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External resonator YVO, crystal Raman laser
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Abstract: In order to obtain new wavelengths and high efficient laser outputs, an external resonator
Raman experimental setup was established and the properties of YVO, crystals were measured. Then,
a high optical quality YVO, crystal with the largest size of $28 mm>X40 mm and a mass of 126 g was
grown by Czochralski pulling method. The Raman output properties of YVO, crystals in the external
resonator were researched using a mode-locked Nd: YAG laser with a pulse width of 40 ps as the pump
source. The results indicate that the total conversion efficiency for multi-wavelength output has
reached 51. 4%, and the largest output energy is 2. 21 mJ. Moreover,the highest conversion efficiency
for the first Stocks Raman output at 1 175 nm is 32%, and the largest output energy is 0. 57 mJ. The
conversion efficiency for the second Stocks Raman output at 1 313 nm is 12. 3%, and the largest out-
put energy is 0. 36 mJ. These results reported here show that the external resonator structure can im-
prove the Raman performance of YVO, crystals evidently.

Key words: Raman laser;stimulated Raman scattering; external resonator; YVO, crystal; Stocks la-

ser; conversion efficiency

Y75 B #8:2008-08-15; 81T H #7 : 2008-08-29.
B4 H:BEE AR ¥ESEDH H (No. 60508010, 50590401, IR 7% 1L 5 #1501 % 835 H



976 e K TR

51T &

1 5 =

Z WL 2 BLHT (Stimulated Raman Scatter-
ing,SRS) & ARG B i Be O A F B, 51
PRI AL 2 A0 A LU o [ AL = A B B A 3 R
1 AL YL HUARR R 4 5 T R A S A
S T AR OR A 1 BR B9 T 5T T ) o T o] S A L S R
HEARTEZE T (RYT L WR E JE TR R A A
2 K. Br Ba(NOy), . BaWO,,SrtWO, 55 fif
B IR ER T Z A, L YVO, . GAVO, R E I
PUIR s S — 2 A7 92 B 1o T I 5% A9 006 52 iz 2
PR e S A A K g S A 405 11 L
TRPERERS AE i B 1Y 45 R BUK, SRS Y 5 4 &4 %
B EBAR BT R B RWEOs R,
S5 HoAr SRR AT DL AR 454 B A A A
PP AT YVO, SRS
S ABURIE 5 4 T 4R T TG I AN A A O =L AR X
I T YVO, SRS E B8 HOL A, MR
U5 1 064 nm R FMEOGI L 223K i 2 i R
B R RF] 51, 4% ,1 175 nm —Z 46 70 30 10
R AR A 32% .1 313 nm 4 dE sE T i
B IR Ry 12,30,

2 aRAEK

AR R i s (Czochralski) b 211 &
s b A K B T RRSE VR R YVO, $
Ao AR A B O AR Ot BB R B 5 T AR T Y
DJL-400 #4554 BT RS0 ¢ D7 m bl &), AR K
SESARBEMT 1% ~2% O, By N, . fdi i 66 mm
X 40 mmPE (I . AR & i — ilUs —
FRETE . MRERAKHERER 1 mm/h 247,
pn AR K EE R L 30~50 C/h By F 3 %
W, BT RN YVO, A SRR R ik
TCEMEIG 51 E W, B R RS ik 3 428
mmX40 mm. igE H 126 g. HRAET 10 mW
() He-Ne SOt &8 T B, R & B HCH WORL, 3% 9
FrAER YVO, g EA RIFMOEFE R E. FlH
A YEFERE T R T Y VO, SR B % B i e g,
MR g5 R F W YVO, Fh R0 & 2 %6 % Bk 350

nm, £ PR >3 000 nm. F I 0] 7E 45 58 9K T
N S B L = OGRS

LT
|l0 IITI]I l:lle | I];H]H Iullllllﬂllgﬂllllll!g|I]Ill:'17“!|I|l|l|1|ll|llli‘gl||ll

