METHOD FOR HAVI NG LASER LI GHT SOURCE | N STANDBY STATUS
Technical field [0001] The present invention rel ates
to a method of causing standby (including a nmethod of
turning ON and OFF at a high speed) of a |aser I|ight
source that uses optical fiber amplifiers to perform
light anplification of |aser |light generated from

sem conductor |asers and then the forms deep
ultraviolet |light by neans of a wavel ength conversion
METRAD EQ Epﬁg‘{lﬁ‘é@ LARE Ryl eHdngO N RoR et §TédNDBY STATUS
el ements. Background art [00021 Laser |ight has been
used for a variety of applications in recent years,
Techeiamipiieldit perforns netal cutting and processing,
it is used as the |light source of photolithography
apparatuses in sem conductor fabrication apparatuses,
dog used in various neasuring apparatuses, and it is
used in medical operation and treatnent apparatuses
such as in surgery, ophthal nol ogy and

The present invention relates to a method of causing standby
(including a method of turning ON and OFF at a high speed) of a
laser light source that uses optical fiber amplifiers to perform light
amplification of laser light generated from semiconductor lasers and
then the forms deep ultraviolet light by means of a wavelength
conversion optical system that uses wavelength conversion elements.
Background art
[0002]

Laser light has been used for a variety of applications in recent
years, for example, it performs metal cutting and processing, it is
used as the light source of photolithography apparatuses in
semiconductor fabrication apparatuses, it is used in various

measuring apparatuses, and it is used in medical operation and



dentistry. [0003] In the case in which a solid state
| aser (in the present specification, a sem conductor
| aser (used as a concept that includes diode |asers))
is used as such a laser light source, the wavel ength
of the laser light that is emtted fromthe solid
state laser is fromthe visible range to the infrared
range, and a nethod of directly generating ultraviolet
i ght has not been established. For exanple, it is not
ssiatabd et hop aratuses isnshess iings apEratyatopdad alei slogyt dmed
wavel ength is too long. Therefore, a nethod of using
such I ong wavelength light emtted froma solid state
déseisthy. converting it into a deep ultraviolet |ight
of a short wavelength (for exanple, an eighth
har noni c: wavel ength of 193 nm by using nonlinear

d#jal crystals has been devel oped, for exanple, as
descri bed in Japanese Patent Application Publication
No. 2001-353176 (Patent Docunent 1). BBO crystals,
LBO Cfr{ %Bé'c%ts%”& CHEPRCL %31 A %tﬂeelﬁb%nn?ﬂé 'P¥e8bnt

a purpose.

opti cal "crystal's used for Suc

specification, a semiconductor laser (used as a concept that includes
diode lasers)) is used as such a laser light source, the wavelength of
the laser light that is emitted from the solid state laser is from the
visible range to the infrared range, and a method of directly
generating ultraviolet light has not been established. For example, it
is not suitable for use in inspecting apparatuses, since the
wavelength is too long. Therefore, a method of using such long
wavelength light emitted from a solid state laser by converting it into
a deep‘ultraviolet light of a short wavelength (for example, an eighth
harmonic: wavelength of 193 nm) by using nonlinear optical crystals
has been developed, for example, as described in Japanese Patent

Application Publication No. 2001-353176 (Patent Document 1). BBO



[0004] In an such a |aser light source, for exanple,
in general, laser light generated froma DFB-LD is
anplified using a plurality of optical fiber
anplifiers (FDFA) and is then nade into deep
ultraviolet light by neans of a wavel ength conversion
optical system such as the above. Patent Docunent 1:
Japanese Unexam ned Patent Application Publication No.
2001- 353176 Di sclosure of the Invention Problens to Be
Qoistets byBtherystiedatamh (DBEbtrOptdleadre kbewn nonlinear
anplifiers used for such a purpose, particularly
optical fiber anplifiers that anmplify light with a
oypvieh bogystadl dsdab fgmsuohwhipatrplosehas been added,
generate a |l arge anount of heat during high output
operations. In addition, when such optical fiber

[0004]

In an such a laser light source, for example, in general, laser
light generated from a DFB-LD is amplified using a plurality of
optical fiber amplifiers (FDFA) and is then made into deep ultraviolet
light by means of a wavelength conversion optical system such as the
above.

Patent Document 1: Japanese Unexamined Patent Application
Publication No. 2001-353176
Disclosure of the Invention
Problems to Be Solved by the Invention
[0005]

Optical fiber amplifiers used for such a purpose, particularly
optical fiber amplifiers that amplify light with a wavelength of 1.55

pm to which Er has been added, generate a large amount of heat



anplifiers are turned ON and OFF, |arge tenperature
changes are generated, and, at such tines, various
unstabl e statuses are caused. Wien such optical fiber
anplifiers are used in conpact packages, the

tenperature of the housing increases due to the heat
generation of the optical fiber anplifiers of

subsequent stages of high output operations, and, in
conjunction with this, the tenperatures of optica

duberg é}ﬂghhslmletcepleh@tlgmagég pditeonomthan sugbr eption] fiber
in which heat generation is not perfornmed, also

i ncrease. When the tenperature of the optical fiber
amqrléfises arentwoargdiONizond @K, lhrge tehepatatue dianges are
pol ari zation of the light output fromthe optica

fiber anplifiers changes. Wen the status of

POhFAZA, | KA CHARERS:, tiheS v h Siod sPh AL Ll Srdthale st e caused.
conver si on eff|C|ency in the wavel engt h conversi on

optical system into which the output fromthe optica
Winst <Al ¢ ]%fl%%? fil?'ex’ fl‘é,tn@ Tls@@qnt&ﬁnb"éﬁﬁ packages, the
output lig tlnate talne fluctuates

Ther ef or e, conventlonally, a met hod has been enpl oyed
(pBLEREEFIRE HSRORLLaSHENA K330 LA 3 UG aion of
thernal eqU|I|br|un1|s est abl i shed,

the optical fiber amplifiers of subsequent stages of high output
operations, and, in conjunction with this, the temperatures of optical
fiber of the preceding stages of low output operation, in which heat
generation is not performed, also increase. When the temperature of
the optical fiber increases, in conjunction with this, the status of
polarization of the light output from the optical fiber amplifiers
changes. When the status of polarization changes, there is a problem
in that the conversion efficiency in the wavelength conversion optical
system, into which the output from the optical fiber amplifiers is
input, changes, and the laser output light ultimately obtained

fluctuates.



