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Thermal cycle test Mechanical fatigue test
Temperature (C) -40~175 -40, -20, 25, 100, 150, 175
Ratio to fracture load (%) - 50, 60, 70, 75
Observation cycle 10~350 Change 1n displacement
Resin Epoxy Epoxy
R E{iE Young’s modulus (GPa) CTE(ppm/°C) Poisson’s ratio
118 17.7 0.343
S T(°C) E(GPa)  CTE(ppm/°C) Tg(°C)
-40 32.8 13.6
25 30.7 15.6
100 27.6 20.7
150 6.4 24.3 130
175 2.7 25.7
200 2 26.9

240 1.7 28.9
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Temperature range [C] Fracture style
-40 ~ 175 Brittle fracture
BEIREEY 1 7 VRS RS R

Temperature("C) Fracture load ratio(%) Fracture style

175 75 Brittle fracture

Tg(130°C)
100 70 Brittle fracture

25 70 Brittle fracture

-40 70 Brittle fracture

HBEYAVINEBTRITHER X TCEHINERET 5 WAEAIE(Brittle fracture)

MBS T TIRAICZHENERT D E S = ZEE (Steady-state crack extension) D —TEFENERER I N 7-
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40°C 207C 100°C 100°C
50% load 50% load 50% load 60% load

K. . (MPavm) [ 1.065 0.695 -0.175  -0.175
Ky .. (MPavm) -0419 -1.170  -0.854  -0.916

KyD=I2 & 55k 2R X

KH >0 KH 0 KH <0
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Probabability of faliure F(x)(%)

99.9

90

80
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60

50
40

30

20

1.93

®175°C/75% load RN _ "
e \o —_— AN
+100°C/70% load FARNT A — R
<254 0
25C/70% load Test condition Weibull coefficient

#-40°C/70% load T 0.83 m

»¢Thermal cycle test 0.48 % 175°C/75% load 161
0.19 & 100°C/70% load 1.89
-0.09 = .
037 = 25°C/70% load 1.07
067 E 40C/70%load 1.19
-1.03 Thermal cycle test 0.84
-1.50

b
-2.25
10 100 1000 10000

The number of fatigue cycles x

R 50RFHETHREEDVES
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250~270
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(1) Jin Onuki, Akane Saitou, Akio Chiba, Kunihiro Tamahashi, Yoshinobu Motohashi, Yuji Kawamata, A New Lead-Free Solder Joint Utilizing Superplastic Al-Zn
Eutectoid Alloy for Next Generation Sic Power Semiconductor Devices,materials Science Forum, (2016),Vols838-839,pp.482-487.
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Cooling method Grain size (um)
Cooling in water 0.37
Cooling in air 0.83
Cooling in liquid nitrogen 0.39
Cooling in a furnace 72.2
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0.21m/s Grain size
— 78.33um
< —_— 72.22um
% === 0.83um
Z 0.37um
Tg ; 2 s sie ? ;
g Vi
£2 _____J/___7E__“\______
Thickness : 0.4mm

0 1 2 3 4 5 6 7 8
Nominal Strain(%)
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200
U e Tensile speed
= g 0.3um/s
140 | y ——-0.
§ 120 | ’, ____________ — 0.2um/s
5 P 0.02pm/s
E 100 | -
~ 6
‘C_é 2
= 2 2
5
z L A —
Thickness : 0.4mm

s 4 s 6 7 8
Nominal Strain(%)
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l Heat treatment

— — —
Plate alloy Cutting Press Coated by gold
= D R sk o EE .
EE3mmO | AEEOMAE o R e .  BUE
Zn22 wt.%AIMR ~ TYIY HE PRI AuZEE
Cooling method Grz(lilllns)ize
— - RILE| R [ R
00 1n.g 1n. Wa.ter . N=) g H:\jl_: = 7'7_,
Cooling in air 0.83 E 37500 | 3EERS | 7k
Cooling 1n liquid nitrogen 0.39
Cooling in a furnace 72.2
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N> ///////////

Cu 3. 00 - INELZ A
ZnAl
~— Cu
Heater N2
Thermocouple

N\
Temperature Oxygen meter
controller
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— Temperature
270 \ /
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ZnAl ZnAl ZnAl i \ N
. I BREDTE £ TIEEE TEM
o LR THEALE S
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395 |-mmm e e g 1%?% 55 ] 2 %Hﬁ LT
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e ; E
/ z
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— Nommal stress
— Temperature
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7

