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In this paper, the presented work aims to provide a designed model based
on Finite element method for detection of Malaria protozoan parasites.
Micro-cantilevers are next generation highly efficient biosensors for
detection and prevention of any disease. Here, an E-shaped model for micro
cantilevered biosensor is designed using COMSOL Multiphysics
specifically for detection of Malaria. Microcantilever materials viz Au, Cu,
Si and Pt are used for sensing Malaria protozoan with proper optimization
of device structure. The studies were carried out for stress developed and
displacement occurred due to force applied through these protozoan
biomolecules and varying beam length. Further, the designed structure was
analyzed for different beam materials available for biosensor and it was
found that Au is best suitable material for detection of malaria protozoan
parasites since it has best sensitivity profile among presented materials. The
results were also verified through analytical approach and it was found that
both results obtained through simulation and analytical methods do closely

agree with each other.

1. Introduction

The MEMS technology has brought out a revolutionary change
in the era of modern science and technology. It has found its
application in medical, Bio-logical and communication
engineering [1]. MEMS technology has opened new possibilities
because of its eminent characteristics which results in
miniaturization of device, low weight, and most impoortantly
comsumes very less power. MEMS devices are seen to have much
superior performances and smart functionalities. The MEMS
technology is developing exponentially day-by-day and new
products with wide range of applications are making the lives of
common people better and easy going. Recently, it has found its
application in the field of pathological test also. The whole medical
community is looking forward to this technology that in the near
future it will immensely change the diagnosis procedure of various
diseases in a whole new way for emergency situations using
biosensors based on MEMS technology.

A Bio-sensor is an analytical device that measures biological
or chemical change by producing signals which is directly
proportional to the concentration of the analyte. Bio-sensors are
employed in applications such as disease monitoring, drug
delivery, detection of pollutants, disease-causing micro-organisms
and Bio-markers that are indicators of a disease [2]. After thorough
study it is seen that MEMS had a wide range of applications and

most prominently it is going to be a powerful tool in medical
diagnosis in the near future. Any medical diagnosis for accurate
confirmation, chemical analysis is the only solution till date but
there arise certain situations that there is not enough time for a
proper chemical analysis which may require certain amount of
time and therefore for adding a confirmation level to the
predictions of a certain disease in emergency situations by
observing the symptoms, this research highly motivated to design
a bio-sensor which can serve that purpose in some emergency
situations to detect the presence of malaria parasite in human
blood.

Malaria is a common infectious disease caused by mosquito
bites that spreads through protozoan parasites. According to the
WHO World Malaria Report 2016, Malaria mainly spreads and are
deadly in the tropical and sub-tropical regions of America, Asia
and Africa continents. Every year about 51.5 million people are
infected by it and about 10 to 30 million people even die. Most of
the victims are small children of sub-Saharan Africa [3]. The
protozoan that causes malaria was named as Plasmodium by the
Italian scientists Etteré Marchiafava and Angelo Cele. It is of four
types and the most dangerous of which is the Falciparum and
Plasmodium Vivax. The other two are the Plasmodium oval and
Plasmodium malaria. This entire group is called 'Malaria Parasite".
Female anopheles’ mosquitoes are the carrier of this parasite. The
malaria parasite multiplies itself when they enter the human blood,
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resulting in symptoms of anemia (dizziness, breathlessness, etc.).
Apart from this, periodic fever, colds, and grief are also seen. In
severe cases, the patient can go unconscious and may even die in
acute cases. Several measures can be taken to prevent the
spreading of malaria. Mosquito nets must be used while sleeping,
empty open containers must not be kept in the house premises
where water can accumulate as mosquitoes lays eggs in still water,
and DDT must be spread in the surroundings. Researchers are
carrying out to produce vaccination against malaria but till date it
is not yet available. However, post malarial drugs are available in
the market, as for example chloroquine and quinine.

