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Abstract — In the paper the modeling results for the 

process of MOEMS functional surfaces shaping are presented. 

The significance and magnitude of factors that directly affect 

the shaping process of MOEMS functional surfaces were 

determined. 
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I. INTRODUCTION  

One of the many MEMS types is Micro Optical Electro 
Mechanical Systems (МОЕМS). These are microchips with 
optical components integrated into their bodies. The ability 
to perform complex operations with the light beam 
(reflection, diffraction, modulation, spatial orientation) 
occurs due to the use of miniature optical elements and is one 
of the main advantages of МОЕМS. 

The fiber optical transmission systems performance 
properties depend on the quality of the components used. 
The required parameters can be guaranteed only with strict 
adherence to the technological process of their production, 
the use of high-precision quality control equipment and the 
use of effective data processing [1, 2]. 

One of the most important operations in the production 
process of reflecting МОЕМS components is the shaping 
operation. Finishing operations in such a technological 
process are grinding and polishing of reflective surface. 

This research work is devoted to the study of the 
parameters and factors that directly affect the functional 
reflective components shaping during the finishing 
operations. The value of the reflecting element surface 
roughness is the main shaping factor. 

II. FACTORIAL EXPERIMENT 

A.  Factorial experiment planning 

To simulate the influence of the finishing technological 

operations modes on the parameters of the MOEMS 

components formation, we use a full factor experiment. To 

conduct the experiment, it is necessary to perform the next:  

– to obtain and analyze of a priori information;  

– to select the input and output variables;  

– to choose the mathematical model by which the 

experimental data will be presented develop;  

– to determine the method of data analysis;  

– to conduct an experiment;  

– to check the statistical preconditions for the received 

experimental data;  
– to process the results and interpret them, and to develop 

the recommendations of choosing the parameters values [3] 
for getting the planned parameters values of the finishing 
operations in the MOEMS component forming. 

We will conduct a full factorial experiment in order to 
provide control over the shaping technological processes for 
the silicon substrates of reflection elements at polishing and 
grinding by various types of diamond grinding pastes  
(ACM 2/1, ACM1 4/10, ACM 0/28). 

B. Factors and their variation intervals selection  

As is known [4-9], the most significant input factors of 
the finishing technological operations of shaping, which 
meet all the requirements of the factorial experiment, are the 
sample processing time – t (s), the lap rotation speed –  
v (rpm) and the graininess of the paste for polishing and 
grinding – z (µm).  

The pressure of the polishing tool on the sample is taken 
unchanged during the experiment. 

We define the limits of factors variation: the maximum 
processing time of the material within tmax = 20 minutes, and 
the minimum tmіn = 10 minutes, the lap rotational speed –  
vmax = 40 rpm, vmin = 30 rpm, the graininess of the paste – 
zmax = 32 microns, zmin = 2 microns. Variations of factors are 
listed in Table 1. 

TABLE I.  VARIATION CHANGES BORDERS AND DESIGNATION OF 

FACTORS 

Factors 

Processing 

time t 

[min] 

Rotation 

speed of 

a lap v 

[rpm] 

The 

graininess of 

diamond 

paste z 

 [µm] 

Roughness 

Ra 

[µm] 

Value 

 of factorial 

experiment 

x1 x2 x3 Y 

Upper bound 

of values (1) 
20 40 32 – 

Basic level 

of value (0) 
15 35 17 – 

Lower bound 

of values (-1) 
10 30 2 – 
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The planning of an experiment is preceded by the stage 
of determining the center of experiment and the intervals of 
factors variation. At the same time, ranges borders of factors 
definition are established by technical restrictions [3]. 

Based on the research [8-18] the factors that influent  
on resulting value of the material roughness Y (um) were 
chosen [3]. 

The general factors dependence is represented as (1): 

 Y = f (t, v, z) 

where t, v and z are factors affecting on the magnitude Y. 

The matrix of a full factorial experiment was constructed, 
and the results are presented in Table 2. 

