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SUMMARY

I. Project Title

Resonance Ionization Spectroscopy using UV (Ultraviolet) laser

II. Objective and Importance of the Project

Mostly the high repetition lasers. used in the MPI (Multi-Photon
Ionization) research in the atomic spectroscopy field or in the nuclear
industries were visible range lasers. However, recently solid state
lasers pumped by diode lasers have been emerged, and generation of
the UV laser beams with the help of the SHG (Second Harmonic
Generator) has " become possible with Ti:sapphire lasers pumped by
these solid state lasers, enabling the research. using these lasers. The
need for the research. with UV lasers has risen since the introduction
of the Tiisapphire lasers-and the SHG, that use the solid state lasers
pumped by laser diodes as pump sources. With these kinds of UV
lasers, spectrocopists are expecting -the increase of the stability of the
system and the-reduction.of the number-of necessary.laser beams by
reducing the number of steps for ionization due to the large photon
energies of the laser beams. This study was carried out with the
objective of examining the possibility of nuclear industrial application of
UV lasers by demonstrating the resonant photo-ionization by

developing the high repetition UV pulse lasers.

IM. Scope and Contents of Project
To develop a high repetition UV pulse lasers followed by the

demonstration of RIS (Resonance Ionization Spectroscopy) technology,

this research focused on the improvement of the DPSSL and design of
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the Tisapphire laser last year. This year the following topics are

investigated;

1. Oscillation and analysis of the Ti:sapphire Laser

Oscillation of Ti:Sapphire laser which was designed and
manufactured last year is achieved using the DPSSL as a pump laser,
producing infra-red light. The investigation of the characteristics and
optimization of the operational parameters is carried out. The energy of

the oscillator should be over 1m] per pulse.

2. Study of UV Laser Oscillation

The ultraviolet lasing .is achieved by the frequency doubling of
the infra-red Ti:sapphire laser through the: second-harmornic generation
crystal. The energy of the UV+-light should be over 100 u].

3. RIS study of Yb Atom using Ultraviolet Laser

To demonstrate the resonance ionization of Yb atom using
ultraviolet laser, a mass analyzer that can| detect the generated ions
should be prepared, and the mass spectrum as a function of
wavelength of ‘laser is measured, proving the possibility of resonance

lonization and giving the resonance wavelengths.

IV. Result of Project

This research completed the manufacturing of the Ti:sapphire
laser pumped by a DPSSL that was improved this year. A 1800 gr/mm
grating was used to reduce the line width of the laser oscillator which
has a wide wavelength over 100 nm, and a tuning mirror was used to
tune the wavelength of the laser oscillator to the resonant wavelength
of the atomic transition line that was to be ionized. The wavelength
range of the Ti:sapphire laser was 730 nm - 850 nm, and output

power of approximately 1.1 W (approx. 1.1mJ of energy per pulse) was



obtained in the case when pumped by 9.0 W of DPSSL using the
self-seeding type.

UV oscillation was achieved by second harmonic generation of
the Ti:sapphire laser. The wavelength range of UV laser was 380 nm
- 420 nm, and the output energy per pulse was approximately 150 u]
when the Ti:sapphire laser was pumped by 1.0 W.

In order to detect the Yb photo—ion that was ionized by the UV
laser, a mass analyzer that used to be used in the laboratory was
partially improved. When the ultraviolet laser was put into the mass
analyzer, the Yb atom that absorbed the laser beam which was
resonant to the Yb atomic tranmsition line was excited and ionized in
the area where the laser beam passed, ‘and moved to the detector in
the mass analyzer-through the electric field, giving ion signal showing
the evidence that the Yb was resonantly 1onized. As a result of the
experiment, the resonant ion signal was. observed in the 398.8nm
wavelength, and. it could be concluded that the observed ion signal
strength was not smaller than' that of the resonance ionization in the

visible range.

V. Proposal for Applications

This research successfully completed the resonant
photo—ionization using pulse=type laser in the ultraviolet range.
Although the research results may. not be directly applied to the other
project right away because it is just a demonstration of the feasibility,
it should be able to be applied to studies related to the nuclear
midium-to-long term projects when additional researches to adapt the
results to the actual experiments are carried out. Therefore, it is
necessary to carry out additional developments in the ultraviolet range
based on the currently obtained research results, as well as an
additional research concerning the laser itself and resonant ionization

conditions.
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9 23. Littrow F-#lo] A FA]7]9] FZx£.

