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Standard leaks or leak artifacts are used extensively in industrial and research environments,
typically for the calibration of helium leak detectors. The most commonly used leak is the helium
permeation type, which uses a glass, quartz, or polymer barrier to restrict the flow of helium via
diffusion. Physical leaks, on the other hand, use a physically restrictive element to limit the flow.
This article will discuss the properties and reliability of helium permeation standard leaks, based on
eight years of accumulated calibration data. Physical helium leaks will not be discussed since
relatively few have been calibrated at the National Institute of Standards and Technology.

I. INTRODUCTION lowing: (1) a permeation leak tends to purify the gas as it
. . diffuses through the leak element, because most impurities
The National Institute of Standards and TeChnOIOanre not capable of diffusing through the leak element mate-

(NISIT)t)rris?ure ?niv‘;cw’m Gif{l;p czla;llbrafsié:gmmlt/arC|all¥ia|; (2) by choosing the proper leak element dimensions and
avallable helium leaks between U mol/s an MOUS,  yaservoir fill pressure, it is possible to produce very low leak

which are frequently used as secondary standards in indu§-,[es e.g., 10% mol/s; (3) if properly cared for, permeation

trial and research environments. Most of these leaks are usedh s tend to be very stable over time, as the data presented

to calibrate helium leak detectors, which can then be used t%ter will show. Disadvantages of permeation leaks include:

guantify leak rates of closed structures. In general, leaks co 1) the leak rate has a strong temperature dependence, as
sist of a gas reservoir, a leak element, and a fitting to attac ’

hown in Eq. 1{2) the leak element, typically made of glass,

the leak to _the system of interest. The_leaks are classified 38 fragile; (3) the buildup of gas that occurs when the vacuum
e_|ther physical or permeation, d_ependmg on the Charac'{?”%ialve (if one is presentis closed produces changes in the
tics Qf Fhe leak element. A pr_lysmal leak reheg ona phySICahelium concentration gradient across the leak element and
restriction such as a small diameter tube to limit the flow thence instabilities in the leak ratél) the leak rate can re-

gas frqm the reservoir. A permeationlleak establishes its fIOVéﬁuire an hour or longer to equilibrate to changes in tempera-
by a d|'ffus'|on process across a barr@r composed of a mat‘?ﬂre; (5) one is limited to using gases for which permeating
rial which is permeable to the gas of interest. 6naterials are available

During the past eight years, NIST has performed over 10
customer leak calibrations; 92% of these were helium perme-
ation leak calibrations. This paper will focus on helium per-
meation leak properties based on NIST calibration experi-
ence. Further information on physical leaks may be found in; cALIBRATION APPARATUS
the literature:

The molar leak rate of a permeation leak has been found NIST uses two systems for calibrating leaks; one is the
empirically to obey the following relationship, NIST Primary Leak Standar@PLS), and the other is the

Q=ATe BT 1) NIST Leak Comparison SystefbhCS). The two systems are

' briefly described below.

whereQ is the molar leak ratémol/s), A is a constant that The PLS, shown in Fig. 1, consists of three major parts: a
depends on the solubility, diffusivity, area, and thickness ofeak manifold, a constant pressure flowmeter, and a vacuum
the leak elementmol s K™1), T is the absolute tempera- chamber. The flowmeter is described in the literature in
ture of the leak(K), andB is a constantusually called the detail?® The vacuum chamber is composed of an upper and
temperature coefficienthat is equal to the activation energy a lower chamber separateg & 1 cmdiameter orifice. A 500
of the leak element material divided by the universal gas” s ! turbomolecular pump attached to the lower chamber is
constant. BottA andB are independent of the absolute tem-used to achieve a high vacuum. Two or more quadrupole
perature for the temperature range investigated (@€ to  mass spectrometers are connected to the upper chamber for
50 °C). Calibration of permeation leaks involves determiningpartial pressure measurements, as well as several ion gauges
the constant#\ andB. for total pressure measurements. Flow from the flowmeter or

There are advantages and disadvantages associated witte leak manifold can be valved into either the upper or
using permeation leaks. Among the advantages are the folewer chamber.

