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a b s t r a c t

Testing photovoltaic generators performance is complicated. This is due to the influence of a variety of
interactive parameters related to the environment such as solar irradiation and temperature in addition
to solar cell material (mono-crystalline, poly-crystalline, amorphous and thin films). This paper presents
a computer-based instrumentation system for the characterization of the photovoltaic (PV) conversion. It
based on a design of a data acquisition system (DAQS) allowing the acquisition and the drawing of the
characterization measure of PV modules in real meteorological test conditions.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Semiconductor solar cells are the source of energy in photo-
voltaic systems. These systems consist of series and/or parallel
combinations of solar cells. The performances of PV modules can be
characterized in a variety of ways [1]. In general, the manufacturer
provides the characteristics of PV module under selected operating
conditions. These are obtained, under controlled conditions, among
them light and temperature, in a laboratory environment [2]. There
are several commercial systems for testing PV modules under field
conditions but they are very expensive [3]. The data acquisition
system (DAQS) developed in this work, has a low cost and low
consumption. It has been designed to be the laboratory basic
element for the photovoltaic generators characterization. This
DAQS is designed to acquire temperature (T) and solar irradiation
(S) and then records the current versus voltage and power versus
voltage characteristics of the PV modules for each value of T and S. It
calculates the maximum power available from the maximum
power point (MPP) current and voltage. In addition, it is equipped
with an autonomous memory. The control of the data collection in
the acquisition system memory is done thru an USB or RS-232
interface connection of the system with a compatible IBM
computer with the specified communication software.

2. DAQs description

Fig. 1 shows the block diagram of the data acquisition system
developed for the photovoltaic modules characterization. Block 1
concerns the current and voltage measurement, block 2 tempera-
ture and irradiance measurement, block 3 is the electronic load and
block 4 the power supply.

This test stand is made up of the PV module, the data acquisition
system linked to a graphical user interface. The basic element of the
hardware parts of the DAQS is the electronic load.

3. The electronic load

3.1. Definition and theoretical analysis

The electronic load is a device, which permits to simulate a static
or dynamic load. It can be used to test PV modules. It replaces the
classical resistive loads. It allows an electronic control of the current
load (or sometimes the voltage). The electronic load developed in
this work is based on linear metal oxide semi conductor field effect
transistors (MOSFET). Contrarily to the power bipolar transistors,
MOSFET is more easily controllable [4]. It offers many advantages
such as:

B Significant currents [3].
B Not exposed to the phenomenon of the second breakdown or

thermal rapid rise, contrarily to bipolar transistors [5].
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B Its minimal drain-source resistance RDS(ON) may be very small,
some milliohms, makes it ready to treat high currents without
a significant drop voltage[6,7]. For example, a 10 A current
through a 2N3055 (bipolar) products a significant drop voltage
(in the range of volts), while for an IRF150 (MOSFET) it would
be a few millivolts [8].

Fig. 2 shows the principle of the electronic load based on
MOSFET’s.

From Fig. 2, it follows that:�
IP ¼ IDS
VP ¼ VDS

(1)

This electronic load comprises two stages: a power and control
stage.

3.1.1. Power stage
The power stage is connected directly to the PV module. It acts

as a controllable impedance which is able to operate in the oper-
ating point of the PV module and thus collect two measures of IP

and VP. This stage, composed of MOSFET’s, operates in its saturation
zone as a current generator controlled by the command voltage
VCOM which is equivalent to VGS. In this area, the current IDS can be
expressed by [9]:

IDS ¼ KNðVGS � VthÞ2 (2)

where KN is the device constant for the MOSFET.
When VGS < Vth � VDS, the MOSFET acts in its ohmic region and

behaves like a resistance controlled by the voltage VCOM (or in other
terms VGS). IDS will then be given by [9]:

IDS ¼ KN

�
2ðVGS � VthÞVDS � V2

DS

�
(3)

With these parameters, the operating point of the PV module is
located on the intersection of its characteristic and those of the
MOSFET, Fig. 3. For a given VGS, the output characteristic is fixed. We
can then measure the pair (IP, VP) which represents the operating
point of the module. Consequently, it will be enough to act on VGS to
sweep the characteristic of the module [7].

Fig. 1. Block diagram of PV module testing unit.

Fig. 2. Schematic diagram of the electronic load principle.
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