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Abstract--Detectors with Microchannel Plates (MCPs) are 
currently widely used in photon and charged particle detection 
with high spatial (~10 µm) and temporal (<0.5 ns) resolution. All 
the advances in MCP detection technologies can be successfully 
implemented for the detection of thermal neutrons by using 
microchannel plates manufactured from a modified glass mixture 
doped with neutron absorbing atoms. In this paper we compare 
the efficiency of thermal neutron detection for two standard MCP 
geometries: circular-pore and square-pore microchannel plates 
doped with the 10B isotope. The results of our modeling indicate 
that the detection of thermal neutrons with a square-pore MCP is 
11-23 % more efficient than for the circular geometry, and can be 
higher than 70% for the existing MCP technology. 

The same microchannel plates can be used as very efficient and 
compact thermal neutron collimators. In this paper we compare 
the efficiency of circular- and square-pore MCP collimators with 
the help of our model, the validity of which has already been 
verified by our experimental measurements reported last year. 
The rocking curve of 5 mm and 2.5 mm thick MCPs doped with 3 
mole % of natGd2O3 is predicted to be only ±0.1º and ±0.3º wide, 
respectively, for both geometries.

A very compact device with high thermal neutron detection 
efficiency and angular sensitivity can be built by combining an 
MCP neutron detector with an MCP collimator.

Index Terms—Neutron detection, neutron optics, position sensitive 
detectors, high spatial resolution.

I. INTRODUCTION

ON-destructive testing (NDT) based on thermal neutron 
radiography has a number of advantages over other widely 

used NDT techniques, such as X-ray and gamma-ray 
radiography, for example. These different testing methods 
frequently provide complementary information since the 
interactions of neutrons and photons with the matter are quite 
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different. Photons interact with the atomic electrons, while 
neutrons interact with the atomic nucleus itself. The contrast in 
resulting images in X-ray absorption radiography, which is still 
the most widely used radiographic technique, is thus 
determined by the difference in the material density between 
the structures to be imaged and the surrounding media. The 
absorption coefficient of thermal neutrons is quite different 
from and unrelated to that of X-ray photons. Neutrons can 
penetrate high density materials, which are opaque to X-rays, 
thus allowing the inspection of objects obstructed by a dense 
material. Furthermore, the attenuation of thermal neutrons 
(relative to X-rays) is pronounced for lighter elements, such as 
hydrogen, carbon and their compounds that comprise the base 
for many organic materials. The few nuclides that are useful for 
thermal neutron detection include 3He, 6Li, 10B, 113Cd, 155Gd 
and 157Gd and a few others. Most neutron detection techniques 
rely on the detection of the energetic particles and photons 
emitted upon the absorption of neutrons by these nuclides. 
There exists quite a variety of neutron detection techniques [1]. 
These include solid state converter films and gas-filled 
converters, which upon neutron absorption emit photons or 
charged particles that are subsequently detected by a readout 
device, such as charge coupled devices (CCDs) [2],[3], foil 
activation followed by the post-processing readout with 
imaging plates [4]; scintillating fibers or plates [5]; and 
superheated liquid detectors [6] and a few others [7].

In this paper we discuss the efficiency of a new type of 
thermal neutron detector based on microchannel plates (MCPs) 
doped with 10B atoms for effective neutron detection [8]-[11]. 
We compare the efficiency of neutron detection for two 
standard MCP geometries: hexagonally packed circular pores 
and square pore microchannel plates doped with 10B isotope, 
which has high cross section of thermal neutron capture of 
3837 barn for 0.025 eV neutrons.

The same microchannel plates doped with neutron absorbing 
atoms can be used as very efficient and compact thermal 
neutron collimators [12]. In section III we compare the 
efficiency of neutron collimation for circular and square pore 
geometries. And, finally, in Section IV we discuss the 
possibility to build an efficient thermal neutron detector with 
high angular selectivity by combining an MCP detector and an 
MCP collimator.
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II. THERMAL NEUTRON DETECTION

