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This article presents and briefly discusses information on the long-term stability of the sensitivity of

Bayard—Alpert ionization gauges with time and use, derived from an analysis of data for Bayard—

Alpert gauge calibrations performed at the National Institute of Standards and Technology over a ten
year period.

I. INTRODUCTION spheric air during the testing, but with filament dfine

For a variety of reasons, the sensitivity of a hot-cathodestored on a shelf in the lab for 15 monthexhibited signifi-
ionization gauge can change with time of use. These caus&ant shifts in calibratiorias large as 25%¢hat seemed to be
include filament and/or grid distortion, alteration in filament correlated with the exposure to air. Yet these gauges seemed
temperature and electron emission distribution from the filanot to show any permanent shifts in calibration that were
ment, potential shifts in the envelope surrounding the gaugesorrelated with degassing or operation ind high pressure.
and changes in the surface properties of its collector an¢h limited experience at NISTnot published, the particular
grid. The magnitude of these effects will also depend upofnake and model of BA gauge examined by Poulter and Sut-
actual operating conditions as well as the duration of operapn was also found to be relatively unstable in comparison
tion. Such changes in sensitivity are of particular interest tQy;in ga gauges of other manufacture.

t_hose who rely on t_h_e stability 9f a gauges pressure indica- Warshawsk§ has examined stability of sensitivity for a
tion to make a decision regarding some process in vacuum

as well as to those who use a calibrated gauge to actuall%OUp of nine gIa_ss—enveIope BA gauges W'.th RO fila-
measure pressure. There are however, only a few publishe ents by analyzing result.s fo.r 64 calibrations among. the
studies in which the long-term stability of hot-cathode ion"IN€ gauges. For each calibration of a gaugmean sensi-
gauge sensitivity has been systematically examined. This aflVity value was determined for that gaugeot all gauges
ticle presents some additional information on the long-ternvere calibrated the same number of times, howewgach
stability of Bayard—AlpertBA) gauge sensitivity, as derived mean sensitivity value determined in this wbrkas obtained
from an analysis of calibrations performed at the Nationalffrom sensitivity measurements made ip &Ver the pressure
Institute of Standard and TechnologMIST) over the past range 410 4-2x10"! Pa. For each gauge, the root-mean-
ten years. A preliminary summary of these results is given irsquare(rms) deviation of these mean sensitivity values from

Ref. 1. their average was computed. The average of these rms de-
viation values was about 1.1% and for any particular gauge

Il. PREVIOUSLY PUBLISHED WORK ON ION the rms deviation never exceeded 3%. It is not clear from

GAUGE STABILITY Ref. 4 how much time each calibration required, how much

Some limited information covering a three year periodtime elapsed between calibrations, and what emission cur-
(< 1000 hours of actual operation, howelvisrpresented by renis) were used. It was noted, however, that the gauges
Messef for a specially constructed BA gauge operated at 0.emained on the calibration system between calibrations and
mA emission current and for which the collector had beenyere almost continuously under vacuum.
subject to special processif@nnealing at high temperatyre NIST has previously reported the results of long-term sta-
The six argon sensitivity values reported by Messer for thig,jjity testing of a group of four tungsten—cathode glass-
gauge during the three year period lay in an interval of abouénvelope BA gaug@soperated in M with 1 mA emission

_1|'31(y"|t_+1'50dA)SWi:tr£SaeCt to dtheir mtezn. librati ; current; over an accumulated operating time of about 480
outter and Su erformed repeated \alibrations o days (11 500 hoursthe sensitivity of the gauges tended to

six nominally identical BA gauges at>8l0 2 Pa (1 Torr . . . .
~133.322 Py for a total operating time of about 1000 hours progressively decrease, but with maximum sensitivity de-
flgases limited to no more than 6% .

each. These gauges, operated at 1 mA emission, had tungs s % ,
filaments and a glass envelope with a metallized interior sur- MOSt recently, Arold and Borichevskyhave published

face held at ground potential. Their results are puzzling. Thdon gauge stability testing results obtained over a 580 day
one BA gauge that was kept under vacuum for the entire tegteriod for a group of gauges that included 11 “widely used”
period exhibited a gradual decline in sensitivity with operat-BA gauges, all with Th@-Ir cathodes. Mosteight out of

ing time at an average rate of roughtyl.4% per 100 hours. eleven were operated at 10 mA emission current, and each
The other five, each exposed one or more times to atmosf the 11 gauges was subjected to degassing for a cumulative
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TaBLE |. Relevant information about construction and operation of the gauges. The terms “eb” Rt d¢note electron bombardment degassing and
resistive heating degassing, respectively. The term “wrt” stands for “with respect to.”

