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Abstract—Microchannel plates fabricated from hydrogenated
amorphous silicon (AMCPs) are a promising alternative to
conventional glass microchannel plates. Their main advantages
lie in their flexible fabrication processes, allowing for adaptable
channel shapes and the possibility of vertical integration with an
electronic readout, a tunable resistivity of the main amorphous
silicon layer, which allows a charge replenishment by a current
flowing directly through the bulk material and possibly a lower
cost of production. In this publication, we present further
developments of the AMCP technology and its characterization.
Small channel diameters down to 1.6 um could be achieved,
resulting in an aspect ratio of 25. This led to an increase of the
electron multiplication gain to 1500 compared to the previous
maximum of 100. The fabricated devices were characterized
under both continuous and pulsed illumination. Additionally,
the gain dynamics were measured over several minutes, showing
increased gain stability with respect to previous devices. With
the achieved gain values of this new generation of AMCPs,
this technology can now be considered a viable option for real
applications such as time-of-flight positron emission tomography
or mass spectrometry.

Index Terms—Amorphous Silicon, Deep Reactive Ion Etching,
Microchannel Plates, Monolithic Integration, Spatial Resolution,
Time Resolution, Particle Detection, Plasma-enhanced Chemical
Vapor Deposition, Vacuum Detectors

I. INTRODUCTION

ICROCHANNEL plates (MCPs) are electron multipli-

ers that were first introduced in the 1970’s [1]. Nowa-
days, they are used in many applications, most notably for im-
age intensifiers, mass spectrometry, astrophysics, and electron
microscopy. Their main advantages over other detectors, such
as silicon photomultipliers (SiPMs), lie in their fast timing
characteristics (transit time spread is typically in the order of
10-20 ps for small pore diameters [2]), high spatial resolution
and low background noise (< 0.1 counts cm?s~! [3]). MCPs
are conventionally fabricated by fusing glass fibers. To achieve
an emissive surface for the electron amplification, the glass
capillary array can then be heated in the presence of hydrogen,
leading to a chemical reduction of the channel surface. In a
more recent manufacturing technique, resistive and emissive
layers are deposited on the channel walls by atomic layer
deposition (ALD), allowing for greater flexibility in the choice
of the glass substrate, resistance, and emissive properties [4].
Despite the MCP technology having reached maturity, there
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is still the aspiration to push the detector performance further
- namely in the form of an increase in detection efficiency,
time and spatial resolution, dynamic range, background counts,
or detector size. An alternative approach to MCPs using
hydrogenated amorphous silicon (a-Si:H) as a substrate was
first explored in 2010 [5]. These a-Si:H based MCPs (AMCPs)
exhibit some advantages over their glass counterparts. They
can be fabricated directly on top of a wide range of substrates,
most notably allowing for monolithic integration with readout
electronic circuits. This minimizes the detector dead area
and improves both the spatial and temporal resolution of the
complete detector architecture. The conductivity of the a-
Si:H material depends on the deposition conditions and can
be varied by doping over several orders of magnitude. The
charges extracted from the material during a multiplication
event can therefore be directly recovered by a current flowing
through the bulk material without the need for an additional
conductive layer on the channel walls. At the same time, the
resistance of the a-Si:H stack is still high enough to apply
high bias voltages. This tunable resistivity of the amorphous
silicon layer also opens the possibility of varying the resistance
along the length of the channels by gradually adjusting the
process parameters during the growth of the layer. Like this,
the vertical resistivity and, therefore, the electric field could
be optimized, which could help to alleviate or even eliminate
saturation effects, hence allowing for high detector count rates
[6]. Finally, AMCPs are fabricated using (micro-)fabrication
techniques already optimized by the silicon or MEMS industry,
making manufacturing potentially cheaper than glass MCPs.
The fabrication techniques employed additionally allow for a
fully customized channel geometry. After the initial proof of
concept presented in 2014 [7], AMCPs have been continuously
further developed [8]. This publication presents the optimized
fabrication procedure and performance evaluation of the latest
generation of AMCPs.

