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The Korea Research Institute of Standards and Science (KRISS) has three major vacuum 
systems: an ultrasonic interferometer manometer (UIM; Section II, Figs. 1 and 2) for a low 
vacuum, a static expansion system (SES; Section III, Figs. 3 and 4) for a medium vacuum, 
and an orifice-type dynamic expansion system (DES, Section IV, Figs. 5 and 6) for high 
and ultra-high vacuum systems. For each system, explicit measurement model equations with 
multiple variables are given. According to ISO standards, all of these system variable errors 
were used to calculate the expanded uncertainty (U). For each system, the expanded 
uncertainties (k = 1, confidence level = 95%) and relative expanded uncertainty (expanded 
uncertainty/generated pressure) levels are summarized in Table 4. Within the uncertainty limits, 
our bilateral and key comparisons [CCM.P-K4 (10 Pa to 1 kPa)] are extensive and in good 
agreement with those of other nations (Fig. 8 and Table 5).
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I. Introduction

The Korea Research Institute of Standards and 

Science (KRISS) was established in 1975 as the central 

authority on national measurement systems in Korea. 

The Vacuum Center at KRISS was established in 1985 

to maintain vacuum pressure measurement standards 

in the pressure range 10-7 Pa to 105 Pa. KRISS has 

developed three major vacuum standards systems: an 

ultrasonic interferometer manometer (UIM) for a low 

vacuum, a static expansion system (SES) for a medium 

vacuum, and an orifice-type dynamic expansion 

system (DES) with a porous plug for high vacuum (HV) 

and ultra-high vacuum (UHV) systems.

The three vacuum standards discussed above were 

evaluated in terms of their uncertainty in an interna-

tional comparison activity, and the results of the 

comparison are discussed here. We were able to confirm 

that the KRISS vacuum standards are in good agreement 

with the standards of other national measurement 

institutes and that the uncertainties of the former are 

better than any other laboratory in the world.

II. Ultrasonic Interferometer Manometer 

(UIM) as a Low Vacuum Standard

1. Liquid manometer 

In a traditional mercury manometer, if the reference 



S. S. Hong, Y. H. Shin, and J. Y. Lim

104  Appl. Sci. Conv. Technol. 23(3), 103-112 (2014)

Figure 1. A measurement schematic diagram of the ul-
trasonic interferometer manometer, showing
the generation of the transmitted signals, 
multiplexing to three columns, and the gen-
eration of radio frequencies and quadrature
detection of the received echoes

Figure 2. Photograph of the ultrasonic interferometer 
manometer. Mercury columns with a guard 
vacuum box are located on the left side, the
test and reference chambers are in the cen-
ter, and the electronic circuits are on the 
right side.

pressure P1 and the absolute zero pressure P2 are 

applied to both liquid columns, the reference pressure 

can then be expressed by Eq. (1),

, (1)

where ρ is the density of mercury, g is the acceleration 

of gravity at the location of the measurement, and h1 

and h2 are the heights of the reference and test 

columns, respectively.

2. Principle of the UIM and system description

The principle of the KRISS UIM is somewhat 

different from that of a traditional mercury 

manometer. The difference in the height due to the 

difference in the pressure between the mercury 

columns is measured by means of ultrasonic inter-

ferometry [1]. A short pulse with a carrier frequency of 

10 MHz is sent to the transducer. The signal is 

reflected at the surface of the liquid column and travels 

back to the transducer. This process continues until all 

of the ultrasonic energy is lost from the signal by 

absorption and diffraction. The echoes received by the 

transducer are amplified, after which the phase 

sensitivity is detected using two detectors with a 90o 

phase shift between their respective reference signals. 

The amplitude of the phase- sensitive detected signals 

is proportional to the amplitude of the received signal 

and to the phase shift between the measured and 

reference signals. When the liquid-column length 

changes, the phase of each received echo also changes. 

