METHOD FOR HAVI NG LASER LI GHT SOURCE | N STANDBY STATUS Techni cal
field [0001] The present invention relates to a nmethod of causing
standby (including a nethod of turning ON and OFF at a hi gh speed)
of a laser light source that uses optical fiber anplifiers to
performlight anplification of |laser |ight generated from

sem conductor |asers and then the forns deep ultraviolet |[ight by
means of a wavel ength conversion optical systemthat uses wavel ength

conversion el enents. Background art [Q002 L. i
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perfornms netal cutting and processing, it is wused as the |ight
source of photolithography apparatuses in sem conductor fabrication

appar at uses, T¢¢hnwalsfeeld n vari ous nmneasuring apparatuses, and it is
used in nedical operation and 1

[0001]

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
yvears, for example, it performs metal cutting and processing, 1t 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



treat ment apparatuses such as in surgery, ophthal nol ogy and
dentistry. [0003] 1In the case in which a solid state |laser (in the
present specification, a sem conductor |aser (used as a concept that
i ncludes diode |asers)) is used as such a laser |ight source, the
wavel ength of the laser light that is emtted fromthe solid state

| aser is fromthe visible range to the infrared range, and a net hod
of directly generating ultraviolet |ight has not been established.
For exanple, it is not suitable for use in inspecting apparatuses,
since the VwasetmaytalzataodesngucTiaerief enegeny nep htbabholesgngnsuich
|l ong wavelength light emtted froma solid state | aser by converting
it into a deep ultraviolet light of a short wavel ength (for exanple,
an ei ghth Hamostirg. wavel ength of 193 nm) by using nonlinear optical
crystals has been devel oped, for exanple, as described in Japanese
Patent Application Publication No. 2001-353176 (Patent Docunent 1).
BBO 2 [0003]

In the case in which a solid state laser (in the present
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
Wavelgngth 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



crystals, LBO crystals and CLBO crystals are known nonlinear optical
crystals used for such a purpose. [00041 In an such a laser |ight

source, for exanple, in general, laser |ight generated froma DFB-LD
is anplified using a plurality of optical fiber anplifiers (FDFA)
and is then nade into deep ultraviolet |[|ight by neans of a

wavel engt h conversion optical system such as the above. Patent
Docunent 1: Japanese Unexam ned Patent Application Publication No.
2001- 353176 Di scl osure of the Invention Problens to Be Sol ved by the
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wavel ength of 1.55 mto which Er has been added, generate a | arge

amount of heat, 3
optlcal crystals used for such a purpose.

[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

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



during high output operations. In addition, when such optical fiber
anplifiers are turned ON and OFF, |arge tenperature changes are
generated, and, at such tines, various unstable statuses are caused.
When 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
optical fiber of the preceding stages of |ow output operation, in

whi ch heat dgfﬂ% ?ﬁkﬁ%ﬁ%ﬁ‘@%p@?éiﬁrﬂé‘?(in éﬂ&&ibﬂ?ﬂﬁ@@ﬁ-su‘%ﬁ@p_ﬁiﬁﬁl fiber

tenperature o e optical fiber increases, in conjunction wt
this, the status of polarization of the |ight output fromthe

optical fiber amplifiers : rLgah Lon
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wavel engt h conversion optical system into which the output fromthe

Fingiht(::alul I: ﬁg{z%gggg ,;ﬁ%ﬁigdia%fﬁqu—fg%{lgg,hgggfosds %rr]l%tgﬂﬁe LES Rl QUERH L sused.
When such optical fiber amplifiers are used in compact packages, the
temperature of the housing increases due to the heat generation of
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.



