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Current trends in the design of Multi-Junction Solar Cells (MJSC) and quantum dot applications form
the backbone of the Concentrated Solar Photovoltaic (CSPs) Systems. There are a number of
developments in solar power technology because of their improved power production, high efficiency,
high absorption coefficients and cost-effectiveness. Selection of solar photovoltaic (PV) materials of
different band gap energies to absorb complete solar spectrum is close to a reality with decrease in price
to performance ratio. This paper presents a generalized MJSC simulation model. The present model
assumes a mathematical approach, investigating solar cell characteristic curves including current
density (Jsc) and power (P) curves concerning the applied voltage for a different number of junctions and
by varying the material properties of the multi-junction (MJ). The proposed model simulates different
parameters and performance characteristics of two different natures of MJSC including
InGaN/AlGaAs/InGaAs Triple Junction Solar Cell (TJSC) and InGaN/InGaN/AlInP/AlInP/AlGaAs/
AlGaAs/AlGaAs Seven-Junction Solar Cell. Simulation results presented in this paper are in agreement
with experimental results. Solar cell parameters including short circuit current (Jsc), open circuit voltage
(Voc), leakage current (Jo), output power (Pout) have also been calculated in this work. The efficiency
(%𝜂) of a TJSC for visible light, ultraviolet (UV), visible and infrared (IR) light is presented. The
efficiency (%𝜂) of seven junction solar cell is calculated to be 63%. Characteristic curves of the solar
cell are plotted as a function of voltage for different concentration levels and the number of junctions,
which helps to design a solar power array that can operate to its peak power point. The objective of this
research is to improve the overall efficiency of MJSC.
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1.

Introduction

The fossil fuels are used as energy source for different
purposes. The significant drawbacks of fossil fuel as an
energy source are limited availability for next 50-100 years
and emission of greenhouse gases (i.e. COx, NOx, SOx, HgOx).
Renewable energy resources, i.e. wind and solar power can be
used as an alternative to fulfil the requirement of energy
demand [1].
Solar power is clean, environment-friendly, free with
abundantly available. Earth receives a small portion of the
energy from the sun which is equal to 1.74 x 1011 MW. On
average, solar radiations of 84 minutes only can fulfill total
energy demand on earth for the whole year [2].
1.1

Single-Junction Solar Cell (SJSC)

The solar radiation is composed of different wavelengths
of light out of which some amount of light is absorbed by
single-junction solar cell and converted into electrical energy
[3]. The efficiency of single-junction solar cell is low and
most of the photons penetrate and are dissipated into heat [4].
1.2

Multi-Junction Solar Cell (MJSC)

Recent research into PV systems has led to the invention
of advanced solar cells called MJSCs, which use broad range
spectrum of light for better performance and efficiency. MJSC
use multiple combinations of PV junctions, or bandgaps,
which are stacked on one another with intrinsic materials or
tunnel junctions. These solar cells are combined in such a way
as to absorb a defined region of the solar spectrum to create a
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MJSC with efficiencies higher than 45%. Different
combinations of PV solar cells have different physical
properties [5–8]. Studies show that substantially higher
efficiencies of solar cell can be achieved by increasing the
multiple PN junctions of different materials or layers [5]. In
MJSCs, multiple III-IV materials are stacked in descending
order, i.e. materials with higher bandgap energies are placed
on top, while material with lower bandgap energy is placed at
the bottom of the cell. Similarly, multiple PN junction cells
are stacked on each other to form a single MJSC. More energy
can be captured in this way, as each PN junction will yield
current in response to different solar spectrum. Overall
efficiency of MJSC is high as compared to traditional solar
cells as more photons can be captured and converted into
electricity [9–11].
1.3

