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ABSTRACT 

Two decades of development driven largely by military night vision applications has led to the 
availability of a wide selection of microchannel plates for use by the scientific community. 
MicroChannel plates (MCPs) are electron multipliers which retain a high degree of spatial 
resolution making it possible to amplify electron images by factors of 1000 or more. Plates having 
40 mm diameter and intrinsic spatial resolution of 8 um are readily available. By coating the front 
surface of a microchannel plate with an x-ray sensitive photocathode material, x-ray images can be 
detected and amplified. While the detective quantum efficiency is relatively low, the low noise of 
the MCP (including the ability to construct images by single photon detection) and its high 
dynamic range make it suitable for some x-ray microscopy applications. The principles of MCP 
operation and typical performance are discussed. Examples of related applications and commercial 
capabilities are also presented. 

1. PRINCIPLE OF OPERATION 

A microchan-.iel plate is an array of hollow glass tubes fused into a sheet, typically taking the form of a disc (figure 
ia). Each channel functions essentially independently of its neighbors, thus maintaining a spatial resolution limited 
by the channel spacing of ~\2 um. The active area is typically 18 to 40 mm in diameter, resulting in -10 7 channels, 
each potentially representing a pixel (picture element) of an image. These numbers describe standard, readily 
available MCP's. Channel spacings from 4 urn to 25 um and somewhat larger and non-circular active areas can be 
produced for special applications. An overview of microchannel plate technology, including manufacturing 
techniques, can be found in references 1"'\ 

The physical description of the MCP says little about its usefulness as a spatially coherent electron mt&iplter and 
the versatility obtained when it is sandwiched between optical, x-ray or particle optics and an electron recording 
media. The key to MCP operation is best understood by examining a single channel (figure lb). An axial electric 
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Figure lb - A view of a single MCP channel in isolation. 
Primary radiation entering from the left creates a pnmary 

Figure la - The standard MCP is in the form of a disk IS electron which is multiplied bv secondary emission as the 
to 40 mm in diameter and 0.5 mm thick. Typical channel ensembLe is. accelerated toward the. tvgbA by tt\e ^Wctoc 
pitch is 12 jim. field created by the HV bias. 

field is created by applying a voltage to electrodes that have been plated onto the webbing of each surface. An 
electron in the channel will be accelerated toward the positive electrode. Any initial transverse energy will cause it 
to impact the wall before it reaches this plane. The axial energy acquired by the electron during acceleration down 
the channel may be sufficient to cause one or more secondary electrons to be emitted from the wall. If, on average, 
more than one secondary electron is emitted, there will be an electron gain of: 

where G e is the electron gain; 6 the mean secondary emission coefficient for each collision and N the average 
number ot wall impacts over the full length of the channel. So long as the electron current (or as will be discussed 
later a pulsed charge) is small enough, the MCP gain depends primarily on the dimensionless parameter a 
(length/diameter of a channel) and the voltage (V) across the plate. Over a large range of gain: 3 

G e = ( V / c a ) a / 4 

where c is A constant describing the secondary electron conversion efficiency of the channel. It has a value of -8.5 
for a new MCP, increasing to 9.5-10 for a conditioned plate. Typical gain curves for MCPs are shown in figure 2. 

2. APPLICATIONS OF MICROCHANNEL PLATES 

The impetus which drove the rapid development of microchannel plate technology was the night vision program of 
the U. S. Army starting in the late 1960's. Prior to this time "Gen I" image intensifier tubes were available, but in 
order get sufficient luminous gain three electrostaticy focused stages, approximately 30 cm long and weighing 
-1 kg, were required. The same gain could be obtained using an MCP in a "Gen II" tube (figure 3) less than 2 cm 
long and weighing about 100 g, including the required power supplies. More recently, a "Gen Hi" image intensifier 
has come onto the scene. This tube differs primarily in the use of a negative electron affinity photocathode of GaAs 
to extend the detection into the infrared. The degradation of GaAs photocathodes due to ion bombardment has 
resulted in technology changes that greatly reduce the production and transmission of positive ions in MCPs. 
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Figure 2 - A very large range of gains is available from a Figure 3 - Cross-section view of a Gen 11 or Gen III image 
single MCP or more than one in series. Note that less intensifier. The typical gap widths are 0.4 mm between 
than doubling the bias voltage causes a two order-of- photocathode and MCP input face and 1 mm between 
magnitude gain change. MCP output face and the phosphor screen. Ek, E m and 

E A are, respectively, the cathode-MCP, MCP face-to-face, 
and the MCP-phosphor bias voltages. 

