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RESULTS FROM SOME ANODE WIRE AGING TESTS*

Ivanna Juricic and John A. Kadyk
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

ABSTRACT

Using twin setups to test anode wire aging in small gas avalanche tubes, a variety

of different gas mixtures were tried and other parameters were varied to study their

effects upon the gain drop, normalized to charge transfer: - L iiI—I- This was found to

be quite sensitive to the purity of the gases, and also sensitive to the nominal gain and
the gas flow rate. The wire surface material can also significantly affect the aging, as
can additives, such as ethanol or water vapor. Certain gas mixtures have been found to
be consistent with zero aging at the sensitivity level of this technique.

I. INTRODUCTION

Anode wire aging effects resulting in loss of gain and gain non-uniformities have
been observed for many yea,rs.Ill However, the widespread use of gas avalanche counters
and chambers, with increasingly challenging requirements,-has demanded a more con-
certed effort be made toward understanding and curing these problems. The present set
of tests were begun in an attempt to quantify the gain loss for a particular device, a gas
sampling calorimeter, and has broadened to explore the effects of a number of parame-
ters which result in gain loss. The technique makes use of small aluminum tubes of the
same type used for the calorimeter, and exposes the tubes to v radiation from an Fe®®
source through a thin window. The gain region explored is in the vicinity of the operat-
ing region of our calorimeter, but also extends to higher and lower values of gain, cover-
ing a range used by many wire chambers. A variety of gas mixtures have been tested,
and anode wires of two different compositions have been used. Other parameters that
have been investigated include gas flow rate and source intensity. The results are
parameterized in terms of the fractional gain loss per coulomb of charge transfer. No
attempts were made to study breakdown processes resulting in large currents being
drawn, and this phenomenon only rarely happened during the tests. This is relatively
easily understood since breakdown processes appear to be initiated by deposits on the
cathode, which in the tube geometry are spread over large areas of the cathode, which
has, moreover, a small electric field at the surface compared to wire chambers. A large
variety of deposits have been found on the anode wires during these tests, but these
haven’t been analyzed chemically. There are two equivalent test setups, having twin
sources, which could be used to run two tests simultaneously.

*This work was supported in part by the Department of Energy under contracts DE-AC03-76SF00098 and DE-
AC03-76SF00515.



II. PROCEDURE AND SETUP

The experimental test device used is shown schematically in Fig. 1. Each test
counter was used only for one test, and then saved for later photographs and other stu-
dies. The aluminum tubes were prepared using a multi-step chemical cleaning pro-
cedure, followed by a final alcohol (ethanol) rinse shortly (a few days) before use. The
feed-through insulators were made of molded fiberglass-epoxy, and these fit tightly into
the ends of the tubes. Small residual leaks were eliminated using RTV in the early tests,
and Sicomet 40 (“wicking”’ viscosity) for later tests, after it was found that the RTV
had some influence on the results for certain tests. At the same time, the nylon inlet
and outlet tubes for gas flow were also changed to short copper tubes (there was no evi-
dence of problems due to the nylon tubes, however). The 0.6 mC Fe® source
illuminated about 6 mm of wire through a window of 0.5 mil mylar sheet, aluminized on
the side toward the wire (see Fig. 1). The gas seals made in this fashion were excellent
in the later tests (using Sicomet), but also generally very good with the RTV, but with
some detectable leaks occasionally. -

The anode wires were crimped into stainless steel capillary tubes at each end under
150 g tension. The wires tested were all of 50 um diameter, and were made either of
gold-plated tungsten, or Stablohm 800 (75% Ni, 20% Cr, balance of Al and Cu, accord-
ing to manufacturel?),

