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Peculiarities of deformation of round thin-film membranes and
experimental determination of their effective characteristics
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The features of thin-film membranes, which are formed above round holes in silicon substrates using the Bosch-
process are considered. The membrane has a complex shape due to the presence of the stress state of the initial films.
The analysis of the dependence of the membrane deflection w on the supplied overpressure P is used to calculate
the mechanical characteristics of the membranes. In this case, it is necessary to determine directly on the membrane
its diameter, the thickness of the constituent layers, the change in the topography of the membrane surface over
its entire area as the overpressure increases. Determination of the membrane diameter and the thicknesses of the
constituent layers is shown by the example of p-Si*/SiNy/SiO; and SiNy/SiO/SiNx/SiO, membranes. We used
spectral ellipsometry, energy-dispersive X-ray spectroscopy, optical profilometry, optical microscopy. The influence
of the peculiarities of the fixing conditions on the stress-strain state of membranes is shown, and the assessment
is carried out by means of numerical modeling. A technique has been developed for measuring and calculating
the mechanical characteristics of membranes that have an initial deflection. The calculation result is shown on the
example of a membrane with an initial deflection of 2 um — SiNy/SiO,/SiNy/SiO, and a membrane with an initial
deflection of 30 um — Al/SiO,/AL

Keywords: stress, bulging method, films, thin-layer coating, film thickness, membrane, pressure blister test,
residual stress, microelectromechanical systems, MEMS, silicon substrate, large deformations, strain, deflections,

circular membrane, bulge testing.

DOIL: 10.21883/TP.2022.13.52218.121-21
Introduction

Currently the special attention is given to the issues of
analysis of a stress-strain state, appearing in microelec-
tromechanical systems (MEMS). Study objects are circular
membranes fixed on contour. Such membranes can be
made from thin films pre-formed on silicon substrate after
deep thorough etching of silicon from the wafer back
side. The shape of area subject to etching defines the
shape of the membrane contour. Diameter of the formed
hole is several orders higher than membrane thickness.
Membranes, made this way, are used, particularly in X-ray
optics [1,2] and as sensing elements of sensors of various
physical quantities [3—5], etc.

During calculations and design of MEMS-based devices
it is necessary to use mathematical models, capable to
forecast microstructure behavior under various physical and
mechanical impacts. This mathematical tool is significantly
different from the classical mechanics due to scale factors
and is not completely developed yet. Therefore the
development of mathematical models and their verification
in accordance with experimental data are required. In
this regard the current crucial task is a development of
techniques of thin-film membranes parameters identification.

Analysis of membranes, fixed on contour, should be
performed considering their geometrical dimensions and
actual conditions of fixing, appearing during their manufac-
ture. Significant impact of scale factor, particularly surface
energy, change of effective properties, etc., appearing at
sizes of several hundreds of nanometers — is noted in many
studies [6-18]. Besides, the physico-mechanical aspects of
manufacturing process (growth, etching, etc.) may have a
great impact on specifics of residual stress distribution in
thin-layer structures [19-21].

Classical equations of plates and shells theory do not
consider this scale factor, therefore their application for eval-
uation of mechanical characteristics of thin-layer structures
is not the best decision. Large amount of approximate
methods for membranes voltage state evaluation at finite
deformations are known, but usually they suggest a certain
and rather simple deformation shape, for instance along
spherical surface [22,23], that does not always correspond
with experimental data. In this regard, it is preferable to use
the approximate models, in which the effective properties
are defined as per relatively simple formulas. Such approach
is developed in this study.

This study is dedicated to description of experimentally
observed features of membranes, formed above round
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holes in silicon substrates, which are important for further
analysis.

1. Membranes manufacturing

The studied membranes are single films or sets of films
with overall thickness within the order of single micrometers
and less, with diameter within the order of millimeter and
less.

The studied membranes were manufactured [24] using
technology based on Bosch-process of thorough etching
of silicon substrates through masks formed on their back
side. The specified process is highly selective to materials
of membrane and mask and provides high anisotropy of
silicon etching due to consecutive alternation of stages of
reactive ion-plasma etching and plasma-chemical deposition
by means of changing the composition of gaseous environ-
ment and voltage on a substrate holder. The example of
the formed structure of four-layer membrane is presented
in Fig. 1.

Non-uniformity of etching over the whole silicon wafer
and necessity of polymer removal from deep holes result
in higher time of over-etching. This results in membrane
undercut and its thickness change along diameter.

