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A Study on the Reliability of the Au Wire Bonding due to Baking
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Abstract The bond strength of the Au wire before and after baking has been studied. Thermosonic bonds were made
between Al pad in Si die and Ag plated lead frame using Au wire. The baking treatment was done at 175 °C for vari-
ous time. The bond strength was evaluated by the wire pull test, the ball shear test, and the stud pull test. The
average pull strength was not greatly affected by baking, while failure mode changed from ball neck failure before
baking to stitch failure after baking. Extensive grain growth of Au wire occurred during bonding and baking. The fail-

ure site change was related to the grain size and the geometrical shape of Au wire near the bonded region.
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Fig. 1. Schematic diagram of gold ball bonded package.
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Fig. 2. Schematic diagram of the wire pull test(a), the ball shear
test(b), and the stud pull test(c).
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Table 1. Wire pull test results before and after baking for 6 hours dt 175 C

gZAass A8A AilE (1998)

3 4 & 3% R -
baking °4+ bake # |  bake ¥ _ bake ® | bake %  bake ¥
A A= () 10.06 08 | 1018 1138 o s
2z A3 (g) 1.98 188 | 193 | i 199
FA5EA+ | 0.85 1.04 089 | 12 ] 106

mode 1 : 43 | mode 1: 0 mode 1 :42 | mode L : 3 Cmode 1: 11
shA$-3* (3) mode 2 : mode 2 : 40 mode 2 : 2 mode 2 : 34 mode 2 : 28
mode 3 : mode 3 : 5 rnode 3*“ ~ mode 3:8 modeé._(i B

*Note) mode 1 : £S5 F-Zof 49 IM
mode 2: Stitch zjQol 2 2] 213
mode 3:249 7} xjodol| A 53|

Table 2. The wire pull test results with various wire length before and after baking.

bond 7ol 2540 /m (100 mil) 3048 ym (120 mil) 3556 m (140 mil)
baking 1% bake & bake ¥- bake A bake & |  bake & bake &
A% 4= (g) 13.55 11.70 11.37 826 | 1006 10.87
EZ A4 1.32 211 | 151 | 151 1.98 188
FATAAS 2.16 1.06 14 | o0r2 085 1.04
3198* (2)) mode 1 : 60 mode 1 : 17 mode 1 : 27 mode 1 : 0 222: ; 1113 ;:giz ; 4(1)0
mode 2 : 30 mode 2 : 73 mode 2 : 63 mode 2 : 90 ’
mode 3 : 2 mode 3 : 5
(*2}2 492 Table 12 Note® #x) [
Table 3. Wire pull test result as a function of baking time.
bake time (hr) 0 3 6 9 12 | 48 %
FRAE (g) 9.51 9.80 8.66 963 | 930 | 968 995 | 10.46
EEERE
mode 1 (%) 100 45 0 0 0 0 0 0
mode 2 (%) 0 55 100 100 100 92 77 85
mode 3 (%) 0 0 0 0 0 8 23 15
AL 1.33 1.06 0.92 0.82 0.96 0.86 1.02 1.27

(*=}=f-32 Table 19 Noted #=x)
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Table 4. Ball shear test results.
Chaketime () | 0 | ff?i#w R D R 48 %6
 AuH=(g) | 524 | 587 | 593 | 639 | 616 632 58.2 53.6
sh 2R

mode A (%) 23 57 100 100 100 100 100 66

mode B (%) 77 43 0 0 0 0 0 0

mode C (%) 0 o | o 0 0 0 0 34
C @AEYAs | 120 | 144 | 153|162 1.56 2.09 194 0.74
*Note) mode A : Bond padell & #A71& @7l A4 22 +9

mode B: Au- Al 542131328 Bond padell 7]
mode C:Oxidevt Bare silicone] =25+ 3

Fig. 3. SEM fractography showing Au wire failure; (a) broken wire (b) pad side in ball neck failure (c) broken wire (d) lead frame

side in stitch failure.
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Table 5. Grain size and breaking load changes due to bak-
ing.

baking time (hr) grain size (xm) breaking load (g
0 2.5 165
6 5.1 10.8
12 7.0 10

Table 6. Average grain size in the bonded wires before
and after baking.

site before baking after baking

wire center 2.5 1m 5.1 ym

ball neck 6.5 /m 7.2 im

stitch | 2.5 m 7.0 tm
Mol B8 320 o4 F2E 27 4o YTk B2
W PPe 49 F oA $3Y FEE HolFo 25 2
e balle] A E o 257} AesnE b3 o dal s
o A, AAY Aol At S BdFErh” Baking
+ w2 wao AY9e 27 Wit A geh ol
ball £544] &7} F7kshe] APl 2A 4RRom 2
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Fig. 4. A typical optical micrograph showing the Au wire micro-
structure near ball neck region.
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