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Abstract Temperature field and pump-face thermal distortion field of a rectangle Nd: GAVO; crystal end-pumped by

the diode laser with Gauss mode was researched by the analytical theory. Through work characteristic analysis of Nd
:GdVO, crystal by a diode laser end-pumped, a thermal model was built according to the actual working state. A

power of diode laser is 15 W, the pump-face centre of 1. 2 at.-% neodymium-doped Nd: GdVO, crystal can get 189
field; thermal distortion field

'C maximal temperature rise and has 1. 37 ym thermal distortion. The method can also be applied to analyze thermal
-
1 5l

new solution of the heat conduct equation was introduced, and the general solution of temperature field and pump-
=]

face thermal distortion field of rectangle Nd: GdVO, crystal were obtained. Some relevant parameters, which would
problems of other laser crystals.
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influence temperature field distribution, were analyzed simultaneously. The result shows that when the output
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Fig.1 Schematic diagram of diode laser end-pumped
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Fig. 2 Schematic diagram of laser crystal thermal model

Xt Nd: GAVO, & & TAEFe 3 2087, 7T 2 S 45
Hrify BEAR A .

1) 13z 't 3 o A 1B

LT H A I RIARBOLS & B s B0, £33
P BERARK b RGN A RE B RINES
B AST BB B Ak . Hodh iz ot 5 K = h)
G TT LA R 7 B BOR S U BB T AT =
FASE = = 0, WP EMEF LN, TE 2=0
Tl (2-y D BB AR BN

_ _ o x—a/2)* + (y—b/2)°
I(x7y70) - IoeXp|: 2 o ]7

(D
He I, Azt ofE = = 0 MM 2%, w
HE R R AR
o't T A il 6 i R I R B B, HHhiE ot
VAT = BhABRE I, O 3R B T8 R AT B Bl IR MO
R AR = = = HKOLEA
I(z,y,2) = I(z,y,0)exp(—B2). (2)
2) WO S P 7 A T R R
F T O L A58 B 30 A R FE R W dihiz
0 B B R T Atk D S A R R R M R
A5 5B A B T 56 B 3500 R P B R IR 2 O
RREFTAENMETE 2 =  HAHERIKEE™ 4
E B E S )

qv(x,y,2) = gl(x,y,2) =
—a/2)’ + (y—b/2)*
Ionexp[—Z(x a/2) ’:Jz—(y /2) ]exp(—ﬁz),
3

Horp g o8 i 98 06 B T 300 A P93 AR B RE Y B R
Ey

7=1—2/As (4)
Hp A, MEREREOER BB K 808 nm,A, KN
IR B IR G OE B K 1064 nm,

3) VOt Fh R AR
H T AR T Y AN AR DY 5 o A ) T R R AR



H BB % WEE AR BT Nd: GAVO, &40 B 5T 925

FARPIERE BN w0 VN PAE BUR 2 40 BE AT B0 H
OCHIXD R E TG, BB MR WA REE w..
ot TR A1 308 ' i TR 5 2 0 e A, DA VBRI i TR P
PRSI H BPESTE T / TFBA A T S 5 S O
H PR R R 5 R I T 1 8 A ) R T 24 A 5 VB R
BE MR

u(0,y,2) =0, ula,y,z) = 0,
u(x,0,2) =0, u(x,b,2) =0, (5)
dulx,y,2) dulz,y,2)
za =0, —I2277 =0,
dz 2=0 dz e—c

2.2 Nd:GAVO, RERHEREFHIHTEREX
H T O & A P A PR, U G R R R
PR T
U (T3 y52) Ty (x,v,2) T u.(x,y,2) =
—qv(z,y,2)/A, (6)

HP 2 ARESHAUEKRIMTR, BT
qv(z,y,2) AR FMHHE M, —BORGIHBN T
BRFELE R Z T BRNE.

— MR R 5M G XA TR T RBRH Y
B THA 5 R B A 0 Z5085 L TH WA O TR I D B, 0
Hih R &4 HEEFBEWT .

