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Development of Line Standards Measurement System Using an Optical Microscope
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We developed a line standards measurement system using an optical microscope and measured
two kinds of line standards. It consists of three main parts: an optical microscope module
including a CCD camera, a stage system with a linear encoder, and a measurement program for
a microscopic image processing. The magnification of microscope part was calibrated using one-
dimensional gratings and the angular motion of stage was measured to estimate the Abbe error.
The threshold level in linewidth measurement was determined by comparing with certified values
of a linewidth reference specimen, and its validity was proved through the measurement of
another linewidth specimen. The expanded uncertainty (k=2) was about 100 nm in the
measurements of 1 um~10 um linewidth. In the comparison results of line spacing measurement,
two kinds of values were coincide within the expanded uncertainty, which were obtained by the
one-dimensional measuring machine in KRISS and the line standards measurement system. The
expanded uncerfainty (k=2) in the line spacing measurement was estimated as
J(O 098 pm)? +(1.8x107* x L)* - Therefore, it will be applied effectively to the calibration of line
standards, such as linewidth and line spacing, with the expanded uncertainty of several hundreds
nanometer.
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Fig. 1 Photograph of line standards measurement system
using an optical microscope
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Coarse stage (X)

Coarse stage (Y)
(b
Fig. 2 Schematic of X-Y stage part of the line standards
measutement system, which is fixed on the Z
stage; (a) isometric view (the inlet shows the fine
stage under the sample plate); (b) side view
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Fig. 3 Front panel of the program for the line standards
measurement system
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Table 1 Calibrated magnification of each objective lens of
microscope (um/pixel)

x5 x10 %20 x50 100

0.6796 0.3384  0.1707  0.06752 0.03386
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Fig. 4 Measurements of parasitic angular motion during
the X-axis movement of the coarse stage
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Table 2 Contribution of main uncertainty sources to the
combined uncertainty in the measurement of 5
pm linewidth

Uncertainty

source, u(x;)

Contribution of each uncertainty
source u(L) = |of u(x;) (pm)

Magnification 0.024
Edge detection 0.036
Nonuniformity 0.031
Repeatability 0.023
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Fig. 6 Comparison of measured linewidth with the
certified values (SRM475, NIST); (a) clear lines;
(b) opaque lines
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Table 3 Comparison of measured linewidth with the
certified values (dimension: pm)

Certified Measured value and L
value expanded uncertainty Deviation
1.34 1.32+0.10 0.02
2.84 2.89+0.10 -0.05
4.84 485+0.11 -0.01
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Fig. 7 Determination of the center position of line in the
measurement of line spacing
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Fig. 8 Comparison of the measured line spacing obtained
by one-dimensional measuring machine in KRISS
and line standards measurement system
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Table 4 Contribution of main uncertainty sources to the
combined uncertainty in the measurement of line

spacing (L)

Uncertainty source  Contribution of each uncertainty
u(x;) source u,(L) = |c;| u(x;)
Abbe error 0.032 pm
Nonuniformity 0.035 pm
Repeatability 0.021 um
Cosine error 13x10°x L
Thermal expansion 8.7 x10°x L
4. @8

B APNE G @vBL olfete] HEF
g 24 A29L A%t A% 43 A &
gol AHLHAT. HEEFE FF A2"E 3T
g e FeAet xEolA] AARS AEth]

TAEANL cCD FHH A &R fau]%l o] u
AE AN S} AE] AR
o] AAHYTH HAE TE AWUFP A W
53l HE %49 threshold level & 2
°lE Hi e FHe Al A& 3t
slFch AZE =4 3 (D)o zE=
(0.10 um)?® +(0.0095x L)’ TTo] Bj
7 A 2] ARl Fas BIAL 29l
: s& B7}st7] Hs}al A
A ANa"Ho 2 AHo|R wnlo]m ZnH
vlaEdth. AREE
7%21 2337k (L)°] 7t
. +(1.8x107* x L)* ¢
2ok wekA sidd *d}i%% 23 AxEe F
LT7Ee AF, A7
éoﬂ agdez #Hgd

ﬁm%%wm

dot off

- Mt
j;rlrmli

o, B
m e
_11)1‘ r:ld
Y
o,
I
2,
ox
v
10

o O
>
>
o)

FJ
X

B ATE A EAGATY LAt &H
EE AW A Adoez FHFHAFUT

&

[

. Nyyssonen, D.,

AFEH

“Linewidth measurement with an
optical microscope: the effect of operating conditions
on the image profile,” Applied Optics, Vol. 16, No. 8,
pp. 2223-2230, 1977.

HaBler-Grohne, W. and Bosse, H.,
optical metrology system for pattern placement
measurements,” Meas. Sci. Technol., Vol. 9, No. 7, pp.
1120-1128, 1998.

Misumi, I., Gonda, S., Kurosawa, T. and Takamasu,

“An electron

K., “Uncertainty in pitch measurements of one-
dimensional grating standards using a nanometro-
logical atomic force microscope,” Meas. Sci.
Technol., Vol. 14, No. 4, pp. 463-471, 2003.

Kim, J. A., Kim, J. W,, Park, B. C., Kang, C. S. and
Eom, T. B., “Measurement of grating pitch standards
using optical diffractometry and uncertainty
analysis,” Journal of the Korean Society for Precision
Engineering, Vol. 23, No. 8, pp. 72-79, 2004.

Kim, J.-A., Kim, J. W., Park, B. C., Eom, T. B. and
Hong, J. W., “Development of a metrological atomic
force microscope for the length measurements of
nanometer range,” Journal of Korean Society of
Precision Engineering, Vol. 21, No. 11, pp. 75-82,
2004.

ISO/IEC, “Guide to the Expression of Uncertainty in
Measurement,” ISO/IEC, 2008.

KRISS, “Information document for peer review in

length metrology,” KRISS, pp. 277-282, 2007.