After etching the film area above round hole becomes
available, and this becomes the membrane. Due to
presence of initial mechanical voltage in structure layers
before etching [25-27] the non-zero initial deflection of
the membrane [28-30] is observed. Actually, redistribution
of internal forces results in additional deformations of
membranes. As the same time, the increase of the film
surface area in the membrane area happens.

Various etching profiles of the membrane bottom sur-
face can be made depending on Bosch-process mode
(Fig. 2) [24]. They influences the conditions of membrane
fixing along support contour.

Idealized
etching profile
in the
Bosch-process

(i

Photoresist or
metal mask

Figure 1. Formation of thin-film four-layer membranes on silicon
substrate using Bosch-process

b c

10

Figure 2. Various options of membranes bottom surface profiles
depending on Bosch-process modes: a — profile with near-
layer micro-trenching on bottom surface; b — profile with curved
bottom surface; ¢ — profile with side notching.

Mask a

2. Membranes calculation and testing
techniques. Defined parameters

Membranes behavior under overpressure, supplied from
the side of the holes in silicon, was studied. The bench
on a base of optical profilometer [2,31,32], performing the
uniform supply and fixation of pressure value, as well
as defining deflection of the membrane, was used for
testing. Deflection means a small difference in height
between membrane area and substrate area (membrane
base), observed in the membrane center.

Due to wide popularity of plates and shells theory and
simplicity of the equations proposed for calculation, they
are often used for MEMS structures analysis [33-41]. For
cases of deflection of fully-flexible membrane, characterized
by the presence of stretching forces, radial displacement and
elongation of middle plane:

Pa* T—u 5

Eh  31-p (m)
3.58w?  Pa*

where P — applied overpressure; a, h, u, w, E — base ra-
dius, thickness, Poisson’s ratio, deflection, Young’s modulus
of the membrane, respectively.

Another often used equation is the relation, obtained
from suggestion on spherical shape of the membrane under
overpressure [22,23]:

_4ogh 8Eh
P= 2 w+3(1_ﬂ)a4w, (3)

where oy — mechanical voltage in the membrane without
applied overpressure.
Is also used [41-45]

Enh’ ooh Eh
P=Ch——— Ci— C,———w’, (4
e e g
where C;j — constant coeflicients, selected empirically

and dependent on structure geometry (for circular mem-
branes they approximately equal to: Cyp =5.3; C; =4.4;
C, =2.6-3.4).

The technique of initial (residual [46-49]) mechanical
voltage determination in a film on a substrate (without ap-
plied overpressure), also called as the Bubble method [50-
52], should be additionally noted. In this case the round area
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of the film, free from substrate, is created. With compression
force the film will have initial deflection even without
applied pressure, and the corresponding initial mechanical
voltage can be defined in assumption of the spherical
shape of the formed membrane considering equality of
the potential deformation energy of the membrane U and
external force energy A for movement, resulted by this
deformation [53]:

Ew(z)
(1 —wp)a*’

where wo — membrane initial deflection.

However, on practice the initial membrane shapes are
different — they can be convexed to different sides relative
to fixing area, include both convex and concave areas
(Fig. 3,a, 4,a, 5). Under overpressure the membrane
can be analytically described with a spherical segment only
approximately [22,23,27,30,54].

The membranes mechanical characteristics are defined
considering the above mentioned equations or relations
observed based on other approaches [36,54-65]. Thus,
applied pressure P, membrane deflection w, base radius a
and thickness h should be defined for membrane analysis.

(5)

o) =

3. Determination of initial dimensions
and shape of membranes

Frequently the initial shape of membrane can be de-
scribed with a flattened cone (Fig. 3, @, b). At manufacturing
the membranes of various radius during single process the
bigger radius membranes (Fig. 3, @, b) have almost flat lower
base of the flattened cone, while smaller radius membranes
(Fig. 3,¢ d) have not.

Membrane shape change can also be caused by its
location features during measurements. Particularly, when
the membrane is located on holder at the bench in use [31],
this holder is fixed on top and bottom, thus additionally
pressing the membrane and making unidirectional creases
(Fig. 4,b,c). Therefore the membrane shape and its
pressing degree should be controlled [29]. It is important
to distinguish the membrane creases caused by external
exposure and creases caused by internal mechanical voltage
of the released membrane (prone to radial symmetry).