The Efficiency of Solar Cell

The ratio of power generated in the solar cell to irradiance
received by the solar cell is called efficiency (η). The
maximum theoretical efficiency of traditional SJSC is 33.16%
at standard test conditions (STC) [12, 13]. The efficiency of
SJSC is relatively low, as most of the penetrated photons are
dissipated into heat [5]. This is primarily due to extensive
distribution of photons. This limiting efficiency (η), is known
as the Shockley-Queisser limit, and is determined from the
fact that open circuit voltage (Voc) is limited by the bandgap
energy of the material. Photons with energies higher than
bandgap are absorbed and photons with energies below the
bandgap are not absorbed and are lost as heat.
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The efficiencies of solar cells are steadily increasing and
have ranges 20-25% for Single Junction (SJ), 22%-30.3% for
Dual Junction (DJ), 30-40 % for Triple Junction (TJ) and 3746% for Quadruple Junction (QJ) [14-19]. Theoretical
limiting efficiency for an infinite number of PN junctions is
about 86.8% under highly concentrated sunlight at air mass
AM◦ and temperature 25◦C [20, 21]. However, the cost of
MJSC is 15- 20 times higher as compared with the cost of SJ
solar cell due to the complicated manufacturing process.
Presently, MJSCs are capable of generating approximately
double power as compared to the power generated by
traditional solar cells [8]. Table 1 shows the SJSC efficiency
for different materials [22].
Table 1:

SJSC Efficiency [22].

𝑇

𝑞𝐸𝑔

𝑇𝑛

𝑘𝑇

J = 𝐽𝑟𝑠 [ ]3 exp[

(

𝑇
𝑇𝑛

− 1)]

The output power is given by:
𝑃𝑜𝑢𝑡 = 𝑉𝑜𝑐 (t)𝐽𝑠𝑐 (min)
F. F =

(4)

𝑃𝑚𝑎𝑥

(5)

𝑉𝑜𝑐 𝐽𝑠𝑐

Where
J = Current density (A/cm2)
G = Irradiance (W/m2)
𝜇𝑠𝑐 = Coefficient of temperature for short circuit current
(A/K)

Type of Solar Cell

Efficiency (%)

𝐽0 = Saturation current or leakage current of the diode (A)

Silicon (Monocrystalline)

26

𝐽𝑠ℎ = Leakage current in parallel resistor

Silicon (Multi-crystalline)

20.7

𝐽𝑝ℎ = Photon current

Silicon (Thin transfer film)

21.3

V = Voltage imposed on the diode (V)

GaAs (Gallium Arsenide) thin film

28.5

A = Ideality factor based on PV Cell Technology

GaAs (Multi-crystalline)

18.7

Ns = Number of cells connected in series and

InP (Indium Phosphide) Monocrystalline

22.3

CIGS (Copper Indium Gallium Selenide)

20.3

CdTe (Cadmium Telluride)

21.3

Silicon (Amorphous)

10.3

Silicon (Microcrystalline)

11.5

q = Electron charge (1.602 x 10−19 C)

Dye-sensitized

12.1

Rs = Series resistance (Ω)

Organic thin-film

11.1

𝑅𝑠ℎ = Parallel resistance (Ω)

Organic (Mini module)

9.7

Tn = Cell temperature at STC

𝑉𝑇 = Thermal voltage
T = Actual cell temperature (K)
k = Boltzmann constant (1.381 x 10−23 J/K)

2. Structure of MJSC
2.1
Physical and Mathematical Model of a Solar Cell

∆T = T-Tn (Kelvin)

The generalized physical structure model of a MJSC may
be formed by arrangement of solar cells in series. A
generalized mathematical model of P-V cell has been
discussed in literature [23–26]. The basic equivalent model of
the solar cell consists of photocurrent sources, a diode, a series
resistors describing an internal resistance to the current flow
and shunt resistor expressing a leakage current. The
performance of P-V array system depends on its output
parameters (voltage, current and power) of P-V array vary as
functions of solar irradiation level, temperature (T) and load
current.
The I-V and P-V characteristics curves are given by the
following equations:
J = 𝐽𝑠𝑐 − 𝐽0 [exp (

𝑞(𝑉+𝐽𝑅𝑠 )

𝑉+𝐽𝑅𝑠

𝐴𝑘𝑁𝑠 𝑇

𝑅𝑠ℎ

) − 1] −

(1)

The leakage current is expressed as:
𝐽0 =

𝐺
1000

(𝐽𝑠𝑐 + 𝜇𝑠𝑐 (𝑇 − 298))

(3)

Eg = Bandgap energy
𝐽𝑟𝑠 = Reverse saturation current
Voc = Open circuit voltage (V)
𝑁𝑃 = Number of PV modules connected in parallel
A variable load resistance (R) can be connected to the
solar cell to study the behavior at changing loads.
When, R (open circuit) = ∞

V = 𝑉𝑜𝑐 J = 0

When, R (short circuit) = 0

V=0

J = 𝐽𝑠𝑐

From above, we can find that R should be adjusted in such
a way that maximum power (Pmax) is dissipated at the load
end. At this adjusted load, P=Pmax, J=Jmax, and V=Vmax.
The equivalent circuit and Simulink model of P-V cell is
shown in Fig. 1.

