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Abstract: It is experimentally proved that pressurized silicon membrane has heterogeneous distribution of force (i.e.,
pull-off force) along a line over the entire surface. Based on pull-off force, paper has shown surface energy, net strength
of interaction and electrical conductivity along with topographical variation exist in an extended silicon membrane.
For a sufficiently thin membrane that undergoes beyond the critical applied pressure get strained layer by layer. As a
result, thickness of the strained layer increases that influence number of atoms and hence formation of lattice distor-
tion. on continuation, at some point lattice-mismatch will occur which is reflected either in topography or in force
spectroscopy or in surface energy distribution or in XRD or even in tunneling spectroscopy. Once again, generation
of lattice mismatch result lattice distortion and localized states in membrane surface, means defects are not uniformly
distributed hence generate heterogeneity in morphology. As a result asymmetrical charge distribution is occurring in
membrane surface. These results indicate that for a critical applied pressure that induces an abrupt transition by which
membrane is losing its elastic behavior and turn down to plastic regime, which is a concept that can be applied to mac-
roscopic as well as microscopic systems. Macroscopically, the interfacial energy can be determined by contact angle
measurements. For microscopic systems and even at molecular levels, its numerical value is close to that of a planer
macroscopic surface composed of the same molecules.
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INTRODUCTION increases, the total number of atoms under strain or the

distorted atomic bound grows and at some point misfit
lattices (i.e., mismatch) and defects are nucleated, as a
result heterogeneity in morphology comes into picture.

The periodicity of the lattice should be sufficiently uni-
form to provide a symmetrical carrier distribution in
bulk state. Real crystals have surface imperfections and
impurities. So that solid like silicon can be considered as
a collection of ions and loosely bind electrons or cova-
lent crystals. Ions are very heavy objects and electrons
are small. Thus the position of ions determines the crys-
tal structure. Sometimes we chose to consider only the

Surface roughness and environment play a critical
role in adhesion. As the surface approaches nanoscale
dimension, the surface roughness and area of contact
should reach comparable dimension, such that apparent

behaviour of the ions. It is convenient to separate a solid
into ions and valence electrons. Ions are spread out to
form a uniform background of positive charge through
which the outer valence electrons move. lons at or near
the surface do not have the sufficient number of neigh-
bours to satisfy their bonding. This results lattice dis-
tortion and then an asymmetrical charge distribution in
the material adjacent to the surface. The result is that
localized states in the surface and act as trap because of
the incomplete bonding. For a sufficiently thin silicon
membrane that undergoes beyond the critical applied
pressure get strained layer by layers. As a result strained
layer thickness increases. As the strained layer thickness

and true area of contact becomes approximately equal.
This is in favor of AFM nano-adhesion experiment.
Physical structures used in technological applications
have been reduced in size, there has been increasing
need to understand the limiting processes [1] as such.

A number of forces comes into picture as the tip-sample
distance becomes smaller and smaller. When surfaces are
separated at an almost atomic distance, number of forces
that act between two surfaces can cause them to adhere,
which produces bond strengths comparable to form
covalent/metallic bonding. At particular distance (i.e.,
fraction of nanometer) the surface plasma will provide a
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screening action, at the same time the metallic/hydrogen
bond will begin to develop. The forces required to
separate the two surfaces is adhesive or pull-off force.

When the surfaces (i.e., AFM tip-sample) are at an
atomic distance apart, the full hydrogen bind will have
been formed and the short-range repulsive forces comes
into operation to provide final equilibrium between
tip and the sample surface. The magnitude of such
forces depends on the true contact area and nature of
the attractive forces holding the surface together [1].
The nature of these forces could be van der Waals,
electrostatic, chemical-bonding forces etc that are active
across sample interface. Interaction forces and their
effective ranges in SFM are listed in tablel.

