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A method of determining the technological modes for the process of substrates surfaces
shaping for the functional components of micro-optoelectromechanical systems is pro-
posed, which allows us to improve the quality of the substrates. A mathematical model is
developed to describe the influence degree of the technological process parameters on the
roughness during the shaping substrate functional surfaces for the components of micro-op-
toelectromechanical systems. It allows predicting the parameters of finished optoelectronic
products based on these components. The experimental research results for obtaining the
dependence of substrate surface quality for micromirrors of optical switches on the processing
modes during the grinding and polishing technological operations are presented.
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Bu3HayeHHA TEXHOJOTIYHHX pPeXuMiB (POPMOYTBOPEHHS INOBEPXOHb IiJKJIATOK (PyHK-
HiOHANBHMX KOMIOHEHTIB MiKpoomToeneKkrpomexaHiunux cucrem. I.JII.Hesndos,
0.0.9aana, I.B.Bouman

3amnpoIOHOBAHO METOJ BU3HAUEHHS TEXHOJOTIYHMX PEeKHUMIB mJsd mporecy (GpopMOyTBO-
PeHHS IOBEePXOHb MiAKJALOK (PYHKI[IOHAJBHHUX KOMIIOHEHTIiB MiKPOONTOE/JIeKTPOMEXaHIuHuX
cucTeM, SIKMHM M03BOJISAE MIABUIIUTH SAKIiCTh migKaamoK. Pos3pobiieHO MareMaTUdHy MOJeJb,
[0 OIHKCY€ CTYIIiHb BIJINBY IIapaMeTPiB TeXHOJOriuHOro mpoiiecy (G)opMOyTBOPEHHS (PYHKI[I0-
HAJbHUX IIOBEPXOHb MHiAKJIAAOK KOMIIOHEHTIiB MiKPONTOOEJIEKTPOMEXaHIUHMX CHCTEM Ha
iXHIO IIOPCTKIiCTL 1 M03BOJISE HMPOrHO3YBATH IIapaMeTPH IOTOBMX BUPOOIB OIITOENEKTPOHIKH
Ha OCHOBIi 1mux xommoHeHTiB. HaBemeHo pes3yibTaTy €KCIePHMEeHTAJIbHUX AOCIiIKeHDb 3aJIerK-
HOCT1 AKOCTi IIOBEpXHi HiAKJIamOK I MiKpPOA3epKaJ OITHYHMUX [IepeMUKAaUiB Big pexumis
BUKOHAHHS TeXHOJIOTIUHMX omepariil ix maidyBanusa Ta moJipyBaHHsd.

IIpemioxken meTon onpegeeHns TEXHOJOTNUYECKUX PEeXKKUMOB AJs IIpoiiecca (opmoodpaso-
BaHUSA IIOBEPXHOCTEH MOIJI0MKEeK (PYHKIMOHAJIbHLIX KOMIOHEHTOB MUKPOOIITORJIEKTPOMEXAHM-
YEeCKMUX CHCTEM, KOTOPBII II03BOJISET MOBBICUTH KAUECTBO MO/JO0KeK. PaspaboTrana maremMaTH-
yecKasi MOJe/ib, OIMCHIBAIOINAS CTEII€Hb BIMAHNSA IIAPAMETPOB TEXHOJOIHMYECKOro IIPoIiecca
dopmooOpasoBanua (PYHKIMOHAJIbHLIX [IOBEPXHOCTEH IIOAJOMEK KOMIIOHEHTOB MHKPOOIITO-
2JIEKTPOMEXAHUUYECKHNX CHCTEM HA MX IIepoxoBarTocTh. OHA II03BOJIAET IPOTrHO3MPOBATH IIapa-
MeTPbl T'OTOBBLIX WM3AEJNHIl ONTO9JEKTPOHMKN HA OCHOBE 9THX KOMIIOHEHTOB. IIpuBemeHbl pe-
3yJAbTATHl 9KCIIEPHMMEHTAJbHBLIX KCCIEJOBAHUIN 3aBHCHMOCTH KAUYECTBA IIOBEPXHOCTU IIOLJIO-
JKEeK [IJA MHKPO3ePKaJ ONTHYECKMX IIepeKJIouaTrejeil OT PeXHMOB BBIIIOJHEHUS
TEeXHOJIOI'MYECKUX OIlepanuii uX HIIN(POBKU U IIOJHUPOBKU.
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1. Introduction

Micro-optoelectromechanical systems
(MOEMS) are evolving rapidly, as electronic
devices based on them have many signifi-
cant advantages, including their size and
mass parameters, high functionality and re-
liability, low power consumption and ease of
integration compared to existing traditional
telecommunication devices. This primarily
applies to MOEMS actuators and switches,
which are widely used for the optical net-
work construction [1-3].

