55 51 45 9 1] T o Vol.51 No.9
2022 4E 9 H ACTA PHOTONICA SINICA September 2022

5] F#% 5 : LI Meng, MENG Xin, HU Jinming, et al. 210~250 nm Tunable Narrow Linewidth Ti: Sapphire Laser[J]. Acta
Photonica Sinica, 2022, 51(9):0914004
U], WL SF . 210~250 nm W] R4S 2k SEER A MO ER (] 6 T4 4, 2022,51(9) : 0914004

210~250 nm A 718 75 28 T Bk E A OB Ay

Fo L EE L ANE EEH LK
(L VLHRIBIE R W35 7 TR BE L5 TR 221116)
(2 VLI Se b B RS 3 PR S 90 %, T098 TR 221116)

& E:210~250 nm 9 F IR B(KRB) R T R4 T4 €28, 4 2 E bt ey 51
A — RN AARZAGREE, AFREX—RBEBERETELETRABES R E, 2L TEM, 4 Nd:
YLF 527 nmigt BAE A R R, RN MM AR LM, TN THRE B HLE L THEKME, @3 =
FESR w94, AL T 210~250 nm 69 K ShEO S, A 220 nm 443 B Sk K AR S ki 2h % 85 m W, £ 230 nm
AL FRAT W A4S SR IR K A He A R 33,300, AR HEAT B SN B I E 5 AT AR R R

KB TR R BRI R E B 2B S W S T

hE S E S TN248 SCERFRIAED : A doi:10.3788/gzxb20225109.0914004

0 585

A [ A BR T A TR SR AP AT R O A B AR e MR (A5 R S RO AT R S Y Y AR L L
AR 2 A G A A8 A 5 v 7 A K S A TR R A TR S IO L 5 1% e i 9 T G TR0 BR84S0 AR Y AT IR E DA L
B Rt S PR Bt R A SRR AT R R AT 5 AR SO 43 B B U BOR R G 2 7E 210~250 nm SE R
TSR TR T Ay RO T

T 4 [ A Bk 5 A TR 5 A0 TR O g B R R AN A T L — B LR R AR5 A
2001 4%, Fh BB P4 22 S AL T LUEK 52 A 06 S BRA50OE LA LBO @R 7™ A= — & i, i J5 #581 H BBO g4, LA
FIVIL 8 7 9 7= A = S U, 76 o D K 280 nm 4b L A5 5] 2 mW 0%, 8 Z 4R 8 100 MHZ™ . 2006 4,
T 1 3h 97 RV R BOGEORBE ST, LUK S A 06 B0, R BBO AR AR , U % 523 1 189~255 nm
R i e P EE IR 50 mW L 2007 4R FEURE 2 BE A BRI X T & T — B RS R R R T AT
HR G, HE MR K 10 Hz, FE5000 Bk 780~840 nm, ik v fig £ 34 £ 360 mJ, A H LBO S ik %54, 4R J5
FEAH BBO #f 0k LIESI 5 =y i il A 0 5 200 A = W%, i BRI BBO iR LSS S 5 = s I A
AR 7 2 A DO U I, S AR B T 195~210 nm A AT 3R IR I B, 55 A0 BRBK b BB IR AT A #) 10 mI
2013 4F , At 5t AL BT BF & T —Ffou] DR TR 5 A0 B R BHOG AR SR IR E BBO &b 1A SR UK I AR A R
DA AE B AL (52 M, L KBBF fi AV b DU U U A A4, ST 175~210 nm (9 I 58 40 ol 98 185 4 L o
IR 5 mW L 2017 4F M JRIE Tl R 24 UK 52 A1 M4 S 386 25 A 5T A JE A L DA BBO R iy Z U I i
I SEEL T 370~427 nm iy AT JRS O E 1 E %R 5 Hz, 76 395 nm b R4 e Kk w g 16 mJ, — ki
WL OR IR 15490 1. BUAR I S AR & [ 5 Bk 52 A TRSR A0 T I OB 28 1 I 98 UG T KR iy k2B (R 5
AN I By 28 R0 L A AT A B R 14 25 ), 58 SO Y AT RS AT 9 T LAY R 2 R A