Tablel: Interaction forces and their range in SFM

Type of force Range (nm)
Electrostatic 100
Double layer in electrolyte 100
Van der Waals 010
Surface induced solvent ordering 005
Hydrogen bonding 00.2
Contact 00.1

Source: Ref: [2]

The dominant interaction that exists between atoms,
between molecules and between particles is van der Waals
force. An atom is composed of a positively charged core
and a surrounding negatively charged electron cloud.
Statistically, it is conceivable that the nucleus and its
electron cloud are momentarily displaced with respect
to each other. This configuration constitutes an electric
dipole. A neighboring atom senses this electric dipole
and responds to it with a similar charge distribution.
Two adjacent dipoles are then attracting each other.
Thus, van der Waals forces are generated at the instant
that an electron cloud density occurs at one side of an
atom during the electron flight about the nucleus.

In fcc crystal like Si, the valence electrons are shared
by twelve neighbors leading to covalent bond in its bulk
state. As the distance becomes closer and closer, bonds
are down to metallic/hydrogen and van der Waals force
dominates over the others. This is a kind of scaling
effect [3] where the structure and energies of silicon may
take many different configurations. In this line, bond
formalism behaviors in strained silicon membrane are
non-stationary, which is purposed to determine/identify
by pull-off/adhesion portion of force curve generated by
AFM.

Surface roughness and working environment play a
critical role in adhesion. As the surface approaches
nanoscale dimension, the surface roughness and area
of contact should reach comparable dimension [1],
such that apparent and true area of contact becomes
approximately equal. Taken into account, AFM
nano-adhesion experiment is increasingly popular to
understand the micro-contact systems.

Number of forces comes into picture as the tip-sample
distance becomes smaller and smaller. At particular
distance (i.e., fraction of nanometer) the surface plasma
provides a screening action, at the same time surface
adhesion begins to develop. When surfaces are at
an almost atomic distance, number of forces that act
between two surfaces can cause them to adhere. The
force required to separate the two surfaces is adhesive
or pull-off force.

When the surfaces (i.e., AFM tip-sample) are at an
atomic distance, the short-range repulsive forces comes
into operation to provide final equilibrium between tip
and the sample surface. The magnitude of such forces
depends on the true contact area and nature of the
attractive forces holding the surface together [1]. The
nature of these forces could be van der Waals (vdW),
Interaction forces and their effective ranges in SFM are
listed in ref. [2].

An atom is composed of a positively charged core
and surrounding negatively charged electron cloud.
Statistically, it is conceivable that the nucleus and its
electron cloud are momentarily displaced with respect
to each other. This configuration constitutes an electric
dipole. A neighboring atom senses this electric dipole
and responds to it with a similar charge distribution.
Two adjacent dipoles are then attracting each other.
Thus, vdW forces are generated at the instant that an
electron cloud density occurs at one side of an atom
during the electron flight around the nucleus.

In an AFM experiment, when probe going down and
touching the sample, the distance between them is in
order of nanometer. At this range, vdW force dominates
over others. As the distance is reduced further, the
electrostatic force of repulsion is account into the
picture. Measurements of pull-off force in AFM force
spectroscopy consist of mainly vdW force. Interaction
strength depends on the distance between two atoms
[3]. The paper discuss about the net force of attraction
in strained silicon membrane which is asymmetrically
distributed as determine/identify by pull-off/adhesion
portion of force curve generated by AFM. The paper
also describes the structure and energy configuration of
strained silicon membrane.
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EXPERIMENTAL PROCEDURE

Employing an anisotropic KOH etching, in p-type
mirror polished silicon chip with resistivity 4 Q-cms,
produces a 27um thick silicon smple was prepared and
mounted on a specially designed pressure cell. Argon
gas was used to pressurize the cell, which retains the
gas pressure with the help of a self-activating valve. For
the experiment reported here, the cell was pressurized to
3 bars. Employing an AFM from TM, USA, in contact
mode, force curve measurements have been carried out.
The pressurized cell is mounted on the AFM scanner
to perform scans. The pull-off force reported here was
recorded by symmetrically moving the sample on the
X-Y stage of the head of the AFM scanner. The force
constant of the cantilever employed is 0.26 N/m. The
instrument was automatically programmed to collect
force distance curves (from which the pull-off force data
was retrieved) from 16 points along a line.

