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ABSTRACT

This paper describes the results of detailed field calculations for
a parallel-plate spark counter. “The computer code SAM for two-
dimensional geometries based on a solution of Bound Integral Equa-
tions by a collocation method was used. An accuracy of electric field
calculations is 1072, Typical execution time for one electrode geom-
etry is less than 60 s on a PC-486. This allowed us to optimize an
electrode shape and estimate influence of defects at an electrode sur-
face on electric field. The results of the calculations are important for
a choice of a spark counter design and technology for spark counter
mass production.

© Budker Institute of Nuclear Physics, Russia

1 Introduction

A spark counter with a localized discharge (Pestov counter) [1] has been
proposed as a base for the TOF system at the ALICE detector, CERN [2].
The time resolution of this TOF system should be at the level of 40 — 70 ps,
the total number of counter channels 170 000 at the total counter area about
150 m2.

The spark counter consists of two parallel plate electrodes separated by
a gas gap. A special gas mixture is used to absorb photons from a spark. To
localize discharge after each spark at least one of the electrodes is manufac-
tured from high resistive matter. A readout signal is induced by a spark on
pads or strips placed on the back side of a high resistive electrode.

The time resolution of the spark counter improves with increasing of an
electric field in the gap [3]. The time resolution of 25 ps was obtained at an
electric field of about 600 kV/cm [4]. This value of the electric field is close
to the experimental limit of an autoelectron emission from a cathode. Right
choice of an electrode shape is important because any free electron injected
from a cathode always produces a background spark.

Very high electric field could also appear on defects of electrode surfaces.
Influence of electrode surface quality on the electrostatic field and ways of
decreasing of defect influence on spark counter characteristics are discussed.

The electric field in the spark counter gap produces a high mechanical
pressure, which could bend relatively thin electrodes and change electric field
at some electrode regions. Different values of electric field produce different
delay time of a breakdown relatively a detected particle. If the electric field in
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the spark gap would be a constant with an accuracy of few percents all over
a spark counter area, the full area time resolution would be practically equal
to the local one [1]. To minimize the pressure effect of electric field spacers
fixing the counter gap size are placed between electrodes but not out of the
gap. Basing on the results of the field calculations and previous practical
experience of work with the counters we compare different types of possible
spacer designs.

The results of the electrostatic field calculations are discussed from the
point of view a spark counter design and choice of a technology for mass
production of spark counters.

2 Programming details

A description of the computer code SAM used for field calculations can be
found in ref.[5]. This code for two-dimensional electrostatic problems is based
on a solution of Bound Integral Equations (BIE) by a method of collocations
with an aim to obtain surface charge distribution. In this method an effective
charge density on an electrode surface is described by a cubic spline interpo-
lation of charge density values in collocation points. As a result, the initial
BIE are reduced to the system of linear equations for unknown values of the
charge density in collocation points.

An important advantage of this program is a fast speed of calculations of
the electric field strength on an electrode surface because it is just propor-
tional to the surface charge distribution.

The high accuracy of calculations is achieved by an analytic separation
of singularities of a BIE kernel in collocation points. For the same aim an
analytic description of singularities of the electric field on electrode edges as
well in places of contact of electrodes with dielectrics is used.

Special calculations showed that the calculation accuracy was limited by
a value about 10~3. This number is a result of an rough approximation of the
electrode shape by a limited set of simple geometrical figures realized in SAM.
A cone and a tore were used for an axial symmetric problem and a plane and
a cylinder — in the case of a plane problem. However this accuracy is good
enough for determination of an optimal geometry of the counter electrodes.
Effective algorithms, realized in SAM allowed to produce all calculations on
a IBM PC-486 computer. Typical execution time for one electrode geometry
is less than 60 s.