Intervening operation

Average|changé Total Total
wrt previous operating Type degas
Gauge Filament lem Repeat calibration time of No. of time
No. Envelope material (mA) calibration (%) (hourg degas degassings (hours
1 Glass W 0.934 First 0.8 Unknown eb Unknown Unknown
2 Glass W 1.12 First 10.2 1000 eb 250 21
Second 1.2 1000 eb 250 21
3 Glass W 0.94 First 0.6 Unknown eb Unknown Unknown
4 Glass W 1.027 First 2.6 1000 eb 250 21
5 Glass W 1.004 First 1.0 Unknown eb Unknown Unknown
6 Glass ThG-Ir 1.036 First 7.3 1000 eb 250 21
7 Glass ThG-Ir 1.019 First 11.2 Unknown eb Unknown Unknown
8 Metal ThQ-Ir 10 First 2.6 100-200 R Unknown Unknown
9 Metal ThGQ-Ir 1.076 First 4.8 200-400 R Unknown Unknown
10 Glass W 1.015 First 2.0 < 35 None 0 0
11 Glass Th@-Ir 2 First 11.8 1600 Rr 200 67
12 Glass The-Ir 1.06 First 6.0 ~1000 eb ~250 ~21
Second 2.1 Unknown eb Unknown Unknown
13 Glass Th@-Ir 0.94 First 7.1 ~1000 eb ~250 ~21
Second 1.0 Unknown eb Unknown Unknown
14 Glass W 1 First 3.1 1200-1400 None 0 0
15 Glass W 1 First 3.0 1200-1400 None 0 0
16 Glass W 1 First 4.3 1200-1400 None 0 0
17 Glass W 1 First 1.7 1200-1400 None 0 0
18 Glass W 1.0 First 3.7 1200-1400 None 0 0
19 Glass Th@-Ir 1 First 2.7 36 eb 3 0.25
20 Glass W 1 First 1.9 250 R 10 3

time of about 150 hours. With respect to an original calibra-ceed 5% (the first recalibration of gauge No. 2 is an
tion, they observed changes in calibration that ranged fronexception—10% For the eight ThG-Ir filament gauges,

—57% to +72%.

[ll. RESULTS FROM REPEATED CUSTOMER
GAUGE CALIBRATIONS AT NIST

Over the past ten years, the Vacuum Standards Laboratory
at NIST has performed more than 165 BA gauge calibrations

for a variety of industrial and government laboratories. The
calibration pressure range is normally 1610 Pa. For 20

the averaged changes are about a factor of 2 larger, but do
not exceed 12%. It should be noted that, at pressures above
5%x10 Pa, the total uncertaintgat the two-standard devia-
tion leve) in the NIST primary vacuum standard used in
these calibrations is 1% or less.

V. PROCEDURES
For the 20 gauge/controller combinations discussed in this

separate gauge “tube”/controller combinations, the calibra-article, the termcalibration means determination of CF, the
tion has been carried out more than once, with the time ineorrection factor to the pressure indication on the gauge’s
terval between the repeat calibrations typically one or twocontroller, such that

years. The observed changes in calibration, as well as some
information about the gauge construction and operating con-

CFindicated pressuretrue pressure,

@

ditions during the calibrations for these 20 gauges are givewhere thetrue pressurds that generated with the NIST pri-

in Table I. Eighteen of these gauges had a glass envelopmary standartior measured with a spinning rotor gauge that
The other two were mounted “nude” inside a groundedhas been calibrated against the primary standard. The correc-
metal tube. Both Th@-Ir and tungsterfW) cathode gauges tion factor, as defined, is inversely proportional to the

are included in this group. With two exceptiofgauges No.

