
  
  

  

 

A typical silicon PV cell is composed of a thin wafer consisting of an ultra-thin layer of phosphorus-doped (N-type) silicon 
on top of a thicker layer of boron-doped (P-type) silicon. An electrical field is created near the top surface of the cell where 
these two materials are in contact, called the P-N junction. When sunlight strikes the surface of a PV cell, this electrical 
field provides momentum and direction to light-stimulated electrons, resulting in a flow of current when the solar cell is 
connected to an electrical load 

 

Figure 1. Diagram of a photovoltaic cell. 

Regardless of size, a typical silicon PV cell produces about 0.5 – 0.6 volt DC under open-circuit, no-load conditions. The 
current (and power) output of a PV cell depends on its efficiency and size (surface area), and is proportional the intensity 
of sunlight striking the surface of the cell. For example, under peak sunlight conditions, a typical commercial PV cell with a 
surface area of 160 cm^2 (~25 in^2) will produce about 2 watts peak power. If the sunlight intensity were 40 percent of 
peak, this cell would produce about 0.8 watts. 

The U.S. Department of Energy has produced a QuickTime video of how a PV cell works. Take a look 
 



  
  

  

 

Photovoltaic cells are connected electrically in series and/or parallel circuits to produce higher voltages, currents and power
levels. Photovoltaic modules consist of PV cell circuits sealed in an environmentally protective laminate, and are the 
fundamental building blocks of PV systems. Photovoltaic panels include one or more PV modules assembled as a pre-wired,
field-installable unit. A photovoltaic array is the complete power-generating unit, consisting of any number of PV modules 
and panels. 

 

Figure 1. Photovoltaic cells, modules, panels and arrays. 

The performance of PV modules and arrays are generally rated according to their maximum DC power output (watts) 
under Standard Test Conditions (STC). Standard Test Conditions are defined by a module (cell) operating temperature of 
25o C (77o F), and incident solar irradiance level of 1000 W/m2 and under Air Mass 1.5 spectral distribution. Since these 
conditions are not always typical of how PV modules and arrays operate in the field, actual performance is usually 85 to 90 
percent of the STC rating. 

Today’s photovoltaic modules are extremely safe and reliable products, with minimal failure rates and projected service 
lifetimes of 20 to 30 years. Most major manufacturers offer warranties of 20 or more years for maintaining a high 
percentage of initial rated power output. When selecting PV modules, look for the product listing (UL), qualification testing 
and warranty information in the module manufacturer’s specifications. 
 



  
  

  

 

Simply put, PV systems are like any other electrical power generating systems, just the equipment used is different than 
that used for conventional electromechanical generating systems. However, the principles of operation and interfacing with 
other electrical systems remain the same, and are guided by a well-established body of electrical codes and standards.  

Although a PV array produces power when exposed to sunlight, a number of other components are required to properly 
conduct, control, convert, distribute, and store the energy produced by the array.  

Depending on the functional and operational requirements of the system, the specific components required may include 
major components such as a DC-AC power inverter, battery bank, system and battery controller, auxiliary energy sources 
and sometimes the specified electrical load (appliances). In addition, an assortment of balance of system (BOS) hardware, 
including wiring, overcurrent, surge protection and disconnect devices, and other power processing equipment. Figure 3 
show a basic diagram of a photovoltaic system and the relationship of individual components.  

 

Figure 1. Major photovoltaic system components. 

Why Are Batteries Used in Some PV Systems? 

Batteries are often used in PV systems for the purpose of storing energy produced by the PV array during the day, and to 
supply it to electrical loads as needed (during the night and periods of cloudy weather). Other reasons batteries are used 
in PV systems are to operate the PV array near its maximum power point, to power electrical loads at stable voltages, and 
to supply surge currents to electrical loads and inverters. In most cases, a battery charge controller is used in these 
systems to protect the battery from overcharge and overdischarge. 
 