BT AT OGN B VR VR A PR, — 2l Lyot JE U A% RUHT 5T U I A A Etalons A5 i H R

ESWHE FHEK M RPN S HERS (No.62005108) , YT JR 48 m A T 35 H (No.21KIB140008) , V1 35 U 3 24 AF 58 A= B 0F 5 41 35 55 3
(Nos.2020XKT789, 2020XKT790)
E—EE W (1995—) , 5 WL RS A, EE RS TT 1) & [ S HOEAS . Email:2651908259@qq.com
1= Vil BEEMR(1978—), 55, 20 W1, EZOR 507 100 R BEOE B0 6% . Email: maoguilin@jsnu.edu.cn
WIRAEE R (1987—) , L Bh L SC o8 By i+, E 2058 07 1] Ry 6 Gl {5 AR A # . Email: chengjingjing_5@163.com
W75 B #A:2022-02-28; 5% F B #1:2022-06-08
http: // www. photon.ac.cn

0914004-1


https://dx.doi.org/10.3788/gzxb20225109.0914004
mailto:E-mail:2651908259@qq.com
mailto:E-mail:maoguilin@jsnu.edu.cn
mailto:E-mail:chengjingjing_5@163.com

¥ % il

W, Lyot JE I #5% 22 H T OGLF OGRS 1Y 4R 56 R 45 5 Ik 1 03k, LA 4 AR REAIR R TR Ol BU RN AT 42 4K T 8 254
A XU S I B R Etalons BR o EL 76 T R T OG0 DK R R SE R R i B L 2 R Z R
Pr 94 9 W% 5 Etalons 5 i H 241 G 7 F 9 O 2, 33 B 5 125 RIS 30 A B 9 B R A A R B I nT A SO B
WY 5 TR R R O R b R R i, HEAT IR AR L SR O TR AHER A — R A RIS BE 45
a7 AL A 4 5 A5 O R, ARSI R TE 5 GHz LA, W6 2 58 S I BOG I Mo AT R o 3w G IR A A
OY N BB RT & . 20124F i E B4 BE W BRF S BT OT R T —F s DR A L S Bk = Aok R 5 R AL
T AR 5 A T S I IR I B M B R G, e Bl M S R RN £k TE R 4 L e 21 %k 1200/ mm,
Kk 250 mm , I SRR SRS AL S T 780~820 nm Mt 1Y AT I H L 7E 790 nm b £k 55/ T 0.4 pm,
FE22 W9 527 nm W IEBOCMER T B TR R 6.5 W s 5 A B0OEH B . MHET AR
i, PR T — P T O I AR A Bk T A B I B AR B R GO, e Bl YA S I R R 4R T R 4
JiE 4 2 180 mm , >R I 36 [El Horiba 23 w5 il (9 1 52 55 28 4 BT RGN, )1 28 40 mm X 60 mm, S 25 B2 4
1600 /mm, 7E 750~1 050 nm % Bt , e I3 R K F 98 % . ML FHr &M, BS54 Tk,
i R A A A s RS A /b 5 SRR o 20 %% B A AR BR A O R E B T 58 R R . RS
AR T 760~1 000 nm [ /] W BOE , £ RO SEIL T 3 GHzo 3R FHOGHI A g 8 3R 10, 75 22 %5 R
DM A 545 B, S OGRS B B, A S RO 0 . SR A I SRk B 0 75 =X AB % 4G KO B TE AR
AR AR A D L 0 R AV SR W X O R A B 45, B TG, R T — 28 210~250 nm i 2L A] R 1 5
MO

1 BsmEE

210~250 nm % 2L 7] 81 FOG A 06 B [ 1, B T R AR A SR IOE B LBO S iR A5 SO i A1 BBO
rn R PUFE IO RS B . 2R G R A EF R i s i th 3 12 W i) TEM 8 Nd : YLF 527 nm 06 R 22 il
U8, 527 nm (EOE 2 M, ML RO BEROGBR HEAT 9T & L M, ML R TH 98 A 527 nm 1Y = S . PRl AL LA,
PG, EBRAEOL, 2 F R BB BOCR SR PRI A 527 nm MB35 B . M, 55 % 1 8% A
527 nm A = SRR B 527 nm M BOE AT R . MLBR S bR KO B 5 SR S TR 3 A SRR, &
T 9% A 750~1 050 nm (1948 55 15 , 527 nm (1) 5 525, 56°F R, 5N 5 KO MR A & 305 A, TR I 7E s Y
ARG R — TH X 750~1050 nm 198K 5 A1 OGR4 2, 527 nm YOG 2 MO IS 5 8K 5 A S AR B
YR, 77 A2 760~1000 nm BI0OG . M, S A 85, X 750~1 050 nm 3 B O 19 % 1 %8 20 % , M, 5 6
PR HOE IR I . BE R R AL, LS M B, 20t BEY I, URR 2 M A S 260 L. e
MBS B T B sh M, A AS TR Ik B 380 AN MG a3 B i o A o A 3R 0906 260 ML B TR o (19 527 nm
WO R G E BB . MR 3R B AT 527 nm O = S5 IR RS 3G 35 R, 56° AR CE X I K9 A R 2R
/N B IR . ML MR = RO RO BT T S PR ARG ORI R . BRSO
20 M ST  REEAE LBO @ik b 77248 Ol I . B &l RABES F., #OR RAE I BBO ik