fluctuation of the |aser output light ultimtely
obtained is held within an all owabl e range and then
usage is started. However, there are cases in which
approxi mately 24 hours woul d be necessary until
thermal equilibriumis established, and that |ength of
time has been a problem [00071 As a counterneasure
for this, a method in which the laser light source is
§b¥a s put into the output status even while the

Q%i light fromthe |aser light source is not being
used i s concei vabl e. However, when the | aser |ight
source is put into an ON status, the wavel ength
conveTheoafoaeemeniventivnaHy anemesbddi lnas bheedeemployed in
ultraviolet [ight generating portion, or optica
el ements such as a |enses are damaged, so there is a
Ahabhelefsrd habhgariMd@tNianth @ RghRWosicat 4yt hlwhBs up of a
time when output light is not used is linked to
shortening of the lifespan of the |aser |ight source.

fSn &R BSNe time is performed, thermal equilibrium is established,
fluctuation of the laser output light ultimately obtained is held
within an allowable range and then usage is started. However, there
are cases in which approximately 24 hours would be necessary until
thermal equilibrium is established, and that length of time has been
a problem.

[0007]

As a countermeasure for this, a method in which the laser light
source is always put into the output status even while the output
light from the laser light source is not being used is conceivable.
However, when the laser light source is put into an ON status, the
wavelength conversion elements, which are used in the deep

ultraviolet light generating portion, or optical elements such as a



count ermeasure, blocking the laser light using a
nmechani cal shutter before light fromthe optical fiber
anplifiers enters the wavel ength conversion optica
systemis conceivable. However, in this case, the

thermal equilibriumof the wavel ength conversion

optical system breaks down, and, as a result, there is

a problemin that fluctuation of the |aser output

l'ight ultimtely obtained cannot_ be avoi ded. [00081
lpmsepr exedam ageds sorheskds spenbls mcimshahdesintriping an
account and has as its problemthe provision of a

| aser |ight source standby nethod that is able to

optp ekt ytwnphitilythasemnel whlketn getenaleghtf romoltaserd is linked to
oscillating parts using optical fiber anplifiers and
then shorten the start up tinme of a |aser |ight source

it hettepAnbos MBhavaifek paat &if chavesss Ay soRaes. A @nother

wavel engt h conversi on optical systemthat

countermeasure, blocking the laser light using a mechanical shutter
before light from the optical fiber amplifiers enters the wavelength
conversion optical system is conceivable. However, in this case, the
thermal equilibrium of the wavelength conversion optical system
breaks down, and, as a result, there is a problem in that fluctuation
of the laser output light ultimately obtained cannot be avoided.
[0008]

The present invention takes such circumstances into account
and has as its problem the provision of a laser light source standby
method that is able to optically amplify laser light generated from
laser oscillating parts using optical fiber amplifiers and then shorten

the start up time of a laser light source that performs wavelength

conversion by means of a wavelength conversion optical system that



uses wavel ength conversion elenents, as well as a

met hod of turning ON and OFF at a hi gher ‘speed. Means

to Solve Problens [00091 The first neans for solving

t he above problens is a |laser |ight source standby

met hod that causes standby of a |laser |ight source

that perforns wavel ength conversion of |aser |ight
generated fromlaser oscillating parts by neans of a

wavel engt h conversion optical systemthat uses )
vave venyt Is nedhverny o iehenhem en tso e edbpiszedne thadaf turning
it reduces the wavel ength conversion efficiencies of

t he wavel engt h conversion el ements during standby.

P Boild WHER dthe iahelreswggdid.conver si on ef fici enci es of

t he wavel ength conversion el enents are reduced, there

is a reduction in the output of the converted

MeaguenssdlvehPrdklatmé s generated, and, particularly,
deep ultraviolet light is hardly generated at all any
| onger. Therefore,

[0009]

The first means for solving the above problems is a laser light
source standby method that causes standby of a laser light source
that performs wavelength conversion of laser light generated from
laser oscillating parts by means of a wavelength conversion optical
system that uses wavelength conversion elements; characterized in
that it reduces the wavelength conversion efficiencies of the
wavelength conversion elements during standby.

[0010]

When the wavelength conversion efficiencies of the wavelength
conversion elements are reduced, there is a reduction in the output of
the converted frequency light that is generated, and, particularly,

deep ultraviolet light is hardly generated at all any longer. Therefore,



there cones to be extrenely little danmagi ng of the
wavel ength conversion el enments by deep ultraviol et
light. In changing the laser |ight source froma
standby status to a usage status, a usage status is
pronptly set by returning the wavel ength conversion
efficiencies of the wavel ength conversion elenents to
their original settings. [0011] Note that, in the
Eresent specification and the Scope of Patent C ains,
hexpueemeshto havestieagialycEitler dampaing of theiveavolengid
wavel ength conversion elenents” is used with a neaning
that includes the case in which they becone conpletely
OGonyOEigh elemenfhbysboamaltiranislébtigddl. Uinghdheinddhe laser
problens is the first neans; characterized in that the
wavel engt h-converted | aser light is deep ultraviolet

ligthtso1R@13bdm Bhetdidb ¢ shrans thas uselge g thlze sahexge status is
problens is the first means; characterized in that the
met hod of reducing the wavel ength

promptly set by returning the wavelength conversion efficiencies of
the wavelength conversion elements to their original settings.
[0011]

Note that, in the pfesent specification and the Scope of Patent
Claims, "reduces the wavelength conversion efficiencies of the
wavelength conversion elements" is used with a meaning that
includes the case in which they become completely 0.

[0012]

The second means for solving the above problems is the first
means; characterized in that the wavelength-converted laser light is
deep ultraviolet light.

[0013]



conversion efficiencies of the wavel ength conversion

el ements is setting the tenperature that controls the

oscill ation wavel ength of at |east one of

sem conductor |asers that conprise the |aser

oscillating parts to a tenperature that differs from

the tenperature of the case in which the laser [|ight

source i s always being used. [0014] Note that, in the
present specification and the Scope of Patent C ains,

"t he Thedhirfgreagsuboeestlying idpsaberagrobdemss e the first

to the desired | aser |ight being output fromthe |aser

i ght source. [0015] During standby, when the

trermuey; athares tof izelveirs dhiad ntedholdasbreducimg the wavelength
tenperatures different fromthe tenperatures in a case

in which the laser |ight source is always bei ng used,
thevewiehesnffidis nefed be thaseavklaghdt tondaneimatlements is
harmoni c) generated fromthe sem conductor |asers

change. Even if this is done, the output of the

opitiaaltHd behpawptifé Qhati® dtRbY 8hoedciRabR Mealdlength of at
constant and enters the wavel ength conversion optica

system so thernmal

least one of semiconductor lasers that comprise the laser oscillating
parts to a temperature that differs from the temperature of the case
in which the laser light source is always being used.