TABLE II.  THE FULL FACTORIAL EXPERIMENT RESULTS 

№ t v h x1 x2 x3 x1·x2 x1·x3 x2·x3 x1·x2·x3 x11=x1
2-d x22=x2

2
-d x33= x3

2
-d y 

1 20 40 32 1 1 1 1 1 1 1 0.2697 0.2697 0.2697 44.1 

2 10 40 32 -1 1 1 -1 -1 1 -1 0.2697 0.2697 0.2697 20.6 

3 20 30 32 1 -1 1 -1 1 -1 -1 0.2697 0.2697 0.2697 35.7 

4 10 30 32 -1 -1 1 1 -1 -1 1 0.2697 0.2697 0.2697 17.9 

5 20 40 2 1 1 -1 1 -1 -1 -1 0.2697 0.2697 0.2697 12.2 

6 10 40 2 -1 1 -1 -1 1 -1 1 0.2697 0.2697 0.2697 5.8 

7 20 30 2 1 -1 -1 -1 -1 1 1 0.2697 0.2697 0.2697 9.7 

8 10 30 2 -1 -1 -1 1 1 1 -1 0.2697 0.2697 0.2697 4.5 

9 24.308 35 17 1.2154 0 0 0 0 0 0 0.7469 -0.7303 -0.7303 28.4 

10 7.846 35 17 -1.2154 0 0 0 0 0 0 0.7469 -0.7303 -0.7303 8.1 

11 15 48.616 17 0 1.2154 0 0 0 0 0 -0.7303 0.7469 -0.7303 30.2 

12 15 23.538 17 0 -1.2154 0 0 0 0 0 -0.7303 0.7469 -0.7303 14.7 

13 15 35 38.8928 0 0 1.2154 0 0 0 0 -0.7303 -0.7303 0.7469 46.6 

14 15 35 1.5692 0 0 -1.2154 0 0 0 0 -0.7303 -0.7303 0.7469 3.8 

15 15 35 17 0 0 0 0 0 0 0 -0.7303 -0.7303 -0.7303 22.6 

 

Since the true type of the basic function (2) is unknown, 
we will use the equation to describe the response surface, 
which is the decomposition of this function in a row [3]: 

,n
i ixiibjxn

ij ixijbn
i ixibby  

 
 


1

2
110

          (2) 

where xi, xj are variable factors at i1…n, j=1…n, i≠j; 

b0, bi, bij are regression coefficients with corresponding 

variables whose values determine the response surface form. 

Numerical values of regression coefficients are calculated 
and represented in Table 3. 

The verification of the statistical significance  
of the regression equation parameters (regression 
coefficients) was performed according to the Student's 
t-criterion [3]. 

Numerical values of the regression equation coefficients 
dispersion are calculated and listed in the Table 3. 

The regression equation (3) has the form: 

y(x1,x2,x3)=20.33-5.17x1+2.25x2+9.21x3+1.98x3.     (3) 

The statistical significance of the model using  
the F-criterion was tested.  

 

The coded calculation values in accordance with the 
obtained regression equation were found. 

The results of the encoded calculated experimental values 
of the function response are listed in the Table 4. 

TABLE III.  CALCULATION VALUES OF THE REGRESSION 

COEFFICIENTS  

Regression 

coefficients 

 

Estimated result  

Numerical 

value 
S2

bi tbi 

Tabular 

Value of 

Student's

 

coefficient 

Significance 

validation 

b0 20.33 0.418 31.456 1.886 Significance 

b1 5.17 0.572 6.839 1.886 Significance 

b2 2.25 0.572 2.975 1.886 Significance 

b3 9.21 0.572 12.177 1.886 Significance 

b12 0.46 0.783 0.520 1.886 Not  

b13 1.98 0.783 2.238 1.886 Significance 

b23 0.49 0.783 0.550 1.886 Not 

b123 0.30 0.783 0.339 1.886 Not 

b11 -1.22 1.435 1.016 1.886 Not 

b22 -0.39 1.435 0.325 1.886 Not 

b33 0.15 1.435 0.127 1.886 Not 
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TABLE IV.  ENCODED CALCULATED EXPERIMENTAL VALUES OF THE 

FUNCTION RESPONSE 

N Yu, [µm] Yu, [µm] 

1 44.1 38.9 

2 20.6 24.6 

3 35.7 34.4 

4 17.9 20.1 

5 12.2 16.6 

6 5.8 10.2 

7 9.7 12.1 

8 4.5 5.7 

9 28.4 36.6 

10 8.1 14 

11 30.2 23.1 

12 14.7 17.6 

13 46.6 31.5 

14 3.8 9.1 

15 22.6 20.3 

 

III. DETERMINATION OF THE FACTORS EFFECT ON 

MOEMS COMPONENTS FORMATION 

To get the response surface, each of the three factors was 
fixed to zero level: t=15 min, v = 35 rpm,  z =17 µm.  

