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The mission of the National Measurement Laboratory (NML) of the R.O.C. is to enhance
economic growth and improve quality of life through establishing a metrology framework that
advances metrology science, assures measurement traceability and global conformity, and
disseminates measurement standards and calibration services. With the established metrology
framework, not only institutes a foundation of measurement science for the scientific and technological
developments, the NML also strengthens industrial competitiveness in Taiwan.



Through years of developments, the NML has established national measurement standards in 15
fields of electricity, magnetics, microwave, luminous intensity, temperature, humidity, chemistry,
vibration, acoustics, dimension, mass, force, pressure, vacuum, and flow. Based on the well-
established national measurement standards, all traced to Sl units (the International System of Units),
primary calibration services are performed directly to over 2,000 companies or institutes in all
industries. More than 6 million secondary calibration services annually are provided by certified
laboratories nationwide through the traceability chain and transfer standards. With the signed “Mutual
Recognition Arrangement (MRA) of the International Committee for Weights and Measures (CIPM),”
the certified calibration reports issued by the NML are co-certified and recognized by the
representatives of 104 institutes - from 59 Member States, 41 Associates of the CGPM (General
Conference on Weights and Measures), and 4 international organizations - and covers a further 158
institutes designated by the signatory bodies. The global recognitions in measurement capability and
certification services provided by the NML pave the way for the Taiwan’s products sold successfully
in worldwide market without technical barriers of trade.

In the NML, the uncertainties, the sensitivities, and the range of validity associated with a
measurement are studied. A central term is ‘traceability’ which means the ability to relate a measured
value to a base unit definition of the SI system. Without this chain of traceability to the SI, there would
be no quantitative means to assess how accurate the measured values are. Through the traceability to
the Sl system, it enables that only the statement of an uncertainty along with a measurement value
determined using a certain method allows for the evaluation of the method in an objective way, and
for comparing the results and the performance of different measurement methods.

The SI system with seven base units (second, metre, kilogram, ampere, kelvin, mole, and candela)
was originally conceived as a system of measurement that was derivable from unchanging phenomena.
Most recently in 1983, the “metre” is re-defined as the length of the path travelled by light in a vacuum
in 1/299 792 458 of a second, and leaves the prototype kilogram as the only artefact upon which the
Sl unit definitions depend.

The CIPM has proposed revised definitions of the SI base units for consideration at the 26"
CGPM. It has been approved on November 16, 2018, and the new definitions will come into force on
May 20, 2019. Of these seven base units, the kilogram, ampere, kelvin and mole will be redefined by
choosing exact numerical values. If the proposed redefinition is accepted, the SI system will, for the
first time, be wholly derivable from natural phenomena, which the kilogram for mass is redefined by
the Planck constant h, the ampere for electric current is redefined by the elementary charge e, the kelvin
for temperature is redefined by the Boltzmann constant k, and the mole for amount of substance is
redefined by the Avogadro constant Na, respectively. In order to maintain the integration of the
metrology framework with an unbroken traceability chain to the New SI basis units, the NML is in
urgent to implement the new technologies, new measurement standards and advance measurement
systems in cooperation with the progress internationally made for the re-definition of 4 new SI units.

In response to the re-definition of 4 new Sl units, the NML is developing the new technologies,
new measurement standards and advance measurement systems with the total budget of 514 million
NTD to ensure the integration of the unbroken traceability chain and the measurement accuracy in
domestic industrial production. The developments are planned in five projects to complete the critical
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systems and technologies in the time span from October of 2017 to the end of June in 2019.

In the kilogram for mass, redefined by the Planck constant h, the X-Ray Crystal Density method
is used for realizing the redefined kilogram, so the mass is traced to the fixed value- the Planck constant.
Based on the XRCD method, a new mass comparison system is built to disseminate the new mass
standard to the industries. The budget of 243.45 million NTD will be spend for the acquisition of a
highly enriched 28Si silicon sphere primary mass standard, establishment of an integrated XRF XPS
surface mass measurement system, a vacuum mass comparator, a primary vacuum standard system
and other key equipments to complete the unbroken traceability chain for the new mass standards.
Three major tasks are as follows: 1. Establishment of the silicon sphere primary mass standard with a
target mass relative standard uncertainty of <5 x 108(with respect to 1 kg). 2. Establishment of silicon
sphere surface mass measurement technique with a target surface mass relative uncertainty of
technology < 15 % (relative expanded uncertainty of technology < 30 %), which is corresponding to <
3 x 1078 relative uncertainty contributed to the 1 kg. 3. Establishment of a primary vacuum standard
using the static expansion method with a target vacuum range of 0.1 mPa to 1 kPa and a target relative
uncertainty of (0.05 ~ 1.25) % (relative expanded uncertainty of (0.1 ~ 2.5) %).

In the kelvin for temperature redefined by the Boltzmann constant k, both of an acoustic gas
thermometer and an absolute radiation thermometer are established to realize the new kelvin definition,
that is, to be traceable to the Boltzmann constant. The budget of 144.788 NTD is for the acquisition of
an acoustic gas system, a high temperature thermocouple calibration equipment, and a ultra-high
temperature radiation calibration equipment to complete the unbroken traceability chain of the new
kelvin standard with the temperature calibration range covering -60 °C ~ 3000 °C. The main tasks are:
1. Establishment of the acoustic gas thermometry measurement system to cover the temperature range
of (213 ~ 505) K with measurement uncertainty of u(T) < 2.0 mK (coverage factor k = 1). 2.
Establishment of the absolute radiation temperature measurement system: the goal is to extend the
temperature range to ~ 3000 °C with the measurement standard uncertainty less than 5.0 °C. 3.
Establishment of the high temperature thermocouple calibration system to cover temperature range of
(0.01 ~ 1492) °C with measurement standard uncertainty of (0.1 ~ 1) °C.

In the ampere for electric current redefined by the elementary charge e, the measurement
capability improvement of the Josephson voltage and quantum Hall resistance standard systems is
required to ensure that the electric current standard can be traced to the new ampere standard of the
elementary charge. The budget of 27.538 million NTD is planned for the acquisition of the liquid-
helium-free quantum Hall resistance system in conjunction with the present high-accuracy Josephson
voltage standard for the development of the electric current standard for the new Sl definition. Three
major tasks are as follows: 1. Establishment of the liquid-helium-free quantum Hall resistance primary
system for upgrading the quantum Hall resistance system with resistance uncertainty less than < 3 x
10® Q/Q (expanded uncertainty less than < 6 x 10® Q/Q.) 2. Establishment of the calibration
procedures of low resistance bridge standard for high current standard at the resistance range from 0.1
mQ to 1 Q and current range from 100 A to 1000 A with resistance uncertainty less than < 25 uQ/Q
(expanded uncertainty < 50 uQ/Q). 3. Establishment of the high resistance bridge system for low
current standard at the high resistance measurement range of the 100 kQ to 1 TQ with the accuracy of
the ratio measurement of <5 x 10,
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In the mole for amount of substance redefined by the Avogadro constant Na, the isotope ratio
measurement technology is established to realize a new definition for the mole based on the Avogadro
constant. The budget is 98.3 million NTD to include the acquisition of multi-collector inductively
coupled plasma mass spectrometer and isotope mass to accurately measure the molar mass of element
and reduce the uncertainty of primary reference standards to match with the new definition for the
mole. The main task is to complete a new system (the inorganic elements supply and certification
system based on the static gravimetric method) with the addition service for the “isotope ratio
measurement on samples.” The key technical objective is to establish the molar mass measurement
technology for high purity and 28Si-enriched crystal with uncertainty < 10~

The critical equipment and subsystems for implementing the new and re-defined Si units will be
ready by June, 2019. The subsequent tasks to complete the systems for the re-defined Si units are still
required, such as systematic assessments of the systems, validation and uncertainty evaluations, and
inter-laboratory comparisons, before being opened to services. The assessments and uncertainty
evaluations of the systems are generally required approximately 1 to 1.5 year. After the evaluations,
all systems are requested to participate inter-laboratory comparisons to ensure that the measurement
capabilities of the systems are consistent with global NMI’s measurement capabilities. To disseminate
the new standards, based on the technology adopt for the New Sl units, to the customers, calibration
systems within the traceability chain are also required to perform measurement uncertainty re-
evaluation.

Based on the budget of total 514 million NTD, the establishment of the critical equipment and
subsystems for the re-defined Si units and the corresponding technology is conducted in 5 government
projects. The establishment is started in order of ‘kilogram for mass’, ‘kelvin for temperature,’ ‘the
ampere for electric current,” and ‘the mole for amount of substance,” based on the budget scale,
approval time, and the technology readiness of the 4 new Sl units. Estimated around 82 % will be spent
on the critical equipment of the systems.

The 5 projects are (1) 106 National Measurement Laboratory Operation and Development Project
(40 million NTD): prioritizing in the redefinition of kilogram for developing the silicon sphere surface
mass measurement technology and requesting technology-transfer of XRF XPS silicon surface mass
measurement from the Physikalisch-Technische Bundesanstalt (PTB) in Germany. (2) 106 Executive
Yuan’s National Science and Technology Development Fund Project (78.8 million NTD): to establish
the primary silicon sphere mass standard and the silicon sphere surface mass measurement system. (3)
107 National Measurement Laboratory Operation and Development Project (43.627 million NTD): to
establish the primary silicon sphere mass standard, the silicon sphere surface mass measurement
system, and the acoustic gas temperature measurement system. (4) 107 Secondary Reserve Fund
(266.55 million NTD) is merged to the fifth sub-project of the 107 National Measurement Laboratory
Operation and Development Project. This project covers all 4 new Sl units, such as the primary silicon
sphere mass standard, the primary vacuum standard of the new mass system, the absolute radiation
temperature measurement system, the high temperature thermocouple calibration system, the quantum
Hall resistance system and the low current standard system, multi-collector inductively coupled plasma
mass spectrometer and isotope mass for the molar mass of element and reduce the uncertainty of
primary reference standards to match with the new definition for the mole, as well as the establishment
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of laboratory environments to meet all 4 new Sl units’ requirements. (5) 107 Ministry of Economic
Affairs Science Project (90.994 million NTD): in addition to establish the silicon sphere surface mass
measurement system, the acoustic gas temperature measurement system, and the absolute radiation
temperature measurement system, the project is expanded to include the critical equipment of the
Josephson voltage and quantum Hall resistance standard systems for the ampere redefined by the
elementary charge.

(1) 106 National Measurement Laboratory Operation and Development Project:

The budget of the profect is 40 million NTD, and the main contents of the project include:
prioritizing in the redefinition of kilogram for developing the silicon sphere surface mass measurement
technology and requesting technology-transfer of XRF XPS silicon surface mass measurement from
the Physikalisch-Technische Bundesanstalt (PTB) in Germany

(2) 106 Executive Yuan’s National Science and Technology Development Fund Project:

In the project (2) 106 Inter-Ministerial programme, the accomplishments are summarized as
below. Establishing the XRCD method for the kilogram of the mass is redefined by the Planck constant
h is the primary mission with budget scale of 78.8 million NTD for the acquisition of enriched silicon
sphere, high vacuumed mass comparator and the silicon sphere surface mass measurement system to
ensure the integration of the measurement traceability of the redefined mass standards. The goals of
the project are: 1. Establishment of the silicon sphere primary mass standard with a relative uncertainty
of <5 x 108, 2. Establishment of silicon sphere surface mass measurement technique with a target
surface mass relative uncertainty of technology < 15 % (relative expanded uncertainty of technology
< 30 %), which is corresponding to < 3 x 10® under 1 kilogram. Additionally, establishment of
measurement laboratory for silicon sphere primary mass standard measurements with temperature
control of (20 £ 0.3) “C, relative humidity control of 40 % to 60 % and independent vibration isolation

foundation platform is also included.

The progress has met the set targets of the project and the total 6 checkpoints were completed on
time. The implementation result of the project include: completions of the silicon sphere mass
comparator and laboratory environment design, and procurement for both mass comparator and
laboratory construction, completion of the silicon sphere cleaning process and standard procedures,
Completion of the vacuum compatible kilogram mass comparator, the maximum load is 1001.5 g, the
repeatability is 500 ng and the vacuum pressure 10 Pa” and in 2Si highly enriched silicon sphere
primary mass standard, a 2Si highly enriched silicon sphere has been fabricated with the following
measured mass determining parameters: the 28Si isotope ratio is 99.9985502(80) % (k = 2), the
unroundness is (25.0 + 2.3) nm, the surface roughness is (0.196 + 0.024) nm, and the mass relative
standard uncertainty is evaluated to be 2.5 x 108(with repsect to 1 kg), which complies with the goal
of the project. In addition, also completion of the silicon sphere surface mass measurement system and
laboratory design with related engineering drawings, The specifications of the laboratory environment
are divided into two parts: the area where the mass comparator is placed consists of ambient
temperature for (20.0 + 0.3) ‘C and ambient humidity for (50 + 10) % RH; the area where silicon

sphere is cleaned and silicon sphere surface mass measurement is performed consists of environment
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temperature for (20.0 + 1.0) “C, and ambient humidity for (50 £+ 10) % RH. In addition, also comleted
establishment of silicon sphere surface mass measurement technique with a target surface mass relative
uncertainty of technology of < 30 %, which is corresponding to < 3 x 108 under 1 kilogram.

(3) 107 National Measurement Laboratory Operation and Development Project:

The budget of the profect is 43.627 million NTD, and the main contents of the project include:
to establish the primary silicon sphere mass standard, the silicon sphere surface mass measurement
system, and the acoustic gas temperature measurement system.

For the job items in “New mass” standard, until the end of this December, the progress has met
the set targets of the project that all 4 planned checkpoints will be completed on time. The
implementation results of the 4 checkpoints were the completions of the sorption effect experiments,
and a target sorption mass relative uncertainty is < 65%. Additionally, the procurement for the ultra-
high vacuum system for X-ray fluoresce spectroscopy and X-Ray photoelectron spectroscopy surface
mass measurement system is completed.

For the job items in “New temperature” standard, until the end of this December, the progress
has met the set targets of the project that all 4 planned checkpoints will be completed on time. The first
accomplished result was the completion of the specification confirmation and placing the order for
quasi-spherical resonator (QSR). The confirmed specifications of QSR included it is used for acoustic
radial resonance mode, and has internal surface roughness of nanometer’s dimension, dimensional
tolerance of less than 3 um, and inclusive of installed sensors withstand the maximum temperature of
373 K. The second accomplished result was the fulfilment of the installation of the subsystem for gas
purity detection, which included the design, specification confirmation, purchase of the full-metal
valves/EP-grade pipeline/adapters, and completion of the connection and installation with the moisture
analyzer as well as the 99.9997 % Ar BIP cylinder gas source. The third achieved result was
accomplishing the establishment of analysis technology on the moisture concentration in Ar gas, which
were inclusive of completing the design and construction of pre-installed gas purity detection
subsystem, studying on the relationship between moisture concentration and gas flow rate of (5 ~ 25)
sccm. All the detected moisture concentrations meet the project goal (< 0.6 ppm), and that means the
uncertainty is within (0.074 mK ~ 0.175 mK) when the working temperature ranges from 213 K to
505 K.

(4) 107 Secondary Reserve Fund

In the project (4) 107 Secondary Reserve Fund which the budget is 266.55 million NTD, it covers
all 4 new Sl units. The goals of the project are: the primary silicon sphere mass standard, the primary
vacuum standard of the new mass system, the absolute radiation temperature measurement system, the
high temperature thermocouple calibration system, the quantum Hall resistance system and the low
current standard system, multi-collector inductively coupled plasma mass spectrometer and isotope
mass for the molar mass of element and reduce the uncertainty of primary reference standards to match
with the new definition for the mole, as well as the establishment of laboratory environments to meet
all 4 new SI units’ requirements.



For the job items in “New mass” standard, until the end of this December, the progress has met
the set targets of the project that all 5 planned checkpoints will be completed on time. The
implementation results of the 5 checkpoints were the completions of procurement for the 1 kg mass
comparator fully automated measurement system (the repeatability is 8 pg and the resolution is 1 pg),
the 100 g mass comparator fully automated measurement system (the repeatability is 1 ug and the
resolution is 0.1 pg), and the 10 g mass comparator fully automated measurement system (the
repeatability is 0.6 pg and the resolution is 0.1 pg). Additionally, in the primary vacuum standard, a
static expansion vacuum standard system is designed and its hardware construction is completed. The
volume expansion ratio is between 100 ~ 10000, and the target pressure measurement range is 0.1 mPa
~ 1 kPa.

For the job items in “New temperature” standard, until the end of this December, the progress
has met the set targets of the project that all 5 planned checkpoints will be completed on time. The
implementation results of the 5 checkpoints were the completions of the perturbation correction on
Acoustic Resonance Frequency in temperature the range of (213 ~ 373) K, and produces a technical
document entitled as “Practice architecture analysis and measurement technology on the Acoustic Gas
Thermometer in temperature the range of (213 ~ 373) K”. Moreover, the other implementation results
were the completions of procurement for the high temperature thermocouple calibration system. The
acceptance procedure of the high temperature thermocouple calibration system is expected to be
completed on December 12, and produces a technical document entitled as “Installation structure and
the operation procedure of the high temperature thermocouple system”. Meanwhile, the other
implementation results were the completions of procurement for the ultra-high temperature radiation
calibration system. The acceptance procedure of the ultra-high temperature radiation calibration
system is completed on December 12, and produces a technical document entitled as “Installation
structure and the operation procedure of the high temperature black furnace.

