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Abstract

It is demonstrated that two sets of simple measurements of the gain of a Gas
Microstrip Detector (GMSD) are sufficient to generate a servo control function which
can thereafter be used to stabilise the gain of a flow-gas counter against ambient
(pressure and temperature) fluctuations, using either manual or automatic methods.
Gain stabilisation to the level of 0.62% RMS is demonstrated.



1. Introduction

The operation of gas counters (and Gas Microstrip Detectors (GMSD) in particular)
with flowing gas is required to prolong the detector lifetime when they are used in
intense beams. It is also a pre-requisite when flexibility is required in the gasfilling.
Both these conditions are encountered in typical applications on Synchroton Radiation
Source (SRS) beamlines such as various forms of EXAFS experiment [1,2,3]. The
access of the counter volume to the atmosphere makes the gas density (and therefore
the electron mean free path in the gas) dependent on the ambient conditions of
pressure (P) and temperature (T) and this causes gain drifts of the order of 10% over
typical ambient excursions. It has been shown elsewhere [4] that a ssimple model of
the gain process in gas counters predicts that the gain is dependent on the variable P/T
(q) making asimple servo relation possible which, in turn permits the gain to be
stabilised by small adjustments in the detector bias potential (V).

The GMSD [5] is agas counter formed by the etching of fine metallic trackson a
glass substrate. While it functions very well as atypical gas avalanche counter which
can be accurately compensated for ambient variations [4] the temperature-dependent
dark current drawn by the glass substrate can introduce a separate, powerful
temperature sensitivity to the gain as aresult of ohmic voltage dropsin the EHT bias
resistors. It is usually possible to make this effect negligible by suitable choice of the
biasresistors. The analysis given in this report depends on this precaution having been
taken.

2. The Mathematical M odel

It has been shown elsewhere [4] that the gas gain of a GM SD can be represented
accurately by the function:
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where V. is the anode-cathode potential and 4, o and /5 are constants for a given
counter geometry and gas filling. The quantity P/T is usually represented by the
variable g.

Equation (1) showsthat M isafunction of V; and g so that an excursionin M isgiven
by :
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Since the term on the left of equation (1) isIn M, it is more appropriate to write (2) as:
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The servo condition for using V. to stabilise the changesin qis:
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giving usthe differential equation :
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And so integrating equation (6) we get the servo relation :

Ve=Vo+ Sq-0)  (8)

Where V, and qo are operating bias and ambient conditions to which we wish to servo
the gain. Thisisaparticularly simple (linear) correction function provided the
function Sis effectively constant over the range of V. and g met with in practice. The
following analysis shows that thisisin fact the case and experiment confirmsit also.

Differentiating equation (1) with respect to q gives::
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and with respect to V. gives:
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Substituting relations (9) and (10) into (7) yields:



where B = ag + f. In order to evaluate San actual case must be considered. Operating
at agasgainof M = 1080, the Wide Angle X-ray Scattering (WAXS) detector [6]
(gas: 17% dimethylether (DME) in argon) has V. = 500V and B = 174V. Since B/V, <
1 the effect of changesin g and V. are attenuated and, further, the sense of change of
V. in the servo process follows that of g (and therefore of B) so minimising any
change in Sthroughout the parameter range required by the servo process.

Thus, the ssimple linear relation of equation (8) can be used to perform the
stabilisation of the gain against the effect of changes in ambient conditions, using only
asingle constant S, which can be evaluated by a simple calibration (as described
below) in conjunction with the single environmental variable q (P/T).

3. Calibration of the WAXS Detector

The WAXS detector is specially designed for Wide Angle X-ray Scattering
experiments [6] with long (50mm) anode el ectrodes which point at the scattering
sample. There are 256 active detector strips with a mean width of 0.45mm, each
individually instrumented with readout electronics.

It has a considerable active area (approaching 100cm?) which leads in turn to alarge
substrate dark current of several pA. In order to avoid this current dominating the
temperature dependence of the gain it was found necessary to restrict the series
resistance in the EHT feed to =200kQ2. The counter is operated with a gas mixture of
argon plus 17% DME.