[ 0006] Therefore, conventionally, a nethod has been enpl oyed in

whi ch, before usage of such a laser light source starts, a warm up of
a considerable tine is perfornmed, thermal equilibriumis
established, fluctuation of the |aser output light ultimately
obtained is held wthin an allowabl e range and then usage is
started. However, there are cases in which approximately 24 hours
woul d be necessary until thermal equilibriumis established, and
that length of tine has been a problem [00071 As a counterneasure
for this, al[oetbdd in which the |laser light source is always put
into the output status even while the output Iight fromthe |aser

| i ght source is not being used is conceivable. However, when the

llaser |ight sourqge,d,sfhpd, éﬁ@eﬁﬂo?ﬁiig,ﬁqﬁetﬂmh ey el O@ﬁ?l?ye%%n

conversion el ements, which are use e deep Wt rav
generating portion, or optical elenents such as a 5

which, before usage of such a laser light source starts, a warm up of a
considerable 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 1s 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



| enses are danaged, so there is a problemin that maintaining an

out put status until the tinme when output light is not used is |inked
to shortening of the lifespan of the |aser |ight source. As another
count ernmeasure, blocking the laser light using a nechanical shutter
before light fromthe optical fiber anplifiers enters the wavel ength
conversion optical systemis conceivable. However, in this case, the
t her mal equilibriun1of t he mavelength conversion optical system

br eaks down, and ? r esul ?ﬁre .S a blen1|q1that fluctuation
of the | asercBithirel THMARAL | St BFY? 4B eaPReR R0t b o Tic ta&RInE 2n

[ 00081 The present invention takes such circunstances into account

and has as its problemthe provision of a |aser ht source standb

met hod t hat 9P |%39ttBSo%PF15aq ey LIRP | hon | ogglgruy 1lg%$ igeney yeed lﬁrbﬁied to
| aser oscillating parts using optical fiber anplifiers and then

shorten the start up tinme of a |aser ht source that perforns
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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 nethod of turning
ON and OFF at a hi gher speed. Means to Solve Problens [0009] The
first means for solving the above problens is a laser light source
st andby net hod that causes standby of a laser |ight source that
perfornms wavel ength conversion of |aser |ight generated from | aser
oscillating parts by neans of a wavel ength conversion optical system
t hat uses wavel ength conversion elenents; characterized in that it
reduces the wavel ength conversion efficiencies of the wavel ength

conver si on elegggts énit Cstanb : LQOlgl WhgquH%imavel r% turnin
conversi on &FFFcT BhE é§§g€ tHeE Rﬁ%@l%nd?ﬁ %o%ver%loﬁsgﬁgﬁgﬁgé 4t g
reduced, there is a reduction in the output of the converted
L{S?QS?gYe{kﬂgéﬁégﬁiFhZ?gS;§%§%§$§Pg%gétpg{flgﬁga{gﬁéerée$ﬁerefore, 7
Means to Solve Problems
[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 enents by deep ultraviolet light. In changing the |aser
| i ght 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 present specification and the Scope of
Patent d ains, "reduces the wavel ength conversion efficiencies of
the wavel ength conversion elenents” is used with a neaning that

i ncl udes theheas@oiniedVbb G tRede ReBOMRtLOGRLe: €ing 0f the0kdEelckieth
second nmeans for solving the above problens is the first neans;
characterized in that the wavel ength-converted |aser light is deep
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problens is the first

light source from a standby status to a usage status, a usage status is
promptly set by returning the wavelength conversion efficiencies of
the wavelength conversion elements to their original settings.

[0011]

Note that, in the present 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]



means; characterized in that the nethod of reducing the wavel ength
conversion efficiencies of the wavel ength conversion el enents is
setting the tenperature that controls the oscillation wavel ength of
at |least one of sem conductor |asers that conprise the |aser
oscillating parts to a tenperature that differs fromthe tenperature
of the case in which the laser light source is always being used.
[00141 Note that, in the present specification and the Scope of
Patent Cainms, "the laser |ight source i s always being used" refers

h desi d | i.ght b f h
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| asers are tenperatures different fronlthe tenperatures in a case |n

thioh e | el 11 B, SOULCE, |5, BWENS, PO HE0, L LBYELRALI, o
sem conductor | asers change. Even if thls is done, the output of the
conversion efficiencies of the wavelength conversion elements is
setting the temperature that controls the oscillation wavelength of at
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 light 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 used, the wavelengths of

the laser light (fundamental harmonic) generated from the



optical fiber anplifiers is maintained to be nearly constant and
enters the wavel ength conversion optical system so thernal

equi libriumof the optical fiber anplifiers and the wavel ength
conversion optical systemis nmaintained at the sane | evel as when a

