|

) <

The University of Osaka
Institutional Knowledge Archive

Development of In-Bi alloys with low-melting
Title temperature for microelectronics
interconnections

Author(s) |Jin, Sanghun

Citation | KPrKZE, 2019, {Et:m

Version Type|VoR

URL https://doi.org/10.18910/73569

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name (JIN SANGHUN)

Development of In-Bi alloys with low-melting temperature for microelectronics

Litle interconnections (= 7 o L-¥ b= AEESER ITER A In-BiE & DR E)

Abstract of Thesis

This dissertation covers the materials properties of In-Bi alloys, materials properties during
isothermal aging, verification of reliability of In-Bi alloyvs bonding joint under the thermal storage
And the transient liquid phase (TLP) bonding technique to low-temperature In—Bi based alloys to enable
their use in high—temperature was investigated.

In Chapter 1, the brief descriptions on the background of interconnection technologies, soldering
and low-temperature solder in electronic packaging are given. And materials for [lexible substrate is
also suggested. .

In Chapter 2, the microstructure of In-Bi alloys and related mechanical properties and melting
properties as a function of indium content were investigated. The microstructures of the investigated In-
Bi alloys contained primary In-phase, BisIns, and Biln, Phases. And The endothermic peaks were found
between 72.7 and 91.2 ‘C on each DSC curve. While, the tensile strength of the In—Bi alloys declined with
increasing indium content, the elongation was dramatically increased. In addition, as the indium content
increased, the cross—sectional area of the ténsile sample decreased, which shows high—ductility
characteristics.

In Chapter 3, the thermal aging test was conducted on In-Bi alloy specimens to evaluate the change
of their morphologies, phase constitution and thermal property during aging. Their properties did not
change significantly during thermal aging.

In Chapter 4, the mechanical properties and fracture surface characteristics of In-Bi alloys under
isothermal aging to test and analyze their thermal stability were investigated. Ultimately, the tensile
strength of the In-Bi alloys was found to decréase with aging time, while the elongation of the In-Bi
alloys increased after thermal aging. And The In-Bi alloys showed typical ductile fractures during
isothermal aging

In Chapter 5 the effect of thermal aging on the shear strength of the In-Bi joints on Cu
substrates was examined. As the amount of indium was increased, the thicknesses of IMC at the interface
inereased with increasing aging time. All the joints exhibited increased shear strength as the aging time
was increased. Furthermore, the addition of indium was found to decrease the shear strength of the In-Bi
joints, Samples subjected to 40 and 60 “C aging prove that the In-Bi alloys could refer their strength
even after aging.

In Chapter 6, the aim of final step was to apply the TLP bonding technique to low-temperature In—
Bi based alloys to enable their use in high-temperature. By adding 30 mass% of Cu particles and being
reflowed at 100 °C, the In phase was successfully consumed by the Cu, leaving Cu-In IMCs and a Biln; phase
in the alloy joint. The new endothermic peaks that appeared in the DSC curves at 91.5 C and 551.7 C are
believed to he attributed to the lecal compositions of Cu—In IMCs and Bilns in the ternary In-Bi—Cu system.
Therefore, it could be concluded that the melting point of the In-Bi solder was increased by approximately
550 “C. _

In Chapter 7, overall summary of this dissertation and comparative consideration on' the
environmental assessment of In—Bi alloys are given. Future works for the improvement of In—Bi alloys are
also mentioned.

In this dissertation, Based on these conclusions, In-Bi alloys with low melting temperatures are
promising candidates for flexible electronics applications as well as for devices with PP- and PMMA-based

substrates. : e
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BRX T, In-Bi A&DEARMEEME, RUEERKEIC L 2HEMEHELEZALNICT D L L BT, InBi A&
HAMOEREMERR YT o7/, ¥/, In-Bi ALICHARILE (TLP) A LEIST 5 2 L CHAMICHEMEZ 5L, &
BIEETIC317 2 A O TR 228 L7,

B1ETHMRE LT, 847 ) — A7 0t R LIERIIAZICET 5HEBIR, FEBMERAL,

FoETIE, In 2B{LEEE ATEADAL LM L, SHEAGMES. MRABER OBEIEEC SV TUTOAZ
B & M2 LTz, In-Bi & OBHIAERRIT In 8. BisIns R U Biln, #4> H K B, DSC HI#RHE 4 b 2 Th 72.7°C.91. 2°C
CRE e — 7 RRERTX 2, In-Bi &&03EMEE In WHRARNT 310N TR L, MOSRiZim L,
In MBEDEINILEN, o TN OBIEERST OUTERIEED U, FEEIE L Ro T,

%3 ECH. In-Bi 220k L CHIEKERRETY . BIEKEEOBSIE, Mk OB IE L, SRk
B b N O OFMEICRERERIZRON T, WRIBEUT THEETHD ZLERALNT LI,

# 4 Z it In-Bi B4 OBBABEEICH T IBREMETM L, TORBR. BEKER LIERERVRURIC
KEARELITRONAE P07, S5, BEKBROFIBERROBEHMBIIEEBETHE Z L83 9o, Zhb
DR LV, In-Bi BLIBEMER LEE LIEBRIREL O LMool

% 5 =G, In-Bi A& EAM L LTHAWE Cu/Cu OBESELZIER L, BEEOY¥ ABEREIIXT 5 mBKREDOR
LT U, In IRINEASHEINT BI24EV, E - REBRRAENT S 0, RECHER SN -&REILEWE (IMC)
DES TN LT, BRKER, 2TOASIBVTEANBEENEM L, ThbDFERLY. 40CHLT 60CT
OEBRKE% S In-Bi AE&DEANREIIMR SN TND Z BT ol

%6 ETIX, ERAD In-Bi A4 HAERET CHOEATREL T30 TLP HEEMT2#8A Lic, CukiT% 30%
HML. 100CTY 7a—i#d 3 & In & Cu DR Z D, Cu-In IMC TR S, Biln AHDTEALA M & 7,
X5z, INEMED DSC ST L V. EIC 551 TCICE— 7 MR b, TRODRERED, Cu R FEFMTHILT
EABORMANK 50CETLEA L LD LYW TE, BRRET COEROTREMIVREINT,
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