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Abstract: In spite of some problems in processability and bondability, Au wires in the microelectronics
industry are gradually being replaced by copper wires to reduce the cost of raw material. In this article,
the effects of surface roughness enhanced capillaries on thermosonic Cu wire bonding were evaluated.
The roughness-enhanced zirconia toughened alumina (ZTA) capillaries were fabricated via a thermal
grooving technique. As a result, the shear bond strength of first bonds (ball bonds) bonded using the
roughness-enhanced capillary was enhanced by 15% as compared with that of normal bonds due to more
effective plastic deformation and flow of a Cu ball. In the pull-out test of second bonds (stitch bonds),
processed at two limit conditions on combinations of process parameters, the bond strength of bonds
formed using the roughness-enhanced capillary also resulted in values higher by 55.5% than that of
normal bonds because of the increase in the bonding area, indicating the expansion of a processing
window for Cu wire bonding. These results suggest that the adoption of roughness-enhanced capillaries is
a promising approach for enhancing processability and bondability in Cu wire bonding.
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Table 1. Summary of bonding parameters used during Cu wire bonding

Second bonding

Lower limit condition

Middle condition Upper limit condition

Parameter First bonding
Bond power (mA) 140
Bond force (gr) 30
Contact time (ms) 15

120
10
15

143 160
30 40
15 15
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Fig. 1. Three discrete conditions in a processing window
indicating combination of bonding parameters selected during
second bonding.
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Fig. 2. Images showing (a) the shape of a ceramic capillary, (b) a SEM micrograph of the capillary tip, and AFM images
showing the degree of surface roughness of capillaries used: (c) a reference, as-fabricated, (d) #1, (e) #3, and (f) #4 capillaries.
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Fig. 3. Shear bond strengths of the 1st bonds with respect
to the surface roughness of capillaries.
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Fig. 4. Pull bond strengths of the 1st bonds with respect to
the surface roughness of capillaries.
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Fig. 5. Cross-sectional SEM micrographs of the 1st bonds formed with respect to the surface roughness of capillaries: (a)
low and (b) high magnification images of the bond obtained by using a reference capillary. (c) low and (d) high
magnification images of the bond obtained by using a #4 capillary.
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Fig. 6. Pull bond strengths of the 2nd bonds measured as a
function of the degree of surface roughness of capillaries
and locations in a processing window.
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Fig. 7. SEM images showmg the 2nd bonds formed using
(a) reference and (b) #4 capillaries on the lower limit in a
processing window.
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Fig. 8. SEM images showing the 2nd bonds formed using
(a) reference and (b) #4 capillaries on the upper limit in a
processing window.
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