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Abstract: Ultraviolet lasers with picosecond pulse widths can quickly break the molecular bonds of
materials, reducing interaction time. At the same time, they have high temporal resolution. In order
to obtain an ultraviolet laser with a picosecond pulse width, a solid fiber, hybrid-amplified 213 nm la-
ser was designed. First, a 1 064 nm fiber laser with a repetition rate of 5 MHz, pulse width of 52 ps,
and average power of 2. 5 W was used as a seed source. After two stages of end pumped Nd : YVO,
crystal amplification, a 1 064 nm laser with an average power of 10. 5 W was obtained. This 1 064 nm
laser and a 266 nm laser were then combined in a BBO crystal to produce a 213 nm UV laser. The final

output is a 213 nm UV laser with a pulse width of 690 ps and an average power of 61 mW. The non-
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linear conversion efficiency is 0. 58 %.

Key words: UV laser; picoseconds laser; hybrid amplification technology; fifth harmonic technology
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Fig. 1 Experimental device of hybrid amplification 213 nm laser

g M4 R UK 5 SR 1 RS
BEA 1064 nm BEFE B, i 428 103 mm, £ 48
A F U545 & & BBO1 5 R & & BBO2 2 [A]
VeV E A BE 0=90°, 0= 241 KTP {E kA%
A, DC Sy 3k T 26 A 7 DE B, A R RSE Ry
4 mmX4 mmX7 mm, iR E¥%EA 1 064,532 nm
UK B R DI AN 0=47",0=0"11
BBO 1E A DU £5 45 i 44, DG i 7 XA T 284 £ T
B, R R SE A 4 mm X4 mm X 8 mm ., KL 1 4
A 1064,532,266 nm — P K385 155 D) B A N
9=51°,@=0°f BBO fF & St i 14, DT I 7 X R
T MM VEE, AR S A 4 mm X4 mmX 8
mm, PE G BE AT 1 064,532,266 nm = % K4
B OGRS 1 064,532,266,213 nm PO
R I, Se PR 24 213 nm OGN . BT,
W A W4y G b B Prism B DO % K 9006 4>
BT,

4 MEEBELHAEXR

Lot —2 Nd = YVO, SR )G, F 43
R 2.5 WHF LK E 5.2 W, fEE =
TR e X G i o, S0 O 9 2R 5 RUSE 252 800
pem s, BRI B A R 0T B ok RO T R Tk
SR il i S N W U RS 87y VAN 1 U i
K Nd = YVO, SR KRG i 1064 nm 06

Ak #] 10.5 W, ffiH A #&{L (A, P. E Pulse
Check) ¥ K5 BT 1 064 nm JOGHEAT I, Ik o
G BE ST 46 ps, WK 2,

1 000

900
800'—
600-

FWHM=46 ps

Amplitude

500
400
3000

200 I " L . 1 " 1 " 1 L | L 1 L 1
0 20 40 60 80 100 120 140
t/ps

Kl 2 RAHKIE 1064 nm Fkoh 5 B
Fig. 2 Pulse width of 1 064 nm laser after mixed

amplification

1064 nm FE MG 248 % 98 7 = 5, i
CCD #HHL(Thorlabs BC106N-VIS) 45 il H 4515 28
i AT M4 5 A7 B AR R BE ELAR L LI 3,
YNAR RN HEAL () G BE B AR B AR AR R R M4 5 B
R HE B, bt R SR R Dy — 0. 015 3, DR i
M =1.24, Hp EBAAT M4 BB 246
mm 4k B L A OLBEE AR R 110 pm,
KTP fi A3z BR F 5 AR i 45 45 B0, o KTP ik



