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The Micro-Hole-and-Strip Plate Gas Detector:
Experimental Results

J. M. Maia, J. F. C. A. Veloso, R. E. Morgado, J. M. F. dos Santos, and C. A. N. Conde

_Abstract—We report the performance characteristics of a new  Anewmicrostructure, the micro-hole-and-strip plate (MHSP)
microstructure, the micro-hole-and-strip plate (MHSP), operated [3], [4], was conceived as a combination of the features of the
initially as an X-ray proportional counter. The MHSP combines MSP and the GEM in a single microstructure. Like the GEM,

the features of a microstrip plate (MSP) and a gas electron multi- . . . . L
plier (GEM) in a single microstructure. Like the GEM, the MHSP the MHSP can be fabricated using flexible printed circuit board

is fabricated using flexible printed circuit board technology. The (PCB) technology. As designed, the MHSP provides two inde-
MHSP provides two independent charge-amplification stages: a pendent charge-amplification stages: the slotted holes, operated
first stage consisting of slotted holes, operated as a GEM, and gs a GEM (first stage); and the MS anodes (second stage), which
a second stage, the MSP anodes, that also function as the finaly 4 fynctionas charge-collectionelectrodes. By dividing the gain
gzz{gﬁf ?gllzcg%r;ﬁligtt;clygi?hT\m;o'\%lgu:nt:)%nee?(t)scaac;(r:]gjfefr\?cm;glg between two stages, MS anode-to-cathode voltages can be well
can be maintained well below the breakdown threshold and the Delow the breakdown threshold while the total gain is already ad-
charge-amplification stages are optically isolated, in anticipation equate for X-ray spectroscopy in a gas detector.

of future applications as a photosensor. Full electron transmission By optically isolating the two gain stages, we hope to eliminate
and total gains up to 1000 were achieved, with slotted-hole gains asq |imjtation of positive optical feedback in a future application

high as 14. The best energy resolution achieved thus far for 5.9-keV .
X-rays is 23%. Measurements of gains, electron transmission, and ofthe MHSP asaphotosensor. Photosensors based on microstruc-

energy resolution, as functions of biasing voltages, are reported. ~ turesthatoperate withinthe gas envelope of a proportional scintil-
lator counter have great appeal for applications that require com-

pact and rugged radiation sensors capable of operation in high
magnetic fields [5]. Our previous investigations of photosensors

|. INTRODUCTION based on microstructures [6] showed that positive optical feed-
SI(NCE the introduction of the micro-strip gas chambeback resulted when the UV light produced in the avalanches in

MSGC) in 1988 [1], microstructures with different ge-2n€ region is viewed directly by a photocathode surface. This ef-
' ;pgct limits the gain to values too low for useful photosensors.

Index Terms—Gas electron multiplier, microstrip gas chamber.

ometries produced by photolithographic methods on insulati ) i S
substrates have been investigated. The primary motivation id 1or to investigating the future prospects of the MHSP as

to develop radiation gas detectors for tracking systems in tﬂé)_hqtosensor, we evalua_teq its fundamental operating charaf:-
next generation of high-energy-physics collider experimenf§/stics as a charge-amplifying system. We present the experi-
In all cases, amplification is derived from a charge avalancﬁée'?tal results of the first of a series of flrst-generathn MHSP

in the intense electric field near the micro-strip (MS) anodes ¢SI9ns operated as a proportional counter for detecting X-rays.

voltages near the limit of electrical breakdown.

More recently, the gas electron multiplier (GEM) [2] based
on flexible printed circuit board technology was introduced. The MHSP was fabricated with advanced flexible PCB
GEMs are arrays of sub-millimeter holes etched through a thigchnology (Fig. 1). Limitations in present photolithographic
polymer substrate with isolated conductors deposited on eaebhnology [7] required a compromise between the original
side. Charge amplification occurs in the avalanche producedsign specifications and what was realizable in practice. Con-
when electrons are accelerated through the intense electric fisddjuently, we believe our present results, although promising,
within the holes. GEMs usually require an additional chargeepresent the minimum performance characteristics of the
amplification/charge-collection stage, frequently a microstrigesign and can be markedly improved with a second-generation
plate (MSP). MHSP that not only matches the specifications of the original
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ch-ﬁlgg When operated as a proportional counter, the entrance
2k window and the back surface of the detector are biased nega-
i ¢ ¥ 2 7 tively with respect to the MHSP.
' ) o Btivle A schematic of some field lines within the detector are shown
iE, in Fig. 3. X-rays of energy,. interact by the photoelectric effect
m i primarily in the 3-mm drift regiond, , to produce a cloud a¥,

primary electrons
E,

G T N= L @

wherew is thew-value of the fill gas.