For the job items in “New Electric Current” standard, until the end of this December, the progress
has met the set targets of the project that all 4 planned checkpoints will be completed on time.The
implementation results of the 4 checkpoints were the completions of specification design and
procurement for the liquid helium free QHR system. The acceptance procedure of the liquid helium
free QHR system is completed on December 21 as a technical document entitled as “Operation and
measurement technology of the liquid helium free Quantum Hall Resistance system”, and the system
measurement deviation should be less than £ 0.04 uQ/Q. Moreover, the other implementation results
were the completions of specification design and procurement for the high resistance bridge system.
The acceptance procedure of the high resistance bridge system is completed on December 14, and the
accuracy of ratio measurement should be less than 5 x 107 in the high resistance range of 100 kQ to 1
TQ.

For the job items in “New amount of substance” standard, the all planned checkpoints of the sub-
project of establishment the measurement technology of induced plasma mass spectrometry (ICP-MS)
and the sub-project of establishment the isotope-ratio measurement technology will be completed on
time. The implementation results of the above checkpoints were the completions of specification
design and procurement for the multi-collector ICP-MS, high resolution ICP-MS and isotope-ratio
measurement system. The acceptance procedure of the above devices and system are completed on
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December 15. Another implementation results were the completions of the silicon sample pre-
treatment procedure establishment as a technical document entitled as “Pretreatment technology of
tetramethylammonium hydroxide to dissolve silicon crystal”. The other implementation results were
the completions of atmosphere sample collection and analysis, and CO2 concentration of the collected
sample is (215.60 + 0.83) umol/mol. Moreover, the other implementation results were the completions
of the preparation of major component standard with gravity method and the prepared standard
concentration is (399.38 + 0.28) pmol/mol, and the relative expansion uncertainty was less than 1%,
which was in accordance with the project specifications.

(5) 107 Ministry of Economic Affairs Science Project

In the project (5) 107 Ministry of Economic Affairs Science Project which butget is 90.994
million NTD and the execution time will continued to the end of June in 2019. In the project, the main
contents are establishing the silicon sphere surface mass measurement system, the acoustic gas
temperature measurement system, and the absolute radiation temperature measurement system, the
project is expanded to include the critical equipment of the Josephson voltage and quantum Hall
resistance standard systems for the ampere redefined by the elementary charge.

For the job items in “New mass” standard, until the end of this December, the progress has met
the set targets of the project that all 2 planned checkpoints will be completed on time. The
implementation results of the 2 checkpoints were the completions of procurement for the silicon sphere
surface layer mass analysis instrumentation (111) and the testing of a vacuum subsystem of an integrated
XRF XPS surface mass measurement system.

For the job items in “New temperature” standard, until the end of this December, the progress
has met the set targets of the project that all 3 planned checkpoints will be completed on time. The
implementation results of the 3 checkpoints were the completions of the specification discussion of
cylindrical resonant, acoustic/microwave measurement subsystem, cooling equipment, gas treatment
subsystem with vacuum pump/pressure gauge, and NPL agreed to our order which included two
subsystems (the quasi-spherical resonant (213 ~ 373) K from the cylindrical resonator (373 ~ 505) K
on September 28th. In addition, the other implementation results were the completions of procurement
for the high temperature black furnace and the eutectic fixed-point cells (3 sets of cells) and the transfer
item (optical pyrometer) by referring the definition of the new temperature scale”, and “completions
of the geometric diagram of mechanism for the absolute radiation thermometer and contracted
processing and manufacturing”.

For the job items in “New Electric Current” standard, until this December, the progress has met
the set targets of the project that all 2 planned checkpoints of the total 3 checkpoints will be early
completed. The first implementation results of the 2 checkpoints were the completions of specification
design and procurement for the low resistance bridge system. The acceptance procedure of the high
resistance bridge system is expected to be completed on December 14, and the accuracy of ratio
measurement should be less than 6 x 10°®.

Through the establishment of the re-definition 4 new SI units, the new standards and
corresponding calibration services will be provided to ensure the measurement consistency and
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accuracy for the manufacturing processes and R&D developments in industries. Additionally, the
establishment of the new SI units will maintain the effectiveness of the signed CIPM MRA
continuously, so more than 6 million calibration reports in each year certified by 2000 laboratory or
enterprises, which are accredited by the Taiwan Accreditation Foundation (TAF), can be recognized
globally to avoid possible technical barriers of trade. With globally recognized reports in hands, the
export products from Taiwan can be qualitatively and quantitatively evaluated at once locally and
recognized nationally to save cost and avoid risks of re-inspection. As a result, the industry’s
competitiveness is strengthened.
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100
01s
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80
wvy
8 SiZ2p
__{i 60- Si2s
Q
©
o
2 404
g 1 O-Auger
O
204 Cls
C-Auger
O T ¥ T v T ¥ =
1200 800 400 0
Binding Energy / eV
Bl 2-4 % Hxk4d o2 kT 3 i #
T T 1 ¥ 1 T 1 T 1 ¥ 1
40 - ® measured i
—— Si (bulk) )
Si (monovalent)
30+ Si (bivalent) .
—— Si (trivalent)
——— Si (tetravalent)
20 .

10

Count Rate / kcps

0

1 1 ! N 1 i 1 L | L 1

108 106 104 102 100 98

Binding Energy / eV
B 2-5 - Si2p 48 B fat7 kT 5 a0 ¥

(3) RmP iRy

SOREZEAC RESTFREEE D RERI RO FREY 1
gﬁw’gﬁiﬁzikgﬁkgii4ﬁﬁﬁﬂﬂ’ﬁmuﬁ (A S R
BRI > T~ ZHBERTETEY o MR REREY A F R B PM o 2P

ﬁwiﬁﬁwiﬁzaaw%@éwwﬁm@*%@ﬂ’zﬁﬂ@ R
@4 2R R BRI RE RS o St o PR B R FEURE L AH
hE 7R aRE ks R4 RRIFF 0.1mPa T 1kPa - 143 B 28 e i ae o B R &
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©

B 2-6 ~ # W0k % SUvEREfe B W)

2. FERBELE
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ARER N emaninzy
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NN I S fﬁﬁ’. Btz BRI & dRi2 SR R BB E HE o
PR ELERFERE R AR L FOFCEL R AR B L) RS 22
1#ﬁﬁﬂ’m¢ﬁméﬂ¢% T EZFAFTERER o ¥ b4 #0213 K 4 373
KERT » &2 ITS-90 8 & Tootp$>v 4+ FR R T et BRIy - b2

2 ETER T T B & B o

(2) HHotdeR BRE = ks

FlFrs. B2 U Wl T RTIRTAE AR AA G T HE-KZ fpEL FlptiE
BLAER R AL BB SRR E > AT 4B H 284 Co-C:
1324 °C ~ 45 -g% Pd-C: 1492 °C ~ 4%-#% Re-C: 2474 °C) % #. 4 £ H B - £ ¥ LA F 2
RZEd @R 3 e REREF R B HENFHEREE L NML
g 81i R 2 B p R gy o

FLEE TS SRS S Y B RN -

?:Hi&k’fm.)i B & SLdc@ 2-8 P7oT
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Bl 2-8 ~ & #Hi{gHE R £ R A

AL TEIE P MR ST B R L F R K -Re-C-WC-C R 282 5iERER
B E 2 GHEHER BRI FRELMME £(Re-C; 2474°C) 2 8k > &
BEE LB L £(Re-C 5 2474°C) T 44 B R B B (7 W% E & ITS-90 2. £ -

(3) #7 BB ERE FhFR

"EE S| R RATE AT Rl YRR ETALE 2 > Ak #Eﬂé?%éﬁi
LA FE R wpa%gw ITS-90 = 7 mx gk s 2 cngpl s> FB 3 £
TR LR RE ORI RAT o Vo Bk AT LS R AR
mg\@$§Azﬁﬁﬁﬁ%mwmﬂmuj$§ﬁ§ﬁﬁﬁiﬂy%ﬂ”mmﬁo
RI{T ITS-90 BB AFTES § 41 & ~ 4= B TREFE - ITS-90 R TALE AL
(961.78X) 1+ e K K A F B ET  SEREFEARADL R OREFERLR
MIcBEPIEOT T AEREEFHN S - 3T FRFEER T REIRER R EEDT
BEE & p & NMIJ s Yamada #1999 & 3 3 & & -#¢ = & 2L(Metal-carbon eutectic points)
LR EFTE LRMET R ELCCT duzig & £(<100mK) » I & 2 sm 2 A" F o |
HEEMRSETI0R I PRETER - (5 & - LB T o 4 Sl T2 & a8
Uy F e B 30 & e TS-90 & &k #Ap 378 % ITS-20xX B~ % 5 ITS-20XX #-¥ & 4F 5% 7
£1(1084.62 °C)rs + e 8§ Bt ¥ 1 & (R 47 )-mh & B:(1492 °C)#1ay i ) ehje
F o

AL TP RREATRFERD FAKE X E2HTBIERDT ERIHN
AT B ERE AR ZRAEA E EAF R R A e RE FE0.01°C 1 1492°C-

3. #MTERE
SIHE =% 12 378872 RHIMDAINPFERE BT TR L TERA)LS
TomE v EMA AT FehiE AL 1.602176634x 1010 & 4 (C) > B 4 %>t Aso

Sﬁfl}y&%iﬁ%"‘ ?Elfﬁ %*"Bmm%&ﬁtﬁx@WNLﬂ&% j\—ﬁIFL—‘:
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NEX HTREE LRI i s> » 341 d AQEM2 G5 P Y
B 55T 40 2-9Q@) ) S S AT PITAE A BT RV
Tone P R B %S £ % (Quantized)  4-B] 2-9(b)2 F B F W M L FEL GEX F
»zJis(Josephson effect) » H #7Z 2 2 & £ &7 B Vide™ 54

H

Vy= (Zie) Xn Xf (2-4)

o

e ohadoiv#-es AT hmons o5 AR F

hZ\
superconductor CD
<V> superconductor

Current [mA]
o

il I.

-- . I 1 >
' NN 2 3

Voltage [mV]

(a) (b)
Bl 2-9 ~ ()% & % # 22/ (Josephson effect) i 32 2 (b) T R-F in 45|

R R E ] GaAs (B i 45) L HEH ivenE - 2T 3 § (2-D Electron Gas)
BHAORERE A 4o 2-10@) 0 B EE(REFER > 94K FEFB)T > FH
e () MEEE AR TRV G2 PR (v L EE R -G YT
) o e BV IR T @I S R TR 2 e
M Ao 2-10(0) o F RS e 0 R TIREE R PR A R e o 1R R
g g AR TR E:

Vu

h

A9 VHE A REFTLESTR NP K e,;zgmz&,iwggco
P R (RSN R R IR A PT Y A AT REEE RO E
foow PRI R R, W (2- 4),—;”%11(2 5);¢ » “rf'“'li—ruz BE:

Vi _ LG A inep)
Ry [(1: ] 2

A= (2-6)
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Ry (kQ)

B(T)

(a) (b)
B 2-10 ~ (a) & it & f »< & (Quantum Hall effect) & 32 2 (b) T re &2 23R %

CERHLARRSRRL I SPEE A LR FEAREEHE R
Pt 10RA T A et A F QRN RAECREETIEE 9B ATRAE
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o HHE LR QHR (AT HRZ AR IR MK GRS g%frfr;,;;,jﬁ
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BRABEF (T4 F o

e £%% QHR A L8RP HRZE B RBRIB/FEIFRFFBEE TEF %

B (I a2 AR EE TR 2 S HORRER o
© 37 QHR A EER > B2 FRESFTEF QHR A 2 a%im TIE e T
LS 2 ﬁw\ﬁ QHR ~i2#rAa 4 chg * TILT SR » ¥ ¢ FF ik
TIEE EF % 0 % QHR R T PR (12,9064 035 kQ) @ L 1 kQerfE
TIEE Ak AR RRE B R 004 uQIQ 0 P B L E L
Tt 2- HAREAEREELT YR ERREE L A Lks QHR
GBS o
o =2 44 QHR i sk Hojhr > SN 4L kst 1 kQ TR B3
Fiei a2 28 BE T (R = 12,9064 035 kQ) & 53 2 R o M B TR
BREFRTIEREEMERE TIERHF L B ro gt 3 N R8T fechid
ERHREFRTIEETRIER=RaxT) -

e ZF 44 QHR BE K3z FR|F T FF » F2F B RIEB=R -
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o BFHTIETHARREAITE A

© BFHTIETHIARMRE DR RD UATREOT AR L i R ER
BITABEAETRTG  PAERLEERESLTREARE R H? > K1
RIS R }F&ﬁ]”meG’U*$§}m%kﬁﬁ

-éi%ﬁ%ﬁ?m?$1+&mﬁﬁhLﬂﬁ’ﬂﬂ%ﬂﬁ LN cn g
3 BRETIERE - BERTIEE M R E RN (Comparlson Method)
FRrEERE > £ REPRHERY S 25 o

°%%@?m?%ﬁf%ﬁ?m%éﬂ%%ﬁ41ﬂw%ﬂﬁﬁ§»¢ﬁﬁ?
oo MTIETH (MTEERFFOIMQLQ - F ik & Rl§ F 100 A
to 1000 A)z 152 & it 2 B o

Q) BRI ATy

s BB RIE *;}% BRI RT R R SRR o

e EEMHBEETIEEZL H RGN R FIITE KGR

o BEFRRIETH L ILFAPMRE DGR RD ATRENT Mk Sl R
TEEFEER TRMREAERGSFLT P ERRE R -HY > FT TN
Sz KPR EEER R Ex10% mn A LAk R o

s EXPFEBHRFIETHL R LI SRR P A PREIR T R h
HEARIPF YA BRETIEREE - BFRTEE LRGSR
(Comparison Method) £ &% fe i f&it » & B &R/ #Rd| 5 25 =% -

c HHFTEIHIARFRETIEEERIFATITLZ ERIRRLIEFES 24T
B FRIEERFF L00kQO1ITQ -

4. FPFEHRFLE

SIZTH w4]¥ Ly 4 B AT EZ XA A BRABRF I HEEEL P & o
AR TATEEY o B AW Ech FAEAH D S RNQT)V iR
Nah 5 % ¢ i Nagr h oo Hdpw B 5 8c(Re, o, M(e-), €)355 ¥ #c 0 # Tt
Fac e T_Nats v PN 51‘3%%#§£h

Ry, = a2M(e”)c/(2N,h) (2-7)

NA & d7 # 4e B F #ic(Avogadro Constant)
h % ﬂé @ 5. ¥ #(Planck Constant)
Rw 2 & 44 # % #i(Rydberg Constant)
a % % * 2% #(Sommerfeld Constant)
M(e ) AR ZERAEE
4 ki
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WASO 04
(50 mg)
FHREA

y

REAIEIRA
W,; = 600 pg g*
Winian = 2.5 %

TEIRA
Wy=12 pgg?
Wipan = 0.06%

Silicon 29
(50 mg)
kB

A IRB
W,; = 600 pg g*
Winian = 2.5 %

BIRB
Wy=12 pgg?
Wiyan = 0.06 %

Silicon 30
(50 mg)
htC

HIAIRC
W,; = 600 ug g*
Winian = 2.5 %

BIRC
Wy=12 pgg?
Wiyan = 0.06 %

AVO28
(400 mg)
APIIX

T IX
W,; = 4000 pg g*
Wipan = 0.06 %

PR

EERCX
W,; = 2500 pg g*
Wi = 0.06 %

IR F R B v

(ID-MS)

// N
I - N . N N X s N . \
' A JRETIRAB B JRETRBC HRC TRETRAC :
1 Wy=4pgg! Wi=4pgg?! W;=4pgg?) Wi=4pugg?) Wy=4pgg?! W, =4 pgg! i
T Wiae=0.06% Wopan = 0.06% Wipan = 0.06 % Wipan = 0.06 % Wipan = 0.06 % Wipan = 0.06 % .
! I
! 1
i EIESHETE !
\ (K-factors) K

B 2-11 -~ 7 =% ﬁrr-\ﬁ‘f??&_ﬁ AL A2

b £ RS
¥ 2 B 117% i

T

[ERAREH - F CRRAIER T F 7 - F PR
RREFLITERPANE B R FRIE T o » T
&@@%w??iiﬁsﬂ,égaﬁ’%w’ww i@ﬁﬁ@i”ﬁﬁ%”*f
JE B % % (400 umol/mol £ 800 pumol/mol)= ¥ - gk R & duE ¥ > 7 Fr 3K & R
P E:EF] 0.1 2 0.2umol/mol » A 4p 3% L 7 /2 2 & & Fif 0.05%e ™ » - § it
B ORI E 'm]i}uv e E2 2§ PRl 3 o B REMRPERR
ZHEBEFMAOERKRFBEEFFETA o FIM 0 A AR ¢ %Az Mt
4 (CCQM-K120) (e » i 7 40T i =

o FI'RURS F M E R HEE
S F RS MR AR 3 P & NMI 23K % B 1SO 6142 = 2 & (7 (GEH
2-12)% * B R|Z § 2 A AT HES g # 40 & 47 L ka4t 2 (GC-FID) 2 & = &
frvh ki (FTIR)E £ R 4R T k32 o & 0.05 %ehip i L 2 LA & T > &
EEREAH 'rizm RPAEERFEIART )3 001 % 3 PR RE
R x 252010 #Ehrd o A ERL TP RLIBELA2 FEZER
fie @l e 7 g&’fr;}i<1%o
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99C§9290 BT ECHIEISO 6142:2015
cmol/mol TK)EH B EX*%*%
L L L Eppkimss .
Cs(izsgeA: Ce(?rfllenfs;r C50228I(;14A41r 1. =#ECO,
' ' ' W&%@% A G FE15-8.8 %o)
umol/mol pmol/mol pmol/mol SRERDS 00
| | | 2. fifkzE
€O, in Air CO, in Air CO, in Air (ih]gféé\coz > €O ~ N,0 ~ H,0 ~ CH,
5090.44 5029.80 4775.49 MigE/ EEEALLY))
umol/mol pumol/mol pumol/mol
| | |
CO, in Air CO, in Air CO, in Air
803.658 471.301 386.617
umol/mol pumol/mol pumol/mol