2. Micro-cantilever and micro-cantilevered MEMS
Biosensor

A rectangular beam fixed at one end and free at the other, is
called a Cantilever, and a Cantilever whose dimension are in the
range of microns is known as a micro Cantilever. As the
dimensions of the micro Cantilever is very small, the ratios of the
length to area and area to the volume will be drastically changed
and these changes alter the relative effect of the various physical
parameters significantly [4]. Micro-Cantilevers are one of the most
advanced MEMS devices. They have been used for sensing,
actuating and as a test structure. Micro-Cantilevers have potential
applications as sensors in physical, chemical, biological and
biomedical diagnosis [2]. They also have wide applications in the
field of medicine, specifically for the screening of diseases,
detection of point mutations, blood glucose monitoring and
detection of chemical and biological warfare agents. These micro
Cantilever-based sensors have many advantages over the
conventional analytical techniques in terms of high sensitivity, low
cost, simple to use, low analyte requirement, nonhazardous and
quick response. Several research groups have also shown the
possibility of using Micro-Cantilevers for the diagnosis of prostate
cancer [2,5,6], myocardial infarction [7], and glucose monitoring
[8]. Scientists are also trying to make miniaturized biochips based
on array of micro Cantilevers, which will detect several routinely
diagnosis diseases simultaneously in the laboratory. MEMS
cantilevers are also finding applications in the radio frequency
switches [9,38,40], filters [10], and resonators [11].

Cantilever based biosensors uses mechanical transduction
mechanism. It is based on the bending of micro fabricated silicon
cantilevers, caused by the adsorption of Bio-molecules onto the
sensor surface. In biosensors applications the displacement of a
cantilever can be related to the binding of Bio-molecules on the
surface of the cantilever beam, and is therefore used to compute
the strength of these bonds, as well as the presence of specific
reagents in the solution under consideration [2,5]. Piezoresistive,
piezoelectric, thermal expansion or capacitive effects are the
various method for detection [4,7]. Murthy et al. (2016), presented
a simple cantilever biosensor for detection of Tuberculosis by
taking blood samples of affected patients. Their method for
detection was based on the surface reaction of microcantilever
with mycobacterium tuberculosis which results in deflection in the
microcantilever but their main focus was limited to see the effect
of changing beam width for deflection in designed device [12].
Saeed et al. (2016), have also presented a biosensor for detection
of tuberculosis but the structure is micro stepped beam
configuration which uses small portion of narrowed length and
larger portion of wider length. The method of study was chosen as
capacitance where the structure considers the change in the
capacitance due to application of antigens. They have also done
the frequency analysis for the designed structure and found that for
the increased length, the device frequency decreases [13,39].
Prasad et al. (2016), presented a simulation study on a
microcantilever biosensor which can detect swine flu virus. The
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study uses creation of stress concentrating regions (SCR) in the
microcantilever for enhanced sensitivity. The use of SCRs enables
a significant increase in sensitivity due to mass loading affect that
is the significant stress is found in these areas of microcantilevers
[14]. These microcantilever biosensors are not only limited to
detect the antigens of tuberculosis, swine flu but also capable of
detecting cancer biomarkers [2]. In this research, we have
presented an E-shaped array of cantilever model for detection of
Malaria parasites which is the cause of deadly malaria disease.

3. Stress and displacement caused in microcantilever due to
biomolecules

3.1 Displacement

The micro Cantilevers often used as a mass detector that
detects stripped changes of a mass attached to the surface. Many
factors like Young's modulus, spring constant, Poisson’s ratio,
stress etc. are taken into consideration for the microcantilever that
is used in the measurement. Since the thickness of the beam is very
less, the moving inertia and shear deformation can be neglected.
The adsorb molecules generate a surface stress on the
microcantilever. This stress is created due to the interactions
between the molecules and also the microcantilever surface. The
relation between surface stress (o), introduced due to analyte
adsorption and deflection (d) of the beam can be expounded by
Stoney’s equation [15] could be a basic expression relating the
residual surface stress (o) per unit length during a film to the
curvature (k) of a substrate the film is deposited onto. The
curvature doesn't depend upon the fabric or the geometric
properties of the film. This equation is usually employed in
determinant the residual surface stresses in skinny films. In its
original type, the equation was given as:

60

=iz (D

where E and t are the unit of modulus and also the thickness of the
substrate. Since the cantilever plate is long and wide, normally

follow E is replaced by the biaxate modulus ﬁto accommodate

the Poisson magnitude relation () coupling. Surface stresses in
solids area unit assumed analogous to the physical phenomenon in
liquids. The unit of surface stress activity is totally different from
that of bulk stress. For the majority stress it',s N/m?, whereas for
surfacthee stress it's ,N/m. For modelling functions the surface
stress produce deflection in a substrate is commonly compared to
a focused moment produce deflection in a thin plate. The pair of
figures 1 shows the schematic for a cantilever plate subjected to a
focused moment on its free end whereas another end is absolutely
Stressful.