An unknown leak rate is measured as follows. The leak is

¥Electronic mail: pja@tiber.nist.gov attached to the leak manifold and the entire system is evacu-
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Fic. 1. Schematic of the NIST Primary Leak Stand@fd.S) used for primary calibration of helium permeation leaks.

ated. Gas emitted from the leak is valved into the vacuuntan be separately valved into a quadrupole mass spectrom-
chamber, flows through the orifice, and is evacuated by theter that is tuned to helium. The quadrupole is evacuated
pump. After the gas flow and upper and lower chamber preswith a 50 / s turbomolecular pump to achieve high
sures reach equilibrium, the upper chamber gas partial presacuum. The reference and unknown leaks are pumped on
sure indication, as measured using one or more mass spemntinuously(when not valved into the quadrupoley a 50
trometers tuned to helium, is recorded. The leak is then” s ! turbomolecular pump.
isolated from the system and the flowmeter is valved into the The LCS measures an unknown leak rate in the following
system. The flowmeter is pressurized with helium and thevay. The unknown leak is installed on the unknown leak
resulting flow is adjusted so that upon stabilization, the uppemanifold, and a reference leak having approximately the
chamber partial pressure of helium as measured with theame leak rate is installed on the reference leak manifold.
mass spectromety is the same as that recorded when theThe leaks are pumped on until the leak rates reach equilib-
leak was valved into the system. The flowrate is then mearium, usually within 24 h. The reference and unknown leaks
sured using the constant pressure flowmeter. The flowmeteare then alternately and independently valved into the quad-
is able to measure flow rates between 40mol/s and rupole and their respective helium partial pressures are re-
102 mol/s. To measure flow rates lower thari #®mol/s, a  corded. The leak rate of the unknown leak is then calculated
flow division technique is used that allows extension of thebased upon the ratio of these helium partial pressures and the
lower limit of the flowmeter down to & 10 1% mol/s. known leak rate of the reference leak. The calibrated refer-

The two-standard-deviation relative uncertainty in theence leak is chosen such that its leak rate at 23 °C is within
measured flow rate of the constant pressure flowmeter variesfactor of 10 of the unknown leak rate at 23 °C. This is done
from a few tenths of 1% at I mol/s to about 5% at so as to minimize the uncertainty due to nonlinearity of the
10~ mol/s . The majority of leaks calibrated at NIST are in quadrupole response over a wide range of leak rates. Typical
the range of 10* mol/s to 10'° mol/s, and the typical two-standard-deviation relative uncertainties for the LCS are
two-standard-deviation relative uncertainties for these are beabout 1% greater than the relative uncertainty associated
tween 1% and 3%. The PLS is used to determine the leawith a primary calibration, and about 2% to 4% for leak rates
rate of the unknown near 23 °C. Once the temperature coefna the range of 10*? mol/s to 10 1° mol/s.
ficient of the leak B in Eq. 1) has been determined using the  The LCS is used to calibrate a leak as a function of tem-
Leak Comparison System described below, the PLS data cgrerature(both A andB in Eqg. 1 are determingcbr to deter-
be used to calculate th& coefficient in Eq. 1. mine the temperature coefficiefB only in Eq. 2 of the

The NIST Leak Comparison Systéif. CS) compares the unknown leak as part of a primary calibration using the PLS.
flow of an unknown leak at a constant temperature with thdn either case, the unknown leak rate must be measured as a
flow from a calibrated reference leak maintained at 23 °Cfunction of temperature. To do this, the unknown leak is
The LCS consists of two independent manifolds, one forcovered by an insulated metal can that is connected to a
calibrated reference leaks and one for unknown leaks, thaemperature bath. A target temperature is set and temperature
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Temperature (°C) Fic. 3. Histogram showing the distribution by leak rate of the 42 differ(_ent
helium permeation leaks calibrated at NIST. The vertical bar on each histo-

Fic. 2. Plot of measured leak rate of unknown leak vs temperature for £"2M “bin” indicates the number of leaks falling between that bin and the
calibration done on the NIST Leak Comparison Syste@S). The depen- ~ Next lowest bin.
dence of leak rate on temperature is described by Eq. 1.

(Imol'! K™1). Differing structures and compositions of
measurements of the unknown leak are made at regular timglasses used as leak elements result in a wide distribution of
intervals. At the same time, the quadrupole monitors the sighelium activation energies. Therefore, it is possible to distin-
nal generated by the unknown leak and a computer subrowuish the type of glass used for the leak element by looking
tine determines when stability has been achieved, usuallgit the temperature coefficient of the I€akhe temperature
between 30 min and 60 min after the target temperature hasoefficient vs leak rate data plotted in Fig. 5 show that about
been set. The unknown leak is then compared to the refeB0% of the leaks calibrated have a temperature coefficient
ence leak which is maintained at 23 °C, as described abovelose to 3000 K. In addition, two leaks have temperature
A typical LCS calibration consists of comparing the un- coefficients of about 3600 K, two leaks have coefficients just
known leak rate to the reference leak rate at a series of tenelow 2900 K, and five of the leaks have a temperature co-
peratures between 0 °C and 50 °C. Example calibration reefficient of 2500 K or less. Most commercial leak elements
sults are shown in Fig. 2. From these data the temperatur@anufactured today use Pyrex 7740 for the leak element,
coefficientB is calculated using a nonlinear curve fitting rou- which is sometimes stated on the label on the leak. Before
tine. The LCS is fully automated and is controlled by a per-1980 some manufacturers used borosilicate glasses as leak
sonal computer running BASIC software written at NIST. elements. Other element materials such as Corning 7052
borosilicate and quartz are used today for special applica-
tions. Unfortunately the type of glass used in the element is
not usually indicated on the leak or known by the customer
requesting its calibration, but it can be deduced from its tem-

