Workings of a solar cell
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Conduction Band ,,.0ver, it is much simpler to think of a
hole as a positiviely charged particle that

E is free to move in the valence band, the
same way that the electron can move in
8 the conduction band
m .
Clickto R t
Valence Band l 0 opes J




Energy

J o Conduction Band
9
A
At higher temperatures more e-h pairs are
generated increasing the conductivity
further. However even at room temperature
the number of thermally generated e-h

pairs is extremely small and the
conductivity is very low.
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Doping

n-doped silicon

p-doped silicon

P-type (positive) N-type (negative)
Dopant Group Il (E.g. Boron) Group V (e.g. Phosphorous)
Bonds Missing Electrons (Holes) Excess Electrons
Majority Carriers Holes Electrons
Minority Carriers Electrons Holes




Equilibrium carrier concentration
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Equilibrium carrier concentration
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For materials that is even more heavily doped
the number of minority carriers is supressed
even further. The ratio of majority to minority
carriers is usually billions to one, much greater
than is shown here.
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Photon absorption
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(3) Eph = Eg Conduction Band R
A photon with energy equal to the
band gap is efficiently absorbed E
as there is no heat wasted. o
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Absorption Coefficient (o) for different materials

I=1-¢%"

0

/ Absorption Coefficient of Semiconductor Materials

| | |
GaAs
—— -
= Germanium
== Crystalline Silicon
Amorphous Silicon |

Sharp absorption onset.
|

Broad absorption onset.

absorption coefficient (cm'1

200 400 600 800 1000 1200 1400 1600 1800 2000
(6.2 eV) wavelength,(nm) (0.62 eV)



1 022

—

(=)
[a%]
—

Generation rate (m=3)

L ' L I I L L ' I L I L ' L I L ' L ' L L I ' L

Semiconductor crystal

e e e S | s (e —
R R N N N N N W R R R B ————————————.,

b Qe e

e ——
e g i

AN NSRS NSRS WS SRS [N S—

I T I S e e e I T T TR

I I I e A e I T I T B . L -

cell depth, x (zm)

I =,e”** G = aNye™ ™



Carrier recombination
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Auger Recombination
The electron gradually gives off
its energy thermally and relaxes
back to the band edge.
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Carrier recombination
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Diffusion length
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Surface defects




Carrier movement in semiconductors
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Camriers

Carrier diffusion

Carriers in each location

0 16 0 at start
4 8 4 at scattering event 1
1 4 6 4 1 at scattering event 2
2 4 4 4 2 at scattering event 3
1 2 3 4 3 2 1  at scattering event 4
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= ==  Process continues until a
uniform concentration results.
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Carrier diffusion
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Carrier drift

No Electric Field
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With Electric Field
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Net motion due to E-field



Carrier drift

No Electric Field
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p-n junction
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The electric field tends to keep the holes in the p-type
material and the electrons in the n-type material. | Clickto Repeat |
However, even at thermal equilibrium some carriers
hae sufficient energy to cross the depletion region.
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Diode characteristics
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Diode characteristics

Poisson's Equation

Transport Equations

. dn . dp
Jn = quanE +qD, dx Jp = quUy,PE — quE

Continuity Equations

General Conditions Under thermal equilibrium and steady state conditions
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Depletion approximation
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In{n) , In(p)

Carrier concentration

Carri er concentrat ion
onlog scale
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Carrier concentration
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Workings of a solar cells
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Workings of a solar cells

After passing through the load the
electron meets up with a hole and
completes the circuit.
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Collection probability
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Quantum efficiency

The red response is
reduced due to rear
surface passivation,

Blue response is reduced reduced absorption at

due to front surface recombination. long wavelengths and
/ low diffusion lengths.
1.0 \ Ideal quantum
§~ / efficiency
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&‘___2 A reduction of the overall QE is
L caused by reflection and a low
E diffusion length. No light is absorbed
‘g below the band gap
8 so the QE is zero at
% long,wavelengths
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Workings of solar cells

With the terminals connected a current flows proportionally to the light level.

Light generates extra carriers / Light generates extra carriers

(_) No Light Electron Diffusion
() Voc JElectro;\f Drift
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Workings of a solar cells
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Since the cell is generating power the .
convention is to invert the current axis. | Clickto Repeat |
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Solar cell characteristics

J(V) = Jsc — Jdark(V) = Jsc
V.= Eln L +1
A q Jo

IV curve of the solar cell

-
\ The short circuit current, lgc,

is the maximum current from a
solar cell and occurs when the
voltage across the device is
Zero.

Power from
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Fill factor

Current,
Power t Cell with Low Fill Factor
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Efficiency
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short circuit current density (A/mz)

Short circuit current
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Solar Iradiance (W/m2/nm)
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Efficiency vs bandgap
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Maximum efficiency
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