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ABSTRACT. A numerical study on three dimensional field configuration of a structasedbon the
concept of Gaseous Electron Multiplier (GEM), namely THick GEM (THGHEM} been carried
out using nearly exact Boundary Element Method (neBEM) solverioMardesigns of this multi-
plier device have been studied to examine the effect of the geometricaleantidoal properties of
the structure on its field configuration.
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1 Introduction

The intensive research and development on gaseous detector in atbatimerecent advent in
micro-lithographic techniques has introduced a new genre of detectiacedggommonly termed
as micro-pattern gaseous detector (MPGD). The MPGD’s, owing to theirstitel design, are
able to provide spatial resolution of the order of few tens of micro-metedsfamction in ex-
tremely luminous environment of present day accelerators. The adeariégigh rate capability,
reasonably good space, time and energy resolution, high gain, graeatiut in addition to ra-
diation hardness and low material budget make these detectors useful ist alinine modern
experiments where identification, tracking and imaging of particles are esuir

Within the broad family of MPGD’s, Gaseous Electron Multiplier (GEM) can lassified
as one of the major inventions. It is a novel concept of multiplying primarytreles by making
them pass through a potential difference of a few hundreds of voliegbacross a thin sieve of
tens of micro-meter thicknesg][ The device is basically a thin polymer foil coated with metal
on both sides and etched chemically to make a two dimensional array of hglegpBcation of
suitable voltages on the conducting sides, a strong dipole electric field isageménside these
holes. The electrons released by the primary ionization on one side ofitdaftdowards it under
suitable electrostatic condition and undergo avalanche inside the chaefas émerging on the
other side. The design of the GEM with its simplicity and robustness has b&antadeous in
many ways. It can focus primary electrons into the hole efficiently andnréitise secondary ones
resulting from multiplication inside the hole. As a result, it can be used as saseanplification
stage in single or cascaded mode depending upon the requirement tdhsodstector gain. It,
thus, allows for optimization of the readout electrode according to the sigce$the application.



Recently, a device known as THick GEM (THGEM), has been develogied similar concept
of amplification B]. With dimension magnified by a factor of 5-50 in comparison to GEM it can
be manufactured economically by mechanical drilling of holes with diameter it gf a few
hundreds of micro-meters on a Printed Circuit Board (PCB) of similar thiekn&Vith the same
operation principle, it can offer better collection efficiency due to its ladij@ension of the hole
in comparison to the transverse diffusion range of the electron. Owing toojegies of efficient
electron transmission and collection, the THGEM can be used in cascadedlit®GEM in a
device which leads the device to achieve higher gain with lower bias voltageH@EM stage
and thus a better operation stability.

A detailed numerical study of electrostatic field configuration of a THGEMde&s reported
in this paper. This has been carried out in order to understand thedispenof the field configura-
tion of a device on its physical features. The effect of varying eathesfe features on the electro-
static configuration has been studied individually. This kind of study maysb&ulin optimizing
the design of a new device as well as interpreting the performance ofistmgone. The com-
putations have been carried out by using a field solver, namely the negady®oundary Element
Method (neBEM) B-5] based on a novel formulation of the Boundary Element Method (BEM).

2 TheneBEM

The Boundary Element Method (BEM) is one of the moderately popular ricahe@nethods that
can be used to solve for various properties of a physical systemrggdry partial differential
equations, such as the Poisson’s equation. It may be noted here thidlypdise most popular
method in this regard is the Finite Element Method (FEM). In electrostatics, tihé &fimates
potential, field and other properties of interest in a device by superimpdsgngfluence of the
charge density distributed over the boundaries of the device. Theectiangities are solved for by
satisfying the Dirichlet/Neumann type boundary conditions for the givercdélrough the imple-
mentation of a suitable Green’s function formulation. The neBEM solveraisksed form expres-
sions of the potential and the field obtained from the symbolic integration of teen® function
of a uniform charge density distributed over flat triangular or rectamdndandary element. The
elegant analytic formulation of the method enables it to yield very precise estinwdtibe poten-
tial and electric field with remarkable near-field as well as far-field acyuva detailed discussion
on the advantages of the neBEM compared to numerical methods like staBidgtréind FEM
while simulating the field configuration particularly in gaseous detectors mayumel fin 68|

