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Study of the correlation between solar cell performance and the electronic microstructure using Raman and PL spectroscopy

Hydrogenated nanocrystalline silicon (nc-Si:H) solar cells were produced by various techniques of RF, VHF and Microwave plasma. Each cell's performance is listed in Table I. Raman and photoluminescence (PL) spectroscopy were used to study the relationship between the material microstructures and the cell performance. We reported the Micro-Raman results in the last report. Here, we emphasize the PL results.

Table I. Sample preparing conditions and cell behavior

	Deposition method
	Sample ID#
	Thickness

(µm)
	Rate

(A/s)
	c-Si volume fraction  (%)
	Behavior

	VHF


	11667
	
	3
	40.4
	High efficiency

	
	10973
	0.86
	3
	74.8
	High Jsc, ambient stable

	
	11538
	1.13
	3
	77.8
	High Jsc, ambient stable

	
	10976
	1.06
	3
	79
	High Jsc, ambient unstable

	
	11545
	1.22
	3
	79.4
	Low Jsc

	
	11486
	0.71
	12
	72.1
	Low Jsc ambient unstable

	RF
	14085
	
	1
	53.4
	High efficiency

	
	13917
	1.06
	1
	80.6
	High Jsc, ambient stable

	µ-wave
	7073
	0.84
	20-30
	37.6
	Low Jsc,  ambient stable


One can see from Table I that the moderate 40-50% c-Si volume fraction was correlated to the high efficiency nc-Si:H cells regardless of the preparation technique. Seven samples, except the two high efficiency samples, were studied using X-ray diffraction (XDR) at CSM.  Fig.1 shows the comparison of the c-Si volume fraction obtained from Raman and XRD. There is a linear relationship when the volume fraction is ≤ 80%. When the c-Si intensity from XRD continually increased, the Raman data show a sort of saturation, i.e. the spectral line shapes became identical (see Fig.2 in last report). Some one may name the material with moderate 40-50% c-Si volume fraction as "edge" nc-Si:H.
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Fig. 1  c-Si volume fraction from Raman as a function of the c-Si peak intensity from XDR

Fig. 2 shows the PL spectra excited using a 632 nm laser at 80 K. There were two PL peaks at ~1.32-1.4 eV originated from tail to tail transition in the a-Si:H component and at ~0.82-0.88 eV originated from the sub-gap tail to tail transition in the grain boundary region [1,2]. Notice that the relative intensity of the nc-Si:H PL peak is not proportional to the c-Si volume fraction. This is because of the varied quality of the grain boundaries, in other words, the density of defects is different in the grain boundary region. High defect density would kill the radiative transition signal. PL spectrum temperature dependence has been done for all nice samples. The characteristic nc-Si:H PL peak can be distinguished from the defect peak by temperature dependence behaviors. At 80 K, the intensity of the nc-Si:H peak is in a similar order of magnitude as the a-Si:H peak, and decreases rapidly when temperature increases due to carrier termalization in the sub-band tail states [1,2]. The bandwidth of the nc-Si:H peak is about 0.15-0.2 eV (the defect bandwidth is 0.3 eV) that is consistent with the strong temperature dependence. Whereas, the intensity of the defect peak is 3-4 order of magnitude weaker than the a-Si:H peak, and weakly depends on temperature. Normally, the defect PL signal appears above 200 K.
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Fig. 2  PL spectra at 80 K for the nc-Si:H solar cells listed in Table I.
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Furthermore, a wavelength 442 nm laser was used to excite PL from the top surface layer. The results for two typical samples are shown in Figs. 3(a) and (b). The green and red symbols respond to the PL signal from the top layer and the bulk, respectively. One can see that for sample #11545 the nc-Si component is clearly enhanced in the top layer; and for sample #11667 the nc-Si component is clearly depressed.

Fig. 3  PL spectra at 80 K excited by 632 nm and 442 nm laser  for samples (a) 11545, and (b) 11667.

For the same sample, we use the ratio of nc-Si peak intensity to- a-Si peak intensity to compare the degree of crystalinity in the top surface and the bulk. The results are given in Fig. 4. We found that for most cells, the relative nc-Si peak intensity increased using 442 nm instead of 632 nm excitation. This indicates more crystallinity along the growth-direction. However, for the microwave plasma cell, the ratio of nc-Si /a-Si was almost the same. This is, perhaps, due to the high growth rate of 20-30 Å/s. More interestingly, for the two high efficiency cells (Samples 11667 and 14085) the nc- PL signal from the top layers decreased compared to the bulk which is opposite to the other cells.
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Fig. 4  The increase (decrease) of the relative intensity of the PL nc-Si component indicate the increase (decrease) of the crystallinity along the growth direction.

In summary, it seems that not only the moderate c-Si volume fraction but also the less crystallinity in the top layer could be beneficial for nc-Si:H solar cell performance.
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