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Lecture 6

The PV Cell Model
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Diode

P-N junction in forward biased
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Solar cell
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Diode current (Shockley)

Component of current
due to photons
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Solar cell
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I-V characteristics of  PV 

V-I equation:

6









 10

kT
qV

l eIII

Open circuit voltage:

00

0 lnln
I
I

q
kT

I
II

q
kTV ll

oc 




Short circuit current:
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I-V characteristics of  PV 
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I-V characteristics of real and ideal PV cells under 
different illumination levels.
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I-V characteristics of  PV 
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I-V characteristics of  PV cells under different temperature.

CmV/ 2.3by decrease cell PVsilicon  of 
ocV

C0.5%/ decreasepower  Cell 
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I-V characteristics of  PV 
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NOCT: Nominal Operating Cell Temperature 

It is the cell  temperature at an ambient temperature 20°C, at 
AM 1.5 irradiance conditions, G=0.8 kW/m2 and a wind 
speed less than 1 m/s. 

GTT AC 
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20NOCT

Now suppose a cell has NOCT equal to 40 to Voc=19.4 (36 
cell in series) and ambient temperature rises 30°C and G 
increases to 1 kW/m2.
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Now Voc=19.4-(55-40)*36*2.3*10-3=18.16 so 6% decrease.
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I-V characteristics of  PV 
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Maximum power of a PV cell
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I-V characteristics of  PV 
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Power









 )1(0

kT
qV

l eIIVP



lecture 2

Ali Karimpour Apr 2013

I-V characteristics of  PV 
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Fill factor









 10

kT
qV

l eIII







AISC 2
V0.596V

 if OC

83.0FF 

0.82-0.5
Cell Real



lecture 2

Ali Karimpour Apr 2013

I-V characteristics of  PV 
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Power versus voltage for a PV cell for 4 illumination levels
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I-V characteristics of  PV 
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Temperature dependence of the power vs. voltage curve
for a PV cell

C0.5%/ decreasepower  Cell 
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PV Conventional Model

Rs : Semiconductor material, 
the metal grid, collecting bus.

Rp : Small leakage of current
through a resistive path 
in parallel with the 
intrinsic device.

The more accurate model
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I-V characteristics of  PV 
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Deriving equivalent circuit parameters

SCSC II  measure then 0VLet ? 
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I-V characteristics of  PV 
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Deriving equivalent circuit parameters
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I-V characteristics of  PV 
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Changing parameters in a pv cell
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Cell, Module and Array
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Below
5 W

5-more than 
300 W 100-Kw range
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Cell, Module and Array
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Suitable for 
12 V Battery

Suitable for 
24 V Battery

Making a module



lecture 2

Ali Karimpour Apr 2013

Cell, Module and Array
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Blocking diode
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Cell, Module and Array
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Bypass diode
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Cell, Module and Array
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Combine bypass diode and blocking diode

Blocking
diode

Bypass
diode
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Data sheet of NU-U235F1(Sharp solar electricity)
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Data sheet of NU-U235F1(Sharp solar electricity)

25



lecture 2

Ali Karimpour Apr 2013

Data sheet of NA-V135H1(Sharp solar electricity)
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Data sheet of NA-V135H1(Sharp solar electricity)
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I-V characteristics of  PV 
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Maximum power of a PV module is not equal with n*maximum  
power of one cell.

At SC condition one cell produce power and one cell dissipate this 
power. 
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Voltage and current of a module with 36 cells are given 
in the next slide. (At 1 KW/m2, 25 ºC)
a) Plot V-I curve.
b) Determine Isc and Voc.

c) Plot the P-V curve for the cell.

d) Find Pmax of the module.

e) Find parameters of equivalent circuit.

f) Find reverse saturation current.

g) Determine RL(Load resistance) to work in maximum power.

i) Repeat a, c, d, g at 0.4 KW/m2.

h) Plot V-I curve of the derived model and compare it with part a
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