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A b s t r a c t  

Heterojunction solar cells have been manufactured by depositing n-type a-Si : H on p-type 
1-2f2 cm CZ single crystalline silicon substrates. Although our cell structure is very simple 
- neither a BSF nor a surface texturing is used - a conversion efficiency of 13.1% has been 
achieved on an area of 1 cm z. In this paper the technology is described and the dependence of 
the solar cell parameters on the properties of the n-type a-Si : H layer is discussed. It is shown 
that this cell type exhibits no degradation under light exposure. 
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1. I n t r o d u c t i o n  

a-Si : H/c-Si heterojunct ion solar cells are supposed to be cost-effective devices with 
high conversion efficiencies. Sawada et al. [1] have presented (p) a-Si : H/(n) c-Si cells 
ith efficiencies up to 20.0%. P- type crystalline silicon substrates should yield higher 
efficiencies due to the superior diffusion length of  their minori ty  carriers. Kolter  et al. 
[2] have presented an (n) a-Si:  H/(p) c-Si cell with an efficiency of 11.1% using 
1-2 fl  cm substrates with an AI BSF. Roca  et al. [3] presented a cell with 14.3% 
efficiency on an aperture area of 0.75 cm 2. In both cases extremely pure F Z  silicon 
substrates were used. In this work we focus on (n) a-Si:  H/(p) c-Si cells with areas of  
1 cm 2 on cheaper CZ substrates. 
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2. Preparation of solar cells 

Fig. 1 shows the two different structures which were used. Type 1 consists of 
a p-type c-Si substrate (CZ, 1 2 f2 cm) on which an amorphous  n-type a-Si : H or 
a-Si : C : H layer is deposited. For current collection and reflection reduction a 80 nm 
thick ITO layer has been deposited on the front side using electron beam evaporation. 
On the top of the ITO a front grid is applied by evaporating 30 nm Cr and 3 gm Ag. 
For the back contact 2 gm AI has been used. For the second structure (type 2) an 
intrisic a-Si: H buffer layer has been inserted between the substrate and the n-type 
a-Si: H layer. 

Prior to any a-Si: H layer deposition the following cleaning procedure has been 
used: 

5 rain rinsing in acetone, 
1 min rinsing in 18 Mr2 deionized water, 
2 rain etching in ammonia  fluoride, 
1 rain rinsing in 18 Mf~ deionized water, 
drying with N2, 
drying on a hot plate for 30 s at 110'C. 

It is to mention that we found no evidence for the fact that a better cleaning 
procedure like the classical RCA cleaning [4] improves the solar cell properties. 

After the cleaning the a-Si : H layers were deposited using a three chamber PECVD 
system. The deposition parameters for the different types of a-Si : H layers are listed in 
Table 1. The ITO layer has been formed by electron beam evaporation at room 
temperature and subsequent annealing at 250°C in air as described in [5]. Finally, the 
front grid and the back contact were evaporated. Special care has been taken to the 
fact that after the a-Si :H deposition the process temperatures did not exceed 250"~C in 
order to avoid degradation of the a-Si : H layers. 

Grid I I Grid 

ITO 

n-type a-Si:H or n-type a-Si:C:H (type 1 and 2) 

intrinsic a-Si:H (only cell type 2) 

p-type c-Si (CZ) 

m 

AI back contact 

Fig. 1. Cross section of heterojunction solar cells [schematically}. 
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Table 1 
Properties of the amorphous silicon layers 
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Type 
Dep? Dep. power Flow Flow Flow Band- Dark 
temp. pressure Density PH~ Sill4 CH4 gap Conduct. 
(~ 'C) (mTorr) (mW/cm 2) (sccm) (sccm) (sccm) (eV) (Scm- 1) 

n a-Si : H 350 300 28 12 24 1.70 1.9 x 10- 2 
n a - S i : C : H  350 300 28 12 24 50 1.83 1.7 × 10 - s  
i a-Si: H 300 600 21 40 1 . 6 5  5.7×10 -1~ 

"substrate temperature ~ 0.73x deposition temperature, b3% PH3 in Sill4. 

