












                        
Fig. 15:  CSAv3 die layout showing the 16 channels. Fig. 16:  CSAv3 amplifier board (lower box) and  
Amplifier response to 50-fC input pulse with a 5-pF  halfgraph digitizer board (upper box) mounted to a  
load. Note the 20-ns rise time and a return to baseline  50mm format cross strip detector. 
in 75 ns while retaining a noise value of ~1000 e!!– rms. 
 

6. LARGE AREA SEALED TUBES WITH ALD MCPS  
 

The availability of ALD MCPs in 20 cm format enables extremely large sealed tube devices to be envisaged. Incom 
Inc. have successfully made such sealed tubes with ALD MCP pairs in 20 cm format (Fig. 17). The 20 cm square format 
sealed tube detector [8] was developed by a collaboration (Large Area Picosecond Photon Detector - LAPPD) consisting 
of Incom. Inc., U. Chicago, Argonne National Laboratory, U. C. Berkeley, U. Hawaii, and several other institutions. 
These sealed tubes are intended for optical/UV imaging and timing applications in high energy physics, including 
detection of Cherenkov light (RICH), scintillation detection, and neutron imaging. The detector is a proximity focused 
device that is only ~20 mm thick with a UV transmissive input window. A semitransparent bialkali photocathode senses 
incoming light. Photoelectrons are then multiplied by a pair of 20 µm pore ALD borosilicate MCPs with a biased gap (1 
mm), and there is a ~5 mm anode gap to a strip-line anode, or a resistive sheet anode. A number of sealed tubes have 
been successfully completed [22]. The bialkali photocathodes have good peak efficiency (30%) [22] and the uniformity 
was reasonably good for such a large area photocathode.  

 

            
Fig. 17: 20 cm sealed tube “LAPPD” detector with a bialkali Fig. 18: 254 nm UV image using a cross delay line 
photocathode and 20 cm ALD borosilicate MCP pair anode capacitively coupled to a LAPPD  detector 
(20µm pores, 60:1 l/d, 12° bias) with a resistive sheet anode. demonstrating imaging with ~ 100 µm resolution.  
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The strip anode has limited spatial resolution (~1 mm), but the high timing resolution it provides is appropriate for 

RICH applications. The event timing resolution of these large devices has been previously assessed [23] and shows a 
~140 ps FWHM for single photoelectron events and <12 ps FWHM for large pulses. Adaptations of the LAPPD tube 
design with resistive anodes have also been made. A useful image readout scheme employs capacitive coupling of the 
resistive anode to an external 20 cm cross delay line anode for single event position encoding. The difference in signal 
arrival times at each end of two orthogonal delay lines allows photon positions in each axis to be determined, and the 400 
cm2 area cross delay line readout has an end to end signal propagation of ~130 ns. This detector scheme provides event 
by event accumulated images that can be used to characterize the spatial resolution of the 20 cm sealed tube. Using time 
to digital electronics with 12 bit electronic position coordinate binning, images were accumulated with a UV (254nm) 
illumination to directly stimulate the front surface of the MCPs. Although the illumination was not uniform the images 
clearly show the MCP multifiber pattern and the “X” mounting of the detector. Histograms of these features indicate that 
spatial resolution of ~100 µm FWHM has been achieved. Further iterations of this technique are in development to 
facilitate applications that require imaging fidelity while still preserving ~ns event timing capability. 
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