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ABSTRACT

This thesis focuses on the optimization of a novel design back surface contact
(BSC) copper indium gallium (di)selenide (CIGS). It introduces the Nearly Orthogonal
Latin Hypercube (NOLH) design of experiments as a means of optimizing parameters to
be entered into Silvaco ATLAS simulation software. By introducing a vertical p-n
junction within the bulk of the solar cell the separation of charges was promoted, and
with the BSC layout shadowing effects were negated. Due to these changes the optimized
cell efficiency was found to be 27.1%, a relative increase of 11.5% from the previous
optimal designs of prior theses. The NOLH generated data that could be run in parallel,
significantly reducing simulation time, as well as giving a better understanding of the
relationship between parameters within the solar cell. The NOLH design of experiments
is the next step for all solar cell optimization efforts. The implications of the
high-efficiency, lightweight design of the BSC CIGS solar cell ranges from terrestrial to
celestial and everywhere in between. From lightweight comms recharge capabilities to
unmanned aerial vehicle (UAV) power sources, and even satellites, the potential for

CIGS are endless.
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I. INTRODUCTION

As the use of technology continues to advance in the modern world, the demand
for clean, renewable, and inexpensive energy is on a rise. With the increase of power
consumption, the effects of fossil fuel usage on the environment and political climate are
causing countries to scramble for a clean, renewable source of power. Current means of
renewable energy include wind turbines, hydroelectric, and geothermal. These power
generation techniques, however, have environmental requirements not met in most parts of
the world and have ecological impacts. Solar power is both a renewable energy source and
has minimal environmental or ecological effects. To combat climate change solar energy
has been integrated into everyday technology, creating extreme demands on high-
efficiency cells. As the most used solar cell, silicon (Si), approaches its theoretical
maximum performance, greater amounts of study have been directed at new materials in
hopes of surpassing the current power and efficiency limits. As part of this research effort,

novel cell designs utilizing thin film back surface contacts (BSCs) have been investigated.

Solar energy demand is not solely concentrated on societal infrastructure but is
currently in use in many government and military applications. Current uses are, but not
limited to, satellites, interplanetary space rovers, and charging stations for communication
devices for warfighters. The diverse implementation of solar energy requires a diverse
requirement for types of solar cells. Space specific solar cells must be radiation hardened
(rad-hard), with increased longevity, and lightweight to decrease the cost of launch
systems. For terrestrial usage by warfighters, the cell must be rugged, compact, and
lightweight. A study conducted for the Marines showed that for every 15 pounds of excess
weight a Marine had to carry decreases survivability in a combat scenario by 5.3% [1]. To
accommodate the necessary requirements, solar cells such as copper-indium-gallium-Di-
selenide (CIGS) have been investigated and proven to be great contenders for both

applications with their rad-hard and efficient characteristics.



A. OBJECTIVE

The motivation of this thesis is to explore the benefits of a novel design CIGS solar
cell and the impact of a BSC on efficiency and cell design. To determine the optimal
parameters under terrestrial industry standard, AM1.5, this model will be optimized
utilizing the Nearly Orthogonal Latin Hypercube (NOLH) and simulated in semiconductor
modeling software Silvaco. This builds on the work conducted by Logar [2] in March 2022,
with additional parameters being varied utilizing the NOLH.

B. RELATED WORK

The BSC architecture with CIGS has been modeled by several past Naval
Postgraduate School (NPS) students. At the forefront are Herrera [3] and Logar [2], with
similar models explored in this thesis. Previous work on novel designs of CIGS were
conducted by Fortis [4] and Columbus [5], where a CIGS solar cell was modeled focusing
on optimization by interchanging layer materials and altering thicknesses in Silvaco.
Modeling of BSC designs was conducted by O’Connor [6] and Green [7] utilizing Gallium
Arsenide (GaAs) and silicone (Si) solar cells, respectively. Modeling techniques, as well
as the optimal performance data from these previous student works, will be utilized to meet

the objective of this thesis.

C. ORGANIZATION

This thesis is organized to provide sufficient background for readers who are not
familiar with semiconductor physics or solar cell specifics, Chapter I and Chapter I1I cover
these topics in detail, respectively. Chapter IV delves into CIGS and the novel design
explored in this thesis. Chapter V covers the simulation techniques used to model the solar
cell, both NOLH and Silvaco. The final two chapters expound upon the results found and

provide concluding remarks with focus on future applications.



II. BACKGROUND

This chapter contains the required review information for atomic physic and the
nature and functionality of semiconductor physics. The fundamentals of all solar cells start
at the atomic level. The reader who is familiar with the concepts described herein may wish
to proceed to either Chapter III or IV for a discussion on solar cell construction and CIGS,

respectively.

A. FUNDAMENTAL PHYSICS

The modern model of an atomic structure was created by Niels Bohr in 1913. His
model demonstrated multiple electrons can occupy quantized energy states, known as
shells. These shells surround a positively charged nucleus, creating an atom. The electrons
surrounding the nucleus may transfer between the energy states, going from shell to shell,
by giving up or gaining energy, as demonstrated in Figure 1. The energy required for this

action is equivalent to the difference in the energy levels of the different shells.
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Figure 1. Transition of an electron from shell states. Source: [8].

The farther the electron is from the nucleus the higher the potential energy, and the
lower the kinetic energy, giving it the weakest bond to the atomic structure. As an electron
can only occupy a shell orbit, and not the space between energy states, each shell has a set
number of electrons that may occupy it. This forces electrons to the valence band, the
outermost band, and creates the possibility for free electrons. Free electrons are electrons

that do not occupy any energy band of an atom and are cable of moving independently.
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The number of free electrons is directly correlated to temperature. At 0 K, absolute zero,
the movement of electrons is minimized and there is not enough energy for an electron to
change state. As the temperature increases, kinetic energy is increased; this allows the
electrons to break free from the valence band. Free electron movement is directly correlated
to the electrical conductivity and magnetism of all materials. Bohr’s model for atomic

structure and the demonstration of a free electron is shown in Figure 2.

T =00

n=3

[\ n=2
L ) n=1

Increasing distance
from the nucleus

Figure 2. Bohr’s model of the atomic structure. Source: [9].

B. BANDGAP

As temperature rises the energy levels in valence electrons increase and some break
free from the atoms. The higher the temperature the more electrons that are capable of
breaking free from the valence band. This holds true until there are no more electrons in
the valence band, and then the temperature increase could hinder conductivity of the
material. When the electrons leave the valence band (Ev), they enter what is known as the
conduction band (Ec). Free electrons in the conduction band have higher energy than those
in the valence band and can only exist in one of the two bands. The state between the two
bands is known as the bandgap, (Eg), as shown in Figure 3. No energy states can exist
within Eg; however, it is a vital characteristic in predicting the behavior of the materials

discussed in future chapters.
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Figure 3. Bandgap construction. Source: [10].

The size of the bandgap within materials and compounds indicates the conductivity.
As shown in Figure 4, materials classified as conductors have overlapping valence and
conduction bands, they promote the flow of electrons, such as most metals, especially
Copper. Inversely, materials classified as insulators have a large bandgap, a greater
difference between the energy levels of the conduction and valence bands. These insulators
inhibit the flow of electrons, this is found in materials such as rubber and plastic.
Conductors have very low resistivity to electron flow, while insulators have very high

resistivity. Materials with moderate bandgaps are classified as semiconductors.

E4 ra ra
. Conduction band
Conduction band Conduction band
Bandgap t E; Bandgap E;
Valence band
Valence band
Valence band
Conductors Semiconductors Insulators

Figure 4. Bandgap effects on materials. Source: [8].



The conductivity, the number of free electrons, can be increased with the amount
of energy supplied, at minimum equal to the bandgap of the material. Conductors require
very little energy, while insulators require greater amounts of energy to conduct a
negligible number of electrons. The true diversity is found in semiconductors, which can
act as both a conductor and an insulator in the right situations. For this reason,
semiconductors are often used in electrical systems in the form of diodes, transistors, and

many other applications.

Natural semiconductor material is exclusively found in Group IV of the periodic
table. Compound semiconductors can also be created by combining materials from various
groups on the periodic table, such as III-V and II-VI compounds. The combination of these
different groups of materials mimics a Group IV material, by maintaining eight electrons
in the valence band, a full valence band. Materials within the Group V and VI have five
and six electrons in their valence band, same with group II and III, they have the
corresponding number of electrons in the valence band. When a Group V or VI material is
introduced to a Group III or II material, they will give up an electron to said material,
creating a net positive charge. This positive ion will now be attracted to the now electron
heavy Group II or III material that will have a net negative charge, a negative ion. Once
the ions of opposite polarity combine, they form an ionic bond, now having eight electrons
in the outer valence shell. Figure 5 shows an abbreviated periodic table that represents most

of the Group IV and compound semiconductor materials.

VIIA
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B 'C'N O F Ne
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Figure 5. Abbreviated Periodic Table. Source: [11].



When an electron is released from their covalent bond, due to a rise in energy, their
negative energy is removed from the location, and a resultant hole is left behind. The hole,
or a vacancy of an electron, has a net positive charge of the same magnitude as the absent
electron. This process happens through ionization, or generation. The now created electron
hole pair (EHP) can recombine if near each other, this will cause the ions to disappear, and
a neutral charge to perpetuate, this is called recombination. An electron can move through
the material, and so is afforded many different opportunities to recombine. Temperature
and the concentration of EHPs within a material determine the rate of generation and
recombination. At thermal equilibrium there is a constant number of EHPs present within

the material, due to the rate of generation and recombination being equal.

If a semiconductor contains no foreign atoms, it is called a pure or intrinsic
semiconductor and can be seen in Figure 6. No EHPs exist at 0 K in intrinsic
semiconductors. However, as the temperature is increased the number of EHPs will raise
logarithmically. These EHPs are called intrinsic carriers, and as the number of EHPs
increase so too does the conductivity of the material. The intrinsic carriers make up a small
fraction of the atoms within the device and play an important role in the function of the

electronic device.

(a) (b)
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Figure 6. Intrinsic semiconductor without (a) and with (b) EHP. Source:
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To increase the conductivity or alter the electrical properties of materials, impurities
known as dopants, can be added. Group V or above materials are classified as donors, since
their predominant carriers are electrons, and they will donate an electron to a material of
Group III or lower, thereby obtaining a net positive charge. Group III and lower are called
acceptors, as their predominant carriers are holes, and they will accept an electron from a
neighboring atom, becoming negatively charged. Materials that are doped with donors are
called n-type materials, while materials doped with acceptors are p-type materials. N-type
material is said to have electrons as the majority carriers, while p-type material has holes
as the majority carriers. Doping a material is the process of adding these donors or
acceptors to intrinsic material, thereby turning it extrinsic, as shown in Figure 7. Extrinsic
material will have inherently different electrical properties than its intrinsic counterpart.
Both types of doping can be used to counteract impurities that may exist in intrinsic

materials, this is known as a compensated semiconductor.
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Figure 7. N-type (a) and P-type (b) doping. Source: [12].

C. FERMI LEVEL

As doping is conducted on a material, the concentration of carriers shifts and what
is knowns as the fermi level, Er, will change. The fermi level, or energy, is the
electrochemical potential of the electrons in a material, and it signifies the average energy
of electrons in said material [12]. This comes from the Heisenberg uncertainty principle,

which states that uncertainty is inherent in measuring the characteristics of a particle, such
8



as velocity, momentum, position, and energy level. In an intrinsic semiconductor, when at
0°K, all electrons will have energies below the fermi level, however as temperature rises
EHPs are generated and electron energy will rise above the fermi level, populating the
conduction band. Equation 1 is the measure of the fermi level, known as the Fermi-Dirac

distribution.

1
S(E) = 15 o EHT (1)
While the fermi level is in the middle of the band gap for intrinsic semiconductors,
the same is not true for extrinsic. Figure 8 shows the fermi levels of n-type and p-type
materials, based upon the concentration of electrons. N-type will have a higher electron
energy, forcing the fermi level higher. Conversely, p-type will have a higher positive

charge, forcing the fermi level down towards the valence band.

Es { i : p-type
_________________________
——, - H '
2 i : .
H
density of states E) carrier

concentration
Figure 8.  Carrier concentration-based fermi levels. Source: [8].
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While Figure 8 demonstrates the carrier concentration effects of fermi levels,
temperature is another factor that can affect the material fermi level. Not only does
temperature change the conductivity of a material, the generation and recombination rates
of EHPs, but also the fermi levels. Figure 9 shows the effects temperature has at generic

set points above 0°K.
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Figure 9. Temperature effect on fermi level. Source: [8].

D. P-N JUNCTION

A p-n junction, or a heterojunction, is the combination of a p-type and n-type
material. The interface between the materials is responsible for the functionality and built-
in voltages observed in many modern electronics such as transistors, diodes, and solar cells.
These junctions have different currents that run through the semiconductors. The two
discussed will be the drift and diffusion currents. Both play a vital role in the operation of

the p-n junction and capability for utilization by modern electronics.

If a doped semiconductor has a higher concentration of carriers in part of it, then
those carriers will diffuse, evenly spreading across the material. This action is analogous

to the diffusion of dye in water. The diffusion current, L4, is the current produced by the

10



movement of said carriers. This is caused by the majority carrier concentration, also called
the doping of the material. Figure 10 shows the diffusion current of holes in a material, the

holes move to the right, a less concentrated portion of the material.

If there is an external force, such as an electric or magnetic field, the movement of
charges can create a current. This current is known as drift current, Is. The current is
proportional to the magnitude of the temperature, minority charge carrier density, and

electric field. Figure 11 demonstrates drift current of holes in a material.
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Figure 11. Drift current of holes. Source: [8].

Drift and diffusion current are both defined by the direction of motion of the holes,

or positive charges, as shown in Figures 10 and 11, this is opposite the movement of

11



electrons. As these particles drift in the material, attempting to accelerate, collision occurs
with atoms in the lattice. The collisions and the charge of the ionized impurities within the
material will cause a deceleration of an electron. The electron will stop accelerating due to
these forces and will attain a constant speed through the material. This is called drift speed,
up. The ratio of the drift speed to the applied field is known as mobility, p, and is dependent
on the material. Mobility will decrease with temperature and the concentration of

impurities due to carrier scattering.

At equilibrium, if two doped materials (one n-type and one p-type) are brought
together, as in Figure 12, the following would occur. Majority carriers (holes for p-type
and electrons for n-type) will diffuse into the other material, creating at first a large
diffusion current. Upon crossing the junction, the holes and electrons will recombine with
their opposite from the other material, holes crossing will combine with electrons and vice
versa. The recombination will create what is known as the depletion region, a region devoid
of any carriers, with negatively charged ions remaining on the p-type material and
positively charged ions on the n-type material. The depletion region, with its highly
concentrated ‘walls’ of ions creates an electric field, thereby slowing the diffusion of

carriers through the material until equilibrium has been achieved.
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Figure 12. Depletion region of p-n junction. Source: [8].
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Due to the buildup of carriers on opposite sides of the junction, an electric field will
be created that will oppose the diffusion current of carriers. Minority carriers from either
side of the junction will be forced by the new field to the opposite ends of their material,
creating now a drift current. Equilibrium is reached when drift and diffusion current

become equal in magnitude.

As demonstrated in Figure 8, n-type and p-type materials have differing natural
fermi levels due to their majority carrier concentrations. When the two materials form a
junction, that fermi level must remain the same. That will cause the conduction and valence

band to shift, or bend around the depletion region, as shown in Figure 13.

Drift

Figure 13. Band Diagram of p-n junction at equilibrium. Source: [13].

If a voltage is applied across the material, it will place the junction in either a
forward or reverse biased state. A forward biased p-n junction has a positive lead connected
to the p-type material and a negative lead to the n-type, this will distribute back to each
region their natural majority carriers. This action minimizes the Is and will counteract the
internal voltage created by the depletion region, thereby narrowing the depletion region.
Since this junction is no longer in equilibrium the fermi levels are now what are called

quasi-fermi levels and are separated at the junction between the two materials. The

13



separation level of the two quasi-fermi levels is equivalent to the applied voltage, as is

shown in Figure 14.
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Figure 14. Forward biased p-n junction. Source: [8].

Conversely, a system is said to be reverse biased if a voltage is applied with the
positive lead connected to the n-type and a negative lead connected to the p-type. A larger
depletion region and an increase in barrier voltage will occur. This is due to the increase of
minority carriers, as well as the decrease of majority carriers. The current will become
predominately controlled by Is as Ia will be severely decreased. The band diagram for

reverse bias is shown in Figure 15.

S

p—iyvpe n—iwvpe

Junction

Figure 15. Reverse biased p-n junction. Source: [8].

14



III. SOLAR CELLS

A solar cell construction is comparable to a p-n junction on a fundamental level.
Solar cells, or photovoltaic (PV) cells, are a particular form of semiconductor, with
components that prioritize the generation of electricity from the radiation of the sun. This
chapter will focus on the development of a modern PV system and how it operates,
regarding cell construction, influence of materials, loss mechanics and limitations. To
understand how a PV cell converts external energy into the generation of EHPs to provide

electricity, first the source of the power must be explored.

A. SOLAR SPECTRUM

While solar radiation is the source of energy that PV cells utilize, the measurement
that is utilized by PV cell industry is a concept called air mass, AM. AM is the measure of
the effect of loss due to the photons increased distance from the sun and passage through
the Earth atmosphere, thereby loss of irradiance. At AMO, there is no loss due to the Earth
atmosphere, and irradiance is at the highest, as shown in Table 1. When the photon makes
it to the earth at a 90° angle it is called AMI1, as shown in Figure 16, the amount of
irradiance is the peak of terrestrial capabilities. However, this is not a realistic metric for
PV system capability to capture the photons through a sun cycle. For this reason, the
industry standard for testing of PV materials is at AM1.5, with a sun measurement of 48.2°
from overhead. Of note in Table 1, AM1.5 gives 900 W/m?, however, AM1.5 will be
measured at 1000 W/m? for this study, consistent with the industry standard.

Table 1.  Spectral distribution conditions. Adapted from [2].

. Zenith Angle (02) Approx. Incident .
Location [deg] Power [W/m?] AM Condition
Outside
Atmosphere N/A 1365 AMO
Surface of Earth 90 1040 AM1

900
Surface of Earth 48.2 (1000 Standard) AML.5
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Figure 16. Air Mass 0, 1, and 1.5. Source: [14].

Wavelength also plays a crucial role in the generation of EHPs in a PV cell. Any
wavelengths with energy less than that of the material bandgap do not provide sufficient
energy for generation and so will pass through the cell without incident and will not be
absorbed. Conversely, wavelengths that exceed the band gap energy will generate an
electron, however, the excess energy will force the electron well above the conduction
band. Here the electron will move around generating heat, until it stabilizes at a lower
energy level. This heat generation is not beneficial to the solar cell and can lead to further
losses. A spectral mismatch is when both the too short and too long wavelengths affect the
solar cell, this accounts for the majority of loss in the energy conversion process [12].
Equation 2 shows the relation between wavelength and energy, and Figurel7 demonstrates

the corresponding energy-wavelength graph for AMO and AM1.5.
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Figure 17. Solar Spectral Irradiance. Source: [4].

B. LOSS MECHANICS

Several other losses that may occur for a solar cell are light refraction,
recombination, and shadowing. Refraction occurs on the surface of the cell and can account
for up to 30% of total loss on an untreated PV cell [15]. Antireflective coating, ARC, and
texturing are ways to counter refraction loss and promote the absorption of light. ARC
thickness should be as such that it will not trap incoming photons yet promote the
absorption of those that meet the bandgap requirements. Texturing is the process of
creating micro-grooves on the surface of a PV cell. These pyramid-like shapes reflect light
back into the substrate to be absorbed, if possible. Finally, shadowing occurs from the
electrical grid on the surface of the cell blocking sunlight from absorbing into the cell,
effectively casting a ‘shadow’ over the material. The loss can be minimized by careful
construction of the microgrid to allow sufficient surface exposure, but not be too far apart
as to allow recombination to occur. Another way to combat shadowing losses will be

explored in Section 3D.

C. SOLAR CELL CONSTRUCTION

This section will give a brief overview of a common PV cell structure for a
reference on the changes that the novel design introduced in Chapter IV will have. Figure
18 shows a generic solar cell, of note is that this design is not set in stone, there are other

17



factors that could come into play depending on the material used, application of cell, and

layer thickness requirements.

Front Surface Field

Buffer

Window / TCO
Emitter

Absorber

Back Surface Field

Figure 18. Layers of typical solar cell. Adapted from [2].

To conduct a proper review of the solar cell, each layer will be briefly described,
with attributes and requirements for operation. First is the grid. As discussed in Section 3B,
this collects the charge carriers and provides a means to transport electricity from the solar
cell. Careful consideration must be made in the construction of the grid, as overly large
fingers on the grid causes the shadow loss, while overly small fingers will increase
recombination rates of EHPs. The ARC should be directly beneath the grid, to absorb as
much irradiance as possible, and may be applied in more than one coat. This coating

typically has a blue hue thanks to polysilicon.

Next is a front surface field, FSF. This is a highly resistive material that reduces the
number of carriers that can make it to the surface or recombine, and instead assists in
maintaining them to the lower levels to be absorbed into the grid. The fourth layer is the

buffer, this portion is dependent on the material, as its main objective is to assist in
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connecting two materials that are typically incompatible due to mismatched lattice
constants. The window/transparent conducting oxide (TCO) layer is the final layer with the
grid in it. This is a very low resistive layer that promotes the flow of carriers to maximize

the collection.

The top layer of the p-n junction, the emitter, is a very thin section of only a few
micrometers that most EHPs are generated from. The bottom layer of the p-n junction is
called the base and is much thicker than the emitter. At 200-300 pm this layer combines
with the emitter to create the p-n junction, thereby creating the internal voltage that is
required to assist the creation of the EHPs. The most common base is p-type, due to electron
mobility being higher, therefore reducing the chance of recombination, as electrons flow
from the emitter to the grid. The base and emitter must be of opposite polarity to create the

p-n junction. The two combined together is also known as the absorber layer.

The final two layers are the back surface field (BSF) and the back contact. The BSF
is made of highly doped material, of the same polarity as the base. This creates a secondary,
albeit smaller, internal voltage to assist in the separation of carriers and direct the flow of
the ones generated deeper in the cell. The back contact collects the charge carriers of the
same polarity as the BSF and base. This final layer is typically reflective to rebound

photons of higher energy back into the cell in hopes of causing generation.

D. BACK SURFACE CONTACT

The traditional solar cell contains a grid on the surface of the cell for the collection
of holes and electrons that break free from the material. There has been substantial study
on the effects of widening, thickening, and positioning of the fingers of the grid to achieve
the maximum throughput of solar radiation, while simultaneously minimizing the
possibility of recombination. However, there exists an alternate method for collecting the
carriers that are released by the photons, and that is called the back surface contact (BSC).
BSC has many other names, such as interdigitated back contact (IBC), staggered back
contact (SBC), and back alternating contact (BAC), all effectively the same concept. Figure
19 is a model of the SunPower Corp. BSC solar cell that was created in 2008. To garner a

better understanding of the BSC cell, each component will be discussed briefly.
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Figure 19. BSC cell. Source: [16].