[0014]

Note that, in the present specification and the Scope of Patent
Claims, "the laser light source is always being used" refers to the
desired laser light being output from the laser 1_ight source.

[0015]

During standby, when the temperatures of the semiconductor
lasers are temperatures different from the temperatures in a case in
which the laser light source is always being usedi the wavelengths of

the laser light (fundamental harmonic) generated from the



equi libriumof the optical fiber anplifiers and the
wavel engt h conversion optical systemis maintai ned at
the sane | evel as when a laser |ight source is used.

The output fromthe optical fiber anplifiers is sent
as-is to the wavel ength conversion optical system but
wavel engt h conversion efficiencies drop due to the

wavel engt hs being different, and, particularly, deep
uItraV|oIet l'ight is hardl generated at all any

pomder nd rpEqtelaass ¢lhenge cﬁ:ﬁ‘@@ Hothys J@xd%ﬁewequtﬂué of the
damagi ng of the wavel ength conversion el enents by deep
ultraviolet light. In the case in which there is a
shiical ffiloem ansp Afidy istmpistained tsdgensealuspnstmnt and
tenperatures of the sem conductor |asers should be
returned to their original settings. Tenperature

ehengeshaeeslvoRingthecsh v @htiponanstithe siybesmalso thermal
capacities of the sem conductor |asers are small, so
the shift fromstandby to a usage status is pronptly

P84L{I9pPRAN of the optical fiber amplifiers and the wavelength
conversion optical system is maintained at the same level as when a
laser light source is used. The output from the optical fiber
amplifiers is sent as-is to the wavelength conversion optical system,
but wavelength conversion efficiencies drop due to the wavelengths
being different, and, particularly, deep ultraviolet light is hardly
generated at all any longer. Therefore, there comes to be extremely
little damaging of the wavelength conversion elements by deep
ultraviolet light. In the case in which there is a shift from a standby
status to a usage status, the temperatures of the semiconductor
lasers should be returned to their original settings. Temperature

changes need only be slight, and the thermal capacities of the

10



[00161 The fourth neans for solving the above problens
is the first nmeans; characterized in that the nethod
of reducing the wavel ength conversion efficiencies of
t he wavel ength conversion elenents is to make the
tenperature of at |east one of the
tenperature-control | ed wavel ength conversi on el enents
anong the wavel engt h conversion el ements tenperature
that differs fromthe tenperature in the case in which
sémit@asdnctimghtisessunoe simsaldl nayd ebehifg fusedstf 9dhy Lo a usage
When the |l aser |light source is set to a standby
status, the tenperatures of the wavel ength conversion

stammnispasmpahangaedofmer. t he t enperature when the

| aser light source is always being used. By doing so,

t he phase matchi ng status of the wavel ength conversion
RiEergnt s breaks down, wavel ength conversion efficiency

The fourth means for solving the above problems is the first
means; characterized in that the method of reducing the Wavelengfh
conversion efficiencies of the wavelength conversion elements is to
make the temperature of at least one of the temperature-controlled
wavelength conversion elements among the wavelength conversion
elements temperature that differs from the temperature in the case
in which the laser light source is always being used.

[0017]

When the laser light source is set to a standby status, the
temperatures of the wavelength conversion elements are changed
from the temperature when the laser light source is always being
used. By doing so, the phase matching status of the wavelength

conversion elements breaks down, wavelength conversion efficiency

11



drops, and, particularly, deep ultraviolet light is
hardly generated at all. Therefore, there conmes to be
extrenely little damagi ng of the wavel ength conversion
el enents by deep ultraviolet light. In the case in
which there is a shift froma standby status to a
usage status, the tenperatures of the wavel ength
conversion el ements should be returned to their
original settings. Tenperature changes need only be
drophit andn@atrhigsqlheimde@Epﬁd@mviedebﬂighteiw\hwﬂgm@tehnerated at
conversion elenents are small, so the shift from

standby to the usage status is pronptly perforned.

BHI tTlcattedfo by, thérd sopreaf & el extireaie fyhHitlenpenaiginesof the

of the tenperature phase matching crystal used in

precedi ng stages of the wavel ength conversion optica

Pe@8h Beh Changediod Q8L ntES ¥ idbbh WR2ASiI4IRE 188hYI DE the case
the above problens is the first neans; characterized

in that the wavel ength conversion elenents are
in which there is a shift from a standby status to a usage status, the

temperatures of the wavelength conversion elements should be
returned to their original settings. Temperature changes need only be
slight, and the thermal capacities of the wavelength conversion
elements are small, so the shift from standby to the usage status is
promptly performed. Particularly, it is preferable that the
temperatures of the temperature phase matching crystal used in
preceding stages of the wave‘length conversion optical system be
changed.
[0018]

The fifth means for solving the above problems is the first
means; characterized in that the wavelength conversion elements are

nonlinear optical crystals, and the method of reducing the

12



nonl i near optical crystals, and the nethod of reducing
the wavel ength conversion efficiencies of the

wavel engt h conversion elenents is to nake the angle
formed by the crystal axes of the nonlinear optica
crystals and the optical axis an angle that differs
fromthe angle in the case in which the |aser |ight
source i s always being used. [00191 The sixth nmeans of
solving the above problens is the first neans;
etzarcdengeth zedhviersidate ffibee haiserofl tlghtwsmleagthscamersion
that optically anplifies laser light using optica
fiber anplifiers. [0020] The seventh neans for solving

thamaheyes pooRl:&sthe angletfoechaf byatisd 08y St=Anakys of the
| aser light source that forns deep ultraviolet |ight
fromlaser |ight generated froma plurality of |aser

H%ﬁ’.lid@alﬂ Qﬁtl%%ﬁtc%ygt/aﬁeéﬁﬁ He BpYRYE! L0E T GOMETH ANdiffers
optical systemth

from the angle in the case in which the laser light source is always
being used.
[0019]

The sixth means of solving the above problems is the first
means; characterized in that the laser light source is one that
optically amplifies laser light using optical fiber amplifiers.