_ S
4o [cos ¢ D
°olE 2] (6 dYstd oS-Zo] TATES d& F U
_A . 2ilsing
yF p (8)

A AARE AgskEr@d b dolAs A Littrow. @ #HolA &X17

o] A FxI7]E vHdtt Littrow & #lo]A

2171 1972 T. W. Hansch7} 31¢teh 3271 Jej=24 19 2339 2 F%2&

7R, 283 o] JAMZG Y 3dZbel 22 Litrrorw FE| Q] 3| A Ao} A

Az ElleS Eol7l flal oA W AV|E ddiste W V] o=
TA A Littrow & #olA Y A% ne= o3 2ol 28 HH(5]

AdA _ 441; (9)
A 7lsin @

A71A e HAAA B dolA Wol EAE Zolelv], i dolA W, g
Aol 4 Wel YArztoleh, o] dt Littrow 3 dlolAe A%
= ol Yok, W Hohrls g PANFo| FrHol ¥

e A= el Ao

S

ok

grazing incidence mirror (GIM) #|

s

£ 4

_29_



beam waist of active lasing
region in dye l.‘g“ “

I : I .' pump laser ‘ﬁ‘o‘ W

1 - e
_— ) aﬁ
output dye sfil + t-d"t:taﬁﬂ'i
mirror d!

a2 24, GIM @ ol A-ZRAY| e FZE,

GIM deolA sx7|= % 248k ko] 3| A Azfo| #HelA Hlol wj¢ & ¢
Atzto m JAtel, Hl S| S ARG SHA] Fobm s A AR A #olA W A
ol7} &3] U /FxE /HAth o2 .GIM #HolA FX7IE H FdrE AME
kA %7 W&, sX7] FEA ek, AP o R AAE F e FHol A
o FHARA A EAo] A7 iwEed Hol A ZEWolA EEg dHo] Ut
GIM #olA 9 HAEE a7 26&5 Fxste] +& F Uth. IHA 3dA=4
A7 A= AEA oA Ho| ¢ fEs= A
o JYAHAI} 3| A7} Atolo] AAA LS vE3 Zo

mA = x(sin 0, + sin 6,) (10)

m’' A= x(sin 65+ sin 6,) (11)

AZNA, o, w S AAAT, = AAGTFolth AR FHAA #HolA Hlo

ZALE Aol QoA X W= o] F| AP QAo whel tEX] il 3
AXpp7b Zvar e,

O, + 03=2¢ (12)

of WAV FEHL, 4,=0,=0 m=m °I1EE @,=0,=¢7F o], dlA 3}
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=" (sin6+ sing) (13)
%, FAHE dolA w9 Wo] SAAAR 9o YA o= JAlstal, 49 7}
=2 dEE o] "tk o]S5ujdeA THHE ol R AVE ,Ehal 3t
W, dolAde HE e @A Az ol osA AR aebA

H
F37)e) 7ro] wy s, ZHEAMT QIAEE EFAL

A3 =[(dAan)*+(dAzn)""

-[(55; ao)A# Csce T

A (2 2ol sAAR} AW ALdel A e w wWEe] gitim

Ao, ©x olF whda 3 WA Alole] AR Aol-FHI)Y Relsg FH$

/\_8. Aelzw(L’ 464:%0

QI

g ZAoln, o] e Z

A

2%, d,
Sy A ARAFo] o] Agl o]t = 7z} g ATE
UEE }HIHNZ}(M)(M) 0, 6,5 3
skar 2 (10), (1)< wEste] th3 3 o] 73 4 ArH6].
oA Acos 6, cos 0,
00, _( sin @4+ sin 4, )+( cos 8, + cosﬁg) (15)

a9 25, GIM o] A 9] 3)d A=}
7P A
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9. :( Acos 0, )+( cos & ) (16)

00, sinf, + sin &, cos @4+ cos b4
o) e 2 (4] WP Aol o] AFL vhgu} o] Folzrh
_ Acos 4 172
1= 2(sin61+sin¢)[< 2, ) ( )] (17)

o] 714, ol 5w A 3 3dAA Atole] A g,7} Rayleigh Zo] [ Wt} At

S, Lp=m® /A1 B2, ZHEAE 46,,=A/mwel™, o] ZHiite] o] Svid} 3
AAZ Apolol A o] Fojxtka 3 ), ZHEAS T o] TAE £ 9
_lcos _ ~ A
2d, = A0ar= ", (18)

A 4e 4 oA A theel Aol dojar
/‘(2

&\, " (19)
l('sin 0+ sin ¢) (LR) +1]

Rtz o] Swj s} 3 AR AboTe) A€y, 7F Rayleigh 2ol [ Bt #tha

A=

SHH, (1/2) cos 0= w’t HBZE Th59] o] Fojxin

A \/ELR
7l(sin 0+ sin @) ( d ) 20)

&7t Lt 2 A3 014 Ee] Ado) B et go] Aol

Fojit.

