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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Rothe has recenﬁly described how to avold erroneons pressure
readings'in the utorr range by the use of a refrigerated McLeod gauge.l
While the McLeodbgauge will probably remain as the primary pressure stan-
dard in nhis vacuum region for a considerable ﬁime, there is another |
device available for the accurate measurement'of pressures.betneen.0.0S and
35 mtorr: the electrostaﬁically calibrated diaphragm micromanometer._
Altnough the electrostatic~calibration technique is not new, recent ad-
vances in commercial e;ectronics‘instrumentation-and'in the design of
. pressure transducere make it an increasingly deeirable‘method.

'There are several reasons why nhis calibration rechnique should
be used: (a).once the electroStatic constant is knownm, iﬁ is simple to
perform and can be done. in situ ﬁithont the use'of special valves.or
tubing or an aux1llary McLeod gauge; (b) since 1t is applied dlrectly at
the transducer, it: ellminates changes in the dlaphragm tension, bridge
constant, ampllflcation factor, detector operation, or recorder calibra-
tion; (¢) the linearity and accuracy for closed-loop, open-loop, or
manual null operatlon can be better than * 0. 5% and = 2%, respectlvely,
‘and (d) the electrostatlc constant does not change in magnitude unless
the dlaphragm is. physically deformed or the electrode-to dlaphragm
spacing is changed; nonconductlng dust partlcles or condensed vapor§”

have’little effect on its magnitude.
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Any commercial differential.micronanometer oan_be modified to
permit electrostatic oalibrafion by the addition of a low-impédance series
capacitor in each of the lowerlbridge arms. Ihe consfent K in the simpli-
fied fornula AP =K V2 is determined to * 2% or better for each.slde of
the transducer by a comparlson between a known dlfferentlal pressure (as
measured with an accurate McLeod gauge) and a voltage of known magnitude.
The results are linearly extrapolated to lower differential pressures.
:This process converté any commercial capacitive differential micromanometer
into an excellent secondary pressure standard.‘
As an example, the nonlinear electroefatic calibration technique
was used successfully with a homemade differential'micromanometer (oper-
ated open l00p) oapable of measuring pressures between 0.05 and‘35-m.torr.2’5
After the electrostatic constants for the pressure transducer were deter-
mined to * 2%, the system was calibrated daily oy the steﬁwise application
of a series of known voltages (Fig.‘l). A plot of the recorder reading
vs'the square of the voltages gave the calibration curve (Flgs. 2 and 3),

~ which usually remained constant to better than % 1% over an eight-hour
interval and * 5% aver a month interval, providing that nelther the
electronics nor the transducer were disturbed These two flgures de-
pended upon the stability of the ampllfier and detector and not on the
electrostatlc calibration method.

The upper range of the electrostatio calibration technique can

be extended to higher pressures in two ways: (a) coat the fixed elec-'
trodes and the dlaphragm with an insulating layer to eliminate the pos-l
s1billty of electrical breakdown between the two surfaces and permit -

the use ofvhigher voltages;'(b) nse larger fixed-electrode areas,_smaller e
electrode-to-dianhragm spacings, and somewhat stiffer diaphragms. In

this way, it should be possible to calibrate a transducer electrostqﬁically
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to ¥ 2% accuracy or better, from 50 utorrﬂto 5 torr;;aArange of lO5f This

electrostatic technique may eventually superséde‘the McLeod gauge as the

.

primary pressure standard in the ptorr region..
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] FIGURE CAPTIONS
Fig. 1. Sémple reéorder_calibratiop curves. 'CufvesA(g); (b), and (c)
wefe made with differéﬁt-signal-atténuétibn settihgégwithin the
amplifier. |
.Fig. 2. Computed calibration curve correspon&ing to;curve (a) in fig5 i;'

Fig. 3. Computed calibration curVe-corresponding.to curve (c) in Fig. 1.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on. behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to.the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