XRD measurements were performed by the Philips
X’pert, Holland with Cu-Ko radiation for 45 KV
of anode voltage and 40 mA current at each stage of
the processing. X-rays of wavelength 1.54 °A and a
scanning speed of 2° per min were chosen for all XRD
measurements. Pressure cell with extended silicon
membrane (i.e., pressurized) was placed on sample
holder with some special arrangements. Keeping in
mind that sample plane is horizontally adjusted such
that there is no any disturbance for incoming X-rays and
detector during the measurements.

RESULT AND DISCUSSION

AFM real space images of (Sum x S5pum) and (0.5 pm x
0.5 pwm) scan size taken from a stressed membrane are
display in Fig.1 (A) and (B). It is obvious from these
images that Fig. (B) looks flat where as Fig.(A) has
sequence of depression-elevation-depression-elevation.
In order to observe such sequence of depression-
elevation, we have taken small size images as display
in Fig.2. Fig.2 (a) and (b) belong to AFM images of
the same stressed silicon membrane of scan size (1um
x lum) each, for without-pressure and with-pressure
along with their 3Ds. We have collected 10 such scans
in different locations of the extended silicon membrane

and a similar sequence of elevation-depression-elevation
is observed.

Fig 1: AFM mocrogrphs of pressurized silicon membrane of scan
size (A) 5.0 um x 5.0 um, (B) 0.5 pm x 0.5 pum

Fig 2: AFM micrograph of silicon membrane of scan size size (1 pm
x 1 um) for (a) pressureless and (b) pressurized, membrane and
their corresponding 3-Ds.

In our experiment the spatial mapping of pull-off force
shown in Fig.3a communicates large pull-off force on
either side of the middle at the depressions in image
shown in Fig 2b. Fig.3a, shows the pull-off force data
obtained on the silicon membrane, which has been
deformed following application of a pressure of 3 bar
and compare this with the pull-off force data from the
same membrane prior to the application of pressure.
Such non-linear force profile is explained on the basis
of vdW force between the tip and the sample. In order
to understand net strength of vdW force in our case, let’s
first discuss about how we achieve the surface energy
and hence single atomic interaction between tip-sample
based on collected pull-off force (shown in Fig 3a).
Experimentally retrieved pull-off force data and some
other processing data display in Table 2.

Micro-contact between AFM tip and the sample
surface can be considered as adhesion. Adhesive force,
connected with the interfacial energy, is a concept which
can be applied to macroscopic well as microscopic
systems [4]. Macroscopically, the interfacial energy
can be determined by contact angle measurements. For
microscopic systems and even at molecular levels, its
numerical value is close to that of a planer macroscopic
surface [5] composed of same molecules.

The work of adhesion, W, (i.e., work required to
separate surface 1 and surface 2 in medium 3, per unit
area), is related to interfacial energy [2, 4] by

UER (D)
Where 7 represents interfacial energy; 1,2 and 3 refer to
sample surface, tip surface and contacting medium. If
the measurements are performed in a vacuum, the
interfacial energy )3 is simply surface free energy, 7,
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Fig 3: Results of without pressure and with pressure conditions(a) pull-off force distribution (b) roughness distribution (c) IV characteristics

and (d) XRD spectra

In such a case surface energy and work of adhesion can
be correlated. But, in other cases, when measurements
are performed between symmetric contacts (i.e.,
Y1 =7Y,)[2, 6] in medium 3, then
Wi =215 ()
The pull-off force under Lennard-Jones potential [7] that
can be seen micro contact between the tip and sample
surface [9, 4] is

1 1

F oo = ARW 3 I
2 R R R,

Where

.03)

R is effective radius of radii R, & R,. In AFM, R, & R,
belongs to probe and sample radius. But, R, is infinite,
so, R = R, , the tip radius.