2126 b =

hs 4 T A

% 28 &

BCEAE 200 mm Ab A S5, AR YO BE FL AR 29 N
590 pm BBO & AU A7 %5 i 19 458405 1R AL [ 1Ay
T RE TR AL B O T AR R k4 TR AR Ltk
R R VUAS IR Ry T X B AR T B
PN, A2 P DT C i 72 b i o o0 B R AR Y
77 P TR AR LA fh AR A 1) 2 S 5 L DTG $i i AR
LRAMEHALRCR . IR B [ R B HOEIT 3 R A
], R 2 e sr 2 AR TR L S 5
M T ) e 48 280 3R A 2 B P O R A A7 M i Y
(EETERERVGHERINCE $:

Diameter/mm

0.2

Slope=-0.015 3=—

0.0 : r . - - T T T
160 180 200 220 240 260 280 300 320
Distance/mm

B3 ZRAEHE M4 MG ER K& MU i 2
Fig. 3 Beam diameter and M? measurement curve af-

ter M4 focusing mirror

Zo5d AR B L H 532 nm OERITh RN
3.6 W, EMRCR Ay 34, 2% 5 &5 DU
BHEZK 710 mW B 266 nm BOGH PO A% 4R
A1 064 nm B 6. 76 %0 R 6.9 W HY
1 064 nmIEHOEE 710 mW B9 266 nm G HAT
B, e 2458 61 mW A9 213 nm 64 .
BRRCR A R 1 064 nm FEHOEH 0. 58% . Tl
JFH S 38 11 ' P S AR i) 7 31 9 58 A0 1 S ik v A
SN TR R AR AR 213 nm OGRS
SR 8] 422 00 & 6 O =l R 9 O 1% {X (Pico
Quant) I3k % 1Y 213 nm 6, 3 DL Bt a] oy R
ApFRIE SR T 213 nm O 1 ik o v B LA 4, 2
=96 R 690 ps. T AT B BTN —E 1)
M) 7 B T 5 S B 380 ok o 9 38 25/ I e . A
5 il i 213 nm Ot 14 T K- ] T
KA 2N 2. 54 mW, B 6 i G IE Y
CERF Aurora4000) 30 71 213 nm #OBEIHE .

25000

20000

15000

Intensity

5000

10 000 [

___~FWMH=690 ps

&l 4

10

20 30
t's

213 nm BOGIK 5
Fig. 4 Pulse width of 213 nm laser

80
70+
b R
= 501
E L MAX:64.7
5 401 MIN:57.5
E AVG61.1
& 30 STDEV:2.54
20+
10+
0 I . \ . ; .
0 500 1000 1500 2000 2500 3000
Working time/s
Bl 5 213 nm BOGH D FEE P 4
Fig. 5 Power stability curve of 213 nm laser
9 000
8000 X=213.6,Y=7 900
7 000
6000
25000+
g
z 4000
3000
2000f
1 000F
L
O L . L
201 250 300 350 400
Wavelength/nm
Kl 6 213 nm OGO K
Fig. 6 Central wavelength of 213 nm laser



5510 i

855 A - ERIR B O SN EOL AR

2127

AR SCR Tk i 58 kg B2 D G G AR HOL AR

IR E A TR R DI R N 14. 8,28 W, I
£ h 808 nm EIH K Nd : YVO, ﬁﬁtﬂﬁﬁ%}‘ i

H2510.5 W B9 1 064 nm JE4

U

SE Wk
(1] w&, MER, 2« 2 355nm &L IO

(2]

[3]

(4]

[5]

(6]

it ]l k%
731-735.
SHEN G, TAN H M, LIU F. Optimization design

M E A2, 2006, 14(5):

for all-solid-sate 355 nm continuous-wave ultraviolet
laser[J]. Opt. Precision Eng., 2006, 14(5): 731-
735. (in Chinese)

L. WUREREIFOA I RIT] PR
K%, 2015, 8(2): 182-190.

MAO X J. New progress in high-power picosecond
ultraviolet laser [ J 1. Chinese Journal of Optics,
2015, 8(2): 182-190. (in Chinese)

LR, FkE, BB, F O BBEASEEYR
RO E EPROLAS R ARLT] sk s ot
2019, 49(12) . 1421-1424.

