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Controlling technique of beam quality by thermal lensing

Qu Pengfei, Wang Shiyu, Guo Zhen, Cai Defang, Li Bingbin
(School of Physics and Optoelectonic Engineering, Xidian University, Xi’an 710071, China)

Abstract: Aiming at improving laser beam quality in designing high power end-pumped Nd:
YAG laser, thermal lensing effect is employed to achieve high beam quality in Nd: YAG laserin
this paper by placing two more Nd : YAG crystals with different doping concentrations in the
resonator. Under action of pumping light, thermal lensing generated from the Nd : YAG crys-
tal is used to shape special distribution of pump beam and fundamental mode beam. Tighter o-
verlapping of both beams results in higher efficiency of pump power and better beam quality of
laser. Experimental results show special distribution of pump beam and fundamental mode
beam can be shaped by thermal lensing effectively under different pump power. Two beams are
matched closely at pump power of 200 W, and M? is improved from 14. 7 to 4. 1.
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Fig. 1 Structure diagram of diode end-pumped

solid-state laser
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Fig. 2 Flowchart of self-adaptive algorithm
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Fig. 3 Structure diagram of experimental laser

3 rh L fifiz Gk iU O 808 nm iy 2 A
BOGHS &G R Ge i b, 8 3 7 B 1k B
IR AR HE B SRR T, T HRAR AR Uk B
0.1% K % 30 mm, £ 3 mm i) Nd : YAG /#
B2 EE R 0. 5%, K BF 10 mm., B 3
mm fJ Nd : YAG fifk, 0.1%#24 Nd : YAG §
P32 ' s T % 808 nm 4B AN 1 064 nm 4 )%
I, HCAth i 187 8% 808 nm B LA 1 064 nm 4235
JE,0.5% 4 2% Nd + YAG & 7K 95 3 ¥ 4% 808 nm
AR 1 064 nm 4 B, AR I G R BT
TR, IR I B Ky 160 mm, iy 4 o Bl %
4% 100 mm [ V] T 45
2.1 GRS

B 4 J& iz Th R 4 5 o 100 W, 150 W, 200
W,250 W B, R B3R 3R 45 2 i sl iz b 5 R %
FEAE &R P9 A% i B A G BE AR AL B0 . B B S
S R B AR W T BE . A E S, ) R s b 2
Mz ELLamt . 2MA REMEHREG R
CCD B 515 B T ) th e BEE A2 14 2 0.5
mm, H i m B Sy 2 f R O 3 & i s IR
G

i &4 FATTAT DA 358 S MR IR 5 06 1
UYLy SRR SR i NI S A = € ) e S
F AR 5K 55 5 PG B AN AN BH L dhiz ol 5 3
BLHR 5 6 N RB AR 4 b & AF — S L X (AR 0O 2
B TAERCR AL, IF B iz SE7E R 21 R F 151 2|
AR i — B BE AR T OB 88 1 TAERL .
A& 4 Ca) A LA Y, 5 B IR G 8 5 il 6 i IR
R AR R T R AE O 0 KR 43 e A R AR 47 M



B 2017,38(1D)

it S A - BAG BE RO 't RS R BT 5T

« 123 -

AR TP A AR DX I, SR O 28 06 T T i BRI B
HHiZE T R4 5 L 58] 150 W BF, B 4(b) AT LLE
L his o B RLR 3 Ot 2 ] Y DG G AR B 4R 2T
W B S FOIR ST L OG A8 6 TR T i S O &
FERRCR MR Z $E T R TR R A . Y
iz DR — B E F) 200 W AT, 3R K 4 (o) it
AR I B0, XA B L 2 Ot 5 B IR 5 O SR A
R ENE A, X RE (A 42 O 1Y BB AR A P 7R
A AR A A DX 35 fofF 75 A5 (1 iy + ) R O g L 0 G
P TR R L (H s T R Ak
250 W B, Q0 4(d) B /i o 3 Bisf i il 38 6 5 A8

0.5

FEFEFA2/mm

—o— iz )
B BRI
-0~ MR % 6

20 25

10 1‘5 30 40 45
z/mm
(a) P,=100 W

0.5

0.45

§

0.4]

£0.35
£
@

e 0.3

0.2
—o—Hiiz )t
0157 |-o- s s X
-0~ i 48 4 35
o 10 15 20 25 30 35 40 45
z/mm
(c) P,=200 W

FeHE 42/ mm

FEHEHAE/mm

ot |
-l-,%ﬁ#ﬁhf
045F |_o- ium ik

I 55 6 A AT 3 D I AL (AR R i A L A is Ol
S B T AR ¥ D' A O /DN s 3
W L il iz O RE B AN BE S AR I M 4 b A R AR
PR e Ak AR T BUR v O R R A B R R
2.2 RBERSW

T B P A5 5 R [ E il s T R Ok

TR IR 1) i R R R () B, SR R R K RD
R PEEE . £ 1 izt AT 195 WL iz
JEEBEFAE S 0.5 mm W, B 350 O 100 mm,
120 mm, 160 mm #1 180 mm (1 4 20 5256 T 45 3| 1Y
PR 7 G A M? S5

-B AR
-0 B BUR 56

10 15

25
z/mm

(b) P,=150 W

0'25 2‘0 30

05

035 ,’,‘.
&
o
03 v
0.25 i
02
0.15 P
0.1
5 10 15 20 25 30 35 40 45
z/mm
(d) P,=250 W

B4 FAEHENETHELSRFLARYEER BB EEL

Fig. 4 Variation of radius of pump beam and oscillation modes in optic axis z direction in differ-

ent pump powers
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Table 1 Output power and M in different kind of resonator length
8 IR P /W M? JER L/mm  FERIR GG SR T AR B BEE AR R/mm SR RIEE ¢/ mm
1 80 22.6 100 0.384 2
2 65 14.7 120 0.401 2
3 72 4.1 160 0.423 4
4 51 7 180 0. 445 2
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