The surface of the cell no longer contains the grid, thereby eliminating shadow loss
and increasing the photon throughput, thereby EHP generation by approximately 10%.
Without a grid on the surface the creation of a textured layer is far easier as well. Due to
grid relocation, the size of the fingers is no longer a variable. Instead, there must be contacts
layered on the bottom of alternating heavily doped p (p+) and n (n+) semiconductors. These
alternate to capture the respective minority carriers and transport them along their
respective busbar. Between each of the p+ and n+ semiconductors there must be a small
gap, experimentally found to be 10 pm to prevent shorting [17]. The size of the n+ and p+
can vary depending on the bulk material makeup and mobility constants to ensure the
highest throughput of minority carriers and minimize the chances of recombination. The
passivation layer has the functionality as the Buffer, Window/TCO, and the FSF shown in
Figure 18. Lastly, the electrons and holes now must move in the downward direction, to
their respective busbars, and so there is no emitter layer near the top. Figure 20

demonstrates the movement of the minority carriers into their respective materials.
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Figure 20. Movement of carriers in BSC cell. Source: [18].

E. PERFORMANCE METRICS

To truly measure the success of a solar cell there are specific parameters that are
measured and considered, known as optical parameters. These are known as fill factor (FF),
short-circuit current (Isc), max power current (Imp), max power point (Pmax), max power
voltage (Vmp), open-circuit current (Voc), and efficiency (n). Equations 3 through 7 show
how to calculate all parameters with exception of the Imp and Vmp, which can be identified

using a graph called an I-V curve, as shown in Figure 21.
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Figure 21. Generic I-V curve. Source: [19].
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Pmax 1s the potential output of a solar cell at its maximum. It is a measure of the

quantity of the PV system.

P =1V 3)

max max  max

Isc is the current through the material when the voltage is at zero. It is a relationship
between the generation rate, G, electron and hole diffusion lengths, Lsand Lp respectively,
as well as the area of the cell. There is an inverse relationship between the size of the

bandgap of material and the amount of Isc.
I,.=qGA(L, +L,) 4)

Voc 1s the maximum voltage of a cell, measured when the current is at zero. It is a
relationship between the temperature, T, Boltzmann constant, k, intrinsic carrier
concentration, ni, as well as G. Conversely to Is, the higher the bandgap the lower Voc

becomes. This creates a balancing act between the two to generate the highest Pmax.

L L 5)
q n,

1

FF is the measure of the squareness of an I-V curve. This translates to the Vmp and
Imp being as close as possible to Voc and Ise. The FF is a great measurement of the

effectiveness of the solar cell and can represent low loss factors.

P
FF = —me 6
LY, ©

sc oc

Efficiency is often the focal point of many companies on the construction of their

solar cell, as it measures the output power of the cell in relation to the input power, Pspectrum.

P
n=—m )

spectrum
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IV. CIGS SOLAR CELLS

As technology continues to advance, and solar charging becomes more
commonplace, a solution must be found for PV technology that is versatile, lightweight,
and relatively inexpensive to manufacture. The solution to this dilemma may just be thin
film solar systems. As focus of this work is the construction of a copper indium gallium

(di)selenide (CIGS), solar cell, that is what will be explored in this chapter.

A. THIN FILM SOLAR CELLS

Thin film solar cells are a microstructure of individual layers of material commonly
deposited in a gaseous form on a substrate made of either glass metal or plastic. The
completed cell will have thicknesses in the range of a few nanometers (nm) to several
micrometers (um). The structure of these cells is slightly altered from the traditional solar
cell to accommodate the change in size and building design, which will be explored in the

next section.

Due to the requirement of minimal thickness, many materials cannot be utilized to
create thin film solar cells. Materials with high absorption coefficients, a, and direct band
gap materials are required to create a truly thin film PV system. Direct band gap materials
have the bottom of the conduction band and the top of the valence band aligned at the same
momentum value; therefore, minimal energy is required to produce EHP. Common PV
materials, such as silicon, Si, are insufficient for thin film due to these factors. CIGS has a
very high absorption coefficient and is a direct bandgap material, making it a perfect choice

to model the thin film solar technology with.

Beyond only being an excellent candidate for thin film technologies, CIGS has also
demonstrated high radiation resistance, outstanding stability in rugged outdoor
applications, and has a reported payback time of only four months [20]. Combine these
findings with the fact that unlike other thin film alternatives, such as cadmium telluride,
CdTe, and amorphous silicon, a-Si, CIGS is non-toxic like CdTe is, and does not degrade
as a-Si does after sustained exposure to solar irradiation [4]. From cost to durability, the
CIGS thin film cell is the way of the future.
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B. CIGS TRADITIONAL DESIGN

The modern CIGS is a thin film, I-III-VI compound semiconductor that is
traditionally created with a grid overlay. This PV system is created by intermixing two
separate materials, copper gallium selenide, CGS, and copper indium selenide, CIS,
together to create Culng-x)Gax)Sez. The ‘X’ represents the mole fraction of the system that
is made of gallium, the higher the value of x the greater the amount of CGS in the
compound. An x equivalent to one would denote a pure CGS material, Equation 8 shows
the calculation of x, while Figure 22 shows the decaying crystal structure of CIGS with

increased x values.

Ga

(8)

X =
Ga+In

Figure 22. Changes to CIGS crystal structure with increasing x. Top: x=0.4,
middle: x=0.5, bottom: x=1.0. Source: [21].
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The molar ratio between Ga and In in the compound is what gives CIGS a diverse
spectrum of efficiencies. As the value of x is changed between the two materials, so too is
the absorption coefficient and more drastically the bandgap. Ga and In have a bandgap of
1.7 eV and 1.0 eV, respectively, meaning that theoretically CIGS’ bandgap can range from
1.0 to 1.7 eV. While 1.7 eV is the ideal bandgap for a solar cell and having an x of 1 would
seem logical, once an x value exceeds 0.3 and the Ga content is increased the material
experiences higher defect densities that cause greater recombination rates in the absorber,
all of which increase exponentially as the Ga increases [22]. For this reason, the mole
fraction experimented will remain between 0.3 and 0.4, as to not exceed modeling

capabilities associated with this exponential defect growth.

Figure 23 shows a traditional structure for a CIGS solar cell. Of note the cell
depicted resembles the traditional cell structure depicted in section 3C, with a major
difference being there is no FSF or BSF. Due to the thin nature of the material the BSF and
FSF are not required to ensure proper carrier absorption and separation of EHP. The
materials that make up the traditional CIGS model depicted are roughly what will be
utilized in the experiment, with exception of the substrate. The substrate will consist of
soda lime glass, which assists with the growth of the absorber layer due to introduction of
sodium, Na, from the soda-lime glass [4]. The top layer will consist of an aluminum doped
zinc oxide, ZnO:Al or AZO for short, this will act as the TCO, part of the passivation layer.
The bottom part of the passivation layer consists of cadmium sulfide, CdS, which acts as a
buffer and is n-type to the typical p-type CIGS material. The majority of the cell will consist
of the CIGS absorber layer, which is the backbone and namesake to the solar cell. This is
where the EHPs are generated and separated to their respective busbars. Below that is the
molybdenum, Mo, or the ohmic contact that is required to assist in the collection of charges.
The final portion of the cell is the substrate, as discussed in Section A. Figure 24 shows a

side view of an experimental CIGS cell created.
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Figure 23. Traditional CIGS PV cell construction. Adapted from [23].

Figure 24. Experimental CIGS cell. Layers top to bottom: TCO (blue), buffer
(green), absorber (red and pink), back contact (olive), substrate (orange).
Source: [24].

C. EXPERIMENTAL CIGS DESIGN

The CIGS PV cell design utilized in this study is a novel design first investigated
by Herrera [3] in 2017 and later by Logar [2] in 2022. This experimental design deviates
from a traditional model of a BSC CIGS cell developed by SunPower [16] by adding a
vertical p-n junction as the absorber layer. This additional layer theoretically can decrease

the recombination loss by assisting the separation of charges in the absorber layer.
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Figure 25. Novel design CIGS solar cell. Source: [2].

Figure 25 demonstrates a combination of Figure 19, the BSC cell design, and Figure
23, atraditional CIGS PV cell with the addition of the aforementioned vertical p-n junction.
The highly doped n+ CIGS and p+ CIGS regions act as the contacts that assist the proper
carriers to their respective busbars. The passivation layers consist of AZO, intrinsic ZnO,
and CdS layers. The AZO is the TCO layer, the CdS acts as a buffer, and the i-ZnO is a
highly resistive layer to reduce shunt paths between the TCO and buffer [25].

For the experimental design an ARC in modelled in Silvaco, albeit not depicted in
Figure 25. Equation 9 demonstrates the optimal refractive index, n;, of an ARC, with no
and n2 representing the refractive indices of the bordering materials to the ARC. For the
purposes of the modelled cell the bordering materials are air and AZO with refractive
indices of 1.0 and 2.0 respectively. When inputted into Equation 9 the refractive index of
1.414 is achieved, nearly identical to the refractive index of magnesium fluoride, MgF2, of
1.413. For that reason, MgF: is utilized as the material for the ARC, as it is nearly a perfect
fit.

=M, )
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As there is a variety of possible bandgaps for a CIGS PV material due to the
adaptability of the molar ratio between Ga and In, an equation must be used to calculate
the proper bandgap at every x value. There are three sources that provided bandgap
equations, with minute differences in the output, and so the equation with the smallest
output will be utilized in the Silvaco model to allow room for error and demonstrate the
worst possible outcome of the optimized cell. Equation 10 [26] depicts the bandgap
calculation in its entirety with x, molar ratio, and T, temperature in K, as variables. For
most materials Silvaco can generate a bandgap number without external sources, however
an error was discovered in the Silvaco software, and an incorrect bandgap is produced. The
correct bandgap given by Equation 10 must be manually entered. Silvaco software

engineers have been notified and the upcoming version of Silvaco will have the correction
[2].

Eg s (x,T) = {1.036—225(4.238¢%) - 170(8.75¢ )[coth(L2) ~ 1]H(1 - x)
2T (10)

+{1.691+259(8.82¢°)—189(1 6e‘5)[coth(%)—1]}x—.02x(1—x)
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V. EXPERIMENT MODELING

This chapter covers the keystone to the success of this thesis. By employing the
variable parameters in the optimal model produced by Logar [2] and defining a range of
numbers for all input variables, the NOLH can produce a multitude of parameter
combinations, called design points. Each design point can then be inputted into the ATLAS
device simulator created by Silvaco to create a model CIGS solar cell and assess its
performance. The measured outputs of the found cells are then inputted into a statistical
analysis tool called JMP to analyze the data and find a subset of the parameter space
associated with higher efficiency. Once this range is found, the cycle restarts with an
updated test set based on the revised parameter ranges. For the case of this thesis, three
cycles of test, model, and analyze were completed, with the results depicted in Chapter VI.
The following sections delve into the foundation of the NOLH and Silvaco tools. The JMP

software will not be explored in depth as it is an analyst tool that requires no coding.

A. NEARLY ORTHOGONAL LATIN HYPERCUBES

NOLHs are a class of space-filling experiment designs [27]. A design is a matrix
with a column for each varied parameter (also called a factor). As described in the title,
these predetermined columns are nearly orthogonal, meaning the columns produced is
nearly independent (also called nearly uncorrelated) between each pair of columns.
Another benefit of the NOLH is that it can identify synergy between parameters, since the
parameters are varied simultaneously, vice keeping one parameter constant and varying
others around it. This method can generate a test set of design points that very efficiently
spans the given range of data, as will be seen in Chapter VI. NOLHs are often used for
large-scale simulation studies where it is impractical or impossible to consider every

potential parameter combination [27].

To construct NOLHs, each parameter that is adjusted must have a minimum and
maximum boundary as well as a specified number of decimal places. The resulting
parameter values in each column will be evenly spaced across the boundaries. The

stack nolhs.rb program, part of the data farming ruby scripts package implemented by
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Sanchez [28], is a free software tool that accomplishes this task for studies involving up to
100 factors, also allowing the analyst to construct a base design or add “stacks” that expand
the design and further improve its ability to fill the space of interest. Figure 26 depicts the
simple input code used for the first set of data generated for testing in Silvaco. The
parameters depicted are the values that are adjusted to optimize the novel CIGS cell design,
and the values under the ‘*Z’ are the output values from the NOLH. In total, each of the
three iterations produced 353 design points (7 stacks of an NOLH with 17 design points)
for a total of 1,059 total parameter combinations to be inputted in to the Silvaco software.
Table 2 depicts the corresponding data ranges as depicted in Figure 26. Each parameter
spans a large range for the initial dataset to get an overall estimate of the impact of each
variable to the measured output. As will be depicted in Chapter VI, as each cycle is
completed the overall average efficiency of the datasets increases as the optimal variables

are modeled.

C:\Users\brand>stack_nolhs.rb
{To terminate input enter ctrl-d (Mac/Unix/Linux) or
{Enter ranges for each factor on a separate line.

ctrl-z (Windows).

!
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Figure 26. NOLH example inputs and generated parameters.
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Table 2.  Optimization parameters ranges for dataset one.

Variable Minimum Maximum Decimal places
AZO (Thickness, pm) 0.04 1 2
Zn0 (Thickness, pm) 0.20 1 2
CdS (Thickness, pm) 0.20 1 2
CIGS (Thickness, um) | 8 2
CIGS+ (Thickness, um) 1 8 2
Mo (Thickness, um) 0.05 1 2
Var Width 0.04 0.20 2
X 0.20 0.40 2

The parameters depicted in Table 2 are the only parameters of the CIGS solar cell
that are adjusted in any of the trials. These are found to be the characteristics that are more
controlled in the manufacturing of the solar cell and have the most human manipulation
involved. All parameters shown in Table 2 have been discussed thoroughly in previous
sections except for Var_width, or varying width. This variable sets the location of the anode
and cathode on the cell, as well as determines the position of various mesh nodes and
interfaces. Chapter 6 covers in detail the effects that each of the chosen variables has on

the overall efficiency and performance of the designed cell.

B. SILVACO MODELING

The Silvaco modeling software ATLAS is a one to three dimensional, physically
based simulation software that specializes in semiconductor implementation. These
modeled physical systems can be solved for varying voltages, doping levels, carrier
concentrations, and different thickness of materials, as well as many other material
properties that are the foundation of different devices. Computer modeling allows the
experimentation of novel device construction and the implementation of devices in new or
radical environments without the rigorous physical processes and costly manufacturing.
Silvaco and similar modeling software are not only cost effective, but also fundamental to
the testing phase of new designs. In the fast paced and evolving business world, most
companies utilize various forms of this modeling software to ensure manufacturing time,

effort, and materials are not wasted.
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ATLAS is the device simulator that is often referred to as Silvaco, the parent
company. This simulator operates by text being entered into the user interface called
Deckbuild. This interface is a plain text language window that a user can input the physical
dimensions and properties of the simulated model and output desired measurements. As
depicted in Figure 27, the code, while in plain text, does have a required structure that must
be adhered to for the system to properly build the model. The structure of Silvaco ATLAS
coding requirements will be quickly clarified to further the understanding of the code

utilized to model the novel CIGS solar cell, as found in Appendix A.

Group Statements

MESH
" . REGION
1. Structure Specification ELECTRODE
DOPING

MATERIAL
MODELS
CONTACT
INTERFACE

2. Material Models Specification w—

3. Numerical Method Selection —we—" METHOD

LOG
SOLVE
LOAD
SAVE

4. Solution Specification ——e

5. Results Analysis EXTRACT
TONYPLOT

Figure 27. Command groups for ATLAS. Source: [29].

The first command group for the Deckbuild interface is structure specification, with
statements in mesh, region, electrode, and doping. A mesh is made up of vertical and
horizontal lines that cover the simulation domain, depicted in Figure 28 as green lines.
Where these lines cross is called a node, where calculations are conducted. The finer the

mesh, the higher the overall resolution of the output and potentially the longer the
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simulation can take along with the increase in the possibility of convergence errors. The
mesh density in certain areas can be changed to account for more precise simulation
measurements in areas of interest. The black lines are the boundaries of what are called
regions. Regions must align with nodes of a mesh and annotate the different material
locations within the simulation. While material definitions take place when selecting
regions, Figure 28 does not depict the material, only the region boundaries, Figure 29
depicts the same model with materials assigned to the regions. Electrode placement and
doping come next for group one statements. The electrodes can be placed anywhere in the
material. Silvaco has a library of typical default doping values for certain material, which

can be adjusted to the user preference to create unique material structures.
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Figure 28. Tonyplot of mesh and region boundaries.
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Silvaco models an ideal material, without defects, or traps, which are inevitably
created during the manufacturing process. Physical defects in the material often lie in the
fermi level of the material energy band and can draw charges away from both the valence
and conduction band, distorting the electrical characteristics of said material and the overall
device. The goal of this work is to achieve as realistic of a solar cell as possible. To account
for the ideal material given as default by Silvaco, traps can be modeled into the system as

depicted in the code in Appendix A.

The last set of statements that must be entered into the Deckbuild interface is
focused on the solving of the relationships generated from the material created in the
previous statements. Method refers to the preferred way of resolving the equations that are
in the subsequent part of the code. The solution specification statements are where the
output data that a user would like to view will be specified. Such data could be equations,
similar to fill factor, efficiency, or max power, others could be Tonyplot requirements such
as short circuit current and open circuit voltage. Finally, the last group of code will contain
the results analysis, where the desired data is extracted from the file and placed into graphs

called Tonyplots, as depicted in Figures 28 and 29.
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VI. RESULTS

This chapter will cover the formation and analysis of both the input and output data
generated through the NOLH and Silvaco ATLAS. There were three data sets generated
from the NOLH, the first of which was a wide range estimation based upon a previous NPS
graduate [2] as can be seen in Table 3, the second and third sets of data were generated
after the output from Silvaco was analyzed through the JMP analysis software. This chapter
will step through the evolution of each set of data sets from formation to implementation
and finally analysis, demonstrating the outstanding optimization capability of the NOLH
and the remarkable potential of a BSC CIGS thin film solar cell.

Table 3.  Starting optimal parameter settings. Source: [2].

Variable Name Parameter Setting
AZO [pm] 0.05

ZnO [um] 0.30

CdS [pm] 0.30

CIGS [um] 2

CIGS+ [um] 1

Mo [um] 0.10

Var Width 0.05

X 0.34
Efficiency [%] 24.32

A. INITIAL DATA SET

As shown in Table 2 of Chapter 5, the initial starting values for the trials were
chosen using a wider range of data points than nominally recommended. This is to ensure
an extensive set of combinations could be generated across as wide of a field as practical
to increase the probability of homing in on an optimal pattern of parameters. The initial set
of data included 353 different trials. The total run time for all trials was 50.84 hours,
divided between twelve computers running simultaneously. To focus attention on the
optimization of the CIGS PV material, the emphasis on the generated data from Silvaco

was efficiency. Figure 30 is a graphical representation of the mapped efficiencies found
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during the first set of data. As can be seen from Figure 30, the data spans from 17.8-26.5%
with an average of 21.6%. As expected from the initial run of data the output spans a wide
range of efficiencies, however, what was not as expected was the outlier of the most
efficient cell found was 0.66% higher than the second most efficient cell. By this revelation,

it shows that the NOLH does do an effective job of spanning the majority of possible

outcomes.
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Figure 30. Efficiency range for first set of data.

The next step for analyzing the data was to verify if the JMP prediction software
could generate a working set of parameters that could predict a better output. To do this,
all the data was sent from an Excel file into the JMP software. Figure 31 depicts the output
of the prediction software generated. Regretfully, the prediction profiler was unable to give
an accurate cell model, as the highest efficiency that it represented only reached 25.44%.
Due to that, optimization efforts defaulted to manual trend identification utilizing the graph

build capabilities of the JMP software.
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Figure 31. Prediction Profiler output from JMP for first set of data.

To manually identify trends each variable was first entered into a graph with the
efficiency on the y-axis and the variable as the x-axis. Not all variables demonstrated a
strong correlation between their value and efficiency output, such as AZO, ZnO, CdS, and
Mo as depicted in Figure 32. The solid black line in each graph is smoothed to the data and
represents the relationship between each variable and its corresponding efficiency. The
blue and red dots are the 353 data points, colored by their bandgap magnitude. The highest
bandgap is colored red. As can be seen from all graphs in Figure 32, bandgap magnitude
has a truly relevant correlation to efficiency. However, judging by the trend line, none of
the other four variables depicted have a strong correlation, and therefore had minor

adjustments for the second dataset.
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Figure 32. Efficiency vs. AZO, ZnO, CdS, and Mo graphs for dataset one.

The remaining four variables, CIGS, CIGS+, Var_width, and x, were all shown to
have a substantial impact on the efficiency of the cell, as well with each other. The impact
of the correlation between each variable cannot be seen on separate graphs, and so one
graph was generated that depicts the four variables and efficiency. Figure 33 depicts the
five-variable graph. Efficiency is placed on the y-axis and will remain so for all graphs
depicted. CIGS+ is on the x-axis and has five separate iterations of its range spanning
vertically on the graph, effectively breaking the image into five separate graphs. Var_width
is on the top-axis, and has the range broken up between all the sub-graphs. The bandgap,
or x, is represented by the color-coded data points. And finally, the CIGS variable is
depicted by shapes that represent equally spaced ranges of data, as shown by the legend on
the right-hand side of Figure 33. There is a clear correlation between the size of Var_width
and efficiency as well as the size of the bandgap and efficiency. However, the size of CIGS
and CIGS+ does not show as strong a correlation to efficiency, but to each other. As can
be seen on the graph, the highest efficiency levels appear to happen when CIGS is between

1 and 2.53 while CIGS+ is mid-range between 2 and 5.
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Figure 33. Efficiency vs. CIGS+, Var_width, CIGS, and Bandgap graph for
first set of data.
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With the analysis of Figure 33 the wide range of variables was reduced to match
the newfound revelations. However, as this would only be the second iteration of Silvaco
trials, the ranges were not drastically reduced, in the chance that there was an overlook on
a potentially optimal cell, similar to the 26.5% found as an outlier. Therefore, most
variables were adjusted slightly, as can be seen in Table 4. CIGS and CIGS+ ranges were
not adjusted to gather more representation of their relationship in the second dataset run.
The new ranges were placed into the NOLH algorithm, and another set of 353 data points

were generated.
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Table 4. First and second dataset parameters ranges.

Dataset 1 Dataset 2
Variable Min Max | Decimals Min Max Decimals
AZO [um] 0.04 1 2 0.04 0.95 2
Zn0O [um] 0.20 1 2 0.30 0.95 2
CdS [um] 0.20 1 2 0.25 1 2
CIGS [um] 1 8 2 1 8 2
CIGS+ [um] 1 8 2 1 8 2
Mo [um] 0.05 1 2 0.10 1 2
Var width 0.04 0.20 2 0.04 0.15 2
X 0.20 0.40 2 0.30 0.40 2

B. SECOND DATA SET

The second set of data did not reveal as drastic of a range of efficiencies as the first
set of data. There was an improvement once again in efficiency, and just as importantly, in
average efficiency. The graph depicted in Figure 34 shows that the range has increased to
20.7 to 26.8%, with an average of 23.4%. The analysis of the increase of efficiency will be
discussed in Section D of this chapter. Figure 34 depicts a tighter grouping of datapoints
with, once again, a decidedly large gap between the most efficient and second most

efficient runs.

