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Abstract : Cryogenic cooling systems are essential technological developments for meeting the demands of
forming high-quality and advanced patterns required in modern semiconductor manufacturing processes. In
this study, a -1207C class cryogenic mixed-refrigerant Joule-Thomson refrigeration system was designed for
use in semiconductor etching to advance cryogenic cooling technology. The refrigerants were composed of
four types, classified as either flammable (R50, R1150, R290, R600a) or non-flammable (Ar, R14, R23,
R218). The performance of the cryogenic cooling system and the heat exchange capacity of the recuperative
heat exchanger were quantitatively analyzed based on the type of mixed refrigerant used. As a result, the
coefficient of performance (COP) for the non-flammable mixed refrigerant was determined to be 0.120,
while the flammable mixed refrigerant achieved a COP of 0.206. Furthermore, the volume flow rate and
heat exchange capacity differed by approximately a factor of two between the two refrigerant conditions.

Key Words : Semiconductor Etching Process, Mixed Refrigerant, Flammable, Joule-Thomson, Cryogenic
Refrigerator
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Fig. 1 (a) Schematic of a J-T refrigerator and (b)
Schematic of semiconductor chiller using J-T
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Fig. 2 Isothermal enthalpy difference between 1,800
kPa to 300 kPa of the (a) non-flammable
and (b) flammable refrigerants
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Table 1 Coolant constraints of low temperature
refrigeration  cycles for semiconductor

etching process

Constraint Value Note
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Table 2 Design  constraints of  low-temperature

refrigeration  cycles for  semiconductor
etching process
Constraint Value Note
Refrigerant Ar/R14/R23/ Mole
(NFMR) R218 fraction
Refrigerant R50/R1150/ variation
(FMR) R290/R600a 0.1
: : Coolant
Cooling capacity 2 kW refrigeration
Discharge pressure 1,800 kPa )
(compressor)
Suction pressure 300 kPa )
(compressor)
Min. temp. approach 3 _
at recuperator
After cooling 25C PCW Temp.
temperature 20C
Isentropic efficiency o
of the compressor 50% B
Pressure drop in 0 kPa Ideal case
entire heat exchanger
Precooling 20C )
temperature
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Table 3 Cycle simulation summary of low temperature
MR J-T refrigeration system for NFMR and

FMR
Cycle NFMR FMR
configuration
. Ar:R14: R50:R1150:
&ﬁ‘%ﬁfﬁgﬁl R23:R218 R290:R600a
P =0.3:0.1:0.1:0.5 [=0.5:0.1:0.2:0.2
Discharge 18 18
pressure [bar]
Suction 3 3
pressure [bar]
Volume flow
rate [m/h] 52.8 28.9
Heat exchanger
duty [kW] 67.9 32.0
COP [-] 0.120 0.206
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