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Abdract

A columnar Cd secondary eectron emitter has been coupled to a conventional microstrip
chamber. The characterigtics of a columnar Cd with gas multiplication was investigated by using beta
rays from a S source. This layer is intended for use as the primary electron source in any gas
avalanche microdetector to avoid severe performance loss by the oblique angle of the ncident
charged particle. It was initidly thought that the columnar structure might provide a larger detection
efficiency than a planar Cdl layer, because of the many surface crossings of incident particle for the
columnar geometry. The efficiency measurement of a columnar Cd layer was performed in a thin
pardld-plane structure, which has a 50-500 mm gas gap between a columnar Cdl cathode and metal
anode. We discuss the secondary emission and dectric fields in the columnar structure, and explain
why, based upon fidd smulation and experimental results, this gpproach does not succeed in this
case. New idess are presented for driftless gas avalanche detectors insenstive to the angle of
incidence.

|. Introduction

Currently there is a great ded of activity in the development of microstructure gas detectors with
good spatia resolution and high rate capability. In spite of many attractive features, these detectors
perform poorly when the particle is not incident nearly perpendicular to the plane of the detector.
The spread of primary eectrons along the track in the drift region degrades the detection efficiency
aswdl asthe spatiad and timing resolutions of the detectors.

Recently, there has been an increasing interest in combining ava anche amplification and secondary
electron emission (SEE) for detection of radiation [1,2]. When the charged particles hit the surface of
asolid, the latter may emit secondary electrons of low energy (< 50 V). The escape mechanism for
these dectrons is smilar to the emisson of photoeectrons in the photoelectric effect. This is the
reason that good photocathode materias are also usually good secondary emitters.



The emisson mechanisms have three disinct parts. The firg is the production of a cloud of
electrons in the materid; the second part consists of migration of these electrons to the surface, and
findly there is emisson of secondary eectrons from the surface. The probability of secondary
electron emission depends strongly on the rate of energy loss dE/dx, of the incident particle.

The use of a secondary dectron emitter as the primary source of eectrons in a gas avalanche
detector has been tested [1,3]. With this approach using a planer layer, the time resolution was
improved by more than one order of magnitude, compared with a conventiona microstrip gas
chamber (MSGC), and no angular dependence of the efficiency was observed [3]. However, the
efficiency waslow.

For most materids, the SEE efficiency is only a few percent. On the other hand, akali-hdide
porous materids such as Cd and KCl have amuch larger emission efficiency [4]. The efficiency of a
single porous Cdl layer has been measured to be 55 % by Chiandlli et d. [5]. This result suggest that
efficiency of a secondary emitter can be increased by having many surface crossings of each incident
particle.

A columnar Cdl(Tl) layer has been extensvely used for X-ray medica imaging [6] because of the
advantage of light channding. The columnar structure alows many surface crossngs by an incident
paticle, Therefore, we initidly thought that a columnar structure of pure Csl might improve the SEE
effidency.

Aswe shdl see, subsequent tests and smulations show that secondary emission is limited to only
the top surface of the Cdl layer. Characteristics such as a efficiency and pulse height distribution for
eectronsfrom *Sr source were measured using P10 (Ar 90 % + CH, 10 %) gas.

1. Structure

Figure 1 shows a scanning electron microscope (SEM) photograph of a columnar Cdl layer. The
diameter of the Cdl columns was measured to be about 5 nm and the spacing between the column
walls was to be about 3-5 mm.

Figure 1: Scanning Electron Microscope (SEM) photograph of a col umnar Cdl layer of 100 mm
thickness.

The column diameter and the gap between columns depend on parameters during the
manufacture, such as argon pressure in the evaporation chamber, subsirate temperature and angle
between substrate and evaporation boat, etc.



In our case, the subgtrates are placed in rotating holder, which has acooling sysem to mantan
the substrate at 120 °C. The angle of deposition 45° was relative to the holder. The evaporation
chamber was initialy pumped down to 10° torr and filled with argon to a pressure of 5 mtorr.

[11. A Coumnar Cd Layer asa Drift Haneof MSGC

A. Pulse height enhancement

To invedtigate the characteridtics of the columnar Cdl layer, we initidly mounted the Cdl layer on
adrift plane of microstrip gas chamber (MSGC). Figure 2 shows a schematic diagram of aMSGC
coupled with acolumnar Cd layer. This method uses the same fundamental idea as in previous
goproaches. an incident charged particle provides the source of primary dectrons by the SEE
process, predominantly from a very smal region, or ‘ point’ on the drift plane. For an inclined track
the concentration of eectron production adlows primary eectrons to be focused on anode, which
lead directly to the improvementsin spatid resolution and the time resolution.
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Figure 2: A conventiond MSGC coupled with a 300 mm columnar Csl secondary eectron emitter
added to the drift plane.