The following was selected for observations over geo-
metrical dimensions and shape of the membranes: optical
profilometer Veeco Wyko NT 9300 and optical microscope
Nikon Eclipse L200N. Optical profilometer was used for
determination of membrane dimensions before and during
testing, optical microscope — for initial screening. Using
transmitted and reflected light, light and dark fields modes,
the microscope allows to define diameters of the flattened
cone bases, to control if the nontransparent silicon etched
completely, to analyze defects, to evaluate nature of creases
location, if present, etc. [66].

It can be assumed that the membrane radius is defined
directly by photomask in use only. However, the hole
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diameter in the photomask can differ from actual observed
membrane diameter. In Fig. 5,a the profile of surface of
SiNy (0.13 um)/SiO, (0.5 um)/SiNy (0.13 um)/SiO2 (0.5 um)
membrane is presented, hole radius of which was assumed
equal to 0.5mm, but actually was 0.57mm. Since during
calculation of elastic modulus E the value of the membrane
radius base a is raised to the fourth power, this small
deviation results in difference of more than by half.

Ellipsometry is conventionally used in microelectronics
for transparent films thickness analysis [67-69]. The results
of measurements of layers on a wafer before silicon etching
from the back side are often used to define thickness,
comprising the film membrane. However, at implementa-
tion of Bosch-process the membrane over-etching and its
thickness change along diameter are possible. Therefore it
is necessary to control the layers thickness directly on the
membrane. Membranes of p-Si*(0.8 um)/SiNy(0.13 um)/
SiO2(0.5um) (estimated thickness is specified) of various
diameter (hole diameters in the photomask are from 250
to 1000um), formed on the same wafer, were studied.
It was observed that on all membranes the thickness of
the bottom layer (SiO;) is significantly lower (550nm
for membranes with diameter of less than 500 um and
220—300 nm in the center for membranes with diameter of
more than 500um), than on a crystal without membrane
(650 nm). At the same time, on all membranes with
diameter of more than 500 um the thickness of SiO, layer
closer to edge was 60—80nm bigger, than in the center.
By analyzing the same membranes using X-ray energy-
dispersive microanalysis (EDX) [58,59], it was observed
that on the membrane with diameter of less than 500 um,
the elemental oxygen (O) content in the center is higher,
than closer to edge; on membranes with diameters of
more than 500um the oxygen content in the center is
lower than closer to edge. Thus, EDX data correspond
to the results of spectral ellipsometry. It should also
noted that at topography analysis of these membranes
surface from the back side the reverse deflection was
observed on membranes with diameter of more than 500 um
(Fig. 3,b,d). During these measurements the samples were
freely located on a table. Measurements, performed at
MicroProf200 unit, during which the sample did not contact
the table in the area of membrane, showed the same surface
shape.

This example shows that determination of shape and
thickness of membranes is not a simple task: membrane
shape is sophisticated and depends on many factors,
membrane thickness is not uniform over its area, fixing
conditions are varied.

4. Membrane fixing conditions influence

Another important aspect, influencing the voltage-strain
state of membranes and limiting no-damage pressure (at
increase of which the membrane destruction starts) — con-
ditions of their fixing along support contour. Perfect fixing
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Figure 3. Topography and profiles of a surface of p-Si*/SiNy/SiO, membranes: ¢ — large diameter membrane, front view; b — large
diameter membrane, back view; ¢ — small diameter membrane, front view; d — small diameter membrane, back view.

models (hinged, rigid) are not capable to reflect the actual
physico-mechanical parameters of support area, since during
etching the materials properties and geometrical shape of
support area surroundings are formed in sophisticated way
(Fig. 2), can contain microcracks, etc.

Membrane destruction is often performed along its
perimeter in the fixing area, the highest mechanical voltage
is often observed along the membrane perimeter in the
fixing area [2,33,39]. Therefore, the strengthening of the
membranes fixing area by means of console reinforcements

(supports) use is used as the method of these membranes
reinforcement.

