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Abstract; A compact all-solid-state intracavity sum-frequency mixing laser at 608. 1 nm is reported. A Nd:
YAG crystal and a Nd: YVO, crystal are pumped by two laser diodes respectively in two sub-arms of the laser
cavity. In the two arms, laser wavelengths of 1 342 nm from Nd: YVO, crystal ( corresponding to the *F, -1, ,
transition) and 1 112 nm from Nd: YAG crystal ( corresponding to the *F,,-*1,, , transition) are selected to be
mixed into 608. 1 nm laser. Through optimization of the cavity design, better matching of the modes for the two
wavelengths is obtained. In the overlapping of the two arms, sum-frequency mixing is generated with a type I
phase-matching LBO crystal. The experiment result shows that a stable and low noisy output of 23. 8 mW at
608. 1 nm is obtained at the incident pump power of 740 mW for the Nd: YAG crystal and 600 mW for the Nd
:YVO, crystal. It is an efficient way to obtain 608. 1 nm laser with the sum-frequency mixing structure pro-
posed in this article.
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Fig.1 Experimental setup
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Tab.1 Parameters of BIBO, LBO and KTP for SFM at 1 112 nm and 1 342 nm

Crystals BIBO LBO KTP
Phase matching 1342(0) +1 112(0) 1342(e) +1 112(e) 1342(e) +1112(0)
=608.1(e) =608.1(0) =608.1(0)
(0,¢)/deg. 4.7.0 87.8.0.0 72.1,0
dy/(pm-V™") 2.23 0.833 3.55
Walkoff angle/mrad 0, 0, 13.77 1.93,1.97, 0 29.75,0,0
Angle tolerance/( mrad + cm) 4.53 35.11 2.49




55 34

A8 LD ZEH A S 608. 1 nm AUREOLE 797

ARARLNE RBURK G E B A& KTP dnik ) 172,
AHEZ A%, M2 T, LBO Sk B R 5%
L R BN A HGE B /N H 52 A B8 TEAl
PR RA BE AT AR LM AR, 1] LAAE PR IE 58 4
(EEE T it T [RIREARAS A5 s 1) RV B0

XFAELMERAIN (0, + 0, = w,) 57, # L
PEVCFELAEHL T ADETR Py .

Py =yl P,, (1)

K, yopy RV S i, BT AR A e 1 P
J5T S 55 RV PR SR 0 5 DL K O TR S
B, GAREAE TIEIRESA , y gy i — 1 EME, BT
LA USSR — dOEOG R Th 3 P E T D)
— OGP, MU | A A RO ) 5 B
PR

YT 1 112 5 1 342 nm #0O6 FH = A
608. 1 nmPFOCAYHME R, 1 > 1 112 nm e+ 5
1/~ 1342 nm GFAEH2E 1 4> 608. 1 nm 61
UL, 850 ) FB ZE RIS IR IE N 1 112 5
1342 nmf G FECE B Z Uik 8] 121, ARLE
Nd: YAG ff& J2 Nd: YVO, SR %351 i P4~ LD %
WL, Y LD A AR AT S B 1112 K
1 342 nmBOGIE 25 B9 S0, B s O T 50E
JEZ LR 101, 3 S AU R0R

SEE Y, B TE A S R BN BN
LBO gt ARR, 85 & R s Z 5 N A LBO fhi,
T A4 E 5, T A5 %) 608. 1 nm BB B G
] 324 608. 1 nm JHOGH )3 Fil A B P
I R RO AR . PR LR
I35 600 F1 740 mW B, 3845 T Sh3k
23.8 mW I K & 608. 1 nm AU OGH . K3
o 4R 1 224 Nd: YAG fb 1R By 22 3 o &
(Pypyac) M 740 mW B 35K 608. 1 nm O
DR EE Nd: YVO, f AR S0 D 1 A8 4k it 4k 2
JEM Nd: YVO, f AR 1 Z00 1% (Pygywos ) N
600 mWH, 1K 608. 1 nm MOGH L3 FE Nd
CYAG RS YR A8 Ak, AT LUE S i i
LAV 22 i Sk . (HARIE R IR, B8
Nd: YVO, @t AR 1 521 2 %8600 mW, 2 Nd: YAG
A A () Z 3R T SR B K ) 740 mW A, 608. 1 nm
W &N 23.8 mW, 4k 22 1 R TR,
608. 1 nmii 1 DA A B S 5, 2 300 1 A