[0020]

The seventh means for solving the above problems is a method
of causing standby of a laser light source that forms deep ultraviolet
light from laser light generated from a plurality of laser oscillating
parts by means of a wavelength conversion optical system that uses
wavelength conversion elements; characterized in that, during

standby, the relative relationship of the timing of the pulsed laser

13



wavel engt h conversion el enents; characterized in that,
during standby, the relative relationship of the
timng of the pulsed laser |ight generated fromthe
respective |aser oscillating parts is shifted fromthe
relative relationship in the case in which the | aser
i ght source is always being used. [00211 In a
| aser light source that forns deep ultraviolet |ight
fromlaser light generated froma plurality of |aser
bgbitl ¢ até g edafitosn i enezaye coiva laseebeodidtiognperisi onshifted
optical systemthat uses wavel ength conversion
el enents, wavel ength conversion is perfornmed by
fiine Hheord hei v asbstiohshhg iputlsedabasarwhiéhtthe laser light
generated fromthese respective |aser oscillating
parts to the sane optical axis and causing themto be
th conversion el enents.
%ﬂg%gﬁg%gﬂﬁngﬁuﬁﬁéﬁnggt|onshlp of the timng of
pul ses generated fromthe respective |laser oscillating
is shifted fromthe timng in the case in which

ese laser light sources are always bei ng used, the

phases thereof no longer match, the conversion

o S IEL ke b e AL PR P SR bt trom
hardly generated at all any longer. In the case in

laser light generated from a plurality of laser oscillating parts by
means of a wavelength conversion optical system that uses
wavelength conversion elements, wavelength conversion is performed
by matching the phases of the pulsed laser light generated from these
respective laser oscillating parts to the same optical axis and causing
them to be incident to the wavelength conversion elements. Therefore,
when the relationship of the timing of pulses generated from the
respective laser oscillating parts is shifted from the timing in the
case in which these laser light sources are always being used, the

phases thereof no longer match, the conversion efficiencies of the

wavelength conversion elements drop, and, particularly, deep

14



which there is a shift froma standby status to a
usage status, it is possible to extrenely pronptly
shift to a usage status by naking the phases natch.
[0022] Note that, in the present neans, control is
performed by shifting the timng of the pul ses
generated fromthe |aser oscillating parts, so contro
on the nsec order is possible. Therefore, the time of

- the "standby" status can be made extrenely short, and
uhzr avdokaplighndk doesilyi gener telieah sdt aoydbmgdorin the case in
exanpl e. Therefore, through the present neans, turning
ON and OFF in pul sed units, generation of any pul se

PalitRItherand £Q@Mifofraah Petspdbpedt@tubaoariRsEsEbifus, it is
[0023] The eighth neans of solving the above probl ens
is the seventh neans; characterized in that the |aser

P5&d 18t NG AR S1y"B¥Emptly shift to a usage status by making the
phases match.
[0022]

Note that, in the present means, control is performed by
shifting the timing of the pulses generated from the laser oscillating
parts, so control on the nsec order is possible. Therefore, the time of
the "standby" status can be made extremely short, and the concept
includes time on the nsec order, for example. Therefore, through the
present means, turning ON and OFF in pulsed units, generation of
any pulse pattern, and control of pulse energy become possible.
[0023]

The eighth means of solving the above problems is the seventh
means; characterized in that the laser oscillating parts have

semiconductor lasers and electrooptical elements (HOMs), and the

15



sem conductor | asers and el ectrooptical elenents
(EOMs), and the relative relationship of the timng
of the pulsed | aser |ight generated fromthe
respective laser oscillating parts is the relative

rel ati onship of the pulsed |aser |ight generated from
the sem conductor |asers or the relative relationship
of the timng of the pul sed |laser |ight pulse
extracted by the EOMs. [0024] The ninth neans for
sdbvivegré heiahoke pf ahleetimn irge vhehsgvelsell hemrslight generated
characterized in that the laser |ight source is one
that optically anplifies the respective laser |ights

S ghepidsplct {deisaphé il lL18 gPs SMisdRdt k@ redities ple tionship
to the respective laser oscillators. Effects of the

I nvention [0025] Through the present invention, it is

POF é%luqslee IQ"sQi“l‘ij?htagleﬂ%?ﬁtéd FRb mS Pl %%nﬁ%@ﬁ@b.ﬁétor lasers or
nmet hod that optically anplifies |aser |ight generated

fromthe |laser oscillating parts using optical fiber

{ﬁ{g)l Ie{stgrﬁ r%@%};}i%?l%@liﬁho%%l?@%irﬁ‘iﬁ‘éto%et bﬁ‘?s@& IQséquéht pulse-
extracted by the EOMs.
[0024]

The ninth means for solving the above problems is the seventh
means; characterized in that the laser light source is one that
optically amplifies the respective laser lights using optical fiber
amplifiers provided to correspond to the respective laser oscillators.
Effects of the Invention
[0025]

Through the present invention, it is possible to provide a laser
light source standby method that optically amplifies laser light

generated from the laser oscillating parts using optical fiber

amplifiers and then shortens start up time of a laser light source that

16



perfornms wavel ength conversion by neans of a

wavel engt h conversion optical systemthat uses

wavel engt h conversion elenments, as well as a nethod of
turning ON and OFF at a hi gher speed. Brief
Description of the Drawi ngs [00261 Fig.1 Fig. 1 is a
drawi ng that describes the standby nethod of the |aser
light source that is the first enbodi ment of the
present invention. Fig. 2 Fig. is a drawing that shows
porforghd kv sharlongith qoul e st éfyonm ave o f tehe spuellergth conversion
generation timng has been shifted. Description of
Synmbol s [0027] 1sem conductor | aser 2optical fiber

&kl is®btem that uses wavelength conversion elements, as well as a

method of turning ON and OFF at a higher speed.

Brief Description of the Drawings

[0026]

Fig.1

Fig. 1 is a drawing that describes the standby method of the

laser light source that is the first embodiment of the present

invention.

Fig. 2

Fig. is a drawing that shows an eighth harmonic pulse

waveform when the pulse generation timing has been shifted.

