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For the fabrication of high-quality solar cells it is crucial to provide excellent surface passivation. 
Otherwise a proportion of the charge carriers created by light will recombine at the interfaces 
without contributing to the usable cell current. Especially thin intrinsic amorphous silicon (a-Si) 
films show excellent surface passivation properties. Usually such films are deposited by plasma 
enhanced chemical vapor deposition (PE-CVD). In order to develop a more cost-efficient 
manufacturing process we investigated the capabilities of hot wire chemical vapor deposition 
(HW-CVD) by applying design of experiments. In comparison to plasma enhanced CVD this 
new technology guarantees improved gas utilization and prevents ion bombardment of the 
sensitive surfaces during deposition. To analyze the passivation properties of differently prepared 
films the minority carrier lifetimes were analyzed by spatially resolved microwave 
photoconductance decay (MWPCD) and quasi steady state photoconductance (QSSPC) 
measurements. 
 
In total the influences of 7 factors had been investigated. Two of these factors (the number and 
the diameter of the wires used for activating the gas phase) were associated with a change of the 
wire setup and thus had to be excluded from randomization. For each of the four used wire setups 
a fractional factorial design of type 2(5-1) augmented by 5 center points was carried out. The four 
sub-designs were constructed in a way that their combination results in a 7-factor design with 
Resolution VII. For all wire setups a-Si films with excellent passivation properties had been 
achieved yielding carrier lifetimes far above 500 µs for textured n-type FZ wafers at film 
thicknesses of less than 10 nm. Selected a-Si films had been incorporated into a heterojunction 
solar cell structure at Fraunhofer ISE, Gelsenkirchen. Without further optimization impressively 
good current-voltage characteristics (JSC = 36.4 mA/cm², VOC = 669.1 mV) with cell efficiencies 
of up to =17.4% had been realized. Improving the fill factor from its current value FF= 71% to 
about 80% will push the cell efficiency to values of >20%.  
 
Within an extremely short development time of about six month DoE has assisted to demonstrate 
that HW-CVD is compatible with well-established deposition techniques optimized already for 
decades.  
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