| aser |ight source is used. The output fromthe optical fiber
anplifiers is sent as-is to the wavel ength conversion optical system
but wavel ength conversion efficiencies drop due to the wavel engt hs
being different, and, particularly, deep ultraviolet light is hardly

d | T f .
generated aboalleofR,dBNIEL.. TORLELA 83, 4NOT e POIBSOLA A CXLERTELY the

little damaging o e wavel en onversion e

ultraviolet light. In the case in which there is a shift froma
standby status t,0..a usage,status, the te ratures of the

sem conduct 8P gdlchBet SRR P A Rl BT R SBetey wdmstapt iang
Tenperature changes need only be slight, and the thermal capacities

of the 10 sem conductor lasers are small, so the shift from standby
to a usage °&{&f% PsWBP’Sﬁ%‘W GeRVEFFRod optical system, so thermal

equilibrium 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, particﬁlarly, 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



[0016] The fourth means for solving the above problens is the first
means; characterized in that the nethod of reducing the wavel ength
conversion efficiencies of the wavel ength conversion elenents is to
make the tenperature of at |east one of the tenperature-controlled
wavel engt h conversion el ements anong the wavel ength conversi on
elements [a] [Translator's note: presunmed om ssion in Japanese
original] tenperature that differs fromthe tenperature in the case
in which the laser light source is always being used. [0017] Wen

the 1aser | LOhhoBRULAEo] 336k Lo 3, BAANUAYLR! Bhuf il oohURGY & Ur 88uce

of the maveFeng conversion elemrents ‘are cha
tenperature when the laser light source is always being used. By

doi ng so, thg Ehase nptch@ng stat us éﬁ t he wavel ength 11 conversion
el ements br &RE1UOWE FORAR EVRGE Y &R Ver si on efficiency drops, and,

particularly, deep ultraviolet light is hardly generated at
[0016]

The fourth means for solving the above problems is the first
means; characterized in that the method of reducing the wavelength
conversion efficiencies of the wavelength conversion elements is to
malke the temperature of at least one of the temperature-controlled
wavelength conversion elements among the wavelength conversion
elements [a] [Translator’s note: presumed omission in Japanese
originall 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

11



all. Therefore, there cones to be extrenely little damagi ng of the
wavel engt h conversion elenents 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 enents should be
returned to their original settings. Tenperature changes need only be
slight, and the thermal capacities of the wavel ength conversion

el ements are small, so the shift fromstandby to the usage status is
pronptly performed. Particularly, it is preferable that the

t enper at ur esocafverheint etpercattyrlerqatias dowat,chibnglat yidt abnusediomefficiency
precedi ng stages of the wavel ength conversion optical system be
changed. [0018] The fifth neans for solving the above problens is

the first nkaps, schirpsigeuzedyl fdehat]ire ivatelighgtin €OAVIRT sbBBrated at
el enents are 12 nonlinear optical crystals, and the nethod of
reduci ng the wavel ength conversion efficiencies of the wavel ength

conversion gl]l. 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 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 erystal used in
preceding stages of the wavelength 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

12



elenents is to make the angle formed by the crystal axes of the
nonl i near optical crystals and the optical axis an angle that differs
fromthe angle in the case in which the laser light source is always
bei ng used. [0019] The sixth nmeans of solving the above problens is
the first neans; characterized in that the laser |ight source is one
that optically anplifies laser light using optical fiber anplifiers.
[ 0020] The seventh neans for solving the above problens is a nethod
of causing standby of a.laser |ight squrce that fofns deep

Ul travi of ot BAEREAY OB Gasery 3tpGht 2 BArre B BOdoRt A6 BRAFE HhY of

| aser oscillating parts by nmeans of a wavel ength conversion optical
system that uses wavel ength conversion elenpents; characterized in
that, durindaAelengidosenyensipsefficienctiaef shervpvelendid eonvarsion
the pul sed laser 1ight generated fromthe respective | aser

oscillating parts is shifted
elements is to make the angle formed by the crystal axes of the

nonlinear optical crystals and the optical axis an angle that differs
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