This formulation provides a basis for relating the work
of adhesion and interfacial energies to adhesion force
obtained by micro-contact rupture from pull-off portion
of the curve.

JKR (Johnson-Kendall-Robert) theory [7] considers that
short-range interfacial forces are operative and that finite
contact areas exist upon rupture. When micro-contact
ruptures, the concept of surface energy, which relates
adhesive energy, can be estimated. AFM measures
adhesive forces that can be used to estimate the number
of molecular contacts at instant of rupture. The detail
of this proposition is discussed below. Let’s begin our
discussion with contact radius. In JKR theory [7, 8], the
contact radius is

a’= %[F +3aW,5, R + /62,3, RF + (37W,,,R)* ]

where ‘a’ is contact radius, ‘R’ is effective radius,
‘I’ is the force that tip pressed to the sample surface
(contact load) and ‘W, ,,” is the adhesion energy between
two particles. And ‘K’ is effective young’s modulus of
elastic constant [9, 2] is,
-y 1y

_ é Vsamp + Vtip , Where cEa and 6v7 are

4, E E

samp tip

.4

L
K
Young’s modulus and Poisson’s ratio.

In an extensive contact between the tip and the sample,

the area of contact will be less [10] than that given by
7IR” . For such a case the contact radius is estimated by
considering, neglecting the contribution of ‘F” being
either small or not applicable, then the contact radius ‘a’
[2]1is

i

a=[ %ﬁRsz)/KP e ()

This results the contact radius. Then, we know number
of atoms in micro-contact. There could be number
of techniques by which one can estimate number of
molecules or atoms during AFM micro-contact (i.e.,
a spherical tip in contact with flat sample). if we take
diameter of the mean atomic circumference found in the
crystalline state, so that its circumference of the contact
region is C, where C=2ra, and let a, be the radius of
each silicon atom, such that the number of silicon atoms
that are in contact with the tip can be estimated as

a
2ma = n2/may =N =
a

(6)

Based on this calculation we have estimated the surface
energy, work of adhesion, single atomic interaction and
hence net interaction strength for given pull-off force
contribution. The estimated parameters are in Table 1
below

Originally (i.e., without pressure case) membrane
surface have almost uniform ion distribution over
the entire region as shown in net interaction strength/
surface energy calculations and distribution of pull-off
force shown in Fig.3 (a). But when the membrane is
pressurized, an important electrical phenomenon takes
place. is being happen. By considering an electrical
potential at the surface layer (U)) is decreases as one
proceeds inside from surface layer. At any point the
potential ‘U’ determines the potential energy ‘zeU’ of an
ion in the local field inside, where ‘z’ is the valence of
ion and ‘e’ is its charge. The probability of finding an ion
at any point depends on the local potential (U) through
Boltzmann distribution

zeU
exp(_ ij
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Our assumption here is, in a strained membrane the unit
cell suffers distortion and produces small displacement
relative to each other. If the unit cell lacks a center of
symmetry, i.e., displacement of ions (centroid of the
charge shift) causes an electrostatic force. Concentration
of ions that contribute electrostatic force in the diffuse
layer, n(x), at distance ‘x’ from the surface, will be in
equilibrium to bulk concentration, n,, should follow
Boltzmann relation [6]

0

izeU
n(x)=nee *

The potential is related to the charge density at ‘x’ by
Poisson’s equation. On solving Poisson-Boltzmann
equation one can get several solutions [for details see
ref 12]. Among those, solution related to surface charge
density (o,) [12] is

o, = [2kT ss()Zn‘,[e kr —IJ]

This is the relation between surface potential and surface
charge density. Where ¢, is the permitivity of vacuum
and ¢ is the dielectric constant of the medium. Further,
from the same reference

_ du ,(x)
p =€ dx

Where O n(Xand U (X are surface charge density and
surface potential at ‘x” when the surfaces are at a distance
D apart. This equation clearly indicates that force and

charge density are inter-related.