1) AR 4 3 5 4% 0 8 1A PA O R A% I AR AIE 1R 4K
WRIEZ » th A AE B BUR A I A TR u(z,y,2),
ulx,y,2) PHFEEE;

2) ¥ ulz,y,2) RAER TR, RE ulx,y,2) H
IR EE LR w(x,y,2) MREA;

3 BT ulx,y,2) BRWERETHA 0 2 Hil
F&A, Ul T IH AL 07 A8 W f% R 78 vE— M, ) w(a,
vr2) ST TS TR B ME—fi#

HER AR 08 )

ulx,y,z) = iiiA,,,,,,sin(%x)sin(%y)cos(%tz), )

n=1 m=1 [=0

8I,Bcyl1 — exp(— Bz)cos(in) ]

A,,m[:

PP R Y ey ey S P R

ﬁexp[— g (x—a/2)* 4+ (y—b/2)" ]Sin(%x)sin("%y )dxdy, ®)

w
00

8] #] F§ Mathematica 7B 84, i (D XIHE
O & R IR E 3

3 BOLRERIL G TR %

HPOL AN L i R ESE . B TE0E
AR U ik 75 L R R AR PUB AR, SRR BUB AR
23 E 5 W WOG AR I T

WROERENT— & (v, FIRER 0, &
R BB G R ER wlx,y,2) A8 IR E AR
BN ulx,y,2),2 J7 0 dz TTHREZKE N

dl = aulz,y,2)dz, 9

K o REOE RIRAE = J7 1 P Ik R B W 7E S i =
75 1) b B P K B

c c

1 =[dl = afulz,y,2)dz, (10)

B #] | Mathematica 38 # 4, B #E (7), (100 X3t
BHEOERME = FRPIEEY .

4 Nd:GdVO,.HOE MR E #a Hr
B N BTSN 1. 2% 8 Nd: GAVO, &

R R RECH 74 ecm™ 2 F Rk R4 7.3 X
1078 Kl
4.1 Nd:GAVO, B KRB ER

PR SARBOER MBI R A 15 W, dhisk
kAR w2k 0. 45 mm, g AR~ % 3 mm X 3 mm
X4 mm, FHEHBHBEANT z=0a/2,yz H L=
BEG 5y i 3 Bis ,2=a/2 T L4 IR 6 57 40
4 B, i E LR (e=a/2,y=0b/2) LIRE S
i anlE 5 Frzs . iz s i b EOR IR A 189.0 C

Relative temperature /(a.u.)

B 3 Nd:GdVO, SN =4 B EHHAE

Fig. 3 Three-dimensional temperature field distribution
diagram of Nd:GdVO, crystal



926 B 55|

# * 32 %

ME 3~E 5 fa] IR f1 T Nd: GdVO, &
R RE AR R WRBE  HE Y R, 15 B
(RETER DRI S B S £, S5 IR T AR 2 BR
T, J5 3R AR

3

y/mm

2 /mm

B 4 Nd:GdVO; & & P33 45 iR £ 23 i B
Fig. 4 Isotherm distribution diagram of Nd: GdVO, crystal

175
150
125
100
75
50
25

Relative temperature /(a.u.)

0 1 2 3 4
z/mm
Bl 5 Nd:GdVO, &R EREMZB L4
(z=a/2,y=5b/2) L WBE 5 E
Fig. 5 Temperature distribution diagram of Nd: GdVO,

crystal interior x=a/2,y=05/2

Z 250
=

= 200 F

2

= 150 |

S

w

g 100 |

2

g sy

=

s

o~ 0 1 2 3 4

2z /mm

B 6 AREHBHET Nd: GAVO, & P i
(z=a/2,y=b/2) 1R E /7 XF He

Fig. 6 Temperature field distribution contrast diagram of
Nd: GdVO, crystal interior z = a/2, y= b/2 by

different pump power

4.2 MHIEXRITNERF LI Nd:GAVO, T &P #BIEE
HaH KR m
AR EBOER B IR FH N 5 W, 10

W,15 W,20 W, 4z e\l 42 w K 0. 45 mm, F
AR 3 mm X 3 mm X 4 mm, 33 Y68 02
(x=a/2,y=b/2) LIREFHWE 6 iR,

M 6 BT, A A ER IR BE 3 5 s S T
E.
4.3 HIER B EML R Nd: GAVO, & &K iR

B mEsm

6B A AR SRR & Wk
BXAEA T Nd: GAVO, @ ko, EHEAFK B
BAE, UBRERMEEENEN, SHER
15 W, s 6B & 2k 42 w 435028 0. 35 mm,
0. 40 mm,0. 45 mm,0. 50 mm,0. 55 mm, &R}
A3 mmX3 mmX4 mm,z=0 & y=5b/2 2% _F IR E 4
Al 7 R fhis R LR (e=a/2, y=b/2)