m -:'___ The primary electron cloud drifts toward the MHSP slotted

holes under the influence of the electric fidlgd, established by

K B i V1. As the cloud approaches the MHSP, the electric field estab-
b MS-sid lished byV},.1. accelerates it through the slotted holes. If the field
..U._. SO . . | A — is sufficiently intense to establish the conditions for an avalanche,
i ——— a charge gain(¥or., is obtained. The electrons emerge on the
— - ol T other side of the MHSP and are directed toward the MS anode
e e e o B s i under the combined influences¥f., Vio1., andV ..
m At the anode, the charge is further amplified resulting in a
- f total gainG,
ro— i — G = Giote % G @)
£ hade ': whered is the gain of the MS anode. The total gain is a func-
§ I ——— tion of the several biasing voltages and the fill gas.
. Afraction of the incident X-rays will interact in the 3-mm drift

'__— region,d., below the MHSP. The primary electron clouds from
e e e ——— these events will only experience one stage of charge multiplica-
- . tion, G, atthe MS anode resulting in pulses of correspondingly
smalleramplitude Thesetwodistinctly differentevents enable the

determination of the gain due to the slotted hakgs,. as
Fig. 1. Photomicrographs of (a) the front surface side and (b) the MS side of G
1

an MHSP.
G wle — - 3
hole = - ®3)
total active area is 4.5 5.0 cnt. For structural integrity of the ~ X-rays from a*>Fe source 87% 5.9 keV,~ 13% 6.5-keV

microstructure, the slotted holes were limited to 2 mm in lengtX-rays), collimated to 2-mm diameter, were used throughout
this work. The collected charge from the anodes was integrated

IIl. OPERATION and preamplified in a Canberra 2006 charge-sensitive pream-

EIITII'I.'I

MHSP, it was operated as a gas proportional counter. Othgy) ang pulse-height analyzed in a 1024-multichannel analyzer

modes of operation, including the primary motivation as a UM\/ICA). The experimental system was calibrated to allow abso-

photosensor in a gas proportional scintillation counter, will hg;o charge-gain determinations.

considered in future works. The detector was filled with high purity argon, xenon, P-10
A detector schematic is depicted in Fig. 2. The MHSP strugmng argon/xenon mixtures at a presgure 800 Torr (106 kPa)

tureis mounted_on aframe Iocated_ between two parallel cond%-d continuously purified by convection through SAES ST707
tors that comprise the entrance window and the back surfacegghers_

the detector. There are two 3-mm drift regiods; between the = ¢, peak-amplitude and energy-resolution determinations,

entrance window and the front surface of the MHSP, @nde- pulse-height distributions were fit to a Gaussian superimposed
tween_ the M_HSP and the back surf_ace of the detector. on a linear background.
Variable bias voltages are established between several struc-

tures of the MHSP:
» Vg1 in the drift region between the entrance window and ]
the MHSP front surface; A. Fill Gas Mixtures
* Vhole between the MHSP front surface and the MS cathodeg§;he first task was to determine a fill-gas mixture that would
» V.. between the cathodes and anodes of the MS; provide the highest gain in the MS for the lowest applied voltage
* V2 in the drift region between the MS cathodes and thg,;, between the MHSP front surface and the MS anodes. This
back surface of the detector. voltage is the sum of the voltagé$... + Vac. In the present

IV. EXPERIMENTAL RESULTS AND ANALYSIS
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Fig. 2. Schematic of the MHSP-based detector.
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Fig. 3. A schematic of few field lines present within the detector. . .
voltages above 380 V. A mixture of Ar-5.8% Xe was determined

design, the MHSP substrate thickness and the quality of P the best choice from among those studied.

etching limit the total sustainable voltage between the MHSP BY Opérating the MS with,. = 280V, a gainG:; of approx-

front surface and the MS anode to around 500 V. Consequentijately 35 was achieved. S ,

a lower value for the MS anode-to-cathode voltage, for a Having selegte_d an appropriate fill gas, attention c_ou_ld then

given gainGs, allows the differenceli,o., to be applied in the turn Fo determining the b_est performance characteristics as a

hole region. This was necessary due to the poor etching quaiftjfiction of the several adjustable bias voltages.

