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Abstract. In the manufacture of microelectromechanical sensors based on multilayer
membranes, internal mechanical stresses arise in the structure. A preliminary assessment of the
effect of internal mechanical stresses on the initial displacement of structures of various shapes
will allow to choose the most appropriate design solution for various applications. The paper
presents the results of numerical modeling of the structures of multilayer membranes of three
types: round, square and square with transverse and angular beams. The displacement values for
each type of multilayer membranes are obtained in accordance with the influence of internal
mechanical stresses in each layer. The results showed that the effect of internal mechanical
stresses in films (SiO,, Mo, ZnO) of a multilayer structure on square and round membranes is
insignificant (values ranged from 2.43-107"3 to 7.83-107"* nm). Internal mechanical stresses in
membrane layers with transverse and angular beams make a significant contribution to the initial
displacement of the structure (values ranged from 20 to 570 nm), however, the sensitivity of
such structures is higher than that of rigid structures. The influence of technological conditions
of film formation in multilayer membranes on their stress-strain state in ultrasonic sensors is
investigated. The values of internal mechanical stresses in SiO, films are obtained.
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AnHotanus. B pa60Te npeacTaBjJCHblI pE3yjabTaTbl MOACJIMPOBAHUA KOHCTPYKHI/Iﬁ
MHOTOCJIOMHBIX MeM6paH TPEX TUIIOB: prrnoﬁ, KBaHpaTHOﬁ n KBa[[paTHOﬁ C IMONCPCYHBIMU
1 YIJIOBbIMU I1OABECaAMU. HOJ’[Y‘{CHI)I 3HAYCHUA HpOFI/I6a JUIST KaXJIOTO TUIIA MHOTOCJIOWHBIX
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MeMOpaH 1o AeiicTBUe BHYTPEHHUX MEXaHMYSCKMX HAIIPSDKEeHUI B KaxkaoM ciioe. MccimeqoBaHo
BJIMSTHUS TEXHOJIOTUUECKUX YCIOBUI (hDOpMUPOBaHUS INIEHOK B MHOTOCJIOMHBIX MeMOpaHax Ha
HUX HaNpsKeHHO-AeDOpMUPOBAHHOE COCTOSIHUE B YJIbTPa3BYKOBBIX JaTUMKaX.

>

KioueBbie ciioBa: MHMKPOS3JEKTPOMEXaHMUYECKME HAaTYMKM, MHOTOCJTIOMHAs MemOpaHa,
BHYTPEHHEE MEXaHUUYECKOe HampsLKeHUE
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Introduction

Microelectromechanical devices cover more and more fields of application [1]. Such devices
include ultrasonic microelectromechanical sensors (includes piezoelectric micromachined ultra-
sonic transducers) that can be used for industrial and medical purposes [2]. The output charac-
teristics of such devices depend on a sensing element consisting of a multilayer membrane-type
structure. By changing the membrane design, certain functional parameters of the sensor can be
improved [3]. However, at the stage of multilayer structure fabrication, under the influence of
various factors, internal mechanical stresses arise in the layers, which lead to displacement of
structures without external influence [4]. The displacement of the structure leads to a decrease
in sensitivity. Thus, an actual task is to study the effect of internal mechanical stresses on the
displacement of a multilayer membrane, depending on its design.

A previously conducted assessment on the influence of physical and mechanical parameters of
the base materials on the resonant frequency for the typical (widely used [2,3]) structure Si/SiO,/
Metal/Piezoelectric/Metal showed the promise and technological feasibility of using zinc oxide
and molybdenum which also have high resistance and strength.

Materials and Methods

Modeling in the Comsol Multiphysics was carried out for three types of membranes: round
(diameter of 500 um), square (side length of 500 um) and square with transverse and angular
beams (length of 50 pum, width of 25 um). The multilayer structure included the following lay-
ers Si/Si0,/Mo/Zn0O (50/2/0.1/0.1 um). The internal mechanical stresses that were taken into
account during the simulation ranged from -80 to -500 MPa [5], from -1.5 to +1.5 GPa [6] and
from -0.7 to +0.7 GPa [7] for SiO,, Mo and ZnO films, respectively. The fabrication of SiO_films
was carried out by plasma chemical deposition from the gas phase [8]. Further, the obtained films
were subjected to rapid thermal annealing at a temperature of 600 °C for 3 minutes.

Results and Discussion

Fig. 1 shows the displacement of a square membrane and a square membrane with transverse
and angular beams under the action of internal compressive stresses of -100 MPa in the SiO, layer.

Depending on the internal mechanical stresses in the multilayer structure, displacement values
are obtained for each type of membrane, which are presented in Table 1.

As can be seen from the results obtained, the more rigid the fixation of the membrane, the less
the effect of internal mechanical stresses on the initial displacement of the membrane. However,
square membranes with angular and transverse beams have higher sensitivity. The mechanical
sensitivity of square membranes and square membranes with angular and transverse beams under
the influence of an external pressure of 5.19 kPa was 0.05 nm/kPa and 0.26 nm/kPa, respectively.
This behavior is due to the direct dependence of the rigidity of the structures on the type of
membrane attachment.
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4 Simulation of Physical Processes
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Fig. 1. Displacement of membranes: square (¢) and square with transverse and angular
beams (b) under the action of internal compressive stresses of =100 MPa in a SiO, film

Table 1
Displacement values of the multilayer membrane, nm
Membrane shape Layer
SIO7 Mo 7n0O
From —80 to From -1.5 to
_500 MPa +1.5 GPa From -0.7 to +0.7 GPa
Round From 2.95-10"* | From 4.35:10% (1) | From 2.64-10" (1)
to 2.72-10 (1) t0 5.23-10 (]) t0 2.63-1073 (})
Square From 7.83-10"° | From 6.23-10°" (1) | From 2.44-107" (1)
N t0 5.09-10™ (1) t0 6.23-107 () t02.43:103 ()
Square with
transverse and From 20 to 570 (1) | From 90 (1) to 90(|) | From 40 (1) to 40 ()
angular beams

The average value of mechanical stresses in the SiO_films obtained was -168+5 MPa, which
is consistent with theoretical data [5]. Thus, with the streamlined process of obtaining multilayer
structures at the design stage, it becomes possible to consider the influence of internal mechanical
stresses in each layer on the output characteristics of microelectromechanical membranes.

Conclusion

The analysis of the results showed that for the development of microelectromechanical sen-
sors based on multilayer membranes with increased sensitivity, it is necessary to use structures
partially released along the perimeter. However, due to the significant contribution of internal
mechanical stresses to the initial displacement of such structures, their consideration is required
at the design stage of the structure. The obtained results can be extended to multilayer Si/SiO,/
Metal/Piezoelectric/Metal structures with another material of the piezoelectric and metal layers.
The presented results can be used to optimize the designs and fabrication processes of multilayer
structures used in acoustic sensors, micromirrors and resonators.
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