FENG G X, HUANG L Y, BI G ], et al.. Com-
pact high peak power and high beam quality laser
with hundreds picoseconds pulse width[JJ. Laser &
Infrared, 2019, 49(12): 1421-1424. (in Chinese)

KR A, B &, 500 fs FAMHOL R G KX HALNSR
R R T ]. kE HE TR,
2011, 19(2) . 475-481.

ZHANG Y SH, ZHENG G X. 500 {s UV laser
system and its application to fluorescence test of
thin film scintillators [J]. Opt.
2011, 19(2): 475-481. (in Chinese)

ORTMANN U, DERTINGER T, WAHL M, et

Precision Eng. ,

al.. Compact TCSPC upgrade package for laser
scanning microscopes based on 375- to 470-nm pi-
cosecond diode lasers[ CJ. Biomedical Optics 2004,
Proc SPIE 5325, Optical Diagnostics and Sensing

IV, San Jose, CA, USA. 2004, 5325.: 179-186.
EPE, FARE, S, F. RO TH5E
BHRE[]] #is émb, 2018, 48(10): 1195-
1203.

LI P X, XINCH C, GAOJ, etal.. Research pro-

JEJ5 A KTP dhik ik

S, BBO SRSz

DO A AT AR 430 R A ‘}ﬁ& A5 61 mW 1

213 nm FOBH Pk b o A

N 690 ps, FE ML F

FLAE AT R £ M B e 2R 38 3 0. 58% . 213 nm
POCAH He 5 ke 58 B2 A 90 B0 2 Y OGBS L 7E BOE

K5 400 T, TCSPC., & K B 380t ) 1 45 43

3 Jak 14 il

FDCIR BA T A B

[7]

[8]

[9]

[10]

[11]

[12]

gress and development of picosecond laser process-

ing[J]. Laser & Infrared, 2018, 48(10).: 1195-
1203. (in Chinese)
YAN X L, CHEN R J, WANG M, etal.. Charac-

terization of a double Time-Of-Flight detector sys-
tem for accurate velocity measurement in a storage
ring using laser beams [ J]. Nuclear Instruments
and Methods in Physics Research Section A : Accel-
erators, Spectrometers. Detectors and Associated E-
quipment s 2019, 931; 52-59.

B, R, ETHE, F AN HOLZ Mok gk
TZEWSEL]]. B m#sk, 2019, 39(6): 1002-1005.
LUO G X, JING CH, WANG Y T, etal.. UV pico-
second laser direct etching on bulk silicon[J]. Applied
Laser, 2019, 39(6): 1002-1005. (in Chinese)

R KM ARG, L 8 T RE R Pr. YLF
JE A M 348, 9nm AN HOG AR [T P B ok,
2018,45(12):1201003.

NIU N, QU D P, ZHENG Q, et al.. Ultraviolet
Laser by Intracavity Frequency Doubling of Blue
Laser Diode Pumped Pr: YLF at 348. 9nm[] ]. Chi-
nese Journal of Lasers,2018,45(12):1201003. (in
Chinese)

SAKUMA ], ASAKAWA Y, IMAHOKO T, et

al.. Generation of all-solid-state, high-power con-

tinuous-wave 213-nm light based on sum-frequency

mixing in CsLiB; Oy [J]. Optics Letters, 2004, 29

(10): 1096-1098.

W, ELW. £FML 213 nm EEINOE R A
WRFELT]. & RITE X 5 FIRCA RAF 00 . 2009,

26(1) . 82-84.

SU Y L, JIANG Q C. Study of All-solid-state
Deep-ultraviolet Laser Technology at 213 nm[]].
Jouwrnal of Chongqging Normal University (Natu-
ral Science) s 2009, 26(1): 82-84. (in Chinese)
AR, LamAT, B F, FL B LD A AL
QUFE SN HOE (T ;iyt R, 2016, 37(4):
463-466.