3 Results _
3.1 Choice of an electrode edge shape

An electrode edge shape must prevent from background discharges which
could be initiated by increasing of the electric field. The well known Rogowski
electrodes provide an almost homogeneous electric field in a central area
between of two special shape disks, which decreases monotonously to the
electrode edges [6]. : | ok

In practice, unlike the Rogowski electrodes, spark counter electrodes should
be plane on the whole and differ from a plane near their edges only. At this
case the electric field always increases to edges but our task was to find an
electrode shape, which provides permissible increasing of the electric field
value. :

Fig.1 shows a cross-section of half infinite spark counter electrodes by a
plane, which is perpendicular to the electrode edge line. Beginning of a local
X — Y-coordinate, connected with each electrode coincides with a point on
the electrode cross-section where an electrode shape starts to deflect from
the direct line. X-coordinate is a continuation of this line and directed to
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Fig. 1. Cross-section of the non-symmetric electrode design. The flat
electrode and the opposite electrode with an edge shape of Y = XV (X,Y
in mm) at N = 2, 4, 6 and 8 (from 1 to 4 in this figure, respectively) are
shown.




an electrode edge. A direction of Y-coordinate is opposite to the gap side.
An edge shape for the X > 0 was described by a formula

Y =XV, (1)
where X and Y are the coordinates expressed in millimeters and N is a
constant. Changing the N value we obtained different electrode edge shapes,
which started from the beginning of a local X — Y-coordinate system and
_cross a point X,Y = 1 mm (Fig.1).

At the case of the non-symmetric electrode geometry one electrode was
flat and the second one was shaped (Fig.1). At all calculations presented
at this paper a thickness of electrodes was equal to 2 mm and a gap size
— d = 0.1 mm. The flat electrode had rounded corners with a radius of
r = 0.1 mm. A shape of the second electrode started to deflect from a direct
line at a Xo = 0.8 mm distance from the edge. This distance value is a result
of performed calculations with an aim to minimize a dead area of the spark
counter. :

First calculation has been done for the identical position of the edges of
both electrodes (AX = 0, Fig.1). The electric field was calculated for an
electrode edge shape given by a formula (1) with a N constant of 2, 4, 6 and
8. Fig.2a and Fig.2b show the electric field on the surface of the shaped and
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Fig. 2. Electric field on an electrode surface of the shaped (a) and flat (b)
electrodes for the non-symmetric electrode design (Fig.1). The flat electrode
has rounded corners with a radius of r = 0.1 mm. The opposite electrode
has an edge shape of Y = X~ (X,Y in mm) at N = 2, 4, 6 and 8 (from 1
to 4 in this figure, respectively). The electrode displacement of AX is equal
to zero. A thickness of electrodes D = 2 mm and a gap size d = 0.1 mm.
Beginning of a X — Y-coordinate is set at a distance of Xo = 0.8 mm from

the shaped electrode edge.

flat electrodes, respectively. Here we used the local coordinate system of the
shaped electrode as the main one. The electric field on the shaped electrode
surface has visible 5% increase as compared with the electric field in the
gap (Fig.2a) for the edge shape (1) with N = 2. The electrode shape with
N = 4,6 and 8 provide electric field increase less then 1%.

Independently of the used shape of the opposite electrode the electric field
on the flat electrode surface decreases from a maximum value inside the gap
to a minimum one close to the edge and then increases slightly due to the.
influence of the corner of the flat electrode (Fig.2b). It is important that the
electric field value on the surface of the flat electrode be everywhere less or
equal to the gap field one.

Field lines for the electrode shape (1) with N = 4 are shown in Fig.3.
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Fig. 3. Field lines for non-symmetric electrode design (Fig.1). The

shaped electrode has an edge shape of ¥ = X* (X,Y in mm). Other condi-
tions coincide with Fig.2.

In practice, a position of the edges of two electrodes could differ. At an
electrode displacement AX = (+0.1) mm (Fig.1) the electric field on the
shaped electrode does not practically change from Fig.2a (AX = 0). Fig.4a
demonstrates the electric field on the surface of the flat electrode with a
different edge shape at AX = (—0.1)mm. Here we also used the local co-
ordinate system of the shaped electrode as the main one. Comparing the
results of this calculation with Fig.2b (AX = 0) one can see that main
changes of the field appeared near the corner of the flat electrode. However,
the electric field value is still less than the electric field in the gap. For the
electrode displacement AX = +0.1 mm the field behavior near the corner of

i




B/Eo T S oty
1.0

0.8
- 0.6

b)

1 i L A i s {] i ¥ 1 1 i " =
-02 C 02 04 06 08 X(mm) 02 0 02 04 06 08 10 X(mm)

Fig. 4. Electric field on an electrode surface of the flat electrode. The
electrode displacement of AX (Fig.1) is equal to (—0.1) mm (a) and +0.1 mm
(b). Other conditions coincide with Fig.2.
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Fig. 5. Electric field on an electrode surface of the symmetric electrode
design for an electrode edge shape of Y = X" (X,Y in mm) at N =2, 4, 6
and 8 (from 1 to 4 in this figure, respectively). The electrode displacement
is equal to zero. A thickness of electrodes D = 2 mm and a gap size d = 0.1
mm. Beginning of a X — Y-coordinate is set at a distance of Xp.= 0.8 mm
from the electrode edge. '

the flat electrode improved in comparison with the AX = 0 case (Fig.4b).