/

A

Figure 1. Simple Cantilever structure
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From second figure of figure 1 the modeling surface stress
including curvature during a microcantilever by equation to a
targeted moment iatrogenic curvature. The targeted moment and

g

also the surface stress are connected as M, = %
where t is that the thickness of the microcantilever
Applying the Stoney equation assumption that the surface stress
bends the plate with uniform curvature, into the focused moment
including plate bending the subsequent curvature relation for plate
bending may be given as

k= Mo 2

=5 (2)
whereM, is the applied focused moment,
E is the modulus of elasticity of the plate,
I is the moment of inertia of the beam.

For a beam of rectangular cross-sectional, the moment of inertia is
given as

| bt3

=1z 3)
where b is the width of the beam.
t is the thickness of the beam.
Comparing the curvature relations (1) and (2) the subsequent
relation between the surface stress and therefore the moment per
unit length may be established:
ot

M, = 7 €))

This relation shows that the moment is directly proportional to the

produce surface stress and also the geometric properties of the
plate. Moreover, it does not depend upon the material properties
of the plate. The governing equation for associate isotropic, thin
plates expressing the bending and twisting moments in terms of
the curvature and also the deflection is given as [16]

0%z 0%z M,

22t D )
0%z N 0%z M, .
dy?  9x2 D O
0%z M,
5 ST )
0,0, (1-9)D
Where D is the flexural rigidity of the plate and D = 12512)

In these equations, the moments are expressed in moment per unit
length. Assuming M, = M, = M, and neglecting the shear
component M,,,, the above equation can be written as
ot(x? +y?) 8
T 4D(149) ®
If the cantilever is clamped in such some way that its z-direction
motion is restricted, the above equation can be further simplified
given as
30(1—9) (L\*
4==5—()
E t
Where E is the Young's modulus
Jis the Poisson’s ratio
L is the length of the microcantilever
t is the thickness of the microcantilever
Young’s modulus and Poisson’s ratio are material dependent,
surface stress changes supported the quantity of analyte placed on
the device and also the deflection of the beam varies in accordance
with the changes in the length and thickness of the microcantilever
beam. Deflection can be calculated for varying lengths by creating
width constant and vice-versa [2]

)

3.2 Stress

The stress on the top of the micro Cantilever beam is z = —g
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T(x) = —E (—%) W () (10)

Now from equation
2

Fx
W'(x) =Fx—m, — —

T (1)
and putting the value of m,,
W) = F(x? —4Lx® + 6L%x?) 1
x) = 24ELI (12)
Now differentiating the equation 4.12 we get
F 1d d d
W' (x) = =—— |—x* — —4Lx® + —6L? 2]
) = 22EL0 [dxx 4, g olix
W' (x) = _F [4x3 — 12Lx? + 121%x]
24ELI
W) = o [d4 JELRPYILEPY: ]
= oagrla, ™t T, T,
F
"(x) = ——— [12x? — 24x + 1212
W' (x) %4EL1[ X x + ]
" — _ 2
W'G) = e (L= 2) (13)
So,
t
T(x) = —E [— E] W (x)
TG0 = ~E [~ o (L - 2
= 2l12EL1 Y T
T(x) = l (L )? 14
=g = (14)
Now putting I = %
T(x) = 3F (L — x)? 15
= ez X (15)
The maximum stress at x=0 is,
_Ft1? 16
7L (16)
Again putting 1= %
_ 3FL 17

Where, L is the length of the microcantilever, t is the thickness of
the microcantilever, b is the breadth of the microcantilever.

4. Designed structure for Biosensor
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Figure 2. Proposed E-shaped array of microcantilever as sensing structure.
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Design of the proposed model is shown in the Figure. 2 and
steps for development of same is presented below:

Steps for Model Development

I Model environment: After opening the COMSOL Multiphysics
the first job is to choose the appropriate environment for our
proposed model. We choose the model wizard for selecting the
space dimension. Among the 6-space dimension, we select the 3D
space dimension due to our 3D model structure. Then we add our
physics as solid mechanics. This interface is intended for general
structure analysis of 3D, 2D, and axis symmetric bodies. After
physics selection, we select our study as stationary.

