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ABSTRACT

We describe the recent developments on the diamond-like carbon (DLC) over-coated
Microstrip Gas Chambersade ondrawn glass substrates. MSGC surfaoating with thin
DLC layer of stable and controlled resistivityas proposed t@vercome the limitation of
detector operation due to surface charging-up under avalanches. This brings also advantages for
the detector manufacturingchnology.The thinlayer, deposited on top of manufactured
MSGC (over-coating), demonstratescellent mechanicgroperties and very good stability.
We report on recent measurementg¢h DLC over-coatedMSGCs of varioussurface
resistivities (ranging from $Q/0 to 10°Q/0) on D-263 and AF4§lass substrate©ver-
coatedMSGCsexhibit goodrate capabilityfor the resistivity of thesurface around 20Q/0.
Stable operation up to 50 mC/cm of accumulated chdrge avalancheshas been
demonstrated.
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1. INTRODUCTION

Microstrip Gas Chambers (MSGC) [}ith their high electrode granularity are intrinsically
capable to detect ionizing radiation efficientlyith good localization accuracy. The relatively
short ion collection time of the detector makes it possible to achieve stable operatiorvarg to
high radiation ratesHowever,for detectors manufactured on boro-silicgflass substrates, the
effect of charging up of the insulating surface between the metallic strips by the accumulation of
ions from avalanches makes the gain rate-dependent even at moderate radiation fluxes [2].

It has been demonstrated also that drift of the glass substrate resihiwity ion migration in
the electric field (substrate polarization effect) results irtinae-dependent gain dropthus
degrading the performance of the detector withifeva hours after applying the voltage [3]. The
technical solution to overcome the limitations due to badtarging-up and polarizatiomelies on
coating the surface of the support of M&GC with athin layer of materialwith low but stable
electric conductivity. The thin film should be chemically compatilth the gases used for the
chamber filling, it shouldresist to the chemicals usetliring the photo-lithography process to
form the electrodes and it should have good adhesion to the metal strips.

A very reliable and promising solution using tidimmond-like carbon (DLC) coating of the
glass before the metal structure engravimas developed and substantial improvements of the
detector operation stability and durability under high avalanche rates have been demoftrated
The resistivity of the surface can lentrolled during thePlasma Assisted ChemicMapour
Deposition (PACVD) [5] process in the range of values from td010° Q/0. The thin DLCfilm
is also mechanically very hard.

The idea of using the same technique of coating to cover the final structure of electrodes
engraved on the glass is quite natural. From the detetdmufacturing point oiew, the over-
coating solution has several advantages over the undercoated version. The thin film protects very
fragile and very delicate structure of electrodes against accidental mechanical damages and
possible corrosion during the detector assembling, storage and operation. It alskabhe
cleaning procedure easier and safer. The possibility of correcting defects of the engraved metallic
structure before the final diamond coating is also very attractive.

Some doubts exist on the medium dodg-term effects of charges on the coating. The
capability and long-term stability didiamond” over-coated Microstrip Gas Chambers on glass
support were studied and are here discussed.

2. DETECTOR AND EXPERIMENTAL METHOD

For all described measurements we have used a standard MSGC design [(d@+8)
100*100 mni sensitive area, a strip width D0 pm for cathodes and {m for anodeswith a
cathode-anode pitch of 10Q0m (center-to-center). The structures of chromiwgtrips were
engraved on a glass supports 300 thick and coated by Plasma Assisted Chemi\éapour
Deposition (PACVD) process with DLC films of 500 A and 1000 A thickness and vasiatiace
resistivities. The desired value of resistivity is obtained using a proprietary doping techhology

Two t)ypes of substrate materials were tested:

+ D-263” boro-silicate drawn glass of low alkali contemtz ~3*10° Qcm,
 AF-45% modified boro-silicate alkali free drawn glagsz ~2*107 Qcm.

The detector structure mounted on thetallic plate (grounded during operation of the
detector) with a stainless-steel grid as drift electrode at 7 mm disfieimestrip plane habeen
enclosed in gas tight stainless-steel box with @@0aluminium window of the sizeorresponding
to the dimensions of the detector. Negative polarity voltagee applied to the grid in order to
provide the drift/charge-collection field; cathode stwpsreconnected together and to thégh
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voltage source through a 10Mprotection resistor. Anode strips in groups of 20, kepgoound
potential, were individually accessible for read-out.