The plumbing systems consisted of all copper or glass tubing upstream of the test
counter and a short (~ 1 m) section of tygon tubing to a bubbler on the exhaust side.
All copper and glass tubing was cleaned with ethanol before installation. Part or all of
the gas could optionally be diverted through a glass system designed to bubble the gas
through a liquid at a controlled temperature. A sparging device was used to ensure com-
plete saturation of the vapor at the preset temperature. The high voltage was supplied
by a Bertan *739P supply and monitored with a Hewlett-Packard model 3465B 4-1/2
digit VTVM. This power supply was stable to less than ~ 1 volt out of ~ 2-4 kV. The
currents were monitored with electrometers (Keithley models 410 and 610B), with the
tubes at ground potential. The HV was set so that the gain was approximately in the
desired range, and the current was monitored over the duration of the test, which was
generally about 1 week, but ranged from ~ 3-15 days. Corrections for temperature and
pressure changes were made to determine the relative gain. This was done by deducing
the dependence upon gas density from the fluctuations in barometric pressure over short
periods of the test during which time the drop in gain due to aging was negligible or
could be corrected out. Such short-term barometric changes were as large as 1.5%,
allowing an accurate determination of a, = —(dI/I)/(dp/p), where I is the observed
current, and p is the gas density. The gas flow and voltage were kept constant during a

given run, and the rate of gain drop per coulomb was determined from the corrected
current readings.

A “standardized” set of conditions was established corresponding to a 400 nA
current, and an estimated gain of about 2%10*® The standard gas flow was
~ 60 cm3/m1n and the effective source strength reduced to about 0.25 mC by inserting a
0.001 inch aluminum absorber. The standard wire was gold-plated tungsten, and the
standard gas mixture was 50% argon + 50% ethane. The goal for the integrated charge
in a given test was at least 0.2 Coulombs. Tests were performed with variations on
these standard conditions in order to determine the effects of the various parameters.
To be more specific, the gain has been varied corresponding to currents between 90 nA
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EXPERIMENT SETUP

TUBE

Gas leaks sealed
with RTV (later with
Sicomet 40)

Plastic tape

0.5 mil Thick aluminized mylar
(“‘window"")

Aluminum tube
9mm X 15 mm cross section
length ~ 20cm

~ 1 cm diam. window

: — HV pin
Wire

P e

\ Capillary
crimped

Plastic
' feedthroughs to hold wire
Coating Ground pin
11 Nylon tubing A
’\ ‘ ' (recently reptaced by
Region of copper tubing)

4

Avalanche
Formation

Fig. 1. Sketch of aluminum tube and fittings used for wire lifetime tests. A simple
representation of wire, coating, and equipotential lines.



and 2 pA, the gas flow has been varied between about 12 and 380 em3/min, and the
effective source strength between about 40 and 600 pg Ci. The principal tests have been
made using five primary gas mixtures, plus a variety of additives intended to reduce the
rate of wire aging. ’