Detectors with microchannel plates are currently widely used 
in photon and charged particle detection with high spatial (~10 
µm) and temporal (<0.5 ns) resolution [13],[14]. All the 
advances in MCP detection technologies can be successfully 
applied to the detection of thermal neutrons with microchannel 
plates manufactured from a modified glass mixture, doped with 
10B neutron absorbing atoms The neutron capture reaction 
10B(n,α)7Li takes place within the bulk of 10B-doped MCP 
glass. Subsequently some alpha and/or 7Li particles escape 
from the bulk into the adjacent MCP pores, impinge on the 
secondary electron emissive surface of the MCP pore walls, 
releasing a number of secondary electrons (Fig. 1). Once these 
electrons are created by the products of neutron capture, the 
subsequent processes of signal detection are well developed for 
UV imaging applications with microchannel plates. For the 
current neutron-sensitive MCP glass compositions that we have 
developed the escape ranges of alpha and 7Li particles are 
approximately 3.5 µm and 1.9 µm, respectively [11].

In addition to alpha and 7Li particles there is probability that 
some gamma photons from the neutron capture reaction will be 
absorbed within the MCP glass. The gamma absorption within 
MCP is a bulk process therefore these events may lead to some 
haziness of the resulting image. We are currently working on 
possible mechanisms of discrimination of such events, and one 
of them will be separation of the neutron-absorbing and 
electron amplifying sections in the detector by stacking Boron-
doped neutron-sensing MCPs above standard glass electron 
amplifying microchannel plates.

Fig. 1.  Schematic diagram of neutron detection within a boron-doped MCP 
structure (square-pore geometry). Neutron absorption is within the MCP glass 
by 10B capture. The reaction products 4He and 7Li escaping to adjacent pores 
initiate an electron avalanche.

The detection efficiency of an MCP detector can be 
expressed as a product of three probabilities: P1 – the 
probability of neutron absorption within the MCP glass, P2 –
the probability that at least one of the products of neutron 
capture escapes into an adjacent MCP pore, and P3 – the 
probability that an electron avalanche is formed within that 
pore. Obviously the geometry of a particular microchannel 
plate has a strong effect on probabilities P1 and P2. Our 

detailed modeling of thermal neutron detection efficiency with 
square pore MCPs [11] indicates that the efficiency can be 
higher than 70% for the existing MCP technology. In this paper 
we compare two standard MCP geometries: square-pore and 
hexagonally packed circular-pore MCPs. We will give the 
detailed description of the circular pore geometry calculations 
in a future paper. 

Microchannel plates typically consist of several million 
microchannels fused together into a monolithic disk-like 
structure. The pores are usually of a circular or square 
geometry (Fig. 2). The typical width of the pore varies between 
6-15 µm and the wall thickness is usually 2-3 µm. The 
thickness of an electron-multiplying MCP is typically 40-250 
times larger than the pore diameters (equivalent to 0.24-3.75 
mm), and a practical MCP can have an input area as large as 
10x10 cm2.

Fig. 2.  A section of a square (a) and circular (b) pore microchannel plates 
(drawn not to scale).

The relative simplicity of manufacturing an MCP with 
circular pores is accompanied by the apparent reduction of the 
probability P2 relative to the square pore geometry because the 
distance from the point of neutron capture to adjacent pores is 
on average larger. That reduction in detection efficiency has to 
be estimated for the applications where the detection efficiency 
is crucial.

A. P1 – probability of neutron absorption 

Fig. 3 shows the probability of neutron absorption P1 for 
typical square- and circular-pore MCPs with identical pore 
widths and center-to-center spacing as a function of MCP 
thickness. The absorption probability P1 is obviously larger for 
the circular pore geometry due to a larger amount of MCP 
glass in a circular pore structure. 

The deficiency of neutron absorption in case of square pores 
can be compensated by manufacturing a thicker MCP or by 
stacking several MCPs or even entire detectors (as described in 
ref. [11]). The absorption probability P1 is above 86% for both 
square- and circular-pore microchannel plates (or a stack of 
them) thicker than 3.2 mm. For 10 µm pore MCP that 
corresponds to length to pore diameter ratio of L/D=320:1. 
Currently MCPs are produced with L/D ratios of up to 250:1. 
Therefore a stack of two 160:1 MCPs will have 86% 
absorption probability, and a stack of three 160:1 MCPs will 
absorb 95% of incoming neutrons.

