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ABSTRACT

Purpose: Measurement results obtained under non-ideal measurement environment conditions may contain
uncertain factors. As a result, the reliability of measurement results may be deteriorated. In this study, we
tried to find ways to improve quality by evaluating and applying measurement uncertainty based on GUM.
Methods: In the flatness measurement of semiconductor parts, uncertainty factors that could occur under
actual environmental conditions of workers were derived, and measurement uncertainties were calculated,
and methods for minimizing the main factors affecting the measurement results were analyzed.

Results: Depending on the part and the coordinate measuring machine, it was shown that the effect of dis-
persion caused by repeated measurements as type A uncertainty and the effect of the calibration results
of equipment as type B uncertainty have the main influence.

Conclusion: Depending on the uncertainty factors of type A and type B and the influence of the total expanded
uncertainty, the central value and confidence interval of the initial measurement results showed fluctuations.
It is considered that analysis and measures for the main uncertainty factors are needed as quality improvement
in the industrial field.
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Table 1. Description of the main components of GUM
Classification Key components of measurement uncertainties
Type A The evaluation of this kind of uncertainty relies on statistical analysis of multiple measurements

Uncertainty | taken repeatedly

Type B is assessed using methods other than repeated measurements. It depends on various
sources like calibration data, manufacturer specifications, expert opinions, or historical data
from external information.

Type B
Uncertainty

Combined This process involves utilizing mathematical techniques, such as the root-sum-square method,
Uncertainty | to effectively account for the contribution of each uncertainty type in the final result.

In order to quantify the level of confidence in the uncertainty estimate, a coverage factor denoted
Coverage as “k” is used to expand the combined uncertainty, resulting in an expanded uncertainty. The

Factor expanded uncertainty represents an interval within which the true value is believed to lie with
a certain level of confidence.

Expression of | The GUM promotes the expression of measurement uncertainty as an interval in the form of
Uncertainty | “value * uncertainty.”
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Fig. 1 Process for the evaluation and application of measurement uncertainty
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(c) Measuring system for the flatness by CMM

Fig. 2 Experimental setup for the flatness measurement
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Table 3. Flatness results (Unit : mm)
n A B C
0.2667 0.2667 0.0832 0.0856 0.2234 0.2232
0.2667 0.2667 0.0831 0.0860 0.2232 0.2232
10 0.2666 0.2667 0.0829 0.0828 0.2232 0.2232
0.2666 0.2667 0.0828 0.0829 0.2231 0.2232
0.2666 0.2666 0.0830 0.0828 0.2232 0.2232
 (mm) 0.26666 0.08351 0.22321
r(um) 0.1 3.2 0.3
s(um) 0.052 1.218 0.074
u (um) 0.016 0.385 0.023

=

=
o|& =Xz ABHRA} ZQIE  TE EMY Lc upr ZZd EE AY &5 [mmisec) WLy
E[ HHE1 0.2667 0.1000 15971 La’;‘:}ﬁ:?s 25- - 0.7511 15.000 EESCES

(a) Part A
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Table 4. Key factors influencing flatness measurements

Types Variables Key factors of the measurement uncertainty
A U(lpm.t) Uncertainty due to random effects from repeated measurements
ul ey Uncertainty of calibration results for imperfections of the equipment CMM
b u(lma) Uncertainty caused by limits on the area of the part that is not measured
C (L) Combined standard uncertainty of all factors for flatness measurement
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0.087 mmol 3.876 um7} X3 o] oF 0,091 um F7H8 5 A2 o 4 olvh. HF A%} Co) BRIEE 247}
o

3.320 um®} 2.584 umz E3EH US4 5 U

Table 5. Uncertainty budget

Part Source.of Estimate Type Standa.rd P.rob.abiliity SensiFiYity Un@rtginty Degree of
Uncertainty (mm) Uncertainty | Distribution | Coefficient | Contribution(um) | Freedom
Lyart 0.267 A 0.016 t 1 0.016 9
Leans 0.003 B 1.660 normal 1 1.660 o
A livea 0 B 0.029 rectangular 1 0.029 22
Utar 0.270 - - - u,(ly,) = 1.660 0
byart 0.084 A 0.385 t 1 0.385 9
Loans 0.003 B 1.660 normal 1 1.660 o
b lovea 0 B 0.924 rectangular 1 0.924 22
Lt 0.087 - - - u,(ly,) = 1.938 o
Lyart 0.223 A 0.023 t 1 0.023 9
Longnr 0.003 B 1.660 normal 1 1.660 o
¢ livea 0 B 0.087 rectangular 1 0.087 22
Ltar 0.226 - - - u, (L) = 1.292 oo

I e AAE dxshe FFESR(0)E AEd RTES R XIRIAKE Hate] AHFE(CL)T
AR FEARES D710 ek $HHOR 10 o149l S NA5FE o 05 %ol M ke 28 4g3hed, 10 0%
A A - EEAA L ws AEE FEAT R wep gt 2 AT FEe A7)(0) o] FEAMTET}
A& whe) k=2 3hS A 83te] A(10)3} o] AE3gTh. Table 6 7 PEC] WUE SA AR} hgBae
= ¥k Wy vehdo

U= kxu,(l ) (k CL) (10)
Table 6. Flatness Results with Expanded Uncertainty
A B C
Reporting the Results 0.27 mm * 3.2 um 0.08 mm * 3.9 um 0.22 mm * 2.6 um
(Value £ uncertainty) (=2, CL=95) (=2, CL=95) (=2, CL=95)
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