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Microstrip electrodes fabricated using Schott Borofloat® 33 as the electrode substrate were recently character-
ized in order to optimize the performance of °Li-based suspended foil microstrip neutron detectors. The Schott
Borofloat® 33 microstrip electrode capacitance was measured to be 67 pF before characterization efforts were
conducted using a collimated **'Am alpha-particle source positioned between the microstrip electrode and a
planar drift electrode. Characterization studies were performed to define counting and gas multiplication curves

as well as study the electrical stability of the microstrip electrode substrate. Electrical stability was observed for
approximately 23 h after the initial hour testing. A non-uniform drift electric field strength distribution was
observed by measuring the pulse amplitude from a collimated **'Am alpha-particle source positioned at five
discrete positions along the span of the drift electric field region between the microstrip and drift electrodes. All
measurements were conducted within a sealed aluminum enclosure backfilled with P-10 gas.

1. Introduction

Microstrip electrodes were first introduced by Oed in 1988 (Oed,
1988) as an alternative electrode design to multi-wire proportional
counters (MWPCs). The microstrip electrode design operates on the
principle of a high electric field region, of sufficient strength to cause
Townsend avalanching, being formed by the potential difference be-
tween neighboring metal anode and cathode strips positioned less than
1 mm apart from one another (Oed, 1988). An illustration of a micro-
strip electrode is shown in Fig. 1 and depicts the interdigitated or-
ientation of neighboring anode and cathode strips. The advantage of the
microstrip electrodes over MWPCs is the distance between neighboring
anode and cathode strips can be reduced below the limiting distance
between neighboring wires in MWPCs (Oed, 1988), and, therefore, al-
lows for improved spatial resolution.

Previously, °Li-based suspended foil microstrip neutron detectors
(SFMNDs) were fabricated and tested using a microstrip electrode
fabricated atop a silicon substrate with a 3-um thick SiO, layers on both
surfaces of the substrate (Edwards et al., 2016). Ionic charging of the
microstrip electrode was observed as indicated by the gradual reduction
in signal amplitude as a function of time (Edwards et al., 2016; Oed
et al., 1989; Oed, 1995). Additionally, the microstrip electrode had a
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measured capacitance of approximately 750 pF which may have re-
sulted in a poor signal-to-noise ratio causing lower-energy events to
blend with electronic noise (Edwards et al., 2016). Therefore, this re-
port focuses on the selection of an electrically stable microstrip-elec-
trode substrate and the subsequent fabrication and characterization of
the microstrip electrodes using the same photolithography pattern and
strip metals previously used for the silicon-based microstrip electrodes
(Edwards et al., 2016).

2. Microstrip-electrode fabrication

Proper selection of an electrically stable microstrip-electrode sub-
strate was crucial prior to fabricating the microstrip electrodes. Other
works have relied on glass substrates such as Schott S8900 and Corning
7740 which possess electrical stability for at least several hours (Oed,
1995; Gong et al., 1994). However, despite its electrical capability
(Oed, 1995; Gong et al., 1994; Ortuno-Prados and Budtz-Jgrgensen,
1995), Schott S8900 is not a common type of glass and, as a result, is
rather expensive compared to other common microstrip-electrode
substrate materials such as silicon and Corning 7740. Corning 7740 is
another well-known electrically stable microstrip-electrode substrate;
however production of the substrate material has ceased and thus the
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Fig. 1. Microstrip electrode containing interdigitated anode and cathode strips
fabricated via standard metal lift-off photolithography processes.

Table 1
Comparison of the composition of Borofloat® 33 (Schott, 2017) and Corning
7740 (Corning, 2009) glasses.

Name Chemical composition (%)

Schott Borofloat® 33 SiO, 81
B>O3 a3
Na,0/K,0 “4)
Al,03 )

Corning 7740 SiOy (80.6)
B,03 (13.0)
Na,O (4.0)
Al,03 2.3)
Misc. Traces (0.1)

material is no longer available. Recently, Schott began producing a
glass substrate named Borofloat® 33 (Schott, 2017) that has nearly
identical composition to Corning 7740 (Corning, 2009), as listed in
Table 1.

