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EE% 500 m, fREMFH%E 900s & Lz, MBUAEEX, 713K U EOBERT
EBRETo T,
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Fig.5-14 Z3| REABRKERZ R T, @ Zn OYHEZHBE L2 b DO DR T < 5l
RAME-EARFMEOMICHABRRERIRD O R 272, ThiX Fig.5-15 i
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FEOE FHMSnzHVWEEAEROBRBIUBEER
6.1 FHERBRACIIBGERBEBIVOEE

AR % 803K, A% 1.39MPa L LEAEBREZB I 2 o7, 3IER
BR 45 R % Fig.6-1 1277,

FRMIZSn ZAVEEAER T In 2 AVWEEA L&Y, Fig.6-1 X7 T
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TEY, #amEBEL L TRt+oER IR, SIRRBRICHET I LN TED
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Fig.2-1 Schematic of high-frequency
induction heating device and bonding jig.
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A1070

Fig.2-2 Shape of smooth surface specimen
and insert metal.
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Fig.2-3 Shape of cup shape specimen
and insert metal.
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Table 2-1 Chemical composition of
metals (mass%).

Si|Fe|Cu|Mn|Mg| Cr| Zn| Sn [Ti+Zr| Al

A1070 |0.04/0.23|0.00/0.00(0.00|0.00| — | — — Bal.
Cl1020| — | = 999 — | - | — | = | = _ _
n | = | == =|=1=1999 - | - | -

Sn |- |- |- |=|—-1|—-]-1999 - |-

Table 2-2 Melting point and eutectic
temperture of Al-X system; X : Cu, Zn, Sn.

Element Cu Zn Sn
Melting point, K 1357 693 | 505
Eutectic temp., K 821 | 655 | 501

S DI

L7 W 92 F




Fig.2-4 Setting point of thermo-couple;
@ : for control of high-freguency induction

heater,
@ : for induction of heating temperature,

@ : for measurement of tempurature on
bonding surface.
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Thermocouple for high-
frequency induction
heating device

Thermocouple
for measurement

900
®

X 850t

Y

2 P

g 800 12

Q | PSR B

=

)

= 750+

700 1 l 1 1

-24-18 -12 -6 0 6 12 18 24

Distance, mm

Fig.2-5 Temperature distribution of Al
specimen heated at 873K.
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Temperature ,

Bonding stress

Bonding pressure

10K/s Bonding temperature

1K/s |\ | Air cooling

0~900s

S»;

Time, s

Fig.2-6 Histories for bonding pressure
and temperature.
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73 f—(Al) 0 —r} ! B
473 f >
/ | LI
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Fig.2-7 Al-Cu system equilibrium
phase diagram .
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Fig.2-8 Al-Zn system equilibrium phase
diagram .
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Fig.2-9 Al-Sn system equilibrium phase
diagram .
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Fig.3-1 Between time of overshoot and
heating rate.
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\¢ x=Sett|r_19 temperature Center
~808 + y=Bonding temperature
Q :
Pk =(Center+0utSide)/2
-
45 873 F y=1.028x—5.4991
= Outside
=3 Average
a 848 |
5
- Approximation

& 823 line Insert metal : Cu
8’798 O Average
S A Center
g 273 B Outside
m .

748 '«

748 773 798 823 848 873 898 923
Setting temperature , K

Fig.3-2 Relation between setting temperature
and bonding temperature; heating rate:1 K/s.
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Overshoot at 1K/s, AK

20
Insert metal : Cu
15 ¢
10 Outside
Center '/
5t A
{ s
| N
0! -
||

748 773 798 823 848 873 898 923
Setting temperature, K

Fig.3-3 Overshoot before holding stage
at heating temperature; heating rate:
1K/s.
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¢ 923 x=Setting temperature

- | y=Bonding temperature

v 898 =(Center+0OutSide)/2

=
< 873 _
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=
3 823

@) Insert metal : Cu
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748 ' '

748 773 798 823 848 873 898 923
Setting temperature, K

Fig.3-4 Relation between setting temperature
and bonding temperature; heating rate:5K/s.