Since the analytical calculation of this type is complicated,
the numerical modeling was performed. To evaluate the
support parameters influence on membranes characteristics
the parametric modeling was performed in COMSOL Mul-
tiphysics (software for mathematic modeling of physical pro-
cesses, described with differential equations). Three-layer
round membrane of Al(0.8 um)/SiO;(0.6 um)/Al(1.1um)
with base radius of a = 750um [33] was deformed due

Technical Physics, 2022, Vol. 92, No. 13



XXV International Symposium ,Nanophysics & Nanoelectronics”

2037

pm
—_ DN
TTTTT

X profile: AX=1.2109 mm; AZ = 0.0038 pum

it R M
£ f\/\/\
= E
0 prrmeommempt—— = Wee—ermesm
0 05 10 15 20 25
mm

X profile: AX=0.7208 mm; AZ = 22.0956 um

30 R M
20F
g
_10....I....I....I....I....
0 0.5 1.0 1.5 2.0 2.5
mm

Figure 4. Topography and profiles of surface of p-Si*/SiNy/SiO, membrane: a—c — change of membrane shape with increase of pressing

degree; d — membrane shape at overpressure P = 0.8 atm.

to overpressure of P = 0.3 MPa. Membrane structure along
it whole perimeter [70] was complemented with support of
various materials: SiO, or Si. In section this ring support
was of the form of rectangular triangle (Fig. 6,a).
Dependence of length, material and angle of support
influence on membrane deflection, von Mises stress inten-
sity [35,39], membrane shift from coordinate along radius
are established (Fig. 6, b—d). The observed data correspond
to the physical representations of membranes deformation.
Such numerical experiments are valued for selection of
certain modes in practical applications. Also they can be
used if it is necessary to obtain the membranes, withstanding

Technical Physics, 2022, Vol. 92, No. 13

the higher overpressure, or for determination of correcting
(adjustment) coefficients during analysis of membranes with
sophisticated fixing as per standard equations like (1)—(4).

5. Behavior of sophisticated shape
membrane at overpressure supply

At overpressure increase the membrane shape gradually
becomes closer to the spherical segment (Fig. 4,d). If
the membrane is initially located above substrate level and
similar to the flattened cone (Fig. 4,a), the cone gradually
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Figure 5. Profiles of surface of SiNy/SiO,/SiNx/SiO> membrane: a — initial shape of membrane (before overpressure supply); b —

membrane shape at overpressure P = 0.4 atm.

transitions to a shape similar to the spherical segment
(Fig. 4,d). If the membrane has the sophisticated shape
(Fig. 4,b,¢), it also gradually becomes a convex cone. At
the same time, the deflection value of the same membrane
under its testing in case of various pressing degree at fixing
(Fig. 4,a—~) is the same (Fig. 4,d). If the membrane
was initially located below fixing area level (curved to
another side), in the beginning it deflects little upwards,
and then, starting from a certain pressure, sharply changes
position and becomes closer to the spherical segment curved
upwards, i.e. behaves like buckling membranes [62,63,71].

Many studies of analysis of deflection dependence on
applied overpressure (diagrams, similar to Fig. 7) showed
that these deformations can be considered elastic: several
passes of gradual increase and decrease of pressure to mem-
brane correspond to the same dependence diagram [31,32].
However, if pressure drops to zero, some membranes take
original shape before overpressure supply, while others
don’t. The first case is probably related to presence
of significant initial mechanical voltage in the membrane,
(including the ones resulted by membrane fixing (Fig. 4)),
that remained even after removal of overpressure and
resulted in optimal membrane shape. The second case is
supposedly observed in case of sufficiently free membranes,
shape of which is defined by small disturbances.

Typically during membrane destruction it is completely
detached from substrate [2,70,71], leaving the perfectly even
hole (Fig. 8,a). However, in general case the various shapes
of this hole are observed (Fig. 8).

6. Calculation of mechanical
characteristics considering presence
of initial deflection

Adaptation of the techniques for determination of me-
chanical characteristics ((1)—(4)) for membranes with initial
deflection is of interest.

With increase of overpressure the membrane shape
becomes similar to the spherical segment (Figs. 3,5),
which height (corresponding to the membrane deflection)
is also gradually increasing. The area of membrane surface
increases in similar way. Detailed accounting of actual

membrane shape is complicated for analytical analysis.
Change of membrane deflection in the area of elastic
deformations with overpressure supply is important for
determination of the membrane mechanical characteristics.
Therefore, for the further calculations we will use the
correspondence of actual area of membrane surface —area
of model surface of the spherical segment. Thus, for analysis
of membrane shape change from overpressure the change of
membrane area or change of model spherical segment height
can be used. For that it is necessary to calculate the initial
area of membrane surface, and then to calculate the initial
»effective deflection — height of model spherical segment.

