By UZets x| X 28 35 pp. 323-329

March 2011 / 323

Journal of the Korean Society for Precision Engineering Vol, 28, No. 3, pp. 323-329

fhE Zze AN AR B
47 3 A%

ol

Y& ©x BE 5 539

MA

Design and Fabrication of a Step Height Certified Reference Material for Multi-probe

Inspection Instruments

YME', DEB S, Jariya Buajarern’, AM ", B, ZF4’
Saerom Maeng', Jonghan Jin"™, Jariya Buajarern?, Jae Wan Kim', Jong-Ahn Kim' and Chu-Shik Kang'

1 U EEAEADPA JMEERS HO|ME (Center for Length, Division of Physical Metrology, KRISS)

2 National Institute of Metrology, Thailand
5 Corresponding author: jonghan@kriss.re.kr, Tel: 042-868-5867

Manuscript received: 2010.11.4 / Accepted: 2011.1.12

Certified reference materials (CRMs) have been used to calibrate surface profilers for reliable
measurements. In this paper, we present a newly designed step height CRM which has a step
height pattern with two different widths and various special patterns for checking radial
magnification, distortion of optical viewing systems, efc. Especially, it could be useful for multi-
probe inspection instruments in the manufacturing lines. The fabrication was done by
conventional optical lithography and dry etching process with optimized conditions. To verify the
step height values, a white-light scanning interferometer was used with objective lenses having
magnification of 10x and 100x. CRMs with nominal step heights of 0.5 ym, 1 um, 3 ym, 5um, 7
um, and 10 um were fabricated and the uniformity of these CRMs was evaluated to be less than

3 nm(10).
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Fig. 1 Layout of the KRISS step height CRM. (a) pattern for step height, (b) 1D-grating, (¢) 2D-grating, (d) scale, (e)
pattern for checking radial magnifications, (f) pattern for testing magnification of objectives and (g) 2D
rectangular pattern
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Table 1 Fabrication conditions of various step heights
Material AZnl.OF 2023
PR Photoresist (negative)

material Spinning : 500 rpm for 3 s &
deposition 4000 pm for 20 s
Baking : 95C for 120 s
Operation mode : vacuum mode
Gap between a mask and a
wafer : 20 pm
Exposure : 8.5 5
Lamp power : 870 W
Developing solution: AZ300HIF
Developing time : 60 s
W2 =10 um
Source power : 500 W @ 500 nm
in wavelength
Bias power : 20 W
Etching time :
9sforH=0.5 um
17sforH=1pm
S5sforH=3 pym
85sforH=5pum

125sforH=7 pm

170 s for H=10 ym

Material : chromium (Cr)
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Metal coating
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Fig. 2 Fabrication process of the step height CRM
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Fig. 3 Definition of a step height of a groove having
width of W; (a) selected portions for determining
a step height, (b) determination of a step height
from the linear fitted line
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Fig. 4 Selected areas for determination of stop heights; (a) For HI, (b) for H2, and (¢) three-dimensional profile measured
with the WSI of a step height pattern having the nominal value of 1.0 pm
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Table 2 Measurement values of step height CRMs
Step height (um)

Hyor Hl H2

Mean S.D. Mean S.D.
0.5 0.539 0.002 0.538 0.003
1.0 1.127 0.001 1.128 0.002
3.0 2.969 0.002 2971 0.003
5.0 5.593 0.002 5.596 0.004
7.0 7.010 0.003 7.015 0.003
10.0 9.660 0.002 9.664 0.003
S.D. = Standard deviation, H,,,; = Nominal step height
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Fig. § Field of views (FOVs) for various magnifications;
(a) Magnification of 5> (FOV: 1280 um X 960
um), (b) Magnification of 10X (FOV: 640 um X
480 pm), (c) Magnification of 50X (FOV: 128 pm
X 96 um), (d) Magnification of 100X (FOV: 64
pm X48 pm)
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Table 3 Summary of number of data points used for
calibrating the step heights, H1 and H2, with
various magnifications

Measurement Number of sampling data
location 5X 10X 50 < 100X
Top 60 120 - -

P1
Bottom 30 60 300 600
P Top 6 12 600 120
Bottom 3 6 30 60
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