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W PXERABE  (BALE RRTHAIEARDFLEAASTEHKRE)

AERAB T —HANA PHEIFRMEALARLIEE L K KT A
Z e & (Femtosecond) F £ K XA A 2 H K KB > HR4H#£E
K B i sk (380-460nm ) — & & T 3/ 2 b & K K
- ABHOLL - EABBARZIERBHEELEE - — £ 4
BKBxaXELEE - —EAARKTAIFLER LS &
KAR &P —RE A DZITRE - RHE4HE -~ BB ZEREER
ECRARABLBARES T E - oA G IBAEYFT
Rt -2 ETRALIEEFLEELARARDFEZLEL A L L2 &
B KB o

2 (=)~ RAERRXHEAH: F 1 B
(=) - AEREZABAHREBTRBERSA:

1. 5/95 %4 % A 2. 30> EE &

N AXEHABE (B9 4L4 ¢ A blue-light Generating Femtosecond
Wavelength-tunable Non-collinear Optical Parametric Amplifier)

The present invention discloses a means of the
generation of tunable femtosecond pulses'from
380nm to 465nm near the degenerate point of a 405-
nm pumped type-I BBO noncollinearly phase-matched
optical parametric amplifier (NOPA). The tunable
UV/blue radiation is obtained from sum frequency
generation (SFG) between the OPA output and the
residual fundamental beam at 810-nm and cascaded
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W~ P XEARE

(BALRE RRTAIEARDIFEXLGAALTEAKRE)

5. b4 E & & 6. 2% 5k BCaF2 window

7. BRES A Z B & 8. E A2 R A H

9. 4 & 10. # & F =

11. A 31D 548 R E % 12, 2004 k& 4% 38 ABBO & 2

13. OPA BB A& T £ 2 & A

14. 2 % % ZOPA ABBO & # 15. 1 & 4+~800nm A & &

16. & &4 #%~400nmx & K& 17. &2 %E kK ECaF2 window
EAEZHETA

18. HOPAM B AL Z £ X8 F X

19. OPA X 48 B % & 20. OPA & A Ak(idler)

21. % # & #8Cascaded SFG 22. s #

23. OPA & B & F &

100, 3 A HEAALTHAKXE 2 &

N EXHEABE (AL A blue-light Generating Femtosecond
Wavelength-tunable Non-collinear Optical Parametric Amplifier)

With a
optical

second harmonic generation (SHG) of OPA.
pumping energy of 75 mJ at 405 nm, the
conversion efficiency from the pump to
SFG 1is more than 5% and the efficiency
the OPA 1s about 2%.
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a2~ BHERA (1)
1. % 0 A B 2 37 48 Bk

AB AL AN AL HAKXKE S B RAAFRN»A
Aoe gt is kT HZRMH(Fentosecond)
#ﬁﬁﬁ%ﬁﬁﬁk“’uﬁﬁﬁ%&ﬁ%%&(%m
460nm ) —# B T A X £ 2 #HHA KB

2. & BT B

HHEEFR CEBEASOREABE B EEBAEAERHRT
é@é’%°stbf;&:ﬁxﬁ:i%ﬁa‘i&iﬁi‘E*a"“’ﬁi’&zﬁﬁ}-ﬁi,ﬁ%
FE o b, AR IEE ZHER(Tine-resolved and
frequency-resolved studies) ~ % F& 4 2 ) & & 7 %
(Real-time studies of molecular dynamics) & X% # *
Bz RA > HFEBEALEARERSIEBRGFEREN - &R
M o Bk R K SH(Near UV) ik /R #2172 5 /K R & - &
+HER  daNEHEESBATH AN ERE ZERAB R
FAL - RENOTHAEERARRATR, Mol £ 4 4
MAROEARAEE B RFERBTIRABRTHNER T A o

AL ARXBSRAEATAARNEZTF R, EE28H 4
AL2BEAAXBSAEALEERA T RS, BFLZTLB AR
Mok 2B, wEIE (frequency doubling ) s #v 37
(sum-frequency generation ) , 3¢ 40 7 % & &) 42 3¢ K #
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- HARA (2
A e

