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Introduction and Motivation
Silicon nanoparticles (NP) size and spatial distribution in three-dimension (3D) are two critical parameters for the operation of 
“all-Si” tandem solar cells. The 3D distribution of Silicon NPs embedded in insulating or semiconducting matrices has 
attracted much interest for this third generation of photovoltaics. In this work, silicon NPs have been deposited by low 
pressure chemical vapour deposition (LPCVD) on a silicon carbide alloy thin-film at low temperature (700ºC). The aim of this 
study is to show how silicon nanoparticles are distributed in 3D on a silicon carbide thin film.

Materials and Methods
1) Silicon NPs have been deposited by low pressure chemical vapour deposition (LPCVD) on a silicon carbide alloy thin-film 

at low temperature (700ºC). [1] Sample structure is Si Substrate/a-Si1-xCx:H(with x<0.3)(PECVD,10nm)/Si NPs.

2) Different techniques based on TEM (FEI TECNAI F30 at 300kV) were applied for the nanocomposite characterization. To 
measure the size distribution of NPs, BF-TEM was used. For the electron tomography data acquisition, the sample was 
tilted from -58º to 60º. The contrast of NPs smoothly changed after each tilting which satisfies the requirements for 
electron tomography[2]. The local patches tracking method (fiducial marker free) was used for alignment. The error of 
alignment is about 1.1 pixels (The pixel size is 0.25nm). 10 cycles of simultaneous iterative reconstruction algorithm (SIRT) 
was applied to achieve convergence.

Results and Conclusions
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Figure 1. Plan-view TEM observations of Si NPs grown on a-Si0.8C0.2
surface. (a) BFTEM image. (b) Size distribution determined from fig. 1a 
for isolated Si NPs.

(a)

Figure 2. Plan-view TEM observations of Si NPs grown on a-Si0.8C0.2
surface. (a) Dark contrast in BFTEM image indicates Si NPs. The scale 
bar is 20nm. (b) Electron tomography of NPs in volume. The scale bar 
is 20nm.

Conclusion remarks:
The nanoparticle is the key of this solar cell nanocomposite. 
We are able to make 4nm nanoparticles visualized in BF 
imaging mode, and characterize the size distribution of 
nanoparticles with high precision and accuracy. Electron 
tomography on nanoparticles in BF condition was 
developed with 1 nm resolution, giving the 3D distribution of 
nanoparticles. The distance between two nearest 
nanoparticles can be more precisely measured from 
reconstructed tomogram. Compared with data measured 
from 3D tomogram, the distance measurement error 
produced from the 2D images can be over 20%.
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Figure 3. XZ planes shown at left images and intensity profiles versus 
positions of X axis shown at right images.