the large MS anode, and the small gap between MS anodes and ) ,

cathodes which all combined to limit the attainable MS gaifi- MHSP Effective Gains

prior to the onset of breakdown. The slotted-hole gain as a function g, is determined by
The method to determine the best gas mixture involved medaking the ratio of the total gairfy;, for events absorbed above

suring the MS gain(zs, as a function oV, with V},,.c = 0V. the MHSP to the gair(,, for events absorbed below the MHSP
The results for the fill gases that were considered in this stu@B). The results for all three gains are plotted in Fig. 5 for the bias

are shown in Fig. 4. The solid lines are intended to serve onlgltages indicated. We note that the gé&lg also increases with

as a guide to the eye. For each mixturg, was increased until Vi, Since the voltage difference between the front electrode

the pulse-height distribution becomes distorted due to micrand the anode strips has an effect on the field intensity at the

discharges. The experimental data illustrate the characteridti& anode, an effect already described for MSGC [8]. Gains

exponential variation of charge avalanche processes in MSBkapproximately 12, 75, and 900 can be reached for the hole,

However, positive feedback is noticeable in pure argorifpr MS, and MHSP total gain, respectively, with stable operation.
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lower drift region of the detector for which charge multi-

plication occurs only at the MS anodes;
» an Ar K-fluorescence escape peak.
The gain in the MHSP slotted holes can be deduced from
the ratio of the pulse amplitudes of peak-1 and peak-2. For
the bias voltages indicated in Fig. 7, a gain of 5.1 is attributed
té)”the slotted holes alone. The SNR and energy resolution for
%eak—l are 35 and 23% while for peak-2 they are 7 and 33%,
respectively.

The variation in energy resolution as a functionlgf,. is
i o : plotted in Fig. 8. The best energy resolution for the present
Vac and Vi studied. The slight increase Gluole With Vae, o p design and quality of fabrication was 23% at 5.9 keV.

for constantVy,.1., is due to the increase of the electric fiel : : : o
. L ) . - . urther increases in hole gain lead to deterioration of the resolu-
intensity in the hole exit region, an effect similar to the increase

of the electric field withV,. at the cathode surface of an MSP. lon, I|ke_ly.due to f|eld-.em|S.S|on m|cro?d|.sch_arges that increase
the statistical fluctuations in the multiplication process. Other

limitations on the energy resolution are attributed to nonunifor-
mities in the structure of the anodes, cathodes, and holes as a

Fig. 7 shows the pulse-height distribution of 5.9-keV X-raysesult of the fabrication process. Nevertheless, at this stage of
measured with an Ar-5.8% Xe mixture at 800 Torr for the biadevelopment, this value compares favorably with the 15% value
voltages indicated. The salient spectral features include:  obtained with a standard gas proportional counter.

Hole gains as high as 14 were measured, limited only by the
maximum value of the sum 6,1 + V.. that can be sustained
across the 2%+m polymer substrate.

In Fig. 6, the total gain@;), MS gain (72), and hole gain
(Guole) are depicted as functions df,. for different Vi,
values. As expected, an exponential trend is observed in
cases. Additionally, the behavior exhibited by the total ga
curves for the differentV} . values indicates that MHSP
electron transmission is independenti@f. for the ranges of

C. Energy Resolution
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(G1/G, ratio is a measure of the MHSP electron transmission
for Viele Values below the onset of multiplication. Viae (V)

For values ofV4,.1. below the multiplication threshold, the (0)
centroids of the pulse-height distributions for each type of evefg. 10. G, /G, ratio as afunction of th&,.;, for (a) Ar-5.8% Xe gas mixture
need to be determined by subtraction since they both occur watH! (b) pure argon.
approximately the same amplitude and are not resolvable. To . ] o
do this, the field in the drift region above the MHSE;;, was (0) pure argon gas fillings. A maximum transmission is
set to a negative value guaranteeing no transmission thro@ifieved abi,qi. values as low as 5 and 10 V with a plateau
the slotted holes. This allows the centroid for events that occ@f€nding up to approximately 15 and 35 V for each mixture,
below the MHSP be determined without interference. The§@SPectively. As expected, the plateau is larger for filling gases
events, normalized to the same data acquisition time, are tH#n higher ionization thresholds.
subtracted from the pulse-height distribution obtained when the' "€ dominating influence of the MS anode voltagg,, on
field in the upper drift region is set to its nominal value. The ceffansmission is apparent as good transmission is achieved even
troid for events that occur above the MHSP is then determintf Vhol_e :_0 V. ) o
from the difference of the two distributions. At still higher values ofV},,1., exponential behavior is ob-

