B8 E BTH
2018 4F 7 H

I S ¢
ACTA OPTICA SINICA

July, 2018

ﬂ%{mr#fbx\‘@auwﬂg%%ﬂ, nnﬁﬁi’i
25, BRL, ha, ¥R, Lh4

@?ﬁum‘mjﬁ%*ﬁ%fﬁféﬂ%'ﬁ&ﬂ?@%E,H\%Eﬁi’ - 200062

2k

FE RIS A FE ARG R 2 B A A R A A 22 s BELHL AR (RO R HL B L TH A5 1D 22 I A9 1R
JRE X Ah S BRI U R A A A 0 AR R o DT R 1 A5 R 1 B PR E B AR5 R 50 M R L
S5 2 B4 R R B8 0T s 2 I ) IR R W L A B R . O AT A SR R T AR R SO0 A I B BEES N 40 mm /b

ZE5 mum, A A M Y I R IS (D0 1 s 2 ARG R B0 2 BN TR0z 3 R, HAE OG0 iR 9 R 5
U2 A JEE R T 0 5 2 ) R B X DR ) P 05 UL B A A A SRR IR 1 B DL Bl S AR R O I Y

B R & A B AUE TR IR M REOE M R R e .
KEIW BOLEE BORRIN; Ser kA B TR R A ] A%
FESES 0433 X EAARIRAD A doi: 10.3788/A0S201838.0714002

Design of Thermal Shield of Optical Cavities for Low Sensitivity to

Environmental Temperature Fluctuations
Li Xueyan, Jiang Yanyi, Yao Yuan, Bi Zhiyi, Ma Longsheng
State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200062, China

Abstract Heat transfer from outer thermal shield to an optical cavity is simplified to a multilevel resistor-capacitor
(RC) integrating circuit, which is used to calculate the temperature response of the optical cavity to environmental
temperature fluctuations. The temperature response of the optical cavity to the distance between the thermal shield
and the optical cavity, the number and the thicknesses of the layers of the thermal shield is discussed based on this
method when the mass of thermal shield is fixed. The analysis shows that the temperature response time of the
optical cavity can be increased by 2 times as the distance between the thermal shield and the optical cavity is reduced
from 40 mm to 5 mm. The temperature sensitivity of the optical cavity to the environmental temperature fluctuations can
be reduced by at least one order of magnitude when the number of the layers of the thermal shield is increased from 1 to 3
and the thickness of the inner layer of the thermal shield is maximized. The frequency stability of the frequency-stabilized

lasers based on the optical cavity can be improved by the optimized design of the thermal shield of an optical cavity.
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Fig. 1 (a) Schematic diagram of a cavity system with a
single layer of thermal shield and the equivalent multilevel
RC integrating circuit; (b) schematic diagram of a cavity
system with two layers of thermal shields and the

equivalent RC multilevel integrating circuit
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Table 1 Parameters of materials

Thermal conductivity

Specific heat capacity

Material Density p /(kg * m %) /(W e m=t - K /e kg KD Emissivity e
ULE glass 2210 1.31 767 0.85
Aluminum alloys 2700 210 900 0.1-0.2
Gold-coated copper 8930 398 385 0.07-0.09
Teflon 2200 0.25 1400
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