Hence, AFM force spectroscopy provides information
that is critical to understand potential energy surface
through the measurement of force (i.e., pull-off force)

profile.

Our experimental results shown in Fig 3a shows that the
distribution of pull-off force is almost steady in the case
of without pressure condition. On the other hand, for a
sufficiently thin silicon membrane that undergoes be-
yond the critical applied pressure, get strained layer by
layer. As a result strained layer thickness increases. As
the strained layer thickness increases, the total number
of atoms under strained or the distorted atoms grow up
and at some point lattice-mismatch is occurring which
is reflected out as a localized states of the charges and

hence the charge asymmetry.

Table 2 : Estimation of single atomic interaction. The
net interaction strength of strained silicon membrane as
measured by AFM

Micro  pull-  work surface conta. noof single net
Cont. of of energy diam- atoms  atomic stren-.
(spec.)  force adhes. ) meter  in in tera. gth
mN) (J/m?)  (J/m?) (nm)  contact (nN) (KJ/mol)
17.10 0.7257  0.3628 1.810 08 2.137 302.392
With 18.30 0.7766  0.3883 1.851 08 2.287 323.612
18.80 0.7978  0.3989 1.867 08 2.350 332.454
P 20.70 0.8785  0.4392 1.928 09 2.300 325.381
R 21.00 0.8912  0.4456 1.937 09 2.495 330.009
E 06.00 0.2546  0.1273 1.273 06 1.010 152.488
S 06.60 0.2801  0.1400 1322 06 1.148 155.617
S 05.30 0.2249  0.1145 1.229 06 0.991 124.965
U 06.27 0.2661  0.1330 1.300 06 1.110 147.836
R 05.80 0.2461 0.1230 1.267 06 1.053 136.754
05.89 0.2499  0.1249 1.273 06 1.064 138.876
E 19.00 0.8063  0.4031 1.874 08 2.333 335991
S 20.70 0.8785  0.4392 1.928 09 2.471 325381
21.10 0.8955  0.4477 1.940 09 2.502 331.668
20.30 0.8615  0.4307 1915 09 2.439  319.093
16.60 0.7045  0.3522 1.792 08 2.131 301.527
With- ~ 04.60 0.1952  0.0976 1.173 05 0.9021 130.152
Out 05.10 0.2164  0.1082 1214 05 0.9666 144.299
04.81 0.2041  0.1020 1.191 05 0.9275 136.094
PR 05.03 0.2134  0.1067 1.208 05 0.9578 142.318
ES 04.96 0.2105 0.1052 1.203 05 0.9487 140.338
SU 04.65 0.1973  0.0968 1.177 05 0.9086 131.567
RE 05.12 02172 0.1086 1215 05 0.9693 137.128
04.83  0.2049 0.1024 1.190 05 0.9321 136.660

Note: Data reported from ref [11] and used in calculations are:
R=5 nm, (a/c AFM catalogue R is 5-10 nm, I take Snm)
N,=6.02 x10* atoms/mole — Avogardo’s number

a, 117 pm —atomic radius of silicon

L= 235 pm — bond length of silicon

E=165 GPa- young’s modulus of silicon

v=0.22 Poisson’s ratio of silicon

Si-Si covalent bond strength =230 KJ/mol
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SURFACE ENERGY CHARACTERIZATION