1) Dependence o, : An optimum value of;; was first served indicating the onset of charge :_amplifi_ca}tio_n ip .the hole.
chosen by investigating the, /G- ratio as a function oV The dependence ofelectroq tran§m|§5|oWQCn|s |nS|gn.|f|cant
for several values o, below the multiplication threshold @S Shown by the results depicted in Fig. 6. A change in the elec-
(Fig. 9). For this study, P-10 gas was chosen for its higher ioffOn transmission witf¥,. would resultin a departure from the
ization threshold (Fig. 4). Fig. 9 shows a maximum transmi§XPonential dependence exhibited Gy.
sion plateau that increases withy,j.. Maximum transmission is )
reached fol/;; ~ 8-30V at Vi = 0V and forV,, ~ 2-sov E- Operational Dependence dfy,
at Viole = 35 V. The same trend is also observed for GEMs We studied the variation of the detector response as a func-
[5]- Intuitively, maximum transmission is established when thion of the reduced field in the drift region behind the MHSP by
pulse amplitudes for events above and below the MHSP are aprying the voltagéd’.. Choosing a suitable electric field;, in
proximately equal foG,.. = 1. In reality, absorption events this region can effectively eliminate pulses due to X-ray interac-
above the MHSP are known to experience slightly higher multions in thed, drift region. However, an electric field that drives
plications at the MS as a result of their different trajectories, asimary electrons away from the MS electrodes may also have
predicted by simulations [9], [10]. At still higher values¥if;, a deleterious effect on the pulse-height distribution of the X-ray
the MHSP electron transmission decreases due to the increadimegractions that occur in the region above the MHSP, and this
loss of primary electrons to the MHSP front surface electrodeffect required further investigation.

2) Dependence on,... The data in Fig. 10 depict the In Fig. 11, we present the results of the relative gain&'of
G1/G. ratio as a function of¥},.. for (a) Ar-5.8% Xe and andG», normalized td/, = 0V, as a function oV, for several



880

b =800 Torr (Ar-5.8%Xe). 5.9 keV ( “Fe)
Ve (V) Viaie(V); Veelimit (V)

10 L ©300; 180; ~-55 4o

6 0 250; 180; ~-40 Gy Q‘)“
© 250; 200; ~-35 °

5 280; 200; ~-45 : 5
T 4 280; 200; ~~
O o9 g o"” 090
[} o [}
2 8 >
= A =
S o S 3
4 hid

08 F o 0.8

Eqlp =0.033 V.em ™ Torr™!
0.7 : . s : ! 0.7
160 -140 -120 -100 80 60 -40 20 0

Fig. 11. Relative gainé’; andG., normalized td/. = 0 V, as a function of
V. for several different values df,. andVi,o1c.
600 | '
G,G,=45
300 |
0
0 200 400 600
600
©
c
c
©
2
£ 300 |
c
o
O
o
0
0 200 400 600
{c)
400 F -
200 } .
0 i L
0 200 400 600

Channel Number

Fig. 12.
mixture atp = 800 Torr, with V.. = 300V, Vioe = 180 VandE4./p =
0.033 V.cm~*.Torr—1, for three different’, voltages: §) V. =0V, (b) V. =
—40Vand € V. = —60 V.

different values o¥/,. andV},... The pulse amplitudes of X-ray
interactions in thel, drift region is seen to decrease rapidly with [°]
V., eventually disappearing below the noise level at a limiting

valueV, that increases with,. and decreases with,.1.. Pulse-
height distributions for thd,. = 300 V, W, = 180 V at

three different’, voltages are shown in Fig. 12. We note that the
elimination of pulses resulting from X-ray interactions in the

Pulse-height distributions for 5.9 keV X-rays and an Ar-5.8% Xe gas
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drift region is achieved with less than 5% reductiordp, i.e.,
in the pulse amplitudes for X-ray interactions above the MHSP.

V. CONCLUSION

The operational characteristics of the MHSP have been
demonstrated. Hole and total gains of 12 and 900, respec-
tively, are achieved with stable operation. Maximum electron
transmission through the slotted holes is achieved at nominal
operational settings. A minimum energy resolutior~o23%
is achieved at 5.9 keV fof# o1 ~ 6.

It was shown that by selecting appropriate value&gf the
drift region behind the MHSP can be rendered insensitive to
X-rays absorbed in it without affecting the overall performance
of the MHSP.

The limitations in present photolithographic technology
required a compromise between what was specified in the
original design and what could be realized in practice. Conse-
guently, we believe our results, although promising, represent
the minimum performance characteristics of the design and can
be markedly improved with a second-generation MHSP that
not only matches the specifications of the original design more
closely but also exhibits a higher quality of etching uniformity
and reproducibility.

Other modes of operation, including the primary motivation
as a UV photosensor, will be considered in future work.
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