The main parameter of the MOEMS
switch is the reflection coefficient, i. e. the
coefficient of optical power losses in the
process of redirection of light fluxes in the
optical-glass fiber. The requirements to the
quality of these products are only increas-
ing, and the compliance with the specified
characteristics and parameters of such com-
ponents depends on the production technol-
ogy of their functional components (FC) —
mirrors, which consist of a single crystal
substrate and applied, as general, metalized
layer.

With numerous advantages, there is also
a serious problem of ensuring the quality of
MOEMS FC and modules based on them,
since such products can be exposed to a
large number of destabilizing factors at all
stages of the life cycle [1-4].

Therefore, the actual task is to further
improve the quality of MOEMS components.
For this purpose there is a need to use
promising implementation variants for the
technological processes (TP) and operations
of their production and to improve methods
of assessing, forecasting and monitoring the
characteristics of MOEMS structures at the
stages of production and operation of op-
toelectronic products.

2. Experimental

Functional components of MOEMS are in-
tended for performance of difficult opera-
tions with a light beam (reflection, diffrac-
tion, modulation, spatial orientation and re-
direction) [1]. The operational properties of
transmission systems based on such compo-
nents depend on their quality. The neces-
sary quality parameters can be guaranteed
with strict compliance with the conditions
of the technological process of their produc-
tion and the use of high-precision equip-
ment for testing and data processing [2-4];
this can be predicted by the results of digi-
tal computer modeling.
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One of the most important operations in
the production process of MOEMS compo-
nents is the shaping [5]. Finishing opera-
tions in such TP are grinding and polishing
of the FC substrate surface. The need of
grinding and polishing is conditioned by the
fact that after almost every stage of fabri-
cation of substrates for MOEMS compo-
nents, scratches, splits, cracks, swellings,
oxidations and other defects remain on
their surface. These defects lead to struc-
ture heterogeneity of the substrate surface
layer and change its physical-technological
parameters. Such a layer is called damaged;
to remove it, the MOEMS component sub-
strate surface is grinded, etched and pol-
ished [5-15].

In order to prevent the appearance of
these defects during the technological proc-
ess, it is necessary to identify the factors
that affect the substrate quality and ana-
lyze the mechanisms of defect formation.
This will allow us to improve the existing
methods of assessment, testing and fore-
casting of the surface characteristics of the
FC substrates at the stages of their design,
production operation, as well and as to de-
velop technological support for their qual-
ity.

A full factorial experiment was per-
formed to analyze the parameters of the
technological process of shaping silicon sub-
strates for the MOEMS functional compo-
nents during polishing and grinding using
different types of diamond grinding pastes
(ACM 2/1, ACM1 4/10, ACM 0/28).

The most significant input factors of fin-
ishing technological operations of substrate
shaping, which meet all the factorial experi-
ment requirements, are the test sample
processing time — ¢ (min), the spindle rota-
tion speed of the grinding-polishing ma-
chine — v (rpm) and the grains size of paste
for surface polishing and grinding — z (uUm)
[4]. In all conducted experiments, the pres-
sure was constant.

The ranges of changing the factors were
as follows: the maximum material process-
ing time x; = 10...20 min, the disk rotation
speed x, varied from 30 to 40 rpm, the
minimum grain size of the paste x3 was
2 um, and the maximum — 32 um.

Based on the results of a full factorial
experiment and verification of the regres-
sion significance of the coefficients accord-
ing to Student’s criterion, the following re-
gression equation was obtained in coded
form:
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y=20.33—5.17x, + 2.25x5 +
+9.21x5 + 1.98(0.052 — 1.13)x; x5

After decoding it is the next:

y(t,0,2) = 20.33 — 5.17(0.2¢ — 3) +
+2.25(0.20 — 7) + 9.21(0.052 — 1.18) +
+1.98(0.2¢ — 3)(0.05z — 1.183).

