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The beam vacuum system of the Colliding Beam Accelerator being con-

structed at Brookhaven would require approximately 1400 vacuum gauges to

measure pressure down to 10~ 1 2 Torr. Nude Bayard-Alpert gauges (BAGs) on CF35

flange were chosen on the basis of the cost, the mounting geometry, and the

commercial availability. To have accurate pressure monitoring in the 10

Torr range, the equivalent X-ray limit of the BAGs has to be lowered from the

normal 2-3 x 10"ll Torr range to low 10" 1 2 Torr level. This could be achieved

by using short and/or thin collectors, which reduces the area of the collectors

exposed to grid X-ray; or by the self-cancellation of the reverse X-ray.2»3

High grid and filament potentials4' would be needed to make up the sensi-

tivity loss caused by the shortened collector, which is not desirable and also

requires the modification of the commercial controllers. The fraction of the

X-ray intercepted by a thin collector can be calculated by the geometry

factor4»s and is proportional to the diameter of the collector. In practice,

the collector has to be self-supporting, which limits its minimum size.

In this work, we have studied the changes in the sensitivity (S) and the

equivalent X-ray limit (P ) of several BAGs when the size of the collectors was

reduced from 125 y to 50 P and when different mounting envelopes were used.

Based on this study, 400 custom BAGs with 50 p collector were purchased from a

vendor. The S and the P of these thin-collector BAGs were also measured.
x

The setup and test procedures are described in detail in Reference 3. In

short, the direct comparison method was used. The test BAGs were compared with

a Balzer IMR103 modulated BAG and a calibrated Leybolt-Hereaus extractor gauge

with S = 25 and 7 Torr"1 and P = 2 and 1 x 10" 1 2 Torr, respectively. The

chamber was pumped by a 30 H/s ion pump and a LN cooled Titanium sublimation

pump with 300 cm2 area. Pressure of low 10~ 1 2 Torr was achieved after 300°C x

40 hour bake. The parameters used for the tested BAGs were V = + 180 V, V =

+ 30 V, V = 0 V, and 1 = 4 mA. The S of the BAGs was obtained through the
c e .H ft-n "V^rar*
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graphic average of the pressure ratios between the test BAGs and the reference

gauges in the 10~9 - 10~ 7 Torr range, which was obtained with the ion pump off

and by bleeding in argon gas., The P was derived using S and the pressure

ratios in the 10~ 1 2 - 1 0 ~ n Torr range. Three types of commercial BAGs with 50

M and 125 P collectors were tested; the Varian UHV-24 (Type A ) , the Granville-

Phillps nude BAG (Type B) and the Balzer IMR132 (Type C ) . Their physical

dimensions are listed in Table I. Envelopes of four different sizes were used;

one with 45 mm I.D., which is the geometry of the CBA gauge mounting; and

envelopes with I.D. of 35 mm, 60 mm, and 150 mm. The production models of

these thin-collector (50 u) BAGs were only tested in the 45 mm I.D. envelope.

The results are summarized in Table I and explained below.

The sensitivity variation. About 10-30% decrease in sensitivity was ob-

served when the size of the collector was reduced from 125 P to 50 p and was

due to the decrease in ion trapping efficiency.1* The sensitivity variation

with the envelope I.D. could be explained by the variation in the total length

of the electron orbits.7 If the filament potential produces the least distor-

tion to the cylindrical equipotential distribution existing between the grid

and the wall, which is the case for 35 mm I.D. envelope, the total length will

be longer and S will be higher. Several problems arise when a small I.D.

envelope is used, such as localized thermal outgassing, sagging, and shorting

of the filament to the wall. The Type C BAG would not even operate in the 35

mm envelope. The dependence of the S on the size of the grid-cage is also

clearly demonstrated in our measurements; the grid cage of Type C is larger

than others, the S is correspondingly higher.

The X-ray limit variation. The X-ray limit of the Type A and the Type B

BAGs dropped to less than one-half as predicted by the geometry factor calcu-

lation when the collector size changed from 125 V to 50 V (A2 vs Al and B2 vs

Bl for 150 mm envelope). The X-ray limits of these BAGs with 125 u collector

was about 4 x 10 - l i Torr when inserted in the 150 mm envelope and dropped to

about 3 x 10" 1 1 Torr in a small envelope. Most of this difference could be

attributed to the cancellation of the reverse X-ray from the normal X-ray. »
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When the thin-collector BAGs were used in these different tubes, the cancella-

tion is more obvious. Accurate measurement of the reverse X-ray without vari-

ation of the grid potential is difficult, a rough estimate gives a reverse

X-ray of 1 x 10" 1 1 Torr equivalent in the 45 mm envelope, which is consistent

with that of a hair-pin filament BAG measured in the same setup.3

Based on this study, 400 custom BAGs (Type A2) were purchased from Varian

Associates. Among them, 20 were tested for S and P . The S varied from 16 to

24 Torr"1 with 80% of them falling within 20 ± 2 Torr"1. The P x ranged from 2

x 10~ 1 2 Torr to 9 x 10~ 1 2 Torr with 80% of them falling within (4 ± 1) x 10~ 1 2

Torr. Some of these BAGs showed big variation in both S and P_ between vent

and bake cycles, were later found caused by the changes in filament location.

After several bakes and degassings, the filaments would stabilize at one loca-

tion and the S and P would remain fairly constant.
x

In summary, the sensitivity of the BAGs at small envelope might be sig-

nificantly different from those of the larger envelopes. To reduce the wall

thermal outgassing and the filament shorting, the 45 mm envelope was chosen

over the 35 mm envelope as the CBA's mounting geometry, even though the sensi-

tivity would be higher with 35 mm envelope. By the combination of the thinner

collector and the self-cancellation of the reverse X-ray, we were able to

reduce the X-ray limit of these BAGs to the low 10" 1 2 Torr even among the mass-

produced ones, which made them suitable for monitoring the CBA's UHV system.
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TABLE I

Geometry, Sensitivity, and X-ray Limit of the BAGs

Al

A2

Bl

B2

C

BAG Dimension (mm)

Gauge D L
g g

23 44

23 44

20 44

20 44

25 41

fg c

2-3 ,125

2-3 .050

4 .125

4 ,050

3 .050

Envelope I.D. (mm)

35 45 60 150

34*(3.5)** 20 (2.8) 24 (2.8) 19 (3.5)

34 (0.8) 18 (0.4) 22 (0.5) 18 (1.5)

24 (3.0) 15 (3.0) 17 (3.2) 16 (4.0)

25 (2.3) 11 (1.0) 12 (1.1) 11 (1.8)

25 (1.8) 23 (0.5) 25 (0.5)

•Sensitivity in Torr "l.

**Equivalent X-ray limit in 10""11 Torr.



References

lA Proton-Proton Colliding Beam Facility, BNL 50718, project terminated by DOE

in November, 1983.

2W.H. Hayward, R.L. Jepsan and P.A. Redhead, Trans. Am. Vac. Soc, 228 (1963).

3T.S. Chou and Z.Q. Tang, J. Vac. Sci. Technol., A4 2280 (1986).

^H.J. Schuetze and F. Stork, Trans. Am. VAc. Soc, 431 (1962).

5D. Edwards, Jr., and C. Lanni, J. Vac. Sci. Technol., 17, 355 (1980).

6P.A. Redhead, J. VAc. Sci. Technol., 3, 173 (1966).

7L.G. Pittaway, J. Phys. D. Appl. Phys., 3, 1113 (1970).


