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ARTICLE INFO ABSTRACT

Article history:

The presence of steps on the surface of a product is a typical example of

Received 3 October 2018 deteriorating product quality. Therefore, it is required to lower their heights to a
Revised 6 November 2018 level that a human cannot perceive. In this context, the present study focuses on
Accepted 9 November 2018 experimentally measuring the minimum perceptible step height (absolute
threshold). For this purpose, step samples with heights less than 3 pm were made
Keywords: from silicon wafers using a microelectromechanical systems (MEMS) fabrication
Step. ) technique with an accuracy under 10 nm. The experiment was performed using the
Tactile sensing method of constant stimuli. The participants were instructed to touch the samples
Absolute threshold o using their index fingers, and then answer whether they perceived the steps or not.
Method of constant stimuli After analyzing the data statistically, it was concluded that the absolute threshold
is about 1.35 um when the finger moves in the direction parallel to the finger and

about 2.04 pm in the direction perpendicular to the finger.
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Fig. 1 Presentation angle of the step (redrawn from [8])
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Fig. 2 Fingertip region in contact with the step (redrawn from [8])
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(d) Anisotropic etching of Si using (e) Removal of Si3sNy4 layer (f) Side view of a sample fabricated
KOH solution

Fig. 3 Procedure for sample fabrication
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Fig. 4 Measurement of step height by the surface profilometer
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Fig. 5 Experimental scene
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Variable
Mode 1 Mode 2 Mode 3 Mode 4
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Low High ; ;
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Table 3 Absolute thresholds measured from the pilot test

Mode 1 Mode 2 Mode 3 Mode 4
Variable A Low High | Low Low | High
Low High ) >
Mean (um) 1.33 1.23 2.02 2.03
Std.Deviation (m) 0.22 0.31 0.47 0.48
Table 4 Result of the one-way ANOVA (Analysis of variance)
Sum of Squares df Mean Square F p
Between Groups 33.897 3 11.299 75.731 0.000
Within Groups 35.211 236 0.149
Total 69.107 239
Table 5 Post-hoc test result &3] kel FJ3 2oz} §lo] B AFdl= & = Mode 13 Mode
Mod N Subset for alpha = 0.05 3o xRt AE FAs|2 2sIG7] WEolt
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! 60 1329 0% galA s Aoz A, AAAANAE se) A
Duncan® 1 3 % 2017 0& 7l oF 527} FolH o, Mode W 7749 A0l
4 60 2.033 _
1053 A9l AX el
Sig. 0.141 0.813
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Table 6 Sample sets for the main test

Variable Step Height [um]
High
Mode 1 0.89 1.03 1.18 1.33 1.47 1.62 1.77
Low
High | Low
Mode 3 1.08 1.39 1.70 2.02 2.33 2.64 2.96
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Table 7 Group Statistics

Mode N average | Std.Deviation | Std.Error
1 21 1.35 0.16 0.03
3 21 2.04 0.25 0.05
Table 8 Independent Sample t-test
t-test for Equality of Means
95% Confidence interval of the
p Difference
t f .
d (2-tailed)
Lower Upper
-10.782 | 33.641 |  0.000 -0.817 -0.558
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