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Development of high precision temperature control device for large
aperture frequency doubling crystal

Liu Baolin, Zhang Peng, Sun Fuzhong, Zhang Qingchun, Lu Lihua

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In noncritical phase matching condition, it is necessary to precisely control the stability and
uniformity of the crystal temperature in full aperture. A device using resistive heater to control the
temperature of the large aperture crystal was introduced. Taking full account of the low thermal
conductivity and large aperture of the crystal, it was heated by thermal conduction and the natural
convection of the inner air, which was heated up at the same time for temperature balancing. The
characteristics of temperature distribution of the device were studied. Through experiments and simulations
analysis, it was found that the crystal temperature of steady state and the necessary heating time varied
with the heating length and the thermal conductivity of the crystal material. The result shows the
practicability of the thermal control of the crystal with the aperture of @30 mm. The temperature
difference of the crystal, in steady state, could be controlled within +0.15°C.
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(a) Device schematic diagram

0420001-2



9Nk TAE

5 4 3

www.irla.cn

% 46 %

Heat conduction

Heat sink

Heat conduction
—
—

Crystal Windows

P —

B —
Interior natural ConvectionI I I I Cold air

(b) 2 E AP
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Fig.1 High precision temperature control device for large

aperture frequency doubling crystal
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Fig.2 Simulation model
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Tab.1 Relevant parameters of the solid materials involved in simulation

Material PMMA  Fused silica ADP crystal Material 1  Material 2 Stainless steel ~ Brass
Cp/J-kg'-K™! 1 464 790 476 476 476 450 390
Thermal conductivity/W+m™-K-! 0.18 1.46 //c052 1lcl.13 4.8 8.6 16.2 120
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Fig.3 Temperature control device
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Fig.5 Temperature response curve of heating sink
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Fig.6 Steady state temperature distribution when L=50 mm, cross

section of device (a) and crystal (b),when the thermal
conductivity of the crystal is 1.13 W-m™-K"', cross section
of device (c) and crystal (d), when the thermal

conductivity of the crystal is 120 W-m™-K™'
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Fig.8 Steady state temperature of the center varies

with the thermal conductivity of the crystal
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