T

Figure 34. Efficiency range for second set of data.
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The analysis of the second set of data followed the same trend as the first, beginning
by evaluating the relationship between each variable and cell efficiency. Each variable was
then assessed to determine if there was a pattern. Figure 35 shows the relationship between
AZO, ZnO, CdS, and Mo depicted in four graphs. The downward trend for AZO persists
and so the range for AZO was drastically changed for the third set of data. ZnO was
adjusted for an optimal higher range, as well as CdS and Mo, as each graph depicts a lower

average set of efficiencies at lower thicknesses.

Efficiency vs. AZO Efficiency vs. ZnO

1+ I ——
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Figure 35. Efficiency vs. AZO, ZnO, CdS, and Mo graphs for second set of
data.

The graph generated for the last four variables, as depicted in Figure 36, shows a
decreased slope when compared to Figure 33, this is indicative of the fact that the average
efficiency generated from this data set is closer to the optimal parameter. The relationships
between the variables have stayed the same between this dataset and the last. Therefore,
the ranges of the variables will be more drastically adjusted to fit the optimal parameters
generated from the data. This adjustment includes CIGS+ and CIGS variables being
adjsuted to account for the marked relationship depicted on the graph. Table 5 shows the
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final set of ranges that will be implemented into the NOLH. As before, all parameter

settings will be computed to two decimal places.
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set of data.

Table 5.  Datasets one, two, and three parameter ranges.
Dataset 1 Dataset 2 Dataset 3
Variable Min Max Min Max Min Max
AZO [um] 0.04 1 0.04 0.95 0.04 0.40
ZnO [um] 0.20 1 0.30 0.95 0.40 1
CdS [um] 0.20 1 0.25 1 0.30 1
CIGS [um] 1 8 1 8 1 5
CIGS+ [um] 1 8 1 8 3 7
Mo [um] 0.05 1 0.1 1 0.15 1
Var width 0.04 0.20 0.04 0.15 0.04 0.10
X 0.20 0.40 0.30 0.40 0.33 0.40
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C. FINAL DATA SET

The implementation of the final data set gave the anticipated highest efficiency of
all the trials. It incidentally also took the most time, at 63.1 hours. Figure 37 depicts the
range of efficiencies generated, with the new range spanning from 23.1 to 27.08%, with an
average of 24.9%. All analysis of the data outcomes will be explored in the next section of

this chapter.
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Figure 37. Efficiency range for third set of data.

D. OVERALL RESULTS

The combination of all the output datapoints generated by Silvaco can be seen in
Figures 38 and 39, with the raw data given in Appendix B. The increased data points at
higher efficiencies demonstrates the culmination of all three previous efficiency datasets,
and that by utilization of the NOLH the results had an upward trend on average. The
Silvaco generated I-V curve is depicted in Figure 39, showing the radical differences
between the three datasets. The first set of data had an average efficiency of 21.6%, below
the industry standard currently for CIGS solar cells, and below both previous NPS graduate
works [2, 3]. The next set of data averaged a 23.4% efficiency, rivaling industry standard
and exceeding the efficiency first generated by this novel cell design in 2019 [3]. Finally,
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the last set of data generated averaged an output that exceeded every previously designed
CIGS solar cell, BSC or not. This demonstrates that not only is the optimized cell a
groundbreaking discovery, but the NOLH was so effective in optimization that it generated,

on average, an efficiency that had never been seen before.
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Figure 38. Efficiency plot of all datapoints.
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Figure 40. 1-V curve of the average of all datasets.

While the average efficiency generated is a compelling argument as to the
effectiveness of the NOLH, the big-ticket item of the research conducted is the cell with
the highest efficiency. Overall, the best cell generated from the data points was at
27.0865% efficient. That is an increase of 2.77% from the previous work conducted, and a

relative increase of 10.21%. This extreme of an increase in a brief period is unprecedented.

While the most efficient cell was slightly over half of a percent higher from the
first dataset to the last, the ramifications of the final efficiency are extreme. The relative
increase from the dataset one best cell to the final cell is 2.1% in both efficiency and max
power output. Table 6 shows the breakdown of the each of the optimal cells found in the
three datasets. As can be seen there are only minute differences between each one. The
same can be stated for the I-V curves depicted in Figure 40 of all three dataset optimal
outputs. The NOLH was capable of producing an output from the first set of data that nearly

matched the optimal one discovered after 706 additional trials.
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Table 6.

Comparison of the optimal cells performance from each data set.

Dataset 1 Dataset 2 Dataset 3
AZO [um] 0.40 0.38 0.18
ZnO [pum] 0.45 0.50 0.59
CdS [um] 0.63 0.65 0.67
CIGS [um] 1 1 1
CIGS+ [um] 3.19 3.19 4.25
Mo [um] 0.44 0.47 0.50
Var width 0.04 0.04 0.04
X 0.38 0.39 0.39
Isc [mA] 36.90 36.90 36.90
Voc [V] 0.85 0.859 0.861
Pm [mW] 26.50 26.80 27.10
Vm [V] 0.75 0.75 0.76
Im [MA] 35.40 35.60 35.70
FF 84.67 84.98 85.28
Efficiency [%] 26.52 26.81 27.0865
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While the optimal cell discovered through the trial runs was found to be 27.0865%
efficient, there was still room for improvement. Upon studying the interactions each
variable had on the output of the cell, additional trials were conducted to further optimize
the BSC CIGS cell. The parameters were adjusted in minute steps to maintain control and
predict the output. Table 7 is a summary of the hand manipulated trials and the subsequent

efficiencies found.

Table 7. Manipulated parameters and final optimal BCS CIGS PV cell.

Trial 1 | Trial 2 | Trial 3 | Trial 4 Trial 5 Trial 6
AZO [um] 0.20 0.18 0.18 0.18 0.15 0.15
Zn0O [um] 0.59 0.60 0.59 0.59 0.59 0.60
CdS [um] 0.67 0.67 0.70 0.65 0.67 0.70
CIGS [um] 1 1 1 1 1 1
CIGS+ [um] 4.25 4.25 4.25 4.25 4.25 4.25
Mo [pum] 0.50 0.50 0.50 0.50 0.50 0.50
Var width 0.04 0.04 0.04 0.04 0.04 0.04
X 0.39 0.39 0.39 0.39 0.39 0.39
Efficiency [%] | 27.0677 | 27.087 | 27.0926 | 27.0829 | 27.1082 | 27.1148

Once again, the optimal efficiency was dethroned, and an alternative set of data was
found, with a 0.0283% increase overall. The minute increase may seem trivial on the
surface, and with such minor differences between variables the new set of data would be
hard to replicate perfectly in an industrial setting, but the implications of higher quality
solar cells cannot be ignored. The marriage of optimization algorithms and analysis tools
with physical manipulation was able to provide an optimal cell that far exceeded all
expectations. Figure 41 demonstrates the I-V curve for trial six, the overall optimized solar
cell. The minuscule difference between the I-V curve of the most optimal cell and Figure
40 would make it indistinguishable from the others, and so it is plotted separately. Table 8
shows the performance parameters of the most optimal cell, as compared to the two
previously designed BSC CIGS solar cells conducted by Herrera [3] and Logar [2], as can
be seen, the utilization of the NOLH for optimization has catapulted the BSC CIGS solar
cell performance to unprecedented heights. Finally, Figure 41 is the Silvaco Tonyplot
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output the design of the solar cell, and Figure 42 is a 3-dimensional representation of the

novel BSC CIGS cell design.
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Figure 42. 1-V curve of optimal cell.

Table 8.  Comparison of optimal cell performances. Adapted from: [2].

Herrera Logar Trial 6
AZO [um] - 0.05 0.15
ZnO [pm] 0.40 0.30 0.60
CdS [pm] 0.45 0.30 0.70
CIGS [pm] 11 2 1
CIGS+ [um] 6 1 4.25
Mo [pm] 0.40 0.10 0.50
Var width 0.15 0.05 0.04
X 0.45 0.34 0.39
Isc [mA] 35.08 37.23 36.90
Voc [V] 0.845 0.84 0.862
Pm [mW] 23 24.33 27.12
Vm [V] 0.73 0.69 0.76
Im [mA] 31.50 35.26 35.69
FF 77.60 77.80 85.20
Efficiency [%] 23.00 24.32 27.1148
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VII. CONCLUSION

The goal of this work was not only to generate an efficient model for a novel design
BSC CIGS solar cell, but also to demonstrate the effectiveness and efficiency of the NOLH.
Both goals have been accomplished. Over the span of 1,065 trials the overall relative
efficiency of the designed solar cell was increased by 11.5% with a run time of only 168
hours. Of these 1,065, trials, over 34.6% of them yielded efficiencies greater than or equal
to the starting parameters. This demonstrates that not only was an optimized solar cell
produced, but that there are 368 other combinations of thickness and molar ratio that can

produce a highly efficient solar cell.

The data reflects a relatively small number of trials with an extremely healthy
output. That is the goal of optimization, to achieve the best possible answer in as few
iterations as possible. The NOLH was critical in the foundation of this work. The algorithm
is only as good as the data the user inputs into it, and so further design parameters could be
utilized to further optimize the BSC CIGS PV material. The JMP software was also an
invaluable tool to demonstrate the relationship between variables and the nuanced effects
a variable had on the overall output. Silvaco ATLAS is a one-of-a-kind software, with its
built-in material parameters and plain text coding, Silvaco made generating the novel
design quick and easy, with high adaptability for future exploration in BSC CIGS solar cell

designs.

The BSC CIGS PV material design is the way of the future. As a flexible, thin film
solar cell with a low-cost point, CIGS has the potential to change the common perspective
of solar cells. The adaptability of the material make it a perfect fit for non-flat surfaces and
rugged environments, while the light weight is ideal for applications such as drones,
satellites, and the warfighter. With the adaptation of the BSC there will no longer be losses
due to shadowing, and the solar cell will have higher efficiency while simultaneously
blending in better with surroundings. The BSC CIGS solar cell designed in this work has

the efficiency to rival current cells on the market with the flexibility to make them obsolete.
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A. FUTURE WORK

The design parameters that were varied in this work are not all inclusive, and many
more could potentially be adapted and optimized to produce a potentially better performing
solar cell. Due to the experimental nature of a BSC CIGS solar cell, and lack of industry
guidance and information, several assumptions were made during the building and
implementation of the Silvaco code. Future work could involve adjusting doping levels of
the varied materials, experimenting with temperature effects on the solar cell, and replacing

some materials for a more optimal type.

Due to the thin, aluminum foil consistency of the CIGS solar cell, a possible new
area of study could be 3D printing the BSC CIGS design. The field of printed photovoltaics
is currently in its infancy, but with the nature of the thin film and vertical junction, a 3D
printer capability would potentially speed up production and accessibility to renewable
energy. For the warfighter, access to a print-ready mobile energy source could be

revolutionary.

For future work for the NOLH, optimization of rad-hard materials and
multijunction solar cells would be the next logical step. Rad-hard materials are an essential
part of satellites and U.S. mission readiness for forward deployed forces and home defense.
As these satellites orbit around the Earth, their main source of power for years is solar cells,
that must operate at certain levels to maintain charge while constantly being bombarded by
radiation. If the weight of the cell were to decrease and the radiation resistance to increase,
the government could save millions to billions of dollars in future work, and essential

security measures would remain in place for future generations.
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APPENDIX A. SILVACO CODE

The following code is modified from Logar[2]. The code presented has the optimal

parameters found in the totality of this work.

go atlas simflag="-P 8"
#t#HH# STRUCTURE DEFINITIONS ###Ht

#Layer thicknesses

set AZO= 0.15

set ZnO= 0.6

set CdS= 0.7

set CIGS= 1

set CIGS plus= 4.25

set Mo= 0.5

set gap= 10

#Y -dimensions

set L1= $AZO

set L2= $AZO+$Zn0O

set L3= $AZO+$ZnO+$CdS

set L4= $AZO+$ZnO+$CdS+$CIGS

set L5= $AZO+$ZnO+$CdS+SCIGS+SCIGS plus
set L6= $AZO+$ZnO+$CdS+$CIGS+SCIGS plus+$Mo

#X-dimensions

set width= 500

set width3d= 100e6/$width

set div= 20

set var_width=0.04*$width

set width_cat=S$var width-($gap/2)

set width _ano= $var width+($gap/2)
#Miscellaneous

set x.comp= (.39

set Eg CIGS=1.250718

Hit#HH# MESH ####Ht
#surface is 200 sq micron = 1/500000 sq cm
mesh width=$width3d

x.mesh loc=0 spac=$width/$div
x.mesh loc=$width_cat spac=$gap/($div)
x.mesh loc=$var width spac=$width/$div

x.mesh loc=$width_ano spac=$gap/$div
x.mesh loc=$width  spac=$width/$div

y.mesh loc=0 spac=$L1/($div/2)
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y.mesh loc=$L1 spac=$AZO/($div/2)

y.meshloc=$L2 spac=$Zn0/($div/2)

y.mesh loc=$L3 spac=8$CdS/($div/2)

y.meshloc=($L4-$1L.3)/2 spac=($L4-$L3)/(2*$div)

y.mesh loc=$L4 spac=$CIGS/(3*$div)

y.meshloc=$L5 spac=$CIGS _plus/(2*$div)

y.mesh loc=$L6 spac=$Mo/($div/2)

#i##H## MATERIAL DEFINITIONS #####

region num=1 material=ZnO x.min=0
y.min=0 y.max=$L1

region num=2 material=ZnO x.min=0
y.min=$L1  y.max=$L2

region num=3 material=CdS X.min=0
y.min=$L2  y.max=$L3

region num=4 material=CIGS x.min=0
x.max=$var width y.min=§L3 y.max=$L4

region num=5 material=CIGS x.min=$var width
y.min=$L3  y.max=$L4

region num=6 material=CIGS x.min=0
x.max=$var width y.min=$L4 y.max=$L5

region num=7 material=CIGS x.min=$var width
y.min=$L4  y.max=$L5

region num=8 material=Molybdenum x.min=0
x.max=$width cat y.min=§L5 y.max=$L6 conductor

region num=9 material=Vacuum x.min=§width_cat
y.min=$L5  y.max=$L6

region num=10 material=Molybdenum x.min=§width_ano

y.min=$L5  y.max=$L6 conductor

electrode name=cathode num=1 x.min=0
x.max=$width cat y.min=$L5 y.max=$L6
electrode name=anode num=2 x.min=$width_ano

y.min=$§L5  y.max=$L6

doping AL uniform conc=1el8  region=1
these

doping n.type uniform conc=1el8 region=2
doping n.type uniform conc=1el7 region=3
doping n.type uniform conc=8el6 region=4
doping p.type uniform conc=8el6  region=5
doping n.type uniform conc=4el8  region=6
doping p.type uniform conc=4el8 region=7

#from excel file. Compiled from other sources
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x.max=%$width

x.max=%$width

x.max=%$width

x.max=$width

x.max=$width

x.max=$width_ano

x.max=$width

x.max=$width

#possible change of



material region=1 EG300=3.3 AFFINITY=4.5 EPSILON=9
NC300=2.2¢18 NV300=1.8¢e19 MUN=100 MUP=25
index.file="ZnO_Al.txt' #from reference 8

material region=2 EG300=3.3 AFFINITY=4.5 EPSILON=9
NC300=2.2¢18 NV300=1.8¢e19 MUN=100 MUP=25
index.file='"ZnO.txt'

material region=3 EG300=2.48 AFFINITY=4.18 EPSILON=10

NC300=2.2¢18 NV300=1.8¢19 MUN=100 MUP=25
material material=CIGS EG300=$Eg CIGS AFFINITY=4.26
EPSILON=13.6 NC300=2.2¢18 NV300=1.8¢19 MUN=100

MUP=25 COPT=5e-17 AUGN=8.3e-32 AUGP=1.8e-31 TAUN=2e-7
TAUP=2e-7
material material=Molybdenum

material material=Vacuum real.index=1 imag.index=0

HiHH# TRAPS #HH

trap  material=ZnO donor e.level=0 sign=le-14  sigp=3e-13
density=3e16 degen.fac=1 x.min=0 x.max=$width
y.min=0 y.max=$L1

trap  material=ZnO donor e.level=0 sign=le-15  sigp=1le-15
density=1el6 degen.fac=1 x.min=0 x.max=$width
y.min=$§L1  y.max=$L2

trap  material=CdS donor e.level=0 sign=le-15  sigp=le-12
density=1e16 degen.fac=1 x.min=0 x.max=$width
y.min=$12 y.max=$L3

trap  material=CIGS donor e.level=0 sign=4e-16  sigp=4e-14
density=7.5¢e13 degen.fac=1 x.min=0 x.max=$var_width
y.min=$§L3  y.max=$L4

trap  material=CIGS acceptor e.level=0 sign=4e-16  sigp=4e-14
density=7.5e13 degen.fac=1 x.min=$var width x. max=$width
y.min=$§L3  y.max=$L4

trap  material=CIGS donor e.level=0 sign=4e-16  sigp=4e-14
density=7.5e13 degen.fac=1 x.min=0 x.max=$var_width
y.min=§L4  y.max=$L5

trap  material=CIGS acceptor e.level=0 sign=4e-16  sigp=4e-14
density=7.5e13 degen.fac=1 x.min=$var width x. max=$width

y.min=$§L.4  y.max=$L5

#iH#H INTERFACES ##Ht#

interface x.min=0 x.max=$width y.min=0 y.max=0
s.n=45 s.p=45 s.x #semiconductor -> insulator #verify with manual (s.n/s.p)

interface x.min=0 x.max=$width ymin=§L1  y.max=$§L1 s.n=5
s.p=5 s.s #semiconductor -> semiconductor

interface x.min=0 x.max=$width y.min=$§L2  y.max=$L2 s.n=5
s.p=5 s.s
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interface x.min=0 x.max=$var width y.min=$L3 y.max=$L3 s.n=5

s.p=5 s.s

interface x.min=$var width x.max=$width y.min=$L.3  y.max=$L3
s.n=5 s.p=5 s.s

interface x.min=0 x.max=$var width y.min=$L4 y.max=$L4 s.n=5
s.p=5 s.s

interface x.min=§var width x.max=$width y.min=$L.4  y.max=$L4
s.n=5 s.p=5 s.s

interface x.min=0 x.max=$width cat y.min=$L5 y.max=§L5 s.n=45
s.p=45 s.m #semiconductor -> metal

interface x.min=$width ano x.max=$width ymin=$L5  y.max=$L5

s.n=45 s.p=45 s.m
interface x. min=%$width _cat x.max=$width ano y.min=$L5 y.max=$L5 s.n=45

s.p=45 s.x
interface x. min=$var width x.max=$var width y.min=§L3 y.max=§L4 s.n=5
s.p=5 s.s
interface x. min=$var width x.max=$var width y.min=$§L4 y.max=$L5 s.n=45
s.p=45 s.m
# Refractive index of MgF2 = 1.413
interface optical ar.index=1.413 x.min=0
x.max=$width y.min=0 y.max=0 coating=1
interface optical reflect=0.9  x.min=0
x.max=$width cat y.min=$L5 y.max=$L5
interface optical reflect=0.9  x.min=%width _cat = x.max=$width

y.min=§L5  y.max=$L5

contactnum=1 name=cathode con.resist=.05¢-8
contactnum=2 name=anode con.resist=.05¢e-8

#save out.file= "test.str" #for seeing cell structure
#tonyplot test.str

#iHH#H Modeling the cell ##### (temp 1: 26.85 C)
models srh fermi ni.fermi bgn optr auger print temp=300 bound.trap
method gummel newton itlimit=200 maxtraps=20

#iteration limit and maxtraps, look in manual
output photogen recomb u.auger u.srh u.trap traps u.radiative band.param con.band
val.band gaussian.band flowlines opt.intens j.electron j.hole j.total j.drift j.diffusion
e.mobility h.mobility qfn qfp

#Solar spectrum

beam num=1 x.origin=$width/2 y.origin=-0.5 AMI1.5 wavel.start=0.3 wavel.end=1.2
wavel.num=100 front.refl back.refl reflects=1 min.power=1e-6 angle=90

solve init
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solve previous

# Solving illuminated condition
# b#=# --> beam # intensity
solve b1=0.001

solve b1=0.01

solve b1=0.1

solve b1=0.5

solve b1=1.0

# change vfinal if no x-axis crossing for Voc and FF calcs
log outfile="IV_T1.log"

solve vanode=0 name=anode vstep=0.01 vfinal=0.85

log off

tonyplot IV_Tl1.log

extract init infile="IV_T1.log"

extract name="Isc" y.val from curve(v."anode",i."cathode") where x.val=0.0

extract name="Voc" x.val from curve(v."anode",i."cathode") where y.val=0.0

extract name="Pm" max(curve(v."anode",(v."anode"*1."cathode")))

extract name="Vm" x.val from curve(v."anode",(v."anode"*i."cathode")) where
y.val=$"Pm"

extract name="Im" $"Pm"/$"Vm"

extract name="FF" $"Pm"/($"Isc"*$"Voc")

extract name="Opt Int" max(beam."1")

extract name="Eff" (abs($"Pm")/$"Opt Int")
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APPENDIX B. TRIAL DATA

Th tables shown display the full range of data generated from the NOLH and the
following output generated from Silvaco. The data is broken up into the three

corresponding data sets.