A collimated *°Sr beta ray source was used for the measuremets. The chamber was filled with
Ar/Ethane (50/50) gas mixtures. A 125 nm thickness kapton pieces were placed between the
columnar layer and the drift plane as a spacer. Figure 3 (a) shows pulse-height spectra of the *Sr
beta source, for V=0 and —1600 V, where V4 is the voltage applied across the Cdl layer. Figure
3(b) shows measurements of relaive sgna enhancement as a function of gpplied voltage across the
Cdl layer. The dectron multiplication factor due to the Cdl layer is defined asthe ratio of sgnd-pulse
amplitude produced when Vg isturned on to that produced when V. is turned off. As can be seen,
a large amount of dectron amplification occurs within the Cd layer when it is activated, greetly
enhancing the sgnd- pulse amplitude over that coming from the ionization in the gas drift region done.
This remarkable enhancement is due to combining primary eectrons initidized from the Cd surface
with a gas avdanche in the gas gap between the columnar layer and the drift plane.
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Figure 3: Pulse-height spectra of the *°Sr beta source, using a conventional MSGC coupled with a
columnar Cdl layer, for Vg =0and -1600 V. Here V4, V,, V., and Vy are voltage applied to the
Cdl layer, anode strips, cathode strips, and drift plane, respectively.

B. Timing resolution

In large number of gpplications, information of precise arriva time of aquantum of rediation in the
detector is of particular interest. In conventional MSCG, the timing resolution has been measured
about 20 nsrms. The time resolution of a gas avaanche detector sgnificantly depend on the length of
drift gap, for the primary eectrons are distributed adong the incidence particle track in the gas gap.
However, the use of a secondary eectron emitter in a gas avalanche detector can provide a good
timing resolution due to the “ point-like” source of primary dectrons. The timing measurement system
is shown in figure 4(8). P10 gas, Ar/Methane (90/10), and *S source was used in this
measurement. This experiment performed at reduced gas pressure which was 30 torr, in order to
eliminate the possible primary source in the gas gap. In this system, timing filter amplifier (TFA) were
used for fast shaping time. The sgnd from each TFA were connected to condant fraction
discriminator (CFD) for accurate timing and the CFD signas were used as the Start and stop sgnds



in a timid to amplitude converter. The result is shown in figure 4(b). As expected, the Cd layer
improves timing of the coupled MSGC by alarge factor. The timing resolution for MSGC coupled to
acolumnar Csl was determined to 5.5 nsrms at reduced gas pressure, 30 torr.
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Figure 4: (8) Timing measurement system of MSGC when a columnar Cdl layer was used as a drift
plane (b) Timing spectrum at reduced gas pressure, 30 torr.

IV. Eedtric Hdd Smulation in aPardld Plate Geomery

Using the computer program Maxwell [7], we performed a smulation of the dectric fidd for a
pardld plane structure consisting of a columnar Cdl layer as the cathode plane and a meta- coated
glass plate as the anode plane. This geometry is shown schematicdly in Figure 5.
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Figure 5: A schematic of a columnar Cdl layer and metallic anode. V; is a voltage on the metdlic
anode, and V. isavoltage on the Csl cathode layer.

The smulation was performed for a columnar Cdl layer of 100 nm thickness, with a 125 mm gas
gap between the top of the Csl and the anode. Csl has aresistivity of 10 Wem, which is essentialy
smdl reldive to that of the gas media Therefore, we can assume that the columnar Cdl layer has
everywhere the same potentid. Using this modd, we determined the map of the eectric fidd lines,
which isshown in Figure 6.

Feld smulaion usng the 2D Maxwedl program provides an quditative understanding of the
columnar Cd operation. A map of the field lines, and the field strength near the top o the Cdl layer
are shown in Figure 6(a) and Figure 6(b). In Figure 6(b), the rdative fidd strength for the field
srength at the surface of the anode plane is plotted along a trgectory lying 1 nm above the top of
the columnar Cdl layer. The corresponding field strength a the surface of the anode plane is 6 10°
Vim.
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Figure 6: (8) Maxwell smulation of the eectric field, for 100 mm thickness columnar Cdl layer with

a 125 nm gas gap indicated (b) Caculated fidd strengths adong the dashed line, Inm above the top

of the Cd layer. The relative field strength is defined as aratio of the field strength at the indicated

point for the uniform field strength at the surface of the anode plane. The gpplied voltage on the
anode electrodewas 0V, and on the Al substrate of columnar Csl was 800 V.

