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Fig. 1. Phase matching angle of BBSAG for type I: (a) second harmonic generation (SHG); (b) third
harmonic generation (THG); (c¢) fourth harmonic generation (FHG).
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Fig. 2. Experiment setup of the deep ultraviolet laser generation. SHG: two 1-mm-long BBSAG crystals; THG:
a 1-mm-long BBSAG; FHG: a 1-mm-long BBSAG; DM: dichroic mirrors(DMj, DMa3: reflection 350-500 nm,
transmission 700—1000 nm; DMs, DMy4: reflection 375-500 nm, 250-300 nm, transmission 700-1000 nm; DMs:

reflection 250-300 nm, transmission 375-500 nm); L: focusing lens.
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BBSAG crystals: (a) compensation of spatial wall-

Compensation of spatial wall-off by two

off between fundamental and second harmonic pulse;
(b) light path walk-off due to refraction effect.
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Fig. 4. The output power and conversion efficiency from the previous step: (a) SHG; (b) THG; (c¢) FHG.

80
60
£
=}
=
& 40
2
@
&
= oot N
ol —n— SO A
— A
0.

O.
FEIR /fs

—450 —300 —150

BI5GB I T A5G &
Fig. 5. Time correlation measurement of second har-

monic pulse.

H T AN TR A R G 7 AR 2 APk o A o F e T 2
AN, DR RO 5 A5 SO A AR e it 1A A 3 —
SE BB LU, SAERHR B A8, HA06% R
THOG, 18 R RRC, PR T = #k
B SRR IR At N

L L

At=—_—= 1
o o (1)

(1) 2 LRI RN, vy, vp 73 HIAARSE
BOCAME O GLE SR T R, B0y

800 nm, Mk % 120 fs, —£% 40 it 44 BBSAG JE £ N
2 mm IS, F SR TR AL B ¢ O —386 fs, L&
RIS 7SO B S Rk . RS EERADE S ik
W E R AEIE S 73 o DM ORI 38 F rp A RO 1
ZE, 3 Bk = AR BRUA AR 2 B LE ¥ ) A 22
115.8 um, B4 E, Tk — 2 M
BB A T RAD KR, 0 R A R T
ASCAE A8 i N — N EIR 28 (H 23 A 7 Al
SRR, 18IS SR B A B O R SR k3% A
JEAT U 2 TR R R R T, B ARAR TR K
70 Bl 7£ 250—300 nm 1) = 55055 A ik . B 4 (b)
ez 7 AR A = A5 0 S s Th 22 AR G T A
ARG BRI KN 266.7 nm B, =545
DNZIEH] 194 mW, 540030 15.16%. FEAE R
KT HIAE 750900 nm, J# T A5G G, T
65 U )R R L N —460 fs 4 i
F| —280 fs, fE7F[A] I AHZE 13884 pum. K UL7ET
W, ANSCER R R AR A VT T A, 3 75 S ok R
JEIR 2R PR, AT A5 21 T8 U B 1 T 1 3 = £ A0 4%
AN KR H . ERE R ELAE 963200 75 200 nm I 1)

164205-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 16 (2015) 164205

o EAH DG 2, a6 FTow, TH AR B = OO B
Jok v B B 24900 640.4 fs. 1% — B8 B ize iz KT 120 fs 1
B T B, e 32 B A2 S 58 R R 1 BBSAG
B VR By 5] 7 1) £ HEORT 3% A0k A v B I 2R i i
FS PR Fi e Ji B

1.0
32
g
2 0.5
o]
~
i
#
—=— S A
Y - — IEihk -

—900 —600 —300 O 300 600 900
HER /s
K6 = ORI AN ] AR S
Fig. 6. Time correlation measurement of third har-

monic pulse.

1.0

0.8+

0.6 |

0.4}

0.2+

J3—fkaEE /arb. units

0+

185 190 195 200 205 210 215
K /nm
El7 192.5—210 nm #EHIEREE]

Fig. 7. The spectral pattern from 192.5 to 210 nm.

