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Abstract

A flip-chip bonding system using IR laser with a wavelength of 1064 nm was developed and associated
process parameters were analyzed using Taguchi methods. An infrared laser beam is designed to transmit
through a silicon chip and used for transferring laser energy directly to micro-bumps. This process has
several advantages. minimized heat affect zone, fast bonding and good reliability in the microchip bonding
interface. Approximately 50 % of the irradiated energy can be directly used for bonding the solder bumps
with a few seconds of bonding time. A flip-chip with 120 solder bumps was used for this experiment and
the composition of the solder bump was Sn3.0Ag0.5Cu. The main processing parameters for IR laser
flip-chip bonding were laser power, scanning speed, a spot size and UBM thickness. Taguchi methods
were applied for optimizing these four main processing parameters. The optimized bump shape and its
shear force were modeled and the experimental results were compared with them. The analysis results
indicate that the bump shape and its shear force are dominantly influenced by laser power and scanning
speed over a laser spot size. In addition, various effects of processing parameters for IR laser flip-chip
bonding are presented and discussed.
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Fig. 5 Schematic experimental setup of new laser
flip-chip bonding

Table 2 Bonding conditions

Laser power (W) 16, 18, 20
Scanning speed (mm/sec) 80, 90, 100
Spot size (ym) 100, 150, 200
UBM thickness (um) 3,57
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Table 3 Tables of orthogonal arrays

Power SR Spot size .UBM
(W) speed () thickness
(mn/sec) (em)
1 16 80 100 3
2 16 90 150 5
&) 16 100 200 7
4 18 80 150 7
5 18 90 200 3
6 18 100 100 5
7 20 80 200 5
8 20 90 100 7
9 20 100 150 3
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Fig. 7 Cross-sectional views of solder joint
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Fig. 8 Analysis of S/N ratio for shapes of solder
bump
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Table 4 Result of experiments
Power Scan Soot. size UBM Bump Width of Bump Shear
No. W) speed 12 () thickness| height SN1 contact SN2 | diameter | SN3 force SN
(m/sec) | (m) (m) region(im) (um) (kef)
1 16 80 100 3 85.55 |-19.851| 46.88 |-12.506| 105.94 |-30.402| 20.28 | 26.140
2 16 90 150 5 86.25 |-20.447| 46.18 |-15.707| 104.06 |-30.583| 19.06 | 25.603
3 16 100 200 7 83.91 |-18.266| 65.39 -2.984 || 108.75 |-23.293| 15.64 | 23.885
4 18 80 150 7 20.16 |-34.895| 202.97 |-30.506| 143.68 |-41.796 0 0
5 18 90 200 3 83.91 |-18.748| 40.08 |-16.939| 103.13 |-32.024| 16.75 | 24.479
6 18 100 100 5 90 -23.095 0 -14.253| 105 |-38.062 0 0
7 20 80 200 5 10 -36.354| 210.90 |-32.611| 152.87 |-42.292 0 0
8 20 90 100 7 86.72 |-20.828| 39.61 -2.975 || 109.45 |-32.125| 19.70 | 25.888
9 20 100 150 3 81.84 |-15.735| 50.93 |-15.592| 104.14 |-29.269| 25.56 | 28.151
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Table 5 Optimum bonding conditions

Scan Spot UBM
Power . .
(W) speed size thickness
(mn/sec) (pm) (¢m)
Height
between chip 16 100 100 3
and substrate
Width of
contact region 16 100 200 3
(4m)
Diameter of
solder bumps 16 90 100 7
(gm)
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Table 6 Optimum bonding condition for shear force

Scan . UBM
Power Spot size .
W) speed (m) thickness
(mm/sec) (4m)
shear force 16 90 150 3
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Fig. 10 Analysis of S/N ratio for shear force
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