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Research on the package structure of deep low-temperature and

high-power resistor array
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Abstract: The packaging requirements of resistor arrays are high integration, high power, and deep low
temperature. To make the resistor arrays work normally below 130 K when the heating power is over 100 W, an
integrated package structure using liquid nitrogen for refrigeration is proposed. Finite element simulation and
experimental verification are carried out. The results show that the overall error between the temperature
distribution obtained by finite element simulation and the physical experiment is less than 7.67% when the
thickness of the molybdenum heat sink and the ceramic electrode plate are both 2 mm and the heating power is in
the range of 0.1-192.76 W. The error mainly comes from the body and interface thermal resistance of the package
structure changing with temperature, while the constant thermal resistance is used in the simulation. The structure

can work normally when the heating power is less than 211.90 W. Under the designed stable 100 W heating
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condition, the chip substrate temperature is not higher than 101.9 K, and the thermal stress is 5.66 MPa, which

meets the design requirements.

Key words: finite element simulation;
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package structure;  temperature distribution
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Fig.1 Schematic diagram of simplified model of package module
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Fig.2 Schematic diagram of (a) resistor array package structure, (b) distribution of temperature measurement points and (c) Ceramic heater structure
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Tab.1 Comparison of package structure alternative

material parameters (100 K)

Materials w- (r;ll/K)" 1((1){6 GEP/a
Mo 174 2.69 320 0.3
Cu 483 16.7 140 0.34
Ceramic 4.5 6.7 360 0.26
304L 9.2 9.16 200 0.3
4J29 7.6 2.09 140 0.37
Si 124 2.49 112 0.28
Sapphire 27.2 8.40 345 0.29
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Tab.2 Relationship between the temperature of the
main parts of the package structure and the

material and thickness of the heat sink
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Material of  Heat sink Temperature distribution/K

heat sink thickness/mm

Heat sink Ceramic Chip substrate Heater

1 80.64  91.14 97.60 97.82
Mo 2 8128  91.78 98.24 98.46
3 81.92 9242 98.88 99.10
1 8023 90.73 97.19 97.41
Cu 2 80.46  90.96 97.42 97.64
3 80.69  91.19 97.65 97.87
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Fig.3 Relationship between the temperature of the package structure and the thickness of the molybdenum (a) and copper (b) heat sink; Relationship

between the thermal stress of the package structure and the thickness of the molybdenum (c) and copper (d) heat sink
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Fig.4 Diagrams between the temperature distribution of 1 mm (a), 2 mm (b) and 3 mm (c) molybdenum heat sink package structure and the thickness of

the ceramic electrode plate; Diagrams between the thermal stress of 1 mm (d), 2 mm (e) and 3 mm (f) molybdenum heat sink package structure

and the thickness of the ceramic electrode plate
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Fig.6 Temperature distribution diagram of ceramic heater model under

100 W heating power
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Tab.3 Thermal resistance of different power at each

temperature measurement point of ceramic

heater
Thermal resistance/K-W™'
Temperature
measuring point 0- 107.6— 192.72—  Simulation

107.60 W 19272 W 21190 W results
A 0.347 0.338 0.641 0.356
B 0.440 0.512 0918 0.403
C 0.366 0.373 0.544 0.336
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