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Chapitre 4: : Photovoltaic devices

» Explain Solar Energy Spectrum

» Describe device principles of Solar cell

» Understand I-V characteristics of Photovoltaic devices
» Understand equivalent circuits

» Explain efficiencies of photovoltaic devices



Solar Energy Spectrum
Describes the distribution of electromagnetic radiation emitted by the sun, which can be

modeled as a black body with a surface temperature of approximately 5800 K.
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Solar Energy Spectrum
» Composition: The spectrum includes ultraviolet (UV), visible light, and infrared (IR)

radiation.

< Energy Increases
Shorter wavelength, Longer wavelength,
— higher energy intensity lower energy intensity
10° nm 107 nm 1nm 200 nm 2500 nm 10"'Inm 10"lnm 1m 10";m
GammaRays XRays  UltraViolet I" Infrared Microwaves  Radio Waves
99.9% of solar energy

is between these wavelengths
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Solar Energy Spectrum

Input 100%

> Atmospheric Effects: As sunlight Total 185,
Scattered
passes through the atmosphere, it . Czone o et

undergoes :
= Absorption by molecules like water
vapor and CO, (creating dark
Fraunhofer lines)
= Scattering by air and dust, which
changes the spectral distribution that

reaches the Earth's surface.
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Solar Energy Spectrum
» Air Mass (AM): A parameter defining the path length of sunlight through the

atmosphere. The standard for terrestrial solar panel testing is the AM1.5 spectrum,

which integrates to 1000 W/mz,
Air Mass (AM) = PO/Z0O

Actual path (PO) i AM =15
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g 5 0z =48.2
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O
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Device principles of Solar cell
A solar cell (or photovoltaic cell) is an electrical device that converts light energy directly

Into electrical energy using the photovoltaic effect. This effect involves three key steps:

Electron Flow Photon Absorbed
— in Depletion Zone

Electron-hole Photon
Creation

Front Electrical Contact

N-Type

/

«— Depletion Zone

~_Back Electrical

Electron-Hole Contact

Recombination
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Device principles of Solar cell

Excited electron

» Light Absorption: Photons

from sunlight strike the

Ephot<>r\ > EC i E\'

semiconductor material (e.g., e
silicon) and are absorbed if their f: crestiols:
energy Is equal to or greater Ey
than the material's band gap. Position
Electrical Load

A%

( Current
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Device principles of Solar cell

» Charge Carrier Generation: The

>

absorbed photon energy excites an

electron from the valence band to the

LA BL _RA REL _BRL BB BE _BE _RE J
I

Energy

conduction band, creating a free

electron and a "hole" (a missing

electron, acting as a positive charge

A R R B L _RE RE _EEJJ

carrier).
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Device principles of Solar cell

> Charge Separation: An internal electric Electric Potential

field (built into the p-n junction of the : :
p-type ' : n-type
Semiconductor 1 -Semiconuctr

semiconductor) forces the negatively
charged electrons to the n-type side and the
positively charged holes to the p-type side.

This prevents them from quickly

E_Iectl:on - < lee .
recombining. Difusion Depletion Layer Diffusion

Electric Field
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Device principles of Solar cell
> Collection: Metallic contacts on

the surfaces collect these separated .

charges, creating a potential Solar energy

Electrode
Reflect-proof film

N-type semiconductor

|
difference (voltage). When an E IE"""“"

: current
P-type semiconductor

A

B

external load Is connected, the

electrons flow through the circuit,

Electrode

performing work as an electric

Solar cell

current.
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|-V characteristics of Photovoltaic devices
The current-voltage (1-V) characteristic curve graphically represents a solar cell's operation

under specific irradiance and temperature conditions. Key parameters derived from this

curve include: A
Isc IV curve
IsC -
o
IV curve g
=
Current 3

Short-Circuit Current

Power from the solar module
Open-Circuit Voltage
\oltage

\Voc

Power from
the solar module

Voltage Voc
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-V characteristics of Photovoltaic

devices
» Short-Circuit Current (Isc): The Isc‘ [V curve
maximum current produced when the -
- ¥ Short-Circui
cell's terminals are shorted (voltage is = ort-Clircult
O Current

zero). It is primarily controlled by the

Intensity of the solar radiation

Power from

(Irradiance). the solar module

Voltage Voc
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|-V characteristics of Photovoltaic devices

L Isc [V curve
» Open-Circuit Voltage (Voc): The

maximum voltage available when the cell

Current

IS not connected to a load (current Is zero).