B 212~ -5 A 1THRELREARE T LE
(FAR KR p ~ NMI 2018 # CCQM-GAWG ¢ &% % P %)

o EE G RiES R ST EEE 2
oMM FEEF 2 MR E RO EHE S E 10 1) (Hy O

N2, H20, Ar, CH4, C3Hs, CO2, N20) » & ip] ;};5‘#%}‘ £ % #cL ppb 3 #icL ppm o 2
IEPRTNREREDT I AR EFREI R G L R R R ER
TERR

o R FZF MREBPE
SIORERERMBRIF RS F PR KR *g;é;g%w] BEEEF 225
FEZRSREFL L1 ¥R TR RPEFAF - F LREKE
B FREB-F CRFPEZ VAT HLIREN - AR ETHBESRE R AZ
gl ls 0 B e R G| R0 2P 5BC B RERA<2% o

S 4
4

a

(z)w 3 S| A § & S 535(8 1 107.12)
wIE S| TR EE R 5 b k3 d 2 F A AR o7 0 1 FEED 5 EH A
#(106 & REsin g FAF A £ F)2F iR o
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06 £RMFAE [ 1062ABNEF [1072AWFRE [ o o [ 107#Rp%48
s AR % 38 (F i C A R %y daa | FEEREAEY
" 1 g R BEETE (234) Eo g 2 4 6.0655 i +%
¥ (4,000 ¥) (7,880 ¥) (4,362.7 %) ( 'f07’07~'12’5‘) (9,099.4 ¥)
106.09~12 107.02~12 107.01~12 ' 107.07~108.06
(1) Rorp L FiHEEeE
ZABHRP BRI
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B FREFREF LR S <5040 47 BEIREERE <
$HRE 2 FETAR<5 x 108040 >+ 1kg) 50 pg » A ERE2
FRER<5x108
B RERLEFESRKLEHIA LS raaatTE
FEO LR SRHRIRASE PME S =R 7 01 mPa s
it 01mPa: FEH K #H 159 T3 "%ﬁ’f; < B150
4% & 100 ng FEAHFHLSg
FEf%47 & 100ng-
27 %é‘;’iﬁ%,‘iiﬂv}dﬁ
FC #rpERELIIFEpa 2 et
f_tr 2 F Wb R Rl Azd B 5 ¥ 07-3.A7-
# 0083-01) °
ERSR SR 0N
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B A FE TR ]+ 65% BAPSHEE 7 A2
TR |3 65% ¢
== 1mg 2 1kg ¥
E. =4 1mg2 Lkg 8 9350 % 5ok s @i R TR R X )

I

Q) # hikd A T EER ) S

A.
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T AR
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16#3RM7BEE | 106 2RKFEF |107T2RRFEE 107 £ & = 5ct ¥ - 107 & B #4144 &

. FRERRET | pPEAEVE R s o T EEs kg

- 1P BE R4 (*3+%) TEE R FAE %

i i " (2 % 6,065.5 ¥) Y
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106#RMAEE | 106 2REWEF |1072RRFAEE 107 £ & = 5ct ¥ - 107 =R #4544
. FEERREEE | PEAEVE BRI % 3 8 o T PEE R E
g 13 B LA (%3 %) e B g s P
# L " (2 % 6,065.5 &) i
(4,000 #) (7,880 ¥) (4,362.7 %) 107 0712 (9,099.4 ¥)
106.09~12 107.02~12 107.01~12 ' 107.07~108.06
¥ EZ R 10
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CHEEAETER
Bk BL A Rk Sz
G = Xk g FAHE Xk § LA RBFTEEE S
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E Bk Lz & %:/?
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p o e ;bb =~y 3R
2 R ¥k iE ¥ &
Ho 23 G2k FEERTR > A FE SDD é:rs@mgtmm
E,url?ﬂ«*“loug R E T TR < WAl EE B R B
15% > TAp$IE L 3 FE T E<30% A A TR
7 XPS #cdj L i
WER -
Q) muz z &zl
ZAEREED
A = GIE % I s HE o 4% :»Eréiﬁﬂé, ,
R A 1‘* F1 0.1 mPa % 1kPa- 4p3i i B4 r #L?]hO.l
L , mPa I 1kPa: 4p 4%
7 2 %% (0.05 ~ 1.25) % » Trip¥tiE L 4 A 3 % R (0.05
%2 (0.1~ 2.5) % ¥ 7 AR (005
1.25) % » T ip 4% e
7 7E %% (0.1~ 2.5) %
(1) %5 FHEA; TR iRty
37 %% F A &()-
BOA 2R FHAKRI)HOERAFEER T | HO kR A28
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i Zn ~ In T 2R P o
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106 # R M & & 106 # Rps3cg ¥ | 107 £ RAMFRE 107 & B # R i - 107 & B #4 2 &
: FRERHRTET | pEAEVE | FRFIAIE cw s | FEERREe
- ERE #E R (%3 %) e B d R &
# L " (2 & 6,065.5 ¥) »
(4,000 ¥) (7,880 &) (4,362.7 ) 107.07-12 (9,099.4 i)
106.09~12 107.02~12 107.01~12 ' 107.07~108.06

+5mK

]
#(213~373) K » ;&
BT ARESES
mK o

e A

C. Zza1irfH@R i v BRIKF Bomdriae v 2
B kA& 0.6 ppm RIKF )RR
0.6 ppm °
A EFLREFE
D. i+ HELIRgEERe gD HFE IR RO NI VIR
v (213 ~ 373) KB & o B2 8 B Rt vt (213 ~ 373) K if
T B R ERETE
e
S ERE NPL =+ 2
ny .
E. (213 ~ 505) K %% 4 #i8 & £ 8l 4 iffmi K M”ﬁ;
k,h ,1) B A FE TR U(T)<2.0mK (G& ¥ 7]+ B~ iﬂ;ﬁlﬁf
2 BRI
2) @ HGHERER ;o k
A. ﬁf ‘wﬁiwm}iﬂm;tzﬁ»:Wfizﬂbéﬁ T A HRMERT
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Polishing of the sphere — third step
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TERFEE ) FEDEBEAT R 44577 0 LFEHRE> A8 AZ RET
£ 1% % (Primary mass standard) £ = & 5 & 1% % (Secondary mass standard) - & J &
PEMREZFTERERL R T ERE AR EHRESHTE VRTEZ R
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Planck
constant

Practical realization of the definition
of the kilogram (section 3)

Primary mass standards
(artefacts calibrated by
primary methods)

Dissemination of the mass unit (section 4)

Secondary mass standards (artefacts
calibrated by primary mass standards)

Figure 1. Illustration of the traceability chain from the definition of the kilogram. The unit of the Planck
constant being kg m” 57, i

the units second and metre are needed to derive a primary mass standard from the
Planck constant.
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wxdpgn TN s ) £ 1)
B(k=2):50pug |3 £+ F 3 :Calibration
Certificate dated 2018-10-18,
calibration mark: PTB-11130
18
1% S E
o [RUS TP T e e ns by | W48
L
(2) #3zk
. L, i BTk g, ] B S
ﬂ%ﬁﬁﬁ&b.’miﬂiwf ' r o |B4-19- B4
L q937mm [ E E”**”g = 20
h ' r#"lE’f"r'/F/’Dﬁn7q+°
His BiEdpSRaop xR & F

22 |AC 2016 = XRCD § 3% % 4p #&(Metrologia 53, 2016, A19) > ITRI #1 & {¥
2B 28 F Tk “N% LFEH e d T3 55 50 fieve (28 F £ 4p #1528 7
FEER T AT ER 2.5 x 108 & b > A1 R FFETA RIRIEF BT EH
BE o FALT &

FAERUR KR | RERE AR | AREHRE S AR
IAC 2016/ 10°° ITRI # 28 % &3k /107

yAaLSFE 5 1.5
LETE 13 8.9
T 4 R A 20 19.7

it3 - CIPM CCM Recommendation G1(2017)~ & 5 F & & X AR B $HAT2 7 T &
RBEFRFZHEBRE R REFR D FMEX 2 FEPHRET EILAR T B L

<5x108-
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Results

Molar mass M and amount-of-substance fractions x('Si)

sample M x(2BSi) X(ZQSI) x(3°S|)
g/mol mol/mol mol/mol mol/mol
Si28-31Pr11Q.4 | 27.976941260(84) | 0.999985502(80) | 0.000014264(78) 2.34(20)E-07

Kalibrierergebnis

Der arithmetische Mittelwert der
Flachenrauheit betragt:

Bla-7~-32 o328k = RS

Mittlerer Durchmesser
Mean diameter

Durchmesser
bei t =20 °C in Vakuum

diameter at t = 20 °C in vacuum

Unsicherheit
uncertainty

k=2

93,722 7150 mm 0,000 001 3 mm
Maximale Abweichung von der Unsicherheit
Rundheit (Radiuswert) uncertainty
peak to valley value for the radius k=2
25,0 nm 2,3 nm

B 4-8-~ ki s S ERIESE > ZFA 5 25.0nm

Sa = (0,196 £ 0,024) nm

Die angegebene Oberflachenrauheit wurde
aus den Mittelwerten der Einzelmessungen er-
mittelt. Die Messungen 04 und 23 wurden nicht
bericksichtigt (Kontamination).

Calibration result

The arithmetic mean value of the
areal roughness is:

Sa = (0.196 + 0.024) nm

Bl 49~ 6 ok PS5

The resulting surface roughness value was deter-
mined as the mean value of the measurement re-
sults. Measurements 04 and 23 were not consid-
ered (contamination).

Masse
Mass
Nennwert Kennzeichnun Mass: Unsicherheit
nominal value marking g masse un;aira; ty
1kg keine/none 1kg +78,41 mg 0,05 mg

Bl 4-10 - T & 2 Rl2 %
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Volumen

Volume
Unsicherheit
Volumen uncertainty
volume k=2
Vakuum/vacuum 431,055 514 cm? 0,000 017 cm?
Luft/air 431,055 119 cm?® 0,000 018 cm®
Bl 4-11 - shRgAE AR R %
Messergebnisse
Measurement results
Unsicherheit
Masse uncertainty
mass k=2
Oxide layer 28,1 ug 6,8 Hg
Carbon layer 6,6 ug 4,5 ug
Chemisorbed water layer 9,2 ug 3,6 ug
Total surface layer 43,9 ug 8,9 ug

Bl 4-12~ L K T2 2R E*

Table 2. Impurity concentration Niof Carbon, Oxygen, Boron and Phosphorous in silicon highly enriched in 288j

Sample Nc No Nes Np
SIS-Code

Si28-31Pr11 10'* em™ 10" cm*® 102 cm® 10'2 em™
Part.N.2.1 (0.39 % 0.25) (0.14 £ 0.07) (5.56 + 0.68) (0.82+0.23)
Part.N.2.2 (0.33 £ 0.23) <014 (5.26 £ 0.58) (0.74 £ 0.15)
Part.N.2.3 (0.35 + 0.20) <0.14 (4.81 £ 0.50) (0.66 + 0.09)
Part.N.2.4 (0.30 + 0.25) (0.14 + 0.08) (5.41+0.61) (0.66 £ 0.17)
Part.Q.5.1 (1.79 £ 0.27) (0.19+ 0.07) (4.8110.82) (2.38 £ 0.43)
Part.Q.5.2 (2.82 + 0.34) (0.20 £ 0.07) (4.81 £ 0.49) (3.20 £ 0.32)
Part.Q.5.3 (2.05+0.32) (0.24 £ 0.10) (5.11 1 0.57) (2.96 £ 0.32)
Part.Q.5.4 (1.54 £ 0.21) (0.18 £ 0.08) (4.81 £ 0.50) (2631 0.27)
Part.Q.5.5 (1.41£0.27) (0.19+ 0.07) (4.21 £ 0.49) (2.22 £ 0.26)
Part.Q.5.6 (1.22 £ 0.26) (0.19 + 0.08) (4.66 £ 0.59) (2.22 £ 0.29)

F4-13~ # S8 7 st £l %

W
i
\_
SEN
S
B
Wi

ik

Bk R (NC)2 + w48 5T 3518 5 (1.22+£0.26) x 10 cm?® o T3

0.39+4+0.334+0.35+0.30+1.79+2.824+2.05+1.54+1.41+1.22
10
TioEF Lt TR E 3 N

=1.22 (4-1)

[(0.252+0.232+0.202+0.252+0.272+O.34—2+O.322+O.212+O.272+0.262)
10

|x05=026 (42)
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Mittlerer Durchmesser
Mean diameter

Durchmesser Unsicherheit
bei t = 20 °C in Vakuum uncertainty
diameter at t = 20 °C in vacuum k=2

93,600 085 mm 0,000 003 mm
Maximale Abweichung von der Unsicherheit
Rundheit (Radiuswert) uncertainty
peak to valley value for the radius k=2
40 nm 4 nm

Bl 4-16 ~ 2 IS 2Rl %

Kalibrierergebnis Calibration result
Der arithmetische Mittelwert der The arithmetic mean value of the
Flachenrauheit betragt: areal roughness is:

Sa = (0,201 £ 0,024) nm Sa = (0.201 £ 0.024) nm
Die angegebene Oberflachenrauheit wurde The resulting surface roughness value was deter-
aus den Mittelwerten der Einzelmessungen er- mined as the mean value of the measurement re-
mittelt. Die Messungen 16 und 25 wurden nicht sults. Measurements 16 and 25 were not consid-
bertcksichtigt (Kontamination). ered (contamination).

B 4-17 ~ % 5 e dd R £ RS %

Masse
Mass
. Unsicherheit
Nennwert Kennzeichnung Masse dicertality
nominal value marking mass k=2
1 kg keine/none 1 kg + 27,26 mg 0,05 mg

B4-18- FEERISS > FEH L2 e A 5 0.05mg=50pug
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u=0 pg

7

(IPK)

B %2 F B % No.78
(NPK)
u=3.5 pg

S48k -7 HEH

Bl (ERFN

JL

B R ghmAn Bl ke
=G
u=16 pg

7 4 58 - & 4R
HFey

d

B 7 mAR E] kg
P
u=17 pg

7

P %Rl kg B
u=35 pg

Bl 4-21 ~ 1R ATeE ek T B RIk s AR EAREL R A TR Y

iﬁ.'ﬁ‘{-q/

B. 2% hRFhpliamety

AR e S STy ]
SARE AR 1A IR T S 07-3-A7-0051-01 « 4

(1) #= % &% Nitrile £ £ > 3 12 2% Deconex i# %73 2 F#FEFL (£ £)
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£ g kRS ()

(2) 2 2% Deconex i i i% ik i A S TR IO B ELEE R f T
PR LR IR AR B o e RIR T HARE > E4
- 54}‘37; °

() mE4g-kFEEL(EE) FFHFRES(ER) DA FRELE
o -

(4) 14k Bk 0 P RTE T HPRE 0 L0 ARk
7 S I Bk o

(5) ™ fﬁﬁ’ W R fp TR > BB IR T HARE LY /fr’]ﬁ: PP 2
e fs o IR

(6) MARE AT PP QI DB IHFF D ERSERICE -

(7) #F Sof [ v B3t ggh o b o3 R 7 f eRIRE SR FR A
4 o

Btk ST G P4 Y R PTB K3 2 3 4ol 422 2 %3 > £ ¢
*G\A@l'?°'ﬁ'b£’aﬂ/f/p /’D#Bﬁ&@&% » 4o PEEK = & % ~$ & * gk - o L%
AEBEE Bl 4230 e 2 TE T 7 ok s BT \’F s B R AR
7 Borer Chemie #7# # Deconex OP 163 > & i 4 B NI~ o ptob > £

1500 mm

PTB 33 2 = & 283K ¥/ lIe 0 UV % 27 b 7R 28 » i 8 IR o0
B RUBEE A LS AR o B L BRI FRRY o
%P T PR B o
= b = .

| 3 @B i [

g . 1250 mm .

g = I’

” 1250 mm * I

E £y
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: = [ =

400 mm —» ]
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i || 3 3
3 3
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£ o
A
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Bl 4-23 ~ P~ 2. 7 fo 3 ek Deonex OP 163 » % jrie iy * 2 ghigskr = &

2
(2 ALZHFFEVRRRBIE NG L2 %2RAEE - M
FzR7E01mPa: FEAKFR 159 FEfF47A 100 ng
EZFTHFEVRET A LA 304 load lock "8 B E L ik A8 - load
lock "4 1% %

BELZTEBBEGOEE Fd A i % 18 1% % B (Artefact storage and
transport vessel, ASTV) & # fu 3t &8 2 5302 BLE 7 enif 2T 3% 3 F§ v ik ety

ML AT E /Eifé_‘?“rﬂ VRRIERE hE T R o

load lockp: B2 o Y ed
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B 4-26 ~ i 78 Sk d load Iock eRl i T %‘rﬂ b ﬁkz;; Pz B ORER

ﬂ%wﬁﬁi“@@mg’%‘ﬁm&; Rt AT 2L AE PTB 2
TRy RGs Kk Al & REFE I HRMRFES Y o FE v k2 R
= % 435