The output signals from the ultrasonic interferometer 

are related to the column length, L [2,3], according to

,
(2)

where A is the amplitude factor, k = πf/c f is the carrier 

frequency, and c is the speed of sound in mercury.

There are three mercury columns: one at the center 

to measure the reference pressure, and two on each 

side to measure the test pressure. The electronic 

circuits for the excitation of the transducers were 

fabricated and the transducers were attached to the 

bottom of the three mercury columns. Figs 1 and 2 show 

a schematic diagram of the UIM electronics and a 

photograph of the system, respectively.

3. Measurement model and uncertainty evaluation

　The pressure generated in the UIM was calculated 
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Table 1. Type-B uncertainty contribution of the UIM (k = 1, confidence level = 95%), including the source of un-
certainty, the standard uncertainty, the sensitivity coefficient, and the uncertainty contribution at 1.3125
kPa The combined standard uncertainty was determined from the quadratic addition of the individual
sources.

Source of 

uncertainty Xi
Value xi

Standard uncertainty

 u(xi)

Sensitivity 

coefficient ci

Uncertainty contribution

|c(qi)|ㆍu(qi)

ρr 13548.1969 kg/m3 6.8×10-2 kg/m3 9.686769×10-2 Pa/(kg/m3) 6.587×10-3

β1 1.8115×10-4/K 3×10-8/K -1.232325×103 PㆍK -3.69698×10-5

β2 7.7552×10-9/K 1×10-13/K 1.157154×103 PㆍK 1.15715×10-9

Δt 19.061oC 5×10-3oC 2.377215×10-1 P/oC 1.18861×10-3

g 9.79831 m/s2 2×10-6 m/s2 1.33910×102 Pa/(m/s2) 2.67820×10-4

L1 -2.32789×10-4 m 1×10-7 m -6.637464×104 Pa/m -6.63746×10-3

L3 -2.34886×10-4 m 1×10-7 m -6.637464×104 Pa/m -6.63746×10-3

L2 9.65063×10-3 m 1×10-7 m 1.32749×105 Pa/m 1.32749×10-2

ρN21 1.51352×10-2 kg/m3 1×10-2 -4.33314 Pa/(kg/m3) -6.55830×10-4

ρN22 4.65815×10-6 kg/m3 1×10-2 4.23629 Pa/(kg/m3) 1.97333×10-7

Rl 4.46×10-2 mm 5×10-1 mm -1.48254×10-1 Pa/mm -7.4126×10-5

Pback 4.0397×10-1 Pa 1×10-3 1 4.03966×10-4

Combined standard uncertainty, uc (Pa) 1.4908×10-2

[4] using Eq. (3),

, (3)

where ρr is the density of mercury at 20oC 

(13.5458924×103 kg/m3), β1 and β2 are the volume 

expansion coefficients of mercury5, ΔT is the tempera-

ture difference between the reference temperature and 

20oC, L1 and L3 are the heights of the mercury test 

columns, L2 is the height of the mercury reference 

column, ρN21 is the density of nitrogen gas in the test 

column, ρN22 is the density of nitrogen gas in the 

reference column, Rl is the distance between the 

transducer and the position of the test gauge.

The pressure of the reference column is not precisely 

zero due to the vapor pressure of mercury. Therefore, 

the value of Pback must be measured and a correction 

made to calculate the test pressure. The Type-B 

uncertainty, uB, is obtained using the corresponding 

sensitivity coefficients and standard uncertainties 

employing a general formula [4],

, (4)

where c(qj) is the sensitivity coefficient of each value 

obtained from the partial differentiation of the source, 

and u(qj) is the standard uncertainty of the source.

