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Why solar cells?

Nuclear fusion

YHAIH 52H + et + vt 3.27 MeV
ZH+'H —=3H + y+1.03 MeV
3H+3H — *He 4+ 2 'H + 17.59 MeV
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Why solar cells?

Nuclear fusion
YHAIH 52H + et + vt 3.27 MeV
2HHYH =3 H + y+4.03 MeV

SH+3H — *He + 2 'H + 17.59 MeV

net loss of H: 4-10° kg/s
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Why solar cells?

Nuclear fusion

THHYH —2H + et + vet 3.27 MeV
ZHAYH =3 H 4 y+1.03 MeV
SH43H — “He +2 'H + 17.50 MeV
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Why solar cells?

1=1367 W/m? — not considering atmosphere attenuation
Nuclear fusion
TH4YH =2H + et + ve+ 3.27 MeV
2H4YH —3H + y44.03 MeV
SH43H — *He +2 'H + 17.59 MeV

net loss of H: 4-10° kg/s
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Solar cells Motivation

Why solar cells?

Atmosphere attenuation: Air Mass (AM)

AM=P/P, = secH,
6,- ZENITH ANGLE
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What is a solar cell?
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What is a solar cell?
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What is a solar cell?
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What is a solar cell?
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What is a solar cell?
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Mechanism

What is a solar cell?
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Mechanism

What is a solar cell?

e
1, (qu/kT_l) ]
TGD ¥ L ‘ §RL = current source in parallell /;

= | = Is(qu/kT — 1) -1

Solar cells and photodiodes Universitat Gottingen 9/24



Mechanism

What is a solar cell?

—_—9

= current source in parallell /;
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Mechanism

What is a solar cell?

I
Voc : open circuit voltage (R — o0)
Isc @ short circuit current (R = 0)
Vi |Voc
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Maximum power |
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1 = Maximum power:
Lnf- )
'Dm = Im Vm
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Efficiency

Efficiency of an ideal solar cell

IV,
n = FFLyes

FF = JnVa

It Voc
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Efficiency of an ideal solar cell
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Efficiency

Efficiency of an ideal solar cell

I
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Efficiency

Efficiency of an ideal solar cell
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Efficiency

Efficiency of an ideal solar cell

I
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Efficiency

Efficiency loss: serie resistance
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Efficiency loss: serie resistance
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Efficiency

Efficiency loss: serie resistance
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Efficiency

Efficiency loss: serie resistance
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Efficiency

Efficiency loss: serie resistance
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Efficiency loss: non-uniform absorption

Absorption coefficient (cm D)
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Efficiency

Efficiency gain: spectrum splitting

Idea: increase P; — reduce the wavelength range

Spectrally sensitive mirrors

Sunlight Sunlight

Solar cells of
different bandgaps
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Efficiency gain: optical lensing

Idea: increase light concentration
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Efficiency gain: optical lensing

Idea: increase light concentration
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Efficiency gain: optical lensing

Idea: increase light concentration
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Efficiency

Different types of solar cells

® Monocrystalline: pure silicon, single crystal

® Policrystalline: liquid silicon subjected to solidifaction process, many crystal
of different sizes

® Amorphous: silicon deposited on a substrate, e.g. glass plate

Efficiency 14%-18% 12%-14% | 5%-6%
Lifespan 25-30 years 20-25 years 15-20 years
Cost Very expensive | Expensive Cheap
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Applications

Summary - solar cells

® Solar radiation gives us the motivation why to produce solar cells

® A solar cell is a pn junction working in the reverse bias mode; we can model
the power coming from the Sun as a current source in parallel

e Efficiency of an ideal solar cells depends on the maximum and input power;
it is degraded by serie resistance and non-uniform absorption, while it can
be increased by splitting the spectrum or focusing the solar radiation.

® There are different types of solar cells depending on the type of the crystal
used

® Applications of solar cells can be found in different devices
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