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The Large-Area Picosecond Photo-Detector (LAPPD) collaboration is developing an innovative flat-package 20x20cm2 photodetector with the ability to detect single photons with sub-ns time and few-mm space resolution. The availability of these could prove transformational in a wide variety of scientific and societal applications. The photodetectors are Micro-Channel Plate (MCP) based flat-package vacuum tubes, in aspect ratio much like a flat-panel display. 

There are four key innovations that enable the development of cost-effective photodetectors. The first is the use of low-cost glass borosilicate capillary plates functionalized with Atomic Layer Deposition (ALD). ALD is a thin film deposition technique that utilizes alternating, self-limiting chemical reactions between gaseous precursors and a solid surface to grow films in an atomic layer-by-layer fashion. By combining the ALD processes for a conducting material and an insulating material, thin films can be synthesized with great control over the desired electrical resistivity range. This capability has been exploited to deposit resistive coatings for electron multiplication in the microchannel plates. Another innovation is an anode design of high-bandwidth strip-lines that allows excellent time and space resolution, multiple-hit capability, and economical coverage of large areas with a small number of electronics channels. A third key element is the development of a waveform sampling chip sampling the waveform at higher than 15 GHz. A final key driver for the innovative design is the use of inexpensive plate glass packaging and an internal voltage divider. To the best of our knowledge, no other detector technology provides economical large-area (m2) coverage, sub-ns time and mm space resolution, robust construction, and a thin flat-panel footprint.

The performance characteristics of the detector components will be presented. All performance targets have been achieved: MCP uniformity, secondary electron emission yield between 2 – 8, dual stage MCP gain > 5x106, noise <  0.1 counts/cm2/s, time resolution < 100 psec and space resolution < 2mm. The growth and QE of large-area photocathodes will be presented as well as plans to understand the photocathode growth process at a fundamental level. The status of the packaging will be reviewed. 

The project is currently moving into its second phase with the goal of producing multiple devices for early adopters in the next few years. The current status will be given as well as the plans for developing a production process to be adopted by industry. 
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