(2)
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(a)

(b)

(c)

(d)

(e)
Fig. 1: Simulink model and equivalent circuit of a solar cell (a) Ideal single diode model, (b) Practical model with Rs, (c) Practical model with Rs and Rsh,
(d) Simulink model and (e) Equivalent circuit of a solar array.

2.2

Multi-Junction Model

The MJSC model is the combined representation of all PV
junctions with short circuit current as its series matched
current, series and parallel resistances, whereas the open
circuit voltage is the sum of the junction voltages. Tunneling
in a MJSC is the process of fast driving charge carriers across
114

the potential barrier. The tunnel diode causes an undesirable
situation when it is modeled in series with a MJSC model.
This is because of a highly non-linear relationship between
current density and applied voltage. The equivalent circuit of
a solar array is shown in Fig. 1.
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3.

Calculation of Performance Parameters for III-V
MJSC

Bandgap energy (Eg) and Lattice Constant (LC) are the
two essential parameters in design considerations of MJSC.
LC refers to the spacing between the molecules of a crystal
structure and must match for all of the layers. Different
bandgap energies can be obtained from different composition
of PV materials. Bandgap energies are selected in such a way
that each layer receives equal power and generates equal
current. TJSC with bandgap energies 1.8/1.4/0.67 eV has an
efficiency of around 30%. The efficiency of TJSC cell can be
increased by adjusting bandgap energies. After adjustment of
bandgap energies (2.0/1.2/0.67 eV), efficiency is about 40%
due to the equal current generated in each sub-cell. Fig. 2
shows the combination of bandgap energies and LC for
different compositions (X) of In1- XGaXAs as the bandgap
energy and LC depends on material composition (X).
Fig. 3: Effect of temperature (T) on bandgap energy (Eg).

Fig. 3 shows the effect of temperature on bandgap energies.
Equations obtained from [29-31] can be used to calculate the
relationship between bandgap energies and temperature.
𝐸𝑔 (𝑇) = 𝐸𝑔 (0) −

𝛼𝑇 2
𝑇+𝛽

(8)

Where
α = Temperature coefficient (meV/K)
β = Constant
For GaAs
α= 0.5405 meV/K
β=204 K

Fig. 2:

Short circuit current for given spectral irradiance and
current density can be calculated using Plank's law. Power
density is 62.7 MW/m2 at the surface of the sun. The power
density at the surface of the earth is given by:

Eg and LC for different compositions (X) of In1- XGaXAs.

Bandgap energy can be achieved easily by different
combinations of PV materials; however, LC matching is
difficult. If lattice mismatched, cell materials are made of
different III-V alloys, the molecular structure deforms and
causes resistance in the flow of Jsc. To avoid deformation of
crystal structure in MJSC, all PV material compounds are
grown on each other to be lattice matched to the same
substrate [27, 28].
LCs and bandgap energies (Eg) of different material
combinations can be calculated as:
𝐿𝐶(𝐺𝑎1−𝑋 𝐼𝑛𝑋 𝑃) = 𝐿𝐶(𝐺𝑎𝑃) 𝑋 + 𝐿𝐶(𝐼𝑛𝑃) (1 − 𝑋)

(6)

𝐸𝑔 (𝐺𝑎1−𝑋 𝐼𝑛𝑋 𝑃) = 𝐸𝑔

(7)

(𝐺𝑎𝑃)

𝑋 + 𝐸𝑔

(𝐼𝑛𝑃)

(1 − 𝑋)

𝑃𝐸 = 𝑃𝑆 𝑋

(9)

𝑑

Where
PE = Power density at the surface of earth
PS = Power density at surface of sun (62.7 MW/m2)
R = Radius of sun (7.5 x 108 m)
d = Distance between sun and earth (1.5 x 1011 m)
Power density calculated at earth’s atmosphere is reduced
to 1367 Watt/m2.
Spectral irradiance as a function of wavelength and
temperature (Planck's law) is given by:

Where
𝑏𝑑𝜆 =

X = Material composition (0.00-1.00)
Bandgap energy (𝐸𝑔 ) and temperature (T) of semiconductor materials are inversely proportional to each other.