II. AMCP FABRICATION

AMCPs are manufactured using micromachining tech-
niques, namely plasma-enhanced chemical vapour deposition
(PE-CVD), photolithography, and deep reactive ion etching
(DRIE). We only summarized the main fabrication steps, as
detailed descriptions were already given in previous publica-
tions [7], [8]. The main a-Si:H multiplication layer is grown
by a PE-CVD process, optimized to obtain thick layers (40—
100 um) with low intrinsic stress (< 10 MPa) and without
structural defects, allowing to later apply strong electric fields
over the AMCP. A grounded chromium-based intermediate
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electrode is used to evacuate the leakage current flowing
through the stack. It is separated from the bottom electrode by
an a-Si:H decoupling layer. The thickness of this decoupling
layer can be varied between 2—4 um, which mainly affects the
output capacitance of the final device. The channels are etched
into the a-Si:H layer by a tailored Bosch process, using the
metallic top electrode (either aluminium or chromium) as a
hard mask. In the current fabrication process, the lower limit
of the channel diameters is mainly given by the resolution
limit of the photolithography process (between 800nm to
1.2 um depending on the exact design). Additionally, param-
eter control of the Bosch process becomes increasingly more
critical with smaller channel diameters. Currently, the smallest
pore diameter that could be realized in a working device
is 1.6 um. The channels on the AMCPs are arranged in a
hexagonal pattern with minimum pitches of 3 um (center-to-
center) needed to ensure the structural stability of the thick
a-Si:H layer. The AMCEP test structures are grown on a single
anode for each sensor area. Note that in possible future
applications, the AMCPs could be directly grown on top of
a readout circuit. The chips fabricated for testing purposes
have sensor areas between 250um by 250 um to 1000 pm
by 1000 um, which could be easily scaled up if required for
a given application. A few adjustments have been made in
the fabrication process with respect to the previous generation
presented in [8]. The earlier uc-Si intermediate electrode has
been replaced by a chromium-based one. This increased the
conductivity of this electrode, preventing a voltage rise during
a multiplication event. This also provided a better interface
for the growth of the thick a-Si:H layer above it, reducing
hydrogen accumulation and subsequent bubble formation. The
diameters of the channels were also reduced from the previous
minimum of 3um down to 1.6 um. Fig. 1 shows a scanning
electron microscope image of an AMCP cross-section. The
sample shown in this image had a main channel length of
40pm and an average channel diameter of 1.6 pm, resulting
in an aspect ratio of 25.

III. MEASUREMENT SETUP AND PROCEDURES

A custom-built setup was used to determine the multi-
plication gain of the AMCPs under similar conditions to
possible detector applications. Fig. 2 shows a schematic of the
setup. The device to be tested was bonded to a double-sided
interface board and placed on a rotatable support rod inside
a vacuum chamber. A rotary dry pump and a turbomolecular
pump allowed reaching a residual pressure of 5 x 10~% mbar.
Two feed-through connectors were implemented to provide
the electrical connections. Two different illumination sources
were used for the characterization, both operated at a normal
incidence on the AMCP chip. A Pen-Ray mercury-vapour
lamp provided continuous light with the main emission peak
at 254 nm. The light could enter the vessel through an optical
window made of fused silica. A pulsed laser (Nd:YAG) with
a wavelength of 266 nm, a pulse duration of 7ns (FWHM),
and a tunable repetition rate between 1 to 4kHz was used
for testing the AMCP behavior in the transient regime. A
photocathode, consisting of a 16nm thick gold layer, was
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Fig. 1. Left: Cross-section image of AMCP channels. The channels have a
length of 40 um (from the top to the intermediate electrode where the electric
field is applied) and an average channel diameter of 1.6 um, resulting in an
aspect ratio of 25. Note that the slight cone-shaped appearance is due to the
difficulty of cleaving the samples straight through the center of the pores.
Bottom right: Zoom of the lower part of the channel, highlighting the 2 um
thick decoupling layer. Top right: Schematic cross-section for comparison.

