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Exploration of Experiment Condition Using Bayesian Optimization

WA I mEML B xR a9 Bz Bk M
MATSUMOTO Yosuke  AZECHI Rina SASAKI Katsuhiro TURITANI Hiroyuki ~ SAKAI Yuichi
Abstract

In product development and design, it is essential to identify optimal conditions that simultaneously satisfy multiple
evaluation criteria such as performance, cost and quality. Although full-factorial experiments are widely used due to their
simplicity, they require substantial time and cost because of the large number of trials. In contrast, Bayesian optimization,
an adaptive experimental design approach that sequentially updates experimental conditions based on prior results, has
attracted attention as an efficient alternative. In this study, the potential for reducing the number of experiments required
for condition optimization was explored by using Bayesian optimization. Specifically, we conducted experiments focused
on (1) optimizing the tensile strength of resin-molded products and (2) optimizing sensor performance. First, the
optimization of the mechanical strength of resin-molded products was investigated. The results showed that Bayesian
optimization enabled a reduction in the number of experiments compared with full-factorial experiments. Next, we
attempted to efficiently search for well-balanced conditions between concentration measurement accuracy and power
consumption in a gas sensor. As a result, balanced optimal conditions were obtained with fewer experiments than
required by full-factorial experiments. However, depending on the initial conditions used in the Bayesian optimization, its
effectiveness compared with full-factorial experiments was not always achieved. This issue remains a subject for future

work.
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Fig. 1 Procedure of
Bayesian optimization

2 RA X DHEFTHI
(@)1 EB. (b)2EE. (c)3EB&HLU() 5 EIBDIFER
Fig. 2 Progress of Bayesian optimization :

(a) First, (b) Second, (c) Third, and (d) Fifth explorations
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Fig. 4 Images of (a) molding product and (b) test specimen
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Table 5 Experimental conditions and electric power of the full-
factorial experiment
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Fig. 9 The results of the full-factorial experiment
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A Study on the Simulation of Cu-solder Joints

SFHOEE BA B BE
TERADA Keigo SEKIGUCHI Keisuke SAKAI Yuichi
Abstract

Solder joints are important parts that affect the reliability of electronic devices. This study aims to simulate the initial

process of intermetallic compound (IMC) formation and analyze the composition of the mixed layer at the copper (Cu)—

tin (Sn) interface in soldering, using the molecular dynamics (MD) method. The MD method is a computational

technique that enables the time-sequential tracking of atomic and molecular motion, allowing for the evaluation of

thermodynamic and structural behavior at the atomic level. In this study, the parameters of the potential function for Cu

(copper) and Sn (tin) were determined by comparing the calculated values of melting point and Young’s modulus with

experimental values, in order to simulate the formation and growth of intermetallic compounds (IMCs). MD simulation

was performed using the obtained parameters, and a mixed layer of Cu and Sn was observed. Furthermore, based on

the evaluation of the diffusion coefficient, atomic diffusion between Cu and Sn occurred in the very early stages of the

simulation, while diffusion was subsequently limited. Comparing the RDFs obtained from the database and MD

simulations, the Cu-Cu distance in the mixed layer showed similarity between the calculated and database values,

while the Sn-Sn and Cu-Sn distances showed only limited similarity.
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Fig. 2 Flow diagram of molecular dynamics simulation procedure
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=1 ETHEIZHTS MEAM /85 24—4 (a) Sn. (b) Cu
Table1 MEAM parameters reported in previous studies (a) Sn, (b) Cu

(a) E, T 0 1 2 3 0 1 2 3 Cmin Cmax
ey A BB B Bt t t t (Sn-Sn)  (Sn-Sn)
Ref. (1) 3.44 6.2 6.0 6.0 6.0 450 650 -0.183 0.8 2.8
Ref. (9) 1.00 - 6.2 6.0 6.0 6.0 450 650 -0.183 - -
Ref. (10) 3.08 - 6.20 6.2 6.0 6.0 6.0 10 1250 8.00 -0.383 - -
Ref. (4) - - 55 5.1 4.5 4.3 1.30 3.60 -0.900 1.29 4.43
(b) E, To 0 . ) 5 0 ) ) 5 Cmin Cmax
Cu (&V) A A) a B B B B t t t t (Cu-Cu) (Cu-Cu)
Ref. (1) 362 107 25 5106 362 22 6.0 2.2 3.14 249 2.95 2.0 2.8
Ref.(9) - - - - - - - - 10 - - - - -
Ref. (10) - - - - - - - - - - - - -
Ref. (4) 3.62 0.73 - 5.10 254 224 148 0.14 1.46 1.88 1.20 0.21 4.43
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Cu IZIECHR() D /8T A—H | Sn IZIFSCER(10)D /T A —H
EE LT, LIKEO Cu & Sn i T 5 MD &I 2 L—v
2 UNE ZONRT A—=FBEDEEHWTIEM LT, 723,
Sn DY FHIZOWTIEL, AEH T TIERELZMEEGS 2
LINTE o lc, BREZRIRIE QR EITIZE R D Et A S B
ThoHN, AlEEH Lz MEAM R v 3 v VA fee 1i& & Al
ELTWDE—F, EBEO SnIZEFBRTHY, T IEN
HENZHB SN o T mREER B 5,