TERAKVRER TR



-t -t N N
o Ul o Ul
| 1 |

Overshoot at 5K/s, AK
ol

Insert metal:Cu

Center
A A N
4
A
A
Outside -
/ mn
| m N

0

748 77

Fig.3-5 Overshoot before holding stage
at heating temperature; heating rate:

5K/s.
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923 x=Setting temperature

X | y=Bonding temperature
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Fig.3-6 Relation between setting temperature
and bonding temperature; heating rate 10K/s.
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Fig.3-7 Overshoot before holding stage
at heating temperature; heating rate:
10K/s.
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Fig.3-8 Effect of heating rate on
overshoot in heating process.
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(b)200um

2mm - 2mm

(©)100pm (d)50um

Fig.4-1 Effect of insert metal thickness on
deformation of specimen ; insert metal Cu,
bonding temperature:893K,heating rate:
10K/s, bonding pressure:0.69MPa,

holding time:300s.
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Cu t=50um, 893K,
| 10K/s, 420s
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o O O O o
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o

0 1
Bonding pressure, MPa

Fig.4-2 Effect of bonding pressure on
tensile load of Al/Cu/Al.
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Fig.4-3 Effect of bonding time on tensile
load of Al/Cu/Al.
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(c)120s

(d)180s (e)240s (f)300s

(g)360s (h)420s (i)480s

1mm

Fig. 4-4-1 Fracture surface of specimen
by Al/Cu/Al;

bonding temperature:893k, heating rate :
1K, bonding pressure:1.39MPa.



(j)540s (k)600s (1)660s

Fig. 4-4-2 Fracture surface of specimen
by Al/Cu/Al;

bonding temperature:893k, heating rate :
1K, bonding pressure:1.39MPa.



(b)60s (c)120s

(e)240s (f)300s

(g)360s (h)420s (i)480s

1mm

Fig. 4-5-1 Fracture surface of specimen
by Al/Cu/Al;

bonding temperature:893k, heating rate :
5K, bonding pressure:1.39MPa.



(j)540s (k)600s (1)660s

(m)720s (n)780s (0)840s

lmm

(p)900s

Fig. 4-5-2 Fracture surface of specimen
by Al/Cu/Al;

bonding temperature:893k, heating rate
: 5K, bonding pressure:1.39MPa.



(c)120s

(d)180s (e)240s (f)300s

(g)360s (h)420s (i)480s

Fig. 4-6-1 Fracture surface of specimen
by Al/Cu/Al;

bonding temperature:893k, heating rate:
10K, bonding pressure:1.39MPa.



(j)540s (k)600s (1)660s

(m)720s (n)780s (0)840s

B 35s “tmm
(p)900s

Fig. 4-6-2 Fracture surface of specimen

by Al/Cu/Al;

bonding temperature: 893k, heating rate:
10K, bonding pressure:1.39MPa.
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Fig.4-7 Area of fracture surface of
Al/ Cu/Al.
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Fig.4-8 Effect of holding time on
tensile stress of Al/Cu/Al.
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Fig.4-9 Overview and fracture surface of

Al /Cu/Al;

bonding temperature:893K, heatingrate: 1K/s,
bonding pressure:1.39MPa, holding time:480s.



893K, 300s

Compositions, at%
Al Cu O

43.8| 1.8(54.4| AlLOs

98.9( 1.1| 0.0 o

83.1|16.9| 0.0 [Eutectic

Phase

Pos.

O|m>

Fig.4-10 Results of SEM observation and
EPMA analysis of Fracture surface area
in Al/Cu/Al;

heating rate:10K/s, bonding pressure:
1.39MPa.



893K, 480s

Compositions, at%
Pos. Al Cu 0 Phase
A | 55.9]43.9| 0.2| AICu
B|69.5|/29.5| 1.0| AlCu
C | 55.2| 44.3| 0.5| AICu
D|66.8| 31.8] 1.4 | AlCu
E |64.6] 32.7| 2.7 | AlLCu
F|]96.1| 2.5 1.4 o

Fig.4-11 Results of SEM observation and
EPMA analysis of fracture surface area
in Al/Cu/Al;

heating rate:10K/s, bonding pressure:
1.39MPa.



