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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


We have previously reported results of the use of the Al/ML/ZnO back reflector in a-SiGe bottom cells in which the multi-layer (ML) consisted of a ZnO/ZnOSi/Si/ZnOSi structure.  The results are shown in Table I.  The Al layers for these back reflectors were prepare at either low substrate temperatures to obtain a specular surface or at high temperatures to obtain a textured surface.  Comparing the cells with Al/ML/ZnO having textured Al to those with specular Al, the cell current and overall performance is significantly higher for the cells with the textured Al surface.  This demonstrates the improvement one is able to obtain with the textured surface.  Comparing the performance of the Al/ML/ZnO back reflector having the textured Al with Al/ZnO structures made using both the R&D and Production machines, the overall performance is quite similar.  There are some differences in the Voc, Jsc, FF and Rs values, but the Pmax values are all in the 2.5-2.7 mW/cm2 range.  The 2-3 Ohms cm2 difference in the series resistance for the Al/ML/ZnO and the Al/ZnO may suggest a slight problem with the Al/ML/ZnO back reflector, however the difference may also reflect slight variations in the Ge contents in the i-layers.  The performance of the Al based back reflectors are still significantly poorer than that for the Ag/ZnO back reflectors, as is shown in the table. 

Table I.

a-SiGe cell performance for devices made with different back reflectors.  

Cell properties obtained using AM1.5 light filtered with 630nm cutoff filter.  

(ML structure is ZnO/ZnOSi/Si/ZnOSi/ZnO)

	Type of Back Reflector
	Voc
(V)
	Jsc
 (mA/cm2)
	FF
	Rs
(Ohms cm2)
	Pmax 

(mW/cm2)

	Al/ML/ZnO

(Textured Al)
	0.519
	9.47
	0.527
	14.5
	2.59

	Al/ML/ZnO

(Textured Al)
	0.538
	9.05
	0.527
	15
	2.57

	Al/ML/ZnO

(Specular Al)
	0.538
	7.03
	0.511
	18.9
	1.93

	Al/ZnO

(Textured Al)
	0.520
	9.50
	0.545
	12.1
	2.69

	Al/ZnO

(Textured Al)
	0.509
	9.29
	0.538
	12.2
	2.54

	Ag/ZnO

(Textured Ag)
	0.573
	11.4
	0.541
	13.6
	3.53

	Ag/ZnO

(Textured Ag)
	0.556
	11.4
	0.515
	18.4
	3.26


The fact that no improvement in the back reflector performance is seen with the addition of the ML when an Al textured surface is used may be a result of the fact that the textured surface minimizes the effect of the ML, the modeling results are incorrect and a larger difference in n between the high n (ZnOSi) and low n materials (Si) in needed, or the properties of the materials we are using for the ML structure differ from what we expect.  To minimize the effect of texturing, we prepared a series of Al/ZnO back reflectors using low substrate temperatures during Al growth to minimize the surface texture.  Table II compares average IV properties for a-SiGe cells made using these back reflectors to those made using Al/ML/ZnO structures, again with a specular Al surface.  The a-SiGe nip structures were made under nominally the same deposition conditions which are different from those used to make the cells whose data is shown in Table I.  One can see that the performance for the cells made using the Al/ML/ZnO are similar to those without the ML structure.  Thus the ML structure is presently not improving the cell performance even when the Al surface is not textured.  

Table II.

a-SiGe cell performance for devices made with different back reflectors.  

Cell properties obtained using AM1.5 light filtered with 630nm cutoff filter.  

(ML structure is ZnO/ZnOSi/Si/ZnOSi/ZnO)

	Type of Back Reflector
	Voc
(V)
	Jsc
 (mA/cm2)
	FF
	Rs
(Ohms cm2)
	Pmax 

(mW/cm2)

	Al/ZnO

(Specular Al)
	0.533
	7.09
	0.551
	19.2
	2.08

	Al/ML/ZnO

(Specular Al)
	0.546
	6.92
	0.563
	18.3
	2.13



Having eliminated the textured surface as the source for the lack of improvement with the use of the ML structure, we have reexamined the properties of each of the layers in the ML structure.  Single layer films were deposited onto 7059 glass and quartz substrates for optical measurements in the visible region of the light spectrum.  The ZnOSi and ZnO layers had similar properties to those previously obtained with the index of refraction for the ZnOSi layers being 1.64.   Surprisingly, we discovered that the Si made by sputtering had an index of refraction between 2.6 and 2.8, significantly lower than the 3.2 value previously obtained using the same deposition procedure. This difference in index between the expected 3.2 value and the actual 2.6-2.8 values could explain why we aren’t observing an improvement in back reflector performance with the addition of the ML structure.  The sputtering target used to make these layers is heavily doped with P and we believe that the level of doping may be changing through the thickness of the target and that we are now making more heavily doped films with open microstructures.  In the coming months, we will test ML structures with Si layers having n=3.2 with the doped layers prepared using a Si target with less doping or by rf PECVD method.


As an alternative to texturing the Al surface to enhance the cell currents through light scattering, we have tested the effect of texturing the top ZnO layer by using very thick top layers.  Table III compares data for a-SiGe cells with Al/ML/ZnO that have thin (standard) and thick ZnO layers.  While the ZnO thickness has yet to be fully optimized, a significant increase in performance is seen with the thicker ZnO.  Thus when the ML structure is optimized, texturing the ZnO layer rather than the Al layer is an option.

Table III.

a-SiGe cell performance for devices made with different back reflectors.  

Cell properties obtained using AM1.5 light filtered with 630nm cutoff filter.  

(ML structure is ZnO/ZnOSi/Si/ZnOSi/ZnO)

	Type of Back Reflector
	Voc
(V)
	Jsc
 (mA/cm2)
	FF
	Rs
(Ohms cm2)
	Pmax 

(mW/cm2)

	Al/ZnO - Thin ZnO
(Specular Al)
	0.546
	6.92
	0.563
	18.3
	2.13

	Al/ML/ZnO  - Thick ZnO
(Specular Al)
	0.562
	7.89
	0.576
	14.3
	2.55


























































































































































































