Description of Symbols

[0027]
1 semiconductor laser
2 optical fiber amplifier

17



3condenser | ens 4second harnoni c generator 5condenser
| ens 6third harnonic generator 7condenser lens 8fifth
har noni ¢ gener at or 9seni conductor |aser 10optica
fiber anplifier 1lcondenser |ens 12second harnonic
generator 13condenser |ens l1l4dichroic mrror
15condenser | ens 16seventh harnoni c generator

3 condenser lens

4 second harmonic generator
5 condenser lens

6 third harmonic generator
7 condenser lens

8 fifth harmonic generator

9 semiconductor laser

10 optical fiber amplifier

11 condenser lens

12 second harmonic generator
13 condenser lens

14 dichroic mirror

15 condenser lens

16 seventh harmonic generator
17 eighth harmonic generator
18 LD temperature controller

18



17ei ght h harnoni c generator 18LD tenperature
controller 19LD tenperature controller 20crysta
tenperature controller 2lcrystal tenperature
control | er 22pul se generator Preferred Enbodi mnent of
the Present Invention [00281 Exanpl es of enbodi nents
of the present invention will be described bel ow using
drawings. Figure 1 is a drawing that describes the
standby nethod of a laser light source that is an
Eorbodi mnentLDfteige pieaentontnodidd on, and it is a
draw ng that shows an overview of the |aser |ight
source. [00291

20 crystal temperature controller
21 crystal temperature controller
22 pulse generator

Preferred Embodiment of the Present Invention
[0028]

Examples of embodiments of the present invention will be
described below using drawings. Figure 1 is a drawing that describes
the standby method of a laser light source that is an embodiment of
the present invention, and it is a drawing that shows an overview of
the laser light source.

[0029]

Laser light (fundamental harmonic) emitted from a first

semiconductor laser 1 (DFB-LD) is amplified by a first optical fiber

amplifier 2 (FDFA) and is incident to a wavelength conversion optical

19



Laser light (fundanmental harnonic) emtted froma
first sem conductor laser 1 (DFB-LD) is anplified by a
first optical fiber anplifier 2 (FDFA) and is incident
to a wavel ength conversion optical system The |ight
that has entered the wavel ength conversion optica
systemis, first, condensed to a second harnonic
generator 4 conprised of LBO by neans of a condenser

|l ens 3, and a second harnonic is generated from second
dyeteoni Thgdighattamtdhad emgeve d Hhehe afrabelagienicahversion optical
harnoni c. These lights are condensed to a third

har noni ¢ generator 6 conprised of LBO by neans of a
Saidanser firenscond@nse @ thhi kdehad MitBonse generater 4
fromthird harnonic generator 6 along with a second
harnoni c. These lights are condensed to a fifth

QARPPIN G e?mﬁx@tw ﬁegﬁmflasegnefenﬁgpmﬁs@a@ﬁdoi s8cond

condenser lens 7,” and a fifth harnonic i s dgenerated
froma flfth har moni ¢ generator 8. [00301 On the other

ﬂ@ﬂ%’onu@%g cong Sft% @963@ ]{]%é'ggﬁbg;)ge%%]rytﬁ%dféﬁf%g}rﬂg with

4 second 'sém uctor | aser
by a

the fundamental harmonic. These lights are condensed to a third
harmonic generator 6 comprised of LBO by means of a condenser lens
5, and a third harmonic is generated from third harmonic generator 6
along with a second harmonic. These lights are condensed to a fifth
harmonic generator 8 comprised of BBO by means of a condenser lens

7, and a fifth harmonic is generated from a fifth harmonic generator

[0030]

On the other hand, laser light (fundamental harmonic) emitted
from a second semiconductor laser 9 (DFB-LD) is amplified by a
second optical fiber amplifier 10 (FDFA) and is incident to a

wavelength conversion optical system. The light that has entered the
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second optical fiber anplifier 10 (FDFA) and is

i ncident to a wavel ength conversion optical system
The light that has entered the wavel ength conversion
optical systemis, first, condensed to a second

har moni ¢ generator 12 conprised of LBOvia a mrror M
by neans of a condenser lens 11, and a second harnonic
is generated from second harnoni c generator 12 al ong
with the fundanmental harnonic. These |ights pass
whrvelgip th condensiem bptizal 3yanemaisdifihetgi@ miarsed e a second
and are condensed to a seventh harnonic generator 16
conprised of CLBO First, a fifth harnonic generated

HA0bhid I nRanfpRile SRR AT o8 [IBESPR bhmarat M by means of
condenser lens 15, is reflected by the dichroic mrror

and is converged to the seventh harnonic generator

%@onﬁeﬁgg?qgﬁshﬁf ”'QH 'séc&ﬁﬁq{?ﬁﬁgnfré an e%eathd from second

arnoni ¢ generat or ndanent har nmoni c
that has entered seventh har moni ¢ generator 16 al ong

Wy S0 8E TOPLE, RESSES L ARy BRI DERIRRL T

f undanent al harnDnlc are converged to an elghth

ek e oigevidt P STRERR Bibhie MR oA CoigehoP ATy 14 and

17, and thls becones | aser Ilght

are condensed to a seventh harmonic generator 16 comprised of CLBO.
First, a fifth harmonic generated from fifth harmonic generator 8
passes through a condenser lens 15, is reflected by the dichroic

mirror 14, and is converged to the seventh harmonic generator 16. A
seventh harmonic is generated from seventh harmonic generator 16,
but the fundamental harmonic that has entered seventh harmonic
generator 16 along with a second harmonic passes through seventh
harmonic generator 16 as-is, and a seventh harmonic and the
fundamental harmonic are converged to an eighth harmoniec

generator 17 comprised of CLBO. An eighth harmonic is generated
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source output. [0031] In the first enbodi nent, when
such a laser light source is caused to standby, the

t enperatures of sem conductor |aser 1 and

sem conductor | aser 9 are changed by approxi mately 3C
fromthe normal tenperature (normal tenperature is
approxi mately roomtenperature) when | aser |ight
(eighth harnonic) is output fromthe | aser |ight
source (when the |laser light source is being used).
Fem edghtisthorrhasér génandtsedi’c andlchor beasemre s aaee light
respectively tenperature-controlled by LD tenperature
controllers 18 and 19, so it is possible to easily

anld@veutpaper at ure changes by changing the set
tenperatures thereof. At a tenperature change of

approximately 3C, the wavel engths of the |aser |ight
ated from sem conductor lasers 1 and 9 change by
approximately 0.3 nm This change has