RS E 7)) iR .
2 0.35 mm
E] 0.40 mm
< 200 0.45 mm
2 0.50 mm
Z 150 0.55 mm
=
5
2,
g 100
2
ERR (a)
=
o)
~ 0 1 2 3
x/mm
= 0.35 mm
< 200 0.40 mm
o 8.451(5)mm
o 50mm
£ 150 0.55mm
=
£ 100
g
]
2 50 (b)
=
)
o~ 0 1 2 3 4

2 /mm

B 7 AFHEGHEERT Nd: GAVO, & iz i | -
(z=0,y=5/2)(a) , HF (x=a/2,y=0b/2) (D)BE
437 i LG

Fig. 7 Temperature field distribution contrast diagram of
Nd: GdVO, crystal pumped-face (=0, y=5/2)
(a), interior (z=a/2,y=15/2) (b) by different

pump spot radius

ME 7 B, 38 K66 BE K /N i & A B R
Ui H o /)N DRSS L RE Y BRE AR /)N o 1A o v R B AR R
4.4 Nd:GdVO, @& iE 5 E#H T o5

B F & A5 3R TR AR, T MRS & 5 R |
TCRIE AL, b 1 1 IR T 35 AR & 1A 3 32 v TR RROE AR,
Nd: GV O, # {4l iz v T B 28 2 51 s 8 3800



H BB % WEE AR BT Nd: GAVO, &40 B 5T 927

WEBREHE. #hisTh® R 15 W, sk sE ks
w A 0.45 mm,fE Nd:GAVO, Fi{&HE 5 m (z=0)
y=b/2 & LR PIE AR5 10 W 8 BT , 138 Ui
H=4PIE BT 5r a9 Fis. $ibis i oo &
KEIBARH 1. 37 um,

1.4
1.2
1.0
i 0.8
~ 0.6
0.4
0.2
0.0

0 1 2 3
X /mm
B 8 Nd:GdVO, &4 32 3 1 & AL W MTB 54

Fig. 8 Thermal distortion field distribution diagram of
Nd:GdVO;, crystal pumped face (z=0,y=5/2)

B 9 Nd:GdVO, &4 3z i E PIB 28 5 = 4k 43 7
Fig.9 Three-dimensional thermal distortion field

distribution diagram of Nd:GdVO, crystal pumped face

R A B A A 1 (2 5 ED AR
I BE B “RE K (B R VE 22 BN 1. 37 pm), 515
T RGBT . REGTERE NI RN,
A AL BN g R R AR R A LI DT B AR X 8
MW T BOGAKPERE. DL ESERAT Lo E B
B 2 — 2B B FE WO A PO [ L4 it BB K 3R

5 % B

o T 7R o s AT, R AR R BUE
Nd: GAVO, Bt i 4 i) 52 bR B8, FI F A #A 07 FR 1
—FRHTR A 7 B 45 T AR A N AR 3 R R A
HPFE LG, NER DI E W, BigdhizJr
A Fh 2 8 R BO T AR BE 5 18 352 J5 1 B R X
PR » i TT RRIE 22 4 51 2 ) 828 5 28 1 20 3 WOt A%
F TR D R i L R R BOL R B B, TR SR

VU & B0t — iR A ilis £ B A BOE S R E Bt
RAIBIKIE

2 * x W

1 Huaijin Zhang, Xianlin Meng, Junhai Liu & al.. Growth of
lowly Nd doped GdVO, single crystal and its laser properties
[11. J. Crystal Growth , 2000, 216(1~4); 367~371

2 C. Li, J. Song, D. Shen e al.. Diode-pumped passively Q-
switched Nd : GAVO, lasers operating at 1. 06 pm wavelength
[J1. Appl. Phys. B, 2000, 70(4): 471~474

3 C. Q Wang, Y. T. Chow, L. Reekie & al.. A comparative
study of the laser performance of diode-laser-pumped Nd :
GdVO, and Nd:YVO, crystals [J]. Appl. Phys. B, 2000, 70
(6): 769~772

4 D. Y. Shen, H. R. Yang, J. G. Liu & al.. Efficient and
compact intracavity-frequency-doubled Nd: GdVO,/KTP laser
end-pumped by a fiber-coupled laser diode [J]. Appl. Phys. B,
2001, 72(3): 263~266