M=

22
7l( sin @+ sin ¢) @D

A=

2. A7) 1} Tiisapphire #| o] A

Littrow & dol# FZ 7] F+Z7F E43o] Tiisapphire #dlo] A o= 2 A}

L5 x ko GIM #olA FX7]E 19899 K. W. Kangas 5o <& 7|
HATT] o] FFVE AP)HAE G FRERE FAeY dFo] F& AH

o Ao F&o] vrol 40 m] A= HF oAUA A 2 mJo] ¥ =¥
UA 7 AT olejgh ve HolA &g wAE sAsty] flste], 17 26
I ol GIM & #olA Fx7IE WA 27| 3F 3 (self-seeding) #olA &
A717F s o] Tisapphire #lo]l Aol 285 ATHS, 9] 1# 3} #Zo] GIME ¢l
ol FH 7 I AARNA zero AR FHEHE HolAES thA feedback F

omm FA/e HES ¥ 5 9lom, dom] WA olUANA sm]el FEL
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M2: 24%R 760
M1: HT 532, DG: 1800 g/mm
HR 760

a9 26. A7) 9% & Tiisapphire @l ©] A.

End mirror
Output

coupler

—

532 nm pump laser

Ti:sapphire
crystal

a9 27, 7| E A A¥ S 913 Tiisapphire #e] A &3 7].

AL = AT B Ao E olHH AV dFEH o)A FAIE ALEFIS
34 7bH 3 Tiisapphire dol A& AA, A X3t

B

271 3% 7PA % Tiisapphire #le]lAE A Zst7] AR 712 #Ado=zA A
A 1y 277 o] Titsapphire #olA 274, $HAE Igl1 & |
Fold s FRVE A 9 5SS = E
PR1-800-80-1037-0)¢] HkAF&2 800 nm 37 oA 80%Row, $HAL
(Newfocus, 5102)=> 800 nm g FolA HHkA}l =E
Aoz oF 20 cmZ 3k th. Titsapphire 2742 W] Brewster ZtE=Z njs

of Qa, 7ol 20 mm, 532 nmel A ¢l 4 A7k 15 em el A& Ao
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17 28. Tiisapphire @ o1& A4 o] HAX¥ Hs5

1.6
14 —
—_ ' /
2 12t
S o4
o
o
~ 08Ff
=)
=
5 Ur Slope efficiency: 46%
0.4t
0.2}
00 L 1 L 1 L 1 L 1 L
3.0 3.5 4.0 45 5.0 5.5

Pump power (W)

2% 29. 7]¥ Tisapphire #lo] Ao =8 EA4.
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1.0

0.8

0.6

0.4r

Intensity (A.U.)

0.2

0.0 : : ' : ' : :
760 780 800 820

Wavelength. (nm)

719 30. 7] Tisapphire -#[o] 4] ~HEZ E4,

o, 2% 283 o] FT ZAteliglE HEo 2 I dAg F WAFR y
Zratdvr. B3 dolA2E oA AT NdYAG #lolA 23 23135 A&
ston, =872 30 cm® A=E-ALEst] BE dHolAE Tiisapphir A7 ]
F&stdt. dojAE BEst7] S, =S He-Ne HeolAZE E4971&S &
3l JARAIA, o] oA S Vo2 HEsHAth

ad 29% o|¥¥ Tisapphire #eolAel &8 SAS ST 2ot
Ti:sapphire # o] A7} A 2xs7] fsix= HE #HolA e Bd=
2 oyA 7t Fast7] wwel, #HF #HolA= 1 kHze WHEEE A AA
Axd AqUA S FHAststAv. 193 Zo] Tisapphire fiﬂ"]ﬂ =92 5
B =90AM Hd 14 WleH, 7|&7] 88 46% A=dth 33 =49
ZIINAA 7 - 8 W o4 =™ Tisapphire #o]A

