2022 2023

Development of highly heat-conductive and low stiffness joint utilizing
anisotropic microcomposite structure

Tatsumi, Hiroaki
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The microscale composite structure within the bonding layer was evaluated
for its excellent thermal conductivity and high-temperature stability. In particular, we aimed to
develop a bonding process and demonstrate the performance of a joint with an anisotropic composite
structure in which highly thermally conductive materials are oriented in the direction of heat
transfer.

Thermal conductivity was measured and high-temperature stability was evaluated for the joints

obtained by molten solder infiltering into the unidirectionally oriented pores of a lotus-type

porous Cu (Lotus Cu) sheet. The results showed that the Lotus Cu/solder composite joints exhibited

excellent thermal conductivity and stable joint strength at 200 ° C. It was also shown that the

anisotropic composite structure of the joints is effective in controlling their properties, and it
is expected that this approach will contribute to the enhancement of the functionality of the joints
in semiconductor devices.



S
SiC
200
Sn
Sn-3Ag-0.5Cu: SAC 55Wim K
S Cu
Sn
Cu Cu o &
SAC Cu B J‘ Y , i ‘e
. )9, 09 @
4 8 9 7] o
\,‘ 9 J\ e, X
cu )8 > S A XS
),s‘\_r_r)‘fi* ¥
200 3 @ o ¥ N
Cu
Cu
0.2 mm
50% Cu 1
SAC305
2 10mm
Cu
Cu
N>
250 60s
Cu-Cu
Q X AT 3(a)
2 Cu
Cu 10 mm Cu
200
5 600 s 3(b)
200 256 504 756
1008 h HLST1000

100 pm/s



Ty

ar,

(c)

Cross-sectional area, A

%Cu disks

Distance

Five
bonding Iayersé

tbund
=2

teudisk

Shear strength [MPa]

(a) (b)
T1
Computer T2
= 3
E dxlh T4
= TS5
x dr,
Data o
Acquisition §
.“:ﬂ
Thermocouples
3 @)
(© [1]
Cu
4
Cu
Cu Cu 5 pum
Cu
CUesns 2
pum Cu
142.4Wim K
SAC (55
W/m K) 158%
25
(1]
200 1008 h
Cu
5 SAC
Cu
SAC
488 MPa 49.4 MPa
SAC
1008 h 36.5
MPa —26.1% Cu
1008 h
46.3MPa -52%
Cu
200 SAC
Cu
< >

Temperature, T [°C]r

(b)

Upper specimen

SAC 20 um

o

4 Cu
[1]
60
50} é -5.2%
................. T *_i
aot | O S g ....... 5
-26.1% 1 -
30t
20 “" AMC jOint
Q- SAC-soldered joint
10t (reference)
076200 400 600 800 1000
Aging time [h]
5 Cu

[1]

[1] H. Tatsumi, H. Nishikawa, Mater. Des. 223, 111204 (2022).



3 2 0 1

Tatsumi Hiroaki, Nishikawa Hiroshi 223
Anisotropic highly conductive joints utilizing Cu-solder microcomposite structure for high- 2022
temperature electronics packaging
Materials &amp; Design 111204 111204
DOl
10.1016/j .matdes.2022.111204
Hiroaki Tatsumi, Hiroshi Isono, Kana Hirase, Takuya lde, Hiroshi Nishikawa -
Low Thermal Resistance Joint using Lotus-type Cu/Solder Composite 2024
Proceedings of 2024 International Conference on Electronics Packaging (1CEP2024) -
DOl
10.23919/1CEP61562.2024 .10535580
2024
30 (Mate2024) 112 113
DOl
5 1 4

Tatsumi Hiroaki, Nishikawa Hiroshi

Thermal and Mechanical Evaluation of Anisotropic Cu-Solder Composite Joint on High Temperature Storage

TMS2023 152nd Annual Meeting Exhibition

2022




Hiroaki Tatsumi

High-Thermal-Performance Power Semiconductor Module using Solder/Copper Composite Joints

The 3rd International Symposium on Design & Engineering by Joint Inverse Innovation for Materials Architecture (DEJI2MA-3)

2023

Tatsumi Hiroaki, Nishikawa Hiroshi

Enhanced Thermal Conductivity in Micro Composite Structure Joints Utilizing Porous Cu Sheets

The 5th International Conference on Nanojoining and Microjoining (NMJ 2023)

2023

Hiroaki Tatsumi, Hiroshi Isono, Kana Hirase, Takuya lde, Hiroshi Nishikawa

Low Thermal Resistance Joint using Lotus-type Cu/Solder Composite

2024 International Conference on Electronics Packaging (I1CEP2024)

2024

30 (Mate2024)

2024




2022-133874 2022
2023-66481 2023
PCT/JP2023/018545 2023
112127353( ) 2023

HP
https://hiroakitatsumi.com/




