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Abstract 

This white paper discusses the problem of Potential Induced Degradation (PID) and its causes. It 

explains why Omron`s transformerless PV inverter embedded with “ZCC” circuitry is a genuine ”PID-

preventive” inverter. 
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1. Introduction 

Reduced power output in PV modules due to Potential Induced Degradation (PID) is 

something whose importance has resurfaced in recent years due to the introduction of 

increased module sensitivity and higher system voltages. The phenomenon reduces the 

output power of a PV module after just a few years of service (Figure 1) and the problem is 

becoming increasingly damaging, since PV-plants are usually financially planned for a 25+ 

year life time. 

In June 2011, the Fraunhofer Center for Silicon Photovoltaics published its test results that 

showed PID causes an almost 70% power reduction
1
. Soon after this announcement, some 

PV module manufactures declared their modules PID-free by using different materials.  

However, the key solution to PID is to avoid applying bias voltage to the PV module. 

Otherwise the risk of power loss remains, that’s why electrically qualified technicians and 

plant operators should consider this solution. 

 
Figure 1 : Electroluminescence test on PV cells. Cells not showing PID effect (on the left) compared with 

cells affected by PID (on the right). Black areas are local short circuits of the p-n junctions.  

 

Omron offers a unique and simple solution to prevent PID in the form of its KP100L 

transformerless inverter with embedded“ZCC”(Zigzag–connected Chopper Converter), 

which is available in several European countries, as well as in Korea and China.     

 

 

 

 

 

 

 

 

                                                
1  Fraunhofer Web: http://www.en.csp.fraunhofer.de/aktuelles/details/id/51/ 



White Paper 

   3

2. Why does PID happen? 

The PID effect is problematic for crystalline technologies as well as thin film technologies. It 

is caused by the system’s exposure to an external potential. 

There are two types of power degradation:  

a) Reversible (Polarization) 

b) Irreversible (Electro corrosion). 
2
 

 

If the PV modules have a negative potential to earth, there is high negative voltage between 

the cells of the module and the frame, which is usually grounded for safety reasons. 

This electrical voltage attracts the electrons from the materials used in the PV modules and 

discharges through the grounded frame, thus resulting in a small amount of leakage current. 

This unexpected movement of charge carriers disturbs the photovoltaic effect.  (Figure 2) 

 
Figure 2：：：：PID mechanism (p-type crystalline silicon)   

3
 

 

What is not clear at this moment however, is the cause. It seems that the accelerator of this 

phenomenon is humidity and high temperature combined with applying negative voltage.   

PV system almost used p-type crystalline or thin film module at this moment therefore 

electrically qualified persons and plant operators should consider a proper solution for PID. 

 

 

 

                                                
2 William Richardson, SOLON Corporation, “Potential Induced Degradation”, NREL PVRW, 2011 
3 “Power losses below the surface”, Photon International 11-2012, p.130-137 
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3. Corrective action for PID via system topology 

PV module manufacturers reduce the PID effect by using an isolated resin or material for 

back sheet and sealing resin. However, sometimes these countermeasures are not enough 

to prevent PID with a high degree of certainty, the solar cells should not have a negative 

voltage compared to ground level.  

Therefore this problem must be tackled from a system topology perspective. 

In fact, grounding the negative pole of the PV array can definitely solve PID. 

It is easy to ground the negative pole when the installed inverter has a galvanic isolation 

(integrated transformer, Figure 3), but Omron is able to propose his unique and simple 

solution in conjunction with a transformerless inverter.  

 

 
Figure 3：：：：PV system by using inverter with galvanic isolation (integrated transformer) 

4
 

 

Transformerless PV inverters have many advantages over galvanic isolation inverters: they 

cost less, but offer more efficiency. They also weigh less and are smaller.     

 

Normally for a transformerless inverter there’s no way to provide a corrective solution for 

PID because it applies negative voltage to the PV array. (Figure 4) The design of a 

transformerless PV inverter determines how the voltage is distributed compared to ground. 

However, the modules in a string with greater negative voltage (the closest to the negative 

pole) are the most affected by the PID phenomenon. 

 

 

                                                
4 Ivo Kastle, “Dealing with high voltage stress”, PV Magazin , 2011 



White Paper 

   5

 
Figure 4：：：：    common transformerless PV inverter 

5
 

 

Safety regulations do not allow connecting the negative pole directly to earth (please read 

carefully IEC62109-2 Ed.1). In fact, when this happens, the PV inverter detects ground fault 

current and stops the operation, because the transformerless inverter is not isolated 

between DC and AC sides and a short circuit immediately occurs between the PV plant and 

the grid. (Figure 5)  

    

  
Figure 5：：：： in case ground connect by transformerless PV inverter 

 

Thanks to the embedded ZCC circuit in our transformerless PV inverters, it is possible to 

control the negative pole voltage as if it was virtually grounded. 

Therefore the Omron inverter prevents negative voltage being applied on the PV modules. 

(Figure 6)  
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Figure 6：：：：voltage of the negative pole controlled to ground by ZCC 

 

The Omron inverter prevents ground fault occurrence thanks to its unique ZCC circuit, 

concretely able to realize the situation described above by connecting internal circuits to the 

earth of the Grid side. 

 

ZCC applies a maximum of -100V as negative voltage during start-up (string voltage is below 

200V). 

However, it occurs for only short time and in conjunction with the low temperature of 

morning. (Figure 7) 

 

 
Figure 7：：：：voltage fluctuation during day     

 

Again, the acceleration factor for leakage current is high temperature and high humidity. 

Module leakage current is highest in the morning due to dew and remnant precipitation 
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from the night
6
. But considering that during the day increasing temperatures cause 

increasing electron mobility, it is fundamental to prevent negative voltage applied to the PV 

string under high temperature situations, just like Omron ZCC circuit allows, otherwise 

during the day the PID effect is even accelerated.  

 

Omron tested our system under PID certification with an external testing company. 

 Test conditions:   

 - Temperature 25° C, Humidity 85%, with water  

 - Testing time 168 hours, Apply -100 V to earth 

 - Using normal multi-crystalline module.  

  

Then we confirmed no reduction of PV output power.   

Applied testing condition was referred for PID usual tests which module manufacture 

proceeds with testing companies. (e.g. NREL, PI-Berlin etc)  

 

Common transformerless inverters normally apply -400V to negative pole of PV module 

under 800V system then it is expected that during the operation the temperature is high. 

Omron tested under the PID certification with an external testing company. 

 Test conditions:   

 - Temperature 60° C, Humidity 85%, with water  

 - Testing time 192 hours, Apply -400 V to earth 

 - Using normal multi-crystalline module.  

 

It was confirmed that approx. 40% power reduction occurred by using common a 

transformerless PV inverter.  

 

4. Conclusion 

Omron`s transformerless PV inverter embedded with ZCC circuitry is a genuine“PID 

preventive” inverter, at the same time it comes with competitive pricing, high efficiency, 

lower weight, smaller size, and without any external junction box or added devices. 

We believe our ZCC PV inverter contributes to finding a definitive corrective solution for PID 

and enables PV systems to perform better and longer. Such information provides an 

important orientation for our customers as they can count on the high quality and reliability 

of our solution. Omron has one of the most advanced and highest quality products available 

in the market today.  

Omron supports module manufactures and system designers by providing definitive 

correcting measures to prevent PID effect. 

 

                                                
6 Peter Hacke, NREL, “System Voltage Potential Induced Degradation Mechanisms in PV Modules and 

Methods for Test”, PVSC37,2011 
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