Il Geometry: In the model builder window we select the geometry
section. In this section, the dimensions of the beam are taken
depending upon the nature of the structure. First, we set the unit of
the structure as a micrometer (um). Using the build all object
option in the block window we can directly make the structure as
shown in figure 3.

First, we take the dimensions of the first block as
length 5pum, breath 10um, and thickness as 2um.
Second, we take the second block to have length
10um, breath 3um and thickness as 0.5um and
position is set to base corner at x as10um, y as
Opm, z as 1.5um.

Third, we take the third block to have length
10um, breath 3um and thickness as 0.5um and
position is set to base corner at x as 5um, y as
3.5um, z as 1.5pm.

Forth we take the forth block to have length
10um, breath 3um, and thickness as 0.5um and
position are set to base corner at x as 5um, y as
7um, z as 1.5um.

a.

b.

Block 4

Figure 3. Geometry of the model

111 Material properties: To apply the required materials to our
block structure we first choose the material section in the model
builder window. Then we select add material option and choose
the required material from materials displayed in the right most
window of the COMSOL Multiphysics. From these materials type,
we first choose Ag (Silicon) and apply to the first block and then
apply the Au (Gold) to the three Cantilever blocks of the structure.
For the top most layers we select the solid Mechanics section and
apply the Au material to it. The properties of the two materials are
given in the tables .1

102

50, No. 1, June 2019, pp 99-107

Table 1. Material properties

Parameters Materials
Au Ag
Young’s Modulus (Pa) 70x10° 83x10°
Poisson’s Ratio 0.44 0.37
Density (Kg/m®) 19300 10500

IV Physics: There are various steps in the physics section that
need to apply to the structure is given below.

a. Add Physics: Here for our model, we need one physics
to be added. We select the add physics section in the
menu bar. It enables an add physics windows at right
most corner of the COMSOL main window. From which
select the solid mechanics as our physics. Then we take
the Solid Mechanics as our physics and it to top most
layer of the structure.

Fixed constraint: In this section, we shall apply some
boundary condition to the beam as required by the
structure. We first select the physics section in the menu
bar, then select the fixed constrain in the boundary
option. First, we take the solid mechanics layers the left
most ends of the two layers are selected and fully
constrained both by displacement and rotation. So, these
are the three-boundary condition at that end of the three
Cantilever Beam. This makes the simple rectangular
structure into an Array of Cantilever Beam.

Boundary load: Since the nature of the application of
the beam demands uniform load. So we apply boundary
load in the top surface of the Array of Cantilever Beam.
We manually choose the top surface of the beam and in
the load type, we select force per unit are as our load. In
the first step, we vary the load from -0.1 N/m? to -1
N/m2. In the second step we, fix the load as 0.5 N/m?
throughout the simulation process. The negative sign
signifies that load is in the opposite of z-axis.

V Meshing: The meshing serves two purposes. It first subdivides
the structure being modeled into smaller pieces or elements over
which it is possible to write a set of equations describing the
solution to the governing equation. The mesh is also used to
represent the solution field to the physics being solved. For
meshing the structure, we first select mesh option in the menu bar
and we choose the tetrahedral as our element type. Then we choose
the normal meshing size to mesh the structure. Figure 4 shows the
meshed model of the Array of Cantilever structure.

Figure 4. Meshed model of the structure
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VI Study: After meshing the structure we have studied the
structure for the stress and displacement are induced. In the menu
bar, we go to the add study option and then compute the structure.
V11 Post-processing: The simulated result can be seen in the post-
processing option of the software. We can observe that the
deformed shape of the figure has different color contours. Each
color contour indicates the value of the stress and deformation at
different points on the beam and a scale for those colors is shown
at the right. We first calculate the von-mises stress for the structure
at the fixed end for the maximum stress experienced by the
structure. The different stress values at the different point of the
structure can be observed from the evaluation 3D window of the
software at the bottom of the structure. Then we observe the
deformation produced at the beam. We can see that maximum
deformation is produced at the tip of the beam which is denoted by
the red color contour of the structure. At last, we observe the stress
and displacement produced at the upper surface of the Array of
Cantilever Beam.