893K, 720s

Compositions, at%

Al Cu O
98.7| 0.0] 1.3 a
93.7| 0.0 6.3 o
98.7]| G.1| 1.2 o4
98.7| 0.2| 1.1 o
80.1| 9.4 10.5 a

Fig.4-12 Results of SEM observation and
EPMA analysis of fracture surface area

in Al/Cu/Al;

heating rate:10K/s, bonding pressure:
1.39MPa.

Pos.

m|olO|m| >




(f) 540s

Fig.4-13 Change of microstructure in
Al/Cu/Al bond with increasing of bonding
time;

bonding temperature:893K, heating
rate:10K/s,bonding pressure:1.39MPa.
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893K,0s

Compositions, at%
Al Cn O
Al 0.1]/99.9( 0.0 Cu
B [12.8|49.1|38.1| CuO

Phase

Fig.4-14 Results of SEM observation and
EPMA analysis of cross section in Al/Cu/Al;
heating rate:10K/s, bonding pressure:
1.39MPa.



893K, 120s

100y |

Compositions, at%
Al Cu O
0.0 |100.0f 0.0 Cu

12.3 | 87,7 0.0 a

69.1 | 30.9| 0.0| AlCu
0.0 | 72.0| 28.0| Cu20

44.5 | 10.9( 44.6 |Unknown

Pos.

Phase

m(OO|m| >

Fig.4-15 Results of SEM observation and
EPMA analysis of cross section in Al/Cu/Al,;
heating rate:10K/s, bonding pressure:
1.39MPa.



893K, 180s

ICompositions, at%

Pos. N Cu 0 Phase
A [53.6| 4.0| 42.4 |0Oxide film
B |52.6| 3.3| 44.1|Oxide film
C |84.1| 15.9| 0.0| Eutectic
D(91.3| 1.2| 7.5 04

Fig.4-16 Results of SEM observation and
EPMA analysis of cross section in Al/Cu/Al;
heating rate:10K/s, bonding pressure:
1.39MPa.



893K, 360s

Compositions, at%
Al Cu o) Phase

58.5 | 0.6 |40.9 |Oxide film
75.8 124.2 | 0.0 | Eutectic

Pos.

@ | >

Fig.4-17 Results of SEM observation and
EPMA analysis of cross section in Al/Cu/Al;
heating rate:10K/s, bonding pressure:
1.39MPa.
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893K, 420s

Compositions, at%
Pos/™Al [ Cu | O
A | 57.7| 7.2|35.1 |Oxide film

Phase

Fig.4-18 Results of SEM observation and
EPMA analysis of cross section in Al/Cu/Al;
heating rate:10K/s,bonding pressure:
1.39MPa.



Table 5-1 Determination of bonding
temperature for joinability of Al/Zn

/Al

bonding pressuer:0.69MPa, bonding

time:900s.

Heating rate, K/s

Temp., K| 1 5 10
713 X

613 X X X

843 X X X

853 X X X

863 O | O O
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300

N
o
o

Tensile load, N

100 |

0 i
Bonding stress, MPa

Fig.5-1 Effect of Bonding stress on
tensile load of Al/Zn/Al,

bonding temperature:863K, heating
rate:1K/s, holding time:900s.
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1600 Zn t=500um, 863K,
1400 [ 1.39MPa

1200 |
1000 |
800 |
600 |
400 |
200 |

1K/s

Tensile load, N

\

10K/s

0 100 200 300 400 500 600 700 800 900
Holding time at heating temperature, s

Fig.5-2 Effect of holding time on tensile load
of Al/Zn/Al.
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(a)0s (b)60s (c)120s

(f)300s

(9)360s (h)420s (1)480s

Fig.5-3-1 Fracture surface of specimen
by Al/Zn/Al;

bonding temperature:863K, heating
rate: 1K/s, bonding pressure:1.39MPa.



(j)540s (k)600s (N660s

(m)720s (n)780s (0)840s

(p)900s -

Fig.5-3-2 Fracture surface of specimen
by Al/Zn/Al;

bonding temperature:863K, heating
rate:1K/s, bonding pressure:1.39MPa.



