














Fig. 11: 20 cm sealed tube “LAPPD” detector with a bialkali Fig. 12: Quantum efficiency of a 20 cm sealed tube
photocathode and 20 cm ALD borosilicate MCP pair (20um  bialkali photocathode ALD MCP detector (Fig. 11)
Pores, 60:1 1/d, 13° bias) with a strip-line anode. at several positions on the face of the detector.

Fig. 13: 20 cm bialkali photocathode quantum efficiency  Fig. 14: Gain/voltage characteristic for pairs of 20 cm ALD
uniformity as a function of position for 365 nm light. MCPs with MgO or Al,O5 secondary emissive layers.

The event timing resolution of these large devices has been previously assessed and for laser pulses of ~10 e-, the
timing jitter is a few hundred picoseconds (Fig. 15). More recent data [21] for completed sealed tubes shows a few
hundred ps for single photoelectron events and <75 ps for multiple photoelectron pulses. Adaptations of the LAPPD tube
design can be envisaged. The strip anode has limited spatial resolution, but high timing resolution is appropriate for RICH
applications. Other readouts (XS) could be employed with applications in astronomy and remote sensing.

3.2! Planacon Tubes with ALD Borosilicate Substrate Microchannel Plates

The Photonis Planacon [19] is a useful sealed detector format (~50 mm active area) to test basic functional parameters
of new technologies. This includes photocathode, MCP and readout developments. One example is the variety of
photocathodes and their optimizations are very dependent on the application. Traditionally the NUV-solar blind regime
has been accommodated by CsTe or RbTe semitransparent photocathodes. Recently work with GaN [7], [18] has offered
an alternative in both semitransparent and opaque configurations. We have recently begun to explore blue optimized
bialkali photocathodes as another option. Initial two attempts (Fig. 16) have not achieved the 30% QE peak expectation
for bialkalis, but the maintenance of high NUV QE and the steep response drop-off at 350 nm is a useful demonstration.

A Planacon with a 32 x 32 anode pad array, two 10 pm pore ALD MCPs with 60:1 I/d and 8° pore bias and a
conventional bialkali cathode has been built (Fig. 17). The photocathode uniformity was good, and the initial quantum
efficiency was close to the standard production expectations [22]. Over a 36 month period our measurements (Fig. 18)
show no significant degradation of the photocathode. Further devices are planned with newer ALD MCP iterations,
optimizations of the bialkali photocathode, a MgF, entrance window and inclusion of a XS anode. The materials used
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to make the XS anodes for sealed tube applications are different than open face devices. In this case we employ
ceramics for the substrates and insulating layers [23]. Our ceramic XS anode with 47mm field of view has
previously achieved resolution of 20 um FHWM [23] with good image linearity and is a baseline for Planacon use.
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Fig. 15. Time stamp jitter distributions for detected laser ~ Fig. 16: Quantum efficiency for two preliminary tests of
pulses (80 ps laser @ 610 nm, 10 kHz), 20 cm detector a UV optimized bialkali photocathode, deposited on an

with 20 pm pore ALD MCP pair and bialkali cathode MgF, window as a semitransparent layer. Bialkali-2 was hot
(gap ~1.5 mm). High S/N laser is ~150¢". (>150°C) but 2b and 1 were at room temperature.
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Fig. 17: Planacon 50 mm detector with a bialkali cathode Fig. 18: Bialkali cathode quantum efficiency over 36
and a pair of 53 mm, 10 um pore, 60:1 L/d, 8° bias ALD months for a Planacon with a pair of 53 mm, 10 pm pore,
borosilicate substrate MCPs, 32 x 32 anode array. 60:1 L/d, 8° bias ALD borosilicate substrate MCPs.
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