An example of a Type-B uncertainty calculation 

according to the source of uncertainty, the standard 

uncertainty, the sensitivity coefficient used, and the 

uncertainty contribution for a capacitance diaphragm 

gauge calibration carried out at a pressure of 1.3125 

kPa using the UIM is summarized in Table 1. The 

combined standard uncertainty was determined from 

the quadratic addition of the individual sources. The 

Type-A uncertainty, uA, was calculated using the 

least-squares method while employing the x and y 

values of the generated pressures from standard and 

gauge readings6. The Type-A uncertainty, uA, depends 

on the type of gauge to be calibrated. Therefore, the 

expanded uncertainty, U, of the UIM was calculated 

using the combined uncertainty, uc = uA+uB, with the 

confidence level expressed in percent and the coverage 
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Figure 3. A schematic diagram of the static expansion
system. The measuring chambers consist of 
three differently sized chambers. Key abbre-
viations; TMP: turbomolecular pump, RP: ro-
tary vane pump, QBG: quartz Bourdon gauge,
DG: capacitance diaphragm gauge, IG: ion-
ization gauge, SRG: spinning rotor gauge.

Figure 4. Photograph of the static expansion system. 
Difference volume chambers are on the right
side, and measurement instrument indicators
and personal computer are on the left side.

factor expressed as k [5]. 

(5)

III. The SES as a Medium Vacuum Standard

1. Principle and system description

A gas contained in a small volume, V1, whose 

pressure, P1, can be measured accurately, is expanded 

into a large evacuated volume, V2, by opening a valve 

located between V1 and V2. If V1 is at temperature T1 

and V2 is at temperature T2, the following equation then 

describes the pressure p2 in V2 after expansion [7,8]:

(6)

The ratio V1/(V1+V2) is called the expansion ratio, 

and it is constant for each expansion system. As 

shown in Fig. 3, the KRISS SES is composed of a gas 

reservoir (D), three vacuum chambers (A, B, and C) 

having different volumes, vacuum pumps, an ioniza-

tion gauge and capacitance diaphragm gauges (CDGs) 

to measure the pressure and volume ratio, respec-

tively. It also has a quartz bourdon gauge (QBG) to 

measure the initial pressure, and three thermometers. 

The QBG is fixed in chamber A and measures the initial 

pressure. The ionization gauge is used for measuring 

the ultimate pressure of chamber C. The volumes of 

chambers A, B, and C were estimated to be 73 ml, and 

8.4 and 67 liters, respectively. The volume ratio of 

chambers A + B + C to chamber A and chambers A + 

B to chamber A were 1061.61 and 116.79, respectively, 

and their corresponding standard deviations were 

0.9777 and 0.0359 [9]. Fig. 4 shows a photograph of 

the static expansion system.

2. Measurement model and uncertainty evaluation 

Eq. (7) shows a measurement model, which is a 

simplified guideline for evaluating Type-B standard 

uncertainty pressures generated by a static expansion 

system [9],

(7)

where Ps is the generated pressure, Pi is the initial 

pressure of chamber A, PX21 is the initial pressure of 

chamber A used to calculate X2, PX22 is the final pressure 

of chambers A and B used to calculate X2, N is the number 

of exhausts of chamber B to generate pressure in chamber 
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Table 2. Type-B uncertainty contribution of the SES (k = 1, confidence level = 95%), in this case the source of
uncertainty, the standard uncertainty, the sensitivity coefficient, and the uncertainty contribution at 10 Pa.

Source of 

uncertainty Xi
Value xi

Standard uncertainty 

u(xi)

Sensitivity 

coefficient ci

Uncertainty contribution 
|c(qi)ㆍu(qi)|

(Pa)