(a)0s (b)60s

(d)180s (e)2405 (F)300s

(g)360s (h)420s (1)480s

S 1mm

Fig.5-4-1 Fracture surface of specimen
by Al/Zn/Al;

bonding temperature:863K, heating
rate:5K/s, bonding pressure:1.39MPa.



(j)540s (k)600s (1)660s

(m)720s (n)780s (0)840s

(p)900s

Fig.5-4-2 Fracture surface of specimen
by Al/Zn/Al,

bonding temperature:863K, heating
rate:5K/s, bonding pressure:1.39MPa.



(a)0s (c)120s

(e)240s (f)300s

(9)360s (h)420s (1)480s

imm |

Fig.5-5-1 Fracture surface of specimen
by Al/Zn/Al;

bonding temperature:863K, heating
rate:10K/s, bonding pressure:1.39MPa.



(j)540s (k)600s

(m)720s (n)780s

[ L
(p)900s
Fig.5-5-2 Fracture surface of specimen
by Al/Zn/Al;

bonding temperature:863K, heating
rate:10K/s, bonding pressure:1.39MPa.



Area of fracture
surface, mm’

Zn t=500um,
| 863K,
1.39MPa

10

1K/s

| l 1 l ] ]

] |
0O 100 200 300 400 500 600 700 800 900
Holding time at heating temperature, s

J

Fig.5-6 Area of fracture surface of
Al /Zn/Al .

SR VNI O N T W S 1 R



200

Zn t=500pum, 863K, 1.39MPa

150

100

Tensile stress , MPa

%)
o
1

0O 100 200 300 400 500 600 700 800 900
Holding time at heating temperature, s

Fig.5-7 Effect of holding time on
tensile stress of Al /Zn/Al.
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863K, 60s

Al

. 10%'“1

Compositions, at%
Pos. N 7N 0 Phase
A 0.0| 50.7] 49.3 ZnO
B | 65.4| 15.7| 18.9 | Solid solution
C| 83.2| 6.7]10.1 |Solid solution
D| 0.0]|50.9| 49.1 ZnO
E | 40.2| 30.8| 29.0 | Solid solution

Fig.5-8 Results of SEM observation and
EPMA analysis of cross section in Al/Zn/Al;
heating rate:10K/s, bondig pressure:

0.69MPa.



863K, 480s

8 D

e

B i00um

Compositions, at%
Al Zn O
65.7 [11.3 | 23.0 | Solid solution
34.1 | 32.8]| 33.1 | Solid solution

49.9 | 24.4| 25.7 |Solid solution
74.7| 9.6| 16.5 |Solid solution
85.3| 6.4| 8.3]|Solid solution
100.0| 0.0| 0.0 Al

Pos. Phase

MmO |®m|>

Fig.5-9 Results of SEM observation and
EPMA analysis of cross section in Al/Zn/Al;
heating rate:1K/s, bondig pressure:

1.39MPa.



ICompositions, at%

Al >n 0 Phase

Pos.

45.0

Py

45.2

Oxide film

52.7

30.1

17.2

Solid solution

O|m (>

82.7

8.1

9.4

Solid solution

Fig.5-10 Results of SEM observation and
EPMA analysis of cross section in Al/Zn/Al,;

heating rate:1K/s, bondig pressure:
0.55MPa, holding time:120s.
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863K, 1K/s, 60s

Compositions, at%
Al Zn O
32.0| 3.3 | 64.7 |Al oxide film
67.3| 2.2 | 30.5| UnKnown
39.6| 4.7 | 55.7 |Al oxide film
81.7| 2.6 | 15.7 |Solid solution|
78.3| 2.3 | 18.8 [Solid solution

Phase

Pos.

moO|O|wm|>

Fig.5-11 Result of SEM observation and
EPMA analysis of fracture surface in Al/
Zn/Al;

heating rate:1K/s, bonding pressure:
1.39MPa.



863K, 5K/s, 480s

Pos.

