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A proposed new microstructure for gas radiation detectors: The microhole
and strip plate
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A new type of microstructure device for a gas radiation detector is proposed. This microstructure,
the microhole and strip plate structure, merges the structures of a gas electron multiplier and a
microstrip plate in one single plate. This design allows two-multiplication stages and a separation of
the sensitive and the detection regions, with full optical positive feedback suppression. Simulations
for gas gain and electron transparency of the microstructure are presented. Different applications are
discussed. ©2000 American Institute of Physidss0034-6748)0)04606-3

I. INTRODUCTION teristics that could not be met using only one of the above
. . . . mentioned structures. Like other microstructures, its applica-
After the introduction of the microstrip gas Chambertion can be important in areas such as high-energy physics

l i -
(MSGO)" several gas detectors based on microstructure dean d astrophysics.

x;clisgc;oqruhC:%i?éﬁ;?ﬂ':g%%;?fgﬁr’;gjcelz,f‘:ss Zraeve g%ir;:e' The proposed microstructure is intrinsically simple and
ped. P P based on printed circuit technologies. Its fabrication is

by etching single or several layers deposited on a SUbStratS'eing negotiateld for prototype development and testing.

Recentlzy, anew mcrostructure, the gas electron muIUphetrhe description of this structure and an overall review of its
(GEM), uses a thin polymer substrate covered on both s'deﬁotential applications will be described

by a metallic film with multiple micrometer size circular
holes produced by etching across both metal film and poly-
mer substrate. II. DESCRIPTION AND APPLICATIONS

While the microstructured plates are used as gas radia- This device can be fabricated using a polymer film metal
tion detectors with electron multiplication with direct charge coated on both sides. Using microlithographic-etching tech-
collection, the GEM structure is used as an electron multiniques, a microstrip structure is produced on one of the sides
plication stage and as an interface between different detectgthe microstrip ong being the cathode strips perforated
regions without direct charge collectidnthe GEM is gen- through the plateFig. 1). The holes can be made either
erally combined with a separated amplification/charge colslotted or circular. The other side is a metallic film with
lection device, usually a microstrip platSP). perforated holes made along the cathode strips, i.e., it is an

The development of these microstructures resulted fromunstructured grid. With a suitable difference of potential ap-
the requirements of tracking systems for the next generatioplied between the grid side and the cathode strips, electrons
of high-luminosity colliders, but applications in such diverse coming from the region above the grid sittee drift region
fields as mediciné, high-energy physic3® x-ray  will be focused toward the holes crossing the MHSP. The
astronomy, energy-dispersive x-ray fluorescence analfsis, electric field inside the holes can be high enough to allow
and photosensots’ have been successfully implemented. A charge multiplication. With a suitable difference of potential
comparison of the characteristics of different micropatternsipplied between the cathode and anode strips, the electrons
and of combinations of micropatterns, in cascade, is preemerging from the holes are deflected toward the microstrip
sented in Ref. 11. A recent review of the different micro- anodes where a second multiplication occurs. Where position
structures and their applications can be found in Refs. 12 anghformation is needed the grid electrode of the MHSP can be
13. structured to have the second position coordinate, as depicted

In this work a new microstructure device, the microholein Fig. 2. In this application circular holes are preferably
and strip plate(MHSP), which merges the MSP and the ysed.
GEM characteristics in a single plate, is presented. Although A possible application of the MHSP as an x-ray detector
involving similar physical processes as GEM and other miis depicted in Fig. 3. The x ray interacts in the sensitive
crostructures like microstrib,microgap}* CAT,'® well,’®  volume, between the radiation window and the MHSP grid
and microgroov¥ plates and Csl MSP photosensBithis  plane. The resulting primary electron cloud drifts toward the
microstructure presents two independent charge multiplicamMHSP structure suffering charge multiplication both in the
tion stages and optically detaches the charge multiplicatiomole region and in the microstrip region. Two multiplication
and collection region from the electron drift region, charac-stages are thus available and a high gain is achieved. This
allows reducing the MHSP microstrip voltage to values
“Author to whom correspondence should be addressed; electronic maiafely below sparking thresholds as in the case of the GEM
jmf@saturno.fis.uc.pt with separated MSGC devidé?!?
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- FIG. 3. Proposed x-ray gas detector using the MHSP.

