
2
0
2
0
 
J
I
N
S
T
 
1
5
 
C
0
2
0
3
6

Published by IOP Publishing for Sissa Medialab

Received: November 29, 2019
Accepted: December 27, 2019
Published: February 24, 2020

International Workshop on Fast Cherenkov Detectors
Photon detection, DIRC design and DAQ
September 11–13, 2019, Giessen, Germany

Multi-Anode Square Microchannel Plate Photomultiplier
Tube

J.S. Milnes,a,1 T.M. Conneely,a P. Hink,a C. Slatter,a J. Xieb and E. Mayb

aPhotek Ltd,
26 Castleham Road, St Leonards on Sea, East Sussex TN38 9NS U.K.

bArgonne National Laboratory,
9700 S. Cass Ave., Lemont, IL 60439, U.S.A.

E-mail: james.milnes@photek.co.uk

Abstract: Photek has developed a high performance 4096-anode photomultiplier tube using mi-
crochannel plates as the gain medium. The detector has been designed in a square format to
maximise the active area and allow for easy tiling to cover large areas using multiple units. This pa-
per analyses the detector performance in terms of gain and photocathode uniformity, single photon
timing accuracy, count rate capability, cross talk and magnetic field susceptibility.
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1 Introduction

Photek is a well-established manufacturer of vacuum-based photodetectors using microchannel
plates (MCPs) as the gain medium. We have provided round single channel photomultiplier
tubes (PMTs) for the diagnostics in inertial confinement fusion for many years [1], with the main
performance criteria being the analogue instrument response function, gating ability and dynamic
range. In these facilities the PMTs are detecting multi-photon, low repetition rate signals.

In 2012 we began the development of a new multi-anode PMT as part of the TORCH develop-
ment for a new particle identification system proposed for the upgrade of LHCb at CERN [2]. This
had to be in a square format, have long lifetime and work in a single photon, high rate mode. Due to
the demanding position resolution required in one dimension, a novel anode was developed which
A.C. coupled the signal and deliberately introduced a controlled level of charge sharing to allow
interpolation between the anode pads of the photon arrival location, the results have been shown
elsewhere [3]. Lifetime was also a significant issue which we were able to address early in the
project by demonstrating > 5C·cm−2 of accumulated anode charge [4] using a conformal coating
of the MCP pores by Atomic Layer Deposition (ALD). This layer has the additional advantage of
increasing the MCP collection efficiency from ∼ 60% to ∼ 90%.

As a simultaneous development we produced a traditional DC coupled anode using the same
anode pattern as the TORCH anode: 64 × 64 anode pads within a 53 × 53mm working area. This
paper analyses the performance of this newMAPMT253. The mechanical dimensions are shown in
table 1. The large number of anodes allows us to choose different anode formats by ganging groups
of pads together, e.g. by connecting 8 × 8 pads electrically, we effectively produce an 8 × 8 anode
array over the whole detector.
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Table 1. Mechanical details of the MAPMT253 PMT.

Mechanical Properties MAPMT253
Input Window Material Fused Silica or Sapphire

Input Window Thickness (mm) 5.0

Photocathode area (mm) 53 × 53

Photocathode — MCP Gap (mm) 1.6

MCP-Anode Gap (mm) 3.0

MCP Pore Diameter (µm) 15

Bare Tube Dimensions (mm) 59 × 59 × 13

Housed Tube Dimensions (mm) 60 × 61 × 13

Native Anode Pattern 64 × 64

Native Anode Pitch (mm) 0.828

2 Uniformity

2.1 Photocathode

The photocathode area covers 28.1 cm2, a significantly larger area than our usual 18-, 25- or 40-
mm diameter devices. To assess the uniformity of the photocathode response we used the Photek
production photometer which uses a wide band UV / visible / IR light source and narrow band
filters. It has a spot size of 11mm diameter which was moved to five positions within the active area
to compare the output and is shown on figure 1. We consider the variation observed to be within
the 10% measurement error of the photometer.

Figure 1. Photocathode uniformity of an MAPMT253.
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2.2 Electron gain

The double MCP chevron stack was designed to produce an electron gain average of 1 × 106, but
with the capability of up to 3 × 106 if needed. This provides a good single photon signal above the
noise pedestal but also allows for a respectable count rate capability. The uniformity of the gain
across the MCP surface is dictated by the consistency of the MCPs themselves plus the electron
scrubbing (or preconditioning) that occurs during tube production. We analysed the gain of a PMT
configured into an 8 × 8 anode pattern by sampling four anode outputs, with attention paid to the
perimeter anodes as this is the usual location of gain non-uniformity. The Pulse Height Distribution
(PHD) histogram of the gain variation in each channel is shown on figure 2. It shows a peak / valley
ratio on all four channels of > 4, and a min / max ratio of the gain peak of 1.5.