3 Numerical model

The THGEM device considered for calculation has been modeled by ugiegaic replication
of a single module. A typical THGEM module is made from a standard PCB d Gle (relative
dielectric constant 4.5). The thickness of the board.#& @m, metalized on each side with a
copper coating. The thickness of the copper layer which can vary $rerti7 um is taken to be
5 um. The diameter of the hole that is mechanically drilled on the PCB3grin. To avoid the
edge discharge, the copper along the periphery of the hole is chemicdibdetw remove sharp
conducting edges. This has been found to result in higher gain in THG&Mel The width of the
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Figure 1. A representative module of THGEM as considered in the ¢aicun with segmentation of its
surfaces. The discretization into right angled triangplémitives are shown for a few cases.

dielectric rim surrounding the hole isDmm. A potential difference of.@ kV is applied across
the electrodes of the module.

A representative module of the THGEM as considered in the calculation isteépn fig-
ure 1 which also shows the segmentation scheme adopted while modeling the geomety in th
pre-processing stage of the solver. It may be noted here that, in ne@&BMhree-dimensional de-
vice is assumed to be composed of a number of flat surfaces called primitivese surfaces can
be right-triangular or rectangular. Thus, in the pre-processing stageevice of interest needs to
be segmented into right triangles or rectangles. The circular hole of theEMHI@as been repre-
sented by a polygon of 16 sides. The conductor and dielectric sultiavesbeen segmented into
right-triangular or rectangular primitives depending upon the shape ofgteiminary sections.
The segmentation scheme for the triangular primitives is illustrated (usingaléisbg for a few
representative cases on the top and bottom electrodes and rims, redpeltirther discretization
of the primitives has been done using a scheme>oB3lements in general for all the rectangular
and triangular primitives. The total number of the elements in the module thusdwzsad 13200.
Finally a periodicity of 5 has been used with a pitch of m to generate a matrix array of 1.1
of such THGEM modules.

4 Numerical tests

The accuracy of the result is of serious concern in the numerical metiiadk can not offer ex-
act solution like analytic ones. Apart from the inherent formulation of the atettoncerned, the
choice of parameters in geometrical modeling is crucial in this regard. Thiddbe done judi-
ciously to optimize computational expenses while maintaining necessary eg.clirdhe present
work, several numerical tests have been conducted to validate the parsuthat have been used
in the modeling of the THGEM case.
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Figure 2. Electric field along the axis of the hole of the central THGEMt for different periodicity ().

A periodicity of 5 in both theX andY-directions has been implemented here to model a
THGEM device. It is important to verify whether the periodicity is sufficiemt €anceling the
device edge effect. A series of field calculation has been performed iretasd for periodicity
ranging from 0O (single module) to 7. FiguBeshows that the use of periodicity of 5 is justified
as the field values for different periodicity,converge well within this limit. This also leads to a
comfortable compromise between the accuracy and the amount of computation.

It has been examined whether an alternative simplified geometry with largetaagio to the
THGEM hole can be used to represent the field distribution of the same. iBquutpose, a field
calculation has been carried out for a large THGEM module with all of its dimmensaltered,
except the electrodes that have been extended by 10 fold. This makesdiuée size comparable
to a THGEM device with hole periodicity 5. The calculation is indicated separgtéhe figure2.
When compared to the result of periodicity of O where the contribution of ¢hvécd edge should
be large, this proves that a large module may be sufficient to cancel tlecedfégt. However,
although it leads to substantially small computation, use of such an artificially haoglule fails to
represent the actual field configuration obtained by using a periodatsteu As can be seen from
the figure2, it actually overestimates the field. This happens because of the over-satwifi of
the geometry which now tends towards a parallel plate structure.