~ Similar calculations of the electric field were done for the symmetric elec-
trode geometry at the electrode shape (1) with N of 2, 4, 6 and 8 (Fig.5).
The position of the edges of electrodes coincided at this case. For the elec-
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trode shape (1) with N = 2 increase at the level of 2.5% above a field value
in the gap was obtained. For other types of the edge shape field increase is
much less than 1% of the electric field value in the gap.

A relative displacement of the edge position of the electrodes by 0.1 mm
changes the electric field on the surface of both electrodes making new field
distributions quite similar to the distributions for the non-symmetric elec-
trode geometry. Fig.6a shows the electric field on the surface of the electrode
with the short edge. This distribution is similar to Fig.2a. The electric
field on the surface of the long electrode decreases monotonously to the edge
(Fig.6b) similar to Fig.4b. The main coordinate system coincides with the
docal one for the short electrode in this case.
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Fig. 6. Electric field on an electrode surface of the short (a) and long (b)
edges of the symmetric electrode design at a displacement of edge electrode
positions by 0.1 mm. The main coordinate system coincides with the local
one for the short edge electrode. Other conditions are the same as in Fig.5.

3.2 Defects of the electrode surface

Defects on the electrode surface could be a source of high electric field. De-
fects with a size about the gap value of d = 0.1 mm could be locally shaped
to decrease electric field. As one of examples we considered deflection from
a set surface shape in the form of a step, which could be produced during
manufacturing of electrode edges by a tool. Fig.7 shows the electric field
distribution on the electrode surface for a step shape given by a formula (1)
with a height of H=0.01 mm (Fig.8). For higher H values a field distribution
near the shaped step practically coincides with the field near the counter edge
(Fig.2a).
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Fig. 7. Electric field on an electrode with a step having a shape of Fig.8.
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Fig.. 8. Cross-section of a step on the electrode surface with an shape
of Y = XV (X,Y in mm) at N = 2, 4, 6 and 8 (from 1 to 4 in this figure,
respectively). -

Casual single defects on an electrode surface with a size much less than
the gap value of d = 0.1 mm could appear. They could be a result of an
electrode matter structure, a method of surface treatment, polishing process
or an evaporation of conductive matter on an electrode surface. Since the
electric field depends on a surface shape of defects, the following calculations
for one type of the defect shape should be considered as rough estimation
of their influence on field.. We calculated the electric field produced by a
scratch, a hollow and a conductive pin on a flat surface of electrodes.

Fig.9 shows a shape of a scratch cross-section used for calculations. That
is a smooth curve, having a depth H with respect to the electrode plane and
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formed by four identical parts of a circle with a radius R. We supposed that
a hollow is a cylindrical surface formed by the described above curve at an
axis rotation coinciding with a symmetry axis of Fig.9. A pin cross-section
has the same shape as a hollow but with a peak directed to the gap side.
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Fig. 9. Cross-section of a scratch on the electrode surface.
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Fig. 10. Electric field near a scratch (a), a hollow (b) and a conductive
pin (c) on an electrode surface.

Field distributions on a surface of an electrode with different types of de-
fects are demonstrated in Fig.10. It is clear that a conductive pin is the most
dangerous defect on an electrode surface. The calculations showed that field
distributions do not practically depend on a scale of a defect (R/H=constant)
if the height H of a defect is much less than the gap size d = 0.1 mm. So,
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any sizes of small defects are equally dangerous. A maximum electric field
value Epay of these distributions versus a ratio of a defect size to its height
(Lo.s/H) is shown in Fig.11. Near a defect area, field increase of less than
5% is obtained for a Lo s/H ratio of 12 for a hollow, 20 for a scratch and
60 for a conducting pin. These numbers help us to estimate quality of the
electrode surface for the spark counter application.
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Fig. 11. Maximum electric field near a scratch (a), hollow (b) and con-

ductive pin (c) on an electrode surface in dependence on a ratio of a defect
size to its height (Lo s/H) at small H/d (Fig.10).