K1 YVO, fiik
Fig.1 YVO, crystal

3 RBERE

FIATE 2 Frs e g L S T YVO,
T A1 s BB 2 O . T S D TR D 36
Continuum 2 7l 4 771 PY61 B Nd. YAG #i
WoOLE s 1 064 nm, AR 10 Hz, fk
e 40 ps. I TP O I 0 45 - LA T fel 2
HAE & ] LLEZ A ZHMOGR MW s B2 N
4 mm ., R FH— > B OSE 55 41 B ) 46 R R G0 L0
ANEE T mm, DL R AR B AR L )R

R ARG F1 YVO5fA Fa

INd:YAG D58

S5
s JEH fLEEE ARk
B2 AMERYVO, frg ot i g
Fig. 2 External resonator Raman experimental set-up

for YVO, crystal

4 SEXYVO, 2R KEZHLS

¥ YVO, SR Wy o 1 T K BN
35. 4 mmEE S L B N 6 mm X 6 mm, FE 5
St HEAT IR AR BERE, B Fy ME, M hr
S KL 40 mm, #ABE F XF 1064 nm i/
HE B (T>90% @1 064 nm), 7E 1 130~1 380
nm P B E I (T<<0. 1% @1 130~1 380 nm), A%
SOV LA AR 3 3 25 0 P R AR LR E AT T SR



LR

B KA AN YVO, $i S ot 977

WP 85X YVO, &R 55 90 8 4T v ok g iE
RN 1 FrR BT ES T 1 064 nm 5 S DL SE
A AR A .

K1 MEHHEF, LS Stokes A HIETE (%)
Tab. 1

Transmittance of output mirror F,

at different Stokes wavelengths

N E SR EN Sy S, Sy
o.

(1064 nm) (1175 nm) (1 313 nm) (1 487 nm)
F,-1 0 25 41 71
F,-2 0 38 65 80

Sy, R Anritsu-MS9710C #5638 43 #r
ACIAT IR & it OL Ko 1175 nm 1 313
nm, 1 487 nm., % i 58 5 F1 % 4 5503 Bl Ok g &
(AR A &l 3 18] 4 B R

25
YVO, o
_ 20F 300K 4
15t
5 o 2
E !
S S
05f o2 aF2-1
‘I’ﬁ *F2-2
0.0 ; . - :
0 1 2 3 4 5
Pump energy/mlJ

B3 AhER YVO, fik 2 K i & 30O 4 09 % i
il 12t A2 b R
Fig. 3 Output energy curve of external resonator

YVO, crystal multi-wavelength Raman laser

S O ER KRR I 2. 21 m), fe iR 4
HOEA 51 4% ¥l Fo-2 5 5 s B AR
o EE 2 F, A M IALE T S I v
(T=90% @1 181 nm, T<<0. 1% @1 250~1 520
nm) , Y KRB 1. 78 m) WL AS T — 2 4E
T ST L S O Y B K L T A B AR S
0.57 m] . f i e e 0% 3200, iUk Be it 4k
LI . T 1) 5 R 2 G v 0T 4k Y g A%
3B s — GG vE TG 1 i L B AR A L A
R T B, BLHT. AR LI 7E 532 nm E Rk
G i SE 36 454 R 35. 4 mm K YVO, Fhik ik

60
YVO,
& 50F 300K ¢
§ 40 S . ’ a
- °
3 e 2 °
% 301 .oga “ AA a
= Py
) [ ]
% 20 [ .A
g 10} aF2-1
O 0 Lan +F2-2

Pump energy/mJ

B4 MRS YVO, fh 1 2 00 1 B 80t #% 09 e 4i
RORAAL R

Fig. 4 Conversion efficiency curves of external re-

sonator YVO, crystal multi-wavelength Ra-

man laser

1T 5200 0 RV ORI 28 00 1 — T 4G v
EICR . T RS AR a8 R B R K
R 48 Jim T 3G S (A YVO, AR X 532 nm Al
1 064 nmfy 4 25 Z 4 91 16 cm/GW Fi1 4. 5
em/GW) , BT LRESE WURHE 1 064 nm 2 FM UK Y
TC S 56 25 AT P RD S8 AR A 3 IR, T A S
£ 1 064 nm JZFPEUK I A S0 4510 L 4RTH T
51. 4 Y0 BB R R AN 3296 1 — 3 4G v W i
BB i BT 532 nm B AR (100 5
SEAE L BT AR T 1 064 nm S BRI
JEE LB a5 R . e A] L R T AR A T LK
R4 YVO, S $r 2 A8 55 M 58 L 45 Bh T3k 1%
B (g 118 2 45 003 R R T i BB