The chambers were tested with Argon - DME (50:50) in ofj@w and clean conditiongonly
vacuum-grade materials like stainledsel,aluminium, glass and ceramiegere usedor detector
box construction and gas mixing system [6]). An X-ray generator delivering the iron fluorescence
line of controlled intensity has been employed during the high rate irradiation.
During the long-term irradiation measurements the double beam method has been used (Fig. 1).
The radiation flux from the X-ray generatovas collimated simultaneously otwo groups of
strips of the MSGC; the radiation intensity on the one of grouaslowered by inserting &hin
metallic absorber on the front of it. Thus one could obtain the ratio of intensities in the high- and
low-irradiated area of about 10. Each group had independent electronic read-outDuany
long-term exposures, pulse heights from high (pkl) lamd(pk2) irradiatedMSGC areaswere
monitored every 15 minutes at momentaribwvered radiation flux in the MSGC. Avalanche
currents on the high voltage strips and on the drift electregle measured at the highadiation
flux. Assuming that ageing does not occur in the low-irradiated section, the pulse height from this
area serves as a reference for long-term gain stability measurement in the highly irradiated region.
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Fig. 1. Sketch of the double beam set-up for long-term measurements.

Additionally, a single wire proportional counter was operated in the same gas line following the
MSGC. Theinformation from thelow irradiated area of the MSGC arftom the singlewire
counter permit to correct the pulse height from the area exposed to high radiation flux, for the
effects of temperature, pressure and gas composition fluctuations. Pulse height fluctuations in the
MSGC,that are caused by variations of the external parameters may be larger thatu26¢o
the continuous test of several months.

The detailed description of the long-term measurement technique and the procedure of
corrections is given in [7].



3. MEASUREMENTS AND RESULTS

The operation of the over-coateblSGC appear to be similar to theperation of the
undercoated one having the same structure of electrodes and resistivity of the slifflr@ices
in the operation may come from charging up of the surface of the coated electraderges
from the avalanches igas, if thecoating exhibits the features of an insulator. The presence of
local insulating spots would result in progressive modification of the amplifying electric field in
the vicinity of the strips. A large fraction of ions produced in the avalanches are neutralized on the
cathode strips; in presence of locally insulating centers, the surface may chardbusp,
modifying the electric field and degrading the charge avalanche process.

The effect of charge accumulation on the surface of the detector should appear agexrmahort
degradation of the charge gain under irradiation; iBlso expected to worsen thenergy
resolution of the MSGC.

3.1. Uniformity of the surface resistivity.

The uniformity of surfaceesistivity of the MSGC plates hdeen verified on a probe station
before the assembly of the detector. The voltage® applied to individual electrodethrough
needles connected to the voltage source and to a picoamperometer. For a strip length of 100 mm,
surface resistivity up to 10Q/0 can be reliably measured on our probe station.

Measurements made on the over-coated microstrip plate on AF45 support cgdoch
uniformity of the surfaceesistivity, reported already for the undercoatpldtes [8], obtained in
the PACVD process. The value of the surface resistdédgiuced from the resistanceeasured
between individual anodes amkighboring cathodes idose to desired one (0Q/0) with a
dispersion below 50% at the base of the distribution (Fig. 2). Such variation ofutifece
resistivity at the level of 10 /0 does not cause significant nonuniformities of the detegéon

[9].
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Fig. 2. Surface resistivity of the over-coated MSGC on AF45 glass substrate.



3.2. Charge gain of the detector.

Charge gain at the level of 6*¥1fhay be achieved for moderate drift field of 480mm (Fig.
3). Discharges observed under irradiation set the maximum voltage allowed on the cathodes of the
MSGC (~610 V). It should be noted that in tlemase of the over-coated MSG&tcidental
discharges do not result in damages or shorts between anodes and cathodes.
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Fig. 3. Charge gain as a function of cathode voltage.

The over-coated MSGC becomes operational immediately after applying the voltages. Even for
surface resistivity around /0 no conditioning is needed. The pulse height spectbtained
for a 6 keV X-rays fronTFe, atmoderate radiatiorrate, withthe over-coated MSG®@iith the
resistivity of the surface=2*10" Q/0 demonstrates the stability of the chargultiplication
process (Fig. 4). The energy resolution at the charge gain M cld@® is 20%(FWHM). For
the MSGCs with high surface resistivity (in the range df ©®80) the energy resolution is similar.
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Fig. 4.5°Fe pulse height spectra recorded for two cathode voltages.



