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To realize high efficiencies at low costs, ECN has developed the n-
Pasha solar cell concept. The n-Pasha cell concept is a bifacial 
solar cell concept on n-Cz base material, with which average 
efficiencies of above 20% have been demonstrated. In this paper 
recent developments at ECN to improve the cost of ownership 
(lower Euro/Wp) of the n-Pasha cell concept are discussed. Two 
main drivers for the manufacturing costs of n-type solar cells are 
addressed:  the n-type Cz silicon material and the silver 
consumption. We show that a large resistivity range between 2 and 
8 cm can be tolerated for high cell efficiency, and that the costs 
due to the silver metallization can be significantly reduced while 
increasing the solar cell efficiency. Combining the improved 
efficiency and cost reduction makes the n-Pasha cell concept a 
very cost effective solution to manufacture high efficient solar 
cells and modules. 
 
 

Industrial n-type solar cells 
 
     The International Technology Roadmap for Photovoltaics [1] predicts n-type mono-
crystalline material to reach ~30% of the mono-crystalline Si solar module market in 
2015.  
     Compared to p-type material, n-type Cz material is known for its stable high lifetimes 
due to the absence of light induced degradation [2,3] and its higher tolerance for the most 
common metallic impurities like iron [4]. These higher lifetimes are subsequently 
reflected in higher efficiencies. And indeed, the highest efficiency crystalline Si modules 
currently on the market are based on the Sunpower® MaxeonTM technology [5] which 
uses n-type Cz material. Applying this technology Sunpower fabricates interdigitated 
back contact (IBC) solar cells with efficiencies of over 24% that enable module 
efficiencies above 20% [6]. Since the p-n junction is located at the rear of the cell, the 
IBC cell must be fabricated on Si wafers with a long minority carrier diffusion length in 
order for all the carriers to reach the emitter. Excellent front surface passivation is 
required as well. To enable these highest efficiencies, the production costs of these high 
efficiency cells are quite high due to the use of many complicated processing steps [7]. 
     At ECN Solar, our aim is to develop high efficient, low-cost and robust solar cell and 
module concepts that can be easily adopted by industry. In 2010 we introduced our n-
type Cz-silicon solar cell concept “n-Pasha” (Passivated all sides H-pattern) to the market 
together with the companies Tempress and Yingli [8]. In 2011, efficiencies of over 19% 
were reached with this cell concept, both at ECN and at Yingli. In 2012, the research and 
development on n-Pasha has continued, resulting in solar cell efficiencies of 20% at 
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 Isc [A] Jsc [mA/cm2] Voc [V] FF [%] Eta [%] 

Average 9.38 39.23 0.652 78.3 20.04 
Best cell 9.40 39.33 0.653 78.8 20.23 

 
Stability of the n-Pasha process.  
 

To implement any solar cell concept into the industry, the processing needs to be 
stable within and between large batches of wafers, i.e both reproducibility and 
repeatability need to be demonstrated. Recently we have improved the front and rear side 
passivation of the n-Pasha cell, which has stabilized the n-Pasha processing such that the 
variation in Voc and efficiency was drastically reduced. To assess the stability of the n-
Pasha cell process, 2 large batches of wafers were processed at ECN. These batches 
consisted of material from two different industrial suppliers. The base resistivity ranged 
from 3 and 5.5 cm, measured after a high temperature step to annihilate the thermal 
donors in the material. Material A had a lower material quality which was visible in a 
lower bulk lifetime and subsequently in lower efficiency results.  
     In table II the results for both batches of wafers are shown, including the standard 
deviation of the cell parameters. Especially for material B, high efficiencies were 
obtained. More importantly, for both materials the variation in cell parameters, especially 
the Isc and Voc, was very small. Average efficiencies of 19.5% (material A) and 19.7% 
(material B) were obtained, with top efficiencies of 19.8 and 19.9%. The variation is 
indicated by the standard deviation, and is only 0.13% for the efficiency for both 
materials. 
 
TABLE II: Processing of large batches 
 Isc [A] Voc [V] FF [%] Eta [%] 

Material A 
252 cells 
Best cell 
Std dev 

 
9.25 
9.30 
0.02 

 
0.649 
0.652 
0.002 

 
77.4 
78.7 
0.03 

 
19.5 
19.8 
0.13 

Material B 
 107 cells 
Best cell 
Std dev 

 
9.25 
9.31 
0.02 

 
0.650 
0.653 
0.002 

 
78.0 
78.7 
0.04 

 
19.7 
19.9 
0.13 

 
The distribution of the efficiency of the two batches is also shown in Figure 2.  
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     In 2012 we have been able to reduce the silver consumption of n-Pasha cells 
drastically by 40% on the front and 70% on the rear. Furthermore we have shown that a 
wide resistivity range (2-8 cm) does not limit the cell efficiency for n-Pasha solar cells, 
and that large batches of cells can be processed with only a small variation in IV results. 
In combination with the increased cell efficiency of 20% makes this the n-Pasha cell 
concept a very cost effective solution to manufacture high efficient solar cells and 
modules.  
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