DU 5 450 7= 2B R RE 3 T B IR 2R H R, SIS Aol
TAEZ 5 R B ) A0 AN = O SRR B
UF ML UCIC, 3% T AN [F) A8 R 1932 B o3 )R 2 A
ST = R Ik 5 A 3 DY 45 490 & A BBSAG |, ddE
70 Ik e e, 19 3 KT 8 5.8 mW,
K8 FIAE 192.5—210 nm {0 AT I 18 1 48 A1 Bk v ik
Jt. H B X (Maya2000 Pro, Ocean Optics) %}
192.5—210 nm Z [A] B &6 73 61 g A7 0 &, 45 3 1)
FeREWE 7 Fis. M4 () AT LR, B K
£ 200210 nm Z [A] I, PYREARTh 2 EE AR FFFRE,
PRFFAEDS mW Zafq. (H2 4% K /N T 200 nm
I, i H D)2 KR R B, X2 RN E 200 nm BL R,
s KA AL f 80K, BBSAG SR AR L 1 R %
BTSN, [FRE KN T 200 nm (R AN S

e TR, A5 4 B DU RS R AR AR, D T 3R
7550 e AR AU HE D%, = A5 AR D 5 93t A )
JE VLR B ERE B A B 7 I S JOaT AT #E— 2B K,
(7 IR A1 73 TR A S By 5 FR) 2R T B9 5 45 A A A,
TR A5 5 e R e 2.

5 %

BBSAG fE N —Ffof B AR 4 1 6 % di ik, HAE
M RHOR, B8R, AEBRmBPUL
P AR, B RE K, JUT- AN A, X e qf Rl FLAE 5
Ah TR NI A R (0 R A S, A A
JELE Mk BBSAG, SR 2 Gt Fsir 5%, fif
e ) & B B UL B AR AN I R e, SEEIL T AL
A AR L B R MM R R S AR e, @ I
B BR A O A 1) A G, T AR R R AR
(AR AL UG L A A AE IR 2R K 5, 19 81 T K E 78
250300 nm, 192.5—210 nm 7 1558 56 k48 4k
MR SMEOG. UG K AE 800 nm. L&A
2.78 W, 3R15 7 EHE AN 80 MHz., VT
N1.28 W I I, R Rk $) 46.14%,
ik ¥ 58 i £ 0 306.2 fs, 38 1 AN 5 20 AF B = 5 40
PITHZE N 194 mW, = A5 SAF 0T — A5 A 1 A 4 5 %
N 15.16%, Bk 528 640.4 fs. [FIE3R1G T
DK 200 nm, “FHEDIEN 5.8 mW HIPU A5 S Al
BRSNS T T — %o 3%, 1X
FohaT R | = E R AR IR R AN RO e LR A
R AMETE R AR KAy hn T 24508 5 BRI N,
).

SE 3

[1] Chen C T, Lin Z S 2004 J. Synth. Crys. 33 455 (in
Chinese) [FREIK, #REII 2004 N T4k 38 455

[2] Chen C T, Liu L J 2007 J. Chin. Ceram. Soc. 35 1 (in
Chinese) [FREIXR, XIANLE 2007 FEERER 24k 35 1]

[3] GaoZY, ZhuJF, Tian W L, Wang J L, Wang Q, Zhang
Z G,WeiZY,YuHH, Zhang H J, Wang J Y 2014 Chin.
Phys. B 23 054207

[4] He JL, Lu X Q, Jia Y L 2000 Acta Phys. Sin. 49 2106
(in Chinese) [fi3T R, f7X% 3, KA 2000 Y= 49
2106]

[5] Dubietis A, Tamosauskas G, Varanavic¢ius A 2000 Opt.
Lett. 25 1116

[6] Liu H, Gong M L 2009 Acta Phys. Sin. 58 5443 (in
Chinese) [XI¥, L 2009 MHER 58 5443]

164205-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/1674-1056/23/5/054207
http://dx.doi.org/10.1088/1674-1056/23/5/054207
http://wulixb.iphy.ac.cn/CN/abstract/abstract7203.shtml
http://dx.doi.org/10.1364/OL.25.001116
http://dx.doi.org/10.1364/OL.25.001116
http://wulixb.iphy.ac.cn/CN/abstract/abstract15910.shtml

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 16 (2015) 164205

Nebel A, Beigang R 1991 Opt. Lett. 16 1729

Liu H G, Hu M L, Liu B W, Song Y J, Chai L, Wang
QY 2010 Acta Phys. Sin. 59 3979 (in Chinese) [XI4EHI,
HIBIZ, XIS, RAE, S8, EHH 2010 WE2A4) 59
3979]

Wang G, Wang X, Zhou Y, Li C, Zhu Y, Xu Z, Chen C
2008 Appl. Opt. 47 486

Chen C, Togashi T, Suganuma T, Sekikawa T, Watan-
abe S, Xu Z, Wang J 2002 Opt. Lett. 27 637

Chen C, Xu Z, Deng D, Zhang J, Wong G, Wu B 1996
Appl. Phys. Lett. 68 2930

Rotermund F, Petrov V 1998 Opt. Lett. 23 1040

Kanai T, Kanda T, Sekikawa T 2004 J. Opt. Soc. Am.
B 21 370

(14]
[15]