In case of sufficiently simple membrane shape (Fig. 5, a),
its surface area can be analytically calculated. For mem-
brane shape similar to the flattened cone:

d? D d\’/D d
= —_— 2 -_— by
S 714+JT\/H —l—(z 2) (2+2), (6)

where S — membrane surface area, d — smaller base
diameter, D — larger base diameter, H — height.

In case of more sophisticated surface shape, and in case
of necessity to automate the changes, the calculation is
performed numerically by means of application of triangular
grid. Array of experimental data of surface topography
is processed (X,Y, Z). For that it is necessary to define
the area of membrane location [28] and summarize the
elementary areas of all triangles — grid cells.

The corresponding ,effective deflection weyx of the
membrane is calculated from the equation [29]:

Wer = \/ (S— &)/, (7)

where S — membrane surface area, Sy — its base area,
S = ma’.

At numerical calculation of the membrane surface area by
means of the grid application the value of S should also be
calculated based on data array (X, Y, Z) and defined area of
membrane location.

Equation (7) is applied only for circular membranes.
However, its deriving for another shape of holes is per-
formed the similar way.

Technical Physics, 2022, Vol. 92, No. 13
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40+ overpressure, should be used (from the equation (7)). At
the same time, the calculation of mechanical characteristics
5r should be performed at non-linear section of w(P) depen-
dence near high pressure values.
301 Fig. 7 shows the dependence of deflection
e 25| change (wj—wg) with overpressure supply for
3 SiNy (0.13 um)/SiO, (0.5 um)/SiNy (0.13 um)/SiO» (0.5 um)
é“: 20} membrane [29,32], the limiting no-damage pressure is
| 1.6 atm. Initial surface shape was a flattened cone with top
s 5k == ] base diameter of d = 0.95mm, bottom base diameter of
—a— 2 D = 1.1431 mm, height of H = 2 um (Fig. 5,a).
10 3 Initial ,,effective deflection” defined from the surface area,
== 4 was 4.42um at calculation using analytical equation (6)
5t and 4.30 um at calculation using triangular grid application.
0 4 Considering accuracy of measurements and calculations the
005 02 04 06 08 1.0 12 14 1.6 observed data are comparable.
P, atm. Dependence, calculated as per method 2, shows the

Figure 7. Dependence of deflection change (wij—wg) on over-
pressure P; for SiNy/SiO,/SiNy/SiO, membrane: / (rhombuses) —
wo and w; are defined as per surface profiles, wo =2um; 2
(squares) — wo and w; are calculated from (7), wo = 4.3 um;
3 (triangles) — wo and w; are calculated from (7), missing
data were defined as per author’s technique, wo =4.3um; 4
(crosses) — wy is calculated from (7), wi — are defined as per
surface profiles, wo = 4.3 um.

During analysis the calculation of the ,effective deflec-
tion” of membrane with overpressure increase is performed.
After the membrane shape becomes similar to the spherical
segment, the value of the ,effective deflection will be
consistent with the measured one in terms of profile.

For analysis of dependence between membrane deflection
and applied overpressure the difference between current
membrane deflection w;, if overpressure P; exists, and
initial ,effective deflection“wy, if there is no applied

(1)876.51 um

underestimated values of deflection near high pressure
(»,squares”, Fig. 7). This is caused by limitations of the
measurement method in use — lack of part of data on
surface topography (Fig. 5,b). To calculate the membrane
surface area the recovery of intermediate data using the
embedded software is performed. However, at high pressure
values there is also no data on the extreme edges of the
membrane location, that complicates its shape recovery —
instead of sharp transition (similar to Fig. 5,b) there is a
smooth outgoing to the cone. Therefore, the data recovery
program was developed, allowing to get the required
membrane shape and then calculate w; (,triangles”, Fig. 7)
on the assumption of such sharp transition.

Dependencies on Fig. 7, designated with triangles and
crosses, almost coincide, that confirms the validity of the
described technique and algorithms of calculation.

Let’s give examples of calculation of effective elastic
modulus of multi-layer membrane — value, corresponding
to the complex of layers, comprising the membrane, and
defined using equations (1)-(4), ie.  without express

100/ im

& .

