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Numerical Comparisom of Thermal Effect Among zigzag
Slab Pump Geometry
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Abstract: Pump and cooling scheme play an essential role in getting high bright and high-average-power output for
diode pumped solid-state lasers besides the temperature distribution and thermal lens effects. Base on heat conduction
equations, under the condition of conductively cooling and the same pump power, temperature and thermal-induced
stress and temperature induced refractive index are analyzed in detail in one-side pump zigzag slab, one-side pump
diffusion bonding zigzag slab, partially pumped slab configurations. Using ray tracing method, the OPD (optical path
difference) is compared in zigzag and perpendicular zigzag plane, and the thermal lens effect is analyzed with the OPD
curves. The end temperature, end deformation, end OPD are also analyzed in contrast. It is shown that the beams
are diverging in zigzag plane while they are focusing in perpendicular zigzag plane, and the diffusion bonding slab can
eliminate end effect in evidence. At last, the compensation method of the thermal-lens effect is also proposed.

Key words: lasers; solid-state lasers; zigzag slab; numerical comparation; thermal effect
1 3 7 RS AIR R, » B b T LA B 7 R

IR 7 BT 5 R 3R AR A0 R T By ZR 8 o 1 A
B RBOLAN FRR B Zh R R G R R BOth 1l
BT N AE. XS MR EET, EEE
(zigzag) tR 2R WOL A o BE 9 4R 14 HL AR IR WO/ TR
R a8 KE S ILT KR A, T R T30
BB A LUTE SR O T A T BR — B AR AR L

» o [ B2 5 7 [ MR TR E BB

BRI LY SRR HENRRE
P TR R AR TP SO T IR AR S T 2 RE TR SR
TrTE RS M E A . i, R BT
WA (LD) iz B9 £ B A BOE MR E = BN B £5
BTIZERE, HEHNEARREYWE T
X IV A AR PR B ARCIR B R e A B A S

EER/ . BFEELAT8) . B AN HEHRE, TENE ZRE IS EEBOCRT AR ST W5

E-mail: xivhua_ma@163. com

SIMEN: BIARA969—) . B, LA HRA . BELAESH, TENFT2EATBMEBEAR . EBBM S L HFEHER ML
BAFRABEAURMERKFLARMEEEESEAREF TR . E-mail: wbchen@mail. shene. ac. en

s B 2007-04-04; URBIME AR H #1: 2007-06-04



2210 * =3

2

Eird 27 %

FH L AT REAENEOLRIME S WS, A
XML FRHFEB R, FHERAN B EME S
HEMET, A Q fkp LI 20 Hz, 100 m] )
BotH B A BRR, BB =M AR MBS 1) 3
T il 32 R 15 T O AR £, 2) BN TE B B A Ok
M4k, 3D FR A B WO M, T HE AR S
P BN IR B 4 A0 R BN 7 43 A T B AR
JEA™ B A it T RN TR BRI R G A R Y
S, BJE SR A BRERIE BR T BT T IR EE RN
FEMBEIEAN TR R BRI, FFIE B T X B
BB B R T

2 Hhiz ol S B 55 50 A4

=MAFMMZEESERIME 1 Fa, B 1@ RE
A T o U0 R A AR 0 R A AR R MO R &% B 1(b)
Sk BRI T 0 AR S Ot AR %, B 1 (o) R 43 i1 Ot
MRS G5H . AeAR R R TE R AR I JLAT ol s IR AR K B
05 1 FEBE Ty R TS A B AR 2y, =P
BWOLMAMIER SMYHEE, HKE . RE. SHES
R [=78.8 mm,w=7 mm,t=5 mm, E&5EE
WEW A YAG. A Nd: YAG, 88 JUTK E
& 110. 3 mm,

ol x
[ Conductively cooling | Conductively cooling LD array| Conductively
‘ cooling
NA:YAG vac |YAG
/ﬁGl Nd:YAG ‘ NA:YAG

|

| || T o )
‘ N Conductively
LD array ‘ ‘ LD array ‘ cooling y
@ ®) (©

A1

=R [ B 43 45 1 45 s

Fig. 1 Schematic diagram of three pump geometry
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Fig. 2 Pump light intensity distribution with three pump geometries. LD: Laser diode
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Table 1 List of parameters for computing