3. Results and discussion 

3.1. (n) a-Si : H/(p) c-Si heterojunctions 

Fig. 2 shows the dependencies of the solar cell parameters on the thickness of the (n) 
a-Si : H layer for the simplest cell structure, type 1. The reduction of the thickness 
results in an increase of the efficiency up to nearly 13%. The main reason for this 
improvement is the increase of the short circuit current (Fig. 2a). The open circuit 
voltage remains constant for thicker films and decreases slightly for thin films 
(Fig. 2b). It should be mentioned that for thicknesses smaller than 5 nm the open 
circuit voltage drops down to values around 250 mV due to local shunting of the 
pn-junction by the ITO layer because of the inhomogeneity of the a-Si : H layer 
deposition. The fill factor of the cells (Fig. 2b) increases from 70% to 73% because the 
contribution of the a-Si:H layer to the series resistance is reduced. 

From Fig. 3 it can be seen that for thinner films the quantum efficiency is 
enhanced especially in the blue spectral region where the absorption of the a-Si : H 
films is high. Due to its structural disorder and high doping the diffusion length of the 
carriers in the amorphous layer is so small that only drift current but no diffusion 
current can occur. On the other hand because of the high layer doping the penetration 
depth of the space charge region in the a-Si : H layer is so small even for the thinnest 
layer that there is no electric field inside the layer. So the amorphous layer acts as 
a dead layer which does not contribute to the photocurrent. For  that reason it has to 
be as thin as possible. At wavelengths higher than 730 nm the a-Si:H layer is 
transparent and the quantum efficiency is only determined by the substrate and back 
contact properties. 

To overcome the problem of the strong absorption a-Si : H layers with a higher 
band gap (see Table 1) were used. With this concept one may get a higher photocur- 
rent and open circuit voltage and thus higher efficiencies. Table 2 lists the properties 
of such cells as a function of the deposition time. It can be seen that due to the better 
transparency of these layers the short circuit currents are close to 30 mA even for the 
thicker films. Like for the cells with smaller band-gap films the open circuit voltage is 
constant (and slightly higher) for thicker films and decreases for thin films. The main 
problem of this cells is the low fill factor according to the lower conductivity of this 
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Fig. 2. Character is t ics  of(n)  a-Si : H/(p) c-Si he tero junct ion  solar  cells for var ious  n-layer  thicknesses.  Cell 
area is I cm 2. 
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Table 2 
Solar cell properties for cells with 1.83 eV band-gap films. Cell area is 1 cm z 
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Time (s) l,c (mA) Voc (mV) FF % r/(%) 

150 28.5 597 63.6 10.8 
100 29.3 599 64.9 11.4 
50 29.8 598 66.9 11.9 
25 30.0 596 72.4 12.9 
15 29.8 590 73.1 12.9 
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Fig. 4. Illuminated IV-characteristics of an (n) a-Si : H/(i) a-Si : H/(p) c-Si heterojunction cell, certified by 
ISE, Freiburg. 

films compared to the low band-gap films. To obtain high fill factors these films again 
have to be very thin. But in this case the open circuit voltages drops down to values as 
found for the cells with the lower band-gap material. As a result there is no improve- 
ment of the efficiency by this concept. 

It should be noted that in all cases the short circuit density is around 30 mA/cm 2. As 
can be seen by linear extrapolation from Fig. 2a that for a hypothetical layer with 
thickness 0 nm (that means no absorption) the current is limited to at least 31 mA. So 
for this types of cells with flat, polished surfaces the current is limited by the reflection 
losses and the transmission of the ITO layer. For  an enhancement of the current one 
has to use textured substrates and/or a back surface field which will be done during 
further investigations. 