7
woll, elelA o] =9 REVE o dsix il ¥ ofFt fadhs wAlF ol

==

J{O ui)
>

1% 302 Tisapphire #lojAe] A E-o|tt. oA Fx17] el v

Aes 93k B3t s AAskA 7] wEel 1" Zo] A7e] wWe &
HEo] AT, ~HEDS ua 342 Tisapphire®] °l5 T4 3743

_35_



Output Prism End mirror
coupler

532 nm pump laser

Ti:sapphire
crystal

a9 31 3 7H 39 S4&. 913 Tisapphire #lo]A &x17].

Al dA sk 78 nmAeH, 2HEY F2 o 20 nm Utk

foj Ao HAEZ I 37 FAEFPE dol A9 'Fad SA4F5Y stde 3 7}
Wol 7hs gk Welolth. Tisapphire- @ o] A o} 7122 <l 374 7k & 43}
7] A E AAY &40l HEE AL gy A8 FEAE FX7] UFeo A
Aok gt o] 5. fsiA TH- 313 Fo] ZdEe AMESte)l 3 AEE ke
HolA FR7E ARt AA D7) dol=E 20 cm AEZ 7|2 FRAY] F
zo ZA o, el #eolA wWel Brewster . ZtEE YA R FHdtE
fused silica ZE]F<= AH&ste] &X17] Wl EHS HAasked. ZdES &
714 AA 379184 WA Tiispphired] 718 3715 d&Este] SA20 £
dHE Hold X7 ZEF €& 27 AYsd 317 JiFY delAq ®o
Za FHHEESGuelE WAL AH A LS9, THALS AL T

E Hes St

2 32&= o]¢} e Tisapphire #lol A< =4 7}
oo W, HZ £¥& 46 Walew, vEES 1 kHzHv 293 Zo] v 7}
H

A 730 - 850 nmel W& A vl e

S,
off
ol

%2
®

Ti:sapphire®]

o5 FA IR 790 nm LA AE 800 mW ool FHo] AAFEJSY, o]
5 FAMgel Woldis o] 343 Aae ¢+ Atk wekd, 19
23914 vhebek A3t 2ol Tisapphired] W& o5 4% Add Bgsew, 3
Akl A el el 750 nmol sk, 850 nm ol el el FA L W
AEe FEI B dolAE U e datel WAL Ho] /AT A
ofth TeFS ALSF WY AU A B R WAE Ho AFL 1
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I ] /-/'*'\..\_ 1800
— .

S N o
. - i c
o L / 600 =
<lf . c
> i ©
-— (@]
2 i 4400 =
[ (0]
_9 -
C —~
- L 4200 %

o I\ M JI 0

720 760 780800 820 840 860

Wavelength (nm)

19 32. Tiisapphire # o]l A 2] 324 71 W 9

- 2 nm= "% HAh

s FA Qe BAM Aok TAFS AET A4S AN F ¥
Safole] R4 AEE ANSH thesh 2tk 9 333 go] BE
&

sin ¢ = n(A)sin 6,

n(A)sin(a— 6,)= sinf

(22)

AN, g WA, g BEZ, = EBHFe) BAZL 4E H Be 2

do
0:% sin(a— 6,) + ncos (a— 0,) — 7 :—jy; tan&lig

do
% sin(a— 6,) + ncos (a— 6‘1)(—?): cos 0%%

ol AR 9 As Aeskw vhEe] Ao Ay

cos @ - %f = ifﬁ{ sin(a— 6,) + tan 6,cos(a— 6,)}

(23)

(24)

Zel ol #elA Rlo] BHREAE ZAxz QQAbste] BHEREAH ARz mdEo] i
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...' -
' N -
g ..__r"r. "k\. -~
. ra LY -~
¢| __'\-’,L M e
e N ™ W

