PV Technology

Losses in a solar cell

* Optical losses
e Electrical losses:
related to the cell material

related to solar cell contacts
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Losses: Optical

Back of the cell
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Anti-reflection coatings
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Anti-reflection coatings
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n, is the refractive index of the uppermost layer (air or glass),
n, is the refractive index of the antireflection layer, and
", is the refractive index of the silicon.

Silicon



PV Technology

Anti-reflection coatings

The minimum off R occurs for  7,d, = M4
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Anti-reflection coatings
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Optical losses - Surface Texturatization
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Optical losses — Surface Texturatization
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Anti-reflection coatings
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Optical confinement

30_ I LR R R T T T 11117 7 T 1117

i COM =

= - 7 SEM .

- P CONFINAMENTO 7]

® 20+ , —

B , ]

- N P _ ]

\ ‘ e , ' ]

z R / ]

= = / I -

S -/ I/\ ]
z -/

& o[- J —

Qi RN P el Pt

1 10 100 1000

ESPESSURA / MICRONS

The effective path inside the cell can be strongly augmented by using the
concept of light confinement
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- Recombination

Seco:nbination areas
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. ace recombination

* Depletion region recombination

* Bulk recombination

Bulk semiconductor
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Current generation inside the cell

Quantum Efficiency. (electrons/photon)

>

ideal cell

recombination
at front surface

recombination in call
bulk and rear
plus unabsorbed light

wavelength A= 124

Generated current is reduced due to recombination
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® V.. depends on short circuit current (l,) and saturation current (1)

® |, does not vary much but |, can vary by several orders of magnitude -
hence controls the V.

V.. is 2 measure of recombination in a solar cell
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Both Rs and Rsh will reduce the available cell current and so they will reduce
the overall efficiency
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Losses: Electrical

Componentes de Rs:
Resistencia do substrato semicondutor
Resistencia de contacto entre o metal e o semicondutor

Resisténcia da metalizacao
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| Characteristic resistance, R,
s~ i . Y,
Medium Rs R Vi
CH ™)
Large RS max
| Normalized series resistance, r,
— RS
> rS o R
CH
\'

Effect of series resistance on the FF and maximum power

I:)m,s — I:)O (1_ rs)

FF, = FF,(1-r)
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A EffeCt Of RSh
ISC Normalized shunt resistance, rg,
r_ RSh
I Sh_ R
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* Effect of shunt resistance on the FF and maximum power
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Quick Technology overview
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Standard solar cell

Screen-printed Ag-paste
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Screen-printed Al-paste  Back
Surface

Field

Source: Institute for Solar Energy Research Hamelin (ISFH)
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PERC solar cell
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SiN, capping layer

Sovurce: Institute for Solar Energy Research Hamelin (ISFH)
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» Anti-Reflection
| Coating

Textured Front Surface

| /Passivation Layer

etal Contacts
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Passivating Contacts = - unhofer
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Future
What is the Limit of Silicon Solar Cells
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You have now the needed information to perform the
assignment | told you about

PVFactory

It is a virtual factory to simulate production of solar cells

| will put this assignment in fenix
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Tandem solar cell

1-8 ] v I H I v 1 I h ] v 1

[ incident
16} sunlightJ -

14
— 12+
- : transmitted
O 1-0_ sunlight
g 0.8 -
o) 0.6 .
O o4

02|
0.0

400 600 800 1000 1200 1400 1600
wavelength [nm]