243~ L AR F TR R PR

5% A
Maximum load 101159
Readability 100 ng

Repeatability 500 ng (1 kg)
Weighing turntable 6 positions
Vacuum pressure range 10 Pa — 100 kPa

FEVREkF -~ BEE 7 URPFER 642> 7iEHJ loadlock & d F &
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FrR ) FHE C R EE T2 LG R T
mbar » 4p § ** 8.47 x 10° Pa -

| PFEIFFER
i; SingleGauge

VACUUM

mBar

8Y'1-"

114 i*2 2T FE 2P ﬁwﬂﬂ; £

R gk 100 5
PR BE S kT o R K 80 4 #cdy o
Bl Liﬂ*’h-s'

PARINE D - A
%7 0.1 pg /EJ@é,.%%? 40.0005mg 11T > A

r

Bl 4-31~6% 1=
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EAER E A R

Tumtable places sllocation

Posiion  Type SetlD  WeightID Norinel v Boox [mg] Density (kg Rewauks

Pl T Test 1 1000 200
F2 T Test 2 1000 200
F3 T Test 3 1000 2000
P4 T Test 4 1000 &000
] T Test 5 1000 2000
3] T Test 6 1000 &000
Built-in weight
Position Type  SetlD  WeightID Nominsl ve Enox [mg] Density [kg Remeuds
EI s Builtln 1z 1 0.0111 2000
A;—E%l:l:,%}éﬂ%} Senes scherme (B vs. 4)
1: F2 T Test 2 1000 2000
vs. F1 T Test 1 1000 2000
2 F2 T Test 2 1000 2000
+ BI S Bhwltln 1z 1 0.0111 2000
vs. F1 T Test 1 1000 2000
3: F4 T Test 4 1000 2000
vs. F3 T Test 3 1000 200
4 T Test 6 1000 2000
T Test 5 1000 200
5 F3 T Test 3 1000 2000
vs. Fl1 T Test 1 1000 2000
6 33 T Test 6 1000 2000
P4 T Test 4 1000 2000
7 F3 T Test 3 1000 2000
F3 T Test 3 1000 2000
g’ % k&ﬁ?ﬁi Balance sethings
Mass compexator [D M_one
Envixanment unstable
Weighing vrode sensor rnode
Value welease fast
Last adjustment 03 Qct 2018, 17:40:15 BIL: & Builthh 1z 1000z 00111wg 2000.000kgi"3
Standaxd deviation check Livedt 0010rg
BRLE AR TR |
Clirrate data input cnline
Clirnate measuang instrorment Klirret 430
WVaouuwm sensows connected

WVacuum gauge contiollex type Center Two'Thiee

Bl 4-32 ~ £ A7 HRRHSN K P (IR A R))
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# 4-4 ~ FAF PRI R e Echp (B :mg)

DAY TIME MEAS.NO. PLACE VALUE DIFF.(B-A) DIFF. AVERAGE STD.DEV.
12 1 22:41:05 00 dT T-TO 0
12 1 22:41:05 00 sc Pl 0.01818
12 1 22:44:15 00 sc  P1+BI 1000.067
12 |1 22:4724 00 sc Pl 0.02084 1000.048 1000.048
12 1 22:56:14  010101A P1 0.02185
12 | 22:59:10 010101B P2 -0.1787
12 1 23:02:07 010101A P1 0.02332 -0.20129
12 | 23:05:04 010102B P2 -0.17804
12 1 23:08:01 010102A P1 0.0246
12 | 23:10:57 010102B P2 -0.1767 -0.20197
12 1 23:13:54  010103A P1 0.02555
12 | 23:16:51  010103B P2 -0.17528
12 1 23:19:47 010103A P1 0.02705 -0.20158
12 | 23:22:44  010104B P2 -0.1744
12 1 23:25:41  010104A P1 0.02796
12 | 23:28:37  010104B P2 -0.1728 -0.20156
12 1 23:31:34  010105A P1 0.02984
12 | 23:34:31  010105B P2 -0.17101
12 1 23:37:28 010105A P1 0.0308 -0.20133 -0.20155 0.00027
A
0.0006
0.0005
— ° ¢ o ° e
o 0.0004 @ o o
= e ©® ° o® P LIPS
~ "y ® 9 e. ® ®
s 0.0003 N [ 1)
o0 ™ 0%g » e o ® ® °
= ° o %o .’
=k 0.0002 o o o0 o L ) S
° o ® % o
0.0001 o

0
0

10 20 30 40 50 60 70 80 90

#5 £

Bl 4-33 ~ & 47 HLRI3E S % % ] 3 0.0005 Mg 2 R g ALt

71



Q) 22FERFLZIXFHIN(BR)EI 233 B/F W ERinmEE
upﬁﬁﬁin%ﬁW@&%’~¢¢iiﬂ?K%\%maa’%m—”m
FEREMEAFPF-FRBIZ? FEBES
FESFREOL R FERL S W) 2R o § A
FE2LZF P ORISR & (RS TR R Wf%"iféfﬁ'f’ "é{g— SRR R
%wm%%&ﬁT%’mﬁéﬂﬁiﬁ°a"ﬁﬁ‘$éﬂ$%ﬁ FEfETA 7
FAFR2MERLL Y BF HEFEFTL R A RY LT - BRI
BekiEFEIZIAFFEE (Vacuumtoalrtransfer) 4o @] 4-34 A7 o SRR E
Fhlee gd -k mE - PREREPEIE A L2EZHTFE - HFL L
FREFII-RoEAF2ZAFFEEA 220 HLE NE AR aqFELR T
FIRRBRAZEZY FREOE2 < 59 FRBE - BE/ANNLTE X F R
B okw Rl R 3 E DR B A G o e Bk A G LT AR i AR e i (R diAR
o R~ FREY DEBTE

W

N
o .‘4
‘\

P

Myiy = Myge + A XS (4-3)
BY Sl 2B ad e T  AZEBDLR o

B RECS T ) BRLREBE PGB EZY B Y R L2
L

d
AL R RARPRIERFE A F o 40T R

S = [Mstkwac)tMintwac)l—[Mstk(air) tMint(air)] (4_4)
Astk—Aint

v B m%‘r.ﬂ
Mint(airy: AR ZFE S F REY Lr/? e
Mtk (vac)- Fligsafpiz 50 < § B ¥ “rp|E P&
mstk(air): Rl fpiz >~ § By 2 TR DT E
mt (ERS R 1N A ﬁ
Agpye: P33 4002 A ind 6 ff

~

Vacuum

Stainless B Stainless
steel N steel
cylinder e cylinder

Stainless
steel
standard




Qwﬁﬁ*iiﬁébﬂﬁmG@WRP’\%ﬁﬁ?ﬂ%1%¢%

3 _ \,""j‘ j
" Sl
Jd B = -
Lt e N |
q ) e v
g

B 4-35 ~ BT 2 AR e

345wt AR e B L6 A

=E OREL B surface area (cm?)
P1 Z1 R =E 138.26

P2 S1 10 # &k 7 &4 573.8

P3 Z2 Rk F bk 138.3

P4 S2 10 774k % 4845  573.8

P5 Ptir-Z ik 44 4% 71.5017

P6 Ptir-S 4 % sk a4k 149.652

PR BREAREd B A F TARPB AT & 4-6 A7 o R RS 540
0 it » — ‘e dagk & &2 et e s 0.0366 pg/em? > & ‘e 7 44k 2 75 R b Rk
A %] 5 0.0058 pg/em? 2 0.8190 pg/em? o

% 46~ Bipls R —n o ik

material Am,,. (mg) Amg;, (mg) S (ug/em?)  S-AA (mg)
Ptir (S-2) 50.6691 50.6719 0.0366 0.0026
stainless steel 1(S1-Z1) 0.0518 0.0543 0.0058 0.0001
stainless steel 2(S2-Z2) 0.6904 1.0470 0.8190 0.1133
ERGES S SRR LA N Sl IR SR P R A L

BL iAo AHAEZY A I AEE G AT A LR ?'i‘l{éf“?;??

A AT R o F < F R4 L 10%PaET F AR 1L.2x10%mg/emd o T o fovk

FHFSDRE T Ay, VARG FEVRERE PSS BEBEATRIEDLE
T

Amg; B3 f&/z‘x”%%ﬁﬁﬂleq\" TFEA NG o BRI R FRE R T M d TR

21
)

2(44
u?(S) = u?(Amyg.) + u?(Amy,) + (Amyg. — Amy,)? uA(A4 U (4-5)
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UZ(AMyge) = UG F UBG oo ees e (4-6)
UZ(AMgir) = UG F UE F UBGL o oveeeeee et e (4-7)

UZ(AA) = U (Ager) F UR(Aine) covveeeeeeiieee e e, (4-8)

u(s) BNt TR 2. 2 OFE ER

UAMyg,) # BB B LWL 29 97 LA

U(Amair) = 75 e I_E_i'g_ gﬁ_v‘,’;." ?/T: ¢ 7 ﬁi}i

u(44) B e L EL I FREER

u’ ERLE2 A AR uizs.d.z/n
ulzz =AVZ. uz(pa) + [uz(vstk) + u? (Vind)] - pa
ul TE RS AR Pa: N 4,}%. Ve © AR 2 A5 2 A4 -
Vint * R ey F’ﬁ
Ve R AR d B Ry
L R & A 2 .
Uy | FREVRET A PR B AR ”§=Am§'uadj/cd.
aaj
T S TS T LS ]

B A gk ol A % — e (Stainless steel 1) ek vt i) 5 (5.774 £
3.535) x 10°° mg/om? » 11453 3 £ %k (3.535x 10° mofem?) o 12 kit th #e(5.774 x 10
®mg/cm?) EAR$HRE S FE TR 5 61.2% -

F Ad v v R E A % = e (stainless steel 2) e ki) % (818.982 + 3.535)
x 10° mg/em? > 12458 3 £ R (3.535 x 10°° mglem?) 12 % 4(818.982 x 107
mg/cm?) (& Ap R 7 FE 2R 5 0.4% o

P Rl isE A FE R R ¢ 5 3535 x 100 mg/iem? s @ 4 4-6 hE Pk
T N L) £ T IR TR Ry
L2 LB AHF TGS BB AT RN LIES o Bk RS
B FYRRGELEY R DA RBBRNEZEA AR Y IR @
BERTRAHEI R #STRLE] PHDLE -

SRR R R A R L ARk BRS04 > £ PTB B faEn
:’:"é_‘}:7 FI"J‘,I—LE/PI %.‘3:1"] g’ﬂ'—}‘ ]9%—5 "‘—:ﬁ ’?fri%.f,lo#\jg}\ FB;L&._I,(E]
R LR i D BSOS  f  (OR f E
FR g it > AR TR RS E_i'lﬂi.,@: ZESF RO H B ey MR HE 2

P

H
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parameter xi standard uncertainty, u(xi) |ci uncertainty contribution
mass difference i air A type 7.87E-05 mg 1 7.87E-05
volume difference  1.70E-05 cm”3 1.2 mg/cm”3 2.04E-05
air density 1.19E-04 mg/cm™3  1.00 cm”3 1.19E-04
balance linearity 6.70E-04 mg 1 6.70E-04
balance sensity 2.50E-04 mg 1 2.50E-04
display resolution 1.60E-04 mg 1 1.60E-04
uncertainty of mass difference in air 7 47E-04 [mg]
parameter xi standard uncertainty, u(xi) |ci] uncertainty contribution
mass difference in vaccun A type 9.18E-03 mg 1 9_18E-05
balance linearity 6.70E-04 mg 1 6.70E-04
balance sensity 2.50E-04 mg 1 2 30E-04
display resolution 1.60E-04 mg 1 1.60E-04
wcertainty of mass difference in vacuun 7.39E-04 [mz]
parameter xi standard uncertainty, u(xi) |ci uncertainty contribution
surface area difference  cylinder 0.333333333 cm”2 1 mg/cm”20.333333333
disks 1.333333333 cm”2 1 mg/cm”2 1.333333333
uncertainty of area difference 1.374368542 [cm"2]
uncertainty of sorption coefficient 3.54E-06 [mg/cm”2]

Bl 4-36 ~ 7 hdn 2T RIEBEY - B AT AT

parameter xi standard uncertainty, u(xi) |ci uncertainty contribution
mass difference in air A type 1.25E-04 mg 1 1.25E-04
volume difference  1.70E-03 cm™3 12 mg/cm”3 2 04E-05
air density 1.19E-04 mg/em”3  1.00 cm”™3 1.19E-04
balance linearity 6.70E-04 mg 1 6.70E-04
balance sensity 2.30E-04 mg 1 2.50E-04
display resolution 1.60E-04 mg 1 1.60E-04
uncertainty of mass difference in air 7.53E-04 [mz]
parameter xi standard uncertainty, u(xi) |ci uncertainty contribution
mass difference in vaccun A type 7.29E-05 mg 1 7.29E-05
balance linearity 6.70E-04 mg 1 6.70E-04
balance sensity 2 50E-04 mg 1 2.50E-04
displav resolution 1.60E-04 mg 1 1.60E-04
incertainty of mass difference in vacuun 7.36E-04 [mg]
parameter xi standard uncertainty, u(xi) |ci uncertainty contribution
surface area difference  cylinder 0.333333333 cm”2 1 mg/cm”2 0.333333333
disks 1.333333333 cm”2 1 mg/cm”2 1.333333333
uncertainty of area difference 1.374368342 [em"2]
uncertainty of sorption coefficient 3.54E-06 [mg/cm”2]

Bl 4-37 ~ # s sr BB e - B FE TR D

(Z)7 fsh i & TEER L Sdtpm 2

1) %&;ﬁaﬁﬁéﬁ&ﬁ%ﬁva»a%%@?iﬁﬁﬁﬁnﬁi&su%,%m
HHAFREIAR<SN%  HalrT2 3 mIALE <3x10°

w2 B &8 XRF XPS £ & %_‘rfé_fé_iﬁ‘lﬁ SR TR /w\ﬁToLFL EAC ) R
Rt o 41r1§$]43 HET fg_r & XRF XPS %\,fé]}‘frififu Bl 4 ¥ d X 3k kR (Al Ko) ~ X % 8
kBB~ Sk 1 R B (F7 VB A% 18R] B SDD) ~ 7 & #p 3 & (Electron Spectrometer) ~ &2 % E
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I fhE S IRA P A~ $R 5@ B 7 vedl (load lock chamber) s Mgt 42 3 2 5 4 457208 &
B srip s o AghF pw e =447y fitle 2 CAD3D Ha)% |l e iR > me d e
QF'%_;;,::%:L,;{—FJ oﬁr ,g,%u Jgé‘u ﬁ%‘rﬁzﬁﬁ,awwé%@:! %,J.%;{%@ 10 mbar
- i ERBEZMRE AP - RERE D 2 lfed = 28 :F‘sﬂr*%%fﬁ
RPE B Bd-B %%ﬁvf(ﬁv‘ﬁ?&“ R BE e TS R N RIRFER R
BREpy 2" ¥V - 2L T RIBEFRE B 050400 sk & Rz RT f%fn’
iR IR AR S BE e UHY A 7Y kwid@ds o f{‘?:@,iii’*i’%@i:}é Fa
od - s soroots RF B - SRdm A+ RO TR 0 B 4-39 G RSB

A2 18] o

MEMARBE ST AR MY mu-metal B 7> 2 R4 * M3 840 T 12
FERFHHRTE L xk&@ﬂ%&? SRR 2 ok éiéf iR IE 2w B roots R F iR
o+ R b BV bR R S E R RGE o AR 4 > 10° mbar £ & o

B2 r8kHEr CF A5V 25 > ¢ 2 DN4OCF ~ DN63CF ~ DN100CF ~ DN160CF 2
DN300CF & ¥ *gg & Hlz N2 j2 fg > A R * X EPEZHBRE-TIF? &~ Xk
KR~ ARE BT RERELNE R

RELeTE R 2k R F AR A 47 R R M 5 Scienta Omicron )% 5 ARGUS CU
Hemlsphere Electron spectrometer » & & #Li% 5 (a)#F i friteke 3 T F & B2+ (Fast
And Low Noise Electronics) EAC 2000 - (b) sk & =+ 138 & i /g #c £ (Pass Energy): (5 ~ 200)
eV (c)x Fgedr(Working Distance): 300 mm > (d) 128 i ¥ &3 if # /P Bg(Striped Anode
Detector) ® ¥ M- dp € Bl <10 ms /& BAF o * e @ i & m 2 X kR Rz £
BRI (Pt sFEH o (b)F 7 B i@ 325+ (Quick-Connect Terminals)(-k 4 )3 &
(Interlock) % % » ()2 £ kit £ 5 1486.6 eV ~ gL~ o[ 1 mm ~ & % 250 meV % k7
600 W o ¥ & i ] % B#g 2152 % Bruker XFlash SDD » 2 & 242 % ()3 »c i Blw % 5 30

m? > (b)ix & f2+7 A& (Energy Resoulution): = 123eVatMn-K. » = 54eVatF-Ky, ' = 46
eVat C-Ko > ® & -] 1Bk 3 it £ (Smallest Detectable Photon Energy) = 100eV -