=0 S, ¢=9, G,=a— 0, sinf=nsinf,=ncosd=cosb,, tanf=un,
tang, =1 o YR,
A di o wdn _ cldh o d0 % _dn
cosfr ~p =2sinf) - 7, =2cos 0% " a2 g (25)

o] gt olAl #HolA FxX7] ZolE..poltstH, NH XIS SETFF,

FA719 ® mES og BEAe] (m=4r )9 AZHT 2 & A,

oL
_ . _ 2 gy dB Gy apdE dO _ ap.0dn 2%
Al=NL - NAg=N’LA§=N'L-% M= N5~ 40 = N'A* 1 (26)

o] Ft}. Tisapphire #do]lA¢o FAAAL (0.8 pmoli, &8 A7 Zg =3

SF10 =z Fol gt JZ,—ZL%%% 7t7} -0.01728 um ', -0.0497 um 'olEZ A =E

A g1 &, 27F 028 um, 0795 upmZb ®d o] AEAE F REZRS] £ Ao
2 YeEs A, Tiisapphire 240 HA&xE+= B3 dHolAqe ar|yvo HA=Zxp7}
o AAM B Ees I gEREE wlo] QkEojop gy ey iR
o] 79 Tiisapphire 27 J&=+= HE dolAe] 7]+ 05 mm - 1 mm 4
Tolmw AEA7E oo Hla] FAAT webA, ZEFRhS ARRSte] @l TR

sol Yold W FESE AL BASTS & 5 9



— NT . _N°A® dO _ NA* 1 27
dI=NL - NAG="—"5" = o =" 00 " osd (27)

A71A g 90°¢] 717k gratingoll Wlgt grazing incidence ZFEolt}, o] 7] A

F M@ weatele 18 gi=A-o] Nz

N
fa
]
o
flo
of
>
~N
lo
iIN)
o
h
i

Tl W, po] AHEoel REgte] Azt Fxv] Hold Faejith= Aol
th &, FA709 dolg ZASE REZ HZe] FolAy] WE F REZ
o Az Wart gAEE Aoltk wekA, ¢ FRER FojA LN F

3t7] Yl E gratingd A A9 grazing incidence ZEE & A€ g of
do 9l Aol & 4 ARl grating®] L A 7t AeTE, grazing
incidence Z+%=7} 90°°)] 7W7hgiHaE F OREIY FEAZE AA dEds &
& 9lth. 28y, grating®] AR 47 W 2ol AW Tisapphire 3473t & o A
12} 3] A Zo] A71A AU Uy AAEH &x17] AZro] o] H AW, grazing

incidence Zt=7F 90°° 717h9) A4S FH g &0l HolA 1 KUY & grating©]

H

A Q3st7] Wl HFsk S Aokttt Eo A GtolA = 1800 lines/mm grating
S AFEEFATE o] A9 grazing incidence Zt=col thal Tiisapphire 4] 339
12} 31" 7zto] oF 25°7F How=m X 7F A Zel &olsta, F RIS FIEETHY

7 ZA2Fo] = grazing incidence ZF % 88°9] il °F 04 mm A=} FHo] H LA

U,

3. Ti:sapphire #|o]# <] =z}

o|Ate] A wigto g 19 349 o] 12492 A7|3% & Tisapphire
olAHE AzZtstAnt. o5 wiAE= Aol M et o] Aol 20 mme| Brewster 7=
2 drtd RS AFEESl e, EEASE AR TARE 80%% S AR
AT Gratingo. 2% F7HAE AFE3A Y. dvbE Jovin-lyvon ARl 7FE 110
mm, A2 30 mm, 1800 lines/mm grating®]il, t& 3}1}= Optometrics AF2
7F2 80 mm, AlZ 10 mm, 1800 lines/mm grating®| 1t Jovin-Iyvon A}2]
gratingol 7}; 71o]7]. Z1 31 al, ;qu}xq o= Q%Eg ] =ce ;g—xqo] 0131,} _,17]-01
WAl grazing incidence Zt%=7F AXW Optometrics A} AlF3 3 da&o] v
3 A Optometrics A A& T2 AFE3Y9 T GratingS 198 359 o] 7=
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Output coupler

(R = 80%) 1800 line/mm grating

Pulse green pump laser
Ti:sapphire
crystal

Tuning mirror

Flat mirror

19 34. A7) 33 Tiisapphire #do] A9 T4 %,

Aol g0]3 mountol A X3tk Gratingoll A 3] A E do] A RS [ HHAFA] 7]

FE A7 A 2”3 Zo] WAl A& (Newfocus, 5122)S AF-8-3f
doh. BE HolARE YAATAEEE el Zo] A A Zg DPSSL A A
NA:YAG #olAHE A&t om  “2H A .30 cm® plano-convex #WZ=Z H3
#o]A W& Tilsapphire 2Ad FA&LsAd. ®&Ed #HolA ¥ aAye o 07
mm%A Tt Tiisapphre 2 Ao YALE = ol W WaE o, F345HE
A PolA &8 < 04 WEAH 95% A= FF&S YeuAdn. =79
g ol HES A&l Ui BHRAAE =HA A He-Ne #o)AE A&-3)
AT

&=
al

“

e _I
4) o
o
CD

% 35 A7 58 #o] Aol AF-8-3F grating.