13



fromthe relative relationship in the case in which the |laser |ight
source is always being used. [00211 In a laser light source that
fornms deep ultraviolet light from |aser |ight generated froma
plurality of laser oscillating parts by nmeans of a wavel ength
conversion optical systemthat uses wavel ength conversion el enents,
wavel ength conversion is performed by matching the phases of the

pul sed | aser |ight generated fromthese respective |aser oscillating
parts to the same optical axis and causing themto be incident to

t he wavel engt h nv SIO Ienen T r en t relation
of “the tim NG BRERUN BEe aReFa R PBnElne” Pespbtik, b Pregy SRR
oscillating parts is shlfted fromthe timng in the case in which

t hese | aser .]i,ght sources .are always bei.ng .used, hases  t her ea
o T onger AR EERET SO &F SPot R PRPEHEFdS36r il 6 REPaRLR gt 17T ted
conversion el enents drop, and, particularly, deep wultraviolet |ight

is hardl nerated at all any longer. In the case in
y g%om the re%atlve 1el¥1t10ns ip in the case in which the laser light

source is always being used.
fo021]

In 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, 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

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 nmaking the
phases match. [0022] Note that, in the present neans, control is
performed by shifting the timng of the pul ses generated fromthe

| aser oscillating parts, so control on the nsec order is possible.
Therefore, the tine of the "standby" status can be nade extrenely
short, and the concept includes tine on the nsec order, for exanple.
Therefore, through the present neans, turning ON and OFF in pul sed

units, gene Jél@n%fth S E &@h&eﬁr{eﬂghgﬁﬁg, SOAL Qlyt ull%lél1 v EdEEET 9y

beconme possi bl e. 0023] The el ght solving the ove
problens is the seventh neans; characterized in that the | aser

illati ) ' d d el i,eal :
o ement's (EAREN ighel st REMFRIE Y RE el SR E A PUEEEP AT Y B paes 1n
pul sed | aser |ight generated

which there is a shift from a standby status to a usage status, it is
possible to extremely promptly 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

15



fromthe respective laser oscillating parts is the relative
relationship of the pulsed |aser |ight generated fromthe

sem conductor lasers or the relative relationship of the timng of
the pul sed laser |ight pulse- extracted by the EOVs. [00241 The
ninth nmeans for solving the above problens is the seventh neans;
characterized in that the laser light source is one that optically
anplifies the respective laser lights using optical fiber anplifiers
provided to correspond to the respective |laser oscillators. Effects
of the |nvestinrophd@25dr 1Tke nuighd bk gresetical riemtengs, (BOMs), and the
possible to provide a laser |ight source standby nethod that
optically anplifies laser light generated fromthe |aser oscillating

parts usingrepiii&al rdflbbRimstbpaspthé items nansf thendbodtiersrIight géBerated
time of a laser light source that perforns wavel ength conversion by
means of a wavel ength conversion

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.

[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 1s possible to provide a laser
light source standby method that optically amplifies laser light

generated from the laser oscillating parts using optical fiber

16



optical systemthat uses wavel ength conversion elenents, as well as a
met hod 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 nethod of the |aser light source that is the first

enbodi nent of the present invention. Fig. 2 Fig. is a draw ng that
shows an ei ghth harnonic pul se waveform when the pul se generation
timng has been shifted. Description of Synbols [0027] 1

sem conductor |aser 17 2 optical fiber anplifier 3 condenser |ens

amplifiers and then shortens start up time of a laser light source that
performs wavelength conversion by means of a wavelength conversion
optical system 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
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4 second harnoni c generator 5 condenser lens 6 third harnonic
generator 7 condenser lens 8 fifth harnonic generator 9

sem conduct or | aser 10 optical fiber anplifier 11 condenser |lens 12
second harnoni c generator 13 condenser lens 14 dichroic mrror 15
condenser |lens 16 seventh harnonic generator 17 eighth harnonic
generator 18 18 LD tenperature controller 19 LD tenperature
controller

[SN]

optical fiber amplifier

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



20 crystal tenperature controller 21 crystal tenperature controller
22 pul se generator Preferred Enbodi nent of the Present |nvention

