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ABSTRACT: Emitter formation by in-line deposition of a PECVD PSG and subsequent diffusion in an in-line belt 
furnace is suggested as an alternative to quartz tube diffusion. The PSG deposition process reached excellent layer 
homogeneities, both across a single wafer and across the whole carrier, resulting in very uniform sheet resistance 
distributions. Relative standard deviations of 2,5 % have been achieved. 
Solar cells with the developed emitter reached efficiencies of up to 17,5 % and 16,8 % on textured and untextured 
Cz-Si respectively. 
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INTRODUCTION 

The standard method for forming the solar cell 
emitter which used by the majority of solar cell 
manufacturers, is the diffusion in a batch-like tube 
diffusion furnace. To reduce mechanical stress during 
processing and handling and to obtain high mechanical 
yields, the use of in-line PECVD systems for phosphorus 
deposition with an horizontal transport of wafers is 
favourable. Due to the low impact of forces on wafer 
edges and surfaces, in-line processing is well suited for 
the production of large and very thin wafers [1]. 

Besides the PECVD process presented in this paper 
emitter forming has been done by deposition of an 
APCVD PSG and adjacent rapid thermal annealing 
(RTA) [2,3]. Another alternative is the emitter formation 
by a spray-on process [ 4,5] which is also promising for 
industrial realisation. 

One advantage of PECVD is its flexibility. Single­
sided and double-sided deposition are possible in one 
process step. Furthermore, the deposition of PSG can 
directly follow an in-line plasma texturing process, also 
in development at Fraunhofer ISE, further reducing 
necessary wafer handling steps [ 6]. 

This paper presents some features of PECVD­
deposition of PSG as well as solar cell results. 

2 DEPOSITION OF DOPANT SOURCE 

2.1 Deposition homogeneity 
A large-scale in-line PECVD reactor from Roth & 

Rau AG [6] has been used to deposit PSG as a dopant 
source for forming the emitter of industrial solar cells. 
The plasma excitation was performed by a microwave 
linear plasma source operating at a frequency of 2,45 
GHz. As process gases for the PSG deposition, TMCTS 
(Tetramethylcyclotetrasiloxane), TMPi (Trimethyl­
phosphite) and 02 have been used. 

Ellipsometric measurements have been performed in 
order to characterise layer thickness homogeneity. The 
measurements were done on a single wafer positioned in 
the middle of the carrier as well as on wafers occupying 
the whole carrier width. 

A capping layer is deposited on top of the PSG for 
moisture protection because of the strong hygroscopic 
nature of PSG. 

Various deposition parameters such as pressure, 
temperature, microwave power, gas flow and 
composition of gases have been examined. As an 
example, Fig. 1 -3 show the parameters that influence 
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layer uniformity the most: microwave power and process 
pressure. 
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Fig. 1 Deposition homogeneity across a 50x50 mm2 

FZ Si wafer varying with the microwave power. 
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Fig. 2 Deposition homogeneity across a 50x50 mm2 

FZ Si wafer varying with the process pressure. 

As can be seen, deposition homogeneity mcreases 
with increasing microwave power as well as with 
decreasing process pressure. Because of the linear 
decrease of microwave power along the microwave 
antenna, high powers are needed to form a uniform 
plasma along the whole length of the microwave antenna. 

Decreasing process pressure enhances the diffusive 
transport of reactive species, thus improving layer 
homogeneity. Moreover, both an increase in microwave 
power and a decrease in process pressure result in an 
enhanced deposition speed. Other parameters such as 
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