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Dilution ratio d(%)

 silicon substrate 
 glass substrate

from tens of nm at high silane
dilution (d <30%) to few nm (3-
5nm) at low silane dilution (d>30 %)



Obtained from the values of integrated absorption of the Si-H wagging-
rocking mode at 640 cm-1 [Y. He, C. Yin, L. Wang, X. Liu, G.H. Hu, 
J.App.Phys. 75 (1994) 797]

[H] map for the sample 
#7653 (d=10%)
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The probe scans the sample surface in 
contact mode.
A feedback loop keeps the cantilever 
deflection constant by varying the tip-
sample distance. At the same time a 
bias potential (3V) is applied to the 
probe and the electrical current is 
measured. Topography and current 
maps are obtained simultaneously

[Route 2, A.Fejfar et al.,  J. Non-Cryst. Solids 266-269 (2���)]

[Route 1, I.Balberg et al., Phys. Rev. B 71 (2��5)]



C-AFM maps show conductive grains in a non-conductive amorphous 
matrix. 

Not all the grains show the same conductivity, some grains are non-conductive 
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All the intrinsic samples (grown on Si, Glass,…) show the same behavior



Samples grown on ITO/glass, Xc� 5� % dilution 4�%
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[Route 2, A.Fejfar et al.,  J. Non-Cryst. Solids 266-269 (2���)]

[Route 1, I.Balberg et al., Phys. Rev. B 71 (2��5)]
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Low Xc: high Urbach tails (hundreds of meV), two defect bands localized in the 
amorphous matrix, high EG.
High Xc: single-level defect states and detection of the crystalline phase, low Urbach
tails (40-80 meV), lower EG.

Low Xc: high Urbach tails (hundreds of meV), two defect bandsbands localized in the 
amorphous matrix, high EG.
High Xc: singlesingle--level defect stateslevel defect states and detection of the crystalline phase, low Urbach
tails (40-80 meV), lower EG.
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[1] Nadazdy and Zeman, Phys Rev B 2004, Fefer Shapira Balberg APL 1995

[2] Theory, A. Mattoni, L Colombo, Univ of Cagliari
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• Grain Size is strictly related with 
A band emission. Crystallinity
with B band

• Laser Annealing suppreses A 
band intensity increasing the 
Mean Grain Size

• nc-Si/a-Si A band and nc-Si/SiO2
emission band share analogous 
time distribution G(ττττ)

A band is the 
recombination of 
confined exciton in 
silicon nanocrystal 
inclusions in a-Si



The same band (A) could be observed also in a-Si:H samples and, in the 
literature, it has attributed to localized states in the amorphous matrix.
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• As expected the conductivity 
increases with doping ratio to reach a 
maximum of 5-6 S/cm at DR 6.3%!!!
In the literature the optimum DR is 
between 0.4 and 0.8% for VHF-
PECVD or HWCVD

• The conductivity on one wafer varies 
for a factor 3 to 6 
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