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1. INTRODUCTION

The calibration of pressure measuring devices, for hydrogen and
-8 -3
its isotopes, in the range 10 to 10 torr is of special interest

(1)

to workers in the field of nuclear fusion . In particular, experi-
ments using the method of RDdiOnOV(Z) to investigate the containment
of single particles in magnetic traps, require devices calibrated for
tritium gas in the range IO_B to 10—4 torr, This paper describes a
method for the absolute calibration of pressure devices for tritium.
The method is applied to the calibration of a quadrupole mass analyser
and to a Bayard Alpert ionization gauge. The importance of any systematic
errors in the calibration procedure is assessed by cross calibration
(at around 10~% torr) with a McLeod gauge, and with a ZnS(Ag) scin-

tillation counter which in turn is calibrated against a standard

source.

2. THE BASIS OF THE CALIBRATION

The number of tritium atoms/unit volume can be determined from
the known decay rate of tritium(s) by measuring the current (IR) of
SHE ions generated in a known volume (V) by the radioactive decay of

tritium. Conventionally this number density is expressed as a pres—

sure (Pt) at 273°K. Thus:
p _ 213k, <EB>
t 2he A%

where

k is the Boltzmann constant

A is the tritium decay constant (1-791 x 107" sec“i)

€ is the electronic charge

Pt is the equivalent partial pressure of molecular tritium,

and will include contributions from all molecules in the
system which contain tritium. The most important tritia-
ted species are T, and HT; in our system all other tritia~
ted species are negligible so that Pt = PT2 + % PHT'



Ir I is the amps, V in litres and P in torr this equation may

R

be written

t

P
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A suitable collection chamber for measuring this current is shown in
Fig.1. The central rod (A).is made sufficiently negative so that it
collects essentially all the 5He ions (maximum energy 33 eV) born
in the cylindrical volume, The P-particles born in the decay (maxi-
mum energy 18 keV) will be essentially unaffected by the electric
field and will be collected on the outer cylindrical electrode (B),
The effect of any secondary electrons generated by the pB's at the
rod or at the cylinder can be made small by keeping the ratio of the
rod radius to cylinder radius small, There will be a background cur-
rent in the chamber due to tritium adsorbed on the electrodes, the
largest effect being due to SHé+ ions released from the cylinder and

reaching the rod,

3. APPARATUS AND EXPERIMENTAL PROCEDURE

The gauge to be calibrated is compared with the collection chamber
on a vacuum system with conductances such that no pressure differen—
tial can exist between the gauge and the chamber, The mass analyser
can be calibrated directly, but the calibration of the ion gauge re-
quires a separate estimate of the fraction of the total pressure which
is due to tritium, The vacuum system is constructed of stainless
steel with electrolytically polished vacuum surfaces, The joints are
all metal using either gold rings, or copper gaskets, The system is
shown schematically in Fig.2. Tritium gas is admitted to the system
from a pyrophoric uranium source through a nickel leak, The gas pres-

sure is usually established by varying the leak current with only the

= 2



1 litre/sec pump operating, but at the higher pressures it is possible
to admit the required amount of gas, with no pumps operating, and then
to switch off the leak current.

The collection chambzr (Fig.1) has a stainless steel body elec-
trically insulated from the vacuum system by a glass to metal seal.
The collector rod is insulated from the body by a glass to metal seal
incorporating a guard ring; the seal resistance is around 3x 10™q.
The collector current is measured with a vibrating capacitor electro-
meter capable of measuring less than IO_T%L(input resistance = 10110).
The chamber is operated with a collection voltage of 300 V, this being
sufficient to collect substantially all the ions generated. Fig.3
shows the variation of collector current with voltage on the chamber.
The collection chamber has a residual background current of ~10dﬁ3A,
which increases to an equilibrium level on exposure to tritium, recovery
takes from 12 to 24 hours. On a time scale of minutes this background
is essentially constant, it can be elliminated by.measuring the change
in collector current when the tritium is pumped out of the system.