5 kX YVO, &4k 1 313 nm 3=
TR

WL T W YVO, Sk, KB4
4 35.4 mm M 15.5 mm, f F, M F, #50
K250 40 mm, i A%E F, XF 1 064 nm # &6
B(T>90% @1 064 nm),7E 1 130~1 380 nm P&
B (T<<0.1% @1 130~1 380 nm), %4
F, %f1050~1250nmyE Bt L (T<<0. 1% @



978 e KE TR 917 %
0.40 1 050 ~1 250 nm), X} 1313 % B 19 15 1oL B N
o3l YvOo 4 R

300K HrEml
= 030| HrEseir /
B
& 025}
£ 020} e
L / .
g oI5 / e
= ]
3 o.l0} o
0.051 /‘i/r" ~2-35.35 mm
0.0 AT ) -*-15.46 mm
0705 10 15 20 25 30
Pump energy/mJ

B 5 YVO, Fik 1 313 nm ML 8 8OE 25 i i b
ff A L A
Fig. 5 Output energy curves of 1 313 nm mexternal

resonator YVO, crystal Raman laser

4y yvo, =%

12+ 300K HrfEmidy

10t e
/A o®

8 L

6 / -«
4 o

2

P

A

/ ~-3535mm
. ) . -+—15.46 mm|
00 05 1.0 15 20 25 3.0
Pump energy/mJ

Conversion efficiency/%

(]

6 YVO, G 1 313 nm 45 L S 806 2% 7Y 5 1
ROE AR
Fig. 6 Conversion efficiency curves of 1 313 nm ex-

ternal resonator YVO, crystal Raman laser

S & k-

[1] ZVEREV PG, BASIEVTT, OSIKOV V, etal..
Physical, chemical and optical properties of barium
nitrate Raman Crystal [ J]. Optics Materials,
1999, 11(4): 315-334.

[2] CERNY P, ZVEREV P G, JELINKOVA H, et
al.. Efficient Raman shifting of picosecond pulses
using BaWO4 crystal [J]. Optics Commun. , 2000,
177(1-6) . 397-404.

[3] WANG Z P, HU D W, FANG X, etal.. Eye-safe
Raman laser at 1. 5 um based on BaWO, crystal
[J1. Chinese Physics Letters, 2008,25(1):122-
124.

[4] HUDW, WANG Z P, ZHANG H J, etal.. Pico-
second stimulated Raman scattering of StWO, crys-

tal [J]. Chinese Physics Letters, 2006, 23 (10):

34%, SCuy v SR A Anritsu [l MS9710C ¥ 3% X
5 E g OB R K M 1313 nm.L R WK B H g
B BOCH s, S g R g 5.8 6 R,
1 313 nm . {3576 5w 3070 2 38O 1 d5 i S B
90.36 m], B E R R o 12, 3%, ¥ i 35. 4

mmYVO, FRFEE.

‘o

ARCEWRIE T YVO, FIEM I X2
BOLE BT 1 064 nm BRIk PO A5 0F T Y

o
=)

RS EE . 22 WA i i d R AR i 2. 21
m] BRI T 51, 4%, LI P RET
0. 57 m] {1 — 2 7 4G 5w 07 e K Hiy 4 o v e e K0
R 32% . 1313 nm G AT T T BRI K B2
Wt Y f K BE RO 0. 36 m]. B iR RN
12.3% . 55 5% 45 SR 3= W], Ah s 70 45 4 02 4R

YVO4 iy 7 5 i e 09 A 8005 50

2766-2769.