[ 00281 Exanpl es of enbodi nents of the present invention wll be
descri bed bel ow using drawings. Figure 1 is a drawi ng that describes
the standby nmethod of a laser |ight source that is an enbodi nent of
the present invention, and it is a drawing that shows an overvi ew of
the laser light source. [00291 Laser |ight (fundanental harnonic)
emtted froma first sem conductor laser 1 (DFB-LD) is anplified by
a first opti,gal fiber anplifier 2 (EDEA) and is incident to a
wavel engt h c1 nver si onL pttf3 ﬁerag%?ecr?\(ntfﬁg)elri ght that has entered the
wavel engt h conversion optical systemis, first, condensed to a

second har iy ¢ generi&s)rteﬁlperature controller

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
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conprised of LBO by nmeans of a condenser lens 3, and a second

harnmoni c is generated from second harnoni c generator 4 along with

t he fundanental harnonic. These |lights are condensed to a third

har moni ¢ generator 6 conprised of LBO by nmeans of a condenser |ens

5, and a third harnmonic is generated fromthird harnonic generator 6
along with a second harnonic. These |lights are condensed to a fifth
har noni ¢ generator 8 conprised of BBO by neans of a condenser |ens

7, and a fifth harnonic is generated froma fifth harnonic generator
8. [00301 @&mphéicot BdFINAAN addsSennkidgnt (6 andament afthaomyrire)on optical
emtted froma second sem conductor |laser 9 (DFB-LD) is anplified by
a second optical fiber anplifier 10 (FDFA) and is incident to a 20

wavel engt h epswehsiTie 0fhicthat tSiseemteirel theh atélain didscemt eFadnt digtical
wavel engt h conversion optical systemis, first, condensed to a second
harnoni ¢ generator 12 conprised of LBOvia a mirror M by neans of

system is, first, condensed to a second harmonic generator 4
comprised of LBO by means of a condenser lens 3, and a second
harmonic is generated from second harmonic generator 4 along with
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
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a condenser lens 11, and a second harnonic is generated from second
har moni ¢ generator 12 along with the fundanental harnonic. These

| i ghts pass through a condenser lens 13 and a dichroic mrror 14 and
are condensed to a seventh harnonic generator 16 conprised of CLBO
First, a fifth harnonic generated fromfifth harnonic generator 8
passes through a condenser lens 15, is reflected by the dichroic
mrror 14, and is converged to the seventh harnonic generator 16. A
seventh harnonic is generated from seventh harnoni c generator 16,

but the fundegesitalgthasdipnésibhadpiias] enpbesad ey erdiit tias tfbRisCentered the
generator 16 along with a second harnonic passes through seventh
har noni ¢ generator 16 as-is, and a seventh harnonic and the

f undament al Méﬁ%@ig%haé@nﬁ@ﬂ%i@hgﬁﬂtﬂ:@l ap s e ghid) ARG SRRAN 8 farse%nd
conprised of CLBO An eighth harronic i 5 generated 21 from ei ghth

har nmoni ¢ generator 17, and this becones |aser |ight source output.

[00311 harmonic generator 12 comprised of LBO via a mirror M by means of

a condenser lens 11, and a second harmonic is generated from second
harmonic generator 12 along with the fundamental harmonic. These
lights pass through a condenser lens 13 and a dichroic mirror 14 and
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 18. A
seventh harmonic is generated from seventh harmonic generator 186,
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 harmonic

generator 17 comprised of CLBO. An eighth harmonic is generated
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In the first enmbodi nent, when such a |aser light source is caused to
standby, the tenperatures of sem conductor |aser 1 and sem conductor
| aser 9 are changed by approximately 3C fromthe normal tenperature
(normal tenperature is approximately room tenperature) when |aser
l'ight (eighth harnonic) is output fromthe |aser |ight source (when
the laser light source is being used). Sem conductor |aser 1 and

sem conductor | aser 9 are respectively tenperature controlled by LD
tenperature controllers 18 and 19, so is p033|ble to easily

achi eve t enpe?t enedidhhageromy &mwgatwg %%ean ethisdpgrrae srlager light
thereof. At a tenperature change of approximately 3C, the

wavel engths of the laser |ight generated from sem conductor |asers 1
and 9 changeéobycappripxitmately 0.3 nm This change has hardly any
effect on optical fiber anplifier 2 and optical fiber 22 amplifier

10, but the conversion efficiencies in the respective wavelength
conversi on éDéfehts of the wavel ength conversion optical systemare
changed, and, particularly, deep ultraviolet light is hardly