𝑅

2𝜋ℎ𝑐 2

1

𝜆2

ℎ𝑐
−1
𝑒 𝜆𝑘𝑇

(10)

Where
b = Spectral irradiance
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v = Frequency
h = Plank’s constant (6.626e-34)
c = Speed of light (3e8 m/sec)
k = Boltzmann constant (1.38066e-23 J/K)
λ = Wavelength
T = Temperature of sun in K
𝑏𝑑𝜆 = 2.15𝑥10−5 𝑥10−9

2𝜋ℎ𝑐 2

1

𝜆5

ℎ𝑐
−1
𝑒 𝜆𝑘𝑇

(11)

The spectral response (SR) calculates current generated by
each watt power of incident light for a specified wavelength.
Where, External Quantum Efficiency (EQE) is the ratio of
number of generated electrons to number of incident photons
[32, 33]. Relationship of spectral power with wavelength (𝜆)
on surface of earth and sun is shown in Figs. 4 and 5,
respectively. Relationship of spectral power and current with
wavelength (𝜆) is shown in Fig. 6.

Fig. 6:

Spectral power and current intensity vs wavelength (𝜆).

𝑆𝑅(𝜆) =

𝑞𝜆
ℎ𝑐

𝐸𝑄𝐸

(12)

In a MJSC, all the PV cells are coupled in series. If EQE
is 100% or all incident photons generate electrons, then the
total short circuit current can be calculated as [19]:
∝

𝐽𝑠𝑐 = ∫𝜆0 𝑆𝑅(𝜆) . 𝐸𝐵𝜆 𝑑𝜆

(13)

The Leakage current is given as:
𝑞𝐸𝑔

𝐽𝑜 = 𝐴. 𝑒 (− 𝑘.𝑇 )

(14)

Where, A denotes the ideality factor [21].
The Open Circuit voltages Voc for each cell can be
calculated as:
𝑘𝑇

𝐽 (𝑥)

𝑞

𝐽𝑜 (𝑥)

𝑉𝑜𝑐 (𝑥) = ( ) log( 𝑠𝑐
Fig. 4:

Spectral power (Surface of the sun).

+ 1)

(15)

The subscript x denotes the number of PV cells used, i.e.
(1, 2,3…n). Total voltage is given as:
𝑉𝑜𝑐 (𝑡𝑜𝑡𝑎𝑙) = 𝑉𝑜𝑐 (1) + 𝑉𝑜𝑐 (2) + ⋯ … … + 𝑉𝑜𝑐 (𝑛) (16)
4.

Simulation Model of MJSC

The presented MATLAB/Simulink model is used to
simulate and investigate the performance characteristics and
cell parameters of the MJSC, i.e. Open Circuit Voltage (V oc),
Short Circuit Current (Jsc) and power. To achieve maximum
efficiency for same LC (angstroms or nm), Bandgap Energy
(Eg) can be adjusted using different PV material compositions.
LC refers that the spacing of the molecules in a crystal
structure must be matched for all the layers. In MJSC, III-V
PV materials of different compositions are grown directly on
top of other layers with the same substrate. The molecular
structure of MJSC layers will be deformed if LC is different
for two or more subcells which cause the decrease in cell
current. In a MJSC, the current and power distribution should
be the same in each cell to enhance efficiency [27, 33, 34].
Fig. 5:
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Spectral power (Earth’s atmosphere).
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In this simulation, visible spectrum of light (400-700 nm)
is used to calculate efficiency and other parameters of SJSC,
TJSC and seven junctions solar cell. UV, visible and IR light
spectrum (100-1000 nm) is used to calculate the performance
parameters of TJSC. In this work TJSC Ga0.5In0.5P/
Ga0.95In0.05As/Ge having bandgap energies of 1.8/1.4/0.67 eV
respectively and same LC (5.66 A) is presented. The
calculated efficiency of this MJSC is 31.5% for 100% EQE.
Efficiency can be increased up to 45% if power and current
distribution in each cell become the same. The efficiency of
TJSC (InGaN/AlGaAs/InGaAs) is found to be low (22%) as
power density, and current density of the UV light spectrum
is low and causes decrease in efficiency.
In the simulation, efficiency is calculated for different
temperatures and suns (1 sun means 1000 W/m2). The
efficiency of MJSC slightly increases as numbers of suns
increases and decreases as the temperature decreases.
Efficiency and other cell parameters can be calculated at
different atmospheric condition.
4.1

TJSC for UV, Visible and IR Light Spectrum

In this simulation, UV, Visible and IR light spectrum is
used to calculate efficiency and other parameters of TJSC
(In0.11Ga0.89N/Al0.47Ga0.53As/In0.23Ga0.77As). The calculated
efficiency for TJSC is 21.9% for UV (100-400 nm), Visible
(400-700 nm) and IR (700-1000 nm) range.