RBLFAFIMBE R A Wk E R LR UHRERRFLE S
1T BB o & dhz B R FARE TR 2 BT R S
® - phidhiefEir R S 0.0006 A& 0 AR B> 0.006 A
® 5 - phHihiefEit A 5 0.000061 mm o #EEA >t 0.00061 mm o
® iz phikd i 370 B o 247 A 0.0001 B - FAEAE B 0.001 B 0 F A
‘P RE6kg-
® GuriHEiEAe0mm E R RN Lumo f3247 A 0.1um -
® 57 phikde74z 100 B - EEEAR B 0.001 B - f245 & 0.0001 & o
S RRAFEHS R BEODD)EL PTB e A ERIE Y 30 ¢ 7 eV I
1850 eV 2 ¥ 5130 2k f&_xﬁi’ W E A SR E o R R R
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107/6/7~6/8 £2 4, & PTB F # £ &+ & R_Dr. Michael Kolbe £2 Mr. Rolf Fliegauf i& 7 #
o FEEI e wINKP 2 B RS B AR R RET AR IR AR
*PTB P %0 tiffhz XREXPS £ & £ipl 45t RERAK L 2SS4 k724
e 2 R ) 2 30 %P iR o

®

" A i
o LR X-Flash 57 28,# 18 8] %
9 o XH®ELS

O X4 4 %% © Al Ko,
hv =1486.6 eV
B 5 2m #
FBodhEy S IR AL R A : \
A REpra X4t 48 FHR%
EF ¥ Aoig

> 2
e s % B2 AT RERE
A ﬂ%%&%ﬁ

®) 4-38 - g@«xmn@s%@? B R E S

B 4-39 15 5 0 2 H b 25 2 A2 )
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(2 ==F HHiR FEERAARHZRZRBRZE(GER 20°C £ 03 C~HBR 40
%3 60% > FHEBF A2 BRAFT )2

A FREP

TR HEEE  LAT R AAEI R R B FEVRKTERRL
R A 7 OIMLR 111-1 .45 5 (20.0 £ 0.3) ‘C& 4p$H/8 A& 5 (50 + 10) %1,
BN BKE R E N b RS s L IR S T R R B A ks
EL kS %%}I:}féﬁvl‘&éﬁ"}"’ 2420 5 VC-E &2 NIST-A P NIST-A 2.4 & 20 Hz
Mg VCE APk o fe i 20Hz 0T RIS H R RS R 7 T A6 0.025 pm/s >
b d 47 457 o

24T~ RERP P L 2]

5| R Th - R

A R &Ed | 1SO office 400 to 800 pum/s FUEPES F

- 1T 33 L)

_pan | VCA 50 um/s, 8 Hz /xm% R
o VC-B 25 pm/s, 8 Hz 1 % L i .
REETVCC | 125 umis, 8 Hz T s TR AR

T RMER A 3
VC-D . <f< ’ ,
6.25 um/s for 1 <f <80 Hz ¥ 4z
3 @ VC-E 3.12 um/s for 1 <f< 80 Hz FEER R B
B~ B A MRS T
NIST.A | 0025 umfor 1<F<20 Hz; f&%&; e
3.1 um/s for 20 < £ < 100 Hz e
g’hffrv(
Y NIST-A1 6 um/s for f <5 Hz GEE

0.75 um/s for <f<100 Hz

B. MFEHEFTHRIRRARE

FEEHREFHRZT R T o R BB 440977 0 LEL LA FHE B - F
AF IR AR KT FAH AT RXPS XRR)E & S b ® 8 5 % - BRI %E
EEFRECRKGETEEIE Lo ¥ - % XPSXRF % B E F R A 5 (200
J_rl.O) CeipstRAE 2 (50+10)%; % - % &k By & £k OIMLR111-1 %
5 %(20.0£0.3) C&4pstRR 5 (50 10) % -

bgut

—'%\-

[1]OIML R 111-1. Edition 2004 (E). Weights of classes Ei, Ez, F1, F2, M1, Mi_2, M2, M2_3 and Mg, Part
1: Metrological and technical requirements.

[2]Hal Amick, Michael Gendreau, Todd Busch, and Colin Gordon, “Evolving criteria for research
facilities: | — Vibration”, Proceedings of SPIE Conference 5933: Buildings for Nanoscale Research
and Beyond San Diego, CA, 31 Jul 2005 to 1 Aug 2005.
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T o VRBERFAZA PSP 5 TRETTERE IR RE T A
Fedrsacd o 3% Ansys 7 "UH A2 WO ME (IR AR B RS uf#iﬂum;})aﬁv%g_
ﬁﬁ?ﬁﬁﬁéﬁﬁdﬁﬂéié”?*ﬁmﬁﬁﬁ4%%#ﬁkﬁ BT
Bl4c®] 4-42 #77 » BHp? 1 & ¢ ZEAP KA EAIGDE G F!{**mfj\,ﬁ
ARBTEHET Lo g 23T oFHw fi% e g 4 01Nz b b 4
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a
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3P HERES AR GRS R AT RN 130V AR £

LR PTB 145k ik 3

T IR AR B R e BT 2P AR

Lot B hol PAET ST 4 B PTB 2 K30 doT 4 48 S o
% 48~ IRT SR RA
T2 2 £ % R L2t
W%R PR ? wiemd) | 0
%z (cm) (cm) (cm) (cm?)
KR B 247 190 70 3,285,100
PTB — 3,605,100
e 20 200 80 320,000
b0 N A 185 190 90 3,163,500
NML ———— 3,806,100
Bl T A 30 210 102 642,600

FoaopeERIOMIEHEECFERERAEH TR BEE > Rk

FET G 2B R} o) 4-44 2 ) 4-45 S 0 B
120cm > * &2 A w B8R 2 FEEY 5

AR R A
4-46 #757 » I M- R E %

988

B R EB A CZ B R
50cm > @ T £ 2 Pl

B S A ?\J’uﬂ’flj"a ap 1 iTE o

787

988

B 4-44 ~ kiR HE

K RMA R (cm)
HxWxD : 120 x 273 x 148

KiRHBR  (cm)
HxWxD : 185x 190 x 100

35ch

730 cm)

50 cm

__

B 4-45 ~ Kk B
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50 cm

7/%%%%%%m/
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it # & F 6 R+ (RxExH)
A : (200 x 135 x 30)cm 5

B:210x102x30)cm :
C:(220x 100 x 30)cm

21 248 54 240 58 269 98
890

988

W 446~ TEH 23 C

FEAMTERETREIREAASE 2 WAL Ao !
2018 # 2% B4R %1 A ITHATS RAFF R R LR AR LR
i* ¥ (® 4-47 % B 4-51) -

16f1B11 ~ B124¥!
JELYE

1H:1074202 3 207316

B200(#245 A 55 14 WEE732263)

L3 AT (HER:0912-533585)
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Bl 4-51 - %?bﬁﬁﬁﬁ”éﬁkmi

2018 # 3 " = A %ﬁ‘#’{r“% TE S BRARRFRER S BATEFRH -~ LILA
[l e = B G A bki,gjf(a}g_%); 2% (B 4-52 2 B 4-57)- =2 A~B~
CoRikHT G &% & < 1 4oRl 4-44 &2 §) 4-45 05 - 2 ¢ B Kk s Aﬁ015
B4k 5 120cm > %5 ki BB AR S 185cms P i Aw B f 2
FEES 2 50cm e "KM B AR Z = 23g/cm® s 2 4 S50 ¢ 7 -,',;F%Eiﬁp} o

Bl 4-52 ~ Eiﬁ:}ﬁ—‘% (2= B 4-53 ~ 1 A J\?ﬁx 372820

7+
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2018 4 4 ARk Mg b Al A (7K (B 4-58 3 B 4-59) -
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2018 # 5 7z Air b MG 1AL KRB B S TH R TS (TE(R 4
60 2 B 4-63)c = = A-B-Cipf £+* {F DINST6 £ # %% 5 0.5 > TG ¢
<+ 4] 4-46 i > B % <H % % 30cm e

B 4-62 ~ KR BL1Z B

2018 & 6 " mARERECH EATIEESA R ITE B ERE L FH Ry
R EAS I - R8RS REA A2 % 2 £2( 4-64 1 4-67) ¢

L G

o
W) 4-64 ~ -k ik gt T 3 AP 6 AT 5 TE R
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1 4-65 ~ = *ﬁ'$:“$ WaRE BIA-66 7k 0T

R, e el
Bl 4-67 ~ = AR §Iif 21 42
2018 & 7 0 mACREBF I RARIE Bl BEF FHE TR B
H BT S XPSXRF B % 8 %% ~ § iR~ Rk F!Eﬂg—ki’;ﬂ P B4t 5k (W) 4-68 1
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WA74 233 FEHRERRT P FH AR

B 475~ % - % & fZfdm LT B 4-76 ~ % = E?ibLﬁifiﬁ?§%—
S AE 2 & 47 R (XPS XRF) & & 8 1% 51 %% ;
/}i FE T B

A MFEFRFTXREZRRERR S
M EREFHRTHRBE CBRLRG LRSS AT
C-lL MFEHREFR%HTRERLR
(a) &iplrg it
T REFHEEERBARRIEEF S £ WERE OIML R111-1:2004 Ex

Sazm2 ERliEe s ERPFPHRBERFALE | FRCE 7 LE £03
TP BREEFH40%3 60% > 5 4 | FFEH 73428 5% -

v % 7B P ¥ 2018/11/3 00:00 ~ 2018/11/6 00:00
Rl BEATH R R % % B12
£ PR FE5 min (g B-pF )
BRI SECER ~ HIBRA
v ERIEET L (e kB 4-TT)

E /
1
/

88



v OIML R111-1 E1 ;2 F& o &t H B iE i+
W ;7 & :temperature change during calibration £ 0.3C /h, £ 0.52C /12 h
B Ap$RR+5%/4h
v B12 % 2R E iE
®&:(20.0+£0.3)C
B jp ¥R & (50 + 10) %

- h6-# | Min | Max | Range Jlich3% # | Min | Max | Range i
T BE 19.77 °C20.14 =C0.37 <C BAE 19.82 =C20.19 =:C0.37 =C
SR #HR R 47.62% 50.74 % 3.12 % =Aa#RE 47.77 % 50.95 % 3.18% el

A | in | Mo fange Bche | in | x| hongs EREREt 1 3| in | ox | e
BE 19.74 °C20.05 °C0.31 °C B 19.84 =€20.07 =C0.23 =C '©° BE 19.70 °C19.96 =C 0.26 =C
AAERE 47.70% 51.04% 3.34% ARERIE 47.72% 50.94% 3.22% #Ei"}«,&)’i 48 08% 51.24% 3.16 %

[ Lal o LI [ |
Bk d N :? |
] « T |
| po | || 11

||

ﬁ_h

hs 5 | Min | Max | Rango | mm

e = —ER 19.83 <C20.10 :C0.27 :C—__ % 19.74 =C20.01 -C 0.27 -C
p—— 4 u":"7':'7'1ﬁ HEE 47.95% 51.13 % 3.18 % wzzzz=Z ’FEi{f BJE 47.77% 50.90% 3.13%
Unit: cm
Series No.
© FH2HS (BI04 F2002%) D 20277047 4 20277048(1&) T 20277042(4%)
2) 20277041 5) 20277045

® FMLAERL102S) 3 20277043(:5) @ 20277040(%)

MAT7T~3F 2%z RB2E - BRAERER

(b) & B2k & ARAE
2 4-9 BREEPRKREXRA R
(% LD i
ERR K AE Rotronic/lellgrroLog HL- 9
8 /& probe Rotronic/HC2A-S 7
Software Rotronic/HW4-E-V3 1
probe extension cables Rotronic/E2-05A 7
% 4-10~ - L RIBRREFL
BOBRR AL (No) NML i 3£ 2
20277044/8 H180086A
20277040/6 H180084A
20277047/1 H180079A
20277048/4 H180082A
20277041/2 H180080A
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I.W_I,E!)i)‘l.ﬁf'?u/ (No) NML &+ 3F £

20277045/5 H180083A

20277043/3 H180081A

(C) £ P ‘_L_at

BF=Z A2 FHFHRBECBAZ AL EERE S4B 4-78 1 B 4-81
T E%‘]478 PR 480 Hchpd M B LS L BRIEZE S REREREE 4
SRR HRETEERS 199 Co pERR G 489% 0 BRI - RA MK
tg*» OIMLIE ez & REAE:(20.0£0.3) Ce ‘/%&:(50110)%%12%110\ °
@mmﬁﬁmmmbléi%wa‘ﬁﬁ%wi‘aﬂﬁmﬁ HEHT
BRBLERLE ] JB?—?EO.GOC FEP O BRRCETRES 4+ﬂ$¢
Yo BN FERE TR RR A E S R ERARE RIS S Y B LOIML
R111-1 %45 & £ o

) BLRAZE 24 - BF ITRI-ONE % 2232 g8 ) 8 & i > d B 4-82 £

WAL S BT VR TR R G 200 Co o BERPE R R R 2 AT
EREFHTIRBIEE R L ITE o

e

>

S

)

/

m

BE(C) NML-B12 ;& 53 7 Bl
EE(C) - = =J(F/
205 e | NML-B12 B E 2L E(E/F) S HE
e thd-T —ch5T ch6-T e thl-T ———ch2-T ch3-T
204 e Ch7-T ===T-USL ===T-LSL ——ch4T ———ch5-T ch6-T
0.7 ——ch?-T === T-0IML
203
202 BB S SSSSSSssssssssssssssssssssssssses
0.5
0.4
03

01
19.5
00:05 08:05 16:05 00:05 08:05 16:05 00:05 08:05 16:05 00:05 0.0
2018/11/3 2018/11/3 2018/11/3 2018/11/4 2018/11/4 2018/11/4 2018/11/5 2018/11/5 2018/11/5 2018/11, _ 0L:00 13:00 01:00 13:00 01:00 13:00 01:00
2018/11/3 2018/11/3 2018/11/4 2018/11/4 2018/11/5 2018/11/5 2018/11/¢

Bl 4-78

FTHRERBRERER AT H Bl 4719~ FREZRBERFTLEERF

1BHRE%) NML-B12 HHERES T E 1EHRE) NML-B12 HHEIRE L E (B )9 HE
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L ——chl-H ——ch2-H ch3-H w—=chl-H ——ch2-H ch3-H
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65 ——ch7-H ——H-USL —H-LSL ————ch7-H ==~ H-OIML
BT
60 9
8
55 7
6
= pe —
wr v 5
45 4
3
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2
35 1
o - n
30 04:00 12:00 20:00 04:00 12:00 20:00 04:00 12:00 20:00
00:05 08:05 16:05 00:05 08:05 16:05 00:05 08:05 16:05 00:05 2018/11/3 2018/11/3 2018/11/3 2018/11/4 2018/11/4 2018/11/4 2018/11/5 2018/11/5 2018/11/5

2018/11/3 2018/11/3 2018/11/3 2018/11/4 2018/11/4 2018/11/4 2018/11/5 2018/11/5 2018/11/5 2018/11/6

) 4-80 ~ ¥
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2ECO

20.05

20.03

20.01

19.99

19.97

19.95

% 4A0IMLE £
ITRI_one ERE P BF 38 fE #1135 (2018/11/03 ~ 2018/11/04) 1emp. change £ 0.3 °C/h, £ 0.5 °C/12 h

m,/\_f\_/w\/—w\ BE 20,032 :C 20.042 <C 0.010 C
_/_\/-\-’— S Pt N e \NS ’_\_/_/—\Jh

#mE  20.008 =C 20.018 <C 0.010 °C

124 %] Min__| Max | Range |

#mE 19.986 °C 19.995 <C 0.009 °C

%

& 19.980 =C 19.990 -:C 0.010 °C

Admissible Ambient Conditions (M_one#! 4% #3,4%)

Temperature (°C) 17-27
Max. temperature change (°C /12h) 0.1

—T] —T2 ——T3 T4
2 & 3 g g 8 a il 2 8 a i 8 8 3 2 8 4
8 @ g @ g s 5 8 @ d g g 2 8 a & g s
= 8 = = & & P & & & & s s = - & & &
8 8 3 ) S S ) & 8 & & 4 s 3 3 S 3 )
< < < 2 < < & < el 2 < 8 8 I g < £ I
= = S = = = = = a3 = = a = = =) S =) =
b=} b=} 2 a 2 2 a b=} b=} a a b=} - | a b} 2 a

g >RoE E
B 4-82 ~ ITRI-One *288 p 378 & € Bl #cdy

C2 MFEHRERRTRFLR

FAGTE RERHEERRF L RS R RS RE T FEER
HREEAFPRARTREEEITREET X HERFPIFRER TR

Bl AR Rl A58t A R A5t FRSFEETHA

2R e

$rde B plcyp 2 VC-E 2 NIST-A R4 G0t $ B fERTF £ 89 % 3 ik

EiE AT

(@) &

£ P :10/29 + = 09:00 (M-ONE ¢ ITRI-ONE % %% #15)
Rl BATE £ F % % B12

PR FE 10 min (Bcdpfp e p )

Pl 5B R 32 R (Velocity)

R R 3

g

\\\\\\
,m\m

%E(walk)”F— 3 ﬁ
44 VC-E = 3.12 um/s

\

BREAPABECZ 2@ AT o TR Z5- SR WEA i

?}“{ ## NIST-A = 0.025 um/s for 1 = f =20Hzand = 3 um/s for 20
= f =100 Hz

(b) & FX & A4

VoORPRRE B XY Y R N AR R R T E el
(4] 4- 83) = R 31"7'*2* 2 AR E ek R S Ac £ 4-1L rA o X b 5 £
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MoE DTG 2ugs o & 4% 4F Bruel & Kjaer Pulse 3560C % i i # 2 A 47
R E R BREBIEFERLE -2 10 440 F - LT
(channel)®P~#: 5 := 65kHz > = S #icdp B L350 o

] 4-83 ~ Jr e RE* ek R

F 0411~ BpIEARSTER 2 R S 2

ke [ R | An [ depip | amns [ e
4(xij PC:S% 5878 ij@?ig V180002A | 2018/01/25
4(;;? PC;S% 6133 igig V180002A | 2018/01/25
4(;3;? PCBBS% 6323 igif V180002A | 2018/01/25