For the purposes of the calibration process eight detector strips are commoned and
connected to a readout electronic chain consisting of an Ortec 142 charge
preamplifier, Ortec 575A shaping amplifier (CR-RC shaping of 1ps) and an Ortec
PC-based PHA with Maestro software. Charge (and hence gain) calibration was
provided by an Ortec 480 precision pulser. The ambient pressure and temperature
were measured by a Prosser Weathertrend digital barometer (1mbar resolution) and a
digital thermometer (0.1C resolution). The detector was biased by an RAL type 344
EHT supply.

Mn (Kq,Kp) X-raysfroma >>Fe radioactive source are introduced into the active
region of the eight strips viaasmall hole in the drift electrode of the detector. The
centroid of alog-normal fit [7] to the x-ray peak in the PHA is used as a measure of
the avalanche gain which is derived from the charge calibration using a mean energy
per ion pair of 27eV for the conversion of the 5900eV of the x-ray into electronsin
the gas.



In order to evaluate the key servo parameter Sit is necessary to evaluate the two

parameters 1M and 1M near the desired operating point qo, Vo. The smplest
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way to do thisisto note that if afit of theform M = a exp(bx) is made to any gain
function M(x) then Miaaﬂ issimply the parameter b in the exponentia fit. In view of
X

the approximate constancy of S, it is not necessary to be excessively precise about the
reference values of the second variable in each data set. It isalso clear that in
measuring b, the units of the ordinate are immaterial and there is no need to calibrate
the gain. However, when working directly in PHA channelsit isimportant to ensure
that any digital offset has been measured and removed from the peak channel data.

Figure 1 showsthe gain as a function of q (measured over several days as the ambient
conditions changed) with V. = 500V.

Similarly figure 2 shows the gain versus V, curve at q = 3.40mB/K.

The b parameters of thefits allow usto evaluate S= 0.767/0.0189 = 40.58VK/mB
and a servo function of:

Ve = 490 + 40.58(q — 3.411)V (12)
Where qo is set arbitrarily to P = 1000mb and T = 20C.

Figure 3 shows how the counter gain (circles) is controlled against changesin the
ambient variable (q) when this condition is applied. The RMS error on the mean gas
gain of 754.56 is4.64 giving afractional error of 0.62%. Thisis achieved over arange
of g corresponding to 986<P<1017mbar and 16.4<T<26.4C. The unstabilised gain
(squares) at V=490V is also shown for comparison.

Figure 4 shows the same data plotted as a function of time over the period of three
weeks which it took to acquire the data. The ambient variable q is aso plotted .

4. TheErrors

The measurement systems used in this work each contribute their own error to the
calibration process. It is useful to briefly check the magnitudes of these contributions
so that any outstandingly large error can be identified and corrected. In theidea case
all the errors should be comparable in magnitude.

» Measurement of P and T: The errors (approximate standard deviations) inPand T
are 0.5mbar and 0.05C. At 1000mbar and 20C this causes a 0.053% error in g. As
will be seen thisis negligible compared to most other errors. However, thereis an
unseen (and unquantifiable) error in possible lags and offsets between the
thermometer temperature and that of the gas within the counter. It is difficult to
ensure that the counter gasisin thermal equilibrium with the containment vessel,
to which the thermometer is usually attached.



Different barometers regularly display systematic variationsin absolute
sensitivity. Thisis not important for present purposes provided the same device is
used for both the calibration and servo measurements since we are working over a
restricted pressure range. The resistive pressure drop in the gas outlet pipe can
introduce an offset in the pressure in the counter relative to the measured ambient
pressure, which is flow dependent. To avoid thisit isimportant to keep the flow
rates low and any small bore waste pipe as short as possible.

