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Photovoltaics Characteristics
IV Characteristics:

Pmax =Vmp * Imp ///// nmax = Pout max / Pin

=Vmp * Imp / G * Apvcell
Fill Factor (FF) = (Vmp * Imp )/ (Voc * Isc)

A Maximum power point
IV curve VMP |Mp
ReN —=
The short circuit current, Ig.
|::lI

Power from
the solar cell
P=VxlI

The open circuit voltage,Mg¢

Voltage



Photovoltaics Characteristics
Example:

A PV cell area 100 cm2; Vmp =0.47 v, Imp = 2.9 A;
Voc=0.62 V;Isc=3 A. At G=1000W/cm?2 find
Efficiency and fill factor

n=0.47 * 2.9 / 1000 * (100/10000) = 13.6%
FF=0.47*2.9/(0.62 * 3) = 73%



Photovoltaics Characteristics

Effect of solar radiation and temperature change on |V curve.
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(a) I-V characteristics of the module at different
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{c) I-WV characteristics of the module at different

temperahare wvalaes
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(b} P-V characteristics of the module at different
insolation levels
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(d) P-V characteristics of the module at different
temperature values



Photovoltaics Characteristics

Effect of solar radiation and temperature change on IV curve
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Photovoltaics Characteristics
Example: (PV module of cells)

A PV module is constructed of 6 pV cells each has Isc
=3A,Imp=2.6A,Voc=0.6V,Vmp=0.5V. Find
Efficiency and fill factor of this PV module at G=
1000 W/m2 and the area of each cell = 100 cm?2.

Eff. Max = (0.5*6) * (2.6)/ (1000*6*(100/10000))
= 13%
FF=[3*2.6/(3.6%3)]=72.2% |

Voltage
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Photovoltaics

Characteristics

Example: (PV module of cells & PV array of modules)

A mono crystalline modu
connected in series each

1- Draw the |-V curve of t

e is constructed of 36 cells
nas the I-V curve as shown.

ne module

2- Draw the |-V curve of t
configurations.

ne following array
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Photovoltaics Characteristics

pVv PV module

3A

>1i6v VPV

I pv

2 PV modules in series constructing a string and 2 strings in parallel

6A

Vpv
43.2V P

DV _ )
2 PV modules in series

3A

vV pv
43.2V P

I pv an array of (m) strings and each string is
constructed of (n) modules in series

Isc=(m*3)A

Vpv
Voc=(n*21.6)V



Photovoltaics Characteristics
PV Construction:

Transparent adhesive

Cover glass Antireflection coating

Front contact
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"~ Back contact
p-type semiconductor
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NS

p-n junction

n-type semiconductor



Photovoltaics Characteristics
PV Equivalent circuit:

Rg :
LIIZ!i Ish +
IPhCID V Rsp v
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VT — (NS*K*T)/q

Ns is number of cells in series 23

K is Boltzman constant = 1.38 * 10 J/K

T Is cell temperature

q is the electron charge = 1.6 * 10719 coulombs



Photovoltaics Characteristics
PV module output power:

Ppygen = Pup-ste * (G/'Gsre) <1+ KA Teei - Tsre)]
Toos = Ty + ((NOCT-20)/800) <G)

Or Tcell = Tamb + 0.0256 * G
Pmp-sTcC is the rated power of the PV module (given by manufacturer)
GsTC is the radiation at standard test conditions 1000 W/m?2

TsT1cC is the temperature at standard test conditions 25 C

NOCT is the normal cell temperature (given by manufacturer)