gauge’ssensitivity Correction factor values are determined

8 and 1}, these gauges were operated at an emission currefiith N, gas in the present artiglas a function of either the

of about 1 mA and, during our testing of them, they wereindicated pressure or the true pressure, and depend on the
never degassed. However, in the time period between owperating parameter@emission current and bias voltages
calibrations some of the gauges were degassed by thEhese CF results are then represented analytically by least-
customer—see columns 8-10 of Table I. Analysis of oursquares fitted polynomial functions. Typically, a gauge is in
data showgsee column Bthat, relative to the previous cali- continuous operation for about 1000 hours during such a
bration, the absolute value of the change in calibration exealibration at NIST. For about 90% of this time, the pressure
hibited by 11 of the 12 tungsten-filament gauges, averageih the calibration system is at its base vald® & Pg. Dur-

over the calibration pressure range, generally does not exng the other 10% of the time, the gauge is actually being
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themselves, some statistics for them are tabulated in Table II.
It should further be noted that, although the observed
Fic. 1. Example of calculation of average absolute value of change in caii€ha@nges in calibration apply to the gauge tube/gauge control-
bration.|changéin the lower panel denotes the absolute value of the changeler as asystemwe feel that instability in the controllers has
made no significant contribution to the observed changes in
calibration of each system. Measured grid and filament bias
calibrated. Usually, five to ten independent measurements algtages before, during, and after the calibrations have been
made in each pressure decade of the measuring range.  constant to typically within a few tenths of a volt. Compari-
In a repeat calibration, the same combination of gauggon of the data for gauge No. 10 was a special case because
tube, filament, and controllemith controller o_peratlng_ P& the pressure display on its controller was proportional to
rameters also set the same as for the previous calibyatioRmission current and the original and repeat calibration re-
was again calibrated against the primary standard. In a fewyts were obtained at different emission currents. To make
cases, gauge No. 2, for example, there are two repeat calize repeat CF calibration results obtained at 1.015 mA emis-
brations. As indicated in Table I, detailed knowledge of agjon current directly comparable to the original results ob-

customer’s treatment of the gauge during the time intervalained at 1.000 mA, the repeat CF values were first scaled by
between the calibrations is usually not well known. The val-3 factor of(1.015/1.000 before the comparison.

ues given in column 6 of Table | for the average absolute
percentage change in calibration with respeciwa) a pre-
vious calibration were calculated using the definition of ab-V- DISCUSSION

Log[Pressure (Pa)]

solute change given in E¢2). There are several observations about our results that may
(CF)repeat_(CF)previou . Worth.not|r_19. N . .
absolute changé%)= (CPo 100. (2 (1) As is evident in Fig. 2, the changes in correction factor
previous for these 20 gauges tended to be positive in an algebraic

The value of this change was calculated at 10 uniformlysense: The vertical line associated with each plotted point
spaced(on a logarithmic scajepressure values per decade connects the maximum and minimum absolute values of the
over the pressure range common to the two calibrations beshange in calibration; these vertical lines lie mostly above
ing compared, typically 5 to 6 decades. In column 6 of Tablethe 0% line. That is, the correction factors tended to increase
| we give the average of the 50 to 60 absolute change valuesith time and use, or correspondingly, teensitivityof the
yielded by this procedure. The calculation of the averageyauges tended tdecreaseThis is consistent with the obser-
value of the absolute change in calibration is illustrated invations given in Ref. 5 for a group of four BA gauges with W
Fig 1 with calibration data for gauge No.17. The smooth andilaments, where overall decreases in sensitivity of 6% or less
dashed curves in the upper part of Fig. 1 are the polynomialvere measured during a 480 day operating period.

fits to the repeat and original data, respectively. The plotted (2) The gauges with Th-Ir cathodes tended to be less
dots in the lower frame of Fig. 1 show the absolute changestable than those with tungsten cathodes. This is shown in
between the two curves in the upper frame, calculated usinthe second column of Table lll, where we give the average
Eq. (2) at 10 uniformly spaced points per decade along thevalue of the average absolute changes listed in column 6 of
logarithmic pressure scale. Figure 2 gives a graphical sumifable | for the 12 W cathode gaugés.8%), and for the 8
mary of the maximum and minimum changes in calibrationThO,—Ir cathode gauge&.7%. Thus, for this particular set
[using Eq.(2) withoutthe absolute value operalas well as  of results, we can say that the changes in correction factor or
the average value of the absolute change in calibration. Isensitivity for the ThG@-Ir cathode gauges were about twice
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Original calibration

1st repeat calibration

2nd repeat calibration

Std. dev. Std. dev. Std. dev.