BRNOEBERZIXRT A ALTHAKAKRBERZRELE R
E T HeY LR » 20 Giulio Cerullo & »2003 & % £ »
Review of Scientific Instruments 74, 1-17 (2003)
z"Ultrafast optical parametric amplifiers" ; Howe-
Siang Tan % #2001 # % % #»0Opt. Lett. 26, 1812-1814
(2001) 2"Generation and amplification of
ultrashort shaped pulses in the visible by a two-
stage noncollinear optical parametric process"
P.Tzankov & #2002 s % % »0Opt. Commun., 203, 107 ~
(2002) = "Broadband optical parametric
amplification in the near UV-VIS" & Osvay & #2002
# #% % ®Appl. Phys. B: Lasers Opt. BT74, S163~2002
(2002) z"Broadband amplification of ultraviolet
laser pulses" » ffHowe-Siang Tan X A Z #H X P 2 % 3
B - BRAELETRALEAKRXRAHKZIEMR  EXRAPEFHKLHK
fe RN Rl THAEEBEKSEHYN BAB450nn 5 £
P.Tzankov% AOsvay F A ZH X F > B R AEHEH A EHLMH
AEBBREAARTAAR A I EHARBE LK
Z BB AR ¥l T A E A346-453nm 5 X H E H
BB ZASFEBARXEHR  REXHBHBEEAFTLRMES KW
RELEREAARZIBEBEAR  REAMEXE LR R I
RBEEHE 2R 28 2488 L0 %K KkXRHERER
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A EARA (3

A A cO0svayEF AZH XY P R ESHAHFELEZYS
EERWEBAESE KA RLER SIS iiiiﬁ'&;ﬁ BF
ME2HMAR LEAZJEHBRBEBEREH I XL - XN
Petro % »1994 # 2 % »J. Appl. Phys. 76, 7704—7712
(1994) =" Eetension of tuning range of a
femtosecond Ti:Sapphire laser amplifier through
cascaded second-order nonlinear frequency
conversion processes" HX PXLRIZILEHEBKEKELKRZ
X RBAREZESRAEH éii-Chao-Kuel Lee & »2003 & % %
#»0pt. Express 11,1702-1708 (2003) = "Generation
of femtosecond laser pulses tunable from 380 nm to
465 nm via cascaded nonlinear optical mixing in a
noncollinear optical parametric amplifier with a
type-1 phase matched BBO crystal" # B & #& JF & M X%
RBAEAERRTAIRDFLEAASLHAKRIYRER
[r;]o

Basuz £ B % # £ $£5,144,6293% £ ; Jeys ¥ 2 £ H
A EHE 5,751,472% £ ; RStamm ¥ 2 £ B & A £ ¥
5,761,472 £ 4 #% A — KA L H A XKEH > B A F £ K
(signal) A & A Kk(idler) & & -

BBz B S AR B2 R EBAAS > AE LA A
RAAZEA BB B ETARALMESERER » F & A
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B ~FEARA Q)

AR XREBEHEL IR AR ZHBE LR - H&BTHBELR
EEARAZAEAEA(RRBER B R R E) » BREFET R
(Group Velocity Mismatch) R 8 2 EH# B X 5§ ° R &

B BB ZLARBAIRESBERE LB ENE R
f%ﬁ@{i)ﬁiﬂ"\%’*ﬁéﬁ:ﬁﬁuﬁ’i‘JFR%‘J°

R ABEADHHE AR BT HE  REKRKTHA
& #»(Femtosecond) JF £ & X L 2 H K K B -

3. EARNF

AERAZ BN AR -—FEHNAEFHRFEFHEMELRIEE AL
EETAIRPDPIEFLERZRA AT HBZ KRS > AR £ F £ 853D
X E2H K ABREFTZ S HEASIEBE(Cascaded Sum
Frequency Generation of Non-collinear Optical
Parametric Amplification )R & & TH X & & L R &
2 K E

AERAZIR-—BHAEARMBE AR B ZIFEHMELERRA
EEARKRTAIRDPELLKAASTHAKRE > AR # &3k
g AEARBERE, RA-RIFEHHEAS IR, BFTRHMK
# (380~465nm ) 89 B k£ &R, B H Kk K A2 & T H

ARRAZAHE -—BHARBS -RFANRE HIFKMELRAR
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&~ #HARHA (5)
EAEREKTRAZIRDPIFEZEKXALASLHAKAKRE > T REIK R
AYE P HBEZXIFTEEHRIE RLRZ2HEHRAKXESK -

HE g LB RERBY > KAEHARE—# P& F
BHEARLAEALARARTAIRDFLEA AL HAKXE >
EL a4 —@EA KL E KA ( Optical Parametric
Amplification, OPA) M # A R 9 ZJE K B > B N & & &
AN#ESEABBO & %% > m A L BFHE B E L — F &£ KK
z BBk EALEE > B AHAEH ACaF, F(window) 2 £ & F
X —RBEEAEHTFE EIFERAELHEHAKRA LR
BBl AEBEEE  KAERAKRHAE S B AHK F
SlZ2E LR AL HAARA GRS —EAEAAKRTAIELESR
XAEHARAGHE AR BTHEREMREEDTAXE S
38 (Cascaded Sum Frequency Generation, SFG) X & Kk -

ABEHZULRAREHBYREFED S2FUT 2 2EBEF
BEBREET®RBG ZRNAME §H % & 82 o

4. Fw F K

FL M ElaB > FlaB ARFHATEE S HS R L
2 ARNBZA2%1002E&E B TEB > LEHxSB— 2 8845
BRALBBARABLL - EALAHRBEARIOZEEBEREE
12 - — A A RKKBXEAEXRILELEZEE(RBT) - — 2 & K