DATASET 1
AZO | ZnO Cds | CIGS | CIGS+ | Mo Var X Bandgap | Efficiency Time
0.4 0.45 | 0.63 1 3.19 | 0.44 | 0.04 | 0.38 1.24438 9.78
0.07 0.8 1| 341 5.38 | 0.14 | 0.06 0.4 1.25706 11.9
0.04 0.68 | 0.33 | 2.31 494 | 0.61 | 0.06 | 0.39 | 1.250718 13.87
0.16 0.88 | 0.55 | 1.44 297 | 0.76 | 0.08 | 0.38 1.24438 14.73
0.07 0.68 | 0.78 | 1.22 3.19 | 0.97 0.1 | 0.38 1.24438 11.6
0.1 0.75 | 0.78 | 4.94 6.47 | 0.85 | 0.06 | 0.39 | 1.250718 12.8
0.28 0.75 | 0.28 | 4.94 2.09 | 0.14 | 0.04 | 0.38 1.24438 8.59
0.91 0.83 | 0.55 | 1.88 1| 061 | 0.05| 0.37 | 1.238046 13.08
0.31 0.68 | 0.55 | 7.56 7.13 | 0.35| 0.05| 0.39 | 1.250718 12.89
0.76 038 | 09| 2.09 3.84 | 0.64 | 0.06 | 0.37 | 1.238046 11.21
0.55 0.75 | 0.95 | 3.41 7.34 | 0.29 | 0.08 0.4 1.25706 8.59
0.4 093 | 0.9 1 2.97 0.7 | 0.12 | 0.39 | 1.250718 7.1
0.1 0.85 | 0.57 | 3.19 144 | 0.67 | 0.06 | 0.35 1.22539 10.16
0.25 0.63 | 0.28 | 3.63 6.91 | 0.23 | 0.05 | 0.35 1.22539 12.08
0.19 0.65 | 0.95 | 6.03 2.75| 0.79 | 0.06 | 0.37 | 1.238046 9.96
0.67 0.8 | 0.78 | 3.41 734 | 0.64 | 0.07 | 0.37 | 1.238046 7.61
0.97 0.95 | 0.45 | 2.97 406 | 0.26 | 0.07 | 0.38 1.24438
0.73 0.4 0.83 | 1.88 6.91 | 0.61 0.1 | 0.38 1.24438 8.51
0.04 0.43 | 0.75 | 4.28 7.78 | 0.29 | 0.04 | 0.33 1.21275 15.43
0.85 0.93 1| 1.88 3.63 0.5 | 0.07 | 0.35 1.22539 7.53
0.25 0.75 | 0.78 | 3.84 494 | 0.11 | 0.06 | 0.34 | 1.219068 11.36
0.19 0.85 | 0.98 | 2.75 341 | 0.73 | 0.09 | 0.36 | 1.231716 9.48
0.64 0.5 | 0.48 | 2.97 6.47 | 0.29 | 0.05 | 0.33 1.21275 11.81
0.4 0.88 | 0.35 | 1.22 6.25 | 0.67 | 0.09 | 0.34 | 1.219068 9.38
0.16 0.65 | 0.28 | 6.91 7.78 | 0.44 | 0.09 | 0.39 | 1.250718 9.15
0.22 0.68 | 0.68 | 1.44 5.59 | 0.29 | 0.08 | 0.31 | 1.200126 9.6
0.85 0.98 | 0.53 | 2.97 7.78 0.7 | 0.05| 0.33 1.21275 13.48
0.79 0.48 | 0.43 1 5.16 0.2 | 0.07 | 0.31 | 1.200126 8.93
0.67 0.43 | 0.75 | 2.53 472 | 0.14 0.1 | 0.37 | 1.238046 7.62
0.73 0.45 | 0.83 | 4.28 7.34 | 0.64 | 0.07 | 0.36 | 1.231716 8.46
0.13 0.3 1| 6.03 3.19 | 0.55| 0.05 | 0.35 1.22539 9.23
0.7 0.57 | 0.98 | 2.75 1| 0.67 0.1 | 0.38 1.24438
0.34 0.43 | 0.55 | 2.53 2.09 | 0.88 | 0.05| 0.31 | 1.200126 10.84
0.73 045 | 0.2 231 5.16 | 0.61 | 0.05 | 0.33 1.21275 14.38
1 03| 05| 4.28 231 | 0.76 | 0.09 | 0.38 1.24438 7.28
0.25 0.65| 0.9 8 3.84 | 0.94 | 0.07 | 0.36 | 1.231716 7.31
0.31 0.73 | 0.28 | 3.63 6.69 0.2 | 0.06 | 0.33 1.21275 11.65
0.97 0.63 | 0.83 | 3.19 297 | 0.61| 0.11 | 0.39 | 1.250718 6.84
0.46 03| 0.2 | 5.16 1.44 | 0.85| 0.07 | 0.39 | 1.250718 8.03
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0.46 053] 09| 1.22 2.53 | 0.67 | 0.16 0.4 1.25706
1 0.75 | 0.68 8 1.66 | 047 | 0.07 | 0.38 1.24438
0.4 091033 | 494 7.56 | 0.73 | 0.08 | 0.36 | 1.231716
0.73 0.45 | 0.63 | 1.22 6.25 1 0.1 ] 033 1.21275
0.04 0.57 | 0.25 | 6.69 428 | 035 | 0.05| 0.33 1.21275
0.16 0.88 | 0.68 | 3.63 7.13 0.2 | 0.13 | 0.39 | 1.250718
0.67 0.28 | 0.8 | 6.47 1 0.5| 0.05| 0.36 | 1.231716
0.85 0.3 | 0.98 | 4.28 2.75 | 0.08 | 0.05| 0.34 | 1.219068
0.34 0.25 | 0.73 | 1.66 6.25| 0.79 | 0.04 | 0.29 | 1.187518
0.13 0.55 | 0.35 | 7.13 5.38 0.7 | 0.12 0.4 1.25706
0.55 0.95 | 0.35 | 4.72 5.81 | 0.94 0.1 | 0.38 1.24438
0.43 0.65 | 0.25 | 1.88 581 | 0.94 | 0.05| 0.29 | 1.187518
0.97 0.75 | 0.23 | 5.38 1.88 | 0.58 | 0.06 | 0.37 | 1.238046
0.97 05| 0.9 | 4.06 7.34 0.2 | 0.05| 0.32 | 1.206436
0.91 0.7 035 | 6.91 734 | 0.41 | 0.04 | 0.33 1.21275
0.19 053 | 0.7 | 1.88 6.91 | 0.47 | 0.05| 0.26 | 1.168636
0.16 033 | 05| 538 559 | 0.73 | 0.08 | 0.35 1.22539
0.94 0.48 | 0.93 | 2.75 2.53 1| 0.13 | 0.39 | 1.250718
0.46 0.38 | 0.43 | 3.41 144 029 | 0.05| 0.31 | 1.200126
0.91 0.33 | 0.23 | 5.16 6.03 | 0.08 | 0.09 | 0.39 | 1.250718
1 048 | 04| 2.97 5.59 | 0.14 0.1 | 0.36 | 1.231716
0.94 033 | 0.85 | 1.44 4.06 | 0.14 | 0.08 | 0.31 | 1.200126
0.94 0.65 | 0.93 | 6.47 4.06 | 0.17 | 0.04 | 0.32 | 1.206436
0.1 043 | 0.8 ] 2.53 7.13 0.2 | 0.11] 0.33 1.21275
0.49 0.43 | 0.75 8 6.69 | 0.44 | 0.11 | 0.39 | 1.250718
0.76 0.98 | 048 | 1.44 1.88 0.2 0.1 | 0.33 1.21275
0.46 0.28 | 0.38 | 4.94 7.13 1| 0.11| 0.39 | 1.250718
0.31 0.55 | 0.38 | 2.09 7.13 | 0.08 | 0.13 | 0.35 1.22539
0.58 0.33 | 0.28 1 7.13 | 0.64 | 0.13 | 0.36 | 1.231716
0.04 073 | 05| 7.34 7.13 | 0.05| 0.09 | 0.34 | 1.219068
0.61 0.3 | 0.98 | 6.47 341 | 032 | 0.04 | 0.32 | 1.206436
0.37 0.7 | 0.28 | 1.88 8| 0.73 | 0.09 | 0.31 | 1.200126
0.46 0.93 | 0.33 | 1.22 516 | 0.73 | 0.05| 0.26 | 1.168636
0.85 0.85 | 0.55 | 3.84 7.13 | 0.08 | 0.08 | 0.33 1.21275
0.16 11078 | 3.19 472 | 0.08 | 0.16 0.4 1.25706
0.49 041023 | 144 581 | 0.73 | 0.13 | 0.36 | 1.231716
0.4 0.57 | 0.35 | 6.25 3.19| 091 | 0.11 | 0.37 | 1.238046
0.16 0.75 | 0.95 | 1.22 428 | 0.26 | 0.15 | 0.34 | 1.219068
0.19 0.85 | 0.25 | 4.06 166 | 026 | 0.13 | 0.38 1.24438
0.7 1085 | 3.84 3.84 | 0.94 0.1 | 0.35 1.22539
0.43 0.7] 03] 6.91 4.06 | 0.11 | 0.09 | 0.35 1.22539
0.91 05| 0.2 | 559 6.25 | 0.73 0.1 | 0.38 1.24438
0.94 0.9 | 0.88 | 5.38 3.63 | 038 | 0.09 | 0.36 | 1.231716
0.13 0.55 ] 048 | 231 2.75 0.5 | 0.07 | 0.28 1.18122
0.67 085 | 0.8 | 4.72 6.69 | 0.64 | 0.14 0.4 1.25706
0.88 0.7 | 0.75 | 4.28 8 0.7 | 0.14 0.4 1.25706
0.73 1]053]| 691 6.69 | 0.47 | 0.11 | 0.38 1.24438
0.43 0.95 | 0.48 | 6.25 6.47 0.5| 0.09 | 0.34 | 1.219068
0.28 0.38 | 0.63 | 6.03 3.19 | 0.05| 0.07 | 0.32 | 1.206436
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0.43 0.43 | 0.98 | 5.81 122 | 0.64 | 0.06 | 0.31 | 1.200126
0.04 0.68 | 0.25 | 6.91 231 | 094 | 0.13 | 0.38 1.24438
0.64 11048 | 2.75 297 | 0.67 | 0.06 | 0.28 1.18122

0.1 03] 0.75 | 7.56 1.22 0.5] 0.08 | 0.34 | 1.219068
0.25 0.43 |1 048 | 1.44 2.75| 0.08 | 0.13 | 0.32 | 1.206436
0.25 0.8 |1 098 | 3.41 144 | 0.17 | 0.07 | 0.28 1.18122

0.4 0.48 | 0.43 | 6.47 2.75| 0.08 | 0.14 | 0.39 | 1.250718
0.46 095 | 09| 3.19 144 097 | 0.13 | 0.36 | 1.231716
0.43 0.38 | 0.33 | 4.94 6.47 | 0.73 | 0.14 | 0.39 | 1.250718
0.94 0.8 |1 0.98 | 4.28 3.84 | 0.26 | 0.07 | 0.31 | 1.200126
0.97 0.4 ] 048 | 6.03 3.19 | 0.79 | 0.12 | 0.38 1.24438
0.88 0.7 | 0.63 | 6.69 2.75 0.7 | 0.06 | 0.31 | 1.200126
0.25 033 | 09| 1.22 472 | 0.76 0.2 | 0.39 | 1.250718
0.49 093 | 0.7 | 2.09 6.69 | 0.97 | 0.08 | 0.27 | 1.174926
0.13 0.2 | 0.9 ]| 538 472 | 0.82 | 0.08 | 0.34 | 1.219068
0.31 083 | 04| 1.22 559 | 0.94 | 0.18 | 0.37 | 1.238046
0.82 0.57 | 0.45 | 1.44 559 | 0.14 | 0.16 | 0.36 | 1.231716
0.22 041057 | 231 3.63 | 0.44 | 0.04 | 0.24 | 1.156068
0.19 05| 0.7 | 559 6.03 | 0.26 | 0.16 | 0.39 | 1.250718
0.31 0.48 | 0.25 | 2.75 1.22 | 0.55| 0.14 | 0.36 | 1.231716
0.04 0.93 | 0.65 | 6.69 188 | 041 | 0.09| 0.31 | 1.200126
0.49 035| 05| 3.84 1] 023 | 0.06 | 0.29 | 1.187518
0.37 025 | 04| 1.22 472 | 0.61 | 0.17 | 0.37 | 1.238046
0.76 0.98 | 0.57 | 3.84 2.53 0.2 | 0.13 | 0.36 | 1.231716
0.67 0.28 | 0.5 | 6.69 209 | 0.14| 0.14 0.4 1.25706
0.19 0.65 | 0.83 | 6.03 559 | 0.94 | 0.16 | 0.39 | 1.250718

0.7 0.78 | 0.53 | 4.94 144 | 0.17 | 0.15| 0.39 | 1.250718
0.22 0.5 ] 0.53 1 231 | 0.14 | 0.11 | 0.27 | 1.174926
0.58 085 | 0.3 | 3.63 3.19 | 0.55| 0.04 | 0.26 | 1.168636
0.49 098 | 04 1 559 | 0.41 | 0.19 | 0.38 1.24438

0.7 0.57 1| 5381 5.16 1| 006 | 0.29 | 1.187518
0.82 0.25 | 0.55 | 1.66 2.53 | 0.58 | 0.18 0.4 1.25706
0.79 0.88 | 0.55 | 2.53 297 | 038 | 0.05| 0.25 1.16235
0.25 1]063| 7.56 231 | 0.55| 0.15| 0.39 | 1.250718
0.79 0.3 ] 0.88 | 5.16 3.63 | 0.88| 0.07 | 0.31 | 1.200126
0.34 0.25 | 0.98 | 4.72 6.47 | 0.35| 0.09 | 0.32 | 1.206436
0.73 0.23 | 0.45 | 7.78 363 | 0.88 | 0.11 | 0.38 1.24438
0.94 048 | 0.8 | 6.47 428 | 032 | 0.15 0.4 1.25706
0.34 0.93 | 0.55 | 6.91 7.34 1] 0.06 | 0.28 1.18122
0.22 0.65 | 0.68 | 1.88 7.78 | 0.79 0.1 | 0.26 | 1.168636

0.7 023 | 0.7 | 1.88 494 | 0.14 | 0.18 | 0.39 | 1.250718
0.91 0.7 | 0.33 | 6.69 7.78 | 0.29 0.1 | 0.34 | 1.219068
0.88 1]0.53 ]| 7.56 2.09 | 0.82 | 0.05| 0.29 | 1.187518
0.19 0.28 | 0.7 8 341 | 0.29 | 0.09 | 0.33 1.21275
0.28 0.38 1| 4.72 7.56 | 0.23 | 0.13 | 0.34 | 1.219068
0.88 0.23 | 0.38 | 5.59 6.03 1| 0.11| 0.37 | 1.238046
0.16 0.98 | 0.57 | 2.75 1.22 | 011 | 0.15| 0.34 | 1.219068
0.76 0.73 | 0.43 | 5.81 2.53 | 0.55| 0.06 | 0.28 1.18122
0.82 0.93 | 0.65 | 5.59 6.69 | 0.76 | 0.13 | 0.36 | 1.231716
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0.91 0.4 ] 0.38 8 472 | 094 | 0.07 | 0.31 | 1.200126
0.04 0.35 | 0.28 | 4.06 341 | 0.23 | 0.08 | 0.29 | 1.187518
0.49 035| 0.8 3.19 734 | 0.47 | 0.18 | 0.38 1.24438
0.22 0.23 | 0.8 | 5.59 2.97 0.7 ] 0.08 | 0.31 | 1.200126
0.46 0.48 | 0.35 | 2.75 4.28 | 0.23 0.1 | 0.28 1.18122
0.07 063 | 08| 7.78 7.56 | 0.35| 0.09 | 0.29 | 1.187518
0.13 0.65 | 0.33 | 1.66 1| 0.88| 0.14 | 0.31 | 1.200126
0.46 0.38 |1 033 | 7.13 1.22 | 0.55| 0.16 | 0.39 | 1.250718
0.34 053 | 02| 7.34 494 | 0.82 | 0.06 | 0.28 1.18122
0.28 0.43 | 0.73 | 1.66 3.63 | 0.82 | 0.07 | 0.22 | 1.143516
0.43 0.88 | 0.85 | 4.06 3.84 | 0.88 | 0.05| 0.24 | 1.156068
0.34 0.83 | 0.57 | 7.34 5.38 0.2 | 0.17 | 0.39 | 1.250718
0.64 0.68 1| 6.69 734 | 0.58 | 0.14 | 0.36 | 1.231716
0.25 0.63 | 0.78 | 3.19 1| 0.23 | 0.14 | 0.32 | 1.206436
0.37 0.25| 03| 2.09 3.63| 0.64| 0.14 | 0.34 | 1.219068
0.37 0.43 | 0.83 | 2.75 122 | 0.67 | 0.19 | 0.38 1.24438
0.49 0.53 | 0.38 | 2.09 494 | 0.79 | 0.16 | 0.33 1.21275
0.55 0.2 045 | 3.84 1| 091 | 0.13 | 0.36 | 1.231716
0.28 0.2 ]0.73 | 3.63 734 | 0.88 | 0.04 | 0.26 | 1.168636
0.94 0.23 | 0.57 | 2.53 581 | 0.73 | 0.11 | 0.31 | 1.200126
0.61 0.68 | 0.25 | 5.59 275 | 0.26 | 0.13 | 0.34 | 1.219068
0.55 0.83 | 0.45 | 2.97 516 | 0.47 | 0.19 | 0.38 1.24438
0.4 0.85 | 0.33 | 1.66 5.38 1 0.1 | 0.25 1.16235
0.07 0.63 | 0.68 | 6.47 6.91 | 0.47 | 0.08 | 0.26 | 1.168636
0.22 0.8|045 | 7.34 4.06 | 0.85| 0.19 0.4 1.25706
0.76 0.63 | 0.85 | 5.38 5.16 1| 0.17 | 0.38 1.24438
0.97 0.48 | 0.25 | 1.88 2.09 | 041 | 0.14 | 0.33 1.21275
0.61 1| 0.28 | 4.06 231 | 0.88 | 0.14 | 0.34 | 1.219068
0.67 0.4 1038 | 4.72 6.03 | 0.35| 0.04 | 0.24 | 1.156068
0.13 0.8 | 0.83 1 428 | 0.11 | 0.17 | 0.29 | 1.187518
1 0.85 | 0.53 | 3.84 7.56 | 038 | 0.16 | 0.36 | 1.231716
0.52 06| 0.6 4.5 45| 053 | 0.12 0.3 1.19382
0.4 091|055 7.34 2.09| 0.08| 0.14 | 0.34 | 1.219068
0.22 0.88 | 0.93 | 3.63 1| 067 | 0.16 | 0.34 | 1.219068
0.64 0.35 | 0.88 | 7.34 363 | 0.05| 0.14 | 0.35 1.22539
0.64 0.3 ]| 0.65 | 1.66 6.91 | 0.97 | 0.11 | 0.26 | 1.168636
0.7 0.68 1] 1.66 4.06 | 0.23 | 0.18 | 0.33 1.21275
0.61 0.25 | 0.88 | 2.31 7.56 | 0.58 | 0.19 | 0.36 | 1.231716
0.67 0.78 1| 3.84 6.91 | 0.82 | 0.11 | 0.28 1.18122
0.82 0.55 | 0.53 | 7.13 122 | 026 | 0.14 | 0.34 | 1.219068
0.82 0.4]0.75 | 1.66 4.94 0.2 | 0.06 0.2 1.13098
0.58 0.83 | 0.88 | 1.88 7.78 0.5 | 0.08 | 0.21 | 1.137246
0.07 0.38 | 0.73 | 6.03 8| 0.44 | 0.18 | 0.36 | 1.231716
0.82 0.7 | 0.68 8 6.69 | 0.91 | 0.13 | 0.33 1.21275
0.7 0.38 | 0.63 | 1.66 3.63 | 0.85| 0.07 | 0.21 | 1.137246
0.97 0.57 | 0.53 | 2.53 2.09 | 0.58 | 0.17 | 0.34 | 1.219068
0.07 0.73 | 0.95 | 7.13 6.91 | 0.64 0.1 | 0.27 | 1.174926
0.97 0.83 | 0.48 | 2.97 1| 061 | 0.07 | 0.24 | 1.156068
0.37 043 | 0.2 | 5.16 2.09 | 0.23 | 0.13 | 0.32 | 1.206436
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0.55 0.68 | 0.83 | 6.91 4.06 | 0.26 | 0.09 | 0.27 | 1.174926
0.46 0.25 | 0.43 | 6.25 2.53 | 0.88 | 0.07 | 0.28 1.18122
0.97 057 | 04| 1.22 1.44 0.7 ] 0.16 | 0.31 | 1.200126
0.22 09| 0.7] 5381 4.28 1] 0.15]| 0.32 | 1.206436
0.67 0.78 | 0.38 | 6.25 7.78 | 0.38 | 0.05 | 0.23 1.14979
0.28 0.57 | 0.35 | 3.63 3.84 | 0.05| 0.07 | 0.22 | 1.143516
0.91 0.55 ]| 0.88 | 7.34 8| 0.17 0.1 | 0.29 | 1.187518
0.49 0.38 | 0.75 | 6.03 3.84 | 0.58 | 0.05| 0.23 1.14979
0.76 0.78 | 0.48 | 7.34 538 | 0.23 | 0.18 | 0.38 1.24438
0.58 0.73 | 0.85 | 6.25 472 | 0.82 | 0.14 | 0.32 | 1.206436
0.43 0.95 | 0.33 | 6.69 144 | 047 | 0.06 | 0.24 | 1.156068
0.43 0.2 | 035 | 1.66 4.06 | 038 | 0.07 | 0.25 1.16235
0.82 03| 0.5 ] 3.19 472 | 0.05 | 0.09 | 0.28 1.18122
0.76 0.98 | 0.95 | 3.19 297 | 0.47 | 0.08 | 0.23 1.14979
0.43 0.53 | 0.95 | 3.41 6.25| 0.79 | 0.12 | 0.26 | 1.168636
0.22 0.63 | 0.75 | 7.56 341 | 091 | 0.08 | 0.24 | 1.156068
0.04 0.35 | 0.68 | 5.16 144 | 0.67 | 0.08 | 0.24 | 1.156068
0.79 0.57 | 0.43 | 5.81 8| 0.82| 0.11 | 0.28 1.18122
0.28 0.48 | 0.78 | 3.19 6.47 05] 019 ] 0.33 1.21275
0.7 0.28 | 0.65 | 2.09 1.66 | 0.05| 0.18 | 0.33 1.21275
0.13 05]088 | 231 122 | 0.76 | 0.14 | 0.26 | 1.168636
0.28 0.23 | 0.25 | 5.81 6.03 | 0.58 | 0.17 | 0.37 | 1.238046
0.4 053] 02| 231 1.66 | 0.47 0.1 | 0.24 | 1.156068
0.85 093 | 0.5 1 559 | 0.76 | 0.16 | 0.27 | 1.174926
0.1 0.73 ]| 04| 253 472 | 0.73 | 0.09 0.2 1.13098
0.31 0.98 | 0.75 | 1.22 538 | 0.17 | 0.13 | 0.22 | 1.143516
0.37 0.8 | 0.83 | 4.28 2.97 0.7 0.2 | 0.36 | 1.231716
0.1 0.98 | 0.63 | 6.47 3.19| 032 | 0.14 | 0.29 | 1.187518
0.58 0.95 | 0.78 | 2.75 6.47 | 0.17 | 0.18 | 0.32 | 1.206436
0.82 0.33 | 0.28 | 5.38 8| 038 | 0.08 | 0.26 | 1.168636
0.61 1085 | 7.34 494 | 0.67 | 0.17 | 0.35 1.22539
0.16 0.2 0.68 | 1.44 6.91 | 0.23 | 0.19 | 0.31 | 1.200126
0.55 085 | 04| 5.81 1.66 | 0.58 | 0.07 | 0.22 | 1.143516
1 0.28 | 0.55 | 2.31 7.13 | 0.64 | 0.15| 0.29 | 1.187518
0.67 095 | 09| 6.91 538 | 0.41 0.1 | 0.26 | 1.168636
0.25 0.33 | 0.65 | 6.47 6.03 | 0.67 | 0.19 | 0.35 1.22539
0.73 038 | 08| 7.78 341 | 0.11 | 0.06 | 0.23 1.14979
0.85 07| 05 341 297 | 0.79 | 0.08 | 0.21 | 1.137246
0.85 0.55 | 0.38 | 2.97 341 | 0.11 | 0.08 | 0.21 | 1.137246
0.37 093] 0.7 231 6.91 | 0.91 0.1 0.2 1.13098
0.64 0.73 | 0.78 | 2.53 6.25 | 0.97 0.1 | 0.21 | 1.137246
0.79 0.78 | 0.73 | 7.56 6.25 | 0.97 | 0.12 | 0.28 1.18122
0.55 0.28 | 0.5] 6.91 231 | 0.08 | 0.16 | 0.33 1.21275
0.22 0.95 | 0.65 | 7.34 6.47 | 0.47 | 0.06 0.2 1.13098
1 0.53 ] 0.95 | 2.09 6.69 | 0.11 | 0.11 | 0.22 | 1.143516
0.88 0.45 | 0.25 | 7.78 472 | 0.79 | 0.09 | 0.26 | 1.168636
0.34 098 | 05| 7.13 4.06 | 091 | 0.07 | 0.21 | 1.137246
0.16 0.5]0.57| 231 6.25| 0.35| 0.19 | 0.29 | 1.187518
0.79 088 | 03| 7.78 428 | 0.29 | 0.05 | 0.21 | 1.137246
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0.61 0.33 | 0.35 | 4.94 5.16 | 0.17 0.2 | 0.36 | 1.231716
0.43 0.2 | 093 | 494 6.69 | 0.17 0.1 | 0.26 | 1.168636
0.34 0.43 | 0.68 | 4.06 7.56 | 0.88 | 0.09 | 0.21 | 1.137246
0.31 0.75 | 0.57 | 7.78 275 | 0.05| 0.14 | 0.28 1.18122
0.91 0.65 | 0.73 | 6.69 6.25 | 0.55| 0.17 | 0.33 1.21275
0.04 0.45 | 0.53 1 734 | 058 | 0.17 | 0.23 1.14979
0.67 095 | 08| 7.78 428 | 0.44 | 0.08 | 0.23 1.14979
0.49 1]0.75 ]| 5.16 8| 0.14 | 0.11 | 0.24 | 1.156068
0.07 0.8 | 0.73 | 2.97 581 | 0.26 | 0.13 | 0.22 | 1.143516
1 0.85 | 0.93 | 494 559 | 0.82 | 0.16 | 0.31 | 1.200126
0.88 0.23 | 0.63 | 6.25 7.78 | 0.94 | 0.09 | 0.26 | 1.168636
0.76 083 | 0.2 | 4.28 144 | 082 | 0.12 | 0.26 | 1.168636
0.82 0.8 | 0.63 | 6.69 538 | 0.61 0.2 | 0.36 | 1.231716
0.46 035 | 09| 538 5.81 0.5 0.2 | 0.34 | 1.219068
0.64 0.63 | 0.85 | 2.75 581 | 0.14 | 0.13 | 0.23 1.14979
1 048 | 0.7 | 1.66 1.88 1| 0.16 | 0.26 | 1.168636
0.55 0.23 | 0.8 8 341 | 0.64 | 0.06 | 0.23 1.14979
0.61 05| 0.9 ]| 2.09 494 | 094 | 0.16 | 0.25 1.16235
0.22 0.28 | 0.55 | 3.41 231 | 029 | 0.12 | 0.24 | 1.156068
0.55 0.78 | 0.45 1 231 | 0.61| 0.14 | 0.21 | 1.137246
0.34 063 | 0.2 3.19 3.84 | 0.05| 0.19 | 0.31 | 1.200126
0.91 0.65 | 0.85 | 1.88 363 | 035| 0.13 0.2 1.13098
0.76 0.83 | 0.57 | 2.97 5.81 1] 0.17] 0.28 1.18122
0.94 0.9 | 045 | 1.44 7.78 | 0.55| 0.17 | 0.26 | 1.168636
0.79 0.4 ] 0.23 | 5.59 7.56 | 0.88 | 0.18 | 0.33 1.21275
0.67 0.5]093 | 7.13 1| 032 | 0.15| 0.29 | 1.187518
0.85 068 | 05| 7.13 2.09 | 0.58 | 0.19 | 0.34 | 1.219068
0.73 0.73 | 0.95 | 6.25 7.78 0.5| 0.11 | 0.24 | 1.156068
0.61 0.83 | 0.88 | 4.06 2.53 | 0.32 0.1 | 0.21 | 1.137246
0.94 0.78 | 0.4 | 6.47 188 | 0.85| 0.14 | 0.28 1.18122
0.82 098 | 04| 341 6.03 | 0.35| 0.17 | 0.29 | 1.187518
0.79 0.2 | 057 | 144 6.69 0.5 | 0.09 | 0.21 | 1.137246
0.55 0.8 |1 0.98 | 7.56 3.19| 032 | 0.11 | 0.24 | 1.156068
0.25 09| 033 | 3.84 538 | 0.17 | 0.18 | 0.29 | 1.187518
0.73 0.65 | 0.83 | 6.91 188 | 097 | 0.12 | 0.25 1.16235
0.16 0.98 | 0.83 | 3.41 297 | 0.05| 0.14 | 0.23 1.14979
0.1 0.88 | 0.35 | 7.56 494 | 091 | 0.17 | 0.29 | 1.187518
0.76 1]048 | 538 1.66 | 0.17 0.2 | 0.34 | 1.219068
0.04 0.73 | 0.8 | 6.03 341 | 091 | 0.14 | 0.24 | 1.156068
0.28 0.23 | 0.73 | 7.56 713 | 0.85| 0.14 | 0.28 1.18122
0.85 0.35 ] 0.95 | 4.94 734 | 0.79 | 0.11 | 0.23 1.14979
0.55 0.85| 0.7 ] 5.16 8| 0.82 | 0.19 | 0.31 | 1.200126
0.25 0.73 | 0.78 8 3.84| 0.85| 0.17 | 0.29 | 1.187518
0.13 0.7 1| 341 275 | 032 | 0.14 | 0.22 | 1.143516
0.28 0.23 | 0.63 | 5.16 6.47 | 0.85| 0.11 | 0.24 | 1.156068
0.7 0.95 ] 0.23 | 4.28 2.53 0.7 | 0.16 | 0.28 1.18122
0.13 0.5] 0.85 | 2.09 1.66 | 0.64 0.2 | 0.27 | 1.174926
0.58 0.28 | 0.88 | 7.78 3.84 | 0.32 0.2 | 0.34 | 1.219068
0.4 0.2 | 0.73 | 6.25 6.03 | 0.38 | 0.19 | 0.33 1.21275
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0.1 041023 | 4.72 516 | 0.79 | 0.18 | 0.29 | 1.187518
0.46 0.88 | 0.93 8 1.88 | 041 | 0.12 | 0.24 | 1.156068
0.61 0.25 | 0.73 | 2.75 253 | 0.55| 0.16 | 0.26 | 1.168636

