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A High-Speed White-Light Scanning Interferometer for Bump Inspection of

Semiconductor Manufacture
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The white-light scanning interferometer (WSI) is an effective optical measurement system for
high-precision industries (e.g., flat-panel display and electronics packaging manufacturers) and
semiconductor manufacturing industries. Its major disadvantages include a slow image-capturing
speed for interferogram acquisition and a high computational cost for peak-detection on the
acquired interferogram. Here, a WSI system is proposed for the semiconductor inspection
process. The new imaging acquisition technique uses an ‘on-the-fly’ imaging system. During the
vertical scanning motion of the WSI, interference fringe images are sequentially acquired at a
series of pre-defined lens positions, without conventional stepwise motions. To reduce the
calculation time, a parallel computing method is used to link multiple personal computers (PCs).
Experiments were performed to evaluate the proposed high-speed WSI system.
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Fig. 1 Principle of white light interferometer
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Table 1 Specification of developed WSI system

Item Specification

Measurement Broadband

technique white light Interferometry

Range of 0~ 150 um
measurement
Objective Lens  |Nikon 2.5x ~ 20x DI

2D and 3D view
Function Vibration I[solation system
and option Visual C++ 6.0

LED Controller
Image Capture Speed|Max 200 frame/sec
Maximum Resolution|0.1 um (vertical)

Auto focusing  |400 pum /sec

FOV VGA(640x480)~4M(2320x1726)

Center wavelength : 600 nm
LED Bandwidth : 58 nm
Coherence length : 17 pum

Fig. 2 Proposed white light interferometer
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Table 2 Comparison data of PZT positions

Table 3 PC specification for speed test

Capturing Average Standard Item PC environment 1 PC environment 2
step (pm) Deviation(pm) CPU i7(Hex) i7(Quad)
1 0.005 0.0035 Memory 4GB 4GB
2 0.008 0.0017 VGA NVidia 512M NVidia 512M
3 0.011 0.0049 Frame Silicon Software Silicon Software
4 0.007 0.0036 Grabber (200 fps) (200 fps)
5 0.013 0.0034
6 0.012 0.0022 Table 4 Speed test results
7 0.011 0.0036 No. of Thread PCl(sec) PC2(sec)
8 0.014 0.0059 1 2246 26.78
9 0.011 0.0044 2 20.13 26.24
10 0.010 0.0042 4 16.21 2385
Average 0.010 0.0037 8 10.24 15.24
16 6.05 10.37
VLSI : SHS_18 QC 32 3.26 6.45
Groove Mean Value 64 3.27 11.24

1.806 % 0.011m
Temp. 214 1°¢
Humidity 45+ 2%

Fig. 10 Specifications of the target
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Table 5 Accuracy of developed WSI system on VLSI

target
VLSI target (SHS — 1.8 QC)
Tareet Calibrated Height :
& 1.806 um % 0.011um
Mean value Expanded Uncertainty
M Average No. of Standard
e;;::sreﬁqent & experiments | deviation
u
1.876 pm 200 0.070 pm

Table 6 Accuracy test of developed WSI system on

NIST certified target

NIST Proposed | Error
Result target Olympus WSI (%)
‘ﬁl;r;]e 29,850,000 | 29,829,000 | 30,098,000 | 0.83
Area | 107500 | 198,100 | 199200 | 0.86
[pm]
Height |5 5 151.18 151.10 | 0.29
[pm]

4 AAE 93 thread T2 32709 thread”} F
A3l% threadYd S Table 49 AF = & 4 At}
1.806 pm = 0.011pm®] H A=A =) ¢} B35
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S AME3te] 43 ¥l A3E Fig. 113 Table 6
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Fig. 11 Result of measurement (target certified by NIST)
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