£ thermal conductivity /[W/(m « K)] 14
¢ specific heat /[J/(kg + K) ] 590
o mass density /(kg/m*) 4560
E Young modulus /GPa 3
v Poisson ratio 0.28
a thermal expansion coefficient 7.5X107°
w, beam waist /mm 1. 5
a absorption coefficient /m™* 400
7. coupling efficiency 85%
7. absorption efficiency 80%
7« heat load ratio 36%
[ slab length /mm 78.8
b slab width /mm 7

t slab thick /mm 5
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Fig. 3 Temperature distributions of laser slab media
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Fig. 4 Deformation distributions and equivalent stress of laser slab media

4 FABIONLRS C A R W
4.1 BESHHNTHETN

B T A0 A B S 39 53 PR A B A E B
Jel R R B ERR Z Kk AEAR AL, R B0 R
B B AL, YRR Z AL AT LA NP ER 4 — R
A RIS R A AH K 5 — B4 AR AL
T3 BB, JBL 7 SR F) 0L AR A8 3 ) B S B A TR
MPT AT A . o TR TR AR A 5 AT LLIE R B )
KUHT BT S A o3 A7 iR BE S B B0 37 S R A A, IR BE
S HRKRATLLERERH

a
n=—n —l—%T’(x,y,z),

K ne AFETHITHE,9n/0T HHr i REEHEE
AL R R IR S B e 22 T LIRR

_ | 9np
Dop _JE)TT (xyy,2)dl.

R Y6 ERIE 78 J7 35 - 8 3 X FOL R &4 Bok
AT AT > 20 B A R X e R 2 X O PR B T
A TR 2R SO B B TE X 5 — SO
X CARRZ BT 4T . FEAR AR 55 15 1 T P DA RS T 2
T 9 7 7 i T 2 59 B 17 204k A% i 18 B TR 4 A
TE T PN AR L B9 AR X 6 AR 22 0 A AL 5 BT .

MELS AT LR i, =Fh s 5 S et =
iy £ B BT 3R /) 5 HE AT LR ] 4 T AR A R RO T
WOLTR I R AN, =Rz G5 6 R 2 2 9L
AT B U B 6 A BY A RURE T iR 3T AR R D A e R
2= 28 5 U A e A B 451 a B BOL AR SR AT
R 22 i 2 5 1 il ) e A B L D HORE 18] T AT i
BEM ¢ W2, EHK 1 _EmEs, Bz 454 b /b,
WE B T W, AR T, EEE T ZFH
NI 13 Aotk 18 ZUAR B A AR X e 22 0 A
WE 6 Fim.

M B4R 5 T T P9 B9 AR X Ot AR 25 23 AR AT

(7

(8

0.3

@

3

e
0.2 s 0
o b
o
0.1 s "
“ <l
Oé;gt$+++++++++++:
E -01 *
2 *
& *
o5 02 .
*
-0.3 *
*
-0.4 ,‘ __*
* Single-side pumped zigzag slab
-0.5 + single-side pumped diffusion bonded zigzag slab
0.6 5 Partiallly pump geometry
-U.0
05 1.0 15 20 25 30 35 40 45

Beam position in zig zag direction /mm

B 5 4R ATE TE R A XS G R 2 4 A
Fig.5 Relatively OPD distribution in zigzag direction,

