
Technical Overview

Introduction
Helium leak detection is used in a diverse range of industries and an equally wide 
variety of test methods. Common to nearly all, is a need to understand the relative 
accuracy of a given measurement.

Ensuring measurement accuracy requires calibration to a known value. This is 
provided by a calibrated leak installed in the instrument. Agilent Helium Leak 
Detectors (HLDs) have an internal reference leak that is traceable to a primary 
reference standard provided by the United States National Institute of Standards 
and Technology (NIST). These internal leaks contain unpressurized helium and 
have a nominal leak rate of 1.5 × 10–7 atm·cm3/s. Alternatively, or in addition to the 
internal leak, customers may also use an external calibrated helium leak. External 
calibrated leaks are typically pressurized, and a stable leak rate is achieved by helium 
permeating through a specific material or escaping through a small capillary. All 
calibrated helium leaks should have a certificate of calibration which states the 
standards to which the leak was tested and the tolerance range for which that leak 
is certified.

The purpose of this technical overview is to aid the reader in understanding the key 
characteristics of a calibrated leak and the meaning of the terminology used on the 
certificate, such as uncertainty, tolerances, and test uncertainty ratios.

Calibrated Helium Leaks: 
Uncertainty, Tolerances, and 
Test Uncertainty Ratios
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How the internal calibrated 
leak works on the 
Agilent HLD
The Agilent internal calibrated leak 
(Figure 1) is an unpressurized helium 
leak that flows through a permeable 
membrane. A linear relationship of 
flow rate of helium through a diffuse 
membrane is explained by Darcy’s Law, 
a special case of the Navier‑Stokes 
equations. The leak includes a 
temperature monitoring circuit and is 
connected to the instrument’s valve 
block (Figure 2) and valved into the mass 
spectrometer vacuum system as needed 
for calibration.

Figure 1. Internal calibrated leak assembly.

During manufacturing, the leak is 
calibrated using a NIST traceable 
primary reference standard. This 
calibration is performed at a single 
temperature at a single point in time. 
The Agilent HLD software uses an 
experimentally determined polynomial 
curve fit expression to compensate the 
leak rate for the actual temperature of 
the calibrated leak during operation. 
Simply stated, when a calibrated leak 
is warmer, it will leak at a faster rate 
than when it is cooler. The helium leak 
rate is further compensated based on 
an experimentally determined helium 
depletion rate, as a function of time. 
The helium leak rate decreases by a 

small percentage every year based on 
a decreased differential helium partial 
pressure between the calibrated leak 
volume and the outside atmosphere. The 
certification on a calibrated leak is good 
for at least one year. 

Understanding the internal 
calibrated leak label
The label of the internal calibrated leak 
on the Agilent HLD (Figure 3) lists the 
following information:

	– Agilent part number

	– Serial number

	– Leak rate measured using a NIST 
primary reference standard, in units of 
atm·cm3/s.

	– Temperature at which the leak rate 
was measured

	– The date the leak was calibrated

	– Factor is a temperature correction 
factor used by the leak detector. 
While the temperature at the time of 

Figure 2. Calibrated leak installed on HLD vacuum system.

Figure 3. Sample internal calibrated leak label.
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calibration is measured using NIST 
traceable instrumentation, the actual 
temperature measurement chip on 
the calibrated leak is not as accurate. 
The factor is a temperature offset 
value that shows the difference 
between the measurement of the 
NIST traceable factory calibration 
temperature and the value read 
by the chip. The HLD software 
uses the measured temperature 
with the correction offset factor 
to make temperature-related leak 
rate compensation.

	– The date the calibration expires.

	– The initials of the operator who 
performed the calibration.