5. Simulation and Analytical results

The simulation process has been done with the help of
COMSOL Multiphysics and the results will be analyzed in this
section. Also, in order to verify the model presented for
displacement and stress, we shall compare the simulated result
with the analytical result. For that two steps will be considered as
explained below.

Step 1:
In the first the applied load will be varied from 0.1N to 1N with a

dimension of the structure remain fixed as shown in table 2 given
below.

Table 2: Dimension of the model

Parameter Block-1 Block-2  Block-3  Block-4
Length (um) 5 10 10 10
Width (um) 10 3 3 3
Height (um) 2 0.5 0.5 0.5
X-AXxis (um) 0 5 5 5
Y-axis (um) 0 0 3.5 7
Z-axis (um) 0 15 1.5 1.5

In the array of Cantilever with different material, Gold has the
maximum deflection followed by Silicon, Copper, and Platinum.

po(1)=0.1

Volume: Total displacement (um)

vy
A1.44x107
x107

0

0
Yo
Figure 5. Displacement on the beam due to a 0.1N/m? load

p0(1)=0.1 Surface: von Mises stress (N/m?)

Yo

Figure 6. Stress on the beam due to a 0.1N/m? load

Observation Table:
The comparison of the simulated and the analytical results for
stress and deflection are shown in table 4 below.

Table 4. The comparison of the analytical and simulated results
for stress and deflection for varied load

. - . ) 1IN L 2 Displ

Table 3 shows the material properties of the considered materials. S1No A;;?e Stress(N/m”) 'splacement (um)
Therefore, the Gold is the most suitable beam material compared d Analytica  Simulated  Analytica  Simulate
to rest. | Results Results | Results  d Results
1 0.1 120 97.3 1.152E-6  1.44E-6
Table 3: Comparison of different material properties 2 02 240 5 19 230466 28986
Material Young’s Modulus (E)  Poisson’s Ratio (v) 3 0.3 360 202 3.456E-6  4.33E6
Silicon 165 0.22 4 0.4 480 398 4.608E-6  5.78E-6
Gold 70x10° 0.44 5 05 600 487 5.760E-6  7.22E-6
Copper 120x10° 0.34 6 0.6 720 584 6.912E-6 8.67E-6
. 7 0.7 840 681 8.064E-6  1.01E-5

9

Platinum 168x10 0.38 8 0.8 960 779 9.216E6  1.16E-5
9 0.9 1080 876 1.0368E-5  1.30E-5
10 1 1200 973 1.1520E-5  1.44E-5
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Figure 7. Comparison between analytical and simulated for Stress vs Force

Figure 6 shows the simulated stress output for an applied load of
0.1N/m? .By analyzing the figure we can observe that the color
contour at the fixed end of the beam is red and at the free end is
blue which denote that the stress produced at fixed end of the beam
is maximum and at the free end is minimum. The graph figure 7 is
the comparison between the simulated results and the analytical
results (from equation 17) of stress produced for different applied
load. After analyzing the two curves for the analytical results and
the simulated results we can observe that the both the results are
almost same to each other which verify that, the model we have
presented for maximum stress is accurate.

x 10 Analybcal vs Simutsted Displacement

Displacement (um)
\

]
A

Farce ()

Figure 8. Comparison between analytical and simulated for Displacement vs
Force

Figure 5 shows the simulated deflection output for an applied load
of 0.1N/m? .By analyzing the figure we can observe that the color
contour at the fixed end of the beam isblue and at the free end is
red which denote that the deflection produced at fixed end of the
beam is minimum and at the tip is maximum. The graph figure 8
represents the comparison between the simulated deflection and
the calculated deflection values. The calculated values for
displacement are obtained (from the equation 9). After analyzing
the two curves we see that more load is the deflection produced in
the beam which can also be seen in the calculated values. After
analyzing the two curves for the analytical results and the

simulated results we can observe that the both the results are
almost same which verify that, the model we have proposed is
accurate.

Step 2:

In the first step simulated results for stress and deflection have
been observed and analyzed by varying the applied load from
0.1N/m?to IN/m?. After getting the simulated results, they are
compared with the analytical results that have already been
calculated using the equations mentioned. In the second case the,
length of the microcantilever beam is varied from 1um to 10pum
and analyzed to see how itis affecting the resulting stress and
displacement keeping other parameters constant. The applied load
is kept fixed 0.5N/m?2throughout thesimulation. As of the last case
here also the simulated results are compared with the analytical
results to check whether they match each other or not.