3.3. Effect of drift field.
The current of positive ions from avalanches is shared between the cathode strips @uifl the
electrode; the sharing depends on the drift field strength (Fig. 5).
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Fig. 5. Avalanche current sharing between the cathodes and the drift electrode vs drift field.

For drift field close to 600//mm, about 70% of ion currenflows to thedrift electrode. The
results presented in the figure 5 welgained in the range of drift fields up to 68mm only,
because of a limitation on the maximum voltage on the drift electrode caused by discharges on
the high voltage connector. One can estimate that at the drift field of 1 kV/mm (required for fast
charge collection and in order to minimize the error of the position measurememhgnetic
field) about 80% of ions from avalanchedl flow towards the drift electrode. Large iamurrent
towards the drift electrode at high drift fields is typical for MSGCs.

The charge gain of the MSGC is also sensitive to the strength of drift field for given voltage on the
cathodes [10]. Result presented in figursh®ws that adrift fields above 400v/mm thecharge

gain increases. In the figure, the cathode and drift currents are shown, as well as the total avalanche
current, as a function of the drift field. The cathode and the drift curnegte measured
independently; theotal current, sum of théwo partial currents, corresponds to tleéectron

current flowing to the anode; it is a measure of the charge gain in the MSGC.
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Fig. 6. Avalanche current as a function of drift field in the MSGC.



In the range of applied drift fields, charge multiplication in the uniform electric field in the gap
was not observed foAr-DME(50:50) gas mixture. The effect of the increase of charge gain for
large drift fields hasgts origin in the strengthening of the electric field in the vicinity of the
anodes.

Higher drift field may be advantageous, resulting in lower ion current to the cathode strips and
thus, possibly extend the chamber liflme, under the assumption that ageing is due to attack of
the electrode surface by ions or the deposit on cathodes of polymerization products.

3.4. Rate capability.
Stability of the charge amplification process of the MSGC at increasing rates of avalanches is
of great importance for detector operation in a high radiation environment.
The rate capability measurements, performed for an avalanche 2z6*af0° electrons show
that the charge gain of the over-coated MSGC is constant for rates upHa/hf for resistivity
of the coating film up to few times T0Q/0. For both, AF45 and D-263 supports the gedmies
less than 5% up to the maximum delivered rate of 2HA/mnt (Fig. 7).
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Fig. 7. Relative gain as a function of rate measured for MSGCs with different coating resistivities.

For higherresistivity of the coating, an increase ofiarge gainwith irradiation rate was
observed. In the case of the MSGC D263 coatedwith the DLC layer of2.2*10"° Q/00 and
operated at the same charge gain measured for the avalanche’retem@¥, the gain increases
by ~40% at the rate of $Hz/mnt and has the tendency to increase furtiéh the rate. This
effect is different from the usual degradation of the charge gain reported for MSGCs made on the
boro-silicate glass and on the semiconductive substrate of high resistivity [11]. This increase of the
detector gainwith rate may provoke instabilities of detectoperation (discharges) d&tigh
radiation flux operating at high gain. Frothis point of view the resistivity of the surface of a
coated MSGC should not exceed few time¥ Qa0.

3.5. Long-term stability of an over-coated MSGC

The long term stability of the over-coatddSGCs hasbeen studied systematically. The
chambers operated at charge gain of M=1000, measured at the avalanche ratézaim®, have
been exposed to intense, continuous flux of the X-ray generator. Figure 8 shows the results of the
long-term irradiation of two over-coated MSGCs, on D-263 and AF45 supports. The MSGC on D-
263, having surface resistivity &f.2*10"° Q/00, wasexposed to the detected radiation flux of
3.3*10° Hz/mnd, resulting in the current density of 22 nA/mnkor the MSGC on AF45vith



surface resistivity of 4.5*19Q/[1, the avalanche current density was 14 nAfniDrift fields were
set to 420 V/mm and 350 V/mm, respectively for detectors on D-263 and AF45 supports.

The long-term behaviour of over-coatddiSGC appears clearly aftemormalization of the
pulse height in the highly irradiated area (pkl) using the monitor pulse (pk2) from the low
irradiated region (Fig. 8). The amplitude of the pkl pulse at the beginning ohd¢hsurement
has been normalized to unity.
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Fig. 8. Long-term stability of charge gain of the over-coated MSGCs.