[ll. HELIUM GLASS PERMEATION LEAKS
CALIBRATED AT NIST

A. Temperature coefficients

As of this writing, NIST has performed 106 leak calibra-

-
@

tions on several types of different commercially available

leaks made by seven different manufacturers; 97 of these  *7

calibrations have been performed on 42 different helium per- ¢ *7

meation leaks, the others being physical leaks. Of these 42 §‘2"

permeation leaks, 25 have been calibrated more than once. s 1

As shown in the histogram in Fig. 3, the range of helium 8 ®7

permeation leaks calibrated extends from ¥0Omol/s to E o1

about 5x 10~° mol/s, with over 80% in the range of 1¢ = a1

mol/s to 102° mol/s. The distribution of measured tempera- 21 — '

ture coefficients of helium permeation leaks calibrated at or T o A ST

NIST is shown in Fig 4. The temperature coefficient is pro- S 3 8 8 8 8 g s s s

portional to the activation energy for helium in the leak ele- & & & & &8 8 5 8 3 8

ment material through the relationship Temperature Coefficient (K)
Eact=BR, (2 Fic. 4. Histogram showing the distribution by temperature coefficient of the

. L. 1 . 42 different helium permeation leaks calibrated at NIST. The vertical bar on
whereE,. is the activation energyd mol™”), B is the tem-  g5ch histogram “bin” indicates the number of leaks falling between that bin

perature coefficientK), andR is the universal gas constant and the next lowest bin.
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o800 the leak is maintained at a constant temperature, the decay

sc00 b I rate will hgve an exponential time dependence.
In practice it is important to know the decay rate of the
&7 leak, since it may be on the order of several percent per year
g3 7 and may cause changes that are greater than the uncertainty
Saooo + ™ PR 5, S of the calibration. However, the decay rate may vary consid-
S2800 | - ' erably depending on how the leak is constructed, how it is
P00 | used, and how it is stored when it is not in use. Many helium
2001 . . | permeation leaks have valves after the leak element that al-
low the flow of helium to be shut off. Closing this valve for
2200 . . . .
LOE18  10E42  10EA1 10E10  10E0  10E08 a long period of time, e.g., months, will change the helium

Leak Rate (mol/s) concentration gradient across the leak element and thus alter
Fio. 5. Plot of the ) ficient vs leak rate for the 42 dif tthe natural decay rate; this could lead to a greater uncertainty
hfli.un.\ pec;moeatioen ‘Ia;?((:ri;irsr;tzz :tlelgls\{lj l(\aliter?h(;t ?r:osfleaksl hear\?: :lin the leajk rate than if the ShUt'qﬁ valve remains OF_’e“- Some
temperature coefficient of about 3000 K. permeation leaks also have a fill valve on the helium reser-
voir; if gas escapes through or around this valve, the overall
leak rate will decay more rapidly than normal. Furthermore,
perature coefficient or obtained from the manufacturermicrocracks in the leak element would cause an abnormally
Based upon the previously measured activation energies ‘Pﬁgh decay rate. Since the leak rate is highly temperature
helium in various types of glasand the relative differences dependent, using or storing a leak at a higher or lower tem-
between activation energies of various glasses, we infer thgarature than the calibration temperat(28 °C) will greatly
probable glass types which correspond to the measured aclijier the natural decay rate of the leak.
vation energieS,shown in Table I. NIST has performed repeat calibrations on 25 helium per-
Figure 5 shows that most leaks are made from PyreX,qqtion leaks: 15 of these have been calibrated three times
7740, withB approxma}gly equal to 3000 K. Artifacts with a or more over the past eight years. In general, NIST has no
h|gher. IeaI_< rate 10" mol/s) tend to .b.e madg from a knowledge of the usage or storage conditions of the leak at
material with a lower temperature coefficient. This may in-y,o c\ystomer site. For this discussion, the working criterion

dicate that the material has a greater helium diffusivity ang, good stability is a predictable decay rate over a period of

th_us would require a Iowe_r reservoir he_llum concentrationg, o years. Figure 6 shows examples of some repeat cali-
(fill pressure to achieve a given leak rate in comparison with

L . i howi ili howi
Pyrex 7740. Similarly, smaller leaks made from a reIaUverbratlonS’ one showing good stability and one showing poor

high temperature coefficient material such as Corning 705???22262:%#? t\t/)veo-r;?;gat:]d?tj(tar\]/?at(i)(\alﬁrlL?rF:crz)g;?aii;rorinb?krfa
(B =~ 3600 K) may indicate a smaller helium diffusivity and P 9 y

. 4 i X data in Fig. 6b point more to a constant leak rate between the
would require a higher fill pressure than if Pyrex 7740 were . oo .
used second and third calibratior{as would occur if the vacuum

' valve were closedthan an apparent increase in the leak rate.