12W MOPA 527nm 1 kHz M,

M A 5 A
I !
| 1 v,
('A
2 Grating
" =
BE
SHG FHG B
N—_ +—F 2
M -

Bl %R4THERTEHALRERE
Fig. 1 Schematic of the ultraviolet tunable Ti:Sapphire laser
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210~250 nm Tunable Narrow Linewidth Ti:Sapphire Laser
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Abstract: All-solid Ti: Sapphire tunable laser at 210~250 nm is of great importance in laser processing,
laser etching, biomedicine and spectroscopy. Especially, it has good advantages in spectroscopy. In the
field of Raman spectroscopy, the excitation efficiency of ultraviolet lasers is much higher than visible light.
In the field of the K-band of ultraviolet absorption spectroscopy, 210~250 nm is an important band for
analyzing the molecular structure of substances. For example, molecules containing two conjugated double
bonds can be detected when the strong absorption peaks occur. These require that the tunable band of Ti:
Sapphire laser is converted to the ultraviolet band through nonlinear optical frequency doubling technology.
Moreover, the ultraviolet tunable lasers should have the advantages of good stability, wide tunable range,
good beam quality, high laser signal energy, and good directivity. To meet the above application
requirements, the research of all-solid Ti: Sapphire tunable laser at 210~250 nm is demonstrated. Based
on the principle of Ti:Sapphire tunable laser, the characteristic of the Ti:Sapphire crystal is learned. Given
the rate equation, the interation between Nd: YLF 527 nm pump source and Ti:Sapphire crystal is studied.
Besides, it is studied that the principle of frequency doubling output of Ti:Sapphire fundamental frequency
from infrared to ultraviolet. Moreover, the design index and overall scheme of the Ti: Sapphire ultraviolet
tunable laser is given. The key technology of TEM,, mode Nd: YLF 527 nm laser is studied. Firstly, the
basic principle of Nd: YLF higher-power laser based on MOPA technology is studied. Secondly, the
schematic of 527 nm pump source laser based on MOPA technology is studied and the pump laser is
developed. Finally, the output characteristics of the 527 nm laser is analyzed. The design method of Ti:
sapphire fundamental frequency cavity is studied. Based on the method, a fundamental frequency cavity
based on the straight cavity structure using grating selection frequency is designed. Furthermore, the
techniques of tuning and narrow linewidth compression are researched. Last, the nonlinear frequency
doubling technology, phase matching principle, and factors affecting frequency doubling conversion
efficiency is deeply researched. Given the theory above, the crystals of second-harmonic generation and
crystals of fourth—-harmonic generation are selected and designed. A Ti: Sapphire tunable laser system is
developed, and the output characteristic parameters are collected and analyzed. System obtains the
fundamental frequency laser of 760~1 000 nm, and obtains the maximum fundamental frequency power of
912 mW at 820 nm. The second harmonic generation of 420~500 nm is obtained using LBO crystal, and
the maximum power of 380 mW is obtained at 440 nm. Then, the fourth harmonic generation of 210~
250 nm is obtained using BBO crystal. Maxi—-mum conversion efficiency of fourth harmonic generation is
achieved with 33.3% at 230 nm. At 220 nm, the stable output of up to 85 mW is obtained, and its
fluctuation does not exceed 1.5% within 120 minutes.

Key words: Tunable laser; Short wave ultraviolet band; All-solid Ti: Sapphire; Fourth harmonic
generation; Spectrum analysis
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