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Abstract

Microchannel plates (MCPs) allow for micron-level spatial imaging and picosecond-level time resolution, making them a good
choice for the next generation of photo-detectors aiming for precision time-of-flight measurements. The Large-Area Picosecond
Photo-Detector Collaboration (LAPPD) is currently developing a 20x20 cm?, thin, planar, glass-body detector with two MCPs in
chevron geometry with 8° bias angle. The modular design of the strip-line anode allows covering large areas while keeping the
number of electronics channels low. We have built a complete detector system approximating the final detector design. We have
measured gain up to 2x107, time-of-flight resolution up to 35 ps, differential time resolution of ~6 ps, and spatial resolution better

than 1 mm.
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1. Introduction

Microchannel plates [1] are capable of micron-level spa-
tial resolution[2] and picosecond-level time resolution [3, 4,
5]. The Large-Area Picosecond Photo-Detector Collaboration
(LAPPD) is currently developing a 20x20 cm?, thin, planar,
glass-body detector based on MCPs [6]. To achieve fast timing
with large-area coverage, the LAPPD collaboration invested ef-
fort into the development of the MCPs, photocathode, hermetic
packaging, and integrated readout system. Atomic layer depo-
sition (ALD) is employed to produce low cost MCPs [7, 8].
The signal readout is provided by an economical RF strip-line
anode [9] and PSEC-4 waveform digitizing ASIC [10]. Ap-
plications for large-area fast detectors include collider experi-
ments, neutrino physics, X-ray physics and Positron-Emission
Tomography.

2. LAPPD Detector and Test Setups

Figure 1 shows a schematic view of the LAPPD detector. The
sealed vacuum package consist of a pair of MCPs in a chevron
geometry. Three grid spacers provide gaps between the photo-
cathode and top MCP, between MCPs, and between the bottom
MCP and anode.

In such a detector photo-electrons ejected from a photocath-
ode are accelerated in a potential gap before they reach a stack
of two MCPs. These electrons are amplified by secondary elec-
tron emission within pores of the MCPs, which are held at an
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electric field of ~1 kV/mm. The pores of the two plates are
oriented at a bias angle of 8° to prevent drift of positive ions
to the photocathode and to ensure a well-defined first strike of
the incoming electrons. The avalanche of secondary electrons
is collected at the anode circuit.

The detector components are made of widely available float
glass. The anode is made by silk-screening of the silver strips
onto glass. The anode strip-lines share a copper ground plate
located at the bottom of the detector. This produces a flat panel
detector with a thickness of less than 15 mm.

No pins are required to provide high voltage on the MCPs
and in the gaps. There is a single high voltage cable connected
to the photocathode window. High voltage distribution between
the internal components is controlled by the resistance of the
MCPs and the grid spacers which have a resistive ALD layer. A
DC current going through the whole vertical stack is grounded
at each anode strip-line through 10 kQ resistors. An equivalent
electrical circuit for high voltage distribution in the LAPPD de-
tector is shown in Fig. 2.

We have assembled a facility for testing of the MCP-based
detector systems and their individual components at the Ad-
vanced Photon Source (APS) at Argonne National Laboratory
(ANL). MCPs are tested in a device-level configuration using
a pulsed laser capable of sub-picosecond pulses. Details on
this testing facility can be found in [12]. Here we provide only
a brief description of two setups capable of testing large area
(20x20 cm?) MCPs.

Figure 3 shows the large testing vacuum chamber, where
MCPs sit in a glass tray designed to the specification of the
LAPPD sealed-tube. Since the plates are in vacuum, this setup
is free from the constraint of sealing the tube, allowing for in-
dependent high voltage control of the individual components
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Figure 1: Schematic view of an LAPPD MCP-based detector.
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Figure 2: The circuit diagram for the high voltage distribution.

and various spacing between photocathode, MCPs, and anode.
An aluminum photocathode is used in this setup to allow for
assembly in air. The low quantum efficiency of the photocath-
ode is compensated for by the high intensity of the laser pulses.
The signals from the anode strip-lines are brought out of the
chamber to a multi-GHz-bandwidth oscilloscope through vac-
uum feedthroughs with SMA cables.

