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Abstract

Using neodymium-doped materials as laser gain media, combined with intracavity frequency-dou-
bling technology, enables efficient and stable visible light output across multiple wavelength bands,
making it a key development direction for all-solid-state lasers. In this study, an intracavity
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frequency-doubled acousto-optic Q-switched Raman laser was constructed using Nd:YAG as the la-
ser gain medium, YVO, as the Raman medium, and KTP as the frequency-doubling medium, achiev-
ing stable yellow laser output at 588 nm. At a pulse repetition frequency of 10 kHz and a pump
power of 7.36 W, the highest output power of 389 mW was obtained, with an optical-to-optical con-
version efficiency of 5.3% from the LD to the yellow light.
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1. 5|8

w8 (14 52 UCRE 2 A A4ORE (SRS) AT DA SR [ Az 2 WO 2% 100 % H O, 2 4 R IO 6 1 E Bl A 30T
%, EEOREIA . ERITAGE . WO, oA BN AT MR 1] [2], SRR K R
FUFAMAE FH o A 35 0 4 HE U B &5 by 2 186 2 ) SR [0 0 =2 000R DA S SR i pr v e, o
LB AT LilOs. BaNOs. BLEREL. MREL. MRS, CN1HIP 2 el Bos ok f 2%, &
S T AR 2 O R AR IR R A 3]

YVOFL 240 A 890~900 cm ™, FEUT L AN B (W1 1064 nm Z3H) 7] =4 1180~1190 nm —F) Stokes
o, A H 590~595 nm B, YVO.fh 238 28 REUX 4.5 cm/GW (@1064 nm), 2 2 = T HEER L
(Ba(NOs)2, ~3 cm/GW), FEIL&NIA(~10 cm/GW), =38 25 R B VFEBARFE I T R 928 Stokes Y&
Ry RILRFAMF. YVOLHIMFHRN 5.2 WmK, ZREERII(1.2 WmK)[) 4 f50L F, w85 g s
RN, IE A i R R (>10 kHz) RUE SR (CW)IBAT o 5% 1) S P A I vl 3 5k it A 010 1 8 10 DG S 8 9 s 34
B, PRAKIARENE. IR YVO, k5 KTP dbik BRI A, HAT %5 KTP (71 LBO 19T
SPERBAEULAD, PEARAE AT SO 00RE,  mT DO B2 2 6 BRI I 5 4 0R 2 /01271 2 T 30%. Uik
A YVO4 RO BB L 15 GW/em? (10 ns Jk5E), LT HHERII8 GW/em?), &6 & e &Ikt &
g, BAESPAGEMG, KIMHERNEZIG, A9 RAMKT 58S BalNOs)). SIS
Z, YVOSEMRmE 25, MR R B G RE S RE ) M Ae s 5 A A I UL, RO S
P2 BRI RA 2 —, JLHEH THEDIZER10~50 W) HEZ RKWIF e 1 T 5 Ry 5c. (Hid
HRBRIELE T H SR [ 2, 545G W2 BN B ARY R E01E(550 nm)7E 55 i .

2019 4F, ZY Zuo ZE NHRH T — i N Nd:YLE/Y VO, £ 2 6 2% [4]. 2020 4F B Sun 28 A$2H 7 —F
T Q &RA YVO, F 2 HOLEE, 1ZEOLHEH 885 nm MIZEIH Nd:YAG BoOt#f M0, Jfh
B, 8T KTP S X s B i AT s A8, 75 233 W I AR SRR T, KB TEKA
588nm. kP EEMF N 10kHz (1 13.7 W Fafh[5]. thah, SlkpReE N 1.37ml, BkepdEEEh 12.5
ns, XTRIUEEINFRA 110 kW. 2022 4, PQ Zhang 25 NFRH T —F A LR 5E i 3h i Q BB YVO. $1 8 0
a4 589.16 nm ORI, A4 S WOEARTE 589.16 nm 4b7=4E T 330 mW FISFIHH D%, 4k
Bz 0.01 nm [6]. 2024 F. H Zhao SE NF&H T —F 1.7 um = Dh 2845 28 55 970 ik o P9 s i Ak bz 2 0k
270