placed above the AMCPs at a distance of around 2mm.
Photons arrive on one side of this thin semitransparent layer
and photoelectrons are emitted on the other side, towards
the AMCP. The choice to use gold as a photocathode was
motivated by its longevity and stability in air, despite the low
measured quantum efficiency of around 0.0014 % at 254 nm.
A thin metal plate with an opening in the middle, used as
a photoelectron screen (or mask), was placed between the
photocathode and the AMCP to restrict the photoelectron beam
to the sensor area, and avoid parasitic collection by the wires
bonded on the device. A potential difference could be applied
between the photocathode and the top electrode to accelerate
the generated photoelectrons towards the AMCP. To ensure
a homogeneous electric field, the photoelectron screen bias
was set at half the bias voltage between the AMCP and the
photocathode using a voltage divider. A Stanford Research
Systems PS310 high-voltage supply provided the voltage for
the photocathode and the photoelectron screen. A Keithley 617
picoammeter supplied the bias voltage for the AMCPs. The
anode signal was then measured either by the same picoam-
meter for the measurements under continuous illumination or
with an oscilloscope (Teledyne LeCroy WaveSurfer 510) for
the pulsed measurements using a 1 M) impedance input.
Before the gain of the AMCPs could be evaluated, the
incoming electron flux from the photocathode needed to be
calibrated. For this, a test sample consisting of several metal
pads of same areas as the AMCP sensors was used (Fig. 2 (b),
right). The photocathode was then illuminated, and the current
arriving on the different pads was measured as a function of
the applied bias between the photocathode and the metal pads.
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Fig. 2. (a) Schematic of the characterization setup. The test chip is placed
inside a vacuum chamber with an optical window on top. A thin gold layer
(16 nm) is used as a photocathode and placed above the bonded chip. Either
a mercury lamp or a pulsed laser is used as illumination source, operating at a
normal incidence on the AMCP. A photoelectron screen is used to restrict the
illumination to the sensor area. A bias voltage can be applied to the AMCP
top electrode and the photocathode. (b) Top view schematic of an AMCP chip
and the calibration sample used to measure the flux of the photocathode. The
sensors and the calibration pads have the same area and are made of the same
metal.

The applied electric field helped to steer the photoelectrons
onto the pads. A constant electron flux of (1.70 & 0.05) X
10'3/(m? s) was measured under continuous illumination with
the mercury lamp for voltage differences between 100V and
500 V.
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Once the incoming flux had been properly calibrated, the
gain was then defined as the ratio between the output current
({oyt) and the incoming photoelectron flux (/;,) times the
ratio of the area of the channels over the total sensor area,
also called open area ratio (OAR), of the device. Then, the
resulting gain was computed as

IOut
I, -OAR

and represents the average multiplication factor of a single
channel. The gain calibration for measurements in the transient
regime with the pulsed laser was performed similarly using the
oscilloscope (where the measured voltages are proportional
to the current). The incoming photoelectron signal V7, was
calibrated by measuring the voltage drop per laser pulse on
the calibration pad while ensuring that the laser pulse evenly
illuminates the entire pad area. The gain is then given by
the ratio of the outgoing signal Vi, of the AMCPs and the
incoming signal multiplied by the OAR

Gain =

(D

VOut

Ga’én = m

2

IV. AMCP CHARACTERIZATION
A. Gain dependence on the first impact energy

The working principle of AMCPs is based on secondary
electron emission (SEE). SEE occurs in all materials when an
incoming particle impinges on its surface. The total electron
yield (TEY), that is the average number of electrons emitted
per incident primary particle, depends on many parameters
such as energy and incident angle of the incoming particle,
energy losses of the secondary electrons inside the material,
the potential barrier at the vacuum surface as well influences
of the surface morphology. It is clear from looking at the
avalanche process in AMCPs and MCPs alike that the TEY at
the first impact can significantly affect the resulting gain. TEY
of a-Si:H layers as a function of the energy of the incoming
electrons has been studied by Loffler et al. [8] and showed
a maximum yield for an energy of around 220 eV at normal
incidence. In Figure 3, the AMCP gain was measured as a
function of the incident photoelectron energy by varying the
potential difference between the photocathode and the AMCP
top electrode. From this, a broad maximum could be observed
between 120eV to 200 eV where the gain was roughly 20 %
higher than outside this range. This maximum yield appears
to be shifted to lower energies compared to the findings in [8].
A reasonable explanation for this shift is that the majority of
the electrons do not collide directly at the channel entrance
but somewhat further down since the channels do not have a
bias angle relative to the surface normal. Consequently, these
electrons are then accelerated by the applied electric field over
the AMCP until their first collision with the channel wall.
Therefore, the potential difference between the photocathode
and the AMCP top electrode underestimates the average
collision energy of the incoming electrons. Another factor
to consider is that the surface morphology of the channel
walls is very different from that of the measured flat samples.
Although a sample with higher roughness was also measured
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Fig. 3. Dependence of the measured gain on the acquired energy of the
photoelectrons between the photocathode and the AMCP top electrode. A
broad maximum between 120eV to 200eV was observed.

