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1 Introduction

Background
n-type front-emitter (FE) c-Si PV modules 
have attracted attention owing to their:

• high performance,
• high stability (against light).

Therefore n-type FE c-Si modules may be
suitable for large-scale PV systems.
To utilize the modules in large-scale PV 
systems, it is important to understand 
potential-induced degradation (PID).

PID of n-type FE c-Si PV modules is:
• characterized by reductions in Voc and Jsc [1],
• caused by enhancement of surface recombination [1].

A detailed time-dependent analysis of this PID has not yet been reported.

4  Conclusions

The PID of n-type FE c-Si PV modules rapidly occurs and strongly saturates. 
This rapid degradation and subsequent saturation can be explained by a 
positive-charge-accumulation process at K centers in the SiNx films.
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2  Experimental
Sample structure and PID test

Module structure. PID test sample configuration.

Schematic diaglam of the cross 
section of PV modules.

3  Results and discussion

Cell: n-type FE c-Si cell with SiO2/SiNx

passivation films
Module: cover glass/EVA/cell/EVA/
backsheet
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Purpose
The purposes of this study are: 

• to clarify the progression behavior of PID of n-type FE c-Si PV modules,
• to discuss the degradation mechanism.

PID test: applying a voltege of −1000
V to cells with respect to the cover
glass surface at a temperature of 85
°C and at a humidity of 2%RH

3  Results and discussion
Progression behavior of PID
J–V characteristics
Jsc and Voc start to degrade within 10
s and strongly saturate within 120 s,
revealing that the PID of n-type FE
c-Si PV modules rapidly occurs and
strongly saturates.

This extremely high degradation rate
clearly indicates that the degradation
is not associated with sodium drift in
the front passivation films.

—Instead, as previously proposed by
Hara et al., it appears to be based on
positive charge accumulation in the
front passivation films. Jsc and Voc as a function of PID-stress 

duration.
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One candidate for the origin of positive charges are K centers [2].
• K centers can be easily positively charged via externally applied bias [2].
• There are K centers in SiNx films, typically with a density of ~1012 cm−2.

Assuming that positive charges in SiNx films originate from positively 
charged K centers formed by extracting electrons from K centers, the rapid 
degradation and subsequent saturation 
can be explained.
Positive charges with a densiity 
exceeding the typical K center density 
are supplied on the cell within 120 s.
Leakage current: ~0.1 μA/cm2

Positive charge supplied  for 120 s: 
7.5 × 1013 cm−2

Degradation model
1. K centers are distributed in the SiNx films,
2. Positive charges reach the surface of 

SiNx films with asistance from externally 
applied voltages,

3. These positive charges extract 
electrons from K centers, leaving 
positively charged K centers.

Verification experiments
PC1D simulation
Positive surface-charges with a density of several 1012 cm−2 should reproduce 
characteristic degradation. To verify this, we performed a PC1D simulation.
The result shows that surface positive charges with a density of several 1012 
cm−2 reproduce characteristic reductions in Jsc, Voc, and EQE.
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Spectral response
Similar saturation behavior can be
observed in a reduction in EQE in
a short wavelength region,
suggesting a strong saturation of
surface recombination.

(a) initial, (b) 5 s, (c) 10 s,(d) 20 s,
(e) 30 s, (f) 60 s, (g) 120 s, (h) 180 s
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EQEs before and after the PID tests.

Voltage dependence
On the basis of our hypothesis, 
the saturation value of Pmax/Pmax,0 
should be independent of the 
applied voltage.

The degradation rate strongly 
depends on the voltage; by 
contrast, the saturation value is 
unchanged even when the voltage 
was increased to −1500 V, which 
is consistent with our hypothesis.
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Dependence of the progression behavior on 
the applied voltage.

PC1D-calucurated J–V curves (a) and IQE (b).
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