Fig. 7:

Changing the materials composition (X) to match the LC
and wide bandgap energy for the TJSC is mentioned in
Fig. 7. Cumulative short circuit current and minimum short
circuit current calculations are shown in Fig. 8.
4.2

TJSC and Seven Junction Solar Cell for Visible Light
Spectrum

Materials used for TJSC are In0.24Ga0.76N/ Al0.82In0.18P/
Al0.65Ga0.35As having bandgap energies (2.75/2.25/1.9 eV)
respectively. In this simulation, visible spectrum of light (400700 nm) is used to calculate efficiency and other parameters
of TJSC. The calculated efficiency for TJSC is 37.2% for
visible spectrum of light (400-700 nm) range. Fig. 9 shows
the design structure along with tunnel junction, top coating,
bottom contacts and anti-reflection coating of a TJSC and
SJSC.
5.

Results and Discussions
A TJSC (InGaN/ AlGaAs/ InGaAs) and a seven junction
solar cell (InGaN/InGaN/AlInP/AlInP/AlGaAs/AlGaAs/
AlGaAs) is considered for the simulation of this model.
Efficiencies calculated for UV, visible and IR light spectrum
at different values of temperature and suns are presented in
Table 2 & 3, respectively. Comparison of results of MJSC
obtained from simulation techniques are presented in Table 5.
The current voltage (I-V) and power voltage (P-V) curves
plotted for TJSC in UV, Visible and IR spectrum respectively
are shown in Fig. 10.

Eg and LC for different composition of semiconductor materials.
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Fig. 8:

Jsc (max) and Jsc (min).

Fig. 9: MJSCs structures (a) Left: TJSC for visible light spectrum, (b) Centre: TJSC for UV, Visible and IR light spectrum, (c) Right: Seven junction solar
cell for visible light spectrum.

Fig. 10: P-V and I-V curves plotted for TJSC (UV, Visible and IR).
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Table 2:

Efficiency (%η) vs temperature (K) for 1 sun.

Temp (K)
η(%) for Visible
Spectrum
η(%) UV, Visible
and IR Spectrum

200

225

250

275

300

325

350

375

400

600

1000

40.3

39.5

38.8

38

37.2

36.4

35.6

34.8

34.1

27.8

15.3

23.98

23.47

22.98

22.46

21.95

21.45

20.98

20.43

19.93

15.88

9.23

Fig. 11: Equivalent circuit of TJSC (Visible light spectrum).

Fig. 12: Equivalent circuit of seven junction solar cell (Visible light spectrum).
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Table 3:

Efficiency (%η) vs suns for temperature 300K.

Sun

1

2

5

10

50

100

500

1000

2000

5000

η (%) for Visible spectrum

37.2

37.6

38

38.4

39.2

39.6

40.5

40.8

41.2

41.7

η (%) UV, Visible and IR spectrum

92

22.2

22.5

22.8

23.4

23.6

24.2

24.4

24.7

25

Table 4: MJSC parameters.
Materials

Eg (eV)

Wavelength (nm)

Power (Pin) (W/cm2)

Jsc (mA/cm2)

Voc (V)