Statement of calibration 
and understanding 
the statistics
The following is the statement of 
calibration issued with Agilent internal 
calibrated leaks:

The present estimate of the expanded 
uncertainty in the measured leak rate 
of this artifact at 23°C at the time 
of calibration is ±5.7%, with a 95% 
confidence level, coverage factor, k = 2. 
With a tolerance of 20%, this equates 
to a TUR of 3.5:1. (For a TUR of 4:1, the 
confidence level is 92%, coverage factor, 
k = 1.76)

To understand what this means in terms 
of the accuracy of the instrument, a bit of 
explanation might be helpful. Tolerance 
refers to the product’s manufacturing 
specification limits. Agilent’s process 
requires the ability to test accurately 
and precisely, within a reasonable 
range. While the manufacturing 
process will nominally produce a 

1.5 × 10–7 atm·cm3/s helium leak, 
understand that it will be certified and 
labeled with the exact measured value of 
helium which it is leaking.

Since no instrument is infinitely precise, 
every measurement should be reported 
with an estimated uncertainty, a range of 
how far from exact that measurement 
may be. Expanded uncertainty is the 
measurement uncertainty with a 
safety factor.

Illustrated here is a safety factor of 
k = 1 and k = 2.The 20% tolerance is 
a description of the upper and lower 
specification limits (USL and LSL). For 
example, if the calibrated leak value 
is 1.5 × 10–7 atm·cm3/s, the USL is 
(1.20) × (1.5 × 10–7 atm·cm3/s), and the 
LSL is (0.80) × (1.5 × 10–7 atm·cm3/s). 
This is shown graphically in Figure 4.

Test uncertainty ratio (TUR) is the ratio 
of the specification limit gap (USL – LSL) 
and uncertainty in the measurement of 
that part when declaring the calibration. 
TUR is defined in Equation 1.

TUR =
USL – LSL

ku

Equation 1.

where:

	– USL is the upper specification limit of 
the calibrated leak

	– LSL is the lower specification limit of 
the calibrated leak

	– k is the correction factor. A k value of 
2 indicates 95% confidence. 

	– u is measurement uncertainty (note 
that any bias, if included, would add 
to the denominator, not scale with k.)

NIST has adopted standard use of 
k = 2 for a correction factor.1 The gold 
standard for a TUR value is 4.2 If a 
predefined USL and LSL are provided, a 
goal for TUR is set, and an uncertainty 
level is given, k can be solved for, as 
shown in Equation 2.

k =
USL – LSL

TUR × u

Equation 2.

Figure 4. Calibrated leak tolerance and 
measurement uncertainty.
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Solving for k, the confidence level 
can be solved for using a Z-table. For 
example, if USL and LSL are defined as 
±20% of 1.5 E-7 atm·cc/sec, and TUR 
is set for 4, and u is given as 5.7% of 
1.5 × 10–7 atm·cm3/s, then k would solve 
to be 1.75. Using the Z-table (Figure 5), 
this corresponds to 0.9599 – 0.0401 = 
0.92 confidence, or equivalently, an alpha 
risk (α) of 8% (green highlight).

α is the complementary probability of 
the confidence, 1 – confidence. For 
reference, 5% alpha risk is a standard 
value used for statistical control of 
manufacturing operations. 8% risk is an 
elevated “risk” statement at the expense 
of being able to demonstrate a higher 
test uncertainty ratio.

If a laboratory required TUR of 10, with 
±20% USL and LSL tolerances, k would 
solve to be 0.70. Using the Z-table, this 
corresponds to 0.758 – 0.242 = 0.52 
confidence, or, equivalently, an alpha risk 
of 48% (purple highlight).

Figure 5. Using a Z-table to determine confidence level.
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Table 1 illustrates a list of TUR options, 
solved using the equations provided. 
Each entry uses k = 2 and u = 5.7% of a 
leak rate of 1.5 × 10–7 atm·cm3/s.

Table 1. TUR options.

Tolerance k TUR Confidence

±20% 2 3.5:1 95%

±20% 2 4:1 92%

±20% 2 10:1 52%

Final words
The above applies only to the accuracy 
of the supplied internal calibrated leak 
and the accuracy of the electronics 
in the instrument. Accuracy of a leak 
test system (including any fixtures 
or apparatus connected to the leak 
detector) can only be determined by 
performing a proper gauge repeatability 
and reproducibility analysis.

Terminology and specifications used to 
describe external calibrated leaks may 
differ from those used here.
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