£ 2 BINTARITEDHIIaL—alfER
Table 2 Simulation results using parameters from previous studies

_ B (K YU E -
Ttk BH
ERiE HEE = 2 ERE HHE =
Sn 505 450 55 50
Ref. (1)
Cu 1357 1340 17 129 96 33 ©)
Ref. (9) Sn 505 370 135 50
Ref. (10)  Sn 505 470 35 50 - - O
Sn 505 300 205 50
Ref. (4)
Cu 1357 1200 157 129 89 40
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5T, Cu & Sn 13RI AEATIRER 0 Z < A o AR 72 0F
THHUREDI R & <. BBRIR TR A U, E72. K50
ps LAREDYEHHREUL—E T, PR L Cunie 2 & 23R
Sz, THUE, Cu & SnJRTOIEHUZ LV IMC A F s
WA L2728, MR IMC 280 kT TRET5 2 &0
WL 720 . BEDHIBS N2 &0 5 ATEEERE 2 bz,
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Fig. 7 Region for MSD calculation
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Fig. 9 Time dependences of diffusion coefficient at Sn



JEBARE CITEEIC L 2 REREERRD DN h ol
O, TN E AN AT 72, K101, FEESETO
AT > 7 (2ns)DET/VENERIS LN Z # 5 M Cu & Sn
A OREST 2T, Wik Y @iy mofd(y=36.7 A) &
L7z, MD 2 2 b—3 3 v OFER, HE 600 K & 650 K T
X, Cu & Sn OFEFPHAICRA Lk SR N, —
FF. RE 550K TIHE—EBICRTIRA D3 ITH#EAT LT
FEI TR - TN, IBRESARDOKICIBWT Z (LB 34.5A D
SRS R O I B £ R 423, R 600K, 650 K DyLEHUE
1550 K LV HIAE< 2o THEY, ET VK EFERORFBR L 72

>77,

(a) 550 K

70
60 Cu
50 Sn

401,

N3p

550K

0 50 100
Concentration (atom%)

(b) 600 K

70
sol |BOOK |

Cu
L | —
<40

N30

0 50 100
Concentration (atom%)

. 850K
Cu
—Sn|
<40{|
N3
20
10
o 50 100
Concentration (atom%)

10 FRRATYTOETILHERE SV Z ARRESf
Fig. 10 Cross-sectional view of the model and
concentration changes at the final step

42 MEAM /37 X — 4 OE G

4.1 OFERTIE, 1B 550K (BT Cu & Sn FENICAKE
BEAEAT D I ENHRINZ, £ 2T, MEEE K
E<HERY) ERKBRAEDAUET LI L 2HME LT,
HEE&IMC)IZBIT D AEKF/NT A —% Th % Cmin/Cmax D
BT 21T o 70 BARBOITIE, Sn ikt L CRAF R PER BN
A LT AR @000D ) X T R — & R B BT
Cmin/Cmax ZFRE L, ZTOMDY I =2 b— g VR4S 4.
1 &—& L7z BT, CwSn RifET /MK LTHE MD &
Jalb—varEFEMLE, £3IZHKE LK Cmin/Cmax O
EERL, X 1112 Cmin/Cmax % FFaRE L 7= 1% O & IR Sk
TIBIDEEAT v 7OET N IO Z RS %2
L7z, MD ¥ 2 2 L—3 3 VOfER, IBFE 600K & 650K T

%, Cu & Sn DIEFAIEREICDIZ > TRE LTV DT
DRI NIz, Flo, MRS TIIRIESFEMAEZFE L TV
TR 550K IZRWTH, REEM TR FEASNMETE,
RIBA IR SN D o T2, ZOFESR LV | Cmin/Cmax @
FRREIC &0 S T oS AR AR SRR S 4. 550K O &
I IRVRE SIS N TE Cu b SnDIRENEITLIZEE
Z B, Mkt EE % 5 & CueSns AR L7286 1% Cu i
BE D3 55 atom%, CusSn 23K L 7235413 Cu IR FE Y 75 atom%
LB EEZBD, Cmin/Cmax AR FHIIEHSE D Cu BE
1% 65 atom% 2L Td 5 DIZKE L, Cmin/Cmax /37 A — % FEa%
TEZIE 53~55 atom%FRE & 72> TH D | CusSns DR LLIZIT
WML 72 o7z, E72, 1212 650K §FI281T 5 Cmin/Cmax
FRRE R O ILHARE D 80 ps £ TOREMBME A R LT,
Cmin/Cmax % E% OEITRERT L 0 &<, fEITBEHZ NS
30 ps ORICB T HE S HERFS LT,
£ 3 BHREEOD Cmin &KUY Cmax /$T5A—4
Table 3 Cmin and Cmax parameters after reconfiguration

Cmin Cmax Cmin Cmax Cmin Cmax Cmin Cmax

(Sn-Sn-Cu) (Cu-Sn-Cu) (Sn-Cu-Sn) (Cu-Cu-Sn)

Ref.

