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Damage Analysis of Semiconductor Chip during Wire Bonding Process

Toru IKEDA, Kiyoteru KUDO, Noriyuki MIYAZAKI,
Tsuyoshi MUNAKATA, Kiyoshi ARITA and Hideyuki YAKIYAMA

Wire bonding, which is a process of connecting a semiconductor chip and a lead frame by a thin
metal wire, is one of the important processes in electronic packaging. This paper presents the
damage estimation of a GaAs chip during the gold (Au) wire bonding process. The Au wire bonding
process is carried out by pressing an Au ball made at a tip of the Au wire on a semiconductor chip
and vibrating it by ultrasonication. High contact pressure is useful for shortening the process cycle ;
however, it sometimes causes damage to the semiconductor chip. Elastic plastic large deformation
contact analysis is performed and the distributions of the stress in a GaAs chip is investigated. The
possibility of fracture under the usual wire bonding pressure is expected in a GaAs chip.
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Fig. 5 Results of Hopkinson bar inpact test.

— 285 —

NII-Electronic Library Service



874 LEIEF 9 DA YKL T4 2 7T O A B B IRSTERT

Table | Material constants of each materials. (200T)
Material Young's Poisson's Rate of Strain Yield Stress Notes
Modulus E (GPa) Ratio Hardening (MPa) (MPa)
Gold 68.6 0.44 1459 32.7 Neglecting Strain Rate Dependence
Gold 68.6 0.44 1459 32.7+4+0.057¢  Account of Strain Rate Dependence
Capillary 313.6 0.23
Aluminum Terminal 70.3 0.345
Oxide Film 100.0 0.224 -
GaAs 118.6 0.30 {111} Plane
(Case 2) Taking Account of |
Strain Rate Dependence a 840 s’
100 a:221 s
b:1260 s°1
b:332 57

¥
/ |

W
500 1
' é{ﬂ (Case 1) Neglecting

Strain Rate Dependence
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Y
W

Maximum Contact Pressure (MPa)

0 05 1
Bonding Load (N)

Fig. 6 Maximum contact pressure with wire bonding load.
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Fig. 7 Distribution of the equivalent strain rate
in Au ball (Case 2).
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Fig. 8 FEM mesh at phase 2.
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Fig. 11 Maximum Mises equivalent stress in GaAs chip with

wire bonding load.
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Fig. 12 Maximum principal stress in GaAs chip with wire
bonding load.
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Fig. 13 Maximum tensile normal stress on {110} planes.
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Fig. 14 Limit curves of existance of the pairs of a normal stress

and a shear stress.
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Fig. 15 Failure envelope of GaAs crystal.
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