0.1 0.55 | 0.28 | 2.53 494 | 0.88 0.2 | 0.28 1.18122
0.61 0.78 | 0.23 | 3.19 7.78 | 0.41 | 0.18 | 0.29 | 1.187518

0.7 0.95 | 0.48 | 7.34 2.75 | 0.26 0.2 | 0.31 | 1.200126
0.16 0.5]045 | 4.72 1| 035]| 0.11 0.2 1.13098
0.19 0.35 | 0.65 | 5.16 1.88 | 0.97 | 0.17 | 0.27 | 1.174926
0.79 0.55]| 0.3 1 516 | 0.11 | 0.18 | 0.24 | 1.156068
0.82 0.53 | 0.53 | 7.56 341 | 0.76 | 0.17 | 0.29 | 1.187518
0.31 0.2 | 0.68 | 2.09 231 | 058 | 0.14 | 0.23 1.14979
0.58 068 | 03| 7.78 6.47 | 0.38 | 0.09 0.2 1.13098

1 0.63 | 0.95 | 2.31 4.72 0.7 | 0.19 | 0.27 | 1.174926

0.1 0.73 | 0.28 | 6.25 6.47 | 0.05| 0.12 | 0.21 | 1.137246
0.07 0.57 | 0.38 | 5.81 6.03 | 0.44 | 0.13 | 0.21 | 1.137246
0.97 0.53 | 0.43 | 7.78 581 | 0.08 | 0.14 | 0.23 1.14979
0.43 09 ]0.23 | 2.53 5.59 | 0.73 0.2 | 0.28 1.18122
0.37 0.78 | 0.45 | 6.47 428 | 091 | 0.14 | 0.23 1.14979
0.91 1| 03] 3.63 428 | 0.23 | 0.16 | 0.26 | 1.168636
0.04 09| 07| 4.72 6.69 | 0.29 | 0.15| 0.22 | 1.143516
0.37 035| 04| 4.28 231 | 041 | 0.11 0.2 1.13098
0.61 055|095 | 7.13 3.19 | 0.11 0.2 | 0.31 | 1.200126
0.31 0.8]0.38 | 7.13 209 | 044 | 0.14 | 0.23 1.14979
0.13 0.88 | 0.98 | 3.84 297 | 0.97 | 0.15| 0.21 | 1.137246
0.07 07| 03] 494 1.66 | 0.85 0.2 | 0.28 1.18122

0.1 0.3]0.33 | 3.63 538 | 0.67 | 0.16 | 0.24 | 1.156068
0.58 0.25| 03] 581 7.56 | 0.08 | 0.12 | 0.24 | 1.156068
0.88 0.33 | 0.53 | 5.38 1.88 | 0.85| 0.11 | 0.21 | 1.137246
0.88 0.88 | 0.7 | 3.63 341 | 032 | 0.17 | 0.25 1.16235
0.37 093 | 04| 2.53 8| 055 | 0.19 | 0.24 | 1.156068
0.73 0.48 | 0.93 | 5.38 231 | 0.85| 0.19 | 0.28 1.18122
0.58 0.83 | 0.78 | 5.59 7.56 | 0.76 0.2 | 0.29 | 1.187518
0.64 0.33 | 0.85 | 7.78 275 | 038 | 0.16 | 0.26 | 1.168636
0.64 0.3 ] 0.88 | 4.06 144 032 | 0.16 | 0.24 | 1.156068
0.58 0.93 | 0.83 | 4.06 188 | 0.05| 0.14 | 0.21 | 1.137246
0.49 0.25 | 0.85 | 4.28 3.19 | 0.11 | 0.14 | 0.22 | 1.143516
0.34 0.63 | 0.23 | 6.25 8| 038 | 0.14 | 0.22 | 1.143516
0.19 09]0.23 | 4.72 6.25| 0.97 | 0.19 | 0.26 | 1.168636
0.31 0.75 1| 6.69 3.84 | 0.44 | 0.19 | 0.27 | 1.174926
0.88 0.55 ] 0.93 | 2.09 122 | 0.61 | 0.16 | 0.21 | 1.137246

0.7 0.78 | 0.65 | 6.47 6.91 | 0.17 0.2 | 0.29 | 1.187518
0.34 0.2 | 0.35| 5.16 516 | 0.11 | 0.14 | 0.25 1.16235
0.79 0.45 | 0.43 | 5.16 4.06 | 094 | 0.18 | 0.26 | 1.168636
0.88 0.2 | 043 | 581 428 | 0.97 | 0.08 0.2 1.13098
0.07 0.45 | 0.98 | 3.63 713 | 0.47 ] 0.19 | 0.23 1.14979
0.31 0.75 | 0.38 | 4.72 1.66 | 041 | 0.18 | 0.24 | 1.156068

0.4 0.7 | 0.73 | 6.03 2.53 | 0.76 0.2 | 0.27 | 1.174926
0.85 0.35 | 0.23 | 6.25 559 | 0.32 | 0.15| 0.24 | 1.156068
0.19 0.23 | 0.68 | 6.03 1.22 | 0.35 0.2 | 0.28 1.18122
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0.37 0.4 1043 | 559 166 | 041 | 0.17 | 0.23 1.14979 5.95
0.73 0.53 | 0.65 | 1.44 1.88 0.7 ] 0.19 | 0.21 | 1.137246 7.79
1 0.78 | 0.45 | 4.72 1.22 | 0.76 0.2 | 0.27 | 1.174926 5.54
0.58 0.9 1] 3.84 7.56 0.2 | 0.17 ] 0.21 | 1.137246
0.85 0.55 | 0.25 | 2.97 6.25 | 0.26 | 0.18 | 0.23 1.14979 9.49
0.19 0.28 | 0.2 | 7.13 538 | 0.55| 0.17 | 0.25 1.16235 8.36
0.28 083 | 03| 6.91 516 | 0.41 | 0.18 | 0.23 1.14979 9.63
0.64 0.28 | 0.3 8 6.03 | 0.35| 0.13 | 0.21 | 1.137246 8.95
0.94 0.35 | 0.63 | 5.81 7.56 | 0.38 | 0.19 | 0.25 1.16235 10.89
0.07 0.25 | 0.75 | 6.03 494 | 0.79 | 0.18 | 0.23 1.14979 7.25
0.91 09| 0.2 2.97 5.81 0.5 0.2 | 0.25 1.16235 10.48
0.13 0.38 | 0.65 | 7.13 8| 044 | 0.19 | 0.23 1.14979 8.09
0.79 0.57 | 0.93 | 5.38 2.09 | 0.82 0.2 | 0.25 1.16235 6.65
0.88 0.33 | 0.65 | 7.56 6.03 | 0.29 | 0.17 | 0.23 1.14979 6.26
0.76 0.45 | 0.93 | 4.06 6.91 | 0.91 0.2 | 0.23 1.14979 7.48
0.94 0.45 | 0.43 | 4.06 2.53 0.2 | 0.18 | 0.21 | 1.137246 9.11
0.49 0.45 | 0.25 | 5.59 166 | 0.76 | 0.17 0.2 1.13098 10.67
1 0.53 | 0.88 | 6.69 4.06 | 044 | 0.18 | 0.21 | 1.137246 5.98
0.64 0.75 | 0.57 8 5.81 | 0.61 0.2 | 0.22 | 1.143516 6.82
0.97 04| 0.2 | 559 3.63| 091 | 0.18 0.2 1.13098 6.18
DATASET 2

AZO | ZNO | Cds | CIGS | CIGS+ | MO VAR | X Band Time
0.38 0.5 | 0.65 1 3.19 | 047 | 0.04 | 0.39 | 1.250718 2.07
0.04 | 069|037 | 231 494 | 0.63 | 0.05 0.4 | 1.25706 5.31
0.15 | 0.85 | 0.58 | 1.44 297 | 0.78 | 0.06 | 0.39 | 1.250718 5.46
0.07 | 0.79 1| 3.41 538 | 0.18 | 0.05 0.4 | 1.25706 5.5
0.07 | 0.69 | 0.79 | 1.22 3.19 | 0.97 | 0.08 | 0.39 | 1.250718 5.58
092 | 046 | 0.51 | 6.03 3.19 0.8 | 0.09 | 0.39 | 1.250718 5.73
0.38 | 0.89 | 0.91 1 297 | 0.72 | 0.09 0.4 | 1.25706 5.74
01| 075|079 | 494 6.47 | 0.86 | 0.05 0.4 | 1.25706 5.82
015 | 093 | 06| 2.75 122 | 0.16 | 0.12 | 0.37 | 1.238046 5.83
01] 083 | 06| 3.19 144 | 069 | 0.05| 0.38 | 1.24438 5.89
0.72 | 044 | 091 | 2.09 3.84 | 0.66 | 0.05| 0.38 | 1.24438 5.95
0.24 | 0.65|0.32 | 3.63 6.91 | 0.27 | 0.04 | 0.38 | 1.24438 5.96
0.52 | 0.75]0.95| 341 7.34 | 0.33 | 0.06 0.4 | 1.25706 6.06
0.27 | 0.75 | 0.32 | 494 2.09 | 0.18 | 0.04 | 0.39 | 1.250718 6.09
021 | 0.69| 0.7 | 144 559 | 0.33 | 0.06 | 0.35| 1.22539 6.09
0.67 | 095|086 | 3.84 3.84 | 094 | 0.08 | 0.38 | 1.24438 6.09
032 | 0.34 | 0.74 | 1.66 6.25 0.8 | 0.04 | 0.35| 1.22539 6.14
0.75 | 0.52 | 0.46 1 516 | 0.24 | 0.06 | 0.36 | 1.231716 6.16
0.04 | 048 | 0.77 | 4.28 7.78 | 0.33 | 0.04 | 0.37 | 1.238046 6.17
038 | 0.85|0.39| 1.22 6.25 | 0.69 | 0.07 | 0.37 | 1.238046 6.3
0.61 | 0.54 | 0.51 | 2.97 6.47 | 0.33 | 0.04 | 0.37 | 1.238046 6.32
0.81 | 0.89 1| 1.88 3.63 | 052 | 0.06 | 0.38| 1.24438 6.35
0.86 | 0.81 | 0.58 | 1.88 1| 063 | 0.05| 0.38 | 1.24438 6.43
041 | 0.67 | 03| 1.88 581 | 094 | 0.04 | 0.35| 1.22539 6.45
03| 0.69 | 0.58 | 7.56 7.13 | 0.38 | 0.05 0.4 | 1.25706 6.45
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0.18 | 0.83 | 098 | 2.75 341 | 0.75] 0.07 | 0.38 | 1.24438
0.69 | 046 | 0.84 | 1.88 6.91 | 0.63 | 0.08 | 0.39 | 1.250718
0.24 | 0.75 | 0.79 | 3.84 494 | 0.16 | 0.05| 0.37 | 1.238046
044 | 0.89 | 037 | 1.22 516 | 0.75]| 0.04 | 0.33 | 1.21275
0.32 | 048 | 0.58 | 2.53 209 | 089 | 0.04 | 0.35| 1.22539
0.13 | 0.38 1] 6.03 3.19 | 0.58 | 0.04 | 0.38 | 1.24438
092 | 091|048 | 2.97 4.06 0.3 | 0.06 | 0.39 | 1.250718
0.18 | 0.56 | 0.72 | 1.88 691 | 049 | 0.05| 0.33 | 1.21275
0.89 041|086 | 144 406 | 0.18 | 0.06 | 0.36 | 1.231716
0.18 | 0.67 | 0.95 | 6.03 2.75 0.8 | 0.05| 0.38 | 1.24438
0.64 | 0.79 | 0.79 | 3.41 734 | 0.66 | 0.06 | 0.38 | 1.24438
0.81 | 0.93 | 0.55 | 2.97 7.78 | 0.72 | 0.04 | 0.36 | 1.231716
0.69 05| 065 | 122 6.25 1| 0.08 | 0.36 | 1.231716
0.69 05| 025 | 231 5.16 | 0.63 | 0.05 | 0.37 | 1.238046

03] 0.73 | 0.32 | 3.63 6.69 | 0.24 | 0.05 | 0.36 | 1.231716
0.44 | 0.56 | 0.91 | 1.22 253 | 0.69 | 0.12 0.4 | 1.25706
0.15| 0.67 | 0.32 | 6.91 7.78 | 047 | 0.07 0.4 | 1.25706
0.13 | 0.58 | 0.51 | 231 275 | 052 | 0.06 | 0.34 | 1.219068
0.64 | 048 | 0.77 | 2.53 472 | 0.18 | 0.08 | 0.38 | 1.24438

0.1] 048 | 0.81 | 2.53 7.13 | 0.24 | 0.08 | 0.36 | 1.231716
0.15 0.4 | 053 | 538 559 | 0.75] 0.06 | 0.38 | 1.24438
0.69 0.5]0.84 | 4.28 734 | 0.66 | 0.06 | 0.38 | 1.24438
035| 0.71 | 0.32 | 1.88 8| 0.75] 0.07 | 0.35] 1.22539
0.04 0.6 | 03| 6.69 4.28 | 0.38 | 0.05 | 0.37 | 1.238046
0.67 0.6 | 098 | 2.75 1| 069 | 0.08| 0.39 | 1.250718
0.92 | 0.54 | 0.91 | 4.06 734 | 0.24 | 0.04 | 0.36 | 1.231716
0.44 | 044|046 | 3.41 144 | 033 | 0.04 | 0.35| 1.22539
0.21 | 046 | 06| 231 3.63 | 047 | 0.04 | 0.32 | 1.206436

0.3 | 058 | 0.41 | 2.09 7.13 | 0.13 0.1 | 0.38 | 1.24438
0.55 0.4 | 0.32 1 7.13 | 0.66 0.1 | 0.38 | 1.24438
0.38 | 0.87 | 0.37 | 494 7.56 | 0.75]| 0.07 | 0.38 | 1.24438
0.24 | 0.67 | 0.91 8 3.84 | 094 | 0.06 | 0.38 | 1.24438
0.81 | 0.83 | 058 | 3.84 7.13 | 0.13 | 0.06 | 0.37 | 1.238046
0.81 | 0.38 | 0.98 | 4.28 275 | 0.13 | 0.05 | 0.37 | 1.238046
0.15| 0.75| 095 | 1.22 4.28 0.3 | 0.12 | 0.37 | 1.238046
0.72 | 0.93 | 051 | 1.44 1.88| 0.24 | 0.08 | 0.36 | 1.231716
0.15| 0.85| 0.7 | 3.63 7.13 | 0.24 0.1 | 0.39 | 1.250718
0.24 | 048 | 0.51 | 1.44 2.75 | 0.13 0.1 | 0.36 | 1.231716
061 | 095|051 | 2.75 297 | 0.69| 0.05| 0.34 | 1.219068
052 | 091 | 039 | 4.72 5.81 | 0.94 | 0.08 | 0.39 | 1.250718
086 | 0.71 |1 039 | 6.91 734 | 044 | 0.04 | 0.37 | 1.238046
0.44 | 0.38 | 0.25 | 5.16 144 | 0.86 | 0.06 | 0.39 | 1.250718
0.13 | 0.58 | 039 | 7.13 5.38 | 0.72 | 0.09 0.4 | 1.25706
0.47 | 0.46 | 0.27 | 1.44 5.81 | 0.75 0.1 | 0.38 | 1.24438
0.64 | 0.36 | 0.81 | 6.47 1| 052 | 0.05| 0.38 | 1.24438
0.95| 0.52 | 0.44 | 2.97 559 | 0.18 | 0.08 | 0.38 | 1.24438
0.04 | 0.73 | 053 | 7.34 7.13 0.1 | 0.07 | 0.37 | 1.238046
0.21 | 0.67 | 0.7 | 1.88 7.78 0.8 | 0.08 | 0.33 | 1.21275
092 | 0.75| 0.27 | 5.38 1.88| 0.61| 0.05| 0.38 | 1.24438
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095 | 0.38 | 0.53 | 4.28 231 | 0.78 | 0.07 | 0.39 | 1.250718
041 | 048 | 098 | 5.81 122 | 066 | 0.05| 0.36 | 1.231716
0.27 | 048 | 0.74 | 1.66 363 | 0.83 | 0.06 | 0.31 ] 1.200126
0.21 | 0.54 | 0.55 1 231 | 0.18 ] 0.09 | 0.33 | 1.21275
0.86 0.4 | 0.27 | 5.16 6.03 | 0.13 | 0.07 0.4 | 1.25706
092 | 0.65|0.84 | 3.19 297 | 0.63 | 0.09 | 0.39 | 1.250718
0.58 | 0.38 | 0.98 | 6.47 341 | 0.35| 0.04 | 0.36 | 1.231716
0.55| 0.83 |0.34 | 3.63 3.19 | 058 | 0.04 | 0.33 | 1.21275
0.75 | 0.85| 0.58 | 2.53 297 | 041 | 0.05| 0.33 | 1.21275
0.24 | 0.79 | 098 | 3.41 144 | 0.21 | 0.06 | 0.34 | 1.219068
095 | 0.75 | 0.7 8 166 | 049 | 0.06 | 0.39 | 1.250718
044 | 036 | 041 | 494 7.13 1| 0.08 | 0.39 | 1.250718
0.47 | 0.89 | 0.72 | 2.09 6.69 | 097 | 0.07 | 0.33 | 1.21275
0.89 | 0.67 | 0.93 | 6.47 406 | 0.21 | 0.04 | 0.36 | 1.231716
041 | 0.71 | 0.34 | 6.91 406 | 0.16 | 0.07 | 0.38 | 1.24438

