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a b s t r a c t

A new ultrahigh vacuum transportable apparatus for vacuum gauge calibration in the pressure range
from 10�5 Pae105 Pa is developed. On the basis of modularization design, it can be easily extended and
assembled. A standard pressure pstd with various gas species can be generated by means of pressure
attenuation module which is easy to introduce the corresponding calibration gas through an orifice. The
standard pressure pstd in the range from 10�5 Pa to 10�2 Pa could be obtained by changing the upstream
pressure from 1 Pa to 103 Pa with an uncertainty of approximately 2.4%. At the same time, calibration can
also be performed by direct comparison with a reference gauge either in static or stationary equilibrium.
The ultimate pressure could be in the level of 10�6 Pa typically. The pumpdown characteristic and
outgassing rate of the apparatus after exposing to atmospheric pressure are presented. The main
metrological characteristics of the apparatus are given. The size and weight of this apparatus are
475 mm � 420 mm � 800 mm and 37.8 kg, respectively. Its calibration range is from 1.96 � 10�5 Pa to
1.03 � 105 Pa with the relative combined standard uncertainty from 2.8% to 0.40%.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Many important industrial processes (e.g. semiconductor in-
dustry, photovoltaic, etc) as well as scientific experiments (e.g.
particle accelerator for Nuclear Physics, surface science, storage
rings, etc) are carried out in high vacuum or ultra-high vacuum
(UHV) condition [1,2]. In order to obtain reliable measurement of
UHV, there is a strong demand for periodic calibration of vacuum
gauge. So a great deal of vacuum calibration systems, such as static-
expansion systems, orifice-flow systems (also called continuous-
expansion systems) are widely used for high and ultrahigh vac-
uum standards [3e7]. It is well known that the users have to stop
their process for at least several weeks during the period of cali-
bration [8]. Moreover, some users are worried about to damage
their vacuum gauge during transportation, and the others seemed
to be at their wits end as the controller and cables of vacuum gauge
are installed in a fixed way sometimes. So efficient calibration of
vacuum gauge on user's site is also required urgently. Some kinds of
transfer standard package (TSP) for the range 100 Pae130 kPa have

been developed for new calibration services or Key Comparisons
which require transporting the standard between national
metrology institutes (NMIs) [9,10]. Other state-of-the-art portable
vacuum calibration systems for the range 10�3 Pa to 105 Pa have
also been designed [11,12]. As the comparison method are adopted
by all the above systems, and hence the calibration ranges have to
be depended on the used reference gauges, namely the secondary
standard. Thus the hot or cold cathode ionization gauges could just
be calibrated over the upper end of their measurement range or not
be calibrated at all. So it is difficult to satisfy the users' requirement
for extending the calibration capability down to 10�5 Pa or even
lower. To address these issues, a new transportable vacuum cali-
bration apparatus, with the technical advantages including simple
structure, light weight, small size, high efficiency and low cost, was
developed on the basis of modularization design in Lanzhou
Institute of Physics (LIP). The wide calibration range could be ach-
ieved by three methods in combination. Its major metrological
characteristics and estimation of uncertainties of the generated
pressure are presented.

2. Calibration apparatus description

Fig. 1 shows the schematic illustration of the apparatus. It
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consists of pressure measurement module, gas supply module,
pump module, pressure attenuation module and bake module.
Fig. 2 is a photograph of the apparatus. A standard pressure pstd
with various gas species (e.g. N2, Ar, He, etc) can be generated by
means of pressure attenuation module which is easy to introduce
the calibration gas through an orifice. Additionally, it also takes the
temperature differences between upstream chamber and calibra-
tion chamber into account. The standard pressure pstd is given by

pstd ¼ p0$Rc
ð1� aÞ

ffiffiffiffiffi
T1
T0

s
(1)

where Rc is the conductance ratio of orifice (20) to orifice (7) or the
conductance ratio of orifice (23) to orifice (7), a is the back-
streaming ratio, p0 is the pressure in the upstream chamber (Pa),
pstd is the generated pressure in the calibration chamber (Pa), T0 is

the temperature in the upstream chamber (K), and T1 is the tem-
perature in the calibration chamber (K). According to the conduc-
tance ratio, the initial pressure p0 is reduced to pstd, representing
just the desired calibration pressure. As the conductances of two
orifices C20 and C23 are very small (typically 10�8 m3/s and 10�6 m3/
s) compared to C7 (typically 10�2 m3/s), the standard pressure pstd
in the range from 10�5 Pa to 10�2 Pa could be obtained by changing
the upstream pressure from 1 Pa to 103 Pa. So the apparatus can
realize the pressure quantity value covering the range of 10�5 Pa to
10�2 Pa with pressure attenuation method. In addition, calibration
can also be performed by direct comparisonwith a reference gauge
under static or stationary equilibrium conditions [12,13]. The cali-
bration range is between 10�5 Pa to 10�2 Pa with stationary equi-
librium method. Due to outgassing and desorption in the
calibration chamber, the calibration range is from 10�1 Pae105 Pa
with static method. According to the calibration range, the refer-
ence gauge is either a calibrated gauge, traceable to a vacuum

Fig. 1. Schematic diagram of the transportable apparatus for vacuum gauge calibration.
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