7Li
4He
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Fig. 3.  The probability P1 of thermal neutron absorption within the 10B-doped 
MCP glass as a function of MCP thickness for square- and circular-pore 
geometry. The MCP has 10 µm pores on centers 12 µm apart, doped with 10 
mole % of 10B2O3 and has 10° pore bias. Neutrons are incident normal to the 
MCP surface.

Fig. 4 shows the predicted absorption probability P1 as a 
function of pore width/diameter when the wall thickness is 
fixed. The aspect ratio of modeled MCPs was fixed at the value 
of L/D=250:1, the largest aspect ratio achievable with current 
manufacturing technology. With the help of our absorption 
probability model (already verified by experimental 
measurements [12]) we can select a proper thickness of an 
MCP stack for a given set of geometrical parameters and 
required absorption efficiency P1.

B. P2 – probability of 4He and/or 7Li escape into adjacent 
MCP pores

The escape range of alpha and 7Li particles matches well the
current thickness of microchannel plate walls. Obviously the 
thinner the walls are the higher is the escape probability P2, but 
the probability P1 gets smaller at the same time. As mentioned 
earlier P1 can be increased by stacking a few MCPs, but there 
is a limit to how many of them can be stacked in a practical 
detection device. One of the limiting factors is the high voltage 
required for the stack operation (the thicker the stack, the 
larger is the voltage). Besides, the mechanical stability of 
MCPs with thin walls can impose a problem. Thus the wall 
thickness of neutron detecting MCP has to be optimized in 
order to achieve the best detection efficiency.

A detailed description of our model of neutron detection 
with square pore MCP can be found in ref. [11] and circular 
pore geometry description is in preparation. The values of 
escape probability P2 predicted with the help of the model are 
shown in Fig. 5 for both square and circular pore geometry. 
The probability P2 is plotted as a function of MCP pore 
diameter (in case of circular pores) or width (in case of square 
pores). The wall thickness for these curves is 1/5 of pore 

width/diameter, as it is in Fig. 3 (e.g. 10 µm pores, 2 µm 
walls). Most current MCPs are produced with such ratio 
between pore and wall widths. The escape probability P2 of a 
square pore MCP is better by 11% for the pores of 7 µm, by 
15.6% for 10 µm pores and by 20.2% for 15 µm pores. The 
escape probability values P2 can be as high as 0.84 (square-
pore) and 0.75 (circular-pore) for 7 µm pore microchannel 
plate. 
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Fig. 4.  The probability P1 of thermal neutron absorption within the 10B-doped 
MCP glass as a function of MCP pore width/diameter, with fixed value of 
MCP wall thickness W, shown in µm in the legend. The 2.5 mm thick MCP is 
doped with 10 mole % of 10B2O3 and has 10° pore bias. Neutrons are incident 
normal to the MCP surface.
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Fig. 5.  The probability that the products of 10B neutron capture escape into an 
adjacent MCP pore as a function of the MCP pore width/diameter D for 
circular and square pore geometry. Ratio of D/W fixed at 5:1.

Fig. 6 shows the predicted escape probability P2 as a 
function of pore width/diameter when the wall thickness (rather 
than the ratio of the pore and the wall width) is fixed (as in Fig. 
4). For a fixed value of wall thickness, the probability of 
escape P2 monotonically increases with the pore width in case 
of square geometry. For circular pores P2 is not a monotonic 
function and P2 decreases with the pore diameter increase 
above some optimal value for a given wall thickness.

The total detection efficiency calculated for a microchannel 
plate with 10 µm pores and 2 µm walls is shown in Fig. 7 for 
both circular and square pore geometries. It is assumed that 
probability P3 (the probability that an electron avalanche is 
initiated by absorption reaction products upon collision with 
pore walls) is unity. Our predictions indicate that the total 
detection efficiency can exceed 70 % for square pore geometry 
and 60 % for circular pore microchannel plates.

III. THERMAL NEUTRON COLLIMATION

The same doped microchannel plates can also be used for 
thermal neutron collimation, as shown in our recent paper [12]. 
The predicted results presented there agree well with our first 
experimental measurements, proving the validity of our model 
in terms of the absorption probability P1. Our model predicts 
that for the existing manufacturing limits on the doping level in 
the MCP glass a collimator doped with 157Gd atoms is more 
efficient than one doped with 10B [12], while MCPs with 10B 
doping are more suitable for neutron detection. This is because 
the detection of the low energy conversion electron and gamma 
ray emissions from the 157Gd(n,γ)158Gd reaction is difficult to 
discriminate from background events in the detector, especially 
in the case of operation in a high radiation field. MCP 
collimators do not need the electron multiplication properties 
and therefore several MCP manufacturing processes can be 
eliminated. Thus, we believe that although the same 10B-doped 

MCP can be used for either thermal neutron detection or 
collimation, more efficient collimators can be built with 157Gd 
doped microchannel plates. 