of Mean Max. Min. of Mean Max. Min. of Mean Max. Min.
Gauge residuals residual residual residual residuals residual residual residual residuals residual residual residual
No. (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1 1.54 0.00 3.88 -3.51 0.81 0.05 2.33 -2.10
2 1.03 —-0.02 2.93 -1.81 1.12 —0.04 2.17 -3.23 0.86 —-0.16 1.50 -3.02
3 1.08 —0.05 2.19 -2.90 0.64 0.03 1.73 —2.07
4 0.37 0.01 0.71 -0.97 0.58 —-0.08 1.87 -1.69
5 0.30 0.01 0.71 —-0.76 0.46 0.03 0.77 -1.33
6 0.78 0.00 2.10 -2.18 0.75 —0.06 2.53 -2.30
7 0.62 0.01 1.20 -1.51 0.53 -0.01 1.14 -1.41
8 2.25 0.00 4.89 —5.85 1.05 0.00 2.63 —2.56
9 1.89 0.01 5.52 —4.25 1.69 0.03 4.83 —4.18
10 0.79 —0.08 1.52 —2.80 —0.58 —-0.01 1.39 -1.16
11 1.84 0.03 3.92 —4.23 1.63 0.00 1.90 —6.06
12 1.03 0.03 2.57 —2.55 0.96 —0.02 2.66 —2.63 1.25 —0.06 2.98 —2.55
13 3.19 -0.77 3.30 —13.38 0.38 0.03 1.13 —0.98 0.66 0.02 1.85 -1.76
14 0.76 —-0.07 2.56 -2.52 151 0.00 3.32 —2.47
15 0.52 —0.03 1.73 -1.21 1.22 -0.13 2.60 -1.67
16 0.90 0.00 2.25 -1.79 0.94 0.00 3.25 —2.44
17 0.90 0.00 2.66 -1.90 0.98 0.00 3.01 —2.66
18 0.58 0.00 1.22 -1.43 0.53 0.02 1.34 -0.91
19 0.54 0.07 1.18 —0.96 161 —-0.02 3.73 -3.83
20 1.18 -0.14 2.76 —2.49 2.39 —0.49 5.09 —4.89

as large as those for the W cathode gauges. The relatiiévely. The changes in CF value for these same gauges be-
magnitude of these one-directional long-term changes in sertiween the second and third calibrations were 1.2%, 2.1%,
sitivity for the W cathode and Thg@-Ir cathode gauges is and 1.0%, respectively. This suggests that the change in a
just about the same as the relative magnitude of day-to-dagauge’s sensitivity may not occur in a uniform manner with
changes in sensitivity observed by Tilf8rébr a group of time of use.
seven glass-envelope BA gauges with W cathd@és), and
a group of 10 glass-envelope BA gauges with FhD cath-
odes(4%—5%. VI. CONCLUSIONS

(3) The spread between the maximum and minimum val- As shown in Table | under the heading “Intervening Op-
ues of the difference between two successive calibrationgration,” for about one-half of the gauges, we have missing
represented by the vertical line associated with each plottednd/or uncertain information as to how the customer treated
point in Fig. 2, is considerably larger for the gauges withthe gauge, between our calibrations. Yet, as shown in Fig. 2,
ThO,—Ir cathodes. This spread information is summarized irfor all the gauges of one typ@V or ThO,—Ir cathodg the
Table lIl. magnitude of the absolute changes in calibration are compa-

(4) As shown in Table | and Fig. 2, in the three cases forrable. For this reason, we think it is valid to consider these
which a gauge has been calibrated three times, the changeriesults as indicative of what level of long-term stability can
sensitivity between the second and third calibrations is altypically be expected of these types of BA gauges when used
ways significantly smaller than the change between the firsas reference standards in what we believe to be the relatively
and second calibrations: between the first and second calibrenign environment of a secondary calibration laboratory.
tions the observed changes in calibration factor for gaug®n the other hand, no conclusions can be drawn from these
Nos. 2, 12, and 13 were 10.2%, 6.0%, and 7.1%, respedata with regard to stability of Bayard—Alpert gauges when

TasLE Ill. Differences between successive calibrations for W and ;FiOcathode BA gauges.

Avg. value Std. dev. of Avg. value Std. dev. of
of maximum maximum of minimum minimum
Avg. value difference difference difference difference
of absolute between between between between
change in successive successive successive successive
calibration calibrations calibrations calibrations calibrations
(%) (%) (%) (%) (%)
W cathode gauges 2.8 4.2 3.1 0.4 3.2
ThO,—Ir cathode gauges 5.7 8.8 5.7 2.4 5.7
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