This value decreases as the cell's

temperature Increases.

Power from
the solar module

Voltage / Voc

Open-Circuit
\oltage
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|-V characteristics of Photovoltaic devices
» Maximum Power Point (MPP): The unique point (Vmp,Imp) on the curve where the

product of voltage and current is maximized, resulting in the highest power output

(Pmax = VmpxImp). A A
I-V curve
]SC dem——— TP et = Pmax
Imp O D N L AR SO AL PO PRI N P CL s (NP

e —

c Q

£ P-V curve g

3 o
)

Voltage Vmp Voc
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|-V characteristics of Photovoltaic devices
» Fill Factor (FF): A measure of the curve's
"squareness" and the quality of the cell.
= Itis the ratio of maximum power to

the theoretical power

Pmax Pmax
u F = =
VocXIsc PT

= Higher values (typically 0.7 to 0.8)

indicate a more efficient cell. Voltage  Vmp Voc
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Equivalent circuits

An equivalent circuit model uses 7 T <
standard electrical componentsto ~ © L Iy

simulate the non-linear behavior C) =
and losses of a solar cell. l
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Equivalent circuits

» ldeal Model: An ideal solar cell can be
modeled simply as a current source
(representing the photogenerated current,
[,n In parallel with an ideal diode

(representing recombination Ioss?s).

A
s £

\
Rl v
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Equivalent circuits

» Real-World Model: To accurately

W -

reflect real-world performance, two [ Ipn SZl Ip Ryh »

resistances are added to the ideal model:

= Series Resistance (Rs): Connected in series with the ideal components, it accounts for
bulk resistance in the semiconductor material and contact resistance. ldeally, Rs should
be minimized to prevent power loss.

= Shunt Resistance (Rsh): Connected in parallel, it accounts for current leakage paths or
defects across the p-n junction. Ideally, Rsh should bem axin ized to preventcurrent

diversion.



Equivalent circuits

» Governing Equation: The output current (1) Shockley model
IS described by a characteristic equation: 1:: |
I'=1,—1Ip—Isp 60 4
which can be further detailed using the an 4
Shockley diode equation and Ohm's law to 20 4
describe the diode I, and shunt I, 0 . .

=10 =03 0.0 0.3 1.0
currents.
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Efficiencies of photovoltaic devices

Efficiency Is the ratio of the electrical § § : ¥
8 B D
power output of a solar cell (or module) ‘°'§ S ; '§ %g’ E £
— £ £ B 3 € IS
to the amount of solar power X L2 ; 3 i | g :
> ™ W0 2 2 8 s 1; . .E
(irradiance) hitting it, expressedasa £ § 2 S o 8 é :.-5 § s
2 3 A kI BE 5
percentage. & 15 § = ; : §
i g g o g- 5 n
0} 2 %
28 20
(& » g"
BE,

’ First Gener nd era Third (;;eneraﬂon Fourth Generation
Active Materials
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Efficiencies of photovoltaic devices
» Cell vs. Module Efficiency: Cell efficiency Is

always higher than module efficiency because # SolarPanelType

Monocrystalline

modules include inactive space between cells

.. ] ] 2. Polycrystalline
and wiring. Commercial modules typically

3. Thin-Film

operate around 15-20% efficiency. o Bifacial (PERO)

» Measurement Standards: Efficiency is © edre

measured under Standard Test Conditions
(STC): 1000 W/m?2 irradiance, 25°C cell

temperature, and air mass 1.5.
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Efficiency
High
Lesser
Versatile
Higher

Moderate

Efficiency %
15% — 22%
12% — %18%
10% — 12%
15% — 25%

9% — 11%
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Efficiencies of photovoltaic devices

» Limiting Factors & L.osses:

Material Limitations: The intrinsic band gap of the material limits the range
of the solar spectrum a single cell can absorb; photons with energy below the
band gap are not absorbed, while excess energy from high-energy photons is
lost as heat.

Temperature: Higher temperatures actually decrease a solar cell's voltage
output and efficiency.

External Factors: Shading, dust accumulation (soiling), and the angle of the

sun all reduce the amount of light reaching the cell, lowering performance.



End chapter 4

Video
https://www.youtube.com/watch?v=Yxt72aDjFgY


https://www.youtube.com/watch?v=Yxt72aDjFgY