Figure 4 shows the Demountable assembly, a prototype con-
figuration to test and validate the final LAPPD detector design.
The differences between the Demountable and LAPPD are: 1)
the tube stays under active pumping rather than being hermet-
ically sealed with getter material inside; 2) the seal between
the top window and the tube body is achieved by mechanical
compression on an O-ring rather than an indium seal; and 3)
the photocathode is a thin Aluminum layer on a quartz window
rather than bialkali on float glass.

The modular design of the LAPPD detector is demonstrated
in Fig. 4, where one active Demountable detector shares a read-
out with three passive 30-strip anodes connected serially. The
90-cm long anode reliably provides an analog bandwidth of
400 MHz and 50 Q impedance. Details on the anode design
and characteristics can be found in [9].

The signal from the Demountable is read out either using a
multi-GHz bandwidth oscilloscope in which the signal is sent
through high frequency RF cables, or using a fully integrated
LAPPD-designed front-end electronics system based on the
PSEC-4 chip [10]. The PSEC-4 ASIC is a 1.5 GHz, 15 Gs/s
chip with 6 channels. Two analog cards with five PSEC-4 chips
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Figure 3: A schematic view of the vacuum chamber for testing 8” MCPs. The
laser beam enters through the quartz window and is reflected onto the stack of
aluminum photocathode, two MCPs in chevron geometry and strip-line anode.

Figure 4: Photo of the Demountable setup demonstrating modular design. One
active resealable detector module shares a ~90 cm long delay-line anode with
three, currently inactive, modules.

are connected directly to the anode at each side of the detector.
Each analog card is connected to a digital card which indepen-
dently determine the times and charges of the pulses at each
side. The central card uses this information to reconstruct the
position, arrival time and total charge. The position along the
strip-lines is reconstructed based on the time difference at the
two ends. The position in the direction perpendicular to the
strip-lines is reconstructed based on the signal centroid.

3. Results

In the testing program we use a Ti:Sapph laser with a rise
time smaller than 50 fs and a full width of the order 100—
200 fs [12]. Triggering on such short pulses allows for pre-
cise measurements of the time resolution of MCP-based detec-
tor systems. For the present work we measure the arrival time
of the MCP signal at 25% threshold of the total signal ampli-
tude. We measure the time-of-flight resolution defined as the



RMS of the time of the MCP signal with respect to a fast pho-
todiode trigger, which precisely registers the time of each laser
pulse.

We also measure the differential time resolution defined as
the RMS of the time difference in the signal arrival at the oppo-
site ends of the anode strip-line. The differential time resolution
directly translates into the spatial resolution in the direction par-
allel to the anode strip-line. The correspondence between the
position resolution (6X) and differential time resolution (67') is
given by 6X=%V6T, where V is the signal propagation speed
along the anode strip-line. The latter can be determined by
moving the laser beam along the strip-line and measuring the
change in the differential timing.

3.1. Results from the vacuum chamber setup

A typical pulse-height distribution for a pair of ALD-MCPs
in the vacuum chamber is shown in Fig. 5. Based on the cal-
ibration of the laser system, as discussed in [12], we estimate
that operation of this setup was close to single photo-electron
operation. From this estimate the gain for a pair of plates to be
2x107.

Figure 6 shows typical pulses and the difference in the time-
of-arrival of the signal to the opposite ends of the anode strip-
line, measured as a function of the laser beam position along
the strip-line. The slope of 11.75 mm/ps corresponds to a sig-
nal propagation velocity of 0.57 ¢, which is in agreement with
an independent measurement of this parameter with network
analysis of the anodes [9].

While we benefit a lot from the use of our short-pulse power-
ful laser, it creates experimental challenges for time resolution
measurements in our setup. Pulses from the MCPs overlap with
RF noise introduced by the Pockels cells in the laser. The struc-
ture and the level of the noise can be seen on the pulse frames
shown in Fig. 6. Figure 7 shows the differential time resolution
as a function of noise-to-signal ratio at a fixed position of the
laser beam.