The 4.2cm X 4.2 cm microstrip electrodes were fabricated in the
Kansas State University Semiconductor Materials And Radiological
Technologies (S.M.A.R.T.) Laboratory class 100 clean room on a 100-
mm diameter, 500-um thick Schott Borofloat® 33 substrate using
standard metal-liftoff photolithography processes (Ghandhi, 1994), as
illustrated in Fig. 2. As shown in Fig. 3, the microstrip electrodes con-
tained 25-um wide anode strips and 500-um wide cathode strips with
an anode-to-anode pitch of 1000 pm. Additionally, the microstrip anode
and cathode strips and drift electrode were deposited using electron-
beam evaporation and the metals used were Cr, Cu, and Au at thick-
nesses of 500 ;\, 3000 i\, and 1000 f\, respectively. As shown in the
center of Fig. 3, all of the anode strips were interconnected and read out
through a single 2mm X 2mm bond pad located in the bottom left of
the image. Similarly, all of the cathode strips were interconnected to a
single 2mm X 2mm bond pad located in the top right of the image.
The spacing between anode (A) and cathode (C) strips was maintained
throughout the length of the strips as well as at the ends of the strips as
shown on the right of Fig. 3.

3. Microstrip electrode characterization

Prior to conducting electrode-characterization studies, the capaci-
tance of the Schott Borofloat® 33 microstrip electrodes was measured
using an Agilent U1731C LCR meter. The measured electrode capaci-
tance was 67 pF for a test voltage of approximately 0.7 V.5 (Agilent,
2012).

3.1. Counting and gas multiplication curves

Counting and gas multiplication curves were simultaneously de-
fined using the test configuration depicted in Fig. 4. The Schott Boro-
float® 33 microstrip electrode was positioned at a distance of 4 cm from
a planar drift electrode using a plastic support structure to maintain the
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Fig. 2. Microstrip electrode fabrication steps using standard metal lift-off
photolithography processes.

positions of the microstrip and drift electrodes. A collimated 2*'Am
alpha-particle source was positioned 19 mm above the microstrip
electrode surface at a distance of 20 mm from the edge of the vertically
aligned microstrip and drift electrodes (and therefore the edge of the
drift electric field) to inject approximately 3.6 MeV of energy within the
drift electric field region, based on the characteristic Bragg curve of
alpha particles (Ziegler and Biersack, 2013). The aperture of the colli-
mator was approximately 2.5 mm. The test setup was contained within
a sealed aluminum enclosure pressurized with 3.7 psig (1.25 atm) of P-
10 proportional gas (90% argon, 10% methane). Both curves, shown in
Fig. 5, were defined by increasing the anode strip applied voltage from
0 to 540 V in 20-volt increments. The cathode strips were maintained at
ground potential and the drift electrode was maintained at —1000V
throughout the duration of the measurements. The gas multiplication
curve was defined by calculating the ratio of the measured pulse am-
plitude for a given applied voltage setting, V;, to the initial pulse am-
plitude, Vy, at an applied voltage of approximately 0 V (ratio defined as
Vi/ Vo).

3.2. Electrical stability measurements

The testing configuration illustrated in Fig. 4 was also used to
compare the electrical stability of the Schott Borofloat® 33 and silicon-
based microstrip electrodes (Edwards et al., 2016) by monitoring the
measured pulse amplitude from a collimated ?*'Am alpha-particle
source for approximately 24 h. Each electrode was separately tested
within a sealed aluminum enclosure pressurized with 3.7 psig
(1.25 atm) of P-10 proportional gas and again the cathode strips were
maintained at ground potential with the drift electrode maintained at
—1000V throughout the duration of the testing. The Schott Borofloat®
33 anode strips were maintained at 400 V while the silicon-based mi-
crostrip anode strips were maintained at 300 V throughout the duration
of the testing.
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Fig. 3. Microstrip electrodes fabricated on a 100-mm diameter, 500-um thick Schott Borofloat® 33 substrate.
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Fig. 4. Illustration of the experimental configuration required to define the
counting and gas multiplication curves using the Schott Borofloat® 33 micro-
strip electrode positioned at a distance of 4 cm from the planar drift electrode.
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Fig. 5. Measured counting and gas multiplication curves using the Schott
Borofloat® 33 microstrip electrode for various anode strip applied voltages.

Shown in Fig. 6 is the relative gain of the Schott Borofloat® 33
microstrip electrode as a function of time compared to the silicon-based
microstrip electrode. Both microstrip electrodes exhibited an initial
duration of time of approximately 1h for the electrodes to reach a
stable operating condition. The Schott Borofloat® 33 microstrip elec-
trode remained electrically stable for a duration of time of approxi-
mately 23 h following the initial hour. However, the relative gain of the
silicon-based microstrip electrode began to decrease immediately after
the first hour of operation (when the relative gain initially increases)
due to ionic charging of the SiO, surface layer (Oed et al., 1989; Oed,
1995).
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Fig. 6. Normalized microstrip electrode gain as a function of time. The elec-
trical stability of a silicon-based microstrip electrode and a Schott Borofloat®
33-based microstrip electrode were each measured separately. In each mea-
surement scenario, the operating voltage (anode and cathode strips, and drift
electrode applied voltage settings) was maintained for approximately 24 h.