The problem of ion production in MCPs played a major role in early scientific applications of MCPs as well. 
Although some instrument designers found applications for MCPs as electron multipliers and in photomultiplier 
tubes, it was found that as higher gain was sought by increasing the L/D ratio, positive ions produced near the 
output end of the MCP channel could be accelerated "backwards," and upon striking the channel wall created 
secondary electrons that resulted in afterpulses or even a locally self-sustaining avalanche process. Two approaches 
to prevent this were developed. One is to stack two or three standard L/D (-40:1) plates (figure 4a) such that the 
channels are not co-linear (called a chevron structure). The second approach is to distort the MCP in such a way 
that the channels are curved (figure 4b). Both of these succeed because in these geometries the ion will strike the 
wall before it can gain enough energy to cause electron emission. As a result electron gains of up to 107 can be 
achieved. 

The availability of such high gains makes "single photon detection" possible. The creation of a single photo-electron 
can result in a charge pulse that is large enough to be electrically detected and processed. Photomultiplier tubes 
using MCPs are now available which produce picocoulombs of charge per event, making them useful in nuclear 
counting applications. But even more exciting is the ability to detect where the event occurred. For coarse 



resolution applications multiple anodes can be used to locate the event location (up to a 10x10 array of anodes has 
been commercially available). The space astronomy program, however, has found ways to locate the cenrrode of 
the charge pulse with a precision of a single MCP channel, -10 urn. In this way very weak images (typically in the 
UV and EUV) can be detected by building up a 2-D histogram of the pulses resulting from individual photons, 
extending instrumental sensitivity by orders of magnitude. 

So MCPs can be arranged to provide electron gains of a few hundred to tens of millions while maintaining verv 
high spatial resolution. At lower gains they provide image intensification by amplification of an electron image 
initiated by radiation or energetic particles. At higher gains individual events can be detected and located, allowing 
pictures to be taken of very weak images. But before the image can be amplified it must first be detected. 
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Figure 4 Large gains can be obtained by either a pair of single 
plates in a chevron arrangement or a large-L/D (-120:1) 
curved plate. 

3. X-RAY PHOTQCATHODES 

The first applications of MCPs used energetic electrons as the initial excitation. Photomultipliers and Gen II and III 
intensifies use a separate photocathode to detect radiation and produce electrons that are accelerated into the MCP 
by an electric field of several hundred volts, These "back-side emitting" photocathodes have a quantum detection 
efficiency (QDE) of <30% in the visible and near visible but fall off drastically outside this range. In the infrared this 
is because of insufficient photon energy to exceed the work function of the photocathode and in the UV and x-ray 
region the interaction cross-section in the thin layer from which the electrons may escape UO's to lOO's of A) 
becomes very small. 



In the last 15 years, however, much work has gone into "front-side emitting" photor.athod.es which are coated onto 
the front surface of the MCP 8-23. These photocathodes have demonstrated high QDE in the 50-2000 A range (5-200 
eV), as much as 50% at some wavelengths. Initially metals such as gold and aluminum were used, and still are for 
x-ray detection where tolerance to atmospheric cycling and low quality vacuums are necessary. But much higher 
detection sensitivity can be obtained with halides such as Csl, KC1 and bromide and fluoride-based materials. 
These have varying robustness, but in general must be handled much more carefully than metals. Cesium iodide in 
particular, while having excellent QDE when new, is hygroscopic and loses sensitivity after exposure to atmosphere 
for from minutes to hours. Under pror«~ conditions, however, these photocathodes can have a verv long service 
life. As an example MCP-based detectors have been flying on the ROSAT satellite since June of 1990 and are 
providing excellent images. 

