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by Determination of Stress-free State
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Abstract

The total relaxed stress in annealing and the thermal strain/stress were obtained from the identification of
the residual stress-free state using electronic speckle pattern interferometry (ESPI). The residual stress fields
in case of both single and film/substrate systems were modeled using the thermo-elastic theory and the
relationship between relaxed stresses and displacements. We mapped the surface residual stress fields on the
indented bulk Cu and the 0.5 Au film by ESPI. In indented Cu, the normal and shear residual stress are
distributed over -1.7 GPa to 700 MPa and -800 GPa to 600 MPa respectively around the indented point and in
deposited Au film on Si wafer, the tensile residual stress is uniformly distributed on the Au film from 500
MPa to 800 MPa. Also we measured the residual stress by the x-ray diffractometer (XRD) for the verification
of above residual stress results by ESPL.
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Fig. 1 Schematic diagram of evolving (a) out-of-plane
and (b) in-plane displacements.
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Fig. 2 Schematic diagram of the relationship among the
variations of the residual strain, the thermal strain
in interface and the strain evaluated by ESPI.

4.
4.1
(annealing)
ESPI
(107 Torr)
(quartz) 214 mm
:|:1 2 b
4.2
Cu
400 , ESPI
3x3 . Cu
110GPa 0.35
185 min ,
20 300~
420
Fig.
3(a) X
(A’B’C!D) X
(Fig. 3(b)). Fig.
3(b)
400 ,
400~420 185min
5) Fig. 4

28

. Fig. 4 (a) X
b  (©
yz Xz

Fig. 4(b) (c) yz XZ

—1.7GPa~700MPa
-800~600MPa

pile-up

1R L}

(@

=l B

e L LT

(b)

Fig. 3 (a) 4 arbitrary points (A, B, C and D indicating
max. and min. normal strains) on the map of x-
dir. normal strains at 300  and (b) the
variations in the strain changes in annealing at
the 4 arbitrary points in indented Cu.
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Fig. 4 The maps of (a) normal residual stress field in x
direction and surface shear residual stress fields
in (b) y-z and (c) x-z directions of indented Cu.
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Fig. 5 (a) The displacement and (b) the normal strain
maps in x-direction at 400  annealing.
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Fig. 6 The variations of (a) the deformation and (b) the
normal strain profiles in x-direction on y=0 line
at each annealing temperature.
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Fig. 7 (a) The normal residual stress field in x-direction,
(b) the relationship of variation of 26 and sin’¥
in XRD test and (c) the residual stress profile on

y=0 line of 0.5  Aufilm.
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