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 1s 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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generated at all any |longer. Therefore, the wavel ength conversion

el ements are no | onger danaged even while the laser |ight has been
made i ncident to the wavel ength conversion optical system [00321
When shifting froma standby status to a usage status (a status that
outputs laser light (eighth harnmonic)), the settings of LD
tenperature controllers 18 and 19 may be varied to return the
tenperatures of sem conductor |aser 1 and sem conductor |laser 9 to
their original settings, but only approxinately one mnute or less is
needed unti lamhpfienper dtutridse asaveedivhnetfitie ches inahgtadbective
settings, so the warmup tinme can be set to one mnute or |less. Note
that changing of the tenperature during standby need not be for both

23 sem condued 9é1emaer cdn Adekis ANt 1CONEHES oF th@sﬁévgle%ﬁ tcbﬁﬁrerwoln! oPfical
effects even with only either one of these. [00331 t extent of

t enperature change should be provided varies
system are changed, and, particularly, deep ultraviolet light 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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according to the wavel ength conversion optical system so, in the
wavel engt h conversion optical system tenperature changes such that
deep ultraviolet is no |longer generated to the extent of becom ng a
probl em shoul d be experinentally determi ned and provided. In terms

of shortening the warmup tine, it is preferable to make the
tenperature change as small as possible. [00341 1In the second

enbodi nent, when such a laser light source is caused to standby, the
tenperatures of second harnonic generator 4, third harnonic

gener at or Fg&flléﬁga%@ ﬁ%g@pucaﬂa@%&a V\(ﬁ%nndltt?%t%Qelas%li‘a@gggﬁtthere will be

appr oxi mat e rom the"t enper at ur e |'aser source is
al ways belng used. Second harnnnlc generator 4, third 24 harnonic

gener at or d,second_harnonic ner at or are conprised of LBQ
which is a F?ﬁ%‘?é?ﬁ?b“ﬁ?@é@ghb?% eﬁd”@?fé#ﬁl "and they are used for
making infrared light into visible |ight and for maki ng visible
light into Ybﬁ%?ﬂe light with a shorter wavel engt h.

What extent of temperature change should be provided varies
according to the wavelength conversion optical system, so, in the
Wavglength 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

24



These wavel engt h conversion el enents are tenperature- controlled
(normal ly 120C - 150C) by crystal tenperature controllers 20, 21, so
changing the tenperature is easy (note that other wavel ength
conversion el enents are al so tenperature-controlled, but draw ngs of
the tenperature controllers have been omtted). [00351 Wen the
tenperature is shifted by approximately 1C, the phase matching
statuses of these tenperature phase matching crystals break down,
and wavel engt h conversion efficiency drops. Therefore, generation of

deep ultravi@l@iohidhtnet£ald § MORScoAAhAtmbRic irhkgr 1@ REEvent
damage of wavel ength conversion el enents 16 and 7, which handl e

deep ultraviolet light. 25 [00361 Wen shifting froma standby
status to ag,onghabh Yy BB UshibhEsSeLLIES QL 6'YFIa o SMELA URital,
e eh

controllers 20 "'and 21 may ange to return the tenperatures “of
second harnoni c generator 4, third

and they are used for making infrared light into visible light and for
making visible light 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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har moni ¢ generator 6 and second harnonic generator 12 to their
original settings, but only approximately one mnute or less is
needed wuntil the tenperatures are returned to their original
settings, so the warmup tinme can be set to one mnute or |less. Note
that changing of the tenperature during standby need not be for al
of second harnonic generator 4, third harnoni c generator 6 and
second harnonic generator 12, and there will be effects even with
only any one or two anong these. Even if the tenperature of the
seventh har 5935? generator 16 were changed, there would be effects
to a certain exten However, it is nore effective to change the
tenperature of a harnnnic generator of the nost preceding stage

possi bl e. 26 [00 at., ext 0 rat.ure change sho b
provi ded vari es ac%%rvhhﬂ%%g mm%?é?%ﬁé?ﬁ“@éH&é% FrPQﬁﬁﬁé%?éﬁatus’the
system so, in the mavelength conversion optical system tenperature