0.1]| 038 ]0.77 | 7.56 1.22 | 0.52 | 0.06 | 0.37 | 1.238046
0.15 | 0.95|0.79 | 3.19 472 | 0.13 | 0.12 0.4 | 1.25706
0.89 | 052|093 | 2.75 2.53 1 0.1 | 0.39 | 1.250718
0.27 | 0.44 | 0.65 | 6.03 3.19 0.1 | 0.06 | 0.36 | 1.231716
0.38 | 0.83 | 037 | 1.66 5.38 1| 0.08| 033 | 1.21275
041 | 091 | 0.51 | 6.25 6.47 | 0.52 | 0.07 | 0.37 | 1.238046
0.18 | 0.83| 03| 4.06 1.66 0.3 0.1 | 0.39 | 1.250718
0.27 03]074 | 3.63 734 | 089 | 0.04 | 033 | 1.21275
0.13 0.3 ]091| 538 472 | 0.83 | 0.07 | 0.37 | 1.238046
0.47 | 0.48 | 0.77 8 6.69 | 0.47 | 0.08 | 0.39 | 1.250718
0.89 | 0.79 | 0.98 | 4.28 3.84 0.3 | 0.06 | 0.36 | 1.231716
0.41 | 0.85 | 0.86 | 4.06 3.84 | 0.89 | 0.04 | 0.32 | 1.206436
0.47 | 0.93 | 0.44 1 559 | 044 | 0.14 | 0.39 | 1.250718
0.78 0.6 | 048 | 1.44 559 | 0.18 | 0.12 | 0.38 | 1.24438
0.89 | 0.87 | 0.88 | 5.38 3.63 | 041 | 0.07 | 0.38 | 1.24438
0.47 | 0.42 | 0.53 | 3.84 1| 0.27 | 0.05| 0.34 | 1.219068
0.84 | 0.71 | 0.65 | 6.69 275 | 0.72 | 0.05 | 0.36 | 1.231716
0.24 041|091 | 122 472 | 0.78 | 0.15 | 0.39 | 1.250718
032 | 034|098 | 4.72 6.47 | 0.38 | 0.07 | 0.36 | 1.231716
044 | 091 | 091 | 3.19 144 | 0.97 0.1 | 0.38 | 1.24438
0.41 031|039 166 406 | 041 | 0.06 | 0.33 | 1.21275
0.69 | 095|055 | 6.91 6.69 | 049 | 0.08 | 0.39 | 1.250718

03] 081|044 | 1.22 559 | 094 | 0.14 | 0.38 | 1.24438
035 | 034|044 | 1.22 472 | 0.63| 0.13 | 0.38 | 1.24438
0.67 | 032|072 | 1.88 494 | 0.18 | 0.13 0.4 | 1.25706
0.61 | 0.38 | 0.67 | 1.66 6.91| 097 | 0.08 | 0.33 | 1.21275
0.04 | 069 | 03| 6.91 231 | 0.94 0.1 | 0.39 | 1.250718
0.13 | 0.79 | 0.84 1 428 | 0.16 | 0.13 | 0.35 | 1.22539
0.78 | 0.46 | 0.77 | 1.66 494 | 0.24 | 0.05 0.3 | 1.19382
0.04 | 0.42 | 0.32 | 4.06 3.41 | 0.27 | 0.07 | 0.35| 1.22539
0.32 | 0.89 | 058 | 6.91 7.34 1| 0.05| 0.34 | 1.219068
0.75 | 0.38 | 0.88 | 5.16 363 | 0.89| 0.06 | 0.36 | 1.231716
0.04 | 0.89 | 0.67 | 6.69 1.88| 044 | 0.07 | 035 | 1.22539
0.18 | 0.36 | 0.72 8 3.41 | 0.33 | 0.07 | 0.37 | 1.238046
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089 | 032 | 06| 2.53 581 | 0.75]| 0.08 | 0.36 | 1.231716
0.38 0.6 | 0.39 | 6.25 319 | 092 | 0.09 | 0.38 | 1.24438

03] 052 | 03| 275 122 058 | 0.11 | 0.38 | 1.24438
0.86 | 0.54 | 0.25 | 5.59 6.25 | 0.75 ] 0.08 | 0.39 | 1.250718
0.44 | 052|039 | 2.75 428 | 0.27 | 0.08 | 0.34 | 1.219068
0.64 | 0.83 |0.81 | 4.72 6.69 | 0.66 | 0.11 0.4 | 1.25706
0.84 | 0.71 | 0.77 | 4.28 8| 0.72| 0.11 0.4 | 1.25706
0.18 | 0.54 | 0.72 | 5.59 6.03 03| 0.12 0.4 | 1.25706
0.21 | 0.32 | 0.81 | 5.59 297 | 0.72| 0.06 | 0.35| 1.22539
0.67 0.6 1| 5.81 5.16 1| 0.05| 0.34 | 1.219068
0.72 | 0.73 | 046 | 5.81 2.53 | 0.58 | 0.05 | 0.34 | 1.219068
0.67 | 0.44 | 0.65 | 1.66 3.63 | 0.86| 0.06 0.3 | 1.19382
0.47 | 0.56 | 0.41 | 2.09 4.94 0.8 | 0.12 | 0.37 | 1.238046
035 | 0.34 | 034 | 2.09 3.63 | 0.66 | 0.11 | 0.37 | 1.238046
0.18 | 0.67 | 0.84 | 6.03 559 | 094 | 0.12 0.4 | 1.25706
0.07 | 0.65| 0.7 | 6.47 691 | 049 | 0.06 | 0.33 | 1.21275
072 | 093 | 06| 3.84 2.53 | 0.24 0.1 | 0.38 | 1.24438
032 | 056 | 0.25 | 7.34 494 | 0.83 | 0.05| 0.34 | 1.219068
0.27 | 0.44 1| 472 7.56 | 0.27 0.1 | 0.37 | 1.238046
0.78 | 0.34 | 0.58 | 1.66 253 | 061 | 0.14 0.4 | 1.25706
0.13 | 0.67 | 0.37 | 1.66 1] 089 | 0.11 | 035 ] 1.22539
064 | 046 | 041 | 4.72 6.03 | 0.38 | 0.04 | 0.32 | 1.206436
041 | 044 | 037 | 4.94 6.47 | 0.75] 0.11 | 0.39 | 1.250718
0.55| 0.81 | 0.88 | 1.88 7.78 | 0.52 | 0.07 0.3 | 1.19382
0.78 | 0.38 | 0.53 | 3.19 4.72 0.1 | 0.07 | 0.34 | 1.219068

03] 093 |0.77 | 1.22 5.38 | 0.21 0.1 | 0.31 | 1.200126
0.72 | 0.93 | 095 | 3.19 297 | 049 | 0.06 | 0.32 | 1.206436
0.07 | 0.79 | 0.74 | 2.97 5.81 0.3 0.1 | 0.31 | 1.200126

0.1]| 0.73 | 0.44 | 2.53 472 | 0.75 | 0.07 0.3 | 1.19382
0.07 | 0.65| 081 | 7.78 7.56 | 0.38 | 0.07 | 0.34 | 1.219068
0.84 | 032|041 | 5.59 6.03 1| 0.08 | 0.38 | 1.24438
0.38 | 0.52 | 0.46 | 6.47 275 | 0.13 ] 0.11 | 0.39 | 1.250718
047 | 042|081 | 3.19 734 | 049 | 0.13 | 0.39 | 1.250718
0.27 0.6 | 0.39 | 3.63 3.84 0.1 | 0.06 | 0.31 | 1.200126
092 | 052 | 03] 1.88 2.09| 044 | 0.11 | 0.37 | 1.238046
0.86 | 0.71 | 0.37 | 6.69 7.78 | 0.33 | 0.08 | 0.37 | 1.238046
0.24 | 0.65|0.79 | 3.19 1| 027 | 0.11 ] 0.36 | 1.231716
069 | 032|048 | 7.78 363 | 0.89| 0.09 | 0.39 | 1.250718
0.52 031|048 | 3.84 1] 0.92 0.1 | 0.38 | 1.24438
035 | 048 | 084 | 2.75 122 | 069 | 0.14 | 0.39 | 1.250718
0.84 | 0.95| 055 | 7.56 2.09 | 0.83] 0.05]| 0.34 | 1.219068
0.75 03| 06| 1.44 6.69 | 0.52 | 0.07 | 0.31 | 1.200126
0.64 | 0.36 | 0.53 | 6.69 2.09| 018 | 0.11 0.4 | 1.25706
0.78 | 0.89 | 0.67 | 5.59 6.69 | 0.78 0.1 | 038 | 1.24438
0.38 | 0.56 | 0.25 | 2.31 1.66 | 049 | 0.08 | 0.32 | 1.206436
0.15 03| 07| 1.44 6.91 | 0.27 | 0.14 | 0.36 | 1.231716
092 | 0.81|0.51| 2.97 1| 063 | 0.06 | 0.32 | 1.206436
0.92 0.6 | 044 | 1.22 144 | 0.72 | 0.12 | 0.36 | 1.231716
0.52 | 0.81 | 048 | 2.97 516 | 049 | 0.14 | 0.39 | 1.250718
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041 | 091 | 037 | 6.69 144 | 049 | 0.05 | 0.32 | 1.206436
0.86 | 0.46 | 0.41 8 472 | 094 | 0.06 | 0.35| 1.22539
044 | 034 | 046 | 6.25 253 | 0.89 | 0.06 | 0.34 | 1.219068
035] 0.89|0.72 | 231 6.91 | 092 ]| 0.08 0.3 ] 1.19382
0.41 | 0.56 | 0.95 | 341 6.25 0.8 | 0.09 | 0.33 | 1.21275
0.21 | 0.85| 093 | 3.63 1| 069 | 0.12 | 0.37 | 1.238046
0.61 ]| 0.73]0.79 | 2.53 6.25 | 0.97 | 0.08 | 0.31 | 1.200126
0.58 | 0.34 | 088 | 231 7.56 | 0.61| 0.14 | 0.38 | 1.24438
0.44 | 0.44 | 037 | 7.13 1.22 | 0.58 | 0.12 0.4 | 1.25706
058 | 0.69| 03| 5.59 2.75 0.3 0.1 | 0.37 | 1.238046
0.67 | 0.77 | 0.55 | 4.94 144 | 0.21 | 0.12 | 0.39 | 1.250718
0.04 | 042 | 07| 5.16 144 | 0.69 | 0.07 | 0.32 | 1.206436
0.64 | 0.77 1| 3.84 6.91 | 0.83| 0.09 | 0.34 | 1.219068
032 | 081 | 06| 7.34 538 | 0.24| 0.13 0.4 | 1.25706
0.58 | 0.95 | 0.32 | 4.06 231 | 0.89 | 0.11 | 0.37 | 1.238046
0.24 | 095 | 0.65| 7.56 231 | 058 | 0.12 | 0.39 | 1.250718
032 | 048 | 0.7 | 4.06 7.56 | 0.89 | 0.07 | 0.31 | 1.200126
0.81 | 0.89 | 0.53 1 559 | 0.78 | 0.12 | 0.33 | 1.21275
0.13 | 0.54 | 0.88 | 2.31 122 | 078 | 0.11 | 033 | 1.21275
0.49 | 0.63 | 0.63 4.5 45| 0.55 0.1 | 035 | 1.22539
0.04 0.5 | 0.55 1 734 | 0.61 | 0.13 | 0.31 | 1.200126
0.89 | 0.52 | 081 | 6.47 428 | 035 | 0.12 0.4 | 1.25706
047 | 044 | 0.77 | 6.03 3.84| 0.61 ] 0.05| 0.31 | 1.200126
0.07 | 0.73 | 095 | 7.13 691 | 0.66 | 0.08 | 0.33 | 1.21275
0.67 | 0.69 1| 1.66 4.06 | 0.27 | 0.14 | 0.36 | 1.231716
0.61 | 0.69 1| 6.69 734 | 0.61| 0.11 | 0.38 | 1.24438
095 | 0.83 |0.55| 3.84 7.56 | 041 | 0.12 | 0.38 | 1.24438
0.64 | 0.77 | 0.41 | 6.25 7.78 | 041 | 0.05| 0.31 | 1.200126
0.07 | 0.44 | 0.74 | 6.03 8| 047 | 0.13 | 0.38 | 1.24438
0.52 | 0.77 | 0.48 1 231 | 0.63 | 0.11 | 0.31 | 1.200126
0.52 | 0.69 | 0.84 | 6.91 4.06 03| 0.07 | 0.33 | 1.21275
0.75 0.6 | 046 | 581 8| 0.83| 0.08 | 0.34 | 1.219068
035 | 048 | 0.25 | 5.16 2.09 | 0.27 0.1 | 0.36 | 1.231716
0.21 | 091|067 | 7.34 6.47 | 049 | 0.05 0.3 | 1.19382
0.21 | 0.79 | 048 | 7.34 406 | 0.86 | 0.14 0.4 | 1.25706
0.21 | 0.65 | 0.77 | 7.56 3.41 | 092 | 0.07 | 0.32 | 1.206436
069 | 044 | 081 | 7.78 341 | 0.16 | 0.05 | 0.32 | 1.206436
061 | 042|088 | 7.34 3.63 0.1] 0.11 | 0.38 | 1.24438
0.92 0.6 | 055 | 2.53 2.09 | 0.61| 0.13 | 0.37 | 1.238046
0.38 | 0.87 | 0.58 | 7.34 2.09| 0.13] 0.11 | 0.37 | 1.238046
0.75| 085|034 | 7.78 428 | 033 | 0.04 | 0.31 | 1.200126
0.86 | 0.58 | 0.88 | 7.34 8| 0.21| 0.08 | 0.35| 1.22539
0.55| 0.91|0.79 | 2.75 6.47 | 0.21 | 0.13 | 0.36 | 1.231716
0.95 | 0.56 | 0.95 | 2.09 6.69 | 0.16 | 0.09 | 0.31 | 1.200126
0.52 | 0.83 |0.44 | 581 1.66 | 0.61 | 0.06 | 0.31 | 1.200126
0.78 | 0.71 | 0.7 8 6.69 | 0.92 0.1 | 0.37 | 1.238046
0.61 | 0.65| 086 | 2.75 5.81 | 0.18 0.1 | 0.32 | 1.206436
0.72 | 0.65|0.86 | 5.38 5.16 1| 0.13 | 0.39 | 1.250718
0.21 | 0.36 | 0.58 | 3.41 231 | 0.33 | 0.09 | 0.32 | 1.206436
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058 | 0.54 | 091 | 2.09 494 | 094 | 012 | 0.33 | 1.21275
0.41 0.3 ]093 | 494 6.69 | 021 | 0.08 | 0.33 | 1.21275
0.27 | 0.52 | 0.79 | 3.19 6.47 | 052 | 0.14 | 0.36 | 1.231716
0.81 | 0.58 | 041 | 2.97 341 | 0.16 | 0.07 0.3 | 1.19382
0.64 | 091|081 | 7.78 428 | 0.47 | 0.06 | 0.32 | 1.206436
0.95| 0.36 | 0.58 | 2.31 7.13 | 0.66 | 0.12 | 0.35| 1.22539
0.81 | 0.71 | 053 | 3.41 2.97 0.8 | 0.07 0.3 | 1.19382
0.15]| 054 | 06| 231 6.25 | 0.38 | 0.14 | 0.34 | 1.219068
0.21 | 0.87 | 0.72 | 5.81 4.28 1| 0.12 | 0.36 | 1.231716
0.78 0.4 | 032 | 538 8| 041 | 0.07 | 0.33 | 1.21275
0.55| 0.73 | 0.86 | 6.25 472 | 0.83 | 0.11 | 0.36 | 1.231716
0.58 | 0.81 | 0.88 | 4.06 253 | 0.35| 0.08 | 0.31 | 1.200126
0.78 | 0.58 | 0.55 | 7.13 1.22 0.3 | 0.11 | 0.37 | 1.238046
032 | 093|053 | 7.13 4.06 | 0.92 | 0.06 0.3 | 1.19382
0.15| 093|084 | 3.41 2.97 0.1 | 0.11 | 0.32 | 1.206436
0.72 | 0.77 | 0.51 | 7.34 538 | 0.27 | 0.13 | 0.39 | 1.250718
0.67 | 0.36 | 0.67 | 2.09 1.66 0.1| 0.14 | 0.36 | 1.231716
095 | 0.52 | 0.72 | 1.66 1.88 1| 012 | 033 | 1.21275
0.84 | 0.32 | 0.65| 6.25 7.78 | 094 | 0.07 | 0.33 | 1.21275
064 | 091|091 | 6.91 538 | 044 | 0.08 | 0.33 | 1.21275
052 | 0.32 | 0.81 8 3.41| 0.66 | 0.05 | 0.31 ] 1.200126
0.89 | 0.87 | 048 | 1.44 778 | 058 | 0.13 | 0.33 | 1.21275

0.1] 093 ]0.65| 647 319 | 0.35] 0.11 | 0.34 | 1.219068
0.86 | 0.67 | 0.86 | 1.88 3.63 | 0.38 0.1 0.3 | 1.19382
0.35| 0.79 | 0.84 | 4.28 297 | 0.72| 0.15 | 0.38 | 1.24438
0.15| 0.54 | 0.48 | 4.72 1| 038 | 0.08 0.3 | 1.19382
0.24 0.4 | 0.67 | 6.47 6.03 | 0.69| 0.14 | 0.38 | 1.24438
0.84 05| 03| 7.78 4.72 0.8 | 0.07 | 0.33 | 1.21275
0.47 | 0.95|0.77 | 5.16 8| 0.18 | 0.09 | 0.32 | 1.206436
0.72 | 0.81 | 0.25 | 4.28 144 | 083 | 0.09 | 033 | 1.21275
0.75 | 0.77 | 0.74 | 7.56 6.25 | 097 | 0.09 | 0.34 | 1.219068
0.52 | 0.36 | 0.53 | 6.91 231 | 0.13 | 0.12 | 0.37 | 1.238046
0.75 | 0.58 | 0.34 1 516 | 0.16 | 0.13 | 0.32 | 1.206436
0.69 | 0.73 | 0.95 | 6.25 7.78 | 0.52 | 0.08 | 0.32 | 1.206436
032 | 0.65|0.25| 3.19 3.84 0.1| 0.14 | 0.36 | 1.231716
0.27 | 032 | 03] 5.81 6.03 | 0.61| 0.13 | 0.38 | 1.24438
035 | 042|044 | 4.28 231 | 044 | 0.08 0.3 | 1.19382

0.3 03| 0.7 ] 2.09 231 | 0.61 | 0.11 | 0.31 | 1.200126

01] 073032 | 6.25 6.47 0.1 | 0.09 | 0.31 | 1.200126
0.13 | 0.71 1| 341 275 | 035] 0.11 | 0.31 | 1.200126
0.27 | 0.32 | 0.65| 5.16 6.47 | 0.86 | 0.09 | 0.32 | 1.206436
0.58 | 0.95|0.86| 7.34 494 | 0.69 | 0.13 | 0.38 | 1.24438
0.24 | 0.87 | 0.37 | 3.84 538 | 0.21 | 0.13 | 0.34 | 1.219068
0.69 | 0.67 | 0.84 | 6.91 1.88| 097 | 0.09 | 033 | 1.21275
0.58 | 0.34 | 0.74 | 2.75 253 | 058 | 0.12 | 0.33 | 1.21275
0.78 | 0.93 |0.44 | 341 6.03 | 0.38 | 0.13 | 0.35| 1.22539
0.72 | 0.81| 06| 2.97 5.81 1| 0.13 | 0.34 | 1.219068

03| 075| 06| 7.78 2.75 0.1 | 0.11 | 0.34 | 1.219068
0.07 0.6 041 | 581 6.03 | 0.47 0.1 | 0.31 | 1.200126
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0.1] 058|032 | 253 494 | 0.89 | 0.15| 0.34 | 1.219068
0.04 | 0.73 | 081 | 6.03 341 | 092 | 0.11 | 0.32 | 1.206436
0.13 | 0.54 | 0.86 | 2.09 166 | 066 | 0.15| 033 | 1.21275
0.58 0.4 1039 ]| 494 516 | 0.21 | 0.15 | 0.38 | 1.24438
0.55| 0.69 | 0.34 | 7.78 6.47 | 041 | 0.07 0.3 | 1.19382
0.52 | 0.79 | 0.98 | 7.56 3.19 | 0.35]| 0.09 | 0.32 | 1.206436
0.44 | 0.85 | 0.93 8 1.88 | 0.44 | 0.09 | 0.32 | 1.206436
0.52 | 0.83 |0.72 | 5.16 8| 0.83| 0.14 | 0.36 | 1.231716
0.27 | 0.32 | 0.74 | 7.56 7.13 | 0.86| 0.11 | 0.34 | 1.219068

0.1]| 038|037 | 3.63 538 | 0.69| 0.12 | 0.32 | 1.206436
0.44 | 042 | 091 | 5.38 5.81 | 0.52 | 0.15 | 0.37 | 1.238046
0.81 | 042 | 095 | 494 7.34 0.8 | 0.09 | 0.31 | 1.200126
095 | 0.83 | 093 | 494 559 | 0.83 | 0.12 | 0.35| 1.22539

0.1]| 046 | 0.27 | 4.72 5.16 0.8 | 0.13 | 0.34 | 1.219068
0.67 | 091 | 0.27 | 4.28 253 | 0.72 | 0.12 | 0.34 | 1.219068
0.64 | 054|093 | 7.13 1| 035] 0.12 | 035 | 1.22539
055 | 0.34 | 0.34 | 5.81 7.56 | 0.13 | 0.09 | 0.32 | 1.206436
0.89 | 0.77 | 0.44 | 6.47 188 | 0.86| 0.11 | 0.34 | 1.219068
035 | 0.77 | 048 | 6.47 428 | 092 | 0.11 | 0.32 | 1.206436
035 | 0.89|044 | 2.53 8| 058 | 0.14 | 0.32 | 1.206436
0.04 | 0.87 | 0.72 | 4.72 6.69 | 033 | 0.12 | 0.31 | 1.200126
0.86 | 0.67 | 0.74 | 6.69 6.25 | 0.58 | 0.13 | 0.36 | 1.231716
0.07 0.5]098 | 3.63 713 | 049 | 0.14 | 0.32 | 1.206436
095 | 0.65| 095 | 231 472 | 0.72 | 0.14| 0.33 | 1.21275
0.75 | 0.46 | 0.27 | 5.59 7.56 | 0.89 | 0.13 | 0.36 | 1.231716
0.55 | 0.89 | 0.84 | 4.06 1.88 0.1 | 0.11 | 0.31 | 1.200126

