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Analysis of Thermal Characteristic for Wiring at Heater Connector
of Semiconductor Chiller Equipment
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'Corresponding Author Abstract : With the technological development of the semiconductor industry, the
Doo-Hyun Kim roles of electrical and thermal energy supply and control of semiconductor equipment
Tel : +82-43-261-2463 in ultrafine processes have become very important. However, instances of electrical
E-mail : dhk@chungbuk.ac.kr fires in the chiller heater, which is used for cooling in the semiconductor

manufacturing process, are increasing. A fire occurs in combustibles due to high heat
Received : January 30, 2023 at the connection part of the chiller heater, that is, when the number of electrical wires
Revised : March 24, 2023 in the connection part is reduced or when the wires are completely disconnected. In
Accepted : April 6, 2023 this study, the temperature characteristics were compared and analyzed through

experiments and 3D simulations. The number of electrical wires, which is the
connection part of the chiller heater, was reduced by 90%, 50%, 30%, 10%, and 5%, and
the wires were completely disconnected. When the number of electrical wires was
reduced by 5%, heat of up to 80°C was generated, which is a relatively high temperature
but insufficient to cause a fire in combustibles. Complete disconnection occurred due
to the vibration of the motor and other components, and sparks and arcs were
generated, resulting in a rapid increase in temperature to up to 680°C. When completely
disconnected, the temperature increase was sufficient to cause a fire in the
combustibles covering the terminal block. Therefore, in this study, the causes of
electrical fires in chiller heaters were investigated and preventive measures were
proposed by analyzing abnormal signals and thermal characteristics caused by the
electrical wiring being reduced and completely disconnected.
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Fig. 1. Diagram of semiconductor process and heater heating
device.
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a) Immersion heater connection diagram

b) Heater connection insulation

Fig. 2. Heater connection diagram and insulator,
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Table 1. Electric fire and damage status of company A in the
semiconductor process

Division Facility Case L("nfislﬁrgg)" B
Production 1 04 0.20%
Short circuit. equipment
/outage s
. Elec“}“t.y. supply | 4 152 | 7495%
acility
Equipment heating | 44 21.70%
device
Fire/ ..
carbonization Elec“}“t.y. supply | 29 1.42%
acility
Utility 9 1.73%

* 2R

35
. AHH| 4=2], Wafer Loss, 7]E} E*o-\::.’-
* 7P dz

7]3]424] H]-8-©F Movement <>

FUol &4 &

Fig. 4. Carbonization phenomenon of chiller heater power
connection,
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Fig. 5. Inappropriate case of crimp terminal of chiller heater
connection,
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Table 2. Current and thermal imaging instruments

Division MAKER MODEL Measurement
CLAMP ON POWER

METER YOKOGAWA CW240 Current
THERMO-GRAPHIC

CAMERA FLIR T420 Thermal

Table 3. Test conditions for the electrical Cable(Teflon)

Division Contents
Conductor Tinned wire
Thickness 3.58Q
Cable Spec’ Configuration 44core/0.32 mm o
Cross-section 3.54 mr
Outer diameter 2.45 mm¢o
Insulation thickness 0.32 mm
Applied current capacity [A] 20
Allowable current [A] 25
Allowable temperature [C] 150
Ambient temperature [C] 20
Applied time [min] 10
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Fig. 7. 3D simulation of conductor(6 types of scenarios).
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Table 4. The specifications of electrical wire and Cover
materials

Division Wire Cover
Nominal cross
sectional area [mir] 2125
Allowable current [A] 25 -
. 1.0(Sheath)
Thickness [mn] 1.5 0.6(Insulation)
Construction [No./mm] 50/0.18 -
Specific resistance [ Q-m] 1.69x10°® 0.1x10-
Resistance [ Q/m] 14.7x10°
Approx. outer
diameter [mm] 3.9466
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Fig. 8. Analysis process of 3D thermal analysis program,
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