0.8 2.8 0.8 2.8 0.8 2.8 - -

0.14 341 027 193 0417 115 0.07 236
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Fig. 11 Cross-sectional view of the model and concentration
changes at the final step after changes in Cmin and Cmax
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Study on the Surface Oxidation State of Tin

Kl Bt o R R B
OURA Masaki YANAGIHARA Kohei MURAKAMI Satoshi
B gy W HE— A FEAI
SEKIGUCHI Keisuke SAKAI Yuichi KAKUDA Tatsunori
Abstract

In electronic component assembly processes, soldering reliability is a critical factor that directly affects the quality and
performance of electronic products. Tin plating applied to component terminals is widely used to improve solder
wettability and ensure stable solder joints. However, in actual manufacturing, poor solder wettability still occurs even
when tin-plated components are used. Insufficient solder wettability is caused by multiple factors. One primary factor is
the oxide film formed on the surface of the tin plating. In addition, the diffusion of underlying metals, such as copper
and nickel, into the tin layer, as well as surface sulfidation during storage, adversely affects solder wettability. When
solder wetting is inadequate, incomplete bonding may occur at the joint interface, leading to stress concentration. As a
result, the electrical and mechanical reliability of solder joints may deteriorate, potentially causing product failure.
Nevertheless, the relationship between the structure of tin oxide films and solder wettability has not yet been fully
elucidated. This study investigates the relationship between the structure of oxide films on tin surfaces and solder
wettability. The objective of this study is to provide fundamental knowledge for achieving reliable solder joints. To
evaluate the oxide films, tin plates were subjected to anodic oxidation and heat treatment in a thermostatic chamber.
The chemical states of the fabricated oxide films were evaluated using Auger electron spectroscopy, and the
differences were identified. Furthermore, solder wettability was evaluated on the oxidized tin plates, and differences in
wetting behavior were observed between the two types of oxide films. To clarify the origin of this phenomenon,
cross-sectional observations of the oxide films were conducted using transmission electron microscopy, and surface
analyses were performed using Auger electron spectroscopy. The results suggest that the porous structure and
surface roughness of the oxide films significantly influence the solder wetting behavior.
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A Study on Joining Technologies for Thin Films
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Abstract

Joining is a critical process used across various industrial sectors. Numerous joining methods exist, each with distinct
advantages and disadvantages, necessitating selection based on application. Cold forging welding (CFW), a high-productivity
joining method that forms and joins materials using instantaneous pressure, is gaining attention in fields such as multi-material
applications. However, conventional cold forging welding compresses the base material, making it unsuitable for processes
where deformation is unacceptable. Therefore, we are developing CFW application technology for thin films that enables joining
without deforming the base material. This method has successfully joined base materials such as stainless steel and glass. To
expand further applications, evaluation and analysis of properties such as strength are necessary. This study evaluates strength,
the joint interface, and deformation state during pressurization using SUS substrates as the base material. This analysis aims to
elucidate the physical mechanism of the micro-CFW method for thin films.

We evaluated the bonding strength of the micro-CFW method using sputtered Al thin films with microscopic surface
irregularities. By varying the bonding temperature at sputter deposition temperatures of 80°C and 130°C, we observed a
tendency for the tensile shear strength to increase with higher bonding temperatures under both conditions. Furthermore, we
confirmed that bonding strength reached a level comparable to the strength of the Al thin film itself at a bonding temperature
of approximately 216°C. We also confirmed that the bonded Al/Al interface formed a uniform interface free of voids.

This joining method can be applied not only to metals but also to various materials such as glass and ceramics, making it
promising for applications in numerous fields including electronic devices, medical equipment, and the automotive sector.
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Fig. 9 Pressure dependence of the apparent reduction of Al thin films
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Fig. 10 Apparent reduction dependence of the joint strength
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Development of Temperature Sensors for Smart Textiles

I BRG 8 = LS AH  FEAI
SAWAI Shunsuke SHICHITANI Keisuke UENO Minoru KAKUDA Tatsunari
Abstract

Wearable devices such as smartwatches have been required for non-invasive and continuous monitoring of bio-

information in daily life. Smart textile technology is developing as a promising platform for achieving seamless

physiological monitoring. In bio-information monitoring, core body temperature monitoring is particularly emphasized
due to the increasing necessity for heatstroke prevention. Conventional temperature detection relies on rigid metal or
ceramic-based devices like platinum resistance thermometers or thermistors, which are incompatible with textile
materials and unsuitable for long-term, unrestricted measurements. This research aims to develop a temperature
sensor that can be seamlessly integrated into clothing and worn comfortably for extended periods. We validated a

method optimized for smart textile implementation, derived from existing core body temperature estimation techniques.

The results indicated an error margin of £0.9°C within the 32-37°C range corresponding to the temperature,
suggesting the feasibility of continuous core body temperature monitoring during daily activities without limiting user

comfort.
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