_40_



A719E8 FX7)= a-H Zo] ¥ AL, grating, HF7HH ALEE T4
%% grazing incidence mirror (GIM) %7 dele FFH7|e} EHAE,
grating, A& (52 feedback A&)% ©]|F°]*|+= standing wave FEH 2] F
FA7| 2 Yol 7B ow F FH 7oA seedingS $3 F& AZ 7
o] A whxle] WA o] F A, o] seedinglZ HE F FXI7|AA Ho|A Ezlo]
FE&EHoRZ o]FoAol drt. HEF HIP HolAA NAYAG HolA=
Q-switching® o] ns 999 H#E& HAZS 7] wfjF o] Tisapphire # o)A +E
gain switching® 54& A €tk F TV T I/ A= SHH ol

3 7bAska, FR 719 FAel W rate equationS VERNWA oS3k 2o

o

i@i:égjv*gw—fizcgé (28)

714, ¢ BALAT 42 of5 WRY Aol j=-3X7e Ao, = 3

719l F7} lifetime, ¢ emission cross-Section, ¢ #<&, N o5 #id 9

A
|
2407 S ¥ ¥

0 240" 410" 840" 840" 140
inversion density (em™)



17v & 331710l ws 37 Aolrk #&7] wiitel 19 363
719] o]5o] F FX7|Ht AARG (A AH). wA, F 7]
= Fxlo] WA o] F ozt 1ey, grating®] A"
ol F 719 FAF lifetimee] & X 7RG ga, wepbd Wk

[e]
F 3719 ol5el ©g FAsA AT 5, o

=2
>
»
o)
@
2
=]
Q
[o
Ho
ro
=)
©
X o
mﬂ‘.
=
o

Whdo] ZHAd o} 5 14
Wxlo] M dmgbdo] HAsA HY, F FX7]9 o]5o] F X7 HG
AJTHB A #). o] Hell= F 7oA AP A seeding HelA7E F FX17]4
A EEAoE FEHAY olHd F IR T 7] AtelY o5 Wt A

o] o] Fol Aol BEHQ AV %Y dolA o] st

%ﬂﬂ»g%;uw+gﬂf%%aﬂﬂw%%%p14ﬂﬂouigﬂ%:@ﬂ

daee SAS] 8 F WA 3 =4S AR Aes AAsL
JoElo] A EIES AZESHAT. o] w wxd E]OW—E
(o)

It
HAE 29AES SalA (9 A), FHAE dolA

ol olSmiAoA FHAEZ A8 HEA gratingel o3 A= (=4 B),
AMA = dolA o] FHAGAAN ol Svdz sl gratingel s A
g (&Y Oeolth. 9759 FHE220% BEolBgE EHAELES S35 o

A &9 A=) der! Ul E8e wwad EA QA7 o

2]
graiting®] A 3ES FAT ¢ Ut I FojAe &HE 656 W (MHEE 1
(@

iu)

KH2)2 o9 S 1, &9 A, B, \CE 7z 520 mW, 360 mW, 280 mW3it}. oo
grazing incidnece. Zt =+ °F 83°%I U} o] 25:H, ‘grating®] I EE &S AL
o wat 42t ¢F 14 %, 11 %Ys & + 9

o @ we dae] o

2 A& grating® blaze anglecl] W3 o] 7] wioltl &8 B o7 u#

B C

o9 37. Grating® 34 & =4 9% dolA FX7] FZE.
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s
X
ok
=
N
Ll
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oX,
_0|L
k!
XN
N
H,
ofN
od
&
o
2
Ll
i
=
>,
N
)

Te #9 e 2ol 29 AY 750 mWe Zra it ol zRE FEd
ol olg A7)shgel A3 dolde & oAk Y CEOZ AV AEFL
S 4ol FAAL, grating, Y £Y ALE o FoHE F FHI| Abe]
o o5 vhae] flonE, AIsEo] o] FolAA izth