(c) Birl% %

HEMFTEREFH TN L2 KAHABCZH)RERREZ ABe
CEMHTHERSS4cH 4-84 1§ 4-86 “f7m » W¥ 24 3 Hasu i 4
VC-E &2 NIST-A4rd R4 R L Hd 2 FI FRAA S ELTHE DR A
A (- EFR)EA RN TEA 2R EFA T EREE o Bl 4-84 5 - A
AhBplEs  PEFEIARREFRE JRPBIRT 5 FHpRT
CRRRVEFRIGYFF A REFH RSN AR A
AR RARIRR M R B > 2% M2 VC-E £ 3.12 um/s » @ & 2
8 RIS % 2 60 Hz 8 Zhdiciieg 330 3.12 um/s > 4 H[¥Fp se v i ok p 2
Tk Bk B 60 Hz 3 5idm & 2 50 -
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£ 5 ITRI-ONE s Pl B %@ 4R L+ R ERIESH T AR AR 4
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4% o 3 NEW M-ONE s 22  7Ef £ BB #RT S3rd £ P28 % & VC-E
$LAFIAECoORTTH EFET 50 b & 60 Hz ¥ ghiiciag 3 5t VC-
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23 UBEOIEIR e, > & 1 Hz 2 100 Hz #f 5 T adrdsdp i > #
FAAR AT R EXTI AR B R AGRE TR 0 80 R
P J@fimfg T4 H 1“]%751»1’7?3}75-1 oRBAEFE P ML VC-E
B P A AHZ U PAEF R LE NISTAZ o8& R o T
1
i

#
4

&

e
?
#
?

m%%m%

I \\“b ﬁ?a' \““\‘-‘1 E-D)

_g.«ﬁ'%; Bz d ’3\' "_’#i'f‘fiaa‘-ﬁ?ﬁﬁ/?']— 'ﬂ‘%‘iﬁmﬁ/?lﬁ
5 NML 72 7 58 2 ipl 538 et =

QB) 22 HHE:d kA -RICFHEEF L EAIILEREMN == FRPHETTH
HEERASTENER

BhTkd R FTRALD &6k (HO) ~ AL F %K (COXC) ~ = § 1+ 7 (SiO2) 82 7

e 5§ 14 44 (Si20 ~ SiO ~ Si203)F it oo & » 4o 4-87 o Fi5iE X HHRET

# +¥ Hpt(X-ray Photoelectron Spectroscopy, XPS)& X &t 41 3 sk 47 3% H jt(X-ray Fluoresce

Spectroscopy, XRF)# fatfiris & R ERF ik & fehe 2 FE - 27 2K TE< ¢

L AL P A RS E D RRNE LR FRLR F A RS
HEEVRKBES - s kg o

wALT R B (CO, C)

— 5 Sk R R
46 B,

Y at 3K P33

B 4-87 ~ ¥ S 3t £ é] RN

AEFREBAREFAEL 0 SINCE Ho &K BRI2 & L4 Xbay Lig
#¥ $ it (X-ray Fluoresce Spectroscopy, XRF) ek iz fusk & K & H =5 ff 2 ¥ iTH
E(nglem?)» & 5 4G Kk ~pbi- =4 k2 §F RS T F ~Eehs o Tl %56 XRF
PTG F R AT E o o0 E TR E 0 B Ry XPS kT AR
o~a~c;ﬁf@4&w@,gwuﬁ#4z&wwmgaégﬁwﬁﬂua@‘
Ly vk B 488 AR FTEERIARZ P 0 A 5 A BINAH - §351F SiO2 1R 2
ZEx XRF§F k4 m e nfE2 40 8 v - pliE /F‘JP b 3k £ R 2 XPS %
T XRE ¥ EAp AT L A E e FE o

NA-
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* 2nm— 10 nm = XRF# 3 ¥ ) » B 40/Siratio
o 33 4w o A FUT A (ng/em?) (PTB)$2O/Si ratiosy 4k 4 dh &

o EEIAERS A % R 3K 10 mbar

BB sy S5 AR 3 kiR E SR E-30°C

B RAR S A B B90°
XRF 40/240 points mapping * 38354 & F %0-10 keV -

B & B XRF#A 3%

.

¢ BT P B

c HERARSAY A AS4T

*  Spectrum survey: #4440 B): 0-1.4 keV - 44 ik 8 AAF AE: 1 eV
0 [ i T oL K46 4B AT XPSHAF A shi 322y S 3K AR eh i ok

F R & U A 4 e He 4R o A

AR SRR ¢ i — 7 #(Si~ O C)XPS 40/240 points mapping °

S8 Si2p 92-104 eV
O ls 525-534eV 46 i ARAT L 0.1 eV

Cls 277288 eV
fm B AE T4 4 DUR T F 2 A7 BALdh a4

By S 3 XPS & & F4a3%
i8]

Bl 4-88 ~ ¥ Sk & K F & & RIS AR

R| SiO2 #2327 XRF # %ﬁﬁxlﬁﬁmmﬁfEWmﬁ$mﬁ?ﬂmwm5
L %ﬁﬁéﬁt&ﬁ}imﬁ@ WA TR EN LR AKE R BT RS o F E,B,j:
XRF 2. & PP EGFEE (S > € B2 it SiO2 R F 2 1 6 o SE (7 H(0HE) » 2!
PR EARE G AR 107 ETLERZ I TERTEFE NP AR
SiO2 kMg 2 Bk XREAFHE P2 12 > BB RS SS B e MWL 10
Ko £2 Si Ko 2 #f 4 55 B v B o frid = Sicdp#t & 508 5 5+ PTB e 9 45 &£ BESSY Il 2
ﬁ%%X%%%ﬁﬁbﬁ&wﬂfﬁﬁﬂXWé%ﬁﬁﬂﬁiy%%@mﬁﬁmi
ﬁ$§@&&8w®o%ﬁ)@Fg%a%in,meg'n,@%gﬁ
(Bremsstrahlung #1# #5 %14 2 Resonant Raman scattering, RRS » + & x 3r4gs4)2 B2 58>
FaEz s BA R EEfORi B M etk o 0 R ) OKe 7 SiKe 2 4 3 &

W o

XRF § % 47 ¥ $ v

nX ki RS AT RS B RS R RN RS
AEPNETFehgpsd Fdi gk, ¥kd TFampEda ko AR AFTL L 7
Fini g g st p g X X0 B 2 PR BRAREEE S VY U AR
7% o [ 4-89 A X kxSt e Lo 2 B AL

gl

N & : ¥k kS
] Yo
iié X-ray ‘a [ fluorescence
c
%!:f g —> B \N\Mphoton - XRF
¥ 5 &

—4)-@— core level —@-@— core level
P sk
B 4-89 ~ XRF £ * R 727 & B
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2

& S X k¥ kAR 2§ 4 47 3r(reference-free x-ray fluorescence analysis)

B # Soh 4K F iA B2 %R 1 (7 PTB £t BESSY Il thke 4 5 5450 sk sp it (7
d *% BESSY Il e % 45 5465 5 TR R 20 F]pt 7 0B F 7 5 BN g 53t
(cryogenic electrical substitution radiometer, SYRES)(H®] 4-90) k & i #5584k 3% B L % it &
R E F GRS S #ic edet(E)) > RES snlg & - B 728 > 33 40 # & (heater) >
RAZRIPN R R BN E S (THAT) > 5 55k » 543 207 U+ Bdg o 20
EHHR A A B RS FFERN THAT PEBHA TSR OB FH LIRS
Hixg ffofffse 2R hiEse SR E5r ity d BESSY )k ihfg o £ 5
i H -k ik (monochromator)# & X kehiy £ 216 > 3%H & L if 2 » SYRES » 4rpt - %
i £ B SDD # 845 ] B 2 47 5 % 0 dic edet(E) o

@Essv rew

= B iR BRI

IF % #§ 5+ (SR)
Synchrotron
Radiation (SR)

Radiant Power @

o 50

B 4-90 ~ 8§ F B~ %45 542+ (SYRES)1 1T5% & B

B RE X KA T LI R RS Sk % 0 SRR R RLE S 3
X kY CRAT 0 ¥ F i R AE S S S cehw B A 1 Jp] B (Silicon drift detector, SDD)
FPUEE 0 B 4% 02 £ P #cdp % iF Sherman’s equation 1 F S5k & & § o4 £ (ng/em?) o

AN LI

m;

- = (_1/,utot,i) In 1 -

Pj;
M (4-9)

4m sin 6o

PinTxi(Ein)wx;i

H

mi. Hig it
F

Py kG RSERIES
P, »EETLE S
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Odet: i /?'J%?K%#%-R’L_‘ngi ,
Tyi kT F e,

XErNGEIF HFLAm i) > ZRF HEEAn 2 28 50 Ko CKah’ﬂ%’
KAT R R 0 B2 B A H g g FE(hglem?) o £ 53 bl g R
AET AN LA TE

PRIk E R ¥ 4y SDD Bk S B h A2
B &k dod 2§ rrfi B (ng/em?)d XRF 5 %4738 7 O Ko &2 &&\ﬁ&hﬁumx
AR o mAEAGREZ L EI R T Y EA BF P E kLB D i Bremsstrahlung (318
1% #+)2* Resonant Raman scattering, RRS (& 4&4 & ¥c8t) » + it & 4 F @ eh 72 XRF
RILH B o (7 & A BAS P B (SDD) T 1B » Flut Ken F F B2 AF A T Ao R
PR eonT A A ea R Bl TR ERRE S
1. Bremsstrahlung(#]#- §5 )

ﬂﬁ~m+a§Nﬁiﬁ4b E=1486eV h AlKe e X % » £ 5FH & Bz
XErst2 7 Hkde RBFRIZPRET TS| ED RGP RF ‘?\f’ﬁ"‘bf%ﬂ”ﬁgﬁﬁ‘b
NI BB BRI RRERE AL PRGN RN TER RG2S EAT I AT
FHEHU R IR SN EALTEIF R X kAR BN G i) e

FlE g St ehi 24 F 250 5

Sor= 2 (4-10)

Ho B =%t B-2F 284 11 XPS XRF % & B8] 4505 6] » sk ip £
% 1486 eV > T+ & %5 Si L-edge 5 116 eV - 'ﬂwﬁbﬁsgéﬁ,ﬂ' P A S
13706V - B 4-91 thicd & T F 4| P g sta EA F 2305 2% o Xk Aap LHp ek
fe g en s e o § M 8 25 omTe MU soj e £ R BRI T BLEEE
TENIST)E # ekt TR 2 E > S GBAER B9 54 BF A WHT SRR 1Y
Z500nm e X kv B e F B 4-91 24 W MmEA T o ez N L

Absorption = e™H#t (4-11)
#e N (4-10)E (4-11) S S 4Pk 0 AoB 491 2. S AR T E X B B Bkan

FIG G B AT PR RE T T i B R R RS A Rl ko B
AR ERFEE T R
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10000

—=#— Si linear mass absorption :
—se— Energy distribution of bremsstrahlung |

1000 —&— Bremsstrahlung via Si
=
S
= 100 .
=
(72}
c
L 10 E
£ 5
1 k|
0.1 . r .
0.0 0.5 1.0 1.5

Photon Energy(keV)

Intensity(an): A% E (E5354):

Photon Energy (keV) 1 £ F &£ & (FTEFHSE):

81 linear mazzabsorption © 4 is F 04

Enerpy distribution of bremsstrahlung © &€ 388 £ & 47
Bremestrahlung via 8i © S:Bep s S+ #8388 47 -

B 4-01 ~ 418 d5 54 (¢ o S A BRI LIRSS -

2. Resonant Raman scattering, RRS (& #&4= & #7%¢)
E IR & FTEE T 2L o s (inelastic scattering) o TP xSk B 2 F ek £

FHEBRT T LIRE S PR SN A L S T
EO - UL == E + Te (4'12)

itk B BRI RMAT 2 AZ UL FlESm B L T3 ahde i Tedr 231
Bebfz 3N R Eo F sk n BRGNS i (M) EE o £ 28
EARETE e Bt 2h B E s S Bt 4 B T RSt & (Cross section) v 17 3 2haE {4 5 b
ki BE2 A A0 1 x g bt 4 & 90°5 b HeA HH R G oppe ¥t B2 A F U

T =

dogrrs(Eo) 1 E Egxaq+Eo—E
dndE  lg=9¢° £det(E)M(Eo,E) Eg (Exq—E)? ( )
Ho

A: P ERL 2R E
Eqer (B): 1 R B2 47 5 s e ;
M(Eo, E) = fote_h”(EO)x e V2 EX ez iy T fhdic

Exq:Si Ko-edge = 1740 eV ;
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AE: 1 jp] ® 7 channel width ;
E EkatBomE ppq |Laspsop e 3 :
Fo (Exa—E)? AE 1+ : s{r/&: 7}__ ﬁ'( Nscatt

B 4-92 5 e fcis & ABM(Ey, E)2 it % » 1

t

= (forrEDX p=Vou(E)X gy — L
M(E,, E) foe e dx yu(Eo)t+yu(E)t

(1 — e—Vu(Eo)te—)/u(E)t)(4_14)

o0 NIST 2 8 fhex fc thdicu > BB t 5 500 nm > » b Eo 5 1486 eV » » bt % fm
oy = :

Cc0s45°

\\\?{r

= 2'4‘1 'I‘,[ ":;‘L;E; o

—_

E 0.6 T T T T T

% —m— E1486eV

= ]

% .,./rl""'.’._. -
0.4 - -

H‘E l.,l o

c I‘.

o o

° -

I o

= 3 1

5 :

[&]

c

je]

=

o

6 T T T T T T

2 05 10 15 20

©

Photon energy(keV)
Photon Energy (keV) : £ T8 (FEFHE);
absorpion correction factor M (um) © S8 = 5 Mg #) -

B 4-92 ~ iz & M

7 g o 3 (4-13) fcd 1 ATk A+ e Nscatt $% 4 i3 & (2 M (Eo, E)§F — 1 5% % 4o ]
4-93 #7577 > BB #pt 2t E % 21 SDD o 5 B S ey £ T -RRS F F E %~

XRF # k#gz2 R[G5 NEFF B EFABRLEE o
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T T T T F' T
= NM{em) | N
100000 / . .
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zzw /! 3
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u
1000 - o i
M ]
IJ p
_A- -...' ]
T T T T T T T T
0.0 0.5 1.0 1.5 2.0

Photon energy( keV)
B 4-93 ~ #3k A dic Nscatt 4t ig & e M fF— it 3+ &

BT SSEEL S 083 -3
XRF #cyp#t & #ed i * = 3840
1. #-8 R 3 2. XRF & £4F 3 ficdy %~ o
2. ﬁi«;—] »~ & # F & (Bremsstrahlung ¥ Resonant Raman scattering) # % 2. 424y i% 1% 22 %
fic > B & 23N (4-10) ~ (4-14)% B & input £ #c
a. » ki £ Eo=1486.6¢eV ;
b. Xk ap L85 FF& t=500nm;
c. AE: channel width of detector = 10 eV,
d. e.de 5 SDD g & 5 S0 ¥
e
f
g
h

. SiL-edge =116eV ;

. SiK-edge =1740eV;

. u: Linear attenuation coefficient(a {4 =x 4z % #c) of Si from NIST (4] 4-94)
Cy(r FHE R RK) = 12

Z=14,E=0.001 - 2keV

le+07 T T T T 11717 T T T T T IrT T T T T TTIT1T
le+06 — —
le+05— -

le+04 — r

i Total (cm l)

le+03

l‘+0’) 1 1 IIIIII] | | IIIIII| | | | IIIII|
0001 0.01 0.1 !
Energy (keV)

B 4-94 ~ NIST % Flp s s e i



MR R F S OKef? SiKa2 %3] > fdeit ¥ R 8275 OO0Kask SiOKaz ff
A vt o e XRF #cfpdt & o EmME Y 18 g 7 PTB #& &2 XRF #icdg & B
%0 ¢ 7 SIOEREES M P ST Py YA PORMESLSEE PTBY
BESE o MR E RN Y o BF LRI Kk XPS kT F AR %ﬁr} g
FRABPFFZILFIREIN TN F R BAF AR FE G L 5E XRF F
KA EEEEY S TN DEH T fiy iR L8 XPS ehg RS Gl g
TP HENE B AFAFE o
F Hfk 4 B FERRIPFLE A 5 = BItA!
# 2 LR R SiO2 -3 3 7 eh ¥ L AF# W B (XRF) » §1* Sherman’s equation 2 = §
ML OSI AR B é v & o
XRF(X-ray ¥ kAFH) X KggF hRsFELs S 5P i F 2 p kT F 44
B d dER S RAENETINT o BRIk Fhd T3S ko
NS S SR AR SR ST R R A R O S R I
RERRAEFE > T USRS DA G BT E c FZEERIT B RFERD

e
SiO2#F:EZEF2mMm~4nm-~6mMMm~8nm~10nm )z & =& £ % mfH £ & Si Ke O Ka
ehfg 2 55 & > §1* Sherman’s equation #% & ¥ /T4 £ £ 55 B - B enARPE R

G
mdg = - EIH(I'COROSiutot) (4-15)

mdy:  H = d ff g oot £ (nglem?) o d 4L R £ 54 BESSY Il ehig 44 X k¥
e AR ¥ P

G: Bl Borbti st il > Ay A B RT=1

Rosi: SiKa¥ O Koefg » % &V E

Ueor: |z %4 #c(Total Mass Attenuation Coefficient) » p* 4% 5 5 7292 cm?/g

oz '.%iﬁ ¥+ (Calibration Factor, Cp) > £ ™ & & W R iT 5 F IR 4
PR ERGMELREF R DG B ant @