HHIL AT I YVO, 2 R UF I h & sk, 11 HAEFEABOCSURS A2 (8], SR B A KE AR S &
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FasE . MMARARAR. HEh @M RSN T A EIMERE, AI7E = Th A N LR 2% Stokes Yo%
(1 1064 nm — 1180 nm)FF . EHHI OB BN H A4 SHE RS NS L8 755, BREE
BERZWOL, 46 RE R 2.5 nm) R IEH H EZ06(590~595 nm), [FE B B S mpihiss m{E (1S
GW/em?) ML R e 1, o TN T, BRy7 58 RO ds M BRAR R £ . 4n SRAN KTP SR F4C 4
S PO AE AR O, R ASRAS iy 8 HLRRAN B B R O TR

AFH, BT TN KTP 555 Nd:YAG/a-cutY VO, 7 2 OGS SR IGT 71, 3/18 T mRCR 3ok
t, M LD BRI - SRR 5.3%.

2. LR E

LD ¥ [ T30 Q Nd:YAG/YVOL/KTP Ji N A5 SH 2 B0t & B BAR Sk U7 & 1 s 1R
JEE SR I M i i 28k K AR, &SRR 2ottt . R4 &1 LD, Hthi K2 808 nm,
R HEASZ 400 pm, FEALERZ 0.22, FBRHHIIZZ 30 W NG M1 24252 3000 nm,  FE /i
XF 808 nm G EE (T =97%), X 1000 nm~1180 nm 3 BEFIYG = s, fan i B M2 AP T 4E, X 1064 nm )
FPOEE (R =99.9%), K 1176 nm [KIHL 2SI HA 93%, Xt 588 nm $OGHIIELFR N 91.7%. T M5
M2 fithi g, BEESE R 1 R,

Table 1. Reflectivity of output mirrors with different spectral lines

1. FRIBZRINH R RRETR

1066 nm 1097 nm 1130 nm 1176 nm

M2 99.67% 81.78% 33.44% 41.13%
Focusing Dichoic
lens ¢ Mirror

L..

Nd:YAG Q-switcher YVO, KTP
Yellow output

m [ ]
N

Figure 1. The overall structural scheme of LD end pumped active QNd: YAG/YVO4/KTP intracavity frequency doubling
Raman laser

% 1. LD 3 EFREEENE QNd:YAG/YVOJ/KTP FER{ESTH S BN IR S R

Nd:YAG @R ERAN 4 mm, KEHANS mm, % NdIKEAN 1-at.%, F4 02X 1000 nm~1200
nm K EE, Hrb i 808 nm FiE . FLE S AN a-cut I YVOu, d s, SRR~ A 3 %3 x30 mm?,
PR S LB BT 1000 nm~1200 nm B g, Hoh—im A 808 nm MY . f5Miln AN KTP ffk, R
SR 3 x 3 x 8mm?, FANEGEBE A XF 1000 nm~1200 nm A1 585 nm~595 nm 3 BYE A&, AT (e = 0°,
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0= 68.7°)UIE], FHIHTT AT LU L 1176 nm BEAAEAAIVEAC A (0 = 0°, 0 = 69.2°). Nd:YAG. Nd:YVO,
FUKTP a4 88 9 0. 58 HF TBCE AE A /KA R B IR A, TER K IR ESSHITE 18°C o NHUS e LR M A A AL
Ry YVO4 1 ¢ il 5 KTP FARM a-c “FFHIEL 45° 1. At Q ARy 41 MHz, R KMRHIDIZ 15
W, BOEEKA 110 mm. FERANH— B IER 1064 nm F1 1176 nm #06. #FOGHFETR B TRt
F150A (OPHIR 23 w])ill & . MhikihoE B AR I 3% 22 50 22 5] MDO3054 7R itk . it G A H
ABETA] 23 7] (1) AQ6373 i Al & .