in [8] and showed an even higher optimum energy due to the
variation of incident angles, this might not necessarily be a
good representation of the surface inside a channel. For all
the following gain measurements, the bias between AMCP
and photocathode was set to 200V to achieve the highest
gain while maintaining a stable flux of electrons from the
photocathode. This optimum potential difference may differ
for samples with wall coatings and other channel geometries
and must be readjusted in those cases.

B. Average channel gain

After calibration of the incoming flux and optimization of
the first impact energy, the gain was then measured as a
function of the applied AMCP bias voltage. The channel gain
was evaluated under both continuous and pulsed illumination.
Before each measurement, the samples were annealed for 30
minutes at 90°C to ensure stable working conditions [9].
Additionally, a waiting period of around 10 minutes was
kept after each change in the bias voltage. This was done
because in materials with a large density of localized bandgap
states (such as a-Si:H), a certain time is needed to ensure
a new equilibrium of trapped carriers after a change in the
electric field [10]. The gain was again calculated as the ratio
between the anode current and the calibrated input current as
defined above. Fig. 4 shows the recorded output signals in
response to a laser pulse for bias voltages between —50V to
—500V, following the expected exponential increase in signal
with higher biases [11]. Note that the width of the signal is
directly related to the long pulse duration of our laser (7 ns).
The measured sample "MCP152” had an aspect ratio of 25
and channel lengths of 40 pm. Fig. 5 shows the calculated
gain for the same "MCP152” sample as a function of the
applied electric field corresponding to the used bias voltage. A
maximum gain of around 1500 (1460 + 54 under continuous
illumination and 1494 + 85 under pulsed illumination) was
measured for an applied bias of —500V (corresponding to
an electric field of 12.5 x 10* V/cm given the a-Si:H layer
thickness of 40 um). Four pads with different sensor areas
were measured in total, two of 250 um by 250 um and two
others of 500 um by 500 pm. The largest pads (1000 um by
1000 pm) were excluded from the measurements - partially

© 2023 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/rights/index.html for more information.

because of some localized defects, where a few holes were
missing in parts of the area, and because the laser spot did
not uniformly illuminate the whole area. No dependence of
the gain on the sensor area was observed. Also, no significant
difference was observed between the measurements under
continuous and pulsed illumination at high-bias voltages and
strong electric fields. At lower biases, however, a difference
in gain can be observed between the two illumination modes,
with higher gain values in the pulsed regime. This discrepancy
could be due to a measurement uncertainty or potentially be
related to charging effects of the decoupling stack. The biggest
uncertainty in the average channel gain measurements stems
from the calibration of the incoming current. As described
previously, a calibration sample was used to measure the
flux of incoming photoelectrons. The calibration pad was
fabricated with the same metal composition and thickness
as the top electrode since the metal also produces a certain
number of photoelectrons under illumination, which must be
considered. To obtain the incoming current that enters the
channel, the measured flux is scaled by the OAR of the device,
as mentioned in section 3. This assumption might not be
entirely accurate as particles impinging close to the edge of
the channel could still be able to enter the latter and contribute
to the avalanche. Additionally, the electric field might not be
homogeneous close to the edge of the channels, changing the
flux locally. However, the resulting systematic error cannot be
easily quantified at present. However, the important conclusion
that can be made from the measurements presented here is
the considerable increase in gain from 100 [12] to 1500 in
comparison to the previous generation of AMCPs. Another
problem arises due to the fact that the photocathode appeared
to get damaged under laser illumination, causing a decrease in
its quantum efficiency over time. For this reason, the incoming
signal was calibrated before and after measurements under
pulsed illumination, and the photocathode had to be replaced
at regular intervals.