TJSC Visible Spectrum (400-650nm)
In0.24Ga0.76N

2.8

400-450

0.0073

2.5

2.291

Al0.82In0.18P

2.3

450-550

0.0154

6.21

1.813

Al0.65Ga0.35As

1.9

550-650

0.0143

6.93

1.408

Total

-

400-650

0.0371

15.64

5.512

Pin = 371W/m Pout = 138.1W/m η = 37.2 %
2

2

TJSC UV, Visible and IR spectrum (100-1000nm)
In0.11Ga0.89N

3.1

100-400

0.0145

3.873

2.653

Al0.47Ga0.53As

1.8

400-700

0.0431

18.97

1.362

In0.23Ga0.67As

1.3

700-1000

0.0268

18

0.78

Total

-

100-1000

0.0844

40.8

4.795

Pin = 844W/m2Pout = 185.7 W/m2η = 21.95%
Seven Junction Solar Cell
In0.2Ga0.8N

2.9

380-435

7.5

2.53

2.386

In0.31Ga0.69N

2.6

435-485

7.4

2.852

2.105

Al0.9In0.1P

2.3

485-530

7.2

2.888

1.822

Al0.74In0.26P

2.2

530-575

6.9

3.075

1.706

Al0.79Ga0.21As

2

575-620

6.8

3.168

1.551

Al0.58Ga0.42As

1.9

620-670

6.7

3.533

1.339

Al0.41Ga0.59As

1.7

670-720

6.5

3.482

1.214

Total

-

-

49

-

12.12

2

Pin = 49mW/cm
Pout = 30.66 mW/cm2
η = 62.6%
Table 5: Comparison of MJSC parameters.
TJSC for Visible spectrum

TJSC light spectrum of UV, Visible and
IR spectrum

Seven Junction Solar Cell visible light
spectrum

Pout (mW/cm2)

13.18

18.57

30.66

Pmax (mW/cm2)

12.8

16.74

28.93

Fill Factor or F.F (%)

93

90

94.3

Efficiency (𝜂)

37.2

21.9

62.6

5.1

MJSC P-V and I-V Characteristics Curves

The study of PV system requires precise knowledge
about the nonlinear P-V and I-V output characteristics
curves under different levels of irradiation [35, 36]. The
characteristics curves of the solar cell provide knowledge
about its functioning. The parameters (Voc, Jsc and Eg) are
provided in data sheet by the manufacturers or can be
calculated from simulation [37, 38]. Load resistance can be
varied from zero (short circuit) to infinity (open circuit).
Values of voltage and current at different values of
resistance can be calculated and plotted. P-V and I-V
characteristics curves plotted for TJSC are shown in Fig. 10.
120

5.2

Equivalent Circuit for TJSC for Visible Light
Spectrum
The equivalent circuit of TJSC and Seven Junction Solar
Cell for visible light spectrum is shown in Fig. 11 and Fig.
12, respectively. The values of Eg, Voc and Jsc obtained from
simulation results can be placed in the solar cell block
properties. Solar cell parameters are given in Table 4 [39].
Load resistance can be varied from lowest (short circuit) to
the highest (open circuit) via a ramp signal. Values of
current and voltage will be highest at maximum power point
(Pmax) [40].
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5.3

Comparison of Results

From the simulations performed above, it is evident that
the efficiency of TJSC is higher than the efficiency of seven
junctions solar cell. Thermal loss and I2R losses are also
lower. Moreover, the efficiency of MJSC increases as the
number of junctions increases. Efficiency for TJSC (InGaN/
AlGaAs/InGaAs) is comparatively low due to nonavailability of suitable materials for UV, IR and visible light
spectrum range [41]. Comparison of results of MJSC
obtained from simulation techniques are presented in Table
5. It is recommended that other materials may be
investigated so that the entire solar spectrum can be
efficiently used.
6.

Conclusions

In the simulation work performed, input power (P in),
bandgap energy (Eg), short circuit current (Jsc), leakage
current (Jo), open circuit voltage (Voc), output power (Pout)
and % efficiency (%𝜂), have been calculated. The efficiency
(𝜂) of a MJSC can be increased by increasing number of
junctions, current matching in each cell, equalizing short
circuit current in each subcell, decreasing cell temperature
and increasing irradiations. In MJSC, all the cells are
connected in series. Due to flow of minimum current,
efficiency decreases. However, efficiency can be increased
by increasing voltage and light concentration. If MJSC
efficiency (𝜂) is low, all calculated parameters Voc, Jsc, Jo
and Pin are verified and adjusted accordingly. The generated
current should be same for each cell. PV material should be
selected to achieve the desired bandgap energy. Adjust the
bandgap energy to match generated photocurrent and the LC
of all cells. The bandgap energy for different PV materials
can be achieved easily; however, LC matching is difficult.
LC matching is essential in assembling MJSC. May be in
future, advance research in new PV material compositions
will make it possible.
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