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Perovskite + silicon tandem product prototype

[bookmark: _GoBack]Tandem PV requests technical assistance in fabricating perovskite / silicon tandem PV product prototypes, in particular in fabricating perovskite superstrate multi-cell submodules on glass on an area of at least 6” x 6”, including assistance in characterizing and improving perovskite thin films, in processing carrier-selective heterojunction layers on superstrates, in depositing transparent conductor electrodes with minimal damage to underlying materials, with patterning and interconnecting thin-film perovskite cells, in designing and testing circuit-matching power electronics, and in packaging perovskite / silicon tandem laminates.
Tandem PV specifically requests the assistance of the process development integration laboratory (PDIL) at the National Renewable Energy Laboratory (NREL). NREL scientists have developed the powerful Atmospheric Processing Platform (APP) in the PDIL, used for evaluating the processing parameters for many solar cell technologies including organic PV, CIGS, and CdTe. This platform gives the capability to perform large area deposition of the perovskite layer and large area rapid thermal processing to anneal the film. The platform additionally allows films made on the platform to be transported in an inert environment to tools that can scribe the films into a modular configuration, and to a sputtering chamber where a transparent electrode can be deposited to complete the semi-transparent perovskite solar cell. Within the PDIL, NREL can also package prototype modules for integration and testing. NREL has expert scientists, engineers, and technicians with experience with each of these tools in many cases with relevant experience with perovskite solar cells.
	The PDIL at NREL represents the full complement of equipment to prototype perovskite + silicon tandem modules on a 6” x 6” size. Such tools, if purchased by Tandem PV for private use, would cost approximately $10M, far beyond Tandem PV’s means at this early stage of development. These tools are also specific to solar development and to Tandem PV’s knowledge uniquely satisfies an underappreciated development phase need. Universities often have very specialized tools that are limited in size of samples and throughput of experiments – they are well aligned with bench-scale research. Private industry has large high-throughput development tools, but within the solar field are too expensive for small companies to purchase and few if any service-based facilities exist which have the precise tools and expertise for perovskite development. The National Renewable Energy Laboratory’s PDIL, fills a necessary gap between these extremes with medium-sized tools that are perfectly aligned with taking the first crucial step from bench scale to commercial prototypes. Tandem PV has further found the expertise of scientists and engineers coupled with those tools to shorten and simplify development times for experiments to be invaluable.
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Figure 1. NREL’s Atmospheric Processing Platform
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