In the first embodiment, when such a laser light source is
caused to standby, the temperatures of semiconductor laser 1 and
semiconductor laser 9 are changed by approximately 3°C from the
normal temperature (normal temperature is approximately room
temperature) when laser light (eighth harmonic) is output from the
laser light source (when the laser light source is being used).
Semiconductor laser 1 and semiconductor laser 9 are respectively
temperature-controlled by LLD temperature controllers 18 and 19, so
it is possible to easily achieve temperature changes by changing the
set temperatures thereof. At a temperature change of approximately
3°C, the wavelengths of the laser light generated from semiconductor
lasers 1 and 9 change by approximately 0.3 nm. This change has

hardly any effect on optical fiber amplifier 2 and optical fiber
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hardly any effect on optical fiber anplifier 2 and
optical fiber anplifier 10, but the conversion
efficiencies in the respective wavel ength conversion
el ements of the wavel ength conversion optical system
are changed, and, particularly, deep ultraviolet |ight
is hardly generated at all any |longer. Therefore, the
wavel engt h conversion el enents are no | onger danmaged
even while the laser light has been made incident to
delidyelénditt tloeensieosicapeifialersyist am tHOH082peMien
shifting froma standby status to a usage status (a
status that outputs laser light (eighth harnonic)),

Whee R diNg6n0bréidnt ETHRRE ALYLE thRNWalklehgt HoaRdrdfhn optical
may be varied to return the tenperatures of
sem conductor |laser 1 and sem conductor laser 9 to

8kt QLU SF bhAYDarPHu1ARLY, AOPS QULFR RNY: Mt is hardly
generated at all any longer. Therefore, the wavelength conversion
elements are no longer damaged even while the laser light has been
made incident to the wavelength conversion optical system.
[0032]

When shifting from a standby status to a usage status (a status
that outputs laser light (eighth harmonic)), the settings of LD
temperature controllers 18 and 19 may be varied to return the
temperatures of semiconductor laser 1 and semiconductor laser 9 to
their original settings, but only approximately one minute or less is
needed until the temperatures are returned to their original settings,

so the warm up time can be set to one minute or less. Note that

changing of the temperature during standby need not be for both
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needed until the tenperatures are returned to their
original settings, so the warmup tinme can be set to
one mnute or |ess. Note that changi ng of the
tenperature during standby need not be for both

sem conductor |laser 1 and sem conductor |aser 9, and
there will be effects even with only either one of

t hese. [00331 What extent of tenperature change shoul d
be provided varies according to the wavel ength
oonversd wetorplaiseal 1 ayst eemisondintdhéa seav @] amgt bhere will be
conversion optical system tenperature changes such
that deep ultraviolet is no | onger generated to the

E0fb ety e PEn bROMTH Al ditHobbae sthend gk be experinental Iy
determ ned and provided. In ternms of shortening the

warmup tinme, it is preferable to make the tenperature
Ghadige as smal | as possible.

What extent of temperature change should be provided varies
according to the wavelength conversion optical system, so, in the
wavelength conversion optical system, temperature changes such that
deep ultraviolet is no longer generated to the extent of becoming a
problem should be experimentally determined and provided. In terms
of shortening the warm up time, it is preferable to make the
temperature change as small as possible.

[0034]

In the second embodiment, when such a laser light source is
caused to standby, the temperatures of second harmonic generator 4,
third harmonic generator 6 and second harmonic generator 12 are
changed approximately 1°C from the temperature when the laser

light source is always being used. Second harmonic generator 4, third
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[00341 In the second enbodi nent, when such a | aser
light source is caused to standby, the tenperatures of
second harnonic generator 4, third harnoni c generator
6 and second harnonic generator 12 are changed
approximately 1C fromthe tenperature when the | aser
i ght source is always being used. Second harnonic
generator 4, third harnonic generator 6 and second
harmoni ¢ generator 12 are conprised of LBO, which is a
hermpemndt wemearhdse Grahdhs arg at hatralgniange héveytoar &2 used
for making infrared light into visible light and for
maki ng visible light into visible light with a shorter

Ml eegt bf LINOS v kel £ adidin f0rvalS) phackeent Bigg @rystal,
tenperature-controlled (normally 120C - 150C) by

crystal tenperature controllers 20, 21, so changi ng

ihe tth%@ng@tul%ﬂ fo¥r &aa?éﬁn@“ﬁ{ﬁawﬂtlighP%tW@itﬁP?lgght and for

convers$ion elenments are al so tenperature-contro
but drawi ngs of the tenperature controllers have been

I%rgkti%%dw)i'si{)pe()ﬁ%:ht into visible light with a shorter wavelength.
These wavelength conversion elements are temperature-controlled
(normally 120°C ~ 150°C) by crystal temperature controllers 20, 21,
so changing the temperature is easy (note that other wavelength
conversion elements are also temperature-controlled, but drawings of
the temperature controllers have been omitted).

[0035]

When the temperature is shifted by approximately 1°C, the
phase matching statuses of these temperature phase matching
crystals break down, and wavelength conversion efficiency drops.
Therefore, generation of deep ultraviolet light greatly drops, and it is
possible to prevent damage of wavelength conversion elements 16 and

17, which handle deep ultraviolet light.
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When the tenperature is shifted by approxi mtely 1C,

t he phase matchi ng statuses of these tenperature phase

mat chi ng crystals break down, and wavel ength

conversion efficiency drops. Therefore, generation of

deep ultraviolet light greatly drops, and it is

possi bl e to prevent damage of wavel ength conversion

el enents 16 and 17, which handl e deep ultraviol et

light. [00361 When shifting froma standby status to
[@®3@&der ati on status, the settings of crystal

tenperature controllers 20 and 21 may be changed to

return the tenperatures of second harnoni c generator

4, thiyhe phak e € fecnes altan dbyasth taeCond nhep 8Paiien status, the
generator 12 to their original settings, but only
approximately one mnute or less is needed until the
§e%'fﬂﬁ%@5?%n?sﬂletétﬁb§§ﬁ%ré QohitdNe S 0@ Aal ??tnﬁhﬁ%%’ changed
So t up time can be set to one minute or |ess.

Note that changing of the tenperature during standby

need. not fo S e 4

T haFEr%ntlelﬁ %%Aetrug{egr %gg&(fb &leco%&%& ﬁoﬁ.@{-é’{or 4, third
generator 12, and there will be effects even with onIy

ﬁ%ngg\?%Sg{eﬁlte\é\'gtgxq%ngntdhseesc%ndEYlg?'nMnitchgeeItleer L3S 3 e1r
original settings, but only approximately one minute or less is needed
until the temperatures are returned to their original settings, so the
warm up time can be set to one minute or less. Note that changing of
the temperature during standby need not be for all of second
harmonic generator 4, third harmonic generator 6 and second
harmonic generator 12, and there will be effects even with only any
one or two among these. Even if the temperature of the seventh
harmonic generator 16 were changed, there would be effects to a
certain extent. However, it is more effective to change the
temperature of a harmonic generator of the most preceding stage

possible.
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har moni ¢ generator 16 were changed, there would be
effects to a certain extent. However, it is nore
effective to change the tenperature of a harnonic
generator of the nost precedi ng stage possible.