Based on our experimental data in Tablel above, pull-
off force and surface energy have significant correlation.
So, let’s briefly discuss about it. Properties that happen
over the surface are associated with surface energy.
It is obvious that the coordination of surface atom is
markedly changed in the presence of applied stress.
Molecules on the surface layer have lower coordination
number because of the lack of neighbors on one side.
So, the molecules on the surface layer have higher
energy than those in the interior [13]. This extra energy
is surface energy and it is the sum of the energies of
the broken bonds. Thus the physical surface of a crystal
contains atoms with uncompensated bonds producing
the surface energy [14]. Hence, in AFM experiment
surface energy is the measurement of the strength of
the intra-atomic forces. In addition to this, any defect in
the crystal has associated surface energy with it. Higher
the surface area of the defect, the higher will be the
energy stored in it. A high concentration of the defects
therefore more energy. Keeping this in mind, pull-off
force and hence surface energy depends on highly poor
molecule (defected) that are strongly attached to atoms
or molecule in Si-membrane. Therefore, we conclude
that surface energy is more where pull-off force is more

and vice versa.

Roughness characterization

The surface, normally flat in the absence of pressure
where as with pressure it is no longer flat as shown in
Fig 2, is characterized now by a small depression at the
center all along the Y-axis.

Height profile measurements along the line as shown in
images in Fig 2a and 2b are given in Fig 3b. It is clear
from the graph that the rms height of the irregularities is
6 nm where as they stand only 3 nm after application of
pressure and are dispersed all over the membrane area.
Hence, the average roughness of the irregularities after
pressure is at least 50% less. The detail of the height
profile data for a particular line (as in Fig.2 a/b) and
entire area of each scan in Fig2 are shown in Table 2
. The dominant result here is that the surface of the
sample is no longer flat over several nanometers after the
membrane has been deformed following the application
of pressure but the average roughness is appreciably
come down. It means pressure is the factor by which

one can get asperities on plane surface.

Table 2: AFM data of roughness for area and line analysis

Sam- Specif- scan-  Area measurement (in nmz) Line measurement (in nm)

ple ication  size R, R, Z Z R, Rp RPm R, R,
Si wop Ium? 4269 5.858 25.68 51.955 520 12.44 6.14 21.88 12.63
Si wp Ipm? 2437 2,938 11.45 27.787 197 05.61 1.96 09.97 3.56

Where wop is without pressure and wp is with pressure
IV CHARACTERIZATION

In order to better understand the charge asymmetry over
the extended silicon membrane, we further proceed
for electrical measurements. Current-voltage data as
taken from STM mode from both without/with pressure
conditions of the same silicon membrane are display
in Fig3c. Our experimental results on IV show that
membrane under pressure almost loses its conductivity.
We have the following explanation why this actually
happen.

Real crystal silicon has preexisting impurities whose
sizes are different than the host silicon atoms. An impurity
ion, if placed into the crystal lattice, the impurity ion
distort the region around it either by pushing the host
atoms further away or by pulling them in [15]. Such a
region becomes further enlarged and activated, as the
membrane is influenced by external pressure simply
because of enormous increase of dislocation density.
As for example, deformation causes a great increase
in dislocation density typically from 10® to about 10"
dislocations/cm? during deformation [16].

If an electron is allowed to fall on distorted lattice zone,
(elastic), it scatters. This is because an electron
experiences an unexpected change in potential energy
(U) as it approaches the distorted zone. The magnitude
of force that the electron suddenly experiences in this
zone is, F' = -dU/ dx due to sudden change in potential
energy. Since, induced distortion extend a number of
atomic distances (i.e., in multiplicative terms), as a
result, distorted zone becomes larger and larger. Hence,
the impurity ion therefore hinders the motion of the
electrons. conduction electron as such is actually
subjected to two forces: an electric force and an opposing
force. Precisely speaking, the conduction electron
interacts with the lattice vibrations (phonons) and with
lattice imperfections (ion centers). All these factors
combine to establish a definite mean free time of the
electron (7). As a result of the interaction a frictional
force (£x ) applied to electron is generated. Electron’s
velocity (i.e., drift velocity) decreases in accordance
with