Figure 8. Image of holes, from optical microscope Nikon Eclipse L200N after membranes detachment: @ — smooth hole (membrane
testing from Fig. 3,a, b, separation at P = 2.5atm); b — hole with ragged edges (membrane testing from Fig. 3,c d, separation at

P = 4.5atm)
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analytical accounting of features, caused by low thickness of
structures. The equation [32,45] was used for determination
of estimated elastic modulus of multi-layer structure:

Elayerlhlayerl +...+ EIayerNhIayerN (8)
hIayerl +...+ hIayerN ’

Estr ucture —

For examined SiNy/SiO,/SiNy/SiO, membrane y = 0.214
(since u(SiO;)=0.2, u(SiNy)=10.27), the calculation
is similar to (8). As per (1) the effective elas-
tic modulus of multi-layer membrane was E = 110 GPa
(the calculation was performed at P =0.14MPa,
w = (wi—wp) =33.5um, a=0.57155mm). The ob-
served results is comparable with the estimated value of
elastic modulus of this membrane as per (8). However,
since the value of the initial deflection is low, its influence on
numerical result of elastic modulus calculation is small [32].

The more indicative is the example of determination of
the effective elastic modulus of multi-layer membrane for
structure with significant initial deflection. Let’s demonstrate
the calculation using the example of the membrane of
Al(0.8 um)/Si0,(0.6 um)/Al(1.1 um) [29,32], the limiting
no-damage pressure is 5.8 atm. Al/SiO,/Al membrane be-
fore overpressure supply had a shape close to the spherical
segment, wo = 30um, a = 0.5264 mm. At P; = 0.24 MPa,
wi = 60um, w = (wj—wy) = 30um. Since u(Al) = 0.34,
u(Si0y) = 0.2, for this membrane u = 0.3. As per (2)
the effective elastic modulus of multi-layer membrane was
E =76 GPa. The observed result is comparable with the
values of the elastic modulus for materials, comprising the
membrane — aluminum and silicone oxide.

Thus, considering some above mentioned changes [29]
the equations, similar to (1)—(4), can be used for analysis
of membranes with initial deflection.

Conclusion

Experimentally observed features of the thin-film mem-
branes, formed above round holes in silicon substrates,
using Bosch-process of etching, are described. Specifics
of this process, resulting in inexact match of the observed
geometrical dimensions of membranes and conditions of
fixing along the support contour — the estimated ones, are
presented.

The necessity of exact determination of the membrane
geometrical dimensions for correct calculation of mechan-
ical characteristics by means of analysis of dependence of
membrane deflection w from the supplied overpressure P is
shown.

Membranes diameter was defined wusing optical
profilometry and optical microscopy using the example of
SiNk (0.13 um)/SiO (0.5 um)/SiNy (0.13 ym)/SiO2 (0.5 um)
membranes.

Determination of the membrane transparent layers thick-
ness using the example of p-Si*(0.8 um)/SiNy(0.13 um)/
Si0,(0.5 um) membranes (estimated thickness) with diam-
eter of 250—1000um. According to spectral ellipsometry

Technical Physics, 2022, Vol. 92, No. 13

data the radial non-homogeneity of the bottom layer
(SiO;) thickness and thickness difference of this layer on
membranes of various diameter are observed: for diameter
of more than 500um the thickness was 220—300nm,
in the center of membrane for diameter of less than
500 um the thickness was 550 nm, at crystal region without
membrane — 650 nm.

It was shown that due to voltage state of the initial
films, the actual shape of the formed membranes is not flat
and not spherical segment. In many cases the membrane
shape is similar to the flattened cone. Membrane shape
is influenced by external exposure (location features during
measurements).

Specifics of the membrane shape change during overpres-
sure supply and its drop are described. With increase of the
supplied pressure the membrane, that initially was similar
to the flattened cone, like the more complicated membrane,
gradually takes the shape similar to the spherical segment.
Deformations are elastic.

By means of parametric modeling, using COMSOL
Multiphysics, the dependences of length, material and
support angle influence on behavior of Al(0.8um)/
Si02(0.6 um)/Al(1.1 um) membrane: its deflection, shift
from coordinate along radius, von Mises stress intensity
were established. The observed data correspond to the
physical representations of membranes deformation.

In accordance with the developed technique of
measurements and calculation of mechanical characteristics
of the membranes, the effective elastic modulus of
multi-layer  structure of  SiNy(0.13 um)/SiO, (0.5 um)/
SiNk(0.13 um)/SiO,(0.5um) was 110GPa, multi-layer
structure  of  Al(0.8 um)/SiO,(0.6 um)/Al(1.1 um) —
76 GPa.

The further studies assume consideration of thin-film
membranes, described in this study, and use of the
described techniques of their parameters identification for
development of mathematical models of forecasting of
the microstructures behavior under various physical and
mechanical impacts.
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