The tritium is pumped out in a time of about ohe minute using the

50 litre/sec pump. Even at the lowest pressures measured the 'gas
out' pressure was 10 times smaller than the 'gas in' pressure. The
electrometer can be backed off to facilitate measuring this small
change in current, the errors introduced by this procedure can be
determined by repeating the, gas in-gas out, measurement several times,
these errors are included in the error bars on Fig.5 and Fig.6. The
absolute pressure is then determined from:

Ic

P, =3 o 42

cc
where I, 1is the change in collector current when tritium at pressure

Pt is pumped out of the chamber and SCc is the sensitivity of the



collection chamber calculated from (1) to be 2.8 x10° A torr~' for
our chamber.

The percentage of tritium in the vessel is typically, 50 - 80%
with the 1 litre/sec pump in operation, and 30% with no pumps operating,
the remaining gas is almost entirely hydrogen. The 1 litre/sec pump
was on during the calibration of the ion gauge and mass analyser, but
not during the McLeod gauge comparison (to avoid pressure gradients
due to the impedance of the gauge connection) or during the scintilla-
tor comparison (because of sensitivity to the light emitted from the
pump discharge). Fig.4 shows a typical mass spectrum.

The McLeod gauge, and scintillator probe comparison were made
against a base pressure of ~10~ torr (total pressure). The ion gauge
and mass analyser were calibrated against a base pressure of ~2 x 107°

torr produced after bake-out of the vacuum system to 200°C for 24 hours

and outgassing the gauges for 15 to 20 minutes.

4. VARIAN QUADRUPOLE MASS ANALYSER

The resolution (M/AM) of the mass analyser can be varied from O to

100, the sensitivity of the instrument'decreasing as the resolution in-
creases. The calibration reported here is for M/AM =26. The analyser

ion current is measured directly on an electrometer. The sensitivity

(St) is determined from:

P
" Pral,
where
Ie = emlssion current.
I, = analyser current (including contributions from T, and HT).

Py  1s the tritium partial pressure obtained from (2).

The data is shown in Fig.5. The solid line is the best linear
least squares fit. The sensitivity is (2:56 + 0.02) x 10=2torr-' at
pressures below 10 torr and falls to (2-24 + 0.02) « 102 torr™ at
10_5 torr. The error estimates are based solely on the scatter of the

data about the best fit.



5. MULLARD IOG 13 ION GAUGE

‘The sensitivity (S¢) of the ion gauge for tritium is determined

from R
S"*:PC I
t' e

where

I, = ion current

I = emission current

P = tritium partial pressure from (2)

R = fraction of total pressure due to tritium

The quantity R is determined from the mass spectrometer (A in
Fig.2), the contribution to the total pressure from gases with masses
greater than 6 is negligible, and we have assumed the instrument is

equally sensitive for masses 2, 4 and 6.

Two calibrations were made at an interval of 3 months (the gauge
being stored at atmospheric pressure for this time); the change in
sensitivity between calibrations was about 4%, and some of this is
accounted for by the fact that the two calibrations are over differ-
entr pressure ranges. Both sets of data are shown in Fig.6. The
solid and dashed lines are the best linear least squares fit to the
two sets of data. For the combined data the sensitivity is
(4-95 + 0-06) torr~  at pressures below 107° torr and falls to
(4.27 + 0.068) torr™' at 10~ torr, again the error estimates are

based solely on the scatter about the best fit.