The setup could be further upgraded to increase the accuracy
of future measurements. For example, a conventional glass
MCP installed between the photocathode and the AMCP
would provide a larger incoming flux, reducing the measure-
ment error since the number of photoelectrons produced on the
AMCRP itself would be significantly smaller than the electron
flux stemming from the MCP. Additionally, this would allow
us to test the AMCP response as a function of the incoming
current and investigate the onset of saturation effects that still
need to be observed.

C. Gain stability over time

The AMCP output current was measured under continuous
illumination over several minutes to investigate its stability
over time. The device was biased with -500 V, and the resulting
current was recorded with a picoammeter. The measurement
is shown in Fig. 6. The current first increases over several
minutes before reaching a maximum and then slowly decreases
again to finally stabilize after a few minutes. Once a stable
current has been reached, it could be reproduced when the
illumination was switched off and back on again. The gain
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Fig. 4. Recorded output signals in response to a laser pulse with a pulse
duration of 7 ns (FWHM). The signal was recorded for bias voltages between
-50 V to -500 V. The recordings have been overlapped in the graph to
demonstrate the increase in signal with higher AMCP bias.
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Fig. 5. Average channel gain of an AMCP with an aspect ratio of 25 measured
as a function of the applied bias between top and middle electrodes (in
absolute value). Dashed-lines are guides-to-the-eye. The gain was evaluated
both under continuous illumination using a mercury lamp and under pulsed
illumination with a laser source. A maximum gain of around 1500 (1460454
under continuous illumination and 1494 4 85 under pulsed illumination) was
measured for an applied electric field of 12.5 - 10* V/cm.

dynamics can be explained in the following way - the first
quick increase of the current over a few seconds is only due
to the manual removal of the light shutter and is not related
to the AMCP behavior. The following slower current increase
could be tentatively explained by the presence of a residual
water film on the channel walls. Indeed, the usual chamber
pressure of around 5 - 107 mbar might not have been low
enough to remove immediately all the water molecules inside
the channels [13]. Then, during the initial multiplication phase,
these molecules would have first to get ionized by the electron
avalanche and removed from the channels by the electric field.
The observed time for this initial stabilization phase varies
between one and ten minutes. After reaching a peak value,
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Fig. 6. Measured output current dynamics over several minutes (sensor area of
250 pm by 250 um). The output current initially increases and then decreases
again before eventually stabilizing after about 10 minutes.

the current slowly decreases until it stabilizes. This decrease
is suspected to be related to charging effects inside the
decoupling layer. Both anode and the intermediate electrode
are kept at ground potential, so any charges generated between
these two electrodes are not easily removed. These charges
then modify the electric field distribution, consequently influ-
encing electron multiplication. Eventually, an equilibrium is
reached where the gain is stable and reproducible. The same
phenomenon could be observed during electron beam-induced
current measurements (EBIC) of AMCPs. Under strong exci-
tation of the electron beam microscope, the bright signal from
the electrons exiting the channels rapidly decreased until the
pores eventually appeared completely dark in the area where
the beam was focused, meaning no electrons were coming out
of the pores anymore. Furthermore, the area stayed dark even
when the beam was switched off for several minutes [12]. The
effect of potential charging on the gain will be the subject
of further studies. A potential solution could be to widen
the channel diameter inside the decoupling stack, reducing
the possibility of electrons colliding the channel wall in that
area. Gain stability measurements have also been conducted
on previous AMCP devices [9] and showed a similar initial
spike of the output current. However, the current increased
again in these samples after a few minutes. This increase was
assumed to be related to a voltage rise on the pc-Si based
intermediate electrode and was one of the main motivations
to implement a chromium-based middle electrode in the new
generation of AMCPs. The fact that this effect is no longer
observed supports these previous assumptions. In the future,
these gain stabilization studies should be extended to include
various input fluxes and gain values of the AMCPs.