‘ 1)
[l A 0
! 1) #‘
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EHFHRA (6)
ETHRAIFEFLEALHEHARNRAZIFHENHE LS S HEI4L0— &
B R tkha Tk B~ REE ~BHEELXE - -AREBEILIRA
B FE(E RBT) £ & BI4T N Z G228 R
BT RE e B W22 WY RN T AL
G

—Ti 8 ¥ 5 % 4 (Ti-sapphire laser) » £ & & o %
AWIn)/pulse » % & A~800nm = 3 4 9f N 4 K15 & A
5/9b 4 A R1 B > #45% 2 — M s ARAIRAHAEBRS A
B4 s #£#%HFEI0L —BEREIFISIOE X R H ° £ B5
~oyEE 8 5 REH%Z - &2 % K BECaF2 window 6 2 £ %
T RIT &BEEA>ZIHHET - BEIR EELIL
THEBREKILBERETFALITR E S A2 ZE K EOPAABBO &
#l14 - A — % @ > A%#)El5—tji%[‘f’7}"§i@5/95éy\iﬁ}ﬁ'l ’
BBITAZLRERE > P30 EZEE2ARID 5 &8 & 43 A
EEEHBBHTFEI0 L —EREIFISOE X R H - &
AN200 44 sk B 4= %8 ABBO & 212 » &R A & 24 %~400nm = &
#16 » st % — #% % (second harmonic generation, SHG) A
¥ B ¢ (pump) JF # & % % # K A (Non-collinear Optical
Parametric Amplification, NOPA) » st B k16 & & & & K
HHES R EEIS AT HEERESLE]IL B E LIOR £ # A2 Z K
BOPA ABBO & #14 -

Tk E A B S B A KMk (Optical Parametric
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F~HFRARA (D

Generation, OPG ) = # F & (seeder ) 17 47 # F & 4o
F1bB AT > HHEZ A £ A £(idler)204 82 2 &£ &
o R ek KA M B RIIE 4 $ B 4 JA(Cascaded Sum
Frequency Generation, SFG)21 » st 44 2 % K & M &
A2 M X R BW3M T ALY FRME-BBKT A
zZE AWM BT ALHKKRE -

¥4 M FE2a8 0 FlaB AHEFEIER X $ #A4EFH®
A A LHEBAABLEBZABREA LB TER - B Y & A
A KR TF: O, 0, 23 & MK A(signal)lTH & A X
(idler)20 52 A 8222 & A > a AR F A1TH B H £(H
OPA S # A A A 2B B RIS A 6HAEAAZ E£A £20
fELAOARMBITRABEREARAIIZITRA > O B XA HERN
5ﬁﬁéiA5§SFG21ﬁiﬁtﬁ7‘EZOzé’<%°&U¥Za@ﬁﬁ?’
b2 A A R T R B 18 M A kE AN M (seeder ) 17 A
% —F £ & A (type | noncollinear) ## F » B X A A
a8 cO0PAFF 2 A 2 & A K£(idler)20¢ B & #% 2 4 # 4 X
A BEAAEALASRBRZIAM T RANS > EMAEHE L BEHEY
4 Ja i@ AR

FRGI T ALEERERAR  § 584684845
L A ifﬁ&%ﬂﬁﬂ%@ﬁ&%m&n?‘:

LTI A,

Mkl A
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I~ HARA (8)

O = h0; + gy,
ml—g;%, =ﬁ1§£°)+ng%)0 ( 1 )

B+ oSFG >~ wi ~ @800 % 5 & & 4821 ~ & A k£ (idler)20
B % #8152 98 % > kSFG ~ ki ~ k800 % % & & %821 ~ & A &
(idler)20 &R A %192 %k @ & » L& A 7 z(e) B(0) Bl
MEN LT 2B EHEN K Bok(o-ray) RZ A
e x(e-ray) - (1) R B % B 8 T R 45 8 6" » T h ¥ &

-

kC)sing

6Emf{@$%5?@J (2)

BHHFBTEERTESERAET RS — X F B BHE M
THR » F L BE2E » 4 B ASFCT HEE - @ ix &
BAhEANME (seeder ) #HOPA % B £ 2 kA - Z &K &%
HBERFEARAR KA TSFCTRER - T FH KR A E X
REBAMLCERLEER - FECEAETRAFEZARAT R EH R
FRriFmERABFZEER Z2CHAXN>A-8.4k5-14 &
BAAZXTALEER &AM TAERTRAEZRNA RIFOH
B BRIz RkaEZRhFEIRE LT &
BARFHELSLHE  ERFRARAAITHAGED L EAER &
B EERLEREaEHRMETAH BT HB -
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A~ HFHRA (9)