BIR TR RS, BB A 5 2R N
4 Nd: YVO, SRR 0 T 2 — o i I IR I I IR
B 1 342 nm WG 80R B R EE— e B 2
Nd: YAG Fh 1A i 22 T D 283 e, 91 112 nm
(6450 B RTINSk AT ) il A
FEPIA 1 342 nm SEFHEAWIEFE; 24 Nd: YAG
PR ETH DR 3G N3] 740 mW B RS0 b F {1
PRIE 1 342 nm BOGAGE T8 KRR BRI H 5 2
— AR Nd: YAG &R A9 52 3 T i, B AR iR
FEPIE 1 112 nm GF3E 00, (B i T6> 1 342 nm
e F, A AR TC IR AT ,608. 1 am DG A 2)
RANFRIG N, R fEIEL 1 SR LBO W, B i
1 112 nm Y6 F2: 5608. 1 nm A GFHH AR
AT 2 M FE (0 | — ©1pp = ©pap ) 5 T BRI
608. 1 nm JOGHI T DR FEAL, BLAT, 27 AR &
608. 1 nm Fl A G 1Y iy i Ty &, 20 [\] B 3G K
Nd: YVO, i i 2 D%

30
L -
20k i LPyayag =740 n;\t’/ ._/ ]

4
_— : a7 PP S600 MW,
10 i /
I ./ e
e
L el

100 200 300 400 500 600 700 800
Incident pump power/mW

K13 608. 1 nm FIAOLIABIA R IR 124

Fig.3  Output power of sum-frequency laser as a func-

Output power/mW

tion of the pump power at 608. 1 nm

600

400¢

Intensity/a.u.

590 600 610 620
Wavelength/nm

E 4 FBOEEE

Fig.4 Spectrum of the sum-frequency light



Hh[EDE2E 8 %

798
030 WA 608. 1 nm,
o SRAGHEEE e~ B AFBEA, 364 A 5
5 020 PERILEE 608, 1 nm WORIE M BL I 5 B %,
5 ST L RMS MRS R 0.75%
2 0.10f
S 4 % #
0.00 . \ L
0.00 0.05 0.10 0.15 0.20 - _ i
Time/s ATSCR I R 7 k45608, 1 nmifotH
E'5 608.1 nm & H R o "ﬁ(ﬁiﬁﬁﬂﬂ 600 mW (Xd‘ Nd: YVO, EEéIM:)
Fig.5 Characteristic of the output noise at 608. 1 nm K 740 mW( X¢ Nd: YAG Fﬁ%'ﬁg) Bﬂ‘ s %Eﬁg‘ Tyj}iﬂ‘j

23.8 mW K 608. 1 nm SOGHI . H i EOE

K Ocean Optics 28 GGG 4 H A A5 Fed Ty, MG, A5 SR EUIE P9 A

JOCTE AT SEIE AN 4 PR 0L AR 608, 1 nm SO RIS T,

SE Ik

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

I3 F TARER AA,F. RRLSERBOCIIIIFTIHRET]. £ 54%,2015,36(1) :1-19.
WANG L J,NINE Y Q,QIN L,et al. Development of high power diode laser[ J]. Chinese J. Luminescence,2015,36(1) .
1-19. (in Chinese)
BAAS, B R, F . SRR BSOHOCEORMI T[T ] Ol 5 4T R ,2011,23(9) :2373-2376.
GAO Q S,MA Y,PANG Y ,et al. Research progress in all-solid-state high power green laser[ J]. High Power Laser and
Particle Beams ,2011,23(9) :2373-2376. (in Chinese)
EHE,ZRE XE,F. Cas HE IR FUBOEAT BRI E AT ], A F4,2015,36(9) :1018-1021.
WANG X,WANG C L,WU X, et al.. Coupling research of high power single GaAs based semiconductor laser[ J]. Chi-
nese J. Luminescence ,2015,36(9) :1018-1021. (in Chinese)
FLEm, AR, Bk, BT ZEMAX R DR SRBOESOELRR G BT[T]. R $4R,2013,34(9) - 1208-
1212.
ZHOU Z P,BO B X,GAO X, et al. . Fiber coupling design of high power semiconductor laser based on ZEMAX[ J]. Chi-
nese J. Luminescence ,2013,34(9) ;:1208-1212. (in Chinese)
REF X, G ER,F.2 kW ESEREOCITOER )] X85 4R,2013,34(3) :334-339.
ZHANG ZH J,LIU Y ,MIAO G Q,et al.. The 2 kW semiconductor laser processing light[ J]. Chinese J. Luminescence
2013,34(3) :334-339. (in Chinese)
AR, X R, RER, . KOS BARG aw O ATTE R NI T]. o B 5 ,2014,7(5) :723-730.
TIAN J R,LIU J H,SONG Y R,et al.. Advances and applications of dual-wavelength optical parametric oscillators[ J].
Chinese Optics,2014,7 (5) :723-730. (in Chinese)
B2 R4 B % 2SR Q AEOEHERTI SR )], A k5 4R ,2013,34(7) :900-910.
WANG ZH H,YU J,FAN ZH W ,et al. Research progress of all-solid-state passively Q-switched picosecond laser technol-
ogy[ J]. Chinese J. Luminescence,2013,34(7) :900-910. (in Chinese)
BT IR A, .3 ~5 um IR SR G AR HE R SN[ )], RS HAR,2013,39(4) :359-364.
SU N,ZHANG M,REN G,et al.. Progress and applications of 3 ~5 pm optical parametric oscillator[ J]. Optical Tech-
nique ,2013,39(4) :359-364. (in Chinese)
BERNSTEIN E F,BHAWALKAR J,CLIFFORD J,et al. Laser treatment of dyschromia with a novel 607 nm pulsed-dye la-
ser[J]. J. Drugs in Dermatology,2011,10(4) ;388.