Compositions, at%

Phase
Al Zn O

61.2 3.7135.1| UnKnown

84.7 2.8( 12.5 |Solid solution

82.9 0.9] 16.2 |Solid solution

85.8 0.8| 13.4 |Solid solution

72.2| 15.3| 12.5|Solid solution

54.9| 19.6| 25.5|Solid solution

72.2| 15.3| 12.5|Solid solution

IT|IOMMmM|O(O|(m|>

55.7 | 18.4| 25.9|Solid solution

Fig.5-12 Result of SEM observation and

EPMA analysis of fracture surface in Al/
Zn/Al;

bonding pressure:1.39MPa.
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863K, 1K/s, 600s

ICompositions, at%
Al Zn 0 Phase
72.7 | 15.4| 11.9 [Solid solution
25.4 | 64.1( 10.5 |Solid solution

35.5| 29.0| 35.5 |Solid solution
58.8 | 11.1] 30.1 |Solid solution
82.1| 8.4 9.5|Solid solution
72.2 | 14.4| 13.4 |Solid solution
62.9| 6.1 31.0|Solid solution
88.8| 2.4| 8.8|Solid solution
72.0| 1.5| 26.5|Solid solution

Fig.5-13 Result of SEM observation and
EPMA analysis of fracture surface in Al/
Zn/Al ;

bonding pressure:1.39MPa.

Pos.
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1600 Zn t=2mm, 823K, 1.39MPa
1400 |

N

= 12007 5K/
8 1000[  10K/s K/s 5\
L 800 | AW /

2 | A
S 600

|._

400 |
200

0'0 "100 200 300 400 500 600 700 800 900
Holding time at heating temperature, s

Fig.5-14 Effect of holding time on tensile
load of Al /Zn/Al by cup shape specimen.
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(a)5K/s 480s (b)5K/s 480s

(c)1K/s 900s

Fig.5-15 Fracture surfsce of Al /Zn/Al;
bonding temperature:863K, bonding
pressure:1.39MPa.



1600
Sn t=500um, 803K, 1.39MPa
1400 [
< 1200
b |
o 1000 M 10K/s
L goo| @1K/s
o - A 5K/s
S 600
0 1,5,10K/s
400 |
200 |

NPTV e e ——————
0O 100 200 300 400 500 600 700 800 900
Holding time at heating temperature, s

Fig.6-1 Effect of holding time on tensile
load of Al /Sn/Al.
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Fig.6-2 Surface of Al/Sn/Al;
bonding temperature:803K,heating

rate:10K/s, bonding pressure, holding
time:900s.



POS_Comp05|t|0ns, at% Phase

Al Sn O
A | 2.8 | 70.5| 26.7| Solid solution
B [95.3 0.1f 4.6 Al

Fig.6-3 Resalt of SEM observation and
EPMA analysis cross-section in Al/Sn/Al,

bonding temperature:803K, heating rate:

10K/s, bonding pressure:1.39MPa,
holding time:900s.




1600
1400
1200 |

10001 M 1ok/s

soo| @ 1K/s
| A 5K/s
600

400 |
200 |

| Sn t=2mm, 803K, 1.39MPa

Tensile load, N

1,5,10K/s

0 1050 30 600 7¢ 0
0 100 200 300 400 500 600 700 800 900

Holding time at heating temperature, s

Fig.6-4 Effect of holding time and
specimen shape on tensile load of
Al /Sn/Al by cup shape specimen .
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803K, 900s

Compositions, at%
Al P Sn 0 Phase

99.3( 0.0 0.7 Al

0.4]| 61.4| 38.2 Sn oxide
0.5| 82.0| 17.5 |Solid solution
7.9| 67.9| 24.2 |Solid solution

60.0| 40.0( 0.0 |Solid solution

Fig.6-5 Results of SEM observation and
EPMA analysis in cross section in Al/
Sn/Al,

heating rate:10K/s, bonding pressure:
1.39MPa.
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-13

~g 10
E10-15 i
Eld” :
£10 |
S10

§10° |
2

122 | I | l | I
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Bonding temperature, K

Fig.6-6 Compaison of dependence of
temperature on diffusion coefficient of
each insert metal.
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