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Effect of Misorientation Angle at Bonded Interface on Diffusion Bonding Joints Using
Oxygen Free High Conductor Copper

by Osamu OHASHI**, Takayuki YOSHIOKA**, Isami NITTA*** and Noriaki FURUTA****

The aim of this study is to investigate the effect of misorientation angle at bonded boundary on the tensile properties and
the interface energy at the bonded boundary. The interface energy was evaluated with an observation of dihedral angle of the
groove with a free surface which was achieved by thermal etching. The misorientation angle at the bonded boundary was
measured by the electron channelling pattern method. The results obtained are as follows. (1) The interface energy at the
bonded boundary depends on the misorientation angle at the bonded boundary, the bonding temperature and the thickness of
surface oxide film. But the fracture strength does not depend on the misorientation angle. (2) The interface energy at the
low angle bonded boundary below 5° is lower than that at the grain boundary in the base metal. The interface energy at the
high angle bonded boundary at 18 up to 30° is higher than that in the base metal. (3) The interface energy of bonded boundary
decreases with an increase in bonding temperature and a decrease in thickness of surface oxide film. (4) The number of void
at the low angle bonded boundary is fewer than that at the high angle bonded boundary after the thermal etching, the size of
the void is smaller than that at the high angle bonded boundary. The number and size decrease with an increase in the bonding

temperature.
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Fig.1

Configuration of specimens. () is for bonding, (B) is
for observation of dihedral angle at groove.
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Fig.2 Scanning laser micrographs at cross-sectional
joints heated at 950°C for 4h in (A): vacuum (1 X102
Pa) and (B): argon gas (1x10°Pa).

Fig.3 Surface profile at bonded boundary in Fig. 2-(B) by
scanning laser microscope. The arrow shows the
bonded boundary.
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Fig.4 Optical photographs at cross-sectional joints
bonded under (&) : twist angle 0° and B): 90°".
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Table 1 Tensile strength of joints bonded under twist angle 0° and 90°.

Tensile Strength Bonding Deformation
(MPa) (%)
Measurement | Average | Measurement | Average
Value Value Vaiue Value
125 0. 3
Twist Angle: O° 148 0. 3
170 0. 3
134 0. 2
Twist Angle: 90° 151 0. 3
167 0. 4
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(A)

(B)

Fig.5 Scanning electron micrographs showing fractured
surface of joints bonded under (4): twist angle 0°
and B): 90°.

Mark 1 shows no bonded area, mark 2 shows
bonded area.
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Fig.6 Effect of thermal etching time on groove angle at
various boundaries of joints bonded at 700°C.
L.A. boundaries: 2°, 3°, 4°
H.A. boundaries : 29°, 30°
G.B. boundaries : 28°, 31°
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Fig.7 Effect of thermal etching time on groove angle at
various boundaries of joints bonded under 900°C.
L.A. boundaries: 1°, 2°
H.A. boundaries: 18°, 19°
G.B. boundaries: 19°
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Fig.8 Effect of thermal etching time on groove angle at

various boundaries of joints made by using chemi-
cal polished specimens and oxidized specimens.
L.A. boundaries: 2°, 3°, 4° -

H.A. boundaries: 14°, 29°, 30°
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Table 2 Number and size of voids along grooves of low
angle boundary and high angle boundary.
(A)
Etching Time:15min
Angle at Interface L. A H. A.
~ bum ) 2.7 0
. ~ 10 0.3 4.1
Void ~ 15 0 2.1
15~ 0 1.0
(B)
Etching Time:60min
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15~ 0 1.5
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Void =15 0 _
15~ 0 0.2

Bonding Conditions:700°C, 15min
Etching Conditions:950°C, in Ar
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Fig.9 Balance of suifaces forces along line of intersection
of bonded boundary with free surface achieved by
thermal grooving.

0.6
Bonding Conditions:700°C, 15min

Etching Conditions:950°C, in Ar

04 T
j:\ﬁ\\\\mL;“__ﬁk_
| Base Metal

O ]

_.D

B GB. 1
‘O\og .

[ LA

Yo/ Y

0.2

0 100 200. 300
Thermal Etching Time, ¢ £/min

Fig.10 Effect of thermal etching time on ratio of bound-

ary energy to surface energy of joints bonded at
700°.

L.A. boundaries: 2°, 3°, 4°

H.A. boundaries: 29°, 30°
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Fig. 11 Effect of thermal etching time on ratio of bound-

ary energy to surface energy of joints bonded by
using chemical polished specimens and oxidized
specimens.

L.A. boundaries: 2°, 3°, 4°

H.A. boundaries: 14°, 29°, 30°
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