OlymerSUbStmt < tocathode material, like Csl, is evaporated onto the MHSP
anode grid electrod€® The electric field in the photocathode sur-
~"

metal Tayers (microstrip structure) cothodes face should be such as to allow the extraction of the pro-

duced photoelectrons as well as its drifting toward the hole

FI_G. 1. Schematics of the new MHSP microstructure proposed in this WO”?egion. For this desigfiFig. 4(a)] the use of the two multi-

with slotted holes. plication stages is possible since neither of them is seen by
the photocathode. However, for the semitransparent photo-

Another possible application, depicted in Fig. 4, resultscathode desigfFig. 4(b)] the full feedback suppression can

from the capability of having the MHSP operating as anonly be obtained without the first multiplication stage since

ultraviolet (UV) photosensor with full optical positive feed- otherwise the photocathode would see the photons emitted in

back suppression. This optical feedback is usually mediatethis stage.

through the photons emitted in the electron multiplication ~ The operation of the photosensor in the reflective mode

processes. Two different operation modes are presentemn be used as a windowless photosensor, integrated directly

which use a reflective or a semitransparent photocathode. Far the scintillation gas. The development of integrated pho-

the UV photosensor operating in the reflective mode a photosensors without optical positive feedback is very important
for applications such as fast RICH detectaaad gas propor-
tional scintillation counters®

lll. SIMULATION

To evaluate the electron transmission and gain of the
MHSP working under different conditions a two-
dimensional(2D) electric field simulatdtt was used. The
electric field lines and the gas gaB) achieved by the elec-
trons drifting along these lines were calculated with a special
software program(FLO2)?? by numerical integration of the
expression

gt InG= f “a(E)ds,

So

S

: where a(E) is the first Townsend coefficient for the filling
5 gas which depends on the electric field inten&tyand the
::> ( ;> ¢ ; curvilinear integral is calculated along the electric field line
: ’ ' ‘ coordinates from the starting electron positiosy until end-
FIG. 2. Schematics of a MHSP as in Fig. 1 but with circular holes, struc-iNg in the microstrip anods, . Th|§ program UseE_x anf_j
tured for 2D position sensitive applications. E,, the electric field components given by the 2D field simu-
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FIG. 4. Proposed UV photosensors using the MHSP in two different opera-
tion modes:(a) with reflective andb) with semitransparent photocathode.

lator. Due to the 2D nature of the program only the slotted
holes version of the MHSP was simulated.

For the simulation model the considered dimensions of
the MHSP were chosen, taking into account the technical
characteristics of a standard flexible printed ciréBia 50
um Kapton film with 5 um thick copper layers on both | |
sides, a 320um pitch, 40 um wide anode, 15Q:m wide 0 80 160 (um)
cathode with slots with a wedge cross section 10 wide ’

?n the tOp and 8Qum wide in the neckFig. 1) Electric field .. FIG. 5. Calculated electron paths for the MHSP fég=—-350V, V,
intensities of 0.8 and 2 kV/cm were considered for the drift—500 v, and for electric field intensities of 0.8 and 2 kV/cm for the regions
regions above and below the MHSP, respectively. The gasbove and below the MHSP, respectively.

assumed to fill the chamber was pure xenon at atmospheric

pressure and the data fafE) was taken from Ref. 23. A set

of 30 electrons uniformly distributed starting at 240n In Fig. 6 we present the calculated results for the abso-
above the MHSP grid plane and 20 starting at a position lute gain G, and anode electron collection efficieney,

um above the MHSP grid plane were followed in their path(number of starting electrons/number of single electron ava-
until they were collectedFig. 5). lanches collected in the microstrip angdes a function of

-300
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FIG. 6. Calculated results for the ab-
solute gainG, and anode electron col-
lection efficiencyee as a function of
the difference of potential between the
slotted grid and the cathode electrodes
Vg and for anode to cathode voltage
differencesv, of 300, 500, and 700 V,
assuming electrons start either in the
drift region or else 1um above the
grid plane.

the difference of potential between the grid and cathode eleaion and electrons starting close to the grid electrode surface

trodesVy, and for anode to cathode voltagés of 300, 500,

and 700 V. In Fig. 7 the gain and the anode electron collec-

tion efficiency are calculated as a function \¢f for V,=

are presented in Figs. 6 and 7.
The calculated results show the potential of a MHSP
operating in the proposed modes, as an x-ray detector and as

—350V. Results for both electrons starting at the drift re-an UV photosensor. For x-ray detector operation mode the
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