Pi 10.6192 kPa 6.9223 Pa 8.0501×10-6 5.5725×10-5

PX21 66.7973 kPa 0.0288 Pa 1.4955×10-4 4.2996×10-5

PX22 0.5716 kPa 47.3814 Pa -1.2797×10-6 -6.0638×10-5

PY11 113.5958 Pa 0.1568 Pa -8.0625×10-2 -1.2638×10-2

PY12 112.5310 Pa 0.1568 Pa 7.9870×10-2 1.2520×10-2

PY21 113.4886 Pa 0.1568 Pa 7.5325×10-4 1.1807×10-4

PY22 113.4889 Pa 0.1568 Pa -7.5325×10-4 -1.1807×10-4

TA 294.58 K 0.05 K 2.9019×10-7 (Pa/K) 1.451×10-8

Tc 294.77 K 0.05 K -2.9001×10-7 (Pa/K) -1.450×10-8

Combined standard uncertainty, uc (Pa) 1.779×10-2 

Figure 5. The orifice-type dynamic calibration system
used for high and ultra-high vacuum 
standards. Key abbreviations; CDG: capaci-
tance diaphragm gauge, RTD: reference 
temperature device, STAB: Stabil-Ion gauge,
EX: extractor gauge.

C, PY11 is the initial pressure of chambers B and C used to 

calculate Y1 for X1, PY12 is the final pressure of chambers 

B and C used to calculate Y1 for X1 after exhausting 

chamber A n times, n is the number of exhausts of 

chamber A used to calculate Y1, PY21 is the initial pressure 

of chambers (A + B + C) with valves (a) and (b) open used 

to calculate Y2 for X1, PY22 is the final pressure of 

chambers A + (B + C) with valve (a) closed and valve (b) 

open used to calculate Y2 for X1, and TA and TC are the 

respective absolute temperatures of chambers A and C.

An example of a Type-B uncertainty calculation 

corresponding to the source of uncertainty, the standard 

uncertainty, the sensitivity coefficient, and the uncer-

tainty contribution of a capacitance diaphragm gauge 

calibration at a pressure of 10 Pa using the SES is 

summarized in Table 2. The Type-A uncertainty, uA, 

was calculated using the same method as that employed 

for the UIM

IV. The DES as a High and Ultra-high 

Vacuum Standard

1. Principle and system description 

In the field of vacuum science and technology, it is a 

common practice to express the gas flow rate in 

throughput pressure-volume units. The symbol Q is 

used, and the throughput of gas at a particular 

pressure is then determined using Eq. (8).

(8)

The KRISS UHV calibration system is essentially a 

two-stage flow divider system, as shown in Fig. 5. It 

consists of two dynamic calibration systems: one for a 

high vacuum, in which the pressure 10-2∼10-5 is Pa, 

and the other for an ultra-high vacuum, where the 
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Figure 6. Photograph of the orifice-type dynamic ex-
pansion calibration system. The flowmeter
and main chambers are located in the cen-
ter, the instrument indicators for the ul-
tra-high vacuum are on the left side, and the
indicators for the high vacuum are on the 
right side.

pressure is 10-5∼10-7 Pa. It is connected to the HV 

system by a porous plug having a very small 

conductance. This type of porous plug is widely used as 

a basic control element for gas flows in the pressure 

range of 10-1∼10-6 Pa l/s [10]. We fabricated a porous 

plug that satisfies the conditions of an ideal porous 

plug, along with a conductance measurement system 

for the KRISS UHV system [11]. A CDG for a pressure of 

133 Pa and a spinning rotor gauge, both calibrated, 

were used to measure the change in the pressure in the 

gas chamber. The volume of the chamber was measured 

gravimetrically by filling the chamber with distilled 

water (4.6707 liter at 23oC). The conductance, C, of the 

plug was determined using Eq. (9),

, (9)

where P0 is the pressure at time zero, t is the time (in 

seconds) that it takes for the chamber pressure to 

decrease to pressure P, and V is the volume of the 

vacuum chamber.

The measured conductance of the porous plug used in 

this system was found to be 6.36×10-3 l/s using 

nitrogen gas at 23oC. The HV system was evacuated 

using a turbomolecular pump with a pumping speed for 

nitrogen of 345 l/s, and the UHV system was evacuated 

using a closed-loop helium refrigerator-type cryopump 

with a nitrogen pumping speed of 1500 l/s. Bellows were 

used to connect the system to the pumps to isolate any 

vibration from the pumps. The cylindrical chambers had 

an internal diameter of 20 cm and heights of 30 cm and 

31 cm for the upper and lower chambers, respectively. 