FlaB & FIbE A A B AT R ZTAREB X L%
B - bE b AHETRAASEFTZHER > Flal AAAFX
FREAHE A F3bE A A &£ A £L(idler) £ 3% £ & T AT
EH ZREHEZ HRFE -

B ULt AL ERTREMNIHEL > GBAFEEREENFE
RRBEAEAARAABFIHBAKEF > IR EREMBESHSRE
BEREHRAHATA IR S OMUARE - AR LB H R
FERBELEALGREMELEYZTHNREAFRKRT F
Z B3 AHEEN -

e

izl

% 14 R



1239128 - ‘ —

CEEEELY
5. B X i A

Bl ¢ HESBAASFTHKKRE 24100

Bl — 2 A 4% F & B ks kRoTE
@o

20 B A A H AR R ZLIFELEZLARLLTHARS F LR S
A4 A > # £4800nmisk # A& ~OPA% % & ~OPA
signal ~OPA idlerf & # b &A@ #H M4~ &8 -

F2bB A A AT R T RA A8 AR-14ERERLZ
WA E -

F3aB A ARABE AT RS X Kk A AH-8 K 75 BOPA & R AT 47
Z B #® AEmE A E

$3bE A A HE AT KB X kB K-8 K F %k S0PA & & A7 7
Z 4% 4R B OB ok sk

AR A

1. 5/95 4 % Ak 2. 30 » o E & 5

3. 1024 &8 & & 4. X H

5. b4 E & & 6. 2% Kk BCaF2 window
T. BESAZZIWME 8. BE A2 R &

9. 4R 4% 10. #% & ¥+ &

||l|‘
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B X E A

11. B EID 8 R &4 12. 2004 K 4% 38 ABBO & &
13. OPA B B A # & F A X & A

14. 2% Kk EOPA ABBO & # 15. 3 4 4~800nm A & &
16, & 3 %~400nm 2 & &

17. @2 % % BCaF2 window 2 £ 2 # F &

18. HOPAB B AL E £ X2 B E X

19. OPA K 48 & % & 20. OPA & A K&(idler)
21. &% # & #8Cascaded SFG 22. & #

23. OPA & # & 5 &

100. #HEASAALTHAKRSE 2 &

% 16 R
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N FHEEREAEE

1. 3 BFEEMHEAREAELARARTAIRDFLE R
AAXALEBEKRXE » 20 a4

— 18 & £ k% # % K ( Optical Parametric
Amplification, OPA) M #H A R & E A K & > #F AN H A& #H
N4 48 ABBO & # » A A 4 L X B &

—EAAEARBRKAXIE L E LK E > B AH K H ACaF2
% (window) &2 £ # + &

— "B LBEARSTE EEERESTHEAARA SR
fE & B 3 8h e B |

BAEBEE - -SHEREARHAE > B AR FI 2 FEHE KL
LHB KA B

—AAERARRTAZIF LKA LA ARAAEHR £ & &
WOt b 8 odh e B M oL ¥ T 3 A& JA(Cascaded Sum Frequen-
cy Generation, SFG) =z &% Kk -

2. ¥ H EARBDREIAZIRD EL G KX L S HK K
THAH A KK A X000 E & SR -

9
9
-
\m,
4

)

P EAEEBRELIEAI R ELESE XL S HHEKK
ZREE AR K A H400nm B £ -

S
_B.

g

4. P F FAHNEB BB RDELLEX L L HKK
A PHZRAABBOR X B E A100 230044 K B

A

=

I
% 17T ”
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X~ FFERARE
5. ¥ F EHBEEHFI B RDIERLEGE R LS HKKA
% > & + 3Caf, %H(window)X B E A1 23 & £ & -

g

6. w P HF EHN BB EI B ZIRDFLELEA L SZTHKK
R P X TASHA XA Kk A380~4656nmey B k& kR -

g9
g

T. ¥ F EFABEBEIRAZIRDFLHE X LS HHKKX
BRI ETAEBRE LRI AA AH-8.4EEILE -

9
g9

Wy,

B
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M 5k=0
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* EXEEZER
g 6001 O EBEHga=384° ‘ 1600
RS xBERBUR a=-14° |
= 5501 | 1550
ﬁa 4
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e
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R ()

391nm 415nm
80000 - 402nm 420nm
70000 4
: n /J /j 425nm

60000 -

50000 -

40000 -

30000 -

20000 4

10000 -

38 3980 400 410 420 430 440
OPA Z SFG Z#f(nm)
A)
410nm 495nm 590nm
80000 660nm
= 1 450nm 540nm
70000 - [/ /J
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S
=
#
RN
%
gk

400 450 500 550 600 650 700
Wavelength of SHG of OPA (nm)

OPA ¥ SFG 2 #i£(nm)
(B)

# 3 B
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