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FElectrical-thermal analysis of packaged power terminals for

thermal processing of semiconductor wafers
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Abstract: Robustness of heater plates is crucial for reliable wafer processing. Nevertheless, thermally-induced failures often occur
at the packaged power terminals of heater modules. Hence, the thermal behaviors of the packaged power terminals should be
carefully explored. Finite element analysis electrical-thermal models of the packaged power terminals were developed, validated
by measurements, and then utilized for the analysis. The models investigated parametric influences including the thermal con-
ductivity of the encapsulant, substrate thickness, and the area of the heating element on the thermal performance. The study has
found that for the nominal conditions, a 10K higher temperature of the heating element compared with the substrate and a con-
siderable axial temperature gradient of 1K/mm have occurred. The parametric study has found a negligible effect of the thermal
conductivity of the encapsulant; though the thermal conductive of the encapsulant increases by 25 times, from 0.2W/m-K to
SW/m-K, the maximum temperature of the heating element decreases by only 0.6%. The study has also found that the effect
of the substrate thickness is considerable; the axial temperature difference alleviates by 61% with the increase of the substrate
thickness from 0.5mm to 5mm. However, the effect of the area of the heating element is found to be relatively moderate; the
maximum temperature reduces by just 0.5% with the increase of the area of the heating element by 3 times.
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1. A & o} WEbA HPY % #UEES 3R] 9% d7E X

e AZTANA Wol, wBEAe] ANREL 3 S om s o) ATH1)-[7].
B Zg|o] E(heater plate, HP) ©]tH1]-[3]. HPE 739 & WHE HPE 71Se I3y Ao R A8 age] #44
EFA A gold ¥we Ax, T=xw 7hgalo] Ho|, o7 WAEh, 53] 3 A (packaged power terminal,
A7 B S A|)eF ke wH g gubAo PPT)ell A RIRSHAl A& ar7ge] dAgsh=d, dlo]s d&4
o% FETo] o€ YR QT7HE Awd Axe REo| o] A IIAT7I7] M= ] dAud e o3|

T Corresponding Author (ORCID: http://orcid.org/0000-0003-2043-7659): Department of Mechanical Design Engineering, Pukyong National
University, 365, Sinseon-ro, Nam-gu, Busan 48547, Korea, E-mail: kjkim@pknu.ac.kr, Tel: 051-629-6168
1 Department of Mechanical Design Engineering, Pukyong National University, E-mail: ds92by90@naver.com, Tel: 051-629-6168

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Society of Marine Engineering



-
2 nd
- u

HH (FEA) A7

ot
2

E o | = M

o}tﬂ *i"lﬁ PPT

I
2
>

2. FEA A7]|-&

HP ¢} PPT 9] HAF= Figure 1 ol #]|A
, HP A= /\h:]-oﬂ
OlﬂlXb shehol] AA]R T}, 6?%«1 ojm] =
o7 ®2% PPT 3 %3} F

Figure 1: A heater plate and packaged power terminals
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Figure 2: The FEA electrical-thermal model of a packaged

power terminal
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Table 1: Summary of numerical conditions

Physical conditions
FEA model dimension 15.8mm x 6.4mm
Heating element dimension 7.56mm x 0.0034mm
Heating element material NiP (8%P)
Substrate material AIN
Power terminal material Copper
Thermal and electrical conditions
Applied voltage 3V DC
Effective heat transfer coefficient 3540W/m>-K
Computational element
Number 182 x 103
Type quadrilateral
Solution model
State Steady state
Multiphysics model Electrical-thermal model
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Figure 3: (a) The structure of a test vehicle (b) A test rig

for validation
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Table 2: Description of the test rig

Equipment

IR camera FLIR T440

Data logger Agilent 34970A

Agilent 6655A,

DC power supply Agilent E3634A

DAQ PC Notebook PC

Components

1/8 Arc heater plate

Heater plat i
eater plate (Radius: 157mm)

Polyimide heater

Film h
ilm heater (127mm x 127mm)

Insulation layer Aecrogel insulation layer
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Figure 4: Validation of the FEA electrical-thermal model
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Figure 10: (a) The maximum temperature and (b) the axial
temperature difference of the heating element as a function
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