Circular disk baffles with a diameter of 17 cm were 

installed at a distance of 25 cm from the orifice plate, 

assuring that the gas distribution would be isotropic in 

both chambers. All of the chambers and plates were 

made of 316 stainless steel [12,13]. Fig. 6 shows a 

photograph of the KRISS dynamic expansion system.

2. Measurement model and uncertainty evaluation 

When a flow Q, produced by a constant pressure-type 

flow meter flows into the high vacuum system, the 

standard pressure, P1, is calculated [14] using Eq. (10) as,

, (10)

where C1 is the high-vacuum orifice conductance, 

Rph(P2/P1) is the pressure ratio of the high vacuum 

system, Pf is the pressure inside the flow meter, A is 

the cross-sectional area of the piston, dL/dt is the rate 

at which the piston moves, and Tch and Tfm are the 

temperature of the calibration chamber and flow meter, 

respectively.

Most of the gas will be pumped out using the 

turbomolecular pump, but a small volume, Q1 = 

C1(P2-P3), will pass through the porous plug and will 

flow into the ultra-high vacuum system. Given that P3

≪P1 , the UHV standard pressure P3 is [12]

, (11)

where Cp is the porous plug conductance, C2 is the 
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Table 3. Type-B uncertainty contribution of the DES (k = 1, confidence level = 95%), i.e., the source of uncertainty,
the standard uncertainty, the sensitivity coefficient, and the uncertainty contribution for ultra-high vac-
uum standards at 7.3678×10-7 Pa.

Source of 

uncertainty Xi
Value xi

Standard uncertainty 

u(xi)

Sensitivity 

coefficient ci

Uncertainty 

contribution

|c(qi)|ㆍu(qi)

pf 532.59 Pa 5.326×10-1 Pa 1.392×10-9 7.417×10-10

A 7.06195 cm2 1.65×10-3 cm2 1.050×10-7 Pa/cm2 1.731×10-10

dL 6.02×10-1 cm 1.204×10-3 cm 1.232×10-6 Pa/cm 1.483×10-9

dt 173.32 s 7.541×10-1 s -4.28×10-9 Pa/s -3.227×10-9

Tch 296.0 K 5.0×10-2 K 2.506×10-9 Pa/K 1.253×10-10

Tf 296.8 K 5.0×10-2 K -2.499×10-9 Pa/K -1.249×10-10

C1 9.8159 l/s 5.0×10-3 l/s 7.557×10-8 Pa/(l/s) 3.778×10-10

Rph 7.625×10-2 5.0×10-4 8.031×10-7 Pa 4.015×10-10

Cp 5.559×10-3 l/s 4.73×10-5 l/s 1.334×10-4 Pa/(l/s) 6.312×10-9

C2 11.202 l/s 5.0×10-3 l/s -6.622×10-8 Pa -3.311×10-10

Rpu 3.8889×10-2 5.0×10-4 -7.719×10-7 Pa/(l/s) -3.859×10-10

Combined standard uncertainty, uc (Pa) 7.324×10-9

conductance of the ultra-high vacuum system, and 

Rpu(P3/P4) is the pressure ratio of the ultra-high 

vacuum system.

An example of a Type-B uncertainty calculation 

corresponding to the source of uncertainty, the 

standard uncertainty, the sensitivity coefficient, and 

the uncertainty contribution for a capacitance dia-

phragm gauge calibration at a pressure of 7.3678×10-7 

Pa using the DES is summarized in Table 3. The 

Type-A uncertainty, uA, was calculated using the same 

method used for the UIM.