» Electronic Chain Stability: The electronic chain: preamplifier, amplifier and PHA
is subject to temperature drifts (in gain and pedestal) which are not negligible over
the 10C temperature range experienced in the laboratory. During the calibration
period, PHA spectrawere collected of the precision pulser set at values of 10° and
2x10° electrons. Normal curves were fitted to the PHA peaks and the centroid
values plotted against the ambient temperature. A shift of =-1channel was
observed over the temperature range 16C to 26C. A formal calibration procedure
reveal ed a temperature coefficient: /M dM/dT of 3.53x10™/C for the x-ray peak
at 20C. Over the 10C range this gives an error of =0.18% (S.D.).

» EHT Stability: The gain of any GMSD is a sensitive function of V.. Figure 2
shows that in the present case /MdM/dV, is 1.9%/V. The temperature coefficient
of the EHT divider chain sets alimit to the stability of V.. In the present case we
estimate that the error in V. over the 10C operating range is of the order of 0.1V,
leading to an error in the x-ray peak pulse height of 0.19%.

» Evaluation of S The key to the calibration processis the evaluation of S This
process automatically incorporates all the measurement errors discussed above,
and asfigure 1 shows, the precision of the measurement of /MdM/dq is relatively
poor (0.0674/0.767 = 8.8%). The measurement of 1/MdM/dV. is on the other hand
much better (1.47x107%/0.0189 = 0.778%). Using the above equations
appropriately, one can show that an error 45 in Sresultsin afinite slope in the plot
of gain versus g with a coefficient:
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Inserting the measured values: 1/MdM/dq = 0.767 and 65/S = 0.088 gives
<1/MdM/dg> = 0.0674. Fitting an exponential function to the stabilised gain
versus g (figure 3) gives <1/MdM/dg> (b) = 0.086. This value is comparable with
the estimate from equation (13) showing that the systematic error in Sfrom the
calibration process is the most likely source of the non-stochastic error in the
stabilised gas gain.

Removal of the systematic slope from the stabilised gain datain figure 3 resultsin a
residual stochastic error of 3.71/754.6 = 0.49%. Since the quantifiable temperature-
dependent errors discussed above sum to =0.3%, we can conclude that the
unquantifiable errors due to temperature and pressure lags and other long term effects
such as the stability of the gas mixing rig contribute a comparable error.



5. Conclusions

It has been shown that two simple measurements, a plot of the peak channel of an x-
ray line against the ambient variable q at the chosen operating anode-cathode potential
(Vo) and aplot of the peak channel versus V; near the desired reference value of g (Qo)
produce the necessary slope parameter (S) for the gain stabilising servo equation (8).
When the servo equation is used to bias the GMSD using the current value of q, the
result islong-term stabilisation of the GMSD gain to alevel of order 0.62%RMS
while the unstabilised gain fluctuates between +7.4% and —4.6% of the stabilised
value.

While the stabilised gain shows a small residua dependence on g, the remaining
errors are chiefly stochastic, as figure 3 shows. As noted above, the small slope of the
stabilised gain in figure 3 is amost certainly due to the measurement error in S
Correction of this by longer term monitoring would leave only random errors,
implying that no single part of the control loop is dominant and that the random
contribution to the error of 3.71 in 754.6 or 0.49% represents the ultimate level of
gain stability achievable with this technology. Fortunately, thisis adequate for all
foreseen applications of GMSDs.

Work isin hand to design a hardware system which will automatically adjust V;

according to the servo equation and so remove the need for manual setting of the
EHT.
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Figure Captions

1. A plot of the gas gain as estimated from the peak channel of the PHA distribution
of the 5.9keV x-ray line from *>Fein the WAX S detector as a function of the
ambient variable g.

2. A plot of the gas gain of the WA XS detector as a function of the cathode bias
potential (anode at earth) at an ambient point near the desired reference point qo (P
=1000mB, T = 20C).

3. A plot of gasgain of the detector as estimated from the peak channel of the PHA
distribution of the 5.9keV x-ray line from *°Fe as a function of the ambient
variable g (sguares) with the same parameter (circles) when V; is controlled by
the servo relation, -V = 490 + 40.58(g-3.411)V.

4. A plot of the unstabilised gain,the stabilised gain and the ambient variable g over
aperiod of three weeks.
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