5 J. Liu, Z. Shao, H. Zhang e al.. Diode-laser-array end-pump-
ed 14. 3-W CW Nd: GdVO; solid-state laser at 1. 06 pm [J].
Appl. Phys. B, 1999, 69(3): 241~243

6 Junhai Liu, Zongshu Shao, Huaijin Zhang e al.. Diode-laser-
array end-pumped intracavity frequency-doubled 3. 6 W CW Nd:
GdVO./KTP green laser [J]. Opt. Commun. , 2000, 173 311
~314

7 Jie Liu, Jimin Yang, Jingliang He. Diode-pumped passively @
switched intracavity frequency doubled Nd: GdVO,/KTP green
laser [J1. Oprics & Laser Technology , 2004, 36(1): 31~33

8 J. Liu, C. Wang, C. Q. Wang & al.. Diode end-pumped Q
switched high-power intracavity frequency-doubled Nd: GdVO,/
KTP green laser [J]. Appl. Phys. B, 2001, 72(2): 171~174

9 C. Czeranowsky, M. Schmidt, E. Heumann ez al.. Continuous
wave diode pumped intracavity doubled Nd: GdVO, laser with
840 mW output power at 456 nm [J]. Opz. Commun. , 2002,
205:. 361~365

10 Huaijin Zhang, Chenlin Du, Jiyang Wang e al.. Laser
performance of Nd: GAVO, crystal at 1. 34 ym and intracavity
double red laser [J]. J. Crystal Growth, 2003, 249(3~4):
492~496

11 Lianjie Qin, Xianlin Meng, Chenlin Du e al.. LD-pumped
actively Q switched Nd: GAVO,/KTP red laser [J]. Optics &
Laser Technology , 2003, 35(4): 257~260

12 Jie Liu, Jimin Yang, Fengqin Liu ez al.. Compact and efficient
diode-pumped passively Q-switched Nd: GdVO, laser at 1. 06
pm [J]. Chin. Opz. Letz., 2003, 1(6): 337~339

13 Ou Qunfei, Chen Jianguo, Feng Guoying & al.. Analyses of
transient temperature and thermal stress distribution in ring
laser diode array pumped laser rod [J]. Acta Optica Sinica,
2004, 24(6): 803~807
BB BREE . DEE £ WBRE R EHEBEREOES
R BEAS IR BE AR A [T R |, 2004, 24(6): 803~
807

14 J. Frauchiger, Peter Albers, Heinz P. Weber. Modeling of
thermal lensing and higher order ring mode oscillation in end-
pumped CW Nd : YAG lasers [J]. IEEE J. Quantum
Electron. , 1992, 28(4) . 1046~1056

15 M. E. Innocenzi, H. T. Yura, C. L. Fincher ez a/.. Thermal
modeling of continuous-wave end-pumped solid-state lasers [J].
Appl. Phys. Letr. , 1990, 56(19); 1831~1833

16 Usamah O. Farrukh, A. Martin Buoncristiani, Charles E.
Byvik. An analysis of the temperature distribution in finite
solid-state laser rods [J]. IEEE J. Quantum Electron. , 1988,
24(11); 2253~2264



928 B 55|

# * 32 %

17 Ananada K. Cousins. Temperature and thermal stress scaling
in finite-length end-pumped laser rods [J]. IEEE J. Quantum
Electron. , 1992, 28(4) ; 1057~1069

18 Junhai Liu, Chenlin Du, Zhengping Wang e al. . Diode-pumped
Q@ switched Nd: GdVO, /KTP green laser formed with a flat flat
resonator [J]. Optics & Laser Technology, 2001, 33(3): 177
~180

19 Chen Zhenqgiang, Zhang Ge, Shen Hongyuan & al.. High
power red laser from intracavity-doubled Nd: YAIO;/LBO laser
[J]. Chinese J. Lasers, 2003, 30(10): 873~876
BRI, 5k RLILMIT %. Nd: YAP/LBO B2 P55 55 55 2h SR 41

e¥Ok4 [J]. +Esk, 2003, 30(10): 873~876

20 Jintao Bai, Guofu Chen. Continuous-wave diode-laser end-
pumped Nd : YVO./KTP high-power solid-state green laser
[I]. Optic & Laser Technology, 2002, 34(4): 333~336