2128

%28 &

[13]

[14]

[15]

[16]

DAI Q, SHI R X, CUI J F, et al.. Pulse LD
pumped EO-Q switched DUV laser [J]. Chinese
Journal of Luminescence , 2016, 37(4): 463-466.
(in Chinese)

Kk, R, R, S AR RO O
TARE L], wAe T 5 4R, 2020(1): 43-46.

ZHU H, ZHANG ZH Y. XU K, et al.. The ex-
perimental study of micro-machining of hard-brittle
materials using ultra-short picosecond laser [ J].
Electromachining & Mould » 2020(1); 43-46. (in
Chinese)

KEH B HEARAR AR [EB/OL] http://
www. cnilaser. com.

Changchun New Industries Optoelectronics Tech-
nology Co. . Ltd. [EB/OL]. http://www. cnilas-
er. com. (in Chinese)

TR, RN, BLA. F. WAPIEB L
WOGHS A BEGR B BIT]. LF mE LR,
2009, 17(11): 2719-2723.

KUANG Q Q, SANG M H, NIE Y Y, er al..
Rational harmonic mode-locking of passively mode-
locked erbium-doped fiber laser[J]. Opt. Preci-
sion Eng. » 2009, 17(11): 2719-2723. (in Chinese)
woANIE. RE S FAR EET SESAM Bl 20t
PERB WO N Dk AL R R R R ST )L Mk &
&, 2015, 36(8): 24-27.

ZHANG X F, HUANG CH Y, LI G. Research on
the transmission characteristics of the pulse in the
cavity of all-fiber picosecond lasers based on SES-

AM[J]. Laser Jowrnal, 2015, 36(8): 24-27. (in

EERE T

B9, B EMRKEFE AN ¥
T BT AL 2014 4E TR EM TR
SRR, TN R RO
b NI 53 07 T R 5 NI ol 1 o i 4
i ik v OE 28 B9 BF %Y, E-mail: suxin

@cnilaser. com

[17]

[18]

[19]

[20]

Chinese)

FAR, A, AR, F.OBENEL 2 GHz KB
fkah et BEEOtaRI ] AT 4k, 2019, 48
(11): 1148015.

WEI X L, WEI H, SHENG Q, etal.. Picosecond
pulsed all-fiber Yb-doped laser with 1. 2 GHz repe-
tition rate[ J|. Acta Photonica Sinica, 2019, 48
(11): 1148015. (in Chinese)

W g RiER AR SBMAERELRLFREE
BHALMI. AT BE= AL, 2007,

YAO J Q, XU D G. All Solid State Laser and
Nonlinear Optical Frequency Conversion Technol-
ogy [ M]. Beijing: Science Publishing & Media
Ltd. ,2007. (in Chinese)

WWAEAR, TAE, NG, F. I E KR RSO
M A B Q Nd: YAG#06[J]. b5 4
% LA, 2020, 28(3): 558-564.

XIE SH Y, WANG J W, SUN Y, etal.. VCSEL
end-pumped high-energy Q-switched Nd: YAG la-
ser[J]. Opt. Precision Eng., 2020, 28(3): 558-
564. (in Chinese)

BAa, KX &, Fwem. F. 2 THE N
YVO4/KTP XU 508 7 1) 505 28 O 3806 4 [T .
P E R, 2020, 47(3): 93-99.

GAO ZH H, ZHANG W X, GUO X L, et al..
Single-frequency green laser based on birefringent
filter comprising a wedge nd: YVO4/KTP[]].
Chinese Journal of Lasers, 2020, 47(3): 93-99.

(in Chinese)

WEFE A, 32 22 DA 3 [ 14 3o B A8 B 4 R
BB 9%, E-mail: yaoji6152938 @ 163.

com