OPD: Optical path difference

1.2 m
] 5]
1.0} o 0
0.8 * Single-side pumped zigzag slab
0.6 O single-side pumped diffusion bonded zigzag slab
. V Partiallly pump geometry
E 04F [m} % * * * % 5] |
=5 * *
< 0.2 * *
& * *
Q005 v 9
0.2 v v
041 v v v v g V
-0

15 20 25 30 35 40 45 50 b5
Beam position in perpendicular zigzag direction /mm

B 6 4R U T P X TR 4
Fig. 6 Relatively OPD distribution in perpendicular
zigzag direction

=iz 45 1 A9 B R 406 TR 34 B 3L IE B B RN,
HEHREBI =M mrREBERKR N
5.1 m.2.19 m.4. 44 m,
4.2 i TE 3R B 5 i

BOEA FUAE TAR R i TR0 1R = 3
S TG A » i T AL TE (o6 79 0 PR 22 K A AR Ak » i T S8 E
MRNGimRERESMAEFENNLR. B
7 B 8. B 9 43k =F AR 3B 45 R Y 22 i



12 1 DHEEE.

ST AR A fili2

25 1 B PR R BUE B 3 2213

T 388 B 93 A [ i T S T o A P o TR RO B O

{m]
HESAmE.
34 T T T ; T
* Single-side pumped zigzag slab
39 + single-side pumped diffusion bonded zigzag slab
% Partiallly pump geometry
o 30 2
~ E
@
= 28 ¢
E L O O %
[ S *
a 26 s *
£ s *
S L0 *
£ o
Mo22) 68 - ]
20 Fobb e h b gy

0 05 1.0 1520 25 3.0 35 4.0 45 5.0
Beam position in slab end along thick direction /mm

B 7 =ZFdhizr Aom iR E o R E
Fig. 7 End-temperature distribution with three

pump geometries

0.5
g Obeseonnsnan Fe s R
S R .
g 05 ¥ ¥
R *
2] *
B » 7
< -1.0 % ¥
{5 *
= % *
’g *
= ~1.5 * Single-side pumped zigzag slab
+ single~side pumped diffusion bonded zigzag slab
2.0 & Part]a]llv pump geometry

0 05 10 15 ZO 25 30 ‘35 4045 5.0
Beam position in slab end along thick direction /mm

B8 =Fhdhiz iy =om AR 4 1 LA
Fig. 8 End-deformation distribution with three

pump geometries

= L6 = - -
=l * Single-side pumped zigzag slab
E 1.4 | + single-side pumped diffusion bonded zigzag slab
) % Partialily pump geometry
=] *
% 1.0 « ¥
*
Y
g 08 x ¥
¥
T 06| o ¥
< *
> *
2z 04 *
= . .
§ 02 v +++++++++++ 1
* + + t

E Ossdtddooanpoonnnsnd ]
Q5 02 — P R

0 05 1.0 15 2.0 25 3.0 35 4.0 45 5.0

Bear position in slab end along thick direction /mm

B9 =Fhihiz o =i RO S B AL R E 0 LA
Fig. 9 OPD distribution induced by end effect with three

pump geometries

MWE 7. F 8.8 94 LA LLEH , RAEEH
Je AR S5 B i T IR B AR AR H /N, 5 220 B Y I T AR
ERmmE e EEWIEE /D, XEEAWE YAG Xt
HEZE BB HRE, JLF AR, MiE5EW a i
T 355 B B 5 7 T2 A 1 3 A 4 52 G FE O T RO AR

S5 SR B8/ i T 28K

5 WOERMHFIE

W't i WOLA BUE 2 BUEGE B RN, 26 X
HHFFTRIE, B 10 AR IECH#% A, %ﬂ&ﬂiﬂéﬁﬁﬁzﬂl
WIRE . BEER f, WREEHEE THOMREA L
m, SHAERLERE REEATHREEENE
REJER BN f. WEFEREE TR/

A0, 0 SR AZIIEE, AT RIEREE N

i

B 10 BOLHREIE A

Fig. 10 Optical layout for beam correction
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