21 LiLong, Shi Peng, Bai Jintao. Semi-analytical thermal analysis
of single end-pumped laser crystal temperature distribution [J].
J. Xi'an Jiaotong University, 2004, 38(4): 369~372
Z [, B,ATE. RINE WSO RAR E S K LB
#arr [J]. & ZBRFEFH, 2004, 38(4): 369~372

22 http: /www. foctek. com/products/crystals/ndgdvo4. htm,
Foctek Photonics, Inc. 2004-6-13

e e e e Ve Ae e e e e e Ve e e A Ve e e e e e e e e e Ve e e e Ve Ve e e e e e e e e e e e e e e e e Ve e

HEZREHIZHE Yb:GSO R LI HLIEZHE

PER RS BAE 1 pm BEOE R E (LD #z
LEBFBOCRNHENT, B Yb SiEEE KA
BARBI 1. Yo §FHAER B FEH, BT
WA TR R, 15 e DL R vk BE 8 K HE R I 0%
BEE. W H B Yb A K& T ki bR AT R
AR R AR R AR, EEK, B Y A
F—EERMEEEHE LB RIEH, I Yb:
YAG,Yb: YAB Dh K Yb:BOYS & ,324 K 1k, AAf]
e AT 45 P 221K DL A3 B & 59 9 63 5 IR B 2
HRBOL R,

BT, B B R 2 B 0 R 25 LA 5
B E REFRHNBERERE Yb:Gd, SO, (Yb
:GSO) ¥t S 1k (£ F)5 :200510025560. 3) , J&§ T4
AR R P2 /0, 7EZE TR A 940 nm K
M AR E BRI TEN & B (£ 70 nm) , 40 1
im. HSHEKE % 1088 nm MK Yb BF
#E GSO i Stark BB r MM ES RRERM T
BER I ) R EL 3R (AE =1067 ecm ™), 2881 T PU 8
KRG, i LHARREBOLEH . o, ABE BT
IHEN Yb:GSO Sk BE7S 2116 fs MBOLH .
P B 5 P A SO — AR A i i I B TR
AR BRI M RRT S

FIF 940 nm RFOL WM EMIEE B Yb &
FEFHE B R 10%6 Yb:GSO S R#17 T ¥k
SH AR EEARER, EEYFR A 3 mm
X3 mmX 1.5 mm, # 3l & A& K 18 4 H X sk
MR BB KA 70% . LRRAREM =45k
gk, R B KR 230 om, F G P L ERKK
BRHEK 2%, LT ZBENKRAERLEH,
Bt & B BAE LN 215 mW, A R T R % B R
1.27 kW/cm® , X H " IZ N K Yb: YAG & A iy 31
W BEE BARAEX R T 15 B KW Bt 1

ThAK 360 mW,AH N I BOE R E KR 19%, LK
s B, R BT s S5 E S s TR T
i BOB 6 AR TEMo B2 5K, 3 & OB Ist-
rees Laser Spectrum Analyzer) fif & 5f Y6 3% B9 & 0>
B K 1090 nm, WA 2 PR,

— YB-GSO 940nm-LD

—~ 0.6 pump emission 18§
0.5 {

10311048

Emission intensity /(a.u

e L e e 2
o = N W

950 1000 1050 1100 1150
Wavelength /nm

B 1 Yb:GSO &k & 41 ik
Fig.1 Emission spectrum of Yb:GSO

1.6 1
1.4
\

12 i
1.0 4 I
0.8 1 f I’ ..FWHMﬂ 4
06 ] _”} ' L— =5.4nm

!

|

|

|

<

0.4 1

|
0.2 1 | ‘\\ /\\ /
0.0 fu/ /N

1087 1089 1091 1093 1095
Wavelength /nm
B2 Yb:GSO ¥R i & 5 i
Fig. 2 Laser emission spectrum of Yb:GSO

\
\

S g a

Relative intensity /(a.u.)

'REXFHENBEABTIRER LELL
BAMFETHRELEZRET, X & 300072

P BA R LR FEEAMATR AT, L 201800
Bawa' EFA R B LAKRXL,
R;EL,FRB ARAT R E

A% B B8 . 2005-06-06 5 0% 2] 46 & A5 B #:2005-06-15

* H R E m ERBE TR (G1999075201-2,2003CB314904) Fl [ R A HH H 4 3 4 (60425516) B I H . .