3.3. Drift electric field probing

The distribution of the drift electric field strength between an anode
(either planar electrode or Schott Borofloat® microstrip electrode) and
the planar, drift electrode was measured using the experimental setup
depicted in Fig. 7. The anode and drift electrode were positioned 4 cm
apart from one another and contained within a sealed aluminum en-
closure pressurized with 1.0 psig (1.07 atm) of P-10 proportional gas. A
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Fig. 7. Illustration of the experimental configuration used for measuring the
drift electric field strength distribution between an anode (either planar elec-
trode or Schott Borofloat® 33 microstrip electrode) and the planar, drift elec-
trode.
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Fig. 8. Comparison of the distribution of measured pulse amplitude (peak
channel) as a function of the position of a collimated **'Am alpha-particle
source for an anode using a planar electrode and a Schott Borofloat® 33 mi-
crostrip electrode.

collimated 2*'Am alpha-particle source was positioned at a distance of
30 mm from the edge of the vertically aligned anode and drift electrode
to inject approximately 2.4 MeV of energy within the drift electric field
region, based on the characteristic Bragg curve of alpha particles
(Ziegler and Biersack, 2013). The collimated >*'Am alpha particle
source was positioned at five discrete vertical positions along the length
of the drift electric field region. The distance separating the source from
the edge of the vertically-aligned electrodes was increased, relative to
the distance used for the data shown in Figs. 5 and 6, to accommodate
the source collimator at the highest and lowest source positions. The
drift electrode was maintained at —1000V and the anode (either
planar electrode or Schott Borofloat® 33 microstrip electrode anode
strips) was operated at 400 V for all measurements. The cathode strips
were maintained at ground potential when using the Schott Borofloat®
33 microstrip electrode. The configuration and settings of the NIM
equipment that were used to conduct the measurements were identical
for both anode types. Measurements were performed after an initial
one-hour duration of time for the electrode setup to reach a stable
operating condition.

Fig. 8 shows the distribution of measured pulse amplitudes, in-
dicated on the x-axis as “Peak Channel” of Fig. 8. The peak channel of
each source position corresponds to the most prominent channel of the
measured pulse-height spectrum using Ortec's multi-channel analyzer
program Maestro®. The Schott Borofloat® 33 microstrip electrode sce-
nario shows a slight increase in pulse amplitude until approximately
half-way between the drift and microstrip electrodes (source height of
approximately 2.6 cm) before the pulse amplitudes increase more sig-
nificantly as the collimated *!Am alpha-particle source is positioned
closer to the microstrip electrode surface. Given that high-outgassing,
polymer-based materials were used to construct the test fixture, there is
concern that electron attachment may have occurred (Rice-Evans,
1974; Christophorou, 1971) resulting in a degradation in pulse ampli-
tude as the collimated 2**Am alpha-particle source is positioned further
away from the microstrip electrode surface. However, the distribution
of measured pulse amplitudes as a function of source height for the
planar scenario still behaved consistent with a parallel-plate ionization
chamber (Tsoulfanidis, 1995; Knoll, 2010).

4. Conclusions

Schott Borofloat® 33 has been identified and used as a substrate for
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the fabrication of microstrip electrodes that exhibits electrical stability
for a minimum duration of time of approximately 23 h. Additionally,
the use of Schott Borofloat® 33 as a microstrip electrode substrate has
resulted in the reduction in microstrip electrode capacitance from ap-
proximately 750 pF for a silicon-based microstrip electrode to 67 pF for
a Schott Borofloat® 33 microstrip electrode with identical strip geo-
metry and metals. The Schott Borofloat® 33 microstrip electrode, when
positioned at a distance of 4 cm from a planar drift electrode, exhibited
a non-uniform pulse-height distribution which was measured using a
collimated 2*'Am alpha particle source.

It is currently uncertain as to the cause of the non-uniform dis-
tribution of pulse amplitudes measured from a collimated >*' Am alpha-
particle source positioned at five discrete positions along the drift
electric field region. However, electron attachment is suspected to be
occurring within the drift electric field region between the microstrip
and drift electrodes. Future studies will involve the replacement of all
polymer-based materials contained within the sealed test enclosure
with low-outgassing materials in an attempt to determine the sig-
nificance, if any, of electron attachment within the system. Although
the capacitance of the microstrip electrode was reduced to 67 pF by
using Schott Borofloat® 33 as the substrate, further improvements to
reduce the microstrip electrode capacitance, and thus increase the
signal-to-noise ratio, are desired.
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