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Research of Transient Temperature Distribution of Nd: GGG Gain
Medium in Solid-State Heat Capacity Laser
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Abstract The transient temperature distribution of 18 mm X 18 mm X 10 mm slate Nd: GGG gain medium of the solid-state heat
capacity laser pumped by a 10* W laser diode array is numerically calculated to analyze the influence of the large scale temperature
variation on the specific heat of Nd: GGG crystal. Through comparing the calculated results with the experimental data, which is
achieved with the HR-2 thermal infrared imager from the end face and the side face of the Nd: GGG crystal, valuable conclusions are

obtained.
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Table 1 Relative parameters of Nd: GGG crystal

at room temperature

Nd: GGG
Refractive index n 1. 965
Thermal conductivity x /(W/mK) 7.05
Density p /(10* kg/m®) 7.08
Heat capacity C,/[10° Ws/(kg * K)] 0.3812
Young modulus E /10° kg * cm™2 0.220
Poisson ratio v 0.28
Coefficient of thermal expansion ¢ /107 K 9.5
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Fig.1 Curve of the specific heat of Nd: GGG crystal

versus the temperature
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Fig.2 Temperature distribution along the thickness of Nd:
GGG crystal in pumping state (a) and cooling state (b)
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Fig. 3 Temperature distribution on the end face of

Nd: GGG cystal
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Fig. 4 Temperature variations on the end face of Nd: GGG
crystal in pumping (a) and cooling state (b)

3.1 Nd:GGG TENRFERBES W

BOE R E B iz E T R 127, 3W B,
Vi 1T Il 3 3 T ) YR o A [ 728 A i 2R 40 ] 4 ()
B ] L% BB AR A J b P BE IR B B R b 5 58
BEFENE, EHS 18 CERTPHITARLH &
HEERRECH 40 W/ (m® « K) B, % [ 15 BE il A ]
AR IME 4D iR . BHFRE, FEEE K
BERFEETEMEHNNRETIE. BRIHE
L ERIE TR BT Nd: GGG & M) 1 4% #4451
A,
3.2 Nd:GGG TENMRBERBE S

WL RGBTz I 3127, 3 W, #liiz
B ]S 39 s B, T B2 A A0 TR VR BE 43 A AN I 5 (a) B
o B 5(b) R LE I & 5 A B X L, 325 I
EFERERE A 30,0 C, iz 0 mE
WAE LB R 15, 2 C, I TN mBE 2
BB #1467

180

(P} _«—experiment data
160 - —=-numerical calculation

-
[

[

Temperature /C
faan)
)
=]

=
=
=
=
s)
=
3
=
—_
IO
~
w
=)
g y

[ pump time: 39 s
: h=40 W/m? - K

o [o'e]
< <
T

0 1 2 3 4 5 6 7 8 9 10
Thickness of the Nd:GGG /mm

Bl 5 diiE By B RSl R E 2
Fig. 5 Temperature distribution along the thickness
of Nd: GGG cystal

4 &% B

FFRA BR 2270 , 7% S8R BE IR BE 22 4 X T4
I JR L PR BRI 5 3 O T AR B il 1 VR
BOLES AR Nd: GGG TN B #4T T ERS %
STRESMIAEI S LB ERMET X .5
RER A2 BB TR S B P W iz T e 5 B 2



BT MELE. BEHAREFEESE Nd:GGG TENMRWBRSREN S 33

R ARG » [R) — 132 I 200 2% 18 4R A B LG PR BE IR B 2R
R BT A RES SRENF EF R A B, T
M TR 9 1 i T PR 30T 19 9 B8 7 A% 4 i 1) P 2 R T
e, gl i) A R L B R s AR A A ) R RS L
R BERAE T B, 72 A — i 20528 18 AR 4 i e %
7 AR BE AR AL AR BT B RE WA

DA BB AR S SR AR X B IR BA
B SHEIT AN TR, R IR B, W
% JBZ IR A SR GRAAD B 1 58 45 I, DA
/I Nd: GGG & A 1] Py I B2 1Y 2 R 2R 4

2 £ X B

1 Jin Feng, Zhou Dingfu. High power solid-state heat capacity laser
development [J]. Laser Technology, 2004, 28(5): 534~538

& B.FARE RUREAKASEOESE V] #EH A, 2004,
28(5): 534~538

2 Zhu Huanan, Solid state heat capacity laser [J]. Land-based Air
De fence Weapons, 2003, (1): 49~53
RALEE. EAEAAEEERS [J). awm £X &, 2003, (1)
49~53

3 Jan Sulc, Helena Jelinkova, Vaclav Kubecek et al. . Comparison of
different composite Nd: YAG rods thermal properties under diode
pumping [C]. SPIE, 2002, 4630. 128~134

4 Yao Zhongpeng, Wang Ruijun. Heat Transfer Theory [M]. 2ed
edition, Beijing: Beijing Institute of Technology Press, 2003. 96
PEAME, EEAE. ##H % IMIE M, tx. bRET REHMR
#,2003. 96

5 G. F. Albrecht, S. B. Sutton, E. V. George e al.. Solid state
heat capacity disk laser [J]. Laser and Particle Beams, 1998, 16
(4): 605~625

6 Thomas J. Kane, John M, Eggleston, Robert L. Byer. The slab
geometry laser-part [I : thermal effects in a finite slab [J]. IEEE
J. Quantum Electron. , 1985, 21(8): 1195~1210