The regression equations were decoded and three 
equations with two factors, substituting these values, were 
obtained [3]. 

To decode the Eq. 4-6 we replaced xi with the natural 
values: 

.t.
t

x 320
5

15
1




                     (4) 

.v.
v

x 720
5

35
2 


                     (5) 

.,z.
z

x 1310570
15

17
3 


                   (6) 

Performing Eq. 3 decoding, we obtain the next model: 

+7)-2.25(0.2v+3)-5.17(0.2t+20.33=h)v,y(t,  

1.13)-3)(0.005z-1.98(0.2+1.13)-z+9.21(0.05 .   (7) 

After performing the transformations and shortening, we 
obtain the Eq. 8-11: 

14.6251-0.0198tz

+0.1635z+0.45v+150.58652)h,v,t(y




        (8) 

5.8273-z0.4605+v0.45=z)(v,y
t

15           (9) 

1.1249+0.0198tz+0.1635z+0.58652t =z)(t,y
v 35 (10) 

1.1249-v0.45+t0.92312 =v)(t,zy 17         (11) 

IV.  RESEARCH RESULTS 

Responses surfaces are presented graphically in Fig. 1 
(two-dimensional version), Fig. 2-4 (three-dimensional 
version) and built on the obtained Eq.4-11. 

By the obtained graphs the estimation of each factors 
influence (or the factors combination) on technological 
operations of MOEMS components shaping parameters was 
conducted.  

The values and combinations of factors were determined 
to obtain the planned roughness of the sample. 
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Fig. 1. Dependence of the material cutting off rate on the processing time 
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Fig. 2. Responses surface at constant processing time  
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Fig. 3. Response surface at constant lap rotation speed  
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Fig. 4. Responses surface when diamond grinding pastes  value is constant 

V. CONCLUSIONS 

The article represents the result of research the impact of 
the parameters of the grinding and polishing finishing 
technological operations on the MOEMS-components 
shaping parameters. 

Simulation allows to determine the set and magnitude of 
the input parameters to obtain the specified values of the 
output sample roughness. 

The simulation results can be useful in planning the 
technological processes of functional reflective MOEMS-
elements production. This research will make it possible to 
determine the exact values of the shaping parameters of the 
components, for example, mirrors, for micro-
optoelectromechanical switches. 

The results can later be used also for the control 
operations of such components. 

REFERENCES 

 
[1] O. Filipenko, O. Chala, and O. Sychova, “Some Issues of 

Dependencies of Loss from Technological Features of Optical 
Switches for Communication Systems,” in 2018 International 

Scientific-Practical Conference Problems of Infocommunications. 

Science and Technology (PIC S&T), Kharkiv, 2018, pp. 599-603. 

[2] A.I. Filipenko and B.A. Malik, “Precision Control of the Components 

of the Fiber-Optic Data Transmission System,” Telecommunications 

and Radio Engineering, vol. 51, no. 4, pp. 29-31, 1997. 

[3] O. Rawlings, Applied Regression Analysis. Pacic Grove, CA: 

Wadsworth & Brooks/Cole, 1988. 

[4] T. Bifano, “Shaping light: MOEMS deformable mirrors for 

microscopes and etelescopes,” in Proceedings of SPIE – The 
International Society for Optical Engineering, MEMS Adaptive 

Optics IV, vol. 7595, San Francisco, 2010, pp.7595-02. 

[5] W. Noell, S. Weber, J. Masson, J. Extermann, L. Bonacina, A. Bich, 
R. Bitterli, H. P. Herzig, D. Kiselev, T. Scharf, R. Voelkel, 

K.J. Weible, J.-P. Wolf, and N.F. de Rooij, “Shaping light with 
MOEMS,” in Proceedings of SPIE – The International Society for 

Optical Engineering, Miniaturized Systems X, vol. 7595, San 

Francisco, 2011, pp. 79300-00. 