A7 k£ @ o) Ao A grazing incidence Zt%=E 90°°] 7HAA Y& F7}
A7 3ldFa &0 oA EF¥ B, C7F #A&sta WA &3 A7VF F7soh
3l o & grazing incidence ZEE 8°% ALERE ZF7A7|W, 9 B, Cx 7z
200 mW AEZ ZA3st¥a, 249 A= 660 mWALEZ Z718t9 Y. =, grating
o] 314 g8&0°] 6% AEZE LTS & At Grazing incidence Zt=E ZHA|
1719 o] 5o AHA AZ|FHFo] FH H=

4] HES Ato]l9 o5 Zol7t uA|
orol dolA MEo] Hojxt= o] Q. Hih grazing incidence Zt=& =
A tH I BE Alo]9] o] 5 Aol A T Joy, F FX7Y &4o)
AR A7) 9Fe] # otElm g Ao 2.grazing A4S & A of 3t
2 ATAM = A, grazing =S8R, 3] Aol & dojuh= AH

oM X ddS stk

o
o
ol\
N
>
N
(B d

st 34 &

=
=
Aol oy, A 2794 & sigiRe] §X

4. 2+7] 338 Tisapphire #ojA e =2 E4

I3 38% F AV HAH. ALS ZASIEA =A%
-2 Actton Reseach AF9] spectrometer (SpectraPro-500, Oriel CCD ¥-2H&
Abgete] SA AT I & S glkol, 765 nmolA 815 nm G olA B
SEFaA olo] HA7tE AL Anwe 2HFo2N A i) o F
At B g d9oz 3F e AESES uE F 277 4R

Aol F FAAAA WA Bo] o] FolAN FHAE We AFEY HRo|

L

o u}#o

n oS

ﬂH'N'

Mol & F7)eA Lol WA o] Fojx|= Ho|t} olelgh Al wjite] 17
220 A &} o] ZElHsE& A& Aol 730 nmoll A 850 nm G 7HA] W2 3
% ° B38kaL, gratingS AF88te] A T|IEP o=

ool A Fo & HolA F9& 656 W



Intensity (A.U.)

UL UL UL

750 760 770 780. 790 810 820 830
Wavelength (nm)

719 38. A713+%F 3 | Tisapphire #lo] A2 3473 719,

2 AFdA Bz folAH=E A&l = AAl AZFE Q-switching®
Nd:YAG #eolA= Ri&EEo] kHz 9. i, H2TF o |YA7F ZolA 10 Hz
o] #olAe H|sf|HeFolrdTt 19 39¢ ofdfek . EP HOIAE A7 EH
dolAE ARAS W, =HEH= o)A Bxzoh HE #olA Hze ARHEQd &
de YET #HolA A FA4S 918 Fro]l === Newport A Silicon
PIN t}o] 9 =(818-BB-20)& Al&3t91 o™, 1 GHz® Tetronix oscilloscopeE ©]
&3t Sttt olu B3P =¥ o 5 WStk B3 #HolAe FAZ e ¢
130 nslow, 283 o] 250 ns o]Folx= AP #HeolA7F A&HAJd. #7] 5
<3 #HolAe &9 dolA H2aE oF 16 nsd #HeolA AAEES Vtxon,
go] Al "ol A7] ujito] FHPo] & Eur] Aol #HolAVE EHEE
T ot =949 oA HAaE 3 A2 ok 150 ns $oll A =] ATt

AF #olA BxaFo] A7] Wi AUl EAFcEE AP dHolA =9

T 22 FHE yeuys Zejth ¥ 402 o
g ARE Hole =, #33 dolA =98 656 WE S7tets o, B3

o

NQ

o
=

ek
ok,

_—

>
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1.0 -
Output
0.8 |
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<
> 0.6
2
Q Pump
C
- 0.4
0.2
0.0 bbbt v ol Vit b s g f Lo A b i Auuone in o bk bin g s ol L
-200 0 200 400 600 800
Time (ns)

a9 39 FEEelA | Eaek A aF Y oA &Y A

1.0 |
L Output
0.8 [
) L
<
> 0.6 -
‘»
c L
£ P
c um
= 04 P
0.2
0.0 ol Ao ) [y Loadil g niaan ol Al
-200 0 200 400 600 800
Time (ns)

a2 40, A7) 32 oAy oF HA =9,
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This research completed the manufacturing of the Ti:sapphire laser
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