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Program Goals


In this program, we plan to improve the module efficiencies through development of a new optically enhanced Al/ZnO back reflector and improved i-layer deposition process.   In the case of the back reflector development, a multi-layered thin film structure consisting of films with contrasting indices of refraction placed between the Al and ZnO layers of the back reflector will be developed. These new types of back reflectors will be tested in amorphous silicon based single junction and multi-junction devices.  The differences in n of the different layers of the multi-layered back reflector and electrical conduction through the multi-layered structure will be optimized to obtain the highest reflection values, highest currents and best cell performance.  The ultimate goal is to achieve the high currents and cell efficiencies typically obtained with the Ag/ZnO back reflector with a new optically enhanced back reflector that can be used in the solar module products.  For the multi-layered structure, focus will be on preparing the layers using sputtering techniques so that this technology might be quickly applied to ECD’s present back reflector fabrication process that uses sputtering techniques.   

In the case of the i-layer, the focus will be on preparing microcrystalline silicon based intrinsic layers for low cost, high stable efficiency solar cells through the use of microwave plasmas.  In these studies, the effects of such deposition conditions as ion bombardment, substrate temperature and etchant gases on the grain size and film transparency will be studied and correlated with cell performance.  


Achievement of the goals of this program and application of these advancements to ECD’s joint venture company’s production lines would lead to an immediate improvement in module efficiencies.  These advances along with ECD’s participation in the NREL a-Si teams with other development programs will contribute to the ultimate goal of achieving stable efficiencies of 15% using a low-cost, scalable, manufacturable techniques and inexpensive substrates.  

This Quarter’s Results


Last quarter, we reported that with the use of a Al(specular)/ZnO(textured) back reflector rather than the Al(textured)/ZnO recipes used in the production machines, we were able to increase the small area (0.265 cm2 total area) bottom cell red currents (Total QE for λ>630nm) from 10.3 to 10.8 mA/cm2 and the red Pmax values from 3.3 to 3.9 mW/cm2.  A comparison of the data for a-SiGe bottom cells made under nominally the same conditions except for the use of the two different back reflectors is shown in Table I and Figure 1.  Triple –junction a-Si/a-SiGe/a-SiGe cells were also made using these two different back reflectors and the Pmax values for the cells with the Al(textured)/ZnO back reflectors were 6-9% higher than those for the cells with the Al(textured)/ZnO recipes.

Table I.

IV data for a-SiGe cells with textured back reflectors. IV data taken using 630nm filter.

	Back Reflector
	Back Reflector Deposition Machine
	Voc 

(V)
	Jsc 

(mA/cm2)
	FF
	Rs

(Ω cm2)
	Pmax

(mW/cm2)

	Al(Textured)/ZnO
	Production
	0.554
	10.30
	0.568
	12.4
	3.25

	Al(specular)/

ZnO(textured)
	R&D
	0.584
	10.81
	0.614
	10.3
	3.88
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Figure 1.  

Quantum Efficiency Plots for a-SiGe cells with different back reflectors.


During this Quarter, we have experimented with the use of different ZnAl targets with various Al contents to prepare the Al(specular)/ZnO(textured) back reflectors.  The cost ZnAl targets is significantly less than the ceramic ZnO targets and large area ZnAl targets for use in production machine can easily be obtained from a variety of vendors.  Data for bottom a-SiGe cells made using different sputtering targets are shown in Table II.  Each row displays average data from at least 8 runs.  The data shown in the first two rows of Table II are the same data shown in Table I for the cells made using the Al(textured)/ZnO back reflector material made in the production machine and the Al(specular)/ZnO(textured) material made using the ceramic ZnO targets with the R&D machine.  Focusing on the data for Al(specular)/ZnO(textured) back reflectors using metal ZnAl targets, the conductivites of the  ZnO layers of the back reflectors made with pure Zn targets were low and thus resulted in low FF and high series resistances.  We suspect that the Al doping of the layer is required to achieve low series resistances.  When low amounts of Al are used in the targets, the series resistance drops and the FF increases.  For cells for back reflectors made using low amounts of Al, the cell efficiencies (Pmax) are similar to those for cells made using the ceramic ZnO.  Using high and very high Al contents in the targets, the efficiencies are significantly lower.  We believe this is due to the formation of AlOx complexes that limit crystal growth leading to smaller grain sizes.  Larger grain and crystal sizes are needed to achieve the light scattering at the ZnO top surface and/or at the grain boundaries.  Figure 2 shows SEM photographs of back reflectors made using ZnAl (high Al content) and ZnO targets.  One can see large features for the back reflector made using the ZnO targets as compared with the much smaller grains in the back reflector made using the ZnAl (high Al content) target.  We have also completed x-ray diffraction measurements of these to two types of back reflectors and have found that the average crystal sizes are between 150-300 Å for ZnO layers made using the ZnAl (high Al content) targets while for the ZnO layer made using the ZnO targets have average crystal sizes greater than or equal to 5000Å.  We are presently waiting for the delivery of targets with moderate amounts of Al to determine a window of operation for obtaining the high performance solar cells.

Table II.
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Deposition Machine

Back Reflector

Al content

Voc

Jsc

FF

Rs

Pmax

Metal ZnAl

Production machine

Al(Textured)/ZnO

High

0.554

10.30

0.568

12.4

3.25

Ceramic ZnO STD 

R&D

Al(specular)/ZnO(textured)

0

0.584

10.81

0.614

10.3

3.88

Metal Zn 

R&D

Al(specular)/ZnO(textured)

0

0.545

9.89

0.341

44.4

1.84

Metal ZnAl

R&D

Al(specular)/ZnO(textured)

Very Low

0.572

10.55

0.580

12.7

3.50

Metal ZnAl

R&D

Al(specular)/ZnO(textured)

Low

0.576

11.15

0.612

9.7

3.92

Metal ZnAl

R&D

Al(specular)/ZnO(textured)

Moderate

Ordered Target

Metal ZnAl

R&D

Al(specular)/ZnO(textured)

High

0.522

9.6

0.559

12.2

2.8

Metal ZnAl

R&D

Al(specular)/ZnO(textured)

Very High

0.537

7.53

0.555

16.4

2.24
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Figure 2. SEM photographs of back reflectors using ZnAl (High Al content) and ZnO targets.
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