Representation of a hole is another important aspect from the viewpoiatwfecy related to
the geometrical modeling. FiguBshows the electric field calculation for several polygons used to
represent the THGEM hole. Since the result for 16 and 32 are quite thestormer one has been
opted for the present calculation without compromising the accuracy. stawiial reduction in
computation could be achieved by the choice reducing the matrix dimensior286&8 to 13200
for a single THGEM module.

5 Results

The computation of the potential and electric field for the THGEM devicesrithestbelow has
been carried out with modeling parameters like periodicity and polygon setesntined by the
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Figure 3. Electric field along the axis of the hole of the central THGEMdule for different polygon
sides §).
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Figure 4. Potential distribution in THGEM module.

numerical tests described above. The potential distribution across thenbaitface (alongk-
direction) and along the axis of the hole (aloAglirection) of the central THGEM module are
shown in figured. It shows the obvious trend of attaining minimum at the centre of the hole and
gradual increase in the value as the electrodes are approached.

Figure5 shows the estimated electric field along the axis of the THGEM module at its centre.
It shows an extension of the field well out of the hole into the adjacent vaurfiee field calcu-
lation using MAXWELL, an FEM solver, for the same design is plotted in the &qs reported
in [9]. The difference between the two results may occur primarily due to the catherethods
used for estimating the field distribution. A relevant discussion on the re&sodisagreement be-
tween the field calculations following the FEM and BEM may be foundijrv[ 10]. A few more
possible reasons are the geometrical modeling and the boundary cond#gams the respective
calculations. The modeling used in case of the neBEM calculation with justificaitibieir choice
has been discussed in the previous section. However, those ug}dhas[not be explicitly men-
tioned and may be different from that used here. In addition to that, nodaoy condition has been
imposed in the present geometry in terms of other external electrodes likerdrillection ones



50

40

30

20

E, (kvicm)

/" Hole length

No drift/collection

With drift/collection —-~ -~

C. Shalem et al.[9]

-10 ;
- 0.5 1

Figure 5. Electric field along the axis of the hole of the central THGEMdule. The calculation of the
same reported irf] is included.

E; (kv/icm)

%
36 32
34 30
32 28
30 26
28 24
26 22
24 20
22 18
20
18

2

0.15

-0.

1
-0.05
0
X (mm) 0.05

Figure 6. 3D electric field in theXZ-plane inside the THGEM hole.

except for the result presented in figie The calculation has been carried out for a stand-alone
THGEM stage which can be used in a single or cascaded mode in a gagsaes On the other
hand, the FEM calculation like MAXWELL needs to specify device boundaekselectric field
therein as the boundary conditions to perform the calculation. The rdsnttloding a collection
electrode with a voltage of.@ kV at 1.0 cm below the bottom electrode of the THGEM in the
neBEM changes the field in the collection volume as is evident from the fiyukéowever, the
presence of a drift electrode at a potentialdf.1 kV at 1.0 cm above the top electrode does not
affect the distribution in the drift region.

The three dimensional surface plot of the electric field in Xt#plane inside the THGEM
hole is illustrated in figuré. It shows a saddle shaped distribution within the hole which implies a
greater electron multiplication towards the edges of the hole for a givent@teonfiguration.

An investigation on the design parameters has been carried out systematiaaligerstand
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Figure 7. Electric field inside the THGEM hole as a function of holerd&ter,d.

their role in the electrostatic field configuration of the device. The resultseostidy are pre-
sented below.

1. Hole diameter: A systematic study has been conducted to observe the effect of theechang
in the diameter of the THGEM hole on the electric field inside the same. Keepinghée o
parameters unaltered, the diameter has been changed over a ran@elfrom to 04 mm.

