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Advanced Thermal-structural Coupling Analysis of Semiconductor Probe

Card based on Ansys APDL and Point Cloud Meshing

1 2 o3 =3 S 4,5.#
ANS, 20142, UK, 0|FE°, EMS4S

Seong Hoon Kim', Min Seong Oh?, Ji Eun Kim®, Kyeong Hoon Lee®, and Seok Moo Hong*#

1 ZEZFCSin sk AntEREIZ|E[ZS} (Department of Smart Mobility Engineering, Graduate School, Kongju National University)
2 2E|BFoshn chsH ol g &astat (Department of Future Automotive Engineering, Graduate School, Kongju National University)

3 TSEZ=AIS|A} (TSE Corp)

4, ZEZFCHStn 0|2 XS KaSthrk(Department of Future Automotive Engineering, Kongju National University)

5 o 217t 7l& A2 (Institute of Green Car Technology, Kongju National University)

# Corresponding Author / E-mail: smhong@kongju.ac.kr, TEL: +82-41-521-9114
ORCID: 0000-0001-5569-6285

KEYWORDS: Ansys parametric design language (APDL), Point cloud (22IE &

L), Probe card (Z2H FtE),

Finite element analysis (5-8t24A5H4d), Thermal-structural coupling analysis (&-7Z= S 5H41)

The semiconductor industry is experiencing significant growth in production scale and investment, driven by rising demand
for generative Al, high-performance computing (HPC), high-bandwidth memory (HBM), and high-performance/high-density
chips. As a result, precision inspection and yield management at the wafer stage have become critical challenges. Probe
cards, essential for verifying a chip's electrical performance, play a vital role in yield management. However, during
repetitive inspection processes, probe cards absorb heat from the underlying chuck, leading to probe tip-pad alignment
errors that degrade contact reliability and measurement accuracy. This situation necessitates a quantitative evaluation
system based on thermo-structural coupled analysis. Additionally, the modeling process for multiple interposers and
interposer housings, along with the preprocessing of contact conditions, adds complexity due to the increasing number of
contact surfaces. This complexity can result in convergence issues and reduced accuracy. To address these challenges,
this study employs Ansys Parametric Design Language (APDL) to enhance interposer and housing modeling, as well as
contact problem resolution. It infroduces a novel meshing method that positions nodes at target coordinates using point
clouds, providing an effective analysis approach applicable to large, high-density probe cards and thermo-structural

problems involving numerous contacts.
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Fig. 1 (a) Actual MEMS probe card, (b) Schematic diagram of

WTS, and (c) Schematic diagram of probe card

Bo W12 el 2E Bal olme] & AN S
[3]. WIS} == H 7}E9] Fx4= Fig. 19]] 7HFs] AA[sIGIch
Figs. 1(a)x= A MEMS (Micro Electro Mechanical Systems) 32 H
71=, 1(by= WTSY] &%, 1(c)= =2 H 7[=9| /WHeE YE
Wict.

ZeH 7tes fdolu AHoA YAz 7ee A71He
2 A%k s AA=A dekHom Qlslmy| T Printed
Circuit Board, PCB), STF (Space Transformer), <IE|3ZA]
(Interposer), 12|31 X 2H ¥ (Probe Tip)o2 Ao Qich
[45]. 228 7hol EDSFHo| vhEEas go]uleh whshA
HAESHA E=dl ojuf A&A HEslkol ot 71AA ¥ME
o] MY, sHE HoA HAgE s 9 ZT2H 750 HHY
= F&H6,7]. shEoll ofgt 71A1A Mt Ao otk I

(CUP)Ee] 22ME 5
A FERe 2HMOm[10], Choa. SEE P72 A4

2
_?L
2
&
u

uj
N
2y
o
foty
fru
e
i)
ox
2

sios Zen gals 4% oMY, ARed-gY o
Aol Aol A FRE ZAHHIL oA ool
RLRE T RIS RS A
skt

2 =wolAe AA maEgo] vk 1S (Frictional Contact)
& Rojalo] A ABT GAR ATE DI D72 A
S sstglont, 26 7 olite] QIE|EA] ojs) Aol
shsiA] 7hste] shHo] sk ki SRt wAsHSic,
olofl e} QIEEA Al uks el QA sleAoR w
9y WS, W% 208 vbE HE0)N 9 1% (Bonded
Contact)©.= thAlste] 4gi4e Shusigont, A4 4% A%
3} afol7k WAl Soie). olefe AEEAE @sh) Sl
T REvo] WASHE AHEAS dilslel Ty Az
AABEe] AL AP Al 81 C. 1, Ansys Mechanicald} A}
S2hg3] AMgElE £ (Seripting)210] ] APDL (Ansys
Parametric Design Language)S ARESHO 24 29 7§Q] 7} A&
LS AAAE 4 A3t =3, Point Clouds &-8-5tof g2t
o B3 ] ==F wiA|ste] WAIE st =& Point
Cloud Meshing7|®-& AIA5}3L, S5 wlA] 7]} 7] APDL
Jlek pat Amelo] 48 a4 Ajo] fstel WE2TG

4, 14 BEAS v mRAst

2.0|2X &

2.1 APDL

APDLZ Ansys Al&toll Al AMEE= w7l 2] A 229
B 9jo]&, Ansys Mechanical 5-2] 7oA AREAL7F GUI 7]5E
22} Qloje eI dolE Faf siale H/AAY 4= QL
Al gieh. o] 2 Q18] APDLS ARE3E a4 H 7HA] A 2=
of SRS Abseke 4= glon, vk A & i3Sk
SRHE U ¢ QUrh E3F A 540 U Hed HaEEe/
RES 5 4 qlow, Hdlo) 3, A4, AuEY 5 =Y
7S A oJste] Hdle fA AT 4 vk S %
=t o2 ¢I8] APDL AREAR= A= ohE sS4l sho]zeigl
(Pipeline)ys == Agdsto] AP 4= glom, o|ggh 54
B4 SlAe AuEA ARt A Wy A Bt s 4

ARORE 4145 WAT 4 9leks gl gr12]

.l

u

2.2 Point Cloud
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Fig. 2 Finite element model of the probe card assembly. (a) Base
model, with interposer & interposer housing, (b) Model 1&2,
without interposer & interposer housing
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Fig. 3 Generated nodes using point cloud meshing
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Fig. 4 Mesh of Main PCB (a) Model 1: using auto meshing, (b)
Model 2: using point cloud meshing

Table 1 Comparison of element quality and aspect ratio

Base model Model1l Model 2
Avg. element quality [-] 0.92 0.92 0.79
Avg. aspect ratio [-] 1.48 1.49 2.03
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Fig. 5 Temperature distribution from FE simulation. (a) Thermal
conditions, and (b) Result of thermal analysis
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Fig. 6 Boundary conditions for FE analysis of probe card
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Fig. 7 Spring connection Face 1, Face 2 pair for Model 1
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Fig. 8 Comparison of total deformation among three models. (a)
Base model, (b) Model 1, and (c) Model 2
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Figs. 82 STF9] Total Deformationg H|ugt ZAI}=, §(a)y=
Base ModelZ Z|t}] 42.283 um, 8(b}x= Model 12 Z|t}] 47.592 um,

Table 2 Summary of interpretation result by model

Base model Model 1  Model 2
Number of node [-] 865,871 802,859 669,235
Number of element [-] 756,334 713,485 1,036,172
Number of contact surfaces [-] 33 9 9
Maximum total deformation [um]  42.28 47.59 41.56
CP time [sec] 548525 181891  837.03
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