
miore than 20 hours (=107 shots) under active power
! ;E-amz;on at a level of 12W.

The I[LOC  aciive powsr stabllization s mostly
recommendad for the Ar‘Ff. Kri- and XeF-line which
axhibil short pas lifstin

i




Contrary 1o other commercial  excimer  power
stabilization systems, the LC reguiates {cf. Fig. 8} the
high vollage and replaces the aclive gas medium
partially during operation without the need of pure Fy
and without any complex cooling-trap configuration,
the power Deing siabilized ail the time.

A typical operation condition will be as follows: belore
starting the laser afler some standby-time, the ussr
may  simply push & bulton (FILLY) and the
microprocessor will auiomatically initiate a complste
new gasmixture. This procedure (taking about 3 min)
may be a daily one for the Fluorines (because of
gaseous impuritiss accumuiated) whereas for XeCl
{308 nm) it will be neaded every wesk Or month only.

Then, the laser operation may be staried and the #.C
stowly inoreases the HY {0 maintain the powser. After
some time, further increase of HY will not be
reasonable anyvionger {8.g. because of power supply
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Figure & Lambda Physik JLC-Active  Power
Stabilization {schematic). :

limitation) and 2 partial gas replacement (PGR) will be
ndtigted by the microprocessor avtomatically without
involving the user. During this gas replacement period.
the HY is reset io a lower value and, after all, the same
cycle starts again.

Because of some gas kinetics, the interval betwean two
sequential partial gas replacements are becoming
shorier in time and, afler all, those intervals keep
constant according 1o a dynamic squilibrium reached.

The powar level, al which the laser will be siabilized,
can be seiected by the microprocessor.

Contrary to other commercial sysiems which are
stabilized at a 90 % level! (pereentage referring to the
maximum average power specified) Lambda Physik
recommends to stabilize at 75 % in order to minimize

gas consumplion and 1o reduce the cosis/phoion
{cf Fig. 9).
% Ry o {H0TE HH

W omysten siab @

& system siab, @)

oSt/ POt [BANR] e i

& S YW 0% @

| Laser Theosholi Y Laser Powar

Figure 9: Gas Qaﬂs.gmpi:ééﬂ of Power-Siabilized
Excimer Lasers.

Specifications for EMG 100 MSC series and EMG 200 MSC series

Laser madium F, ArF wr( ik Kell My XeF
Wavelength 157 193 222 248 308 337 51 (nm)
Puise energy

EMG 101103 MBC 5 200 35 250 1540 5 80 (mu)
ERG 104 MSC n.m. A0 LT 50 40 g 10 {md)
EMG 201 - 203 MSC 8 300 125 400 A0 8 200 (md)
ERG 204 MB0 7T 175 .M. 3060 200 .. nam. (md)
Average power

EMG 101 M50 0.03 5 i1 12 855 0.7 4 W
ERMG 102 MSC .03 10 2.2 23 13 4% a0
EMG 103 MSC 003 20 4.5 45 25 1 15 {W)
E3 104 MSC L, 1 a7 25 20 r.m. . (W)
EMG 201 MBC 8.05 24 2.5 32 32 0.3 12 {wh
EMG 202 MBS0 .05 44 45 50 &0 0.8 22 W
ERAG 203 MSC 0.05 80 4.8 100 160 0.5 35 W)
EMIG 204 MBC .51 40 YL 1060 75 .M nan. W)
Maximiam pulse rale

EMG 101 MBS0 10 ED 50 59 50 50

EMG 102 MEC 10 100 14K 100 100 1050

ERG 103 MBC 14 200 200 200 200 200

ERG 104 MEC .7, 400 RN 540 00 n.m.

EMG 201 MEBC 1 B 20 a0 B B0

EMG 202 MED 1 150 150 150 150 150

LA 203 MEBC 10 Z50 REeit] 250 250 150

EBAG 204 MSC ERe A00 N7 500 500 el

Pulse width {Iyp)

ERG 10T - 1083 MEC SR 17 16 23 17 4

ERG 201 - 203 M50 18 23 21 34 28 7

Pulse 1o pulss stability

EMG 107 - 103 MEC 20 3 10 4 3 !

ERMG 201 - 203 M50 24 8 10 4 3 1

EMG 104 and 204 MEL AT, 13 LTI B 8 LI

Murmmber of shots 1o 50% of spacitied power (without ILO)

ERMG 107 - 104 MEBC riLiT, 4E5 2ES 2E5 ZE7 1E7

ERG 201 - 204 MSC fm, 4E5 1£8 _1EB 1E7 BT

Beam dimensions (Iyp.)
ERAG 107 — 108 MEC and 201 - 203 MSC: hor. 22 myn, vert. § 1o 10 mm
EMG 104 MSC and 204 MSC hor. 18 mm. vert. 5 1o 10 mm
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Energy deﬁsﬁy profile of EMG 103 E/MSC with XeCl (stable resonator). Polaroid pattern {actual size) izken at
2 dsstam:e of 26 om.

VISIBLE AND INVISIBLE
LASER RADIATION

AVOID EYE OR SKIMN EXPOSURE TO
THRECT OF SCATTERED RADIATION

Max. average pow 20W
Max. ouiput energy: 0.5 J/pulse
Pulse duration: 41080 ns
Wavelengih: 157 to 700 nm
EMG 101 MSC/EMG 102 MSC/
EMG 103 MSC/EMG 104 MBC/
EMG 201 MSC/EMG 202 MSC/
EMG 203 MSC/EMG 204 MSC
CLASS IV LASER PRODUCT

This produvi complies with DHEW Performance

Radiation Standards 21 CFR Chapler §,

Subchapter J
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