[00371 What extent of tenperature change shoul d be
provi ded varies according to the wavel ength conversion
optical system so, in the wavel ength conversion
optical system tenperature changes such that deep
Wxa7viol et is no longer generated to the extent of
becom ng a probl em shoul d be experinentally determ ned
and provided. In terns of shortening the warmup tine,

it i swpraefetbiteot fempl@at ife ChRRIAEHRIE HANGLoAtled varies
smal | as possible. [00381 In the third enbodi nment,

when such a | aser |ight source is
according to the wavelength conversion optical system, so, in the

wavelength conversion optical system, temperature changes such that
deep ultraviolet is no longer generated to the extent of becoming a
problem s-hould be experimentally determined and provided. In terms
of shortening the warm up time, it is preferable to make the
temperature change as small as possible.

[0038]

In the third embodiment, when such a laser light source is
caused to standby, the timing of the pulse generated from
semiconductor laser 1 and the timing of the pulse generated from
semiconductor laser 9 are shifted by shifting the output timing of a
pulse generator 22 that supplies signals to the respective
semiconductor lasers 1, 9. In the wavelength conversion optical

system, with the timing at which a fifth harmonic formed from the
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caused to standby, the tim ng of the pul se generated
from sem conductor laser 1 and the timng of the pul se
generated from sem conductor |aser 9 are shifted by
shifting the output timng of a pul se generator 22
that supplies signals to the respective sem conductor
lasers 1, 9. In the wavel ength conversion optica
system with the timng at which a fifth harnonic
formed fromthe fundanental harnonic generated from
fend xmediel drarnaseic gensratfd dodmdsdipitdreddetohr kiser 1 is
mrror 14 and is incident to seventh harnonic
generator 16 and the tim ng at which the fundanent al
Pl dRIdCh g e aidthdic afiwew condurinintiakelt & apdeath
second harnonic formed therefrom pass through the
dichroic mrror 14 and are incident to seventh
D2 ARRE oISNRGHRLP 161 EnBei D tihPn § AEwhacB&EHRNMundamental
harnmoni ¢ and a fifth harnonic fromanong these are
super posed, thereby generating a seventh harnonic with
f.fi ci thm u
BEEROTAL Rk o 1ER b EEL NG OF 1306 §4RE 4 gecond
timng of the pul se generated from sem conductor | aser
9 are shifted fromthe usage ,jovin atys, timn
Brepgmie Preed HShEraadr BRbudh P RpRoE Briror 14 ana
fifth harnmonic or there is no | onger superposing at

all., Through this, the . X
are incidentgto seventh rLarmonlc generator 16 being the same, a

second harmonic and a fifth harmonic from among these are
superposed, thereby generating a seventh harmonic with good
efficiency. When the timing of the pulse generated from this
semiconductor laser 1 and the timing of the pulse generated from
semiconductor laser 9 are shifted from the usage moving status
timing, there is less superposing of a second harmonic and a fifth
harmonic or there is no longer superposing at all. Through this, the
seventh harmonic generation efficiency drops, or a seventh harmonic

is no longer generated. Therefore, deep ultraviolet light generation
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sevent h harnoni c generation efficiency drops, or a
seventh harnonic is no | onger generated. Therefore,
deep ultraviolet light generation drops, and there is
no damage to seventh harnoni c generator 16 and ei ghth
harmoni ¢ generator 17. [00391 In returning froma
standby status to a usage status, the relative
rel ati onship of the pul se generation timng should be
returned to its original setting, and it is possible
doopansiadtthereasuno daon agesagee wimthiba rig @uiceg@nesatwr 16 and
drawi ng that shows an eighth harnonic pul se waveform
when the pul se generation timng has been shifted in
$faihs hWBY rmlohit den @36 BN ei ghth harnonic is
generated at 500 nsec intervals, but there is a place
al ong the way in which one pulse is mssing. This

ion is a location in which the relative
rel ati onship of the pul se generation timng has been
shifted froma

In returning from a standby status to a usage status, the
relative relationship of the pulse generation timing should be
returned to its original setting, and it is possible to instantly return
to a usage status. Figure 2 is a drawing that shows an eighth
harmonic pulse waveform when the pulse generation timing has been
shifted in this way. In this case, an eighth harmonic is generated at
500 nsec intervals, but there is a place along the way in which one
pulse is missing. This location is a location in which the relative
relationship of the pulse generation timing has been shifted from a
normal usage status. Specifically, in this case, it is understood that,
at 500 nsec, there is a shift from a standby status to a usage status.

In addition, if such a method is used, it is also possible to generate
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normal usage status. Specifically, in this case, it is
understood that, at 500 nsec, there is a shift froma
standby status to a usage status. In addition, if such
a nmethod is used, it is also possible to generate any
pul se array pattern and to control the energy of the

i ndi vi dual pul ses. [00401 In addition, electrooptical
el enents (EOMs) nay be respectively arranged in the
vicinity of sem conductor |aser 1 and sem conduct or
dmgaqrulge amnchyt hettdmi agdofo exttmdt ihgepekgedfl @eeindividual
lights of the electrooptical elenments may al so be
relatively shifted in order to relatively shift the
pulsedyg of the pulsed |laser light generated fromthe
respective el ectrooptical elenents. The description
relating to the wavel ength conversion optical system
lghddlis case is simlar to that of

In addition, electrooptical elements (EOMs) may be respectively
arranged in the vicinity of semiconductor laser 1 and semiconductor
laser 9, and the timing of extracting pulsed laser lights of the
electrooptical elements may also be relatively shifted in order to
relatively shift the timing of the pulsed laser light generated from
the respective electrooptical elements. The description relating to the
wavelength conversion optical system in this case is similar to that of
the third embodiment.