D. AMCP conductivity

Another critical parameter in the fabrication of AMCP is the
conductivity of the amorphous silicon layer. The layer needs
to be conductive enough to replenish the lost charges during
the multiplication phase but still needs to sustain large bias
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Fig. 7. Arrhenius plot of the dark conductivity of an a-Si:H layer. The

conductivity at room temperature was extrapolated from the cooling part of
the curve and found to be ogq,, = 6.1-10711 Q~1¢ .

voltages without the risk of causing an electrical breakdown.
The dark conductivity of an intrinsic a-Si:H layer strongly
depends on the deposition parameters and impurity content
and can vary in the range 044, = 1071 — 10712 Q" lem!
[14]. First, the coplanar dark conductivity of an a-Si:H layer
deposited on a glass substrate was measured as a function
of temperature under a nitrogen atmosphere of 1mbar. Two
aluminium electrodes were evaporated on the layer for the
contacts. The temperature was first increased to 180 °C and
then slowly cooled down to ensure the accuracy of the
temperature measurement and to guarantee defect thermal
equilibrium [14]. The dark conductivity at room temperature
was extrapolated from the cooling part of the curve. From this
measurement a room temperature conductivity of o441 = 6.1-
107 Q@ tcm~! was found. The measurement plotted in an
Arrhenius plot can be seen in Fig. 7. In the final AMCP device,
the conductivity is influenced by the presence of the channels
inside the layer. Due to additional localized states existing
near the surface of an a-Si:H material, the conductivity can be
enhanced in this area. Previous publications already presented
an indication of a preferential conduction path along the
channel surface [9]. The resistance of the device presented here
("MCP152”) was measured to be 35 M(2. Taking into account
the thickness and area of the a-Si:H layer, a conductivity of
oc=1221-10"1° Q~Tcm~! was found, which is about three
times larger than the measured dark conductivity in coplanar
configuration. This further supports the hypothesis of enhanced
conduction along the channel walls. During the operation of
the AMCPs, additional effects might influence the resistance,
most notably the Poole-Frenkel effect [15], which describes
the field-enhanced thermal emission of trapped carriers in a
resistive element, or the space-charge-limited current (SCLC)
effect [16], [17]. Finally, upon exposure to light, the con-
ductivity of a-Si:H decreases, as expected from the Staebler-
Wronski effect (SWE) [18]. This effect is due to an increase in
defect density. The induced defects are metastable and can be
removed by annealing the material at a high temperature for a
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few hours. The conductivity and the resulting resistance of the
AMCEP directly correlate with the charge replenishment time
and, therefore, the maximum count rate. The values found
here for the a-Si:H conductivity should therefore serve as a
reference point for future optimizations to achieve a fast charge
replenishment while still being able to apply high-bias voltages
safely.

V. COMPARISON WITH SIMULATIONS

The relationship between gain and bias for the measured
channel geometry has also been simulated with a finite element
method (FEM) model presented in [19]. Fig. 8 shows the
simulated gain compared to the measurements. Under contin-
uous illumination, the measured gain values were of a similar
order of magnitude as predicted from the simulation. In this
case, the slight deviations can be attributed to the tuning of
the model parameters that must be continuously adapted with
new experimental data being available. However, the measured
gain at weak electric fields was significantly higher under
pulsed illumination than the continuous and simulated values,
pointing to other physical phenomena being at play. Although
this observation can not yet be fully explained, the effect
could be related to the presence of the decoupling layer. As
mentioned above, charging effects in this area can modify the
electric field and hence the measured multiplication gain. This
is supported by the fact that no discrepancy between pulsed
and continuous gain was observed in alternative prototype
AMCPs where the channel diameter was widened inside the
decoupling stack (not shown here). With the wider channel
opening in this area, the probability of electrons colliding with
the channel wall is consequently reduced, meaning charging
effects also become less likely [20].
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Fig. 8. Simulation of the single channel gain as a function of the applied bias
between top and middle electrodes (in absolute value) for the given AMCP
geometry with an aspect ratio of 25. Dashed-lines are guides-to-the-eye.

VI. OUTLOOK AND DISCUSSION

The gain values presented above mark a substantial im-
provement of one order of magnitude compared to previous
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generations of the AMCP technology. This opens perspectives
for future AMCPs applications. A notable example would be a
monolithic integration on top of a CMOS readout, allowed in
principle by the processes and low temperature (max. 230 °C)
employed here. Nevertheless, there remain several aspects of
AMCEP stand-alone that can still be improved or clarified.