3.3 New spacer design

Spacers fixing the counter gap size are placed between electrodes to minimize
the pressure effect of electric field on the spark counter electrodes. In previous
spark counter designs few types of spacers were successfully used: one type
of a conductive spacer and two non-conductive one’s.

A conductive spacer was a flat disk with a thickness equal to a counter
gap size (Fig.12a) [7]. A direct current going through a spacer and a high
resistive electrode decreased monotonously electric field from a maximum
value up to zero near a spacer. This electric field behavior prevents from
breakdown discharges near a spacer area.

The first type of a nonconductive spacer design was a flat non-conductive
disk with a gap size thickness (Fig.12b) [8]. To prevent from breakdown
discharges, at the semiconducting glass electrode just opposite the disk edge
a circle groove was produced so that the electric field at this area was lower
than the discharge threshold value.
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Fig. 12. Different types of a spacer design: a) conductive disk; b) non-
conductive disk; ¢) non-conductive pin; d) non-conductive ball.

The second type of a nonconductive design was used at the spark counter
prototype for the ALICE TOF system (Fig.12c) [4,9]. An insulating glass pin
with a diameter of 1 mm was glued in a hole drilled in the semiconducting
glass electrode. The pin height with respect to the electrode plane was equal
to a counter gap size. A smooth hollow around a pin decreased electric
field around a pin and prevented from background discharges along the pin
surface. : .

In spite of the number of already used spacer designs we are not completely
satisfied by them from point of view of a combination of next three criteria:
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a) a design should provide only permissible increase of the electric field
value near a spacer;
b) alow efficiency dead area around a spacer should be as small as possible;

c) a spacer design should be convenient for mass production and counter

. assembling. -

A new spacer design (Fig.12d) is very similar to the previous one (Fig.12c).
Instead of pins we plan to use dielectric balls with a 1 mm diameter at its
. accuracy of few microns. These balls are now commercially available at a
cheap price [10]. Besides that an electrode has not drilled holes for spacers
saving smooth the back electrode side.

To provide only permissible increase of the electric field near a spacer we
chose a hollow wall shape around a ball-spacer using the algorithm described
in a section 3.1. Beginning of a local X —Y-coordinate in Fig.12c is placed at a
distance of Ry from the hollow symmetry axis. X-coordinate is a continuation
of the projection line of the electrode flat part on the cross-section plane and
directed to the hollow center. A direction of Y-coordinate is opposite to the
gap side. A surface shape for X > 0 is described by a formula (1), where X
and Y is the coordinates expressed in millimeters.

Dependence of an electric field on the X-coordinate was calculated for a
hollow shape given by a formula (1) with N of 2, 4, 8 and 16 and Ry = 1.5 mm
(see Fig.12c). A ball with a diameter of 1 mm is assumed to be a perfect
insulator with a relative dielectric strength constant ¢ = 2.5. Fig.13a and
Fig.13b show distributions of an electric field on the electrode surface of the
shaped and flat electrodes respectively. For the hollow shape given by a
formula (1) with N = 2 and N = 16 the electric field value at the shaped
electrode surface (Fig.13a) has visible increasing as compared to the electric
field in the gap. The hollow shape (1) with N between 4 and 8 provide
electric field increase less than 1%. The electric field on the plane electrode
(Fig.13b) decreases from a maximum value to a minimum one and than
increases slightly due to influence of ball dielectric property.

A low efficiency dead area around a spacer is defined by a ball diameter
value of 1 mm and Ry (Fig.12c), which could be minimized for each hollow
shape. For an electrode shape (1) with N = 4 the Ry value is equal to
about 1.4 mm. Equal potential lines for an electrode shape (1) with N = 4
and Ry = 1.4 mm are demonstrated in Fig.14. At these conditions Fig.15
shows the distribution of the electric field on the electrode surface of the
shaped electrode. In the same figure the field distribution for the case of the
conducting spacer design with a conductive disk diameter of 1 mm is shown.
The new space design provides a dead area around spacer about 4 mm? that
is much less than the 20 mm? dead area around a conductive disk spacer.
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Fig. 13. Electric field around a ball spacer (Fig.12d) (a) on the electrode
with a shape of Y = XV (X,Y in mm) at N =2, 4, 8 and 16 (from 1 to 4 in
this figure, respectively) and (b) on the electrode surface of the flat electrode.
A gap size is equal to 0.1 mm. Beginning of a local X — Y-coordinate is set
at a distance of Ry = 1.0 mm from the spacer center.