V. Summary of the Uncertainties of the 

KRISS Vacuum Standards

The uncertainties of the standard systems were 

evaluated according to the ISO “Guide to the Expres-

sion of Uncertainty in Measurement” procedures of 

1993. The relative expanded uncertainty (k = 1, confi-

dence level = 95%) of the UIM over the pressure range 

of 2.5 Pa to 100 kPa was estimated to be between 

1.18×10-2 and 3.97×10-5, while for the SES in the 

pressure range of 3 Pa to 100 Pa, the uncertainty was 

estimated to be between 1.78×10-3 and 1.81×10-3. The 

expanded uncertainty over the pressure range of 

4.57×10-3 Pa to 1.26×10-2 Pa for the high vacuum DES 

was between 4.18×10-3 and 4.13×10-3, and over the 

pressure range of 3.01×10-3 to 9.02×10-4 Pa for the 

ultra-high vacuum standard DES, the uncertainty was 

between 1.37×10-2 and 9.10×10-3. The expanded 

uncertainties for various vacuum gauges calibrated by 

standards at k = 1 and a confidence level of 95% are 

summarized in Table 4. Fig. 7 shows a plot of the 

expanded uncertainties and relative expanded 

uncertainties according to the generated pressure by 

KRISS vacuum standards.

VI. Summaries of International 

Comparison Works

The first high-vacuum bilateral comparison using 

spinning rotor gauges as transfer gauges was carried 
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Table 4. A summary of the expanded uncertainties (k = 1, confidence level = 95%) of the standard apparatus.
Capacitance diaphragm gauges were used as reference gauges for UIM and SES, and spinning rotor
gauges and hot cathode ionization gauges were used as the reference gauges for DES.

UIM for low vacuum  DES for high vacuum

Generated 

pressure (Pa)

Expanded 

uncertainty (Pa)

Relative expanded 

uncertainty

Generated 

pressure (Pa)

Expanded 

uncertainty (Pa)

Relative expanded 

uncertainty

2.4907×100 2.933×10-2 1.178×10-2 4.570×10-3 1.91×10-5 4.18×10-3

5.0258×100 3.199×10-2 6.365×10-3 4.600×10-3 1.92×10-5 4.19×10-3

1.0010×101 3.192×10-2 3.189×10-3 7.280×10-3 3.01×10-5 4.14×10-3

3.0355×101 3.458×10-2 1.139×10-3 7.340×10-3 3.04×10-5 4.14×10-3

1.0055×102 3.528×10-2 3.509×10-4 1.002×10-2 4.14×10-5 4.13×10-3

3.0298×102 4.174×10-2 1.378×10-4 1.010×10-2 4.17×10-5 4.13×10-3

1.0044×103 5.173×10-2 5.150×10-5 1.252×10-2 5.15×10-5 4.14×10-3

3.0131×103 1.237×10-1 4.104×10-5 1.262×10-2 5.20×10-5 4.14×10-3

1.0044×104 3.989×10-1 3.972×10-5 DES for ultra-high vacuum

1.3466×104 1.024×100 7.605×10-5 Generated 

pressure (Pa)

Expanded 

uncertainty (Pa)

Relative expanded 

uncertainty

2.7016×104 2.088×100 7.729×10-5 3.011×10-6 4.11×10-8 1.37×10-2

5.4044×104 4.216×100 7.801×10-5 8.952×10-6 8.40×10-8 9.39×10-3

8.0435×104 6.304×100 7.838×10-5 2.953×10-5 3.15×10-7 1.07×10-2

1.0043×105 7.874×100 7.840×10-5 8.864×10-5 1.20×10-6 1.36×10-2

SES for medium vacuum 2.933×10-4 3.19×10-6 1.09×10-2

Generated 

pressure (Pa)

Expanded 

uncertainty (Pa)