After performing transformations and
reductions, we obtain the equation:

y(t,v,2) = 8.7975¢ + 0.45v + 0.1635z +
+ 0.0198tz — 14.6251.

By fixing the values of each of three fac-
tors that affect the final value of substrate
surface roughness, at their average level (ac-
cording to the full factorial experiment plan)
the following equations are obtained:

y, = 15(v,2) = 0.45v + 0.4605z — 5.8273,

y, = 35(¢,2) = 0.58652¢ + 0.16352 +
+ 0.0198tz — 1.1249
y,=17(¢,0) = 0.92312t + 0.450 — 1.1249.
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Using the obtained equations of the re-
sponse surfaces, the dependences of the sili-
con substrate material roughness on the dura-
tion of processing with different types of dia-

mond grinding pastes are presented in Fig. 1.
According to the graphs, the influence of

each factor (or their combination) of the
grinding and polishing technological process
on the funectional surface shaping parame-
ters of the silicon substrates of MOEMS

components was evaluated.
A combination of factors for obtaining

the planned value of the prototype rough-
ness was determined and recommendations
were formulated to ensure the necessary

modes of shaping TP for MOEMS FC.
For example, to obtain the surface

roughness of the FC substrate at the level
of 15 pm, it is necessary to process the sam-
ple with grinding paste ACM 0/28 for
7 min, with paste ACM1 4/10 for 12 min,
and by using of paste ACM 2/1 during
17 min.
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a) b)

c) d)
e) f)

Fig. 2. Surfaces of silicon substrates for MOEMS switches mirrors: a, ¢, e — before processing;

b, d, f — after processing.

3. Results and discussion

At the next stage of the research, on the
basis of the received response surfaces (Fig.
1), the corresponding modes for surface
shaping were chosen for MOEMS FC sub-
strates and the experimental silicon sub-
strate samples were fabricated.

An experiment on practical approval of
the obtained theoretical results was con-
ducted on the basis of Research and produc-
tion enterprise "Ukrintech” in an accredited
testing laboratory. Processing of silicon FC
substrates for optical actuators was per-
formed on the FTP-1M grinding-polishing
machine of the PreciPolish series.

In Fig. 2 the photographs of substrates
for micro-mirrors of optical switches are
presented. The samples before processing
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are shown in images a, ¢ and e; images b, d
and f show the substrates after processing
in accordance with the technological modes
determined on the basis of computer simula-
tion results (Fig. la, b, ¢, respectively) to
obtain a roughness value of 15 pum.

As can be seen from Fig. 2, after proc-
essing, the number and sizes of defects de-
creased in the micromirror substrate struc-
ture, namely, cracks, splits, scratches,
shells, spots and pores. Thus, at the chosen
processing modes the planned roughness
value was obtained, which was inspected by
the non-destructive testing method devel-
oped by the authors [16].

Thus, the performed researches make it
possible to substantiate the values of TP
shaping parameters for the silicon sub-

Functional materials, 28, 2, 2021



I.Sh.Nevliudov et al. / Determination of technological...

strates of MOEMS micromirrors, which, in
turn, will reduce the number of dislocations
and sizes of defective micronucleus in the
substrates before the deposition of a reflec-
tive metallization layer.

4. Conclusion

According to the obtained results, a
method is proposed for determining the in-
fluence degree of technological factors on
the surface shape of substrates for func-
tional components of micro-optoelec-
tromechanical systems in the technological
process of their shaping.

The dependences between the roughness
value of MOEMS FC substrates and the pa-
rameters of shaping process technological
modes are obtained; in particular, the ef-
fects of spindle rotation speed, processing
time, grain size of polishing paste and their
combined action are analyzed, that makes it
possible to assess the surface shape parame-
ters of MOEMS FC substrates and to im-
prove their quality.

The obtained results should be used in
the development and preparation of techno-
logical processes for fabrication of the sub-
strates for functional components of micro-
optoelectromechanical systems.
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