ITI. DISCUSSION OF RESULTS

Table I contains the measurements of the rate of relative gain drop, R = - 1 al

I

(%/Coulomb), for the various conditions shown. Results are listed according to initial
current values, which are proportional to the initial gain. Some of the tests, however,
were done with the full source strength, i.e., no absorber (denoted by the values enclosed
in parentheses) or with a reduced effective source strength (using 0.003 inch aluminum
absorber). For these tests, a comparison of gain can be made relative to tests done at
“standard” source strength (0.001” Al absorber) by using the factor == 0.4 for reduction
in intensity of 5.9 keV ~-rays for each 0.001 inch of Al absorber. Since there is evidence
that gas flow has a significant effect, the results are also grouped by flow rate. All
results in Table I are corrected for gain variations due to ambient temperature and
barometric pressure, and residual errors from these sources are negligible, as are voltage
variations. The largest effects causing differences between otherwise similar tests are sur-
mised to be due primarily to minor impurity differences in the gas. Some uncertainty
could also be due to the stochastic nature of coatings on the wire. For certain of the
tests, especially high purity gases were used (UHP argon, CP ethane, etc.) to test the
effects of gas purity. These effects can be seen in several instances in this table (for
gold-plated tungsten): (1) There are six tests listed for the ‘“standard” condition
(Ar/ethane), and it is noted that those with the higher purity gas and/or tubes sealed
with Sicomet rather than RTV, give considerably lower values of R. (2) A similar con-
clusion is reached by comparing two other gases: (80% Ar + 20% CH,) and (89% Ar +
10% CO, + 1% CH,). In the former case, R is quite large (63) for the less pure gas, and
consistent with zero for the purer gas (-6). In the latter case, there is about a factor of
10 between the values of R being very low for the purer gas (147 vs. 15). An intermedi-
ate value of R = 36 was also obtained with a different gas cylinder of lower purity
specification, and this may have been simply a cylinder with fortuitously high purity.
(3) Several tests with dimethyl ether clearly show the correlation between small amounts
of freon 11 impurity, at the few parts per million level, and the gain drop rate, giving
dramatic differences between results having apparently only these very small differences
in purity. There are results shown from three different bottles of DME which have been
analyzed using the gas chromatography/mass spectrometry technique.l‘*] The most
recent test was for a bottle having < 1 ppm initially, and (14+7) ppm at end of the ‘test,
due to concentration of freon 11 as the DME was used up. The 6-day long run was arbi-
trarily divided into two parts, and results shown are averages for these parts. The effect
of concentrating the freon 11 is quite evident. ’

Another feature that is evident in Table I is the variation in R with current or
“gain’: when other conditions are fixed, the value of R decreases with increasing
current. This same dependence has been noted by others.l”) We see also a dependence
on gas flow rate, which is explicitly shown in Table II. In three of the comparisons
shown, there appears to be a quite significant increase in R for smaller flow rates. In the
fourth gas listed, having a 1% H, additive, there appears to be a reversal of this rule,

o
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Table |.

1 Al
Q 1

(%/Coulomb) for Principal Gas Mixtures

(on ~0.6 cm wire length)

a - ""Purer” gas

b - Sicomet seal

¢ - RTV seal, Cu tubes on counter
d - 3 shims (.001” Al absorber)

e - Very low gas flow (12 cc/min)

Notes and Symbols: ( ) Used to denote non-standard source intensity (Zero shims, except d)

f — Tube breakdown after .007C
g ~ "Pure” DME
h - *10-20 ppm"” CFCI,
i - < 1 ppm CFCI, 1st half run
j = < 1 ppm CFCl, 2nd half run
RN
7

F R Collection of runs all at : < ) Simuitaneous runs
L _' 400 nA initial current -
Wire/flow Current (nA) (~gain)
Gas (< 100 cc/min) 2000 1000 700 400 200 100 60
; T T T T T T T
>100 (33)
Au/W | 66.42° |
50% A ‘ 17457
r ] b bd
O . I S 1 =L~ S R .
0,
o >100 (79),(96)
zs Stablohm
<100 =2 (237) 130 227
] 336%°
R SN
80% Ar Au/W <100
AR el T .= -371
20% CH, >100 96
Stablohm
<100
89% Ar >100 16 203
+ Au/W =171
0%co, | <100 | o oosesasary
+ >100 55
1% CH, Stablohm
<100
g,\' 93°/° Ar 22
j + Au/W <100 54¢
\ 4% CH, |— — — — — — —_———— o —— — —
; +
\, 3% CO, Stablohm >100 10 (26)
Dimethyl Au/W (-12y (11)¢ |
Ether 60 cc/min | (108) (732)" |
92% COz' Auf/W ~1800f
+8% iCH,, 60 cc/min




Table II.
Effect of Gas Flow Rate on Gain Loss

Comparison of rate of gain drop vs. flow rate, with other conditions the same
(gain, wire, gas):

. 1 Al %
R = Gain Drop Rate = - Q | Coulomb

- Shim refers to 0.001” Al absorber: ¢(absent), 1 (present)

GAS WIRE HIGHER FLOW LOWER FLOW
50%Ar + 50% C,H, AuW | 105 == R=33 | 50 == R =69
min. _ min.