[16]

164205-6

Chen C Z 2011 US patent 2 322 697 [2011-07-14]

Wang R, Teng H, Wang N, Han H N, Wang Z H, Wei Z
Y, Hong M C, Lin W X 2014 Opt. Lett. 39 2105

Gao L L, Tan H M, Chen Y X 2003 Laser Technology 3
245 (in Chinese) [{&==2, BB, FRBUH 2003 BokHE AR
3 245]

Gehr R J, Kimmel R W, Smith A V 1998 Opt. Lett. 23
1298

Huang J, Chang Y, Shen T, Yang Y 2008 Opt. Commun.
281 5244

Dastmalchi B, Tassin P, Koschny T, Soukoulis C 2014
Phys. Rev. B 89 115123


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1364/OL.16.001729
http://wulixb.iphy.ac.cn/CN/abstract/abstract17057.shtml
http://dx.doi.org/10.1364/AO.47.000486
http://dx.doi.org/10.1364/OL.27.000637
http://dx.doi.org/10.1063/1.116358
http://dx.doi.org/10.1063/1.116358
http://dx.doi.org/10.1364/OL.23.001040
http://dx.doi.org/10.1364/JOSAB.21.000370
http://dx.doi.org/10.1364/JOSAB.21.000370
http://dx.doi.org/10.1364/OL.39.002105
http://dx.doi.org/10.1364/OL.23.001298
http://dx.doi.org/10.1364/OL.23.001298
http://dx.doi.org/10.1016/j.optcom.2008.07.002
http://dx.doi.org/10.1016/j.optcom.2008.07.002

) 38 % 48 Acta Phys. Sin. Vol. 64, No. 16 (2015) 164205

Tunable deep ultraviolet femtosecond sum frequency
laser based on Ba;_;B,_,_.04Si,Al,Ga, crystal’
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Abstract

Tunable coherent deep ultraviolet (DUV) light sources, especially ultrashort pulse DUV lasers have great appli-
cations in the fields of time-resolved, material processing, spectroscopy, laser spectroscopy and laser fusion. In the
UV region, the best choice of generating the laser pulses in the femtosecond or picosecond regime is the frequency up-
conversation technique based on second order nonlinearities. Over the past three decades, quite a lot of nonlinear crystals,
such as LiB3Os, f-BaB204, KBeaBOsF2 and Bai—.Ba_y—-048i; Al,Ga. have been developed and employed for gener-
ating the femtosecond pulses in the blue, ultraviolet, and even the deep-ultraviolet region. A tunable deep ultraviolet
femtosecond laser is experimentally studied based on the new nonlinear crystal Ba;—,Ba_,_.04Si,Al,Ga. It is a kind of
low-temperature phase barium metaborate single crystal belonging to a trigonal system, doped with one or more elements
selected from Si, Al and Ga. As an optimized f-BaB2O4 crystal, Bai_.Ba_,_.048i,Al,Ga. completely overcomes the
shortcomings of deliquescence compared with f-BaB20O4, and its nonlinear efficiency and optical damage threshold have
also been greatly improved. Using two crystals as second harmonic generation is to compensate for the spatial walk-off
effect and the light path walk-off due to refraction effect The optical axis of the second Bai_;Ba_y_.04Si,Al,Ga, is
twice the phase matching angle with respect to the first one. In a femtosecond regime, short pulse provides high efficient
frequency conversation due to their high peak powers, but the group velocity mismatch is a cognitive factor to limit
conversion efficiency. It is obvious that after the frequency doubling, the second harmonic pulse and fundamental pulse
separate from each other. The second harmonic pulse lags behind the fundamental pulse as they propagate through
the crystal and the second harmonic pulse is broadened into a longer pulse duration than the fundamental pulse The
method to compensate for the group velocity mismatch is to adjust the path length between the fundamental and second
harmonic pulse by means of time delay line. It consists of beam splitters and mirrors. Tunable deep ultraviolet pulse
within a wavelength range from 192.5 to 210 nm is produced, with a maximum average power of 5.8 mW, under a 2.78 W
fundamental power. The average power of second harmonic, third harmonic and fourth harmonic are 1.28 W, 194 mW
and 5.8 mW at the fundamental wavelength of 800 nm, corresponding to conversion efficiencies of 46.14%, 15.16% and
3% from the previous stage, respectively. The duration of the third harmonic pulse is 640.4 fs at 266.7 nm as measured

by the cross-correlation technique.
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