Time(min)

WERDTTE #LUWFiE

1
W

Temperature(°C
Nominal stress(MPa)
Temperature(°C)

1
W

Nominal stress(MPa)

Time(min)
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Temperature (°C)
N
(U)]
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(1)Jin Onuki, Akane Saitou, Akio Chiba, Kunihiro Tamahashi, Yoshinobu Motohashi, Yuji Kawamata, A New Lead-Free Solder Joint utilizing
Superplastic Al-Zn Eutectoid Alloy for Next Generation Sic Power Semiconductor Devices,materials Science Forum,(2016),Vols838-839,pp.482-487.

Temperature

Nominal stress

Time
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Nominal stress (MPa)
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Time
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Nominal stress (MPa)
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(B 28 141 FE 15 T D (R4 BERT ) L B8 RUBRAE ) 4

Duration time at | Tensile strength Maximum nominal
270°C (N) stress (MPa)
Omin 711 28.4
10min 452 18.1
20min 387 15.5

RIFEEI107 RIFEFEI209
SATHIR EER Y, RIFEEIEWVIESESREN R R A2MEEE R L7

ZnAIDBERISNE T3 2 & 12 & Y BT OB AT,
% BIREDSEEN A TR D720, (RSHEE A TE 2

BEURRE CORFIIEGBORILZ5 SR I TRIEELH S
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Nominal stress (MPa)

Time(min)

Temperature ("C)
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395
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20mm

10mm
| Smm

| 0.lmm, |

0.005mm/min

e e e e e e e e e e e e e e e

= Temperature

= Nomuinal stress

- > <

20~30 30
Time(min)

W

Nominal stress (MPa)
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450 | | 9

ANEFI3MPa 000 e
AOERE Imm/min i E—

(@)}

Nominal pressure(MPa)

W

0
0 600 1200 1800 2400 3000

Time(sec)
Pressure Tensile strength | Maximum nominal
speed (N) stress (MPa)
794 31.8
1mm/min 495 19.8
Yo 482 19.3

1523 .6MPa
MERENMEWAIESBREN S LD I ENERTE
) [ERISHAMET L7
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H0E 733MPa

IOEEE0.005mm/min 350(

S 300/—
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M LLEZ(0.005mm/min)

450

400

~—
D]
—

® Temperature(specimen)

® Nominal pressure

—— Temperature(setting)

250

ratu

S 200

5
2 150

100

50

0
0

/

(o)}

Nominal pressure(MPa)

(8

600 1200 1800 2400 3000 3600 4200

Time(sec)

Pressure Tensile strength Maximum nominal
speed (N) stress (MPa)
1044 41.8
0.005mm/min | % 1089 43.6
1043 41.7
1542 .4MPa
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HIE F13MPa e
ANE R E 5N/min S | R
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PRSI S, )

p—
]
S

N
(=)

0
_500 600 1200 1800 2400 3000 3600
Time (sec)
. Maxi
. Tensile strength z.1x1mum
Condition (N) nominal stress
(MPa)
lino ;
Cooling in a 673 27 1
furnace

BEARE KA D 36.9MPa> /5 1 27.1MPa
SR RN NS WA ESRENSLRAERE L -7,
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400
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5 300
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® Nominal pressure
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5 200
o
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2 150

100
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Nominal pressure(MPa)

50

0
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0
600 1200 1800 2400 3000 3600

Time(sec)

Condition

Tensile strength

Maximum nominal

2023/11/14

(N) stress (MPa)
Cooling in DAS 992 39.7
water 800 32.0
F1536.9MPa
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Department of engineering, Kagoshima university
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AP 5 | sREER

MR FEBR CERAPBRHOREIZARES 579,
WUINEHEVER A 12X L T 10pum/sec D B {a iR CERRYA | sREAER & 1T - 72

BT

Tensile strength Maximum nominal
(N) stress (MPa)
#1 22.2 20.6
#2 25.4 26.3
#3 23.6 21.8
#4 34.9 27.4
#5 27.0 20.6

YIGRFRIG S 1$23.3MPa
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Nominal stress(MPa)

— Nominal stress
— Temperature
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Time(min)

- ZnAlE CuDILEIESICBEWT, e 7 0t R a2aWETHET
EME (2,3MPa) ICHITHEEBREOHEXTHT-.

Time(min)

Nominal stress(MPa)
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