The fidd drength on the tip of the columns is about 1.5 times higher than uniform value of fied
near the anode. Therefore, in the presence of an incident charged particle, the gas avdanche is most
intense near the top of Cdl layer. However, the gap between the columns does not have enough field
for gas avalanching to occur there, the fidld strength is much too small even to drift eectrons out from
between columns of the Cdl layer: the fidd intengity decreases rgpidly in the gap between the Cdl
columns. The reault is that only the secondary eectrons gected from near the tip of columnar layer
can contribute to the signdl.

It is predicted by this Smulation that the efficiency of the columnar Cdl layer is much smdler than
we expected, due to lack of contribution of secondary eectron coming from the columnar walls. To
verify this smulation, we measured the efficiency of a columnar Cdl layer for different thicknesses.

V. Secondary dectron efficiency measurements of the columnar Cdl layers.

Figure 7 shows the experimental system used for efficiency messurements. Beta rays from a *Sr
source. were directed onto the Cdl layer. A MSGC was used as a trigger to count only the high
energy (> 1 MeV) tall of the beta spectrum. The efficiency was defined as :

Count rateof coincidence
Count rateof bottomMSGC

Efficiency =
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Figure 7. Coincidence measurement system of detection efficiency of a columnar Cd layer. A
MSGC was used for a beta-ray trigger. The drift gap was 1.5 mm and the distance between MSGC
anode and cathode was 200 nm. V4= 1000V, V,=460V and V. = 0 V. A negdtive voltage, V.,
was gpplied to the Cdl subgtrate, and the anode voltage of the columnar Csl waskept at O V.

P10 gas was used for the measurement. The dectrons produced in the columnar Csl detector
arise from two different mechanisms. One source is gas ionization due to the beta-ray in the gap
between the anode and Cdl layer, and the other is the production of secondary eectrons from the
Csl surface by bombardment of the beta-rays. Figure 8(a) shows the resulting pulse height spectra
from the Cdl detectors. The pulse height analyzer (PHA) channd numbers are cdibrated in number
of collected eectrons. The collected average eectron numbers as a function of applied voltage for
100 nm and 400 mm thickness Cdl layers are shown in Figure 8(b), which the gas gap was 250 nm.
The maximum collected el ectron number before the breskdown was about 6” 10° for either Csl.
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Figure 8: (a) Pulse height spectra from 100 mm and 400 mm Cdl layers, usng *Sr source. (b)
Average number of collected eectrons from the columnar Cdl for two different layer thickness, asa
function of gpplied voltage.

The detection efficiency for 200 mm and 400 mm thickness of columnar Cdl layers as a function of
gas gap is presented in Figure 9. The beta particles enter the detector with 5 dip angle. The
efficiency values were measured in the plateau region found by varying V.

One can see tha there is little difference between the results for 100 mm and 400 mm Cdl
thickness, indicating that the sgnd does not come from within the body of Cdl layer. The efficiency
increases with the gas gap, and for al except the smdlest gap, the direct ionization of the gas
becomes dominant. However, a contribution from the Cdl secondary electron emisson is seen to
exis as the ggp Sze is extrgpolated to zero. From this result, we estimate that the efficiency of the
columnar Cdl layer alone to be about 6 % for layers of either thickness.
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Figure 9: Efficiency for 100 mm and 400 nm thickness of columnar Cdl layer as a function of a
different gas gap.



This confirms our smulation, which indicates that only the secondary electrons gected from the
end of columns can contribute to the signd, and this explains why the efficiency doesn’ t depend on
the columnar thickness

VI1. Discusson

The columnar Cd was initidly proposed as an efficient source of ionization for gas avdanche
micro-detectors. Since the incident charged particle intercepts many surfaces of the columnar layer, it
was hoped that the columnar structure would improve the secondary emission efficiency compared
to asingle layer. However, we found that the eectric field does not penetrate into the space between
Cd columns sufficiently to produce avalanches or to extract the secondary eectrons. Therefore, only
the secondary dectrons produced near the top of columnar layer can be detected, and our initid goa
with regard to using a columnar Cdl layer to provide an efficient secondary emisson source for
detection of charged particles was not achieved. This is due to the low efficiency of the columnar
region of the Cdl layer. Using a®Sr source, we measured an secondary emission efficiency of ~6 %
for the columnar layers.