Relative expanded 

uncertainty
9.024×10-4 8.21×10-6 9.10×10-3

3 5.33×10-3 1.78×10-3 - - -

6 1.08×10-2 1.81×10-3 - - -

10 1.77×10-2 1.78×10-3 - - -

30 5.33×10-2 1.78×10-3 - - -

100 1.77×10-1 1.78×10-3 - - -

Figure 7. Plot of the expanded uncertainties (k = 1, con-
fidence level = 95%) according to the gen-
erated pressure by KRISS vacuum standards.

out at the Istituto di Metrologia “Gustavo Colonnetti” 

(IMGC) in Italy in 1994 [15]. Since then, KRISS has 

performed a number of bilateral comparisons with the 

National Physical Laboratory (NPL) in the United 

Kingdom [16,17], the National Measurement Institute 

of Japan (NMIJ) [18], and Physikalisch Technische 

Bundesanstalt (PTB) [19] using both capacitance 

diaphragm gauges and spinning rotor gauges. KRISS 

has also participated in key comparisons of CCM.P-K4 

for absolute low pressures [20] and CCM.P-K3 for a 

high vacuum. The full name of CCM is the Comité 
Consultif pour la Masse Table 5 and Fig. 8 show a 

summary of the international comparison results.
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Table 5. Summaries of the bilateral and CCM key comparison works. UIM; ultrasonic interferometer manometer, 
SES; static expansion system, DES; dynamic expansion system.

Pressure range
Transfer 

gauge
Participant Classifi-cation Year Results report 

Low and

 medium

CDG NPL (U.K) Bilateral 1996 ㆍJKVS, 6(4), 308-313, 1997

NIST (pilot lab),

 IMGC, CSIRO, PTB,

 PL, NPLI, KRISS

CCM.P-K4 1999 ㆍMetrologia, 39, 07001, 1-47, 2002

ㆍJKVST, 6(3), 109-115, 2002

PTB Bilateral 2002 ㆍJKVS, 44(6), 1364-1367, 2004

ㆍSaemulli, 45(6), 329-333, 2002

- CCM.M.P-K14 2013 -

High SRG CNR-IMGC Bilateral 1994 ㆍJKVS, 4(2), 135-141, 1995

NMIJ Bilateral 1996 ㆍMetrologia, 36, 643-645, 1999

ㆍJKVS, 6(4), 308-313, 1997

NPL (U.K) Bilateral 1997 ㆍMetrologia, 37, 7-9, 2000

NMIJ Bilateral 2005 -

- CCM.M.P-K3 2013 -

Ultra-high ㆍSRG

ㆍIon gauge 

NIST (pilot lab),

 IMGC, PTB, NPL,

 NPLI, KRISS

CCMM.P-K3 2001 -

Figure 8. Summaries of the international comparison
works. CCM.P-K4; CCM key comparison of the
absolute pressure from 1 Pa to 1000 Pa, 
CCM.P-K3; CCM key comparison of a high 
vacuum (analysis of the data is still in prog-
ress). RSG denotes a resonance silicon gauge.

VII. Conclusion

Three major standard systems, an ultrasonic 

interferometer manometer, a static expansion system, 

and an orifice-type dynamic expansion system with a 

porous plug were established at KRISS starting in 

1985. 

An extensive analysis of the Type-B errors (Table 

1-3) for these systems has permitted us to estimate 

total uncertainties of less than 3.97×10-3% to 1.37%. 

A number of bilateral comparisons were carried out 

at KRISS in collaboration with other national 

measurement institutes, in this case the CNR-IMGC, 

NPL in the UK, NMIJ, and PTB. KRISS also partici-

pated in key comparisons of CCM.P-K4 for absolute 

low pressures and CCM. P-K3 for a high vacuum. 

Within the uncertainty limits, most of the comparison 

results were in good agreement with those values 

obtained at other national measurement institutes. 

The work in the vacuum standards laboratory at 

KRISS has contributed to the realization of, and 

dissemination of, a national pressure vacuum scale 

for industry, and has strengthened international 

cooperation in the field of vacuum metrology.
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