changes such
9 e%pngs of crystal temperature controllers 20 and 21 may be changed

to return the temperatures of second harmonic generator 4, third
harmonic generator 6 and second harmonic generator 12 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 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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deep ultraviolet is no | onger generated to the extent of becomng a
probl em shoul d be experinmentally determ ned and provided. In terns

of shortening the warmup tine, it is preferable to nake the
tenperature change as snmall as possible. [00381 In the third

enbodi nent, when such a laser light source is caused to standby, the
timng 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 pulse generator 22 that supplies
signals to {b@37kspective sem conductor lasers 1, 9. In the

wavel engt h conversion optical system wth the timng at which a
fifth harnonic fornmed fromthe 27 fundanental harnonic generated from
sem conduct or | a¥haf eixsent effl teah pdrdyuitcheh dhghradiculd be grrodddaddrdkes
incident to seventh harnonic generator 16 and the timng at which
the fundanental harnonic generated from sem conductor |laser 9 and a

second 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.
[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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har moni ¢ formed therefrom pass through the dichroic mrror 14 and
are incident to seventh harnonic generator 16 being the sane, a
second harnonic and a fifth harnonic from anong these are

super posed, thereby generating a seventh harnonic with good
efficiency. Wien the timng of the pulse generated fromthis

sem conductor laser 1 and the timng of the pulse generated from
sem conduct or | aser 9 are shifted fromthe usage noving
[Translator's note: "ij (moving)" is apparent typo in Japanese

original] S?éh‘:‘!%ntléﬂ’ca‘[‘l‘élh_&ﬁ'Hﬁ)rrﬁc'gsext| sﬁeﬁ“ﬂ%‘i@%@&ﬁ‘ﬁoﬁdﬁt%?qgggr 1 1s

harrmonic and a fifth harnonic or ere is no | onger superposing at
all. Through thls the seventh harnonic generation efficiency drops,

or a seventh @Q@'b&r L& .’H)lchgggse&@?@?rl%ﬁﬂd L-ghl c%gﬁ?’to &8Pt
genera no dana

ul travi ol et |ght ration , and %0 'sevent h
har noni ¢ generator 16 and eighth har noni c generator 17. [0039] In

returning f %%Tn?oﬁ%caggggr%o at Y% d%h%sﬁagnlnsgjt at s Whlch %he fundamental

harmonic generated from semiconductor laser 9 and a second
harmonic formed therefrom pass through the dichroic mirror 14 and
are incident to seventh harmonic 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
[Translator’s note: “&) (moving)” is apparent typo in Japanese
original] 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
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relative relationship of the pul se generation timng should be
returned.to its original setting, and it is possible to instantly
return to a usage status. Figure 2 is a drawi ng that shows an ei ghth
har moni ¢ pul se wavef orm when the pul se generation timng has been
shifted in this way. In this case, an eighth harnonic is generated at
500 nsec intervals, but there is a place along the way in which one
pulse is mssing. This location is a |ocation in which the relative
rel ati onship of the pul se generation timng has been shifted froma
nor mal usagelbtaitiget Seddi g¢valation dramg sareddderptisi 8o Wadergedodseventh
that, at 500 nsec, there is a shift froma standby status to a usage
status. In addition, if such a nethod is used, it is also possible

t 0 gener at e h2@namyicpgéseraramaybpatd eighthddamomoont gehetrbeoreddr gy of
the individual pulses. [0040] 1In addition, electrooptical elenents
(EOM5) may be respectively arranged in the vicinity of sem conductor
| aser 1 and[gegbtonduct or

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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| aser 9, and the timng of extracting pul sed |laser |ights of the

el ectrooptical elements may also be relatively shifted in order to
relatively shift the timng of the pulsed |aser |ight generated from
the respective el ectrooptical elenments. The description relating to
the wavel ength conversion optical systemin this case is simlar to
that of the third enbodiment. [0041] |In the above, descriptions
have been given with respect to three enbodinents, but the present
invention is one that may be achieved if the wavel ength conversion

efficiencies of the wavelength conyersiaon._e nts are uced,.b
any. et hod. Egr PISHAT LY I AEn PN d e T Rh TR {Re G0t BgriiHdual
conversion elenents are nonlinear optical crystals, it is possible
to realize th gresent invention even wth a nethod such that the
angl e forne@‘§§ fhe crystal axes thereof and the optical axis is
changed or such that the positional relationship of the respective
el emrents of _the vel engt h conversi on

