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The time resolved fast pulsed electro-acoustic (PEA) [1-3] 

method is used to investigate the space charge characteristics 

in an additive-free poly(propylene-ethylene) (PPE) co-

polymer in film form. The 190μm-thick films were submitted 

to DC and low frequency AC stress for various durations at 

various temperatures. Upper electrode (UE) and lower 

electrodes (LE) is semi-conductive polyethylene and 

aluminum, respectively. 

When positive 50 kVdc/mm is applied to UE at 25 °C, 

negative charge is injected from LE and shifts up to UE during 

1 hour stress. No positive charge is detected by PEA. 

However, at 50 °C, hetero-charge formation is observed with 

approximately equivalent densities for positive and negative 

carriers under the same applied field (Figure 1). Negative 

charge in the bulk becomes more and more dominant for long 

stressing time. A similar process (i.e. symmetrical hetero-

charge accumulation at first and then dominance of positive 

charge carriers in the bulk) occurs when a negative voltage is 

applied to the UE. The symmetrical hetero-charge arises after 

HV application for 30 s.  

Two frequencies of 5 mHz and 100 mHz are selected: the 

half-periods are therefore respectively longer and shorter than 

the time for hetero-charge detection at that field. At 50 °C, 

surprising periodical symmetrical hetero-charge accumulation 

is observed under 5 mHz square 50kV/mm RMS stress, while 

only injected charge is observed at 0.1 Hz square 50 kV/mm 

RMS stress (Figure 2). Because the charge injection rating is 

symmetrical not for the asymmetrical electrode structure, the 

symmetrical hetero-charge can not be attributed to the injected 

charge transiting across the bulk. Combining dc data with ac 

data, it is shown that the charge build-up in the bulk results 

from different processes for homo-charges and hetero-charges: 

The homo-charge is injected from electrodes and the 

molecular dissociation in the bulk can be the original source of 

the symmetrical hetero-charge.  
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Figure 1. Space charge dynamics in PPE film under 50 kVdc/mm at (a) 25°C 
and (b) 50 °C 

 

 

    
Figure 2. Space charge dynamics in PPE film under 50 kVac/mm at 50 °C at (a) 

5 mHz and (b) 0.1 Hz 

 
Table 1. Time for the onset of quasi-symmetrical hetero-charge apparition in 

PPE film under different field at 50 °C 

applied field (kV/mm) 15 30 50 100 

time (s) 1800 340 30 0.3 

The time of the hetero-charge emergence under high 

voltage application depends on the field intensity, being 

shorter for higher field (Table 1). The time resolved hetero-

charge migration shows ionic transport characteristics, which 

can be well fitted with an ionic transport model. The 

molecular dissociation is temperature and applied field 

dependent [4]. We observed the symmetrical hetero-charge 

again in the film bulk under 100 kVdc/mm at 25 °C. 

ACKNOWLEDGMENT 

  Two of the authors (F. Z. and Y. Z.) are grateful to National 

Natural Science Foundation of China (No.50537040), 

Shanghai Committee of Science and Technology (contract No. 

07DZ22302) and Program for Young Excellent Talents in 

Tongji University. We acknowledge the French Ministry of 

education for providing a Post-Doc grant. 

REFERENCES 

[1] C. Thomas, G. Teyssedre, and C. Laurent, "A New Method for Space 

Charge Measurements under Periodic Stress of Arbitrary Waveform by 
the Pulsed Electro-acoustic Method," IEEE Trans. on DEI, vol. 15, pp. 

554-559, 2008. 

[2] S. Bamji, M. A. Dakka, and A. Bulinski, "Phase-Resolved Pulsed 
Electro-Acoustic Technique to Detect Space Charge in Solid Dielectrics 

Subjected to AC Voltage," IEEE Trans. on DEI, vol. 14, pp. 77-82, 

2007. 
[3] Y. F. F. Ho, G. Chen, A. E. Davies, S. G. Swingler, S. J. Sutton, R. N. 

Hampton, and S. Hobdell, "Measurement of Space Charge in XLPE 

Insulation Under 50 Hz AC Electric Stresses Using the LIPP Method," 
IEEE Trans. on DEI, vol. 9, pp. 362-370, 2002. 

[4] L. A. Dissado and J. C. Fothergill, "Electrical Degradation and 

Breakdown in Polymers," G. C. Stevens, Ed. London: Peter Peregrinus, 
1992, p. 121. 

(a) (b) 

  

(a) (b) 