0.1 ] 085|039 | 7.56 494 | 0.92 | 0.13 | 0.34 | 1.219068
0.13 | 0.85| 098 | 3.84 297 | 097 | 0.12 0.3 | 1.19382
0.41 | 0.87 | 0.27 | 2.53 559 | 0.75| 0.15 | 0.34 | 1.219068
0.81| 0.69| 053 | 7.13 2.09 | 0.61| 0.14 | 0.37 | 1.238046
0.32 0.3 | 039 | 5.16 516 | 0.16 | 0.11 | 0.33 | 1.21275
0.84 0.4 | 055 | 5.38 1.88| 0.86| 0.09 | 0.31 | 1.200126
0.18 | 0.42 | 0.67 | 5.16 188 | 097 | 0.13 | 0.33 | 1.21275
0.78 | 0.79 | 0.65 | 6.69 538 | 0.63 | 0.15| 0.38 | 1.24438
0.38 03] 074 | 6.25 6.03 | 041 | 0.14 | 0.36 | 1.231716
0.86 | 095|034 | 3.63 428 | 0.27 | 012 | 0.33 | 1.21275
047 | 034 | 0.86 | 4.28 319 | 0.16 | 0.11 | 0.31 | 1.200126
0.84 0.3]046 | 581 4.28 | 0.97 | 0.07 0.3 ]| 1.19382
0.24 | 0.73 | 0.79 8 3.84 | 0.86| 0.13 | 0.34 | 1.219068
0.72 | 095|051 | 5.38 166 | 0.21 | 0.15 | 0.37 | 1.238046
0.84 | 0.58 | 0.93 | 2.09 122 | 063 | 0.12 0.3 | 1.19382
0.84 | 0.85|0.72 | 3.63 341 | 035]| 0.13 | 0.33 | 1.21275
0.61 | 0.38 | 0.88 | 4.06 144 | 035 | 0.12 | 0.32 | 1.206436
0.78 | 0.56 | 0.55 | 7.56 341 | 0.78 | 0.13 | 0.35| 1.22539
0.69 | 0.56 | 0.67 | 1.44 1.88 | 0.72 | 0.14 0.3 | 1.19382

03] 0.79 | 041 | 7.13 2.09 | 047 | 0.11 | 0.31 | 1.200126
0.32 | 0.65| 0.27 | 6.25 8| 041 | 0.11 | 0.31 | 1.200126
0.07 | 0.71 | 0.34 | 494 1.66 | 0.86| 0.15 | 0.34 | 1.219068
0.55 | 0.36 | 0.88 | 7.78 3.84 | 0.35]| 0.15 | 0.37 | 1.238046
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03] 075|041 | 4.72 166 | 0.44 | 0.13 | 0.32 | 1.206436 12.25
0.58 | 0.77 | 0.27 | 3.19 7.78 | 0.44 | 0.14 | 0.34 | 1.219068 10.57
0.18 | 0.87 | 0.27 | 4.72 6.25 | 097 | 0.14 | 0.33 | 1.21275 7.13
0.55| 0.81 | 0.79 | 5.59 7.56 | 0.78 | 0.15 | 0.35 | 1.22539 8.64
0.61 0.4|0.86 | 7.78 275 | 041 0.12 | 0.33 | 1.21275 9.42
0.69 | 0.52 | 0.93 | 5.38 231 | 0.86| 0.14 | 0.34 | 1.219068 16.15
0.55 | 0.87 1| 3.84 7.56 | 0.24 | 0.13 | 0.31 | 1.200126 15.03
0.35 | 0.46 | 0.46 | 5.59 166 | 0.44 | 0.13 | 0.32 | 1.206436 9.21
0.81| 0.58 | 03| 2.97 6.25 0.3 | 0.14 | 0.32 | 1.206436 10.5

0.3 | 0.75 1| 6.69 3.84 | 047 | 0.14 | 0.33 | 1.21275 5.79
0.58 | 0.58 | 0.95| 7.13 319 | 0.16 | 0.15| 0.35| 1.22539 9.03
0.67 | 0.77 | 0.67 | 6.47 6.91 | 0.21| 0.15| 0.35| 1.22539 6.81
0.75 0.5| 046 | 5.16 4.06 | 094 | 0.14 | 033 | 1.21275 12.69
0.18 | 0.32 | 0.7 | 6.03 122 | 0.38 | 0.15 | 0.34 | 1.219068 7.5
0.07 | 0.34 | 0.77 | 6.03 4.94 0.8 | 0.13 | 0.31| 1.200126 7.08
0.18 | 0.36 | 0.25 | 7.13 5.38 | 0.58 | 0.13 | 0.33 | 1.21275 6.67
0.13 | 0.44 | 0.67 | 7.13 8| 0.47| 0.14 | 0.32 | 1.206436 11.78
0.92 | 0.56 | 0.46 | 7.78 5.81 | 0.13 | 0.11 | 0.31 | 1.200126 6.07
0.67 | 091|051 | 7.34 2.75 0.3 | 0.15| 0.35| 1.22539 5.96
0.38 | 0.71 | 0.74 | 6.03 253 | 078 | 0.15 | 0.33 | 1.21275 6.62
0.27 | 0.81|0.34| 6.91 5.16 | 0.44 | 0.14 | 0.32 | 1.206436 9.86
0.81 | 0.42 | 0.27 | 6.25 5,59 | 0.35| 0.12 | 0.32 | 1.206436 8.64
0.86 | 0.87 | 0.25 | 2.97 5.81| 052 | 0.15| 0.33 | 1.21275 8.84
0.61 | 0.36 | 0.34 8 6.03 | 0.38 0.1 0.3 | 1.19382 6.94
0.89 | 0.42 | 0.65| 5.81 7.56 041 | 0.14 | 0.33 1.21275 6.1
0.75 0.6 | 0.93 | 5.38 2.09 | 0.83| 0.15 | 0.33 | 1.21275 8.68
095 | 0.77 | 0.48 | 4.72 122 | 0.78 | 0.15| 0.33 | 1.21275 9.16
0.47 0.5| 03| 5.59 166 | 0.78 | 0.13 0.3 | 1.19382 6.42
0.72 0.5 | 093 | 4.06 6.91 | 0.92| 0.15| 0.31 | 1.200126 10.21
0.89 0.5 | 0.46 | 4.06 253 | 024 | 0.14 0.3 | 1.19382 6.71
0.84 0.4 | 0.67 | 7.56 6.03 | 0.33 | 0.13 | 0.31 | 1.200126 8.83
0.61 | 0.75| 0.6 8 5.81 | 0.63 | 0.15 | 0.31 | 1.200126 5.88
0.95 | 0.56 | 0.88 | 6.69 4.06 | 0.47 | 0.14 0.3 | 1.19382 8.49
0.92 | 0.46 | 0.25 | 5.59 363 | 092 | 0.14 0.3 | 1.19382 5.43

DATASET 3

AZO | ZNO Cds | CIGS | CIGS+ | MO | VAR X Bandgap | Efficiency Time
0.18 0.59 | 0.67 1 4.25 0.5 0.04 | 0.39 | 1.250718 12.04
0.09 0.91 | 0.61 | 1.25 4.13 | 0.79 0.05 | 0.39 | 1.250718 12.75
0.04 0.76 | 0.41 | 1.75 5.25 | 0.65 0.05| 0.4 | 1.25706 14.33
0.05 0.76 | 0.8 | 1.13 4.25 | 0.97 0.06 | 0.39 | 1.250718 15.27
0.37 0.87 | 0.61 1.5 3| 0.65 0.04 | 0.39 | 1.250718 12.74
0.18 0.94 | 0.91 1 4.13 | 0.73 0.07 | 0.4 | 1.25706 7.94
0.05 0.85 1] 2.38 5.5 | 0.23 0.05| 04| 1.25706 11.43
0.31 0.53 | 0.91| 1.63 4.63 | 0.68 0.05 | 0.39 | 1.250718 10.78
0.11 0.76 | 0.72 | 1.25 5.63 | 0.36 0.05 | 0.37 | 1.238046 13.53
0.23 0.81 | 0.96 | 2.38 6.63 | 0.36 0.05| 04| 1.25706 15.59
0.32 0.61| 0.5 1 5.38 | 0.28 0.05 | 0.37 | 1.238046 13.75

0.3 0.55 | 0.85 1.5 6.38 | 0.65 0.06 | 0.39 | 1.250718 14.61
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0.2 0.64 | 0.91 | 1.13 3.88 | 0.71 0.08 | 04| 1.25706
0.06 081 | 08| 3.25 6.13 | 0.87 005 | 04| 1.25706
0.34 0.94 1 1.5 4.5 | 0.55 0.05 | 0.38 | 1.24438
0.18 091|043 | 1.13 6| 0.71 0.06 | 0.38 | 1.24438
0.15 0.44 | 0.76 | 1.38 6| 0.81 0.04 | 0.36 | 1.231716
0.15 0.57 | 0.61 | 1.88 3.63 | 0.89 0.04 | 0.37 | 1.238046
0.04 0.57 | 0.78 | 2.88 6.88 | 0.36 0.04 | 0.38 | 1.24438

0.3 059 | 03| 1.75 5.38 | 0.65 0.04 | 0.38 | 1.24438
0.38 0.49 | 0.87 | 1.25 4.75 | 0.23 0.05 | 0.37 | 1.238046
0.28 0.57 | 0.78 | 1.88 513 | 0.23 0.06 | 0.39 | 1.250718
0.12 0.72 | 0.37 2.5 6.38 | 0.31 0.04 | 0.38 | 1.24438
0.28 085 | 0.8 | 2.38 6.63 | 0.68 0.05 | 0.39 | 1.250718

0.3 0.59 | 0.67 | 1.13 6 1 0.06 | 0.37 | 1.238046
0.06 0.89 | 0.63 | 2.25 3.25| 0.71 0.05 | 0.38 | 1.24438

0.1 0.64 | 0.74 1.5 6.38 | 0.52 0.04 | 0.35 | 1.22539
0.24 0.49 | 0.37 1 6.5 | 0.68 0.07 | 0.39 | 1.250718
0.14 0.87 | 0.48 | 1.13 5.63 | 0.95 0.09 | 0.39 | 1.250718
0.14 0.76 | 0.61 | 4.75 6.5 | 0.42 0.04| 04| 1.25706

0.2 094 | 0.41 | 1.13 538 | 0.76 0.04 | 0.35 | 1.22539
0.29 0.68 | 0.98 2 3| 071 0.06 | 0.39 | 1.250718
0.13 0.81 | 0.37 | 3.25 3.63 | 0.23 0.04 | 0.39 | 1.250718

0.3 0.59 | 0.85 | 2.88 6.63 | 0.68 0.05 | 0.39 | 1.250718
0.38 0.61 | 0.93 2 3.88 1 0.07 | 04| 1.25706
0.09 0.91 | 0.72 2.5 6.5 | 0.28 0.07 | 04| 1.25706
0.12 081 | 0.8 | 2.63 5.25 0.2 0.05 | 0.38 | 1.24438
0.09 0.81 | 0.96 | 1.13 4.88 | 0.34 0.08 | 0.38 | 1.24438

0.1 0.89 | 0.98 2 4.38 | 0.76 0.06 | 0.38 | 1.24438
0.34 0.98 | 0.58 | 2.13 6.88 | 0.73 0.04 | 0.37 | 1.238046

0.4 0.61 | 0.48 | 2.13 5.63 | 0.23 0.06 | 0.39 | 1.250718
0.07 0.66 | 0.54 | 1.75 4 | 0.55 0.05 | 0.36 | 1.231716
0.06 0.57 | 0.83 | 1.88 6.5 | 0.28 0.06 | 0.37 | 1.238046
0.34 0.48 | 0.98 | 2.88 4| 0.18 0.04 | 0.38 | 1.24438
0.27 0.63 | 0.54 | 2.13 6.13 | 0.36 0.04 | 0.38 | 1.24438
0.14 0.66 | 0.45 | 1.63 6.5 | 0.18 0.07 | 0.38 | 1.24438
0.39 0.72 | 0.85 | 2.25 4.13 | 0.65 0.07 | 04| 1.25706

0.2 053 | 05| 2.38 3.25 | 0.36 0.04 | 0.37 | 1.238046
0.19 0.74 | 0.34 1.5 575 | 0.95 0.04 | 0.36 | 1.231716
0.31 0.98 | 0.54 | 1.25 3.5 | 0.28 0.06 | 0.37 | 1.238046
0.12 0.57 | 0.54 | 1.25 4| 0.18 0.07 | 0.37 | 1.238046

0.1 0.74 | 0.96 | 3.88 4] 0.81 0.05 | 0.39 | 1.250718
0.07 0.48 1| 3.88 4.25 0.6 0.04 | 0.38 | 1.24438
0.28 0.46 | 0.83 | 4.13 3| 0.55 0.04 | 0.39 | 1.250718
0.34 0.89 | 0.61 | 2.63 6.5 | 0.18 0.05 | 0.38 | 1.24438

0.2 0.46 | 0.45 | 3.25 6.5 1 0.06 | 04| 1.25706
0.16 0.78 | 0.37 1.5 7| 0.76 0.06 | 0.37 | 1.238046
0.39 0.63 | 0.91 | 2.75 6.63 | 0.28 0.04 | 0.37 | 1.238046
0.21 0.98 | 0.48 1 5.63 | 0.47 0.09 | 0.39 | 1.250718

0.2 048 | 0.3 | 3.38 3.25 | 0.87 0.05| 04| 1.25706
0.12 0.49 | 0.91 | 1.13 5.13 | 0.79 01| 0.4 | 1.25706
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12.01
10.75
11.35
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12.65
14.89
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9.27
12.17
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7.29

8.59
12.67

9.48
13.44
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12.88
12.01
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9.77
12.82

8.37

8.61
10.66
15.04
13.47

9.51
12.38

9.25

9.55
12.81
14.61
20.49
10.43
14.45
11.28

9.24




0.14 0.79 | 0.37 2.5 6.25 | 0.28 0.05 | 0.37 | 1.238046
0.16 0.44 | 0.48 | 1.13 5.13 | 0.65 0.09 | 0.39 | 1.250718
0.29 0.42 | 0.74 1.5 525 | 0.23 0.09 | 04| 1.25706
0.33 0.44 | 0.61 | 1.38 3.88 | 0.63 009 | 04| 1.25706
0.04 0.68 | 0.34 | 4.25 4.88 | 0.42 0.04 | 0.38 | 1.24438
0.11 0.55 ]| 0.63 | 1.75 4.5 0.5 0.04 | 0.34 | 1.219068
0.21 0.55 | 0.32 | 1.25 5.75 | 0.76 0.07 | 0.38 | 1.24438
0.13 0.57 | 0.76 | 1.38 4.5 | 0.84 0.05 | 0.34 | 1.219068
0.09 0.74 | 0.37 | 4.38 6.88 0.5 0.06 | 04| 1.25706
0.32 0.91 | 0.61 | 1.88 413 | 0.44 0.04 | 0.35 | 1.22539
0.09 0.49 | 0.56 3.5 5.63 | 0.76 0.05 | 0.38 | 1.24438
0.23 0.96 | 0.43 | 3.13 5.75 | 0.95 0.06 | 0.39 | 1.250718
0.11 0.74 | 0.72 1.5 6.88 | 0.81 0.06 | 0.35 | 1.22539
0.21 0.64 | 0.45 | 1.63 5.25 | 0.81 0.08 | 0.38 | 1.24438
0.11 0.63 | 0.58 1 3.75 | 0.23 0.07 | 0.35 | 1.22539
0.27 1]054 2 413 | 0.71 0.05 | 0.36 | 1.231716

0.4 0.48 | 0.56 | 2.88 3.75 | 0.79 0.06 | 0.39 | 1.250718
0.12 0.85 | 0.98 | 2.38 3.25 | 0.26 0.05 | 0.36 | 1.231716
0.12 0.74 | 0.91 5 4.63 | 0.95 0.05 | 0.39 | 1.250718
0.39 0.81 | 0.32 3.5 3.5 | 0.63 0.05 | 0.39 | 1.250718
0.37 0.78 | 0.43 | 4.38 6.63 | 0.47 0.04 | 0.38 | 1.24438
0.38 0.42 | 0.63 | 1.88 575 | 0.76 0.06 | 0.37 | 1.238046
0.21 0.57 | 0.78 5 6.25 0.5 0.06 | 04| 1.25706
0.29 1]0.87 | 2.63 4.63 | 0.95 0.06 | 0.38 | 1.24438

0.2 0.96 | 0.91 | 2.25 3.25 | 0.97 0.07 | 0.38 | 1.24438
0.37 0.49 | 0.32 | 3.38 5.88 | 0.18 0.06 | 04| 1.25706
0.27 0.48 | 0.69 | 1.38 6.38 | 0.97 0.06 | 0.35 | 1.22539
0.09 1| 0.8 2.25 5.13 | 0.18 0.09 | 04| 1.25706

0.1 0.89 | 0.34 | 2.75 3.38 | 0.34 0.07 | 0.39 | 1.250718
0.07 0.74 | 0.41 | 1.38 3| 0.89 0.08 | 0.37 | 1.238046
0.07 0.66 | 0.43 4.5 55| 0.73 0.07 | 04| 1.25706
0.33 0.68 | 0.52 | 1.25 5.63 | 0.23 0.09 | 0.38 | 1.24438
0.38 0.85 | 0.98 | 2.88 463 | 0.34 0.05 | 0.37 | 1.238046
0.39 0.68 | 0.48 | 1.13 3.25 | 0.73 0.08 | 0.37 | 1.238046

0.2 0.61 | 0.43 2 4.88 | 0.31 0.06 | 0.36 | 1.231716
0.18 0.93 | 0.41 | 3.25 6.75 | 0.76 0.06 | 0.38 | 1.24438
0.21 094 | 0.74 | 1.63 6.25 | 0.97 0.06 | 0.35 | 1.22539
0.09 0.98 | 0.63 2 3.13 0.2 0.08 | 0.38 | 1.24438
0.18 0.89 | 0.41 | 1.38 5.5 1 0.06 | 0.35 | 1.22539
0.19 0.91 | 0.87 | 2.75 4.63 | 0.89 0.04 | 0.35 | 1.22539
0.36 0.78 | 0.78 | 2.88 7| 0.73 0.08 | 04| 1.25706
0.13 0.4 | 0.76 2.5 6.63 | 0.89 0.04 | 0.35 | 1.22539
0.25 0.48 | 0.98 | 4.13 4.38 | 0.39 0.04 | 0.37 | 1.238046
0.23 0.4 | 0.52 | 2.63 3] 0.92 0.07 | 0.39 | 1.250718
0.16 0.44 | 0.39 | 1.63 45| 0.68 0.08 | 0.38 | 1.24438
0.24 0.89 | 0.39 2.5 4.25 0.6 0.04 | 0.35 | 1.22539
0.19 041043 | 1.38 475 | 0.44 0.05 | 0.35 | 1.22539
0.06 0.48 | 0.78 | 4.75 3.13 | 0.55 0.05 | 0.38 | 1.24438
0.21 0.51 | 0.56 | 2.63 3| 031 0.05 | 0.36 | 1.231716
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16.75
11.48
8.13
7.62
10.7
12.07
21.74
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13.11
10.93
12.47
16.74
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12.46
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7.46
4.6
7.43
9.16
10.37
7.69
14.33
13.54
17.38
11.16
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10
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0.07 0.85 | 0.85 1 4.88 0.2 0.09 | 0.36 | 1.231716
0.07 0.4 ] 0.91 3.5 513 | 0.84 0.06 | 0.38 | 1.24438
0.38 0.74 | 0.93 | 4.13 4.75 | 0.26 0.04 | 0.37 | 1.238046

0.4 0.81 | 0.72 5 3.38 | 0.52 0.05 | 0.39 | 1.250718
0.19 0.53 | 0.41 | 3.25 6.13 | 0.76 0.08| 0.4 | 1.25706
0.13 0.53 | 0.67 | 3.88 4.25 | 0.15 0.05 | 0.37 | 1.238046
0.28 0.89 | 0.83 | 3.13 6.25 | 0.68 0.08| 0.4 | 1.25706
0.13 0.53 1] 3.13 6.75 | 0.31 0.07 | 0.38 | 1.24438
0.32 0.48 | 0.89 | 3.38 4.5 | 0.89 0.05 | 0.37 | 1.238046
0.19 0.57 | 0.98 | 3.75 3.13 | 0.68 0.05 | 0.37 | 1.238046
0.39 0.61 | 0.34 1.5 3.63 | 0.47 0.08 | 0.38 | 1.24438
0.11 0.42 | 0.83 | 3.63 4.13 | 0.73 0.05 | 0.37 | 1.238046
0.33 0.55 | 0.78 | 1.38 5.25 | 0.28 0.05 | 0.33 | 1.21275
0.21 0.51 | 0.83 | 2.25 6.63 | 0.52 0.09 | 0.39 | 1.250718
0.36 0.42 | 0.45 | 3.63 5.88 1 0.06 | 0.39 | 1.250718
0.29 0.53 | 0.67 | 1.38 45| 0.87 0.05 | 0.33 | 1.21275
0.29 0.83 | 0.58 | 3.25 3.25 | 0.26 0.08 | 04| 1.25706
0.14 0.61 | 0.34 2 3.13 0.6 0.08 | 0.38 | 1.24438
0.14 098 | 0.78 | 1.13 55| 0.26 0.07 | 0.34 | 1.219068
0.04 0.79 | 0.56 | 4.63 6.5 | 0.15 0.06 | 0.38 | 1.24438
0.31 0.98 | 0.63 | 2.63 3.88 | 0.28 0.07 | 0.38 | 1.24438
0.18 0.68 | 0.43 4 4.25 | 0.92 0.07 | 0.39 | 1.250718

0.3 1]058 | 438 6.25 | 0.52 0.06 | 0.39 | 1.250718
0.37 063 | 0.3 | 3.63 6| 0.76 0.06 | 0.39 | 1.250718
0.19 0.96 | 0.54 4 6.13 | 0.55 0.06 | 0.38 | 1.24438
0.25 0.44 | 0.89 | 1.75 6.75 | 0.63 0.09 | 0.38 | 1.24438
0.04 0.76 | 0.34 | 4.38 3.75 | 0.95 0.07 | 0.39 | 1.250718
0.33 0.94 | 0.69 | 3.63 6.25 | 0.79 0.07 | 0.39 | 1.250718
0.18 061 | 05| 4.13 4| 0.18 0.08 | 04 | 1.25706
0.33 0.48 | 0.56 | 2.25 5.13 | 0.15 0.06 | 0.36 | 1.231716
0.29 0.76 1| 1.38 475 | 0.31 0.09 | 0.37 | 1.238046
0.38 0.93 | 0.89 3.5 45| 044 0.06 | 0.38 | 1.24438
0.39 0.55 | 0.54 | 3.88 4.25 | 0.81 0.07 | 0.39 | 1.250718
0.12 0.72 | 08| 2.25 3| 031 0.08 | 0.37 | 1.238046