[0040] <

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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optical systemis changed. 31 Clains Claim1l A laser |ight source
standby net hod that causes standby of a |aser |ight source that
performs wavel ength conversion of |aser |light generated fromlaser
oscillating parts by neans of a wavel ength conversion optical system
t hat uses wavel ength conversion el enents; characterized in that it
reduces the wavel ength conversion efficiencies of the wavel ength
conversion elenents during standby. Caim2 A laser |ight source

st andby net hod described in Caim1l; characterized in that the
wavel engt h- canweant ethibhsere haghtle hgtldeemverksivmvil onen thsi gt noGlaien:3
A laser |ight source standby nethod described in Caima1,;
characterized in that the nethod of reducing the wavel ength

optical crystals, it is possible to realize the present invention even
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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conversion efficiencies of the wavel ength conversion el enents is 32
setting the tenperature that controls the oscillation wavel ength of
at |east one of the sem conductor |asers that conprise the |aser
oscillating parts to a tenperature that differs fromthe tenperature
of the case in which the laser light source is always being used.
Claim4 A laser |ight source standby nethod described in Caima1,;
characterized in that the nethod of reducing the wavel ength
conversion efficiencies of the wavel ength conversion elenents is to
make the tenperaiure of at |east one of the tenperature-controlled
wavel engt h conversion el enents anong the wavel ength conversi on
elenments [a] [Translator's note: presuned om ssion in Japanese
original] tenmpepayure that differs fromthe tenperature in the case
in which the laser light source is always being used. Claim5 A

| aser |ight source standby nethod described in Caiml;

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.

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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characterized in that the wavel ength conversion elenents are 33
nonl i near optical crystals, and the nethod of reducing the

wavel engt h conversion efficiencies of the wavel ength conversion

el enents is to make the angle formed by the crystal axes of the
nonl i near optical crystals and the optical axis an angle that differs
fromthe angle in the case in which the laser light source is always
being used. Caim6 A laser |ight source standby nethod described in
Claiml; characterized in that the |laser |ight source is one that
optically anplifies the laser |ight using optical {iber anplifiers.
Caim?7 A | aseingigm tepmezatsrg Rt HOYs ﬁhatO%U@ééO%t%Wn@ftﬁaof at
| aser |ight source that forns deep ultraviolet light fromlaser |ight
generated froma plurality of |laser oscillating parts by neans of a
wavel engt h tomteose arf Opt Fermlicenduehot haseusstlsahvaominige Hhe laser

oscillating parts to a temperature that differs from the temperature
of the case in which the laser light source is always being used.
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 [al [Translator’s note: presumed omission in Japanese
original] 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
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conversion el enents; characterized in that, during standby, the 34
relative relationship of the timng of the pul sed |aser |ight
generated fromthe respective laser oscillating parts is shifted
fromthe relative relationship in the case in which the laser |ight
source is always being used. Cdaim8 A laser |light source standby
met hod described in Aaim7; characterized in that the | aser
oscillating parts have sem conductor |asers and el ectrooptical

el enents (EOVs), and the relative relationship of the timng of the
pul sed | asenchightageneércatiedyksta, tded thespedhiodeod asénciogcithéati ng
parts is the relative relationship of the pulsed |laser |ight
generated fromthe sem conductor lasers or the relative relationship
of the tim agvefle hbehpidsad: shas esffici ghtiepud S ehe axd v leingd hoyo ik Per FTONG .

Claim9 A laser |ight source standby nethod described in Caim7,
elements is to make the angle formed by the crystal axes of the
nonlinear optical crystals and the optical axis an angle that differs
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
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characterized in that the laser |light source is one that optically 35
anplifies the respective laser lights using optical fiber anplifiers
provided to correspond to the respective |laser oscillators. 36

relative relationship of the timing of the pulsed laser light generated
from the respective laser oscillating parts is shifted from the relative
relationship in the case in which the laser light source is always
being used.

Claim &

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.
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