[6] McAneny, J. James, M. Kennedy, and T. McGroggan. “Advances in 
photonic MOEMS-MEMS device thinning and polishing,” in 

Proceedings of SPIE – The International Society for Optical 
Engineering, Micromachining and Microfabrication Process 

Technology X, vol. 7590, San Francisco, 2010, pp. 75900-00. 

[7] F. Zamkotsian, P. Lanzoni, R. Barette, M. Helmbrecht, F. Marchis 
and A. Teichman, “Cryogenic testing of MOEMS deformable mirror 

for future optical instrumentation,” in 2017 International Conference 
on Optical MEMS and Nanophotonics (OMN), Santa Fe, NM, 2017, 

pp. 1-2. 

[8] A. Tortschanoff, M. Baumgart, D. Holzmann, C. Mayer, T. Sandner 
and A. Kenda, “Optical position detection for MOEMS scanner 

mirrors with arbitrary trajectories,” in 2014 International Conference 

on Optical MEMS and Nanophotonics, Glasgow, 2014, pp. 135-136. 

[9] M. Baumgart, and A. Tortschanoff, “Design rules for a compact and 

low-cost optical position sensing of MOEMS tilt mirrors based on a 
Gaussian-shaped light source,” in Proceedings of SPIE - The 

International Society for Optical Engineering, Modeling Aspects in 

Optical Metrology IV, vol. 8789, Munich, 2013, p. 87890A.  

[10]  I. Nevliudov, S. Maksymova, A. Funkendorf, O. Chala and 

K Khrustalev, “Using MEMS to adapt ultrasonic welding processes 
control in the implementation of modular robots assembly 

processes”, in XIV-th International Conference Perspective 
Technologies and Methods in MEMS Design (MEMSTECH), pp. 223-

226, 2018. 

[11] A.I. Filipenko and O.V. Sychova, “The analysis of creation 
perspectives of photonic crystal fiber components”, 8th International 

Conference on Laser and Fiber-Optical Networks Modeling (LFNM), 

pp. 143-145, 2006. 

[12] U. Koch, C. Hoessbacher, A Emboras and J. Leuthold, “Optical 

memristive switches”, J Electroce.ram, vol. 39, no. 1-4, pp. 239250. 

[13] Y.K Hong, “Dynamic Response Modeling of MEMS Micromirror 

Corner Cube Reflectors With Angular Vertical Combdrives”, Journal 

of lightwave technology, vol. 25, no. 2, pp. 472-480, 2007. 

[14] Y. Zhao, M. Chen, F. Xia, L. Cai, X. Li, “Small Curvature Sensor 

Based on Butterfly-Shaped Mach-Zehnder”, Interferometer. IEEE 

Trans Electron Devices, vol. 64, no. 11, pp. 4644-4649, 2017. 

[15] B. Malyk, О. Tokarieva and S. Malyk-Zamorii, “Optical fiber 

structures performance enhancement under the conditions of ionizing 
radiation high power levels,” in Problems of Atomic Science and 

Technology, no. 2 (114), 2018, pp. 13-18. 

[16] B. Malyk and S. Malyk-Zamorii, “Matching elements development 
method investigation for electromagnetic field parameters conversion 

under emission launching into optical fibers of different types,” in 
2017 4th International Scientific-Practical Conference Problems of 

Infocommunications. Science and Technology (PIC S&T), Kharkov, 

2017, pp. 292-294.  

[17] O. Filipenko, O. Sychova, A. Ponomaryova, “Optical losses at angle 

relative rotation in photonic crystal fiber connections”, 2nd 
International Scientific-Practical Conference Problems of 

Infocommunications Science and Technology (PIC S&T), Kharkov,  

2015, pp. 104-107. 

[18] I.S. Nevludov, S.P. Novoselov, A.G. Resnichenko, “Experimental 
verification of theoretical foundations making the basis of the 

substrate roughness surface automated control technology”,  
Telecommunications and Radio Engineering (English translation of 

Elektrosvyaz and Radiotekhnika), Volume 71, Issue 19, 2012, 

pp. 1791-1799. 

 

 

CAOL*2019, September 6-8 — SOZOPOL, BULGARIA 374