¢ Shim 680 nA ¢ Shim 550 nA

50%Ar + 50% C,H, Stablohm | 137 > R=90 | 25— R =237

¢ Shim 750 nA ¢ Shim 680 nA

93%Ar + 4% CH, +3% CO, | AuW 622> R=22 | 13 Fc.%' R =54

1 Shim 400 nA 1 Shim 300 nA

49.5% Ar + 49.5% C,H, 137 ==~ R=96 | 20 = R=70
. Stablohm min. min.
1.0% H, ¢ Shim  810nA | ‘¢ Shim 765 nA
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although in this case the difference is not so large, and may not be due solely to the
effect of the gas flow (e.g., there may be an effect due to the Hy additive).

As for the tests using Stablohm 800 wire, there appears to be a significantly higher
value of R for Stablohm wire than for Au/W. This difference becomes much larger when
ethanol or water vapor is used, as can be seen in Table III. However, for other gases
there is not such strong evidence for higher R values with Stablohm, though there are
not many results on this point.

Table III is concerned only with the effect of certain additives to the standard gas,
50% Ar + 50% ethane. Certain features seem to be rather clear in comparison to
corresponding values of R for the standard gas without additives, as given in Table L
As observed by others, the effect of adding a low level (~ 0.5-1.5%) of ethanol vapor
appears to reduce dramatically the value of R in the case of Au/W wire, and within the
precision of these tests perhaps even to zero for 1.5% ethanol. However, the effect of
ethanol seems to have the reverse effect in the instance of Stablohm wire, as can be seen
from the several results in Table III. Comparison with Table I shows that even without
additives, Stablohm seems to have higher values of R with Ar/ethane, but this value is
dramatically increased with the addition of ethanol. M. Atac, FNAL, has recently
obtained evidence confirming this effect, based upon tests showing rapid degradation of
pulse height resolution under similar conditions.®l Observation of the affected wires
under a microscope shows a ‘“‘clean” Au/W wire, but a striking surface structural and
color changes for the Stablohm wire. (See Fig. 2.) It is plausible that certain metallic

Fig. 2. Photograph of anode wire used in test with test with [Ar (50) + Ethane (50)] +
1.5% ethanol. Wire is made of Stablohm 800, and surface growths (and color
change) have occurred after 0.2 Coulombs charge transfer. 400 nA initial
current. CBB 864-2622



Table III.

R = = % ATI (%/Coulomb) for [50%Ar + 50% Ethane| + Additives

Notes and Symbols: ( ) Used to denote non-standard source intensity (no shims)

a - “Purer"” gas ¢ - Premixed cylinder of [Ar(50) +
Ethane (50)| + 1.5% Ethanol

b — Sicomet seal d - ~0.5% Ethanol
= Collection of runs all at
| Ja00naA initial current
Wire/flow Current (nA) (~gain)
Gas (< 100 cc/min) 2000 1000 700 400 200 100 60
T =T T T T T T
>100 | (-12) 19¢  (-1) 15¢
Au/W @)
1.5% <100 9, 2%
Ethaiipl [T == === S=les == 5 e i i RS ShRLESS IS S e i e
(190 Proof) >100 (439) | 363% 500° |
L1123, 1200
Stablohm
<100 9382
1.5% Au/W <100 ﬁ
Ethanol |} — — — | — —, — — — - —— — — — — — — —
(200 proof) Stablohm <100 245°
2
T S e Lok DR, . . o S w1 S
Hydrogen >100 (96)
0.2% Au/W >100 (10)(5) (86)
Hydrogen <100 (4),(8) (32) 82 122
8% | AW SO0 I8 o e e e e e e
Water Stablohm >100 (72)
~015% | _Ayw<t00 , 2
Water Stablohm <100 65




elements of the Stablohm are reacting chemically with the gas plasma while for the
Au/W wire, the gold coating is chemically inert. Later entries in Table III also suggest
enhanced reactivity with Stablohm when water vapor is present, though the effect is less
than with ethanol vapor. Surface color changes are also seen in this case. There does
seem to be some improvement for Au/W wire using water, but not as much as with
ethanol. Finally, there appears to be no evidence of improvement through addition of
hydrogen, at either the 0.2% or 1.0% level. This is not inconsistent with improvements
observed in other gases, however.”!