CHERN P L,DOMANKEVITZ Y ,ROSS E V. Pulsed dye laser treatment of pigmented lesions; a randomized clinical pilot



555 1 {272 . LD 24 608. 1 nm FISEOGES 799

study comparison of 607 and 595 nm wavelength lasers[ J]. Lasers in Surgery and Medicine ,2010,42(10) :865-369.

[11] BERNSTEIN E,BHAWALKAR J,CLIFFORD J,et al.. Laser treatment of pigmented lesions with a 605 nm laser[ J].
Lasers in Surgery and Medicine ,2010.45-45.

[12] #BE#H HmHk, FES. EEOLAMBOCTF RIS CE 1], F B k% ,2014,7(4) :559-571.
HONG K B,YANG CH CH,LU T CH. Blue violet GaN-based photonic crystal surface emitting lasers[ J]. Chinese Op-
tics ,2014,7(4) :559-571. (in Chinese)

[13] PABOEUFD,MHIBIKO,BRETENAKERF, et al.. Diode-pumped Pr:BaY,F, continuous-wave orange laser[ J]. Optics
Letters ,2011,36(2) :280-282.

[14] XU B,LIU Z,XU A H,et al.. Highly efficient InGaN-LD-pumped bulk Pr: YLF orange laser at 607 nm[ J]. Optics Com-
munications ,2013 ,305 :96-99.

[15] BOLANOSW,BRASSEG,STARECKIF,et al. Green, orange, and red Pr’*: YLiF, epitaxial waveguide lasers[J]. Optics
Letters ,2014,39(15) :4450-4452.

[16] SOTTILE A,PARISI D, TONELLI M. Multiple polarization orange and red laser emissions with Pr: BaY,F [ J]. Optics
Express ,2014,22(11) :13784-13791.

[17] CHENG Y J,XU B,QU B, et al.. Comparative study on diode-pumped continuous wave laser at 607 nm using differently
doped Pr’* : LiYF, crystals and wavelength tuning to 604 nm[ J]. Applied Optics ,2014,53(33) ;7898-7902.

(18] SR L FERFOEGHINLL)]. T EAES,2013,6(3) :343-352.
SHI G H. Improved method for semiconductor laser coupling[ J]. Chinese Optics ,2013,6(3) :343-352. (in Chinese)

[19] LICY,WANG Z C,XU Y T,et al.. 93.7 W 1112 nm diode-side-pumped CW Nd: YAG laser[ J]. Laser Physics,2010,
20(7) :1572-1576.

[20] LAPORTA P,BRUSSARD M. Design criteria for mode size optimization in diode-pumped solid-state lasers[ J]. IEEE J.
Quantum. Electron. ,1991,27(10) :2319-2326.

EEE T

¥

P82 (1980—) , 53, sty A 18 I T 5, A2 00,2008 4F F [ RL 24 Bt K B L2 AL
W BT ST PR BRAR I L2, E RN FBEOCH AR T HAYBISE . E-mail ; fuxh@ ciomp. ac. cn

-

N