3.2. (n) a-Si : H/(i) a-Si : H/(p) c-Si heterojunction 

For  an improvement of the solar cell efficiency an intrinsic buffer layer has been 
inserted between the substrate and the doped amorphous silicon layer. Fig. 4 shows 
the IV-curve of such a cell. The thickness of the intrinsic and doped layer was 5 nm. 
Due to the passivation effect of the i-layer the fill factor is further increased and the 
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efficiency reaches a value of 13.1%. This value was certified by ISE Freiburg, 
Germany and included into the ISE PV-charts. It should be noted that in this cell 
structure the i-layer does not contribute to the optical absorption as can be seen from 
Fig. 5. The cell with an additional 5 nm thick i-layer has the same quantum efficiency 
as the cell with only a 5 nm thick n-layer although the total thickness is 10 nm. The 
reason is that for the cells of type 2 an electric field is present inside the i-layer which 
removes the photogenerated carriers so that they can contribute to the photocurrent. 

3.3. Stability 

The use of amorphous silicon layers in a solar cell structure always takes the risk 
that the cells exhibit light-induced degradation. Therefore we investigated the fate of 
an (n) a-Si : H/(p) c-Si solar cell with an initial efficiency of 12.5% under illumination. 
Fig. 6 shows that even after 60 h light soaking with 5 suns no degradation can be 
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Fig. 5. Normal ized  spectral response  for (n) a-Si : H/(p) c-Si he tero junct ion  cells with 5 nm and I 0 nm thick 
n-layers and  an (n) a-Si : H/'(i) a-Si:  H ' ip l  c-Si he tero junct ion  cell with 5 nm thick n- and i-layers. 
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Fig. 6. Efficiency and fill factor as a funct ion of exposure  t ime of an  (n) a-Si : H/(p) c-Si he tero junct ion  cell 
under  i l luminat ion with 5 suns.  
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observed. The efficiency and the fill factor remain nearly constant. The reason for this 
might be the fact that the used amorphous silicon layers are very thin and do not 
contribute to the photogeneration. The observed slight decrease was due to a constant 
heating up of the cell during the exposure time. Thus, it can be concluded that there 
are no restrictions for practical applications by light degradation. 

4. Conclusions 

(n) a-Si : H/(p) c-Si heterojunction solar cells have been successfully realized on 
cheap CZ material with efficiencies up to 13.1%. It is shown that the maximum 
current of this cells is not limited by the absorption of the amorphous n-layer but by 
the general cell design. A further improvement of the current is only possible by using 
textured substrates and/or a back surface field. A light-induced degradation is not 
observed. 

Acknowledgements 

This work was supported by the AG Solar (NRW, Germany). The authors would 
like to thank Dr. R. Schindler from the ISE Freiburg, Germany, Abteilung Solarzel- 
lentechnologie, for technical assistance and helpful discussions. 

References 

[1] T. Sawada, N. Terada. S. Tsuge, T. Baba, T. Takahama, K. Wakisaka, S. Tsuda, S. Nakano, Conf. 
Record of the IEEE 1st World Conf. on Photovoltaic Energy Conversion, Hawai 1994, p. 1219. 

[2] M. Kolter, H. Eschrich, L. Elstner, C. Beneking, H. Wagner, Proc. 13th European Photovoltaic Solar 
Energy Conf., Nice 1995, p. 1526. 

I-3] F. Roca, D. Della Salla, G. Di Francia, P. Grillo, G. Fameli, F. Pascarella, A. Citarella, Proc. 13th 
European Photovoltaic Solar Energy Conf., Nice 1995, p. 1558. 

[4] W. Kern, D.A. Puotinen, RCA Rev. June 1970, p. 187. 
[5] D. Borchert, G. Grabosch, W.R. Fahrner, Proc. 13th European Photovoltaic Solar Energy Conf., Nice 

1995, p. 249. 