First, the channel aspect ratios fabricated by deep reactive
ion etching have have yet to reach their limit. They can
still be further pushed to values around 35-40 by optimizing
the process parameters. Additionally, channel wall coatings
deposited by atomic layer deposition (ALD) also provide a
vast potential to increase the AMCP gain further. Early tests
with previous AMCPs showed that the gain could be increased
by almost a factor of two by using an aluminium oxide coating
[9]. This increase could be even higher for magnesium oxide
layers due to its high secondary emission yield [21].

Second, in the current devices, the open area ratio of the
sensors reaches only about 5% due to the small channel
openings (around 1 um) and minimum pitches of 3 pm (centre-
to-centre). Increasing the former would result in a lower
gain, and decreasing the latter could affect the structure’s
stability, demanding other improvement strategies. Preliminary
results have shown the possibility of implementing funnel-
shaped channel openings (Fig. 9) to maximize the sensors
OAR [20]. Additionally, having funnel-shaped AMCPs would
also decrease the relative amount of electrons passing straight
through or colliding deep inside the channels, effectively
solving the issue of the non-tilted channels. Functional funnel
AMCPs will be fabricated and studied in the future to assess
the improved detection efficiency provided by this strategy.

)
1
\
)

Fig. 9. Microscope image of channels with a funnel-shaped opening.
Implementing this funnel geometry in future devices will significantly increase
the active area of the AMCPs.

Third, the measurement conditions must be expanded to
include larger incoming currents in future experiments. Sat-
uration effects should start to be observable once the current
needed to replenish the charges in the channels is of a similar
value to the one flowing through the stack (leakage current).
Tuning the a-Si:H layer’s conductivity could minimize these
saturation effects, giving AMCPs an advantage over standard

© 2023 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/rights/index.html for more information.

MCPs in this regard.. However, this approach still needs to
be investigated and demonstrated. By having a fast charge
replenishment, AMCP could be envisioned for applications
where high count rates are required. For this purpose, as
already mentioned above, it would be helpful to equip the char-
acterization setup with a conventional MCP serving as a pre-
amplifier for testing the AMCP saturation under much higher
incoming fluxes. This would allow testing the relationship
between the detector saturation, the incoming photoelectron
flux, and the a-Si:H conductivity. Having a higher input current
for the characterization would also reduce the calibration
errors of the incoming flux and allow us to quantify the single
channel gain more accurately.

Finally, other important metrics, such as the dark count
rate and detection efficiency still need to be investigated.
Characterizing these values will provide a complete picture
of the AMCP’s properties and help to evaluate the best-suited
applications.

VII. CONCLUSION

In this publication, we presented the fabrication and char-
acterization of the newest generation of AMCPs. One of
the main focuses for this new generation was optimizing
the fabrication processes. In particular, the a-Si:H deposition
by PE-CVD was improved to avoid structural defects in the
layer. This allowed for applying higher bias voltages over the
channels, which is crucial for achieving a high multiplication
factor. By combining photo-lithographic and DRIE processes,
channel diameters as small as 1.6um and length of 40pum
were realized. Therefore, compared to previous generations
of AMCPs [12], the aspect ratio was improved from 13.6
to 25, and the average channel gain increased by an order
of magnitude from about 100 to 1500. Another aspect that
was improved is the stability of the gain. In earlier AMCP
devices, a voltage rise over the intermediate electrode was
detected during the multiplication phase, eventually causing an
unstable gain [9]. With the introduction of the more conductive
chromium-based intermediate electrode, this effect was no
longer observed, resulting in a more reproducible gain over
time. The AMCPs were characterized under both continu-
ous and pulsed illumination. No saturation effects could be
observed under the current measurement conditions, and no
significant difference in the maximum gain was measured
for the two regimes. The dark conductivity of the a-Si:H
multiplication layer has been characterized and hints towards
an increased conduction along the channels than in the bulk of
the material. The high gain values presented open perspectives
for (monolithic) integration of AMCPs with readout circuits. In
this view, additional process developments to further improve
the gain and collection efficiency have been discussed.
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