Fig. 8 shows two rocking curves for a typical circular- and 
square-pore microchannel plates that can be built with the 
existing technology. Collimation within ±0.25° can be achieved 
with 10 µm pore MCP with the available aspect ratio of 250:1. 
The difference between circular and square geometry 
collimators is not significant and can roughly be characterized 
by the difference in the open area ratio (the ratio of pore area to 
the area of entire MCP surface), determining the maximum 
transmission of the collimator. For a 10 µm pore and 2 µm wall 
MCP this ratio is 0.69 and 0.63 for square and circular MCPs, 
respectively. The performance of MCP collimators shown in 
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Fig. 6.  The probability P2 that at least one of the neutron capture products 
(4He or 7Li) escapes into an adjacent MCP pore as a function of MCP pore 
width/diameter, with fixed value of MCP wall thickness W, shown in µm in 
the legend.
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Fig. 8 is calculated for a parallel beam of neutrons. Most 
neutron beams have some angular divergence, and therefore 
these predicted curves should be convolved with the angular 
profile of a particular beam itself (typically of a Gaussian 
shape). Small-angle reflection from the pore walls is not taken 
into account in our model, but our first experimental 
measurements indicate that the reflection does not have a 
considerable effect on the collimator performance beyond 
moderate smoothing of the triangular shape of the rocking 
curve [12].

IV. ANGULAR SELECTIVE NEUTRON DETECTION

Combining MCP thermal neutron collimators and detectors 
in a single device should produce a thermal neutron counting 
detector with high detection efficiency, spatial resolution and 
angular selectivity, Fig. 9. One attractive feature of such a 
device is its compactness – less than 10 mm thick. The angular 
selectivity of such a device can be switched off by applying 
voltage to the front MCP, which will produce the secondary 
electrons to be amplified by the lower MCP stack. By applying 
a reverse bias to the front MCP and placing a neutron-
transparent electron collecting element in front of the first 
MCP, one can measure the ratio of “on angle” and “off angle” 
neutrons. All of this is done by controlling the bias voltages 
applied to microchannel plates, without any need for 
mechanical changes.

Fig. 9.  Schematic diagram of the proposed angular selective (± 0.25°) thermal 
neutron counting detector with high spatial resolution (not shown to scale). 
The front MCP serves as a collimator, and no voltage is applied to it. The 
entire device is <10 mm thick. Secondary electrons are collected by one of the 
standard MCP readouts, such as a cross delay line or cross strip anode.

V. CONCLUSIONS

The results of our modeling indicate that the neutron 
detection efficiency of microchannel plates with square pores is 
inferior to the detection efficiency of hexagonally packed 
circular-pore MCPs. Indeed, the MCP neutron detection 
efficiency represented by the product of three terms Pneutron = 
P1xP2xP3 (Section II) is primarily determined by the term P2

(the probability that at least one of the products of neutron 
capture escapes into an adjacent MCP pore). The difference in 
neutron absorption P1 can be compensated by the increase of 
MCP thickness, while the lower probability P2 for the circular 
geometry cannot be increased for a given pore size. The 

4He

Secondary electrons



probability P3 is close to unity for both types of MCP geometry 
[11]. Therefore, we conclude that the thermal neutron detection 
efficiency of circular-pore microchannel plates is in general 
lower than that of a similar square pore MCP by as much as the 
difference in P2, i.e. 11-24 % (Fig. 5).

Our modeling of thermal neutron MCP collimators predicts 
that their performance will be quite similar for both circular 
and square pore geometry. The width of the rocking curve is 
slightly smaller for a circular pore MCP, but peak transmission 
of an MCP collimator with the square pore geometry is slightly 
higher due to the larger open area ratio (ratio between the areas 
occupied by pores and by MCP walls). 
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