T/t

V=1V€ where v, is the velocity at 7 =0

If the electron’s mean free time is identified with the
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relaxation time ( 7 ), its mean velocity (v) will be ceased
to act (at t=0). Because drift velocity is generated by the
frictional force and it will be minimum if there is no
external force (i.e., applied pressure). In this connection,
contribution of the drift velocity to the current (i.e.,
current density) for the conduction carriers whose
charge (g), density (n) and mean drift velocity (v), would
be

J =nqv=nq(uE) = (nqu)E = o E

Where Ze- conductivity and E is is electric field. Based
on this discussion we can say 0. <0,  where %co is
the conductivity in the case when there is no external
pressure. This inequality is clearly reflecting the
experimental results of IV curves given in Fig 3c. Hence,
current contribution under pressurized case should be
significantly less.

XRD CHARACTERIZATION

In order to understand the distortion that creates by
applied pressure, we have performed XRD experiment.
XRD pattern over the extended and un-extended silicon
membrane, the data are collected and displayed in
the Fig. 3d. Data retrieved from experimental XRD
plot is shown in Table 3 below. In Fig 3d, there is
noticeable change in the graph, which is, significant
shift of peak position in (004) plane. This is the clear
indication that external pressure is going to affect the
crystallographic plane. The quantitative magnitude of
distorted contraction of the plane is estimated in terms of
interplanar spacing. The change in interplanar distance
in particular (004) plane is 0.00384 °A, can be estimated
just by differentiation of Bragg’s equation

Aa Ad

a
Ad=d, —d, =d.Ab.cotd =

—A@.cot@ [for constant A]

A A
2sin@, 2sinb,
where 01 ,97 and AQ are the angular positions on

pressurized and un-pressurized x-ray spectra and their
difference.

Table 3: Data retrieve from XRD spectra

Sam Spec 26 (%) d(°A) [hk1]
Si  wop 28.46 69.02 3.13 1.36 111 400
Si wp 28.04 69.72 3.14 1.34 111 400
Calculated data

Silicon 28.51 69.31 3.12 1.35 111 400

Since the membrane consist of several crystallographic
planes separated by, d, . A membrane that deflects under
applied external pressure creates contraction of the
plane spacing. As a result there is a shifting in angular
distance of the XRD spectra and diffraction intensity;
both are easily observable experimental parameter as

shown in Fig.3d. Hence, application of pressure induces
a structural distortion with their twist in symmetry of
the lattice.

CONCLUSION

In solid-state physics, we avoid the surface that arises
unless a specific interest. Properties that happen over
the surface are associated with surface energy. Under
the thermodynamic equilibrium, a crystal acquires the
structure that satisfies the requirement of minimum total
surface energy. In a discrete lattice system on the surface
of the crystal vibrates in the form of waveform. The
vibratory motion of surface atoms contributes to surface
free energy [13]. It is obvious that the coordination of
surface atom is markedly changed in the presence of
applied stress as well as crystal imperfections. Where
as in inner layers the atoms are in condensed phase, the
molecules are coordinated on all sides. It is obvious that
the molecules on the surface have lower coordination
number because they lack neighbors on one side. So
that, the molecules on the surface layer have higher
energy than those in the interior [14]. This extra energy
is surface energy and it is the sum of the energies of
the broken bond. Thus the physical surface of a crystal
contains atoms with uncompensated bonds producing
the surface energy [13]. Hence, surface energy is the
measures of the strength of the intra-atomic forces.

We have experimentally proved that pressurized silicon
membrane has pull-off force variation over the strained
si-membrane that is because surface energy varies
over the strained silicon membrane. This can be stated
here without any doubt, based on pull-off force (i.e.,
measures by eq (1) and (2), variation with corresponding
topography. It means there is heterogeneous distribution
of force with distance. So, it is obvious that there is
asymmetrical charge distribution over the strained
silicon membrane.
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