[5] KAMINSKII A A, UEDA K, EICHLER H, et
al.. Tetragonal vanadates YVO, and GdVO, -
new efficient y (3)-materials for Raman lasers [T,
Optics Commun. , 2001,194(1-3):201-206.

(6] #XMh, T&&, TEF, F. YVO, kKR
WAL WA (1], & F 4k, 2006,26(6):918
920.
HU D W, YU H H, WANG ZH P, et al.. Effi-
cient stimulated Raman scattering of YVO, crystal
[J]. Acta Optica Sinica, 2006, 26 (6); 918-920.
(in Chinese)

(7] XM, EEF, RIRE, F. GAVO, kM2
Fr&HUH [J]. P B#ck. 2008,35(1):11-16.
HU D W, WANG ZH P, ZHANG H J, et al..
Stimulated Raman scattering of GdAVO, crystal [J].
Chin. J. Lasers, 2008,35(1):11-16. (in Chinese)



LR

WA ML YVO, fi % BOt

979

(8]

[9]

AR, ABE, A, F. LD g I A R
B Nd: YVO, otioes [J] L5 #E T8,
2006,14 (4).580-583.

HAOE]J, TAN HM, LIT, etal.. High output
and single-frequency ring Nd: YVO, laser end-
pumped by diode laser [J]. Opt. Precision Eng. ,
2006,14(4):580-583. (in Chinese)

LIUY F, ZHANG X H, YAOZH, etal.. 1.1W
continuous-wave orange-yellow light Nd: YVO, la-

ser with intracavity sum-frequency generation [J].

1EE @

R AB (1980 =), B IR B4k AL 1
£ YEIW, 2002, 2007 4 43 5 F 1 AR K
SO AN 2, EERR T
R A G R . E-mail: haw@

icm. sdu. edu. cn

— —
FA SR O
-
—

) .

BRIR & (1965 —), B IR A A1
T HEE A S0, 1988,1994, 2001
AR T IR R 43 ) AR 2 R
&S VAN S AN TR N B i R i
FAE T 4, E-mail:

sdu. edu. cn

hjzhang @ icm.

BFER 1969 —) . L. i RFEL N ¥
T RS U, AT B R Y
Yy B P BE BF 95 . E-mail: xfcheng @

icm. sdu. edu. cn

FEEA8I ). Bl RKEL A,
LB, E BN RO SRR ok
maR ) A K A 58 . E-mail: yha @

icm. sdu. edu. cn

(10]

[11]

(12]

Opt. Precision Eng. ,2006,14(5) :736-739.
YE Z Q, JING Z, BUY K, etal.. 6.5W LD-
pumped 914 nm Nd:YVO, laser [J]. Opt. Preci-
sion Eng. ,2007,15(3) :321-325.
CHEN Y F. Compact efficient all-solid-state eye-
safe laser with self-frequency Raman conversion in
a Nd: YVO, crystal [J]. Opt. Lett. , 2004, 29
(18):2172-2174.
CHEN Y F. Efficient 1 521 nm Nd:GdVO, Raman
laser [J]. Opt. Lett. , 2004,29(22):2632-2634.

VEab 3k (1964 —) . B, 1l AR R B A, 1l
+ L HE A R, 1987,1999, 2002
AR T AR R 2 43 AR A L B AL
SN, 32 TR 5 4TI Sy A B A
A AE AR £ M Y5 % . E-mail: xgxu@

icm. sdu. edu. cn

T4 (1946 =), F LI M AL %
+ B A T, 1968 AR L T
MR KR, FENF MR
B K R AE K BF 5. E-mail .

jywang@icm. sdu. edu. cn

BEP (1942 —), B Wi N, 2
+ o AR S, 1965 AR L T
HAREYHAR, BN R H,
ARSI R BOEHE AR 5. E-mail:

zshao@icm. sdu. edu. cn

FEF Q73— , B LHEL AN
LR BB, B A R i, 1996, 1999,
2002 AEF IR K43 B 4R 4 1 it
T, R B 1 A R
BWot 54L& Mot % . E-mail: zpwang

@icm. sdu. edu. cn



