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Overview

A Illlumination Current

A PV Circuit Equivalent

A PV Cell Arrangements
A Maximum Power Point
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Introduction

cell
A In the dark, behaved like a diode
A Under light, illumination current flows

A In this lecture we develop a circuit model for the
PV cell and examine its power output
characteristics
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lllumination Current

pn -junction is:
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A How is | | determined?
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A Energy carried by a photon: e= h/—c

A where:
A e :energy of the photon (  eV)[1 eV =1.6e -19 J]

A C: speed of light (m/s) (300,000,000 m/s)

A | : wavelength (m)

An Pl anckodés constlaevts 4. 135 X
A Recall the frequency/wavelength relationship
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Solar Radiation Absorption

6000 K black body
AMO radiation
AMI.5 radiation
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Figure 3.8 The spectral power distributions of solar radiation corresponding to Air Mass 0 and
Air Mass 1.5. Also shown is the theoretical spectral power distribution that would be expected, in
space, if the sun were a perfect radiator (a ‘black body’) at 6000 °C

Source: Renewable Energy: Power for a Sustainable Future, G. Boyle
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N,.io » @re radiated on a
square meter of earth per second?

A Assume:

A G =1000 W/m 2
A Assume average wavelength is 0.8
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A Convertingto eV:6.25e21 eV

hicC
6.25%10 ** = N,,,€ =N, 7

=6.2%10 2l =6 280 ** (0810 7

Y N
he 4.13%10 "% (30(10 6)

= XI3)

total

A Note: this is rough approximation only!
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Into the
conduction band then for each square meter:

Al =(4.03e21) x (1.6e  -19) = 644 Amperes!
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from:

Al =gxNXxA
A Where

A q: charge (C)

A A: area of the junction (m  2)

A N: number of photons that excite electrons per
square meter
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energy conversion

A If the photon has:

A Too little energy, the electron does not jump to the
conduction band

A Too much energy, only the portion of the energy

that is sufficient to promote the electron to the
conduction band can  be used
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lessthan 1.1 x 10 -® m)

Ve

A ~23% of the solar radiation (AM 1.5) does not
meet this requirement

A ~33% of solar radiation (AM 1.5) is wasted by
having too much energy

A At most, <50% of energy radiated on a solar
panel can be used

A Actual efficiency is closer to 16%
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Solar Radiation Absorption

Suitable for PV
<

6000 K black body
AMO radiation
AMI.5 radiation
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Figure 3.8 The spectral power distributions of solar radiation corresponding to Air Mass 0 and
Air Mass 1.5. Also shown is the theoretical spectral power distribution that would be expected, in
space, if the sun were a perfect radiator (a ‘black body’) at 6000 °C
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lllumination Current

short circuit conditions (I, =1 )
A Double irradiance and | | will double
A Mathematically:

aGg o
1. (G) “am 4(G srd  (under short circuit)

CYstc —
A Where

A G: irradiance on the PV panel (W/m 2)

A Ggc: rated irradiance of the PV panel under
Standard Test Conditions (W/m 2)

A 1 (G s10): short circuit current of the PV panel
under Standard Test Conditions (A)
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lllumination Current
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RS

Note: this reduces to a simple
Diode in the dark (I | =0)
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PV Circuit Equivalent

AR=025 W
Al,, =10 10 A
AV, =25mV
Al =15A

A Find V
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Exercise

AR=025 W
Al,, =10 10 A

, -

AV, = 25mV .

Al =15A |L<JT> Jf R%V
A Find V '

V =1R

é \%
. _I cat ék//-r :I:

-15 -10% (e%.ozs J) Transcendental function,
numerically solve
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A Try a range of values of V until f (the error) is less
than some tolerance (say, 0.025)

a vV 0
L 'ISatéﬁ//T 19
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PV Circuit Equivalent

A We are dealing with one PV cell, the range of
voltage we should try should be between 0 and
about 0.6 V.

region of acceptable error

O
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