% 4-12~ F1% B & X XRF XPS & ot 8 ipl2 3% % OfSi v &

EE SEEMD(g/cm?) o/Si LA
10nm 1.1919E-06 11.111
gnm 1.0998E-06 10.344
6nm 8.6849E-07 8.221
[ 6.8226E-07 6.526
2nm 4.3949E-07 4.275
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T BdR L hik % 0 4o 4-95- 2 ¢ - 2 Calibration Factor C, =1.049x107 » #riE
= ¢ Sherman’s equation ¥ % 57 5 :

mdy = ———In(1 — Rys; X 1.049 x 1077 X 7292) (4-16)

7292

# o3k e XRE A > 7 0 0 54 0 a0 B8 £ 58 XRF XPS i s 8 iRl 2 Rog;
(Si Ka#2 O Ko ehiff & 55 BV (8)id-% 8 a2k 2 K chf mf £ o

K E dh 4%

1.5 4
9.5 nm
o 8.8 nm
5 1.0 7.0nm |
gz 5.5nm
UO 0.5 3.6 nm ]
£
0.0 T T T
0 5 10 15
Rost
2>HASER
Value Standard Error
C, 1.049E-07 537E-10

B 4-95 -« ¥ =6 4 § o £ (g/cm?) & XRF O/Si 55 & 1b {E cha 1+ 35t &

HB2LERP LRAROXRE FhAEeH » LB L2222 |Ed RS 57
TURIBEITIF Lkt 2 “/lwﬁ% °

BRI I XEF LA H TR 496 FEAHFFERZE A
g K p 3T F KAEF 0P| F Silicon Drift Detector (SDD) ¥t 7 Ie it € chdgjesc s m
S BT R AEAD 5 o ik - 6
(bremsstrahlung) » ™ 2 X k2 F-2 3 0% A & 4 bl 4 784 (Resonant Raman
Scattering) » 1 s e E_d) O 7 Si ehgp B E o

ik

&
h—t

N

LL

o

E]
- (T
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XRF spectrum from sphere
10° g T T T

-
<

elastic scattering

counts per channel
—
o

-
<

bremsstrahlung

0 500 1000 1500
photon energy/eV

Photon Energy (keV) : £ F &% (FEFHK%):
count per channel © SHE R EE -

Bl 4-96 ~ 7 & 3 e X k3 kA7 ¥ Bchp

B 4-96 ch¥icdp#t & S % 8o 0 F Xk 4 5 0 0O/Siv B 5 1.0563 > %’%vﬂ N FEE N~
Fil % 822 2 #2 & ¢h Sherman’s equation » ¥ B R LIk E H w6 ffohF nfE RS
110.9 ng/lcm? > o] 4-97 ¢ EF ¢ end F ALy 7 F k2 XRF UELH R T L

e -

A
Kb dh
T T '
1.5+ ]
] 9.5 nm
— ] 8.8 nm
g 1.0 70nm i
= |
%’ 1 5.5nm
S 4
O 4
S 05 3.6 nm 4
E ]
mdy = — In(1 - CoRpsiftior) ]
Hiot |
z 10 15
R

osi

B 4-97 & sk e &0 P T i E

gf*vwm;; PTB # £ 5 XPS XRF 4 & 7 £ £ % ko2 £l % » F 4 MR

+ 8 R vz g4 (Reproducibility) ~ PTB e # #5 %+ BESSY Il 4] * & %% & &
ﬁgg:‘g‘;‘;-g_,ﬁjx_ FrREERr s E G fid A B (nglem?) A FE TR LR Ry AP A
EX

FEE Y L HRELS ST ERERB LTI T REFITR > S 5407 £ 413 47
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%\' 4'13 N

XRF 7 s 2 B KRz &

XRF # rx 2 B k7|4

Reproducibility

2.0 % (from Braunschweig)

XPS XRF # & £ | & 3L & P& RAE

Calibration sample

8.0 % (from PTB BESSY II)

PTB Ip % f5 54 & 5% X S804
TR Si02 TR 2 3 IR £
7 FE TR

Spectrum unfolding

M Ere e D OKoeg SiKar

L 3.5 % AR R RS % B
BE2FHAFEETR o
Combined standard 8.96%

uncertainty

ﬁﬁyw,%@&omn»@g1%m’%amﬁé@%ﬂ*%$$*ﬁgﬁ
Sherman’s equation » ¥ 12 & ¥ # &3k & ¥ =6 f 0 i £ 5 (110.9£9.9) nglcm? » 4
ﬁ}ﬂﬁkﬁa8%%’ﬁl%@7ﬂ”’gﬁﬁﬁw/ﬁag%%&ﬁbﬁgﬁﬁ
WEEE O F AZIATEAAEIREF mTA<30% = AT P o

% 38

F&H®ESIi~O~C:=
¥ I3’Q'-':'1Transm|35|on Function » 3+ ¥ F i
3ﬁmbbﬁlj1&f,_|1§-bgf2;ﬁo ELAE

XPS e 2 8§ E R+ 2

P (Y
DI IESE G- Ebinding

<)

B e 3

Zfgovud e dmaasrk F BT S
Rl e - i Rl P L
Ebinding = Lphoton — (Ekinetic + QD)

TF LI X KBS T XEKRT L EE
FURMR G @

3 LTYRETF A

;%m,l:. —J—;ﬁ;bhm’u k= ~%3 4G
FENSIBECHZTE o

photon

XPS 4 47 ik (analyzer)jz 3] & 7 +

28 8 Eieric ™ I T R B KBTS A

(4-17)

T g 4-98 §_= %@ffﬂXPS NEFREF TN R BAERF AR EY
MG AP AR TE DAY THIASHE O 1s~Cls 12 Si

CRE SEIE T

2p> A A B ST ARITSIi2penfEa g

%995eVy H i@ Ad A E T Hink hi B o

i O1s~Cls 2% Si2p chimitigth » 4 b f fech i+ o & B 44 0 - <4 35 dcdf

KB A R (T

Gz E)
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O-Auger

L WL survey 00002 E= 1397 & = Q221822 3909050 cps 01ls =@ 2

sa0 F T ]
5i2

9 43.2 P

£

—~ 324

=

@ 216

i}

=

10.8 | C-Auger

UD ..........................................................................................................
1400 1259 1118 977 836 695 554 413 272 131 -10
Binding Energy / eV

Binding Energy/ eV : st §& | EFHE
Intensity / keps - 3% [ ST HEME -
1 4-98 7 & ke 5 B XPS % § 5 47 £ 5p 5 &

72]

% -

= Sipuik
~ 168 | / .
3 ]
£ |
c

4

=

12| e /

i ST e sizesi L

109 107 105 103 101 99 97 95 |
Binding Energy / eV '

o o
o O

Binding Energy/ eV : st & | EFHE
Intensity / keps - B E | EfFHEHE -
] 4-99 ~ Si 2p XPS #cHh

W4-99 % Si2penk @ +4pg% Y R B ORRESI AN kp o Kkp v
BAKF RN TR A AR T RAEE A A F Z anuslk st Sit
H_SiO2 gL » @ ¢ B = B ] UELAI K p 3 Sieht g it 0 54er SiO ~ Si20s... % -
ERBEART PRI Z AT XPS A 47 B B 2 R § # SIT S SIT s ST Sit
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A: g S e T35 a d 5 (Inelastic Mean Free Path of the Photoelectron)
T: % &+ 5 #e(Transmission Function)
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mark: 50609-PTB-18

it [ 13

75 B ok 2 B (k=2) :50ug

50 pg

474 % 1 : Calibration Certificate
dated 2018-10-18, calibration
mark: PTB-11130 18
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Results

Molar mass M and amount-of-substance fractions x('Si)

sample M x(®si) x(®Si) x(*si)
g/mol mol/mol mol/mol mol/mol
Si28-31Pr11Q.4 | 27.976941260(84) | 0.999985502(80) | 0.000014264(78) [ 2.34(20)E-07

FE 3. EFEsFEARMELHFEANER

Mittlerer Durchmesser
Mean diameter
Durchmesser Unsicherheit
bei t = 20 °C in Vakuum uncertainty
diameter at t = 20 *C in vacuum k=2‘
93,722 7150 mm 0,000 001 3 mm
Maximale Abweichung von der Unsicherheit
Rundheit (Radiuswert; uncertainty
Mbvﬂtymlwun&)- k=2
25,0 nm 23 nm

Rl 4. SRMERFMNLER  AWAEAH25.0nm -

Kalibrierergebnis

Der arithmetische Mittelwert der
Flachenrauheit betrégt:

Sa = (0,196 + 0,024) nm

Die angegebene Oberflachenrauheit wurde
aus den Mittelwerten der Einzelmessungen er-
mittelt. Die Messungen 04 und 23 wurden nicht
beriucksichtigt (Kontamination).

Calibration result

The arithmetic mean value of the
areal roughness is:

Sa =(0.196 + 0.024) nm

The resulting surface roughness value was deter-
mined as the mean value of the measurement re-
sults. Measurements 04 and 23 were not consid-

ered (contamination).

FiE S, A@mmidEEMNER -
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Volumen

Volume
Volumen U"s,'fh, memrrl;ed
volume k=2
Vakuum/vacuum 431,055 514 cm® 0,000 017 cm®
Luft/air 431,055 119 cm® 0,000 018 cm?
ME 6. AW ERALR -
Masse
Mass
Nennwert K ich Unsicherheit
nominal value enn”z:*mnung M,,a,i.se u;.:u;w
1kg keine/none 1kg+78,41mg 0,05 mg
ME 7 RKEEEFRLER -
Messergebnisse
Measurement resulls
Unsicherheit
Masse uncertainty
mass k=2
Oxide layer 28,1 ug 6,8 ug
Carbon layer 6,6 ug 4,5 ug
Chemisorbed water layer 9,2 yg 3,6 ug
Total surface layer 43,9 ug 8,9 ug

HES XEHREFMLER -
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WO, % B B AR  SRENC)Z A+ ik &3 A(122+026)x 107 em™ o P gt K
F X A(0.39+0.33+0.35+0.30+1.79+2.82+2.05+1.54+1.41+1.22)/10 = 1.22> P34 L fh £ 74 ERUHAF RS
[(0.252+0.23’+0.202+0.252+0.272+0.342+0.322+0.212+0.272+0.262)/10]°" =0.26 - 4k J6 7 5k & B R AR B B

k=2 4$4% 3 R ok & K A 0.26/2=0.13 -
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Mittlerer Durchmesser
Mean diameter

Durchmesser Unsicherheit
bei t = 20 °C in Vakuum uncertainty
diameter at t = 20 °C in vacuum k=2

93,600 085 mm 0,000 003 mm
Maximale Abweichung von der Unsicherheit
Rundheit (Radiuswert) uncertainty
peak to valley value for the radius k=2
40 nm 4 nm
KB 12, ARFMER
Kalibrierergebnis Calibration result
Der arithmetische Mittelwert der The arithmetic mean value of the
Flachenrauheit betragt: areal roughness is:

Sa =(0,201 + 0,024) nm

=(0.201 £ 0.024) nm

Die angegebene Oberflachenrauheit wurde The resulting surface roughness value was deter-
aus den Mittelwerten der Einzelmessungen er- mined as the mean value of the measurement re-
mittelt. Die Messungen 16 und 25 wurden nicht sults. Measurements 16 and 25 were not consid-~
berlcksichtigt (Kontamination) ered (contamination).

FiE 13, kdmmiE ERER -
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Nennwert Kennzeichnung Masse Unmn
nomwal valve marking mass k=2
1kg keine/none 1kg+2726mg 0,05 mg

FME 4 HEFAER HERAFALES0.05mg=50pg *

R 15, ERe S AR EZ %K o
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Agreement
betweaan

the Physikalisch-Technische Bundesanstalt Braunschweig and Berlin, Bundesallee 100,
38116 Braunschweig, Germany

- hereinafter referred to as PTB -

and

Industrial Technology Research Institute, 195, Sec. 4, Chung Heing Rd., Heinchu, Taiwan
31040, R.O.C.

- hereinafter referred to as ITRI -

for
scientific cooperation in the area of
‘Realization of the Mass Unit Kilogram”

Preamble

PTB is the National Metrology Institute of the Federal Republic of Germany, implementing
Technical Cooperation projects on behalf of the Government of the Federal Republic of Garmany.

Within the scope of its statutory tasks PTB carries out, among other things, research and
development work in the field of the realization of the SI unit kilogram.

ITRI is a nonprofit R&D organization engaging in applied research and technical services.

The vouperalion belween the two partles will be aimed at optimizing the research and
development tasks specified.

Section 1
Ohject of the cnoparation

(1) The parties agree to cooperate in the field of the future realization of the SI, especially in the
field of the realization of the unit kilogram on the basis of the Planck constant using the x-ray
crystal density method. The purpose of this cooperation is to generally promote and intensify
research and development in the said field. The cooperation (“Cooperation”) shall be
focussed on:

A. Setup of a highly enriched **Si sphere of nominal mass of 1 kg as a mass standard.
("Project A7) The details of Project A provided in SOW (as defined below).

B. Setup of a XRF/XPS apparatus at ITRI in order to characterize the silicon sphere surface
layers. ("Project B

C. Operating the XRF/XPS apparatus and analysing the measurement results. (*Project C")
(“Project B" and “Project C" are hereinafter collectively to as "Research Project”) /

135



(2)

2

With their research cooperation, the parties pursus the following objectives, in particular:
- o provide the scientific bases for the realization of the S| unit kilogram;
- to exchange scientific and technical information and measurement results;
- to participate in bilateral comparisons;
to exchange samples and reference standards;
- to exchange scientific experts;

- to publish common scientific papers.

{3) The distribution and details of the Cooperation to be performed is specified in the Statement

(1)
(2)

{3

(4)

{1

pa—

(2)

of Wark (herainafter referred to as the “SCW") attached hereto as Annex to this Agreement,

Section 2
Implementation of the Cooperation

The Cooperation shall be carried out in fair cooperation on a basis of partnership.

Each party shall appeint a representative who will be responsible for the Research Project, in
particular for the planning, organization, establishing of contacls and discussions in
connection with the Research Project; they shall assume the responsibility for the scientific
aspects of the Research Project,

ITRI appoints Ph. D. Sheng-Jui Chen.
FTE appoints Dr. Horst Bettin,

PTB shall deliver to ITRI the documentation and/or matenals related fo the XRF/XPS Surface
Measurement System, including but not limited to parts lists, drawings, circuit diagrams,
somponent mounting diagrams and board layout diagrams for the constiuction of a combined
XRF/XPS Surface Measurement System before ITRI's scientizts/employees first visit at PTB.

PTE shall provide the technical support and consulting service on the scope of work
described in SOW (hereinafier referred to as the “Technical Support and Consulting Service™)

Section 3
Finances

ITRI shall contribute an amount of 1,260,000 € to the expenses incurred by the PTB within
tha seope of the Cooperation. The amaunt shall ba paid by ITRI in the fallowing lnstalmeinls:
- 200.000 € shall be paid on December 31, 2017;
— B00.000 € shall be paid on March 30, 2018;
- 60.000 € shall be paid on December 31, 2018,
500.000 € shall be paid after ITRI's acceptance of the highly enriched 2Si sphere. The
criteria for ITRI'S acceptance declaration are described in the Annex.
PTB will issue cormesponding invoices and send the invoices to ITRI,

All cost for taxes, customs fees and other possible dues connected with the Agreement are
excluded in the estimated price and will be borne by ITRI. All payments will be done in EURO.
Both Parties agree to cooperaie in all respects necessary, including without limitation,
execuling and providing all required documentation, such as Power of Attormey, to take
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3)

(1)

(2)

(3)

(1

(2)

3

advantage of any tax reduction or incentive as may be available in accordance with relevant
tax laws of Republic of China and regulations.

Otherwise, each party shall bear the expenses it incurs with the implementation of the
Cooperation.

Section 4
Property rights, findings, publications

The two parties will endeavour to publish the results for Cooperation made by the parties
jointly on journals. Publications are to be coordinated; the Cooperation is to be clearly stated.

If patentable inventions and findings have been made by one party alone as a consequence
of fuffilling the Cooperation, this party shall be entitled to exploit said invention or finding.

If patentable inventions and findings have been made by the parties jointly as a consequence
of fulfilling the Cooperation (hereinafter referred to as the “Jointly Owned Foreground IP"), the
parties shall settle the use, the application for protective rights, the exploitation and the
employed inventor remuneration in the individual case and by mutual agreement considering
the respective task-specific and statutory interests. The parties are agreed that these results
and findings shall be exploited only jointly. In the event of licenses being granted, the royalties
shall be shared among the parties in proportion to the share they have in the invention.

Section 5
Confidentiality

Both parties agree to keep in confidence and not disclose to others all knowledge, information
and data furnished to either (hereinafter referred to as “the receiving party”) by the other party
(hereinafter referred to as “the disclosing party”) and claimed by the disclosing party to be
confidential or proprietary (hereinafter referred to as “Confidential Information®), provided that
such Confidential Information shall be given in writing or, if oral, be reduced to writing within
thirty (30) days and such writing shall be marked to indicate the claims of ownership and
secrecy. All Confidential Information shall remain the property of the disclosing party. Without
the diecloeing party'e prior written coneent, the receiving party shall not reverse engineer,
reverse assemble or de-compile any part of the Confidential Information and shall not
disclose or deliver the Confidential Information to any third party. Both parties agree to protect
the Confidential Information of the other with the same standard of care and procedures used
by each to protect its own confidential information of similar importance but at all times using
at least a reasonable degree of care.