Observation Table:
The comparison of the simulated and the analytical results for
stress and displacement are shown in table 5 below

Table 5. The comparison analytical and simulated results for
stress and displacement for a varied length of the cantilever

beam
S..No. Beam  Stress(N/m?) Displacement (um)
length
(H”%) Analytical ~ Simulated  Analytical ~ Simulated
Results Results Results Results
1 1 6 2.95 5.75E-10 7.40E-11
2 2 24 13.1 9.216E-9 9.62E-10
3 3 54 30.6 4.665E-8 4.570E-9
4 4 96 58.6 1.474E-7 1.600E-8
5 5 150 95.1 3.600E-7 3.740E-8
6 6 216 147 7.460E-7 8.450E-8
7 7 294 223 1.382E-6 1.620E-7
8 8 384 285 2.359E-6 2.830E-7
9 9 486 388 3.779E-6 4.690E-7
10 10 600 487 5.760E-6 7.220E-7
Analytical vs Simulated Stress
= T T T T T
sk —4— Simuatsd i
- / —
Sm- / .
n% //'/
m- J
/,-/"’
- 44//' -
,/"‘
/"/
=1 | | I ! |
1 2 3 1 5 ] 7 8 ] 1
Beam lenggh um)
Figure 9. Comparison between analytical and simulated Stress for varied
beam length

In graph fig 9 shows that the result of both the simulation and the
analytical result are almost cross-pond each other and varied
linearly, which prove the accuracy of the proposed model.
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i Analjical s Simusted Dspacsment
§

1 H 3 4 P g 7 [ [ ]
Seam engh )

Figure 10. Comparison between analytical and simulated Displacement for
varied beam length

In graph fig 10 shows that the result of both the simulation and the
analytical result are almost corresponded to each other and varied
linearly, which prove the accuracy of the proposed model.
Observation Table:

The simulation output result for displacement and varied beam
length for different material at a fixed load 0.5 N/m?2, are shown
in the table 6 below

o Dispacenert v Beam engh hu Masid

—E—Plainum PY

Bea g o)

Figure 11. Simulated displacement for varied beam length for different
material

In graph fig 11 shows that the simulated displacement for varied
beam length for different material. The analysis of the result
showed that by increase the Bio-molecules would increase the
deflection and stress. Therefore, the Gold has the maximum
deflection followed by Silicon, Copper, and Platinum.

6. Conclusion

A biosensor model for detection of Malaria protozoan parasites
using microelectromechanical systems (MEMS) technology is
presented. The presented model enables detection of protozoan
parasites more accurate, easily and efficiently by using array of
cantilever which is not possible to detect using traditional available
biosensors. Study concludes that the deformation occurred in the
microcantilever and stress developed is directly dependent on the
concentration of protozoan parasites, equivalent force developed
due to these parasites, length of the cantilever and most
importantly selection of proper material for the microcantilever.
From the selected materials viz Gold, Silicon, Copper and
platinum, the best sensitivity is found to have with Gold and is
mostly employed for fabrication of microcantilever based
biosensors. Further studies can be performed by changing the
shape of the microcantilever and use of hole in nm range over the
surface of the cantilever to increase the sensitivity. Related
theories for study of different vibrational elements is provided [17-
37].
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Table 6. Simulated results for displacement for varied beam length for different material

Displacement (um)

Sr. No. Bear(n“hqe)ngth Silicon (Si) Gold (Au) Copper (Cu) Platinum (Pt)
1 1 4.05E-11 7.4E-11 5.41E-11 3.63E-11
2 2 5.14E-10 9.6E-10 6.91E-10 4.67E-10
3 3 2.540E-9 4.57E-9 3.370E-9 2.260E-7
4 4 8.320E-9 1.60E-8 1.120E-8 7.590E-9
5 5 1.990E-8 3.74E-8 2.660E-8 1.800E-8
6 6 4.140E-8 8.45E-8 5.640E-8 3.880E-8
7 7 7.890E-8 1.62E-7 1.070E-7 7.400E-8
8 8 1.350E-7 2.83E-7 1.850E-7 1.280E-7
9 9 2.180E-7 4.69E-7 3.010E-7 2.090E-7
10 10 3.340E-7 7.22E-7 4.600E-7 3.200E-7
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