4. IMAGE RECORDING 

We've indicated how x-rays can be detected and converted into electrons, and how those electrons are multiplied 
while traveling along a channel, but only a hint of how the image can be recorded. The first step is to determine 
whether the instrument should operate in the linear mode or in the single-photon-detection mode. 

4.1 Single photon detection mode 

The decision is based primarily on the photon flux density. If photons are "sparse," i.e. being detected at a rate of 
less than thousands/on^, then an image may be built up using the single-photon-detection mode. The maximum 
count rate will depend on the readout technique which processes only one (or if an imaging device such as a CCD is 
being used, several) events at a time. These techniques have become veiy sophisticated and are able to find the 
centroid of an event to <10 urn. As a result, with good pointing stability as a pre-requisite, very high resolution 
images can be recorded. The dynamic range of such an image is determined by the quantum statistics associated 
with the number of events per pixel. In astronomical applications peak exposures are in the range of 10000 events, 
resulting in 100:1 dynamic range. A typical detector has an area of several cm 2 so the image may be made up of 
-10 6 pixels. Several techniques for single-photon-detection recording have been developed 6-24-28_ the reader is 
referred to the literature for details. 

4.2 Linear Mode 

It may take several minutes to record an image in the single-photon-detection mode. However, if there is sufficient 
photon flux, the image may be recorded in much less time in the linear mode. In this mode we depend on the MCP 
amplifying the image with constant gain, avoiding any saturation effects. Successful linear mode recording requires 
operation within an envelope constrained by several parameters: 

Dark current - The signal due to the image must exceed the dark current by a substantial margin. 
This sets a lower limit on the photon flux. MCPs with x-ray photocathodes generally have very low 
dark current so integration time may be minutes or longer. As well as the photocathode, the image 
recording media may have a parameter which limits integration time. Examples are CCD's 
(particularly uncooled) and the eye. 

Current saturation - The electric field along the channel is maintained by a small current flowing 
along the walls of the channel. This current (called the strip current) is typically a few |iAmps/cm-. 
Signal electrons flowing along the channel add to the strip current and depress the electric field, 
near the output end. As a result the MCP exhibits onset of gain saturation when the signal current 
exceeds about 10% of the strip current. The average current should be kept below this level when 
operating in the linear mode. 
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Charg? saturation - The strip current is determined by the resistance of each channel and is on the 
order of 10'* ohms per channel. This resistance, combined with the capacitance between the two 
surfaces results in a time constant of mseconds in setting up the electric field in the channel. For 
short rimes (< the time constant) only the charge stored in the channel is available for extraction to 
the anode. This charge is on the order of 104 electrons per channel, and only about 20% of these 
may be extracted before the onset of gain saturation. In applications where the image is pulsed or 
gated 2 9 with times <ms, care must be taken to not exceed the charge saturation limit of the MCP. 
However, when operating in the single-photon-detection mode, the last MCP is routinely saturated 
since the objective is to collect a measurable charge. In this case the count rate must be sufficiently 
low that it is unlikely that a second photon will be detected by the same channel before it has had a 
chance to fully recover. 

So long as these constraints are observed, accurate quantitative results can be obtained from MCP-based 
instruments. 

The spatial resolution when operating in the linear mode is determined largely by electron-optics and recording 
media characteristics. A typical resolution is 30-50 tim, FWHM line response. 

5. CONCLUSION 

MicroChannel plates represent both a dynamic and mature technology that has been demonstrated by sensitive 
x-ray detectors with several means for high-spatial-resolution image recording. Competitive quantum detection 
efficiencies in the range of 5 eV to 20 keV have been shown as well as spatial resolution in the few 10's of nm range. 
For the reader s convenience, some commercial sources of MCPs are given: 

Galileo Electro-Optics, Sturbridge, MA 
Hamamatsu Corporation, Bridgewater, N] 
Philips Components (formerly Mullard), London, UK 
Vanan Associates, Palo Alto, CA 
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