In order to design a detector having high efficiency independent of incident angle, we suggest a
new technique congsting of arrays of holes in a subgtrate, with steep wall Sdes and secondary
emitter coatings. We have successfully fabricated hole arrays on a plastic substrate made of
polymethylmethecrylate (PMMA), using "deep X-ray lithography”, which is dso referred to as the
"LIGA process' [8].

The merit of this process is that a high aspect ratio (ratio of the subgrate thickness to hole
diameter), can easily be achieved, up to ratios of about 200. However, a more important property is
that a conducting coating can be placed upon the top and bottom surfaces, dlowing a strong electric
field to be created within the holes, strong enough to produce avaanches in the holes. Furthermore,
the walls of the holes can be coated with a secondary emitter, enhancing the performance. Figure 10
shows an example of this basic sructure. Another group has successfully tested a capillary plate with
asgmilar geometry, but using lead glass, and for a different gpplication [9]. Gas avdanche gains of
10,000 were obtained, demondtrating that this gpproach is sound.
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Figure 10: Schematic Structure of the secondary emisson gas avaanche detector with two gas
avaanche regions, bVpmma IS @ voltage across between the PMMA top and bottom. bV is a

Collection
plane




voltage across between the bottom of PMMA and the collection dectrode. The wals of the holes
are, in genera, coated with a secondary eectron emitter (e. g. Cdl).

Secondary dectron emisson from the walls of the holes and direct gas ionization in the holes will
initiate gas avalanches, and the resulting eectrons will be transported out of the holes and detected.
Egtimates based upon smulations using the GARFIELD program and direct caculations predict that,
even for large dip angles as large as 30°, efficiencies of nearly 100% will be obtained, and space
resolutions will be much superior to those obtained in a typicd MSGC for the same incident angle.
The latter improvement results from the much more compact source of primary eectrons (a factor of
five in the example below).

As an example, we investigate the design involving PMMA layer 600 um thick (0.17 % radiation
length), a hole size of 30 pm, and a pitch of 35 pm. If we consider a 30° dip angle of the incident
particle, then the number of holes crossed is nearly 10 , and the number of wall surfaces intercepted
is nearly 20 in this dructure. We have made the following estimate of the detection efficiency under
this condition.

At such an oblique angle to the hole walls, we expect a secondary dectron emisson efficiency
greater than that which we measured as 6 % (in agreement with other results) at norma incidence,
but we will use 6 % per surface as a conservative estimate for the purpose of this example. In
addition, gas ionization in the hole contributes about 18 % per hole &t this dip angle. For the ~30 %
per hole probability of obtaining an eectron, on average, and assuming each lead to detectable
avdanches, the mean number of holes with detectable sgnds is 3.0, and the overdl detection
efficiency is 95 %.

The measure of improvement over atypica MSGC spatid resolution may be gauged by the ratio
of sengtive gaps, ~3.0 mm for the MSGC, and only 0.6 mm for the present design, a factor of five
improvement. We expect the 300 um resolution measured for an MSGC with g, = 30°, to be
greatly improved with the present technique.

Figure 11 shows a smulation of a gas avdanche usng the GARFIELD program [10]. For the
smulation, an gpplied voltage across the PMMA produced an dectric field within the hole sufficient
to produce an avdanche, and an additiond field was provided for a "collection region”. A detector
could be placed after this collection region, or the detection should be done by collection electrodes
(strips or pads) placed directly at the exit of the LIGA holes.
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Figure 11: A smulation of agas avdanche using the GARFIELD program for aPMMA layer coated
with secondary emisson materid.

In the smulations, it was found that fields at least as large as 30 KV/cm were required within the
holes to sustain avaanches usng P10 gas. However, PMMA is cgpable of sustaining fields much
larger than this, and results are presented at this conference showing gains higher than 3,000 as
measured by our group using LIGA micro-hole arrays, having 150 nm hole diameter and 350 mm
thickness PMMA, fabricated at LBNL [8].

These smulations and measurements show good prospects for development of this type of gas
avadanche micro-detector, permitting a desgn without a drift region, and with very good detection
efficiency, space resolution, and timing characterigtics. The results obtained thus far will be the basis
for further study.
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