[0041]

In the above, descriptions have been given with respect to three
embodiments, but the present invention is one that may be achieved
if the wavelength conversion efficiencies of the wavelength

conversion elements are reduced by any method. For example, in the
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the third enbodi nent. [0041] In the above,

descriptions have been given with respect to three
enbodi ments, but the present invention is one that nay
be achieved if the wavel ength conversion efficiencies

of the wavel ength conversion el enents are reduced by
any nethod. For exanple, in the case in which the

wavel engt h conversion el ements are nonlinear optica
crystals, it is possible to realize the present

daweeit inamicdv Elne v 4 ¥ la nprhhorh wushohhde mémwtsangé eonline ar
formed by the crystal axes thereof and the optica

axis is changed or such that the positiona

dliahl erpdtiaflsoft ih@okefiectd YeaBkenid predediieénvention even
wavel engt h conversion optical systemis changed.

with a method such that the angle formed by the crystal axes thereof
and the optical axis is changed or such that the positional

relationship of the respective elements of the wavelength conversion

optical system is changed.
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Clainms Caim1l A |l aser |ight source standby

nmet hod t hat causes standby of a laser light source
that perforns wavel ength conversion of |aser |ight
generated fromlaser oscillating parts by neans of a
wavel engt h conversion optical systemthat uses

wavel ength conversion el enments; characterized in that
it reduces the wavel ength conversion efficiencies of

t he wavel engt h conversion el ements during standby.

Cl s 2 A laser |ight source standby nethod
described in Caim1l; characterized in that the

wavel engt h-converted | aser light is deep ultraviol et
Cight.1 A aim3 A laser |Iight source standby nethod
described in Claim1; characterized in that the nethod
of reducing the wavel ength conversion efficiencies of
the VXQ‘&EE@PQI%&QB‘M%@'s%.‘nﬁb?rﬁﬁ@tﬁoﬂstha%eééué‘@s 5P8ndby of a
tenperature that controls thé oscillation wavel ength
of at |east one of the sem conductor |asers that

lca%@rliiéﬁtts%%rlcgsc%rat performs wavelength conversion of laser light
generated from laser oscillating parts by means of a wavelength
conversion optical system that uses wavelength conversion elements;
characterized in that it reduces the wavelength conversion
efficiencies of the wavelength conversion elements during standby.
Claim 2

A laser light source standby method described in Claim 1;
characterized in that the wavelength-converted laser light is deep
ultraviolet light.
Claim 3

A laser light source standby method described in Claim 1;
characterized in that the method of reducing the wavelength

conversion efficiencies of the wavelength conversion elements is
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oscillating parts to a tenperature that differs from
the tenperature of the case in which the laser |ight
source is always being used. Claim4 A | aser

| i ght source standby nethod described in Caim1l,
characterized in that the nmethod of reducing the

wavel engt h conversion efficiencies of the wavel ength
conversion elenents is to make the tenperature of at

| east one of the tenperature-controlled wavel ength
ognveg shenteshpaeatsranbag cohéraavehengtillztiovwewsivedength of at
el ements tenperature that differs fromthe tenperature
in the case in which the laser |ight source is always
Reish @ rits 86 thel cd it do Tl L @%er 1 dsie@BlthsaUdrR psianedhy laser
met hod described in Caiml; characterized in that the
wavel ength conversion el enments are nonlinear optica

S Pl B paﬁg?tﬂaea FE 198k Lhu rleediei HfoEP@ frrdRVehEMFberature

conversion efficiencies of the wavel ength conversion
elements is to make the angle fornmed by the crystal

@f@e g%sgﬂgﬁ] gr%t@kié?c%g{ %fée%ﬁrisﬁghtcsr&{ﬁ'tcgl R MPaiheoRE €4
Claim 4

A laser light source standby method described in Claim 1;
characterized in that the method of reducing the wavelength
conversion efficiencies of the wavelength conversion elements is to
make the temperature of at least one of the temperature-controlled
wavelength conversion elements among the wavelength conversion
elements temperature that differs from the temperature in the case
in which the laser light source is always being used.
Claim 5

A laser light source standby method described in Claim 1;

characterized in that the wavelength conversion elements are

nonlinear optical erystals, and the method of reducing the
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fromthe angle in the case in which the |aser |ight
source is always being used. Claimé6 A | aser

I i ght source standby method described in Caiml,
characterized in that the laser |light source is one
that optically anplifies the |aser |ight using optica
fiber anplifiers. Caim7 A laser |light source standby
nmet hod t hat causes standby of a laser |ight source
that forns deep ultraviolet light fromlaser [|ight
garvelabgth feoaveaspluedéfictenat s ldstre ssoidlbagithgopardrsion
by neans of a wavel ength conversion optical system

t hat uses wavel ength conversion el enents;

shanast£hs z6dnkket 18d andle ifogmetdabdbthe thpstadl atds/ef the
relationship of the timng of the pulsed |aser I|ight
generated fromthe respective |aser oscillating parts

AR e SR e e
from the angle in the case in which the laser light source is always
being used.
Claim 6

A laser light source standby method described in Claim 1;
characterized in that the laser light source is one that optically
amplifies the laser light using optical fiber amplifiers.
Claim 7

A laser light source standby method that causes standby of a
laser light source that forms deep ultraviolet light from laser light
generated from a plurality of laser oscillating parts by means of a
wavelength conversion optical system that uses wavelength

conversion elements; characterized in that, during standby, the

relative relationship of the timing of the pulsed laser light generated
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Claim8 A | aser |ight source standby nethod
described in aim?7; characterized in that the | aser
oscillating parts have seni conductor |asers and

el ectrooptical elenents (EOMs), and the relative
relationship of the timng of the pulsed |aser I|ight
generated fromthe respective laser oscillating parts
is the relative relationship of the pulsed |aser |ight
generated fromthe sem conductor |asers or the
frehatheeraspleativenbdsqr ofcilleinpmpmgsofs shftpdifsecth the relative
| aser |ight pulse- extracted by the EOMs. CGaim9 A

| aser |ight source standby nethod described in Caim

rela€itaiAtbeld ZRE daet v HibB 1186 e4isd UithtSOMIER {SabRAys
that optically anplifies the respective |aser lights

using optical fiber anplifiers provided to correspond
Hé}ntghﬁsgg_spect ive |l aser oscillators.

Claim 8

A laser light source standby method described in Claim 7;
characterized in that the laser oscillating parts have semiconductor
lasers and electrooptical elements (EOMs), and the relative
relationship of the timing of the pulsed laser light generated from the
respective laser oscillating parts is the relative relationship of the
pulsed laser light generated from the semiconductor lasers or the
relative relationship of the timing of the pulsed laser light pulse-
extracted by the EOMs.
Claim 9

A laser light source standby method described in Claim 7;

characterized in that the laser light source is one that optically
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amplifies the respective laser lights using optical fiber amplifiers

provided to correspond to the respective laser oscillators,

36