B. Stability Poor stability may be due to one or more of the reasons

The leak rate of a helium permeation leak depends on thgiscussed at?o"e_- The lines in Figs. 6"?‘ and E_Sb correspond to
composition and construction of the leak element as well 8" €xponential fit to the data, but a linear fit may be used
the reservoir helium concentration behind the leak elementVithout making a significant error since the decay rates are
As helium flows out of the leak element, the reservoir heliumS™Mall; the decay rates for the present analysis were calcu-

concentration decreases and hence so does the leak rate!afed based on linear fits to the leak rate vs time data.
Figure 7 is a summary of the decay rate vs leak rate data

for all the repeat calibrations. Six of the repeat leaks were not
TaBLE |. Correlation between NIST measured temperature coefficfeartsd used because of obvious instabilities and two were disquali-
probable glass types for helium permeation leaks. fied because of decay rates greater than 10% per(gaarof

NIST measured Activation the two leaks exhibiting a decay rate greater than 10% per
NIST measured activation energy year was found to have a leak at the reservoir fill valve due
temperature coefficient  energy (PUb"Shfd Probable glass g incorrect installation of the valyeOf the leaks exhibiting
® (J mol™) (3 mol"’y type good stability, the decay rates vary between 1% and 5% per
<2500 2. 10 2.3x10 Borosilicate year, the average being 2.6% per year. This is in good agree-
2700 None calibrated = 2:610°  Fused siica  ment with previously published decay rate values for this
3000 2.7 10 2.7x10* Pyrex 7740

type of leak! As mentioned above, NIST typically has no
knowledge of the way a leak is handled between calibrations,
% or the purpose of comparison with the data in Ref. 5, activation energieput for many of the leaks that exhibited poor stability, it
correspondlng.to the temperature goefﬂmentg measured at NIST were Caéippears that the shut-off valve was closed for some period of
culated assuming no pre-exponential factoifah Eq. 1. . . . .
bActivation energy not available; glass type obtained from leak manufactime between calibrations. Based on those leaks that exhib-

turer. ited good stability, it seems reasonable for one to expect a

3600 3.x10 b Corning 7052
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Fic. 8. Plot showing the temperature coefficient stability of helium perme-
7.8E-12 4 Customer Leak # 216565 ation leak 0001. The average value of the temperature coefficient is 2946 K.
The error bars represent the two standard deviation uncertainty.
~7.6E-12 1 {
2
g7.4E-12 .
72512 It has been our experience that a helium permeation leak
s will have a relatively constant temperature coefficient as
% 7.0E-12 1 long as it is not mistreated. The measured temperature coef-
P ficient for helium permeation leak 0001 is shown in Fig. 8.
These data show that the temperature coefficient has re-
668121 { mained constant to within the uncertainty of the measure-
6.4E-12 ‘ ‘ . ‘ ‘ ment over a period of about six years. This result is typical
) Dec-88 Dec-89 Dec-90 EI’;C':“ Dec-92 Dec-93  Dec-94 for all the leaks that exhibit good leak rate stability.
ate

Fic. 6. Leak rate vs time data for two different helium permeation leaks|\/,. CONCLUSION
calibrated at NIST. The error bars represent the two standard deviation un- . . . .
certainty. (@) Leak 0001 shows a stable decay rate of approximately 3.9% The stability and properties of helium glass permeation

per year over a six year perioth) Leak 216565 shows unstable behavior. |eaks have been evaluated based upon NIST calibrations over
The vacuum valve may have been closed between the second and thi ; ; ; ;
calibrations(May 1990 o August 1991 i penpd of eight years. 2In general, hiyum glass permeation
leaks in the range of 13 mol/s to 10 ° mol/s were found
to have decay rates ranging from 1% to 5% with an average

decay rate of between 1% and 5% per year for a comme@f 2.6%. The temperature dependence of the leak rate for
cially available helium permeation leak if the leak is main- N€lium glass permeation leaks, described by Eq. 1 was found

tained at or near room temperaty@8°C), and any shut-off to be highly correlated with the type of glass used in the leak
valve is left open. element. The average temperature coefficiBrity Eq. 1, for

the most commonly used glass leak elem@hrex 7740,
was determined to be approximately 3000 K, which corre-
sponds to about a 4% change in leak rate per °C. While the

1800 . leak rate of closed reservoir glass permeation leaks decay
12.00 with time, the temperature coefficients are found to remain
) constant.
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