Figure 2. Electron gain uniformity of an MAPMT253.

3 Single photon timing accuracy

MCP-PMTs are the current state-of-the-art for single photon timing accuracy with jitter in the
region of 30 ps rms. The accuracy of the MAPMT253 was measured on a single channel of a tube
configured with an 8 × 8 anode pattern. The laser source was a Photek LPG-650, emitting light at
650 nm with a pulse FWHM of 40 ps. The photon signals were measured on a LeCroy Wavemaster
808Zi-A (8GHz, 40GS·s−1), measuring each pulse’s timestamp at 50% of peak amplitude on the
leading edge to correct for amplitude walk. A Photek PD010 photodiode was used as the reference
signal. The result is shown on figure 3.

The analysis is complicated by the presence of two populations of events that occur after the
main peak; the recognized phenomena of backscatter caused by photoelectrons bouncing off the
webbing of the MCP input and generating a later event, plus an after-pulse that is inherent in the

– 3 –



2
0
2
0
 
J
I
N
S
T
 
1
5
 
C
0
2
0
3
6

Figure 3. Single photon timing accuracy of an MAPMT253.

laser output, these have been identified on figure 3. We were able to identify the source of the
two after-pulses by varying the photocathode-MCP voltage; the backscatter peak shifted, the laser
after-pulse did not. After fitting gaussians to these curves we are left with a main peak σ of 31 ps.

4 Rate capability

One of the MAPMT253s was analyzed by the group of Melikyan et al. [5] to assess the behavior
under heavy signal current extraction. They measure the signal amplitude as a function of the
average anode current and show theMAPMT253 to have an extended usable region of > 1 µA·cm−2,
equivalent to > 6Mcounts·s−1·cm−2 and beyond that of its competitors. There is an unexplained
increase in the signal amplitude prior to the saturation roll-off, we are provisionally suggesting this
may be due to the unique nature of the ALD coating used on the MCPs in the MAPMT253. The
test device was in the mid-range of available MCP strip-currents which is the limiting factor of rate
capability, meaning that the top range would be ∼ 50% higher.

5 Cross talk

A key parameter in multi-anode PMTs is how much signal from one channel bleeds into the
neighboring anodes. For this measurement we focused the LPG-650 down to a spot size of
∼ 150 µm FWHM and scanned across two anodes at the native pitch of 0.828mm. The PMT was
configured with a 64 × 8 anode configuration to access the native anode pitch. The single photon
gain peak was 1.2 × 106 and the threshold was 50% of the peak. The results are shown on figure 4.
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Figure 4. Fine pitch cross talk of the MAPMT253.

6 Edge effects

A common feature in MCP-PMTs where the active area is very close to the vacuum envelop (i.e. the
tube wall) is the impact of reflections in the signal trace in the perimeter anodes. To assess this, we
stimulated one of the centre anodes (S5_5) only with a multi-photon pulse and analysed the noise
pick-up on a selection of other anodes, as shown on figure 5.

Figure 5. Edge effects from a multi-photon pulse in an MAPMT253.

The perimeter anodes show an inverted signal at ∼ 3% amplitude of the main pulse. This did
not change when the amplitude of the multi-photon pulse was varied. As the pick-up is inverted,
we believe there is no danger of generating false triggers due to this effect. The intermediate anode
(S3_3) only shows a small level of oscillation.
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7 Magnetic field susceptibility

This type of PMT is often required to operate in areas of high magnetic field. Previous results have
shown that the gain in MCPs decreases with magnetic field and that larger pores suffer from greater
susceptibility [6]. AnMAPMT253 was placed into the magnetic field facilities at Argonne Labs in a
test set-up described byHattawy et al. [7] and the influence on the gain is shown on figure 6. The gain
drops by a factor of∼ 3 at a magnetic field of 1 T, with the trend of decline appearing to be consistent
up to the maximum measured field of 1.25 T. Argonne considered the acceptable angle to be 60◦ <
θ < 60◦ for 0.5 T and 30◦ < θ < 30◦ for 1.0 T. Argonne was also able to confirm that the magnetic
field does not affect the position of the electron shower. Future work will assess the performance
of 6 µm pore MCPs which are expected to perform significantly better in magnetic fields.

Figure 6. Magnetic field susceptibility of an MAPMT253 showing the influence of the magnetic field on
the gain at various total PMT voltages (left) and the influence of the magnetic field angle (right), operated at
−4100V, with 0◦ being normal to the input window.
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