6. McLEOD GAUGE

The gauge was connected to the vacuum system through a liquid
nitrogen trap and an all metal valve. The valve allowed the vacuum

system to be isolated from the gauge when the trap was empty, to avoid
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any possible entry of mercury vapour from the gauge. The conductance of

the valve was sufficiently high, however, to make its contribution to

the overall impedance of the gauge connection negligible,

The McLeod gauge is a total pressure gauge, the method of compari-
son is, therefore, to determine the proportion of tritium in the
system as for the ion gauge calibration., The partial pressure of

tritium (Pmt) is then

P
My

= Pm. R where Pm = McLeod gauge indicated pressure
This quantity is to be compared with the tritium préssure (Pt)

obtained from (2),

Over the pressure range covered, the errors in measurement come
mainly fram the McLeod gauge, The results have been corrected for
(4)

the effects of mercury vapour streaming but capillary depression

is expected to produce a 10% error at P ~ 5 « IO_4 torr,

The data is shown in Fig.7; the dashed line is for Pmt = Pt and
the solid line is the best linear least squares fit to the data, it
is:

-5
Pm = (09 * 0-25) P, + (0«7 + 2) x 10

which is consistent with the two gauges indicating the same pressure

within the experimental error,

7. ZnS(Ag) SCINTILLATOR PROBE

A scintillator on a quartz rod 25 cm long x 1 cm diameter, was
prepared and calibrated using a standard tritiated polymer source(s)o
The scintillator efficiency (np) was measured before and after cross
calibration with the collectipn chamber and was 15%. The probe was

mounted on the vacuum system together with a geometry tube, The tube,

o B ows



arranged concentrically around the probe, determines its working

volume. The efficiency of the probe is then determined from:

where Sg is the count rate, due to tritium gas, measured by the
scintillator, and C is the { arrival rate at the probe (calcula-

ted from the known geometry and decay rate, using P, from (2)).

There is a possibility of error in the measurement due to 'prompt'
adsorption on the tube and scintillator which is proportional to the
tritium pressure in the system and which is removed immediately the
tritium is pumped out., Such surface adsorption would produce a count
which is independent of radius of the geometry tube, whereas the count
due to the gas is approximately proportional to radius, Measurements
with geometry tubes of varying radius are consistent with this hypo-
thesis and provide an estimate of the magnitude of the absorption.
Extrapolating the data to infinite tube radius gives an estimate for

-4
ng/np. Measurements at a tritium pressure of 1 x 10 torr give:

tslm:

= (1.05 * 0-3)

consistent with the chamber and polymer calibrations being the same

within the experimental error,

8, SPURIOUS EFFECTS

There are a number of effects which might in principle give rise
to systematic errors in the calibration procedure. We have con-
sidered: ionization effects due to the p-particles and any second-
aries they generate, various types of tritium adsorption on the walls

and collecting rod, effects due to X-ray production, All of these



are entirely negligible, except for ionization produced by { part-
icles (and subsequent secondary electrons) which arise from tritium
adsorbed on the chamber wall, We have assessed this effect experi-
mentally by adding hydrogen gas to the tritium; this increases any
ionization effect but does not change the current arising from decay
in the tritium gas. These measurements indicate that the sensitivi-

ties we quote should be increased by (2 *+ 1)%.

9. OCONCLUSIONS

We have made an absolute calibration of a Varian quadrupole mass
analyser and a Mullard TOG 13 ion gauge for tritium gas in the range
3 x 100" > 10°° torr. 1In both cases the sensitivity is essentially
constant below 10™° torr the values being 0-:026 tor'r"_1 for the Varian
instrument (M/AM = 26) and 5-0 tor‘r‘_1 for the I0OG 13 gauge. These
values differ by less than 10% from those obtained from the manu-
facturer's data., Both instruments show a decrease in sensitivity by
about 14% from this value, in the range 10 to 10~ torr, Since

(6)

others find no variation of sensitivity with pressure for hydro-
-4

gen at pressures less than 10 torr, it is tempting to suppose that

the observed fall off is due to an error in the calibration procedure;

however, we are not aware of any effect which could cause a departure

of this magnitude,

The internal accuracy of the sensitivities determined here is
about * 1% and the measurements with the McLeod gauge and scintillator

suggest that any systematic errors are not greater than about 10%,
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