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Abstract of Thesis

The purpose of this study was to develop surface-modified microscale Cu particles to obtain a high-performance joint for
high-temperature electronic packaging application, Attempts were made to deal with the present challenges in Cu sintering
technology. The dissertation presented two surface modification methods to improve the sinterability of microscaie Cu particles.
It covered the study of the process, performance, mechanism, and thermal stability of transient liquid phase (TLP) bonding using
microscale Sn-coated Cu particles, solid-state bonding (SSB) using microscale Sn-coated Cu particles, as well as
oxidation-reduction bonding (ORB) using microscale Cu particles, respectively.

In Chapter I, the brief description on the background of wide-band-gap {(WBG) semiconductor-based power device,
immersing issues of WBG power device packaging and currently used high-temperature die attach techniques were given, It was
suggested that microscale Cu particle paste is a very promising candidate for WGB semiconductor-based power device packaging,
however the effective sintering with microscale Cu particles is very challenging. Thus, the usage of surface-modified microscale
Cu particles for high-temperature clectronic packaging was suggested.

In Chapter 2, a transient liquid phase (TLP) bonding that utilizes microscale Sn-coated Cu particles was presented. When
used as die attach materials for Cu—Cu bonding, a thermally stable joint comprising a Cu3Sn intermetallic compounds (IMCs)
with a dispersion of ductile Cn particles was obtained after bonding at 300 °C for 30 s, and a shear strength equivalent to that of
conventional Pb—58n solder could be achieved. After the isothermal aging at 250 °C for 1000 h, the sound shear strength
remained and the Cu3Sn-Cu composite microsiructure was almost unchanged.

In Chapter 3, a solid-state bonding (SSB) process using microscale Sn-coated Cu particles were presenied. After bonding at
200 °C for 20 min with an applied pressure of 20 MPa, the joints exhibited a microstructure fully comprised of CuaSn

‘intermelallic compounds with a dispersion of Cu particles. During the bonding, the coalescence of adjacent particles and the
solid-state reaction between the Sn coating layer and the core Cu occurred simultancously. The reliability and microstructure
cvolution of SSB joints under the high-temperature storage test a4 230 °C was also characterized.

In Chapter 4, an in-situ surface modification method to microscale Cu flake-shaped particles by an oxidation-reduction
process was presented. During a thermal oxidation at 300 °C, thin Cua0 layer was initially formed on the flake surface.
Afterward, the Cu20 nanoparticles quickly formed on the initial CuaO layer and covered the entire flake. Then, after a reduction
process in the formic acid atmosphere at 300 °C, this Cu20 nanoparticles layer was subsequently reduced to Cu nanotextured
surface, and by which surface-modified Cu particles were obtained.

In Chapter 5, the oxidation-reduction process was applied in the sintering bonding process, by which an oxidation-reduction
bording {ORB) process was presenied. The ORB joint exhibited significantly higher shear strength than their corresponding
non-oxidation bonding {NOB) joint, Also, the excellent thermal stability of the ORB joint at 250 °C was identified.

In Chapter 6, the effect of particie sharp and substrate on the bonding properties of pressureless ORB process was verified.
The microstructure and shear strength of ORB joints using microscale flake-shaped Cu particles, spherical Cu particles, and their
hybrid particles were characterized. Moreover, ORB joints were also fabricated with pre-oxidized Cu and electroless
nickel/immersion gold (ENIG)-finished Cu substrates, and then characterized,

In Chapter 7, the summary of the study was given. Also, the environmental assessment on various die attach materials and
bonding process were presented. Finally, the plan of the futare works was given,

Therefore, it is believed that this dissertation provides the method of surface modification that has the potential to overcome
the limitations of die attach bonding using microscale Cu particles and enable the Cu-based bonding in view of a low-cost, green,

and high-performance technology for high-temperature clecironic packaging.




¥ 7
BN EEOFROESRHE Y F

E 4 $ @ s / LIU XIANGDONG )
) E P
i wI %= e
Al % i S #ag
. Fl 7 e #ug
WIHRERAE | o) R B g
Al
Bl
Al 7
BEEORBOES

AL TIE, BREFRERAEOLDOBMMBEEEESHLZEI LD, vf 7 a4 X Cu HFOREmEE
FEFRBEL, CuliFE2AVWEESGHEOMERRZELDELOTH D, FHE, UTO6ERLHRSNT
b\;’ﬂ')ﬂ

ORMM, LU B ARl AT,

B2HETHE, Sna—FT 4 w7 LiwA4 7oA X CufrF 2 AV EIER (TLP) & %#% L, 300°C-30s
DHRGETHES LEBSI, Cu P30 # L CusSo &@BMLAY (INC) HbR2RELRESEBELND I LETR
L, TEED Pb-5Sn (XA TELLE OB &R 2,

BIETH, Sna—F 17 Lt Zuts Z T e BWERIBES (SSB) Fue &R, NESH
20 MPa « 200 °C - 20 min OFMHF TS LBEs, Cuid & CusSn &EMESIOBRS WA G &4 T 5840
BONDIEEAD=XAE LBITRL, BERO Po-5Sn 1XA 7S & B DEE-EMEE £ %,

AR CHRBTEMOBLEGEREZRAVWE A 720t AW TOFOBFEHLHFESRRE L300 C
OREP TR S E A, H Cu0 BAEMICHTER LICEBR SN D 0OBREETE, VT Cud + /R FilE
Blwl@ECBEEhIZIEERHLE, —F, #EE2B{ES T % 300 COXEBEBEP CMIBALIBS.
Cuwd -/ RIFHERGRIT S h, RETH /T HEOREESET TS 2 L TRmEHE L cu it F 2875,

BOBETE, FI4ETCRLEBERBTIC L 2REHEERAVWAEES e A, BMEETES (0RB) Yok ®
WBEL, =47 0¥ X CuBrFEROT OB S, $ET3BR 70t A0RICLEEWLH., BEA
WIEBBEEHT DI L &R L, b0, HEMOBRBHRBRICHTIEEE MR L,

W ETH, ORB 7o A0E4EHI, w4 70t X B FREABLOREFRTHOWRIEXS  2RBLHT
fi L7, Fic, 7 V—Z7% CufiF, Bk Cu i, BLUTHhLOEBARTFER WL OB ESHOMMMEEs LY
HABTBEE R LT L,

HTRRBETHY, DEDHETCHE LN BRI >V TRIBLE,

BLED XS EHERBIOATR, v 70t AD RFERWREFA T o FR o Fa4 - FORRAEFEBRL. &
ARk, )=, BEECESEITETERIZTSLOTHY, BEL - = XALE—T%, Hlrorr¥—0FHH
R E LTSN TV ARER AT —F AL AT EEERERE ot ARE o5 V¥ —RE o X
BETHLEABRKEN,

S TARWMIIM LRI L LTHEED S 5O LD D,