In the case of the MSGC on D-263, the charge gain decreases by abowudigo the first
irradiation period corresponding to an integrated charge of aban€®8m,and remains stable
afterwards until the chamber reaches its life limit. Then, either abrupt degradation (like in the case
of the measurement presented in the figure) or continuous decrease of chargéthgaimergy
resolution worsening is observed. The over-coated MSGO-@63 glass substrate has withstood
an integrated charge of 50 mC/cm of strip, corresponding to a total of alfoeur@s/mm

A locally degraded chamber can hold nomimaltages, but even moderate radiation flux in
the damaged area provokes discharges. On optical inspection after opening the detector, one
could easily recognize the highly irradiatddmaged areaough surfacewith melted edges of
both cathode and anode strips. The zone of damages is limited to the region of imgatiagon.

This final degradation of the surface has been definiselly by discharges in the gas in the
irradiated region at the end of the detector operation.

The measurement with the MSGC on AF45 glass substrate shows a much smaller (less than 5%)
initial drop of the normalized pulse height. The detector exhiidble operation up to a total
integrated charge of about 1WmC/cm of strip; above this levajradual degradation of the
normalized pulse height has been observed. Optical inspection of the irradiatedhawes a
discoloration of the surface of strips, but no mechanical damages neither to the DLC layer nor to
the electrodes. Therefore degradation of the gain can be interpretdassisalageing caused by
the polymerization process [6]. This will be further studied in cleaner gas conditions.

For the reasons indicated, the described long-term measurewengtperformed aimoderate
drift field. One can expect that at higher drift fields the effect of ageing will be less pronounced, if
the positive iondoombardingthe surface of cathodes are responsible for the deteqteration
degradation. Then the cathode current should be 2-3 times smaller and both harmful processes -
polymerization and the etching of the DLC layer by ions, should be attenuated.

The possible role of ion migration in the bulk of the support #@adcontribution to the
damage of the coating should be ateentioned. Theinitial slewing of thenormalized pulse
height, systematically observed for DLC coatd®GCs withhigh resistivity of the layer onon-



conductingglass,can be attributed to the dynamic polarization of the substrate dgkvioion
migration in the bulk under the influence of avalanche currents. The argument faypbihesis

is the much smaller (almost negligible) initial pulse height slewing in the case of the MSGC on the
alkali-free AF45 support.

3.6. Temperature conditioning of the DLC layer

During the development a systematic study of temperature effects on the characteristics of the
coatingwasundertaken. Heatingffects are an important concern of th&SGC manufacturing
procedure, since some stages of detector construction may require the thermal treatment at
elevated temperatures.

Samples of DLC coating on D-26§ass werébaked in nitrogen atmosphere ftwo hours in
progressively increasing temperature; after each run the platescooledstill in nitrogen, and
the resistivity of the coating was measured at room temperature (Fig. 9).
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Fig. 9. Resistivity of DLC coating as a function of baking temperature; measurement for three samples of
coating on D-263 glass.

Data at 6@C (temperature oCVD deposition) correspond to theitial resistivities. Up to a

temperature of 208 the resistivity of all samples increases; at @D@he resistivity ianore than

10 times higher than the initial one. After the heat treatment in this range of temperature the
characteristics of the coating remastable, withoutany degradation of mechanicploperties.
Hence, this procedure may be employed to tune the resistivity of a DLC layer to higher values.

4. CONCLUSIONS

The over-coated Microstrip Gas Chambers opered#t up to charge gain above 5000 for
Argon + DME (50:50) gas mixture. Detectors made on D-263 and AF45 dytase andcoated
with the DLC layerwith the resistivity at the level of 10Q/0] exhibit stable and constanharge
gain for the radiation flux above 1@&iz/mnf.

A thickness of about 1000 A of tHBLC coating seems to be adequate for twer-coated
MSGC. At this thickness, theniformity of the thin film parameters should belatively easy to
obtain in mass production.

Operating the MSGC at high drift fields would possibly extétsdlife-time by reducing the
amount of ions bombarding cathode strips.



A study of the long-term behaviour confirms that fBeC over-coated MSG®perated in
clean gas conditions can withstand an integrated charge collection on the strips of 50 mC/cm.

An initial shift of the normalized pulse height is observieds pronounced forthe MSGC
made on the alkali free AF45 glass than in the case ofothalkali content D-263 glasslhis
systematic shift is below 5% in the case of the AF45 support, smaller than pulse-height variations
due to pressure and temperature changes during a long operation period.

The results obtainedvith the DLC layer exposed to high rate of avalanchesourages to
conceive the extension of this type of electrode coating technique to other typmssexus
detectors, as for example Parallel Plate Chambétis resistive electrodes andWPCs with
resistive flat cathodes.
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