In figure7, the field values along the hole axis and across the hole are illustratedratiariu

of diameterd. Figure7(a)shows a decrease as well as spreading in the field distribution as
the hole diameter increases. This implies that the electron multiplication typicallydsxten
out of the hole as the diameter increases. In figi(l®, three different lines represent the
variation of the field at the centre of the hole, at locations halfway betweenehtre and
the edge and lastlylQdm away from the edge of the hole, respectively. This indicates the
shape of the electric field distribution across the hole within its length. It slzofafiing
trend of the electric field at all the locations as the hole diameter increasesydm with a
faster rate at the centre in comparison to that near the edge. So at largetet, chances of
electron multiplication near the edge increases in comparison to that at the. déoivever,

the overall multiplication factor reduces due to a reduction in the field values.

2. Rim width: The electric field variation with the change in the rim widih,is depicted in
figure 8. The variation of the electric field distribution along the axis of the hole is illustrate
in figure 8(a) which shows a drop in the field as the rim width increases. It can be noticed
from comparing the figur&(a)to the figure7(a)that the effective change in the field value
is the same for a change in either of the hole diameter or rim width. It indicates ihéhe
diameter of the hole on the electrode, including both the hole diameter and thdadim w
that influences the field value within the hole. Fig8(b) shows the field values at the same
three locations across the hole at its centre. Here it is evident that the fa#timg) in the
field with the increase in the rim width is almost similar everywhere. So, the iseli@ahe
rim width does not affect the shape of the field distribution significantly irtreshto what
observed in case of hole diameter. Thus, it may be said that the shapecod$sesectional
field distribution is affected by the hole diameter alone while the field value atehtrec
depends on the resultant of both the hole diameter and rim width. It can e@lsotized
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Figure 9. Electric field inside the THGEM hole as a function of the kmess of the PCH,

that a change of about 20% in the field value may be obtained at the cetitelufle for a
change of 20Qum in the hole diameter on the conductor.

. PCB thickness. A study has also been carried out for observing the effect of chiarfg€B
thickness. In figur®, the variation of the field along the axis of the THGEM hole and across
the hole due to a change in the PCB thickness are plotted. The electric fielloLdistr along

the hole axis for different thickness of the PGBs illustrated in figuré(a)while that across
the hole is in figuré(b). Here, an opposite trend in the field distribution can be noticed in
comparison to what has been observed in case of hole diameter. Hefie|dhewards the
edge falls at a faster rate in comparison to that at the centre while the thédkriesreased.

It indicates a decrease in the depth of the saddle shaped distribution witlinlgheHence,
with the increase in the dielectric thickness, less electron multiplication towardsltfeeis
implied.

. Potential: The change in the potential applied on two electrodes of a THGEM module can
affect the electric field in a way as shown in figur@(a) The field distribution along the
axis of the hole for several potential differencee, is illustrated which shows a dip in the
field as the difference is decreased. The trend of the cross-sedildalistribution can be
obtained from the figur&0(b) where the field values at the three said locations across the
hole are plotted as a function of the applied potenttal Both the figures show the obvious
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increase in the field value as the potential is raised. An increase in the aleuittplication
towards the edge of the hole is implied from the figli@€b)with increasing potential.

6 Computational resources

The computation of electric potential and field of various cases for the TWI@Bdule has been
carried in a blade server housed in HP C3000 enclosure. These liakbes) to the product
category ProLiant DL463c G1. There are five blades each having ®&d gore intel Xeon with
clock speed 2.3 GHz, 16/32 GB RAM, running RHEL 5.2.

7 Conclusion

The 3D electric field distribution fora THGEM module has been estimated usimgBEM solver
which yields very precise potential and field estimates for any given gepmghe parameters
of the present geometry model has been determined by performing Iseverarical tests. A
periodicity of 5 and a close representation of hole with a 16-sided polygea heen found to be
reasonably accurate without being prohibitively expensive computéiiona

The effect of the variation of different geometrical parameters haga besely studied. The
details of the change in the axial field distributions along axial and radiadtaires have been dis-
cussed in the light of the results provided by the neBEM. THGEM being a npiatt@rn device
with complex micro-structures and having a substantial amount of dielectricialateits struc-
ture, necessitates a thorough study on its electrostatic field configurationmarical solver like
the neBEM is expected to be very effective in the design and interpretdtsuch devices.
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