A simulation of the differential time resolution was per-
formed in which varying amplitude MCP pulses were generated
and co-added with broadband white noise. The linear depen-
dence of this simulation matches the observed data. The offset
between data and simulation is consistent with a non-zero size
of the laser beam spot. For pulses with high gain and, there-
fore, low noise-to-signal ratio we observe a differential time
resolution of ~6 ps which translates into spatial resolution of
~0.5 mm.

3.2. Results from the Demountable

One of the main goals of the Demountable setup is to test the
readout designed for large-area coverage. Here we demonstrate
the performance of a 90-cm long anode with electronics based
on the PSEC-4 chip. In the current setup, shown in Fig. 4, only
one of the 4 anodes has an active detector with MCPs. How-
ever the signal is read out only after it propagates through two
more anodes on one side and one additional anode on the other
side. Such four-anode structures can be assembled in a ’Super
Module”, a large area 3x4 LAPPD detector system designed
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Figure 5: MCP pulse-height distribution measured in the large vacuum chamber
setup.
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Figure 6: Left: an example of MCPs pulses at the opposite sides of the anode
strip-line in the large vacuum chamber setup. Near side (solid line) and far
side (dotted line). Right: difference in the time of arrival of the signal to the
opposite ends of the anode strip-line as a function of laser beam position along
the strip-line, data (points) compared to the linear fit (line).

to reduce number of channels by sharing the same delay line
pattern of several MCPs.

Typical pulses? seen at the opposite sides of the anode strip-
lines are shown on the left-hand plot of Fig. 8. The difference in
the signal arrival time as a function of the laser beam position
with respect to the anode is shown on the right-hand plot of
Fig. 8. From the slope parameter of the linear fit we measure a
signal propagation velocity of 0.55 c.

We tested the Demountable as a time-of-flight system by trig-

2The optical pass from the laser to the photocathode has less attenuation in
the Demountable setup than in the large vacuum chamber setup which results
in a higher number of photo-electrons per laser pulse.
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Figure 7: Left: differential time resolution evaluated at a fixed laser position
along the strip-line, shown as a function of noise-to-signal ratio. The offset
between a linear fit of the data (dotted line) and the simulation (solid line) is
consistent with the size of the laser beam spot. Right: differential time for
pulses with noise-to-signal ratio smaller than 1.2%, data (solid line) compared
to the gaussian fit (dotted line).



gering on the laser pulse and measuring the time spread in the
arrival time of the MCP signal. Figure 9 shows the time spread
measured with two different readout systems. We observe a
~35 ps time-of-flight resolution with our 3.5 GHz, 10 Gs/s os-
cilloscope and ~80 ps resolution with LAPPD electronics based
on PSEC-4 chip. In the data presented here, no dedicated cal-
ibration of the LAPPD electronics has been done to optimize
timing performance. Improvements in the timing performance
will be discussed in the forthcoming publications.
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Figure 8: Left: an example of MCPs pulses at the opposite sides of the anode
strip-line in the Demountable. Near side (solid lines) and far side (dotted lines).
Right: difference in the time of arrival of the signal to the opposite ends of the
anode strip-line as a function of laser beam position along the strip-line, data
(points) compared to the linear fit (line).
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Figure 9: Time-of-flight resolution of the Demountable setup measured with
3.5 GHz, 10 Gs/s oscilloscope (left) and with LAPPD electronics based on the
custom front-end PSEC-4 chip. Data (solid lines) is compared to the gaussian
fit (dotted lines).

4. Conclusion

We have presented measurements of the gain and timing
characteristics of large-area MCPs functionalized with ALD
process. Our test setups approximate the design of the large
area photodector system which includes a strip-line anode and
fully integrated electronics. We demonstrate that such detec-
tor systems are capable of ~2x107 gains and a time-of-flight
resolution up to 35 ps. In the regime of low noise-to-signal ra-
tio, we measure ~6 ps differential time resolution between the
opposite ends of the anode strip-line, which corresponds to a
spatial resolution of ~0.5 mm.
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