The variations between results seen in these tables for tests done under nominally
similar conditions is thought not to be due to intrinsic errors in the technique, but due
mainly to variations in gas purity from different gas cylinders. In several comparison
tests, the same gas was used in parallel runs with only one parameter (source strength,
gas flow, additive, etc.) being varied to establish its dependence. Errors due to relative
current measurement are estimated to be < 0.1%. The error due to the stochastic
nature of deposits on wires is not known, but could be large in the case of some wires
having impressive isolated growths (e.g. on Stablohm wire, as shown in Fig. 2). How-
ever, because of the observed sensitivity to trace impurities, it is surmised that the prin-
cipal deviations are from this source. Some of these impurities are in the gas as received
from the supplier, and some were evidently due to the use of RTV for tube seals in the
earlier runs. The effect of specific impurities can also be different with different gases, of
course. Since there is evidence that some gas contaminants can have long-lasting resi-
dual effects even after the source of contamination has been removed,ls] it is possible that
the plumbing of the present test apparatus can be vulnerable, since there is no provision
for cleaning it after each test. However, such effects cannot be dominant or seriously
alter most results, since many of the later tests, using a variety of gases with and
without admixtures, have shown very low values of R, and some are consistent with
zero.

The wires were photographed after testing. The structural and color changes were
frequently found to be quite different for different gas mixtures, or even for the same gas
but with some other difference in conditions. Examples of these are shown in Figs.2, 3
and 4 which are examples of growths on Au/W wire in Ar/ethane, but tested in different
gain regions, and having different purity specifications.

IV. CONCLUSIONS

The rate of deterioration of anode wire gain, R, has been found to depend
significantly, and in some cases dramatically, on additives, and trace contaminants, in
the various gases tested, as well as on the type of wire. In particular, high purity gases
yield values of R typically at least ten times smaller than gases of technical grade purity
when used with gold-plated wire. On the other hand, even the lower purity gases can be
improved by adding water or ethanol vapor, and 1.5% ethanol in Ar (50%) + ethane
(50%) has yielded results consistent with R = 0. However, Stablohm wire appears to be
attacked by use of either of these two vapors in Ar/ethane but especially in the case of
ethanol. A most conspicuous example of the sensitivity to contamination is for dimethyl
ether, where nearly two orders of magnitude difference in R appears to result from a
~ 20 parts per million contamination of freon 11.



10

Fig. 3. Anode wire after exposure to 0.5 Coulombs charge, resulting in “bottle-brush”
structure. Gas is Ar (50) + ethane (50), wire is gold-plate tungsten, and gain is
high (nearly into streamer region): ~ 2 pA. CBB 864-2624

Fig. 4. Anode wire and gas as in Fig. 3, except higher purity gas, and standard (400
nA) gain (tube was sealed with RTV, however); 0.3 Coulombs.
CBB 861-211
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There is a systematic trend toward larger values of R when the current, or average
gain, is decreased. There also seems to be a dependence of R upon flow rate so that
larger flows are generally preferable. Some evidence exists, based upon only one test,
that R increases for smaller source intensity.

There are several examples among the tests of very small rates of aging, consistent
with zero within the sensitivity of this technique (R < 15). It is both encouraging that
such good results do exist, and stimulating to find the causes of poorer results so that
aging possibly may be controlled over a wider range of options.
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