4 Discussion

Let us first compare two types of an electrode geometry having symmetric and
non-symmetric edge shape, which were investigated in section 3.1. An elec-
tric field distribution on the electrode surface for symmetric electrodes looks
preferable (Fig.5). However a small electrode displacement of AX = 0.1 mm
makes these two geometries equivalent. From the point of view mass pro-
duction accurate manufacturing of an electrode edge shape could be not
simple. Small defects at edges could produce high electric field and following
breakdown discharges. It was found experimentally that the spark counter
is more sensitive to defects on a cathode than on an anode surface. That is
understandable because any electron injected from a cathode always produces
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Fig. 14. Equal potential lines around a ball spacer (Fig.12d) with an
electrode having a shape of Y = X* (X,Y in mm). Beginning of a local
X —Y-coordinate is set at a distance of Ry = 1.4 mm from the spacer center.
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Fig. 15. Electric field (a) on the shaped electrode surface at a ball spacer
(Fig.12d) and (b) around a conductive disk spacer with a diameter of 1 mm
at a semiconducting electrode thickness of D = 2 mm (Fig.12a).

a spark. Initiation of a breakdown by a defect on an anode surface is a more
complicated process [6].

Therefore at some conditions the spark counter design with a plane cath-
ode and a shaped anode could be simple and practical. This conclusion con-
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cerns also the spacer design where a hollow around a non-conductive spacer
should be produced at an anode electrode rather than at a cathode one (see
section 3.3).

For practical simplicity shapes of an electrode edge and a hollow around
a spacer should be identical at their cross-sections because at this case it is
possible to use the same tool for their manufacturing. Summarizing previous
calculation results we concluded that the electrode edge shape described by a
formula (1) with N = 4 is the best. To minimize a dead area around shaped
parts of electrodes beginning of a local X — Y'-coordinate is put at a distance
of 0.8 mm from an electrode edge and 1.4 mm from a hollow center.

All previous calculations with the edge shape described by a formula (1)
are valid for the spark counter gap size of 0.1 mm. If the gap size differs in K
times from this value, the same field distribution could be obtained for the
edge shape following a formula of ¥ = K'-N.XN (X and Y - in mm).

The calculations showed enormous influence of the electrode surface qual-
ity on the electrostatic field. Conductive pins at a electrode surface is the
most severe problem because they produce the highest electric field compared
with another type of defects. A technology of electrode surface manufactur-

. ing should exclude a pin formation completely. Possible relatively large size

defects of hollow and scratch types could be in principle smooth by pol-
ishing. A final depth of these defects should be 20 times less than their
width. Calculation showed that even very small size defects could produce
a high electric field. Most probably, experimentally obtained decrease of a
background counting rate after first switching on a counter high voltage is a
result of electrode surface treatment by sparks [1}. Of course this treatment
could really influence on small size defects only due to a limited spark energy.

In section 3.3 different types of a spacer design were investigated from
the point of view of an electric field distribution. These calculations and
results of previous practical experience of work with the counters lead us to
following conclusions. Disadvantages of the conductive spacer design are a
large dead area and difficulties during a counter assembly procedure. A direct
current through a spacer during counter operation is also undesirable. The
design with a non-conductive disk has assembly problems. The demgn with
a dielectric pin or ball type spacer has a small dead area of about 4 mm? and
it is convenient for a counter assembly. We think that the new design with a
dielectric ball spacer will be the simplest and cheapest one.




5 Summary

The main conclusions of this paper are: p
1. Spark counter electrodes must be rounded near edges and nonconduc-

tive spacers to exclude breakdown discharges. A simple shape of an electrode

surface at these areas has been proposed. An electrode surface should curve

from a plane proportionally to a linear coordinate along a flat part electrode

would be less than 1% of a field value in the gap.

2. The most simple and practical spark counter design should consist of 1
a flat cathode electrode and a shaped anode one. ‘g_

3. A technology for electrode manufacturing must exclude completely
conductive pin defects on an electrode surface. Hollow type defects should
be smooth with a ratio of their width to depth about 20.

4. A new convenient spacer design based on a dielectric ball has been
proposed. '

_surface in a power of 4: Then increase of the electric field at these areas T
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