The preceding paragraph shall not be applicable and shall impose no obligation on either
party with respect to any portion of Confidential Information which as demonstrated by the

receiving party:

(a) was or bacomes generally available to the public other than as a resull of disclosure by
the receiving party; or

(b) was or becomes available to the receiving party on a non-confidential basis from third
parties; or

(c) was the receiving party's possession prior to disclosure thereof by the disclosing party;
or

(d) is developed by the receiving party independently without use any Confidential
Information of the disclosing party; or /
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(e) is required by government regulation, by law or by a court of competent jurisdiction to be
disclosed, provided that the disclosing party is given adequate notice so that it may
protect such disclosure.

(3) The receiving party shall require its officers, agents, and employees involved in the
Agreement to strictly comply with this Article. If any officer, agent, or employee of the
receiving party violates this Article, such violation shall be deemed as a violation of this Article
by the receiving party.

(4) All disclosures of Confidential Information will be deemed to be confidential from the Effective
Date (as defined below), and the obligations of confidentiality contained in this Agreement
shall continue for a period of 10 years, notwithstanding the expiration or termination of this
Agreement,

Section 6
Liability

(1) The parties ehall use their best sndeavoure to complete the Cooperation.
(2) PTB shall provide its activities in accordance with the state of the art.

(3) In respect to damages caused in the course of this research cooperation, PTB shall be liable
only in case the damages have been caused wilfully or by gross negligence. This limitation
shall be valid also for PTB's employees and for their vicarious agents. In case of personal
injuries, legal terms apply without changes.

(4) PTB makes no warranty for the function of the XRF/XPS Surface Measurement System
manufactured by ITRI under PTR's consultation

(5) PTB represents and warrants that its performing the Cooperation under this Agreement does
not violate any obligations of confidentiality or non-competition committed by PTB to any third
party. PTB shall be liable for any and all civil and criminal responsibilities arising from its
violation hereof.

(6) PTB hereby represents and warrants that PTB shall verify the deliverables and services
provided by PTB will not infringe upon any third party's patents, copyrights or other property
rights or interests. PTB agrees to hold ITRI free from and harmless against any actions, claims
or demand by any third party, and to indemnify and keep it indemnified from any and all
damages, losses and expenses incurred by ITRI by reason of PTB's breaching or violating
the obligations mentioned above.

(7) Each of the parties may dispatch its employees to the other party for training. In such case,
each of the parties shall take necessary measures for the employees of each party comply
with the labour and safety regulations, internal rules applicable in the host organization.

Section 7
Miscellaneous
(1) Supplements to and modifications of this Agreement shall be made in writing.
(2) The Agreement shall enter into force after signature by both parties with effect from 1 October
2017 (“Effective Date") and shall be for five years. A premature termination of the Agreement

shall be excluded except in the case of termination for good cause. It shall be made in writing.
An extension in mutual agreement is possible. /
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(3) If any term or provision is declared invalid or unenforceable, in whole or in part, that term or

(4)

()

(6)

(8)

provision shall not affect the remainder of these provisions. These provisions shall be deemed
amended to the extent necessary to make these provisions enforceable, valid and, to the
maximum extent possible with applicable law, consistent with the original intentions of the
parties.

The text of this Agreement and its attachments constitute the entire agreement between the
parties. Any other matters which were agreed upon by the parties before this Agreement, but
are not get out in the text of thie Agreement or ite attachments shall not be binding upon the
parties. The attachments hereto shall have the same effect as the text of this Agreement has,
provided, however, that if any conflict exists between the text of this Agreement and its
attachments, the text of this Agreement shall prevail.

This Agreement shall be governed by and construed under the laws of Germany excluding
its conflict of law provisions. Any dispute under this Agreement shall be settied amicably. If
the dispute cannot be resolved, the said dispute between both parties concerning this
Agreement shall be submitted to the competent court of Braunschweig, Germany.

The notices or requests under the Agreement shall be served on the following locations and
personnel (hereinafter referred to as Coordinators). All such nofices or requests having been
served on such Coordinators shall be deemed as having been served on the parties. Any
change of the addresses set forth below shall be notified the other parties in writing within
thirty (30) days in advance.

To PTB: Coordinator,
Name : Horst Bettin

Title: Dr.
Phone: +49 531 592-1800
Fax: +49 531 592-1805

E-mail: Horst.Bettin@ptb.de
Address: Physikalisch-Technische Bundesanstalt

Bundesallee 100, 38116 Braunschweig, Germany
To ITRI: Coordinator:

Name :  Sheng-Jui Chen

Title : Ph. D.
Phone :  +886 3 573 2912
Fax : +886 3 572 4952

E-mail :  SJ.Chen@itri.org.tw
Address : Industrial Technology Research Institute
321, Sec. 2, Kuang Fu Rd., Hsinchu, 30011, Taiwan, R.0.C.

This Agreement may be executed in one or more counterparts, each of which shall be
deemed an original, but all of which together shall be deemed one and the same instrument.
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Braunschweig, « /il U1/
For and on behalf of the

Physikalisch-Technische
Bundesanstalt

5 LA

Name: Manfred Gahrens

Tie: Head of Laas! Danarimant

Hsinchu, 3/ OX. >¢/]

For the
Industrial Technology Research Institute

‘Z@'\\l[‘( h Z/“T ) %\x

Name: /zeng - yow L,

Tite: Goneval Dirvecloy of CMS/I7R/
:

[
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Annex Statement of Work
. Activities

Apart from the objectives as described under Section 1, the cooperation between the parties
includes the following activities on the part of PTB:

1. *Si sphere

PTB shall provide one highly enriched Si sphere of nominal mass of 1 kg with following
specifications:

- lsotopic enrichment > 99.997 %,
Unroundness (RONt) < 50 nm,
- Roughness < 0.5 nm.

The sphere will be delivered with calibration certificates about:
~ Molar mass, relative standard uncertainty < 0.005 ppm,
Volume, relative standard uncertainty < 0.01 ppm,
- Oxide layer mass, standard uncertainty < 10 pg,
- Carbon concentration, standard uncertainty < 0.3 x 10'® cm*®,

In addition, one natural secondary Si sphere of approx. 1 kg and two glass spheres.
The natural secondary sphere will have the following specifications:

—  Unroundness (RONt) < 80 nm,
- Roughness < 1 nm,

- Expanded measurement uncertainty (k=2): 50 pg.

The sphere will be delivered with a mass calibration certificate.
The glass spheres will have the approximate diameter 93.7 mm (comparable to 1 kg silicon
spheres).

The price for the four spheres including certificates will amount to 1.000.000 Euro.

PTB shall submit the **Si sphere by hand carrying by PTB's expert to the place designated by
ITRI and located at Building 16 in Kuang Fu Campus of ITRI in Hsinchu, Taiwan on or before
November 30", 2018. Therefore, ITRI will procure customs clearance and provide any
necessary corresponding documents to PTB at least two weeks prior to the planned submission
date.

For purposes of Sectlon 3 (1) of the Agreement, I TRI shall accept the highly enriched #Si sphere
on final delivery. The provided mass calibration certificate shall be prima facie evidence of the
sphere's compliance with the stipulated specifications.

Acceptance Declaration may only be withheld, when a *Si sphere is delivered in damaged state
or demonstrably fails to meet the specifications stipulated under |.1. In this case, the sphere
shall he retrieved by PTB and PTB shall make new delivery as per ITRIe request.

Following the transfer of ownership to ITRI the sphere may be sent to PTB on a temporary basis
for quality assurance measures.

2. Transmission of information, documents and know how
PTB will provide ITRI with the necessary know-how and all documents necessary, especially
parts lists, drawings, circuit diagrams, component mounting diagrams and board layout

diagrams for the construction of a combined XRF/XPS Surface Measurement System before
ITRI's scientistsiemployees first visit at PTB. /
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The know-how will be granted on a non-exclusive basis for an amount of 100.000 Euro.

PTB created software will not be included. ITRI shall not be entitied to transter the know-how to
third parties.

The procurement of components for the construction of the XRF/XPS Surface Measurement
System by ITRI will be done by ITRI.

3. Technical support for XRF/XPS Surface Measurement System

PTB will advise ITRI in the manufacture of the XRF/XPS Surface Measurement System and will
provide its support and training within a scope to be defined. The training which is estimated at
8 weeks will be held in Germany (4 weeks) and Taiwan (4 weeks). The estimated training cost
including travel expenses of PTB staff will amount to 60.000 EURO.

4. Consulting

In addition, PTB will provide consulting and technical support for ITRI during the time when
designing. building and launching the XRF/XPS in case when special expert knowledge is
required. This includes the exchange of experts and will amount to 100.000 EURO,

Budget:

The estimated costs for PTB's activities as described under 1.- 4. of this Annex are as follows:

l; 1| #Si sphére - 1.000.000 EURO
‘ R 2 Tra—n;m;sion of information, document; and know how 100.000 EURO’
‘ 3 | Technical support for XRF/XPS | 60.000 EUF;(;
T 4 Consuiting B [ 100.000 EURO

The costs incurred for calibration of reference samples by PTB will be invoiced separately. The
costs will be calculated in accordance with the Regulations governing charges for servvces
rendered by the PTB in its version valid at the time in question.

HE B B E E BE B B B

i#ﬁ!’é’&*“’r"ﬁ*i*“ﬂﬁi
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# = =& (Maximum capacity / load ) : 1000 g ;

B -] ¥ 3 #c (Readability) : 0.1 pug 3
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£ 7 6 @EmAiiE 2 A€ @4 (Weighing turntable) » 4ot — -] B3 #777 -
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BRI Aotid- - B7 #7F o
B R 3ATHEPRT & Aot- -F B8 #rT o
W Rd R IR ER 0 o - -B BY 4ToT e

- -BIBLY R ARG AT R G A B P (2 F)2 A ST R )

mbcontrol v2.46 - measurement report
File: C:\Users\AX1007CP\Documents\181011_installation_lkg_vacuum.doc
mocontrol settings defined in:

Start date 11 Oct 2018 User
Start time 16:24:28 Notes
Weighing process time [h:min] 15:06

Weighing process settings

Pre-runs 3
Start delay [h:min] 02:30
No. of non-reported pre-weighings per group 1
No. of reported comparisons per group 5
No. of series 2
Synchronize series start no
Comparison scheme A-B-A
Braking time [s] 20
Stabilisation time [s] 50
Integration time [s] 5
Sensitivity check done at begin/end of meas. BI: S Builtln lg 1.000g 0.0111mg 8000.000kg/m"3
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Std.dev.

0.00031
0.00031

0.00015
0.00013

0.00020
0.00012

0.00046

0.00027

0.00038
0.00020

0.00032
0.00028

0.00010
0.00020

Series scheme (B vs. A) and summary of results (in mg) Diff.average WeightB-error
1: P2: T Test 2 1000.000g 8000.000kg/m"3 Series 1: -0.20187
vs., Pl: T Test 1 1000.000g 8000.000kg/m"3 Series 2: -0.20178
Average: -0.20183
2: P2: T Test 2 1000.000g 8000.000kg/m"3 Series 1: 999.84876
+ BI: S Builtln lg 1.000g 0.0111Img 8000.000kg/m"3 Series 2: 99984773
vs. Pl: T Test 1 1000.000g 8000.000kg/m*3 Average: 999.84824
3: P4: T Test 4 1000.000g 8000.000kg/m"3 Series 1: 0.66447
vs. P3: T Test 3 1000.000g 8000.000kg/m*3 Series 2: 0.66468
Average: 0.66458
4: P6: T Test 6 1000.000g 8000.000kg/m"3 Series 1: 0.20040
vs. P5: T Test 5 1000.000g 8000.000kg/m3 Series 2: 0.20047
Average: 0.20043
5: P3: T Test 3 1000.000g 8000.000kg/m*3 Series I: -2.34530
vs. Pl: T Test 1 1000.000g 8000.000kg/m"3 Series 2: -2.34514
Average: -2.34522
6: P6: T Test 6 1000.000g 8000.000kg /m*3 Series I: 0.48100
vs., P4: T Test 4 1000.000g 8000.000kg/m"3 Series 2: 0.48101
Average: 0.48100
7. P3: T Test 3 1000.000g 8000.000kg/m"3 Series I: 0.00017
vs. P3: T Test 3 1000.000g 8000.000kg/m"3 Series 2: -0.00001
Average: 0.00008

sc: BI: S Builtln g 1.000g 0.0111mg 8000.000kg/m"3 scs value dT in deg. C

Start:  1000.05091 0.0000

Series 2:  1000.04901 0.0215

- -BIB2-F R 1kg €41
s l’{_

“+— -B] B4 -~ Load Lock
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ELIE 3ﬂ|5f\"'mﬁi ' Bl B AL

O

VRKRTAR * FREHU - RERA :

~

Eiﬂﬁkﬁaﬁll%g%ﬁg /‘? X ST %/12 {\ZV \f/b

it - -® B10

CRT PR
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RERERTRBRARE

AR E R - 3000545635

EELAE

REZBRBR

METARBH

AP R R R

RV ING & £2.7

107 %10 A58

107411 8238

Pz, Ky

FHAEIEERR ﬁ% {W \7/?7 /ﬁ{tﬁ\%ﬂ

Installation Certificate

for
Metrology Equipment
c L7RT
mm.&z&@?iuk__
inclrer Fooltld
70—/ )

Podut _ AT o VE
Serial number _ & LA R0 2

AX_control /
a_control/

_( ComVol
measurement file name <5 & :
installation Date __# = &_AD. 2OAL

The above product is metrologically tested. The test results reported
in a file or printout corresponds with the manufacturer’s specifications

“@@&%$5m$§wﬁi& ZEPRERAE
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VRt PI3E

The above mentioned comparator balance was
produced and metrologicolly fested by Mettler-Toledo
AG. The tes! results mmm»mmmwm
fechnical product specifications, We hereby declare
nmunmmmdmumm

mmmmmmmwh

electrical devices. Metier-Toledo AG is both IS09001
and 1SO 14001 certified.

31. Aug. 2018

Heod of Production
D. Steinegger

Head SPG Mefrology
Jover Levit

- -F B12~ i % £

LB

N },ﬁ’}‘_‘;\

Linearity (weighing range)
Stabilization time (typical)

Temperature range
Relative humidity range

Power Supply

VR K R AR

et — - B12 #71 o

Passed

%]

o

]

+ 249 ]

50 sec 1)

7]

Motorized adjustment of the electrical )
welghing range af a keystroke

17...27°C (2 0,1°Clhour) )

45...60% (+/- 2%) “

Primary: 100...240 V, -15%/+10%, 50/60 Hz, 0.7 A
Secondary:12 VDC +/-6%, 2.08 A

P2 ERER
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L

ZARGEE AL E R

viovy -

TR E RFRE SRR - T A Aot - -B] B14 7

Bt ROl E R TR — R

SEWE R < 20060801

2
u

% AERMENTEERBEK

B 5% - 3000545635

X4 B8#:107 F11 A 29 8

HaNRE
(KA 3% 51
MR
TRRE
3L 2 ##)

R E BRI
(RAHFIERRREHRENE)

M/ IR EE R
GR % R BRI 3R/0k & 547/ 0 /3 26 SR AR 3R &
H KAEAF )

bkl
o4
(#15€
XEE
1)

i A
(K 3E39)

—RAENFH B

(M

#% A4 ¥ 16 (Maximum capacity/ load )
1000 g

g n % BARARAE 1000 g 697850 K T H4
Lt THTRM -

R

Yo K4 1

)

/s 7T 3% #¢ (Readability ) : 0.1 pg

TR THE 0.1 pg-

So 344 B 2

©)

## (Repeatability ) : 0.5 pg (&2 |
kg > ¥ X ABAS R)

TR EHME<05 ng (TR 1kg » R
# ABAS k) -

o 3 44 8 3

4

#% T4 48§ (Weighing turntable ) © 6 18
AR E o TEREE I RER
4% ~ 3% 77445 (Buoyancy artefacts ) #1%
[44 % i 5% %% ( sorption artefacts )

AA 6 BikBARME 0B 4570 K

BAEY BHKAEELE K | kg 1B EH  wol|B

S PR e

Yo it 1
4-5

(5)

HEDRE TUN TR AHWEE
S E

EHBELIS FAGTAHHEEE R
i °

Yo it 4+ B 6

(6)

A% Load Lock » THEEKH KHKAE
¥ % F (Artefact Transfer Device ) & A

B4 Load Lock» T # B § B & Sk L 214
# % % (Artefact Transfer Device ) £ A -

Yo K48 7

(7

B SHRAEZTMAMERE (Arefact
Transfer Device ) 2 3+ £ ¥ — %3t A F
ARERBAMN SAZRREENAH

# % (Lifting Device for vacuum enclosure )

FuRtiy LA ZRH K E (Arefact

Transfer Device) 2 & * £ P —F%H AR
ARBERRAN SAEZRREENAHR
# ¥ ( Lifting Device for vacuum
enclosure ) ©

%o K448 8

(6

ARG A BB AZRM (Turbo
pump)* ZiHARASRBRER AL ERABY
W ERTR

AmMHmEERABBAERMH (Turbo
pump) * R FR LRSS T RERILER

BER®-

Yo 4 9

©

s Z M (Turbo pump) AT R &
PR BRI RS 2 FERABA
B E AR (PTB) &3t REER
RAELEMRZEAHBEOMIIEEBRKRAL
%R M

FHEEZBMAERMH (Turbo pump)

%3t A K AR