3. KBERSWIR

K 2 Bon T B TRIE A A58 Nd: YAG/Y VO, £ 2 HOE 8 f%in i 588 nm BOEHIEIE R, 143 B 7%
BOGRRHA HEOGIE R, itk = 4otk 4Lk 588.6 nm. 1064.2 nm A1 1177.2 nm. H:H 1066.2
nm NFEE, 1177.2 nm AT YVOL H—F Stokes 6, 588.6 nm & OGS M H .
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Figure 2. Laser output yellow spectrum

B 2. Bresmb R g

A 3 AT %0 588 nm (13 L0 S 43, 1064 nm FIESTO S TS, AT 2SR, 1K 4
BT Bk E R R BN 5. 10 R 15 kHz I F PR IR SRR Z B KR oL H, 588
nm O R R T 2 A B ik o 8 3R R ek, BKeR R AR 5. 10 A1 15 kHz B AR B BE R
THIIZS ] 2.39 WL 3.56 W H13.99 W. MBI EUNS, Bkt EEZN 5 kHz N ECIIZE ST 10
A1 15 kHz B (ThE . MINFRHIIRIER] 4.78 W AR, BRehER R 5 kHz FRBEEIR KA.
XS T R AT IR e 8 D 2R 85 B g vy, 7 AR ) B AR Ze M RS (9 ) SRR I SO IS8 T B AIOL Rl 20k
ML R0R, TS ECEANBOE 2% 104 K AR . B 1k s P AT 68 Th R 0 i S SR AR BRIR,
fik i BN 15 kHz I, SN IIRE] 7.83 W ANFLIIN, BEEF 6P Th% N 332 mW. Skt EE
)y 10 kHz, FiHDIFEAN 7.36 W I, 33| [ e % H DI )y 389 mW, I A LD BEOGMDE - Juks
PN 5.3%. HKIIHRHIE 10 kHz Pk EE 2R, 389 mW.
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Figure 3. The output spectrum of the laser
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Figure 4. Schematic diagram of the relationship between the average power of a 588 nm laser and the input pump power at
pulse repetition rates of 5, 10, and 15 kHz

[E 4. BohEEESHIHK 5. 104 15kHz B, 588 nm R EREMARHINERZ BN XA TEE

ST RKIPEE R 5508 5. 10 115 kHz B, 588 nm #EHOG Ik 8 &5 IR TR 2 1)
KFR. ANk EeEAE 43.6 W HIENKPEE A SkHz, $AFZIHIZEN 5.18 W IIIEHL T 72Nk
HEFN 10kHz, FIMIIEN 7.36 W I, fm 4 Th# 08 389 mW TG AL, Bkt aeE1E 4 38.9 W,
AT DUE H OGRS AR e
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Figure 5. Schematic diagram of the relationship between the energy of 588 nm laser pulses and the input pump power at pulse
repetition rates of 5, 10, and 15 kHz
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Figure 6. The waveform of 588 nm yellow light with a pulse repetition rate of 10 kHz and an input power of 7.36 W

E 6. BHEEER 10kHz, MAIIER 7.36 W BFH) 588 nm HARVEFE

6 %5 T £ 588 nm FOLHOLA I DR ORI , Bt ke EE FRON 10kHz, RIHIIHEN 7.36
W I, TR 2R N K TE BB, T U H R Bk SE 0 14.9 ns.
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AFR EBH Q E A AEH Nd:YAG/Y VOJ/KTP £ & ot 4 KoL R EET TV Ed it JRE

Hu AT T SR A RGBT X LU JE A IR, MR T RS 5 — SRR — BT LA T . [T
B, T Q N Nd:YAG/YVOL/KTP Hi 2 WOt AR ae e KFL 1. FauE %t 588 nm 3 (40K,
I A B 34208 3000 nm, Uk E R A 10 kHz, RN 7.36 W N, 153 [ w14
HIZ ) 389 mW, BT LD BRI - S8R 5.3%.
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