0.1 0.63 | 0.74 | 3.63 5.88 | 0.34 0.09 | 04| 1.25706
0.16 0.57 | 0.85 2 3.13 | 0.71 0.1 | 0.39 | 1.250718
0.34 0.94 | 0.56 1 5.63 | 0.79 0.08 | 0.35 | 1.22539
0.19 0.78 | 0.39 | 4.38 4.75 0.2 0.06 | 0.38 | 1.24438
0.04 0.51 | 0.37 | 2.75 438 | 0.31 0.06 | 0.36 | 1.231716
0.36 0.78 | 0.67 | 4.25 4| 0.73 0.05 | 0.37 | 1.238046
0.39 0.96 | 0.52 | 2.13 475 | 0.34 0.05 | 0.39 | 1.250718
0.22 0.7 | 0.65 3 5| 0.57 0.07 | 0.37 | 1.238046

0.1 0.74 | 0.85 | 3.88 5.63 | 0.95 0.09| 04| 1.25706
0.09 0.4 ]0.72 | 1.25 6.38 | 0.31 0.1 | 0.37 | 1.238046
0.39 0.68 | 0.58 | 1.88 3.63 | 0.63 0.09 | 0.38 | 1.24438
0.29 0.68 1| 3.75 5.38 1 0.05 | 0.36 | 1.231716
0.04 0.94 | 0.69 | 4.25 3.5 | 047 0.06 | 0.37 | 1.238046
0.38 0.61 | 0.83 | 4.13 4.88 | 0.39 0.08 | 04| 1.25706
0.37 0.78 | 0.41 | 4.25 6.88 | 0.36 0.06 | 0.38 | 1.24438
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8.93
11.97
9.86
9.83
8.1
13.13
10.93
8.03
12.75
14.88
8.94
12.95
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17.51
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13.85
9.15
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7.76
7.63
12.05
12.22
12.33
14.78
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12.87
7.81
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8.09
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0.24 0.87 | 0.89 1.5 6.88 | 0.55 0.06 | 0.33 | 1.21275

0.1 0.46 | 0.74 5 438 | 0.36 0.06 | 0.38 | 1.24438
0.13 0.68 | 0.43 2.5 4.63 | 0.15 0.05 | 0.34 | 1.219068
0.23 0.87 | 0.52 | 2.13 5.38 | 0.52 0.1 ] 0.39 | 1.250718
0.31 0.79 | 05| 3.75 3.88 0.6 0.05 | 0.36 | 1.231716
0.12 1]0.67 | 4.75 3.75 0.6 0.08| 0.4 | 1.25706
0.28 0.46 | 0.56 | 4.25 3.63 | 0.23 0.08 | 04 | 1.25706
0.39 0.87 |1 0.54 | 2.13 3| 0.65 0.05 | 0.34 | 1.219068
0.31 0.98 | 0.96 | 2.25 4.13 | 0.52 0.05 | 0.34 | 1.219068
0.25 0.76 | 0.34 | 3.63 4| 034 0.07 | 0.38 | 1.24438
0.29 0.46 | 0.69 | 1.63 3.38 | 0.15 0.09 | 0.37 | 1.238046
0.07 0.63 | 0.89 | 1.75 3.13 | 0.79 0.08 | 0.35 | 1.22539
0.04 0.59 | 0.58 1 6.63 | 0.63 0.09 | 0.34 | 1.219068
0.09 0.63 | 0.63 | 1.75 6 | 0.42 0.09 | 0.36 | 1.231716
0.15 0.94 | 0.61 | 4.38 6.63 1 0.05 | 0.36 | 1.231716
0.32 04 ]0.63 | 1.25 6.25 | 0.55 0.06 | 0.33 | 1.21275
0.06 0.79 | 0.48 | 1.88 513 | 0.76 0.06 | 0.33 | 1.21275
0.29 0.96 | 0.32 | 2.88 3.88 | 0.73 0.08 | 0.36 | 1.231716
0.28 0.55 | 0.45 | 3.13 5.88 | 0.42 0.04 | 0.34 | 1.219068
0.11 0.91 | 0.93 2.5 3| 071 0.09 | 0.38 | 1.24438
0.25 0.63 | 0.91 | 1.63 5.25 | 0.95 0.08 | 0.35 | 1.22539
0.13 061 | 08| 2.25 6.13 | 0.55 0.09 | 0.37 | 1.238046
0.05 0.72 1 0.72 | 4.13 6.38 | 0.52 0.05 | 0.35 | 1.22539
0.16 0.94 |1 0.74 | 1.75 6.38 | 0.92 0.06 | 0.33 | 1.21275

0.4 0.61 | 0.74 | 1.38 3.5 1 0.08 | 0.35 | 1.22539
0.37 0.55 | 0.45 5 5.13 | 0.95 0.05 | 0.37 | 1.238046
0.36 1]0.58]| 4.75 3.63 | 0.84 0.04 | 0.36 | 1.231716

0.4 0.46 | 0.61 | 1.75 6.5 | 0.68 0.08 | 0.36 | 1.231716
0.28 0.83 1| 2.63 6.38 | 0.84 0.07 | 0.36 | 1.231716
0.19 0.64 | 0.96 | 2.38 6 | 0.81 0.07 | 0.35 | 1.22539

0.2 044 | 0.5 4 3.88 | 0.89 0.05 | 0.36 | 1.231716
0.11 0.85 | 0.52 | 4.63 475 | 0.87 0.09 | 04| 1.25706
0.05 0.53 | 0.76 | 3.88 7 0.5 0.09 | 0.39 | 1.250718

0.4 0.64 | 0.96 | 1.63 6.25 0.2 0.07 | 0.34 | 1.219068
0.24 096 | 0.8 2 6.13 | 0.26 0.09 | 0.37 | 1.238046
0.05 0.85 | 0.76 | 2.13 575 | 0.34 0.07 | 0.34 | 1.219068
0.27 079 | 0.8 | 1.88 6| 0.97 0.06 | 0.33 | 1.21275
0.25 11037 | 2.75 3.75 | 0.89 0.08 | 0.38 | 1.24438

0.3 0.42 | 0.52 | 4.88 45| 0.89 0.07 | 0.39 | 1.250718
0.15 0.87 | 0.63 | 4.63 55| 0.28 0.09 | 04| 1.25706
0.21 0.53 | 0.78 | 3.88 4.63 | 0.63 0.04 | 0.34 | 1.219068
0.04 0.51 ] 0.72 | 3.38 3.25| 0.71 0.06 | 0.35 | 1.22539
0.32 0.68 | 0.5 | 3.75 7| 0.84 0.06 | 0.36 | 1.231716
0.19 0.93 032 1.88 5.63 | 0.76 0.1 | 0.36 | 1.231716
0.18 064 | 03| 1.75 3.38 | 0.52 0.06 | 0.34 | 1.219068
0.31 0.72 | 0.87 3.5 5.38 1 0.09 | 0.39 | 1.250718
0.27 0.72 | 0.87 2 575 | 0.23 0.07 | 0.34 | 1.219068
0.16 0.57 | 03| 3.38 3.63 | 031 0.07 | 0.37 | 1.238046
0.28 0.83 | 0.45 4 6.88 | 0.44 0.04 | 0.34 | 1.219068
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0.16 0.85 | 0.85 | 2.88 413 | 0.73 0.1 | 0.39 | 1.250718
0.05 0.72 | 0.83 | 4.88 6.75 | 0.42 0.06 | 0.36 | 1.231716

0.2 0.53 | 0.41 4.5 3.13 0.6 0.09 | 04| 1.25706
0.15 064 | 03| 4.63 5.25| 0.84 0.05 | 0.36 | 1.231716
0.23 0.83 | 0.52 1 3.75 | 0.65 0.08 | 0.33 | 1.21275
0.15 0.44 | 0.98 | 3.13 6.13 | 0.42 0.06 | 0.37 | 1.238046

0.4 0.89 | 0.58 | 2.63 6.75 | 0.44 0.09 | 0.38 | 1.24438
0.33 0.78 | 0.72 5 6.25 | 0.92 0.07 | 0.38 | 1.24438
0.37 0.74 | 0.87 1.5 45 | 0.42 0.07 | 0.33 | 1.21275
0.38 0.93 | 0.52 | 1.25 6.88 0.6 0.09 | 0.35 | 1.22539
0.19 0.96 | 0.41 | 4.25 3.25 | 0.52 0.05 | 0.35 | 1.22539
0.19 0.4]0.93 | 3.25 6.25 | 0.26 0.06 | 0.35 | 1.22539
0.25 0.44 | 0.76 2 3.88 0.6 0.08 | 0.35 | 1.22539
0.11 093 | 0.74 | 3.75 4.88 1 0.08 | 0.37 | 1.238046
0.23 0.89 | 0.48 | 3.75 3.38 | 0.63 0.05 | 0.34 | 1.219068
0.18 0.93 | 0.61 | 4.63 3.63 | 0.18 0.08 | 0.38 | 1.24438
0.34 0.66 | 0.45 | 2.13 4.38 0.2 0.06 | 0.33 | 1.21275

0.3 0.79 | 0.96 4 6.88 | 0.55 0.06 | 0.35 | 1.22539
0.11 0.46 | 0.61 | 2.38 3.75 | 0.36 0.07 | 0.34 | 1.219068
0.14 041072 | 1.63 3.75 | 0.63 0.08 | 0.34 | 1.219068
0.31 0.87 | 0.63 | 2.13 5.75 1 0.09 | 0.36 | 1.231716
0.05 0.79 | 0.96 4.5 6.38 | 0.68 0.06 | 0.35 | 1.22539
0.33 0.66 | 0.58 4.5 3.13 | 0.34 0.08 | 0.38 | 1.24438
0.37 0.66 | 0.89 | 4.63 7| 0.26 0.06 | 0.36 | 1.231716
0.15 0.57 | 0.72 | 2.75 6.75 | 0.89 0.06 | 0.33 | 1.21275
0.27 0.51 | 0.89 | 4.63 45| 0.15 0.08 | 0.38 | 1.24438
0.32 0.66 | 0.39 1 5.38 0.2 0.09 | 0.34 | 1.219068
0.13 0.42 | 0.34 | 3.75 5.88 | 0.63 0.09 | 0.39 | 1.250718
0.34 0.78 | 0.56 | 2.38 4.13 | 0.81 0.06 | 0.33 | 1.21275
0.07 0.63 | 0.87 | 1.63 3.38 | 0.68 0.1 | 035 | 1.22539
0.31 0.83 | 0.54 | 4.63 55| 031 0.09 | 0.39 | 1.250718
0.27 0.76 1| 4.25 6.63 | 0.63 0.08 | 0.39 | 1.250718
0.06 0.48 | 0.41 2.5 55| 0.71 0.08 | 0.35 | 1.22539
0.24 0.79 | 0.87 4 513 | 0.84 0.08 | 0.37 | 1.238046
0.11 0.72 | 0.78 | 4.75 438 | 0.92 0.06 | 0.35 | 1.22539
0.23 0.76 | 0.85 | 4.38 475 | 0.34 0.06 | 0.35 | 1.22539
0.07 0.78 1| 2.38 4| 0.39 0.08 | 0.34 | 1.219068
0.15 072 | 03| 2.25 4.63 | 0.15 0.09 | 0.37 | 1.238046
0.33 0.49 | 0.37 3.5 7| 0.44 0.06 | 0.35 | 1.22539
0.06 0.66 | 0.37 | 1.88 5.25 | 0.89 0.1 ] 0.36 | 1.231716
0.09 0.63 | 0.52 | 3.13 3| 0.42 0.06 | 0.33 | 1.21275
0.13 0.42 | 0.67 | 3.38 6.13 | 0.87 0.07 | 0.35 | 1.22539
0.25 0.87 | 0.89 | 2.75 3.88 | 0.39 0.06 | 0.33 | 1.21275
0.31 0.87 | 03| 2.88 3.25 | 0.84 0.07 | 0.35 | 1.22539
0.25 0.83 1 032 | 2.25 6.88 | 0.47 0.09 | 0.36 | 1.231716
0.23 0.89 | 0.74 | 3.38 7| 0.84 0.09 | 0.37 | 1.238046
0.16 0.51 | 0.48 | 2.88 3.75 | 0.47 0.06 | 0.33 | 1.21275
0.09 0.98 | 0.85 | 2.38 413 | 0.15 0.08 | 0.34 | 1.219068

0.2 0.51 | 0.91 3.5 5.75 | 0.55 0.1 | 0.38 | 1.24438
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0.12 0.93 | 0.41 | 2.63 55| 0.26 0.09 | 0.36 | 1.231716
0.33 0.98 | 0.48 | 2.38 5.88 | 0.42 0.09 | 0.36 | 1.231716
0.36 0.66 | 0.93 | 1.63 3.13 | 0.65 0.08 | 0.33 | 1.21275
0.25 0.49 | 0.43 | 3.25 5.38 | 0.26 0.1 ] 038 | 1.24438
0.36 0.42 | 0.67 4 6.88 | 0.95 0.06 | 0.35 | 1.22539
0.06 0.98 | 0.67 | 4.13 4.25 | 0.39 0.08 | 0.36 | 1.231716
0.23 0.46 | 0.56 | 4.38 3.75 | 0.18 0.09 | 0.38 | 1.24438
0.32 0.83 |1 0.76 | 4.75 6| 0.97 0.07 | 0.36 | 1.231716

0.3 0.53 | 0.83 | 4.88 4.38 0.2 0.05 | 0.34 | 1.219068
0.33 0.85 | 0.67 | 4.25 5.5 | 0.65 0.1 | 0.39 | 1.250718

0.4 0.89 | 0.93 | 3.25 5.63 | 0.84 0.09 | 0.37 | 1.238046
0.28 0.96 | 0.83 | 4.88 4.88 0.5 0.05 | 0.34 | 1.219068
0.12 0.49 | 0.69 | 4.13 5.88 | 0.71 0.1 | 0.38 | 1.24438
0.28 0.96 | 0.91 | 4.38 55| 047 0.06 | 0.35 | 1.22539
0.32 0.91 | 0.39 | 4.88 4.88 | 0.36 0.04 | 0.33 | 1.21275
0.05 0.59 | 0.98 2.5 6.5 | 0.52 0.09 | 0.34 | 1.219068
0.11 0.96 | 0.69 | 4.63 6.13 | 0.52 0.05 | 0.33 | 1.21275
0.15 0.98 | 0.56 4.5 475 | 0.92 0.05 | 0.33 | 1.21275

0.4 0.72 | 0.96 | 1.75 513 | 0.73 0.1 ] 035 | 1.22539
0.21 1]0.78 | 3.38 7| 0.23 0.07 | 0.34 | 1.219068
0.23 0.42 | 0.83 5 438 | 0.68 0.05 | 0.34 | 1.219068
0.04 093 | 0.74 | 3.13 6.25 | 0.36 0.08 | 0.34 | 1.219068
0.34 0.51 | 0.96 | 3.25 6.63 | 0.81 0.07 | 0.34 | 1.219068
0.25 1]0.87 | 4.63 525 | 0.71 0.09 | 0.38 | 1.24438
0.36 0.59 | 0.34 | 4.88 513 | 0.81 0.06 | 0.35 | 1.22539
0.14 0.81 | 0.63 | 4.88 4| 0.15 0.08 | 0.36 | 1.231716
0.18 0.4 ] 0.76 4 5.88 | 0.44 0.09 | 0.37 | 1.238046
0.24 0.44 | 0.39 | 3.75 6.75 | 0.18 0.07 | 0.35 | 1.22539

0.3 0.74 | 0.85 | 4.38 3.5 | 0.97 0.07 | 0.35 | 1.22539
0.06 0.55 | 0.32 | 3.13 538 | 0.81 0.09 | 0.36 | 1.231716
0.36 0.91 | 0.74 2.5 438 | 0.39 0.09 | 0.35 | 1.22539
0.28 0.63 | 0.93 4.5 3| 0.39 0.08 | 0.36 | 1.231716
0.38 0.83 | 0.48 | 4.13 3.5 | 0.87 0.08 | 0.36 | 1.231716
0.21 0.44 | 0.87 | 2.88 4.25 0.2 0.08 | 0.34 | 1.219068
0.37 0.74 | 0.76 | 4.25 6 0.6 0.09 | 0.37 | 1.238046

0.3 0.61 | 0.93 3.5 3.75 | 0.87 0.09 | 0.36 | 1.231716
0.31 1]054 3.5 3.38 | 0.26 0.1 ] 0.38 | 1.24438
0.23 0.85 | 0.98 | 4.75 4.25 | 0.39 0.07 | 0.35 | 1.22539

0.3 0.64 | 0.69 | 1.25 35| 0.73 0.1]033 | 1.21275
0.07 0.91 | 0.98 | 2.63 4.13 | 0.97 0.08 | 0.33 | 1.21275
0.27 0.48 | 0.89 | 2.75 3.25 | 0.39 0.09 | 0.35 | 1.22539
0.32 0.55 ]| 0.32 | 3.63 6.75 | 0.89 0.09 | 0.37 | 1.238046
0.13 0.42 | 0.76 | 4.75 6.5 | 0.87 0.08 | 0.36 | 1.231716
0.05 0.68 | 0.45 | 3.75 5.88 0.5 0.07 | 0.33 | 1.21275
0.16 0.94 | 0.48 | 1.88 7 0.6 0.1 | 0.34 | 1.219068

0.1 0.51 | 0.69 | 3.38 3.5| 0.97 0.09 | 0.35 | 1.22539
0.05 0.78 | 0.39 | 3.25 3.38 | 0.87 0.1 | 0.36 | 1.231716
0.15 0.4 ] 0.43 | 3.38 5.38 0.2 0.08 | 0.35 | 1.22539
0.34 0.76 | 0.56 4.5 3.63 | 0.63 0.1 | 0.38 | 1.24438
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0.04 0.79 | 0.83 | 3.88 438 | 0.92 0.08 | 0.34 | 1.219068
0.34 0.66 | 0.34 | 2.13 6| 0.34 0.09 | 0.34 | 1.219068
0.24 0.46 | 0.89 | 4.88 4.63 | 0.39 0.1 ] 0.38 | 1.24438
0.37 11]0.39 2.5 4.88 | 0.31 0.09 | 0.35 | 1.22539
0.06 0.91 | 043 | 4.75 5.25 | 0.92 0.09 | 0.36 | 1.231716
0.32 059 | 05| 3.38 475 | 0.95 0.09 | 0.35 | 1.22539
0.24 0.94 | 0.85 | 2.75 3.5| 0.15 0.08 | 0.33 | 1.21275
0.06 0.79 | 0.37 4 6.13 | 0.15 0.07 | 0.33 | 1.21275
0.12 0.79 | 0.8 5 4.63 | 0.87 0.09 | 0.36 | 1.231716
0.24 0.76 | 0.39 | 4.88 6.13 | 0.44 0.06 | 0.33 | 1.21275
0.16 0.83 | 0.52 | 4.13 4.88 | 0.92 0.08 | 0.34 | 1.219068
0.25 0.66 | 0.96 4.5 4.25 0.2 0.1 | 0.37 | 1.238046
0.14 0.81 | 0.45 | 3.13 3.38 | 0.47 0.09 | 0.34 | 1.219068
0.36 04| 05 3.75 4.88 | 0.97 0.06 | 0.33 | 1.21275
0.36 0.49 | 0.58 3.5 3.5 | 0.87 0.07 | 0.33 | 1.21275
0.33 0.64 | 0.58 | 4.75 438 | 0.79 0.09 | 0.36 | 1.231716
0.15 0.72 | 0.32 4 7| 0.44 0.08 | 0.34 | 1.219068

0.2 0.91 | 0.93 5 3.5 | 047 0.07 | 0.34 | 1.219068
0.24 087 | 0.8 | 3.63 6.75 | 0.79 0.1 ] 0.36 | 1.231716
0.27 0.49 | 0.87 | 4.88 4| 044 0.08 | 0.35 | 1.22539

0.1 0.42 | 0.72 | 3.88 3.13 | 0.42 0.1 ] 0.36 | 1.231716
0.37 093] 03] 2.13 5.75 | 0.55 0.1 ]035] 1.22539
0.14 0.85 | 0.45 4.5 3.63 0.5 0.08 | 0.34 | 1.219068
0.34 0.51 | 0.32 4 5.63 | 0.39 0.08 | 0.35 | 1.22539
0.38 0.51 | 0.67 | 3.75 6.75 | 0.44 0.09 | 0.35 | 1.22539
0.29 0.96 | 0.54 | 4.63 4| 034 0.1 | 0.37 | 1.238046

0.1 0.93 1032 3.13 6| 0.97 0.1 | 0.35| 1.22539
0.24 0.93 1| 2.63 6.75 | 0.28 0.09 | 0.33 | 1.21275
0.29 0.83 | 0.69 | 4.13 6.38 | 0.26 0.1 | 0.36 | 1.231716
0.16 055 | 0.5 | 3.63 3.38 | 0.47 0.09 | 0.34 | 1.219068
0.31 0.59 | 0.93 | 2.75 6.38 | 0.92 0.1 | 0.34 | 1.219068
0.05 0.44 | 0.78 | 3.88 5.25 | 0.81 0.09 | 0.34 | 1.219068
0.32 0.68 | 0.93 3.5 3.63 | 0.84 0.1 | 035 | 1.22539

0.4 0.83 | 0.52 | 3.13 3.13 | 0.79 0.1 ] 035 | 1.22539
0.39 064 | 05| 4.88 575 | 0.18 0.08 | 0.34 | 1.219068
0.13 0.87 | 0.39 | 4.38 5.38 | 0.47 0.09 | 0.34 | 1.219068
0.14 0.81 1] 4.25 4.63 0.5 0.1 ] 035 | 1.22539

0.1 046 | 0.3 4.5 5.5 0.6 0.09 | 0.35 | 1.22539
0.38 059 | 05| 2.75 3.88 | 0.28 0.09 | 0.33 | 1.21275
0.27 0.46 | 0.39 5 5.88 | 0.42 0.07 | 0.33 | 1.21275
0.21 0.59 | 0.34 | 3.63 3.38 | 0.79 0.09 | 0.33 | 1.21275
0.07 0.53 | 0.69 4.5 7 0.5 0.1 | 0.34 | 1.219068
0.36 0.49 | 0.69 | 4.75 5.88 | 0.36 0.09 | 0.34 | 1.219068
0.18 0.78 | 0.76 | 3.88 3.88 | 0.79 0.1 | 035 | 1.22539

0.4 0.64 | 0.89 | 4.25 4.75 0.5 0.09 | 0.33 | 1.21275
0.39 055 | 0.3 | 3.63 45| 0.92 0.09 | 0.33 | 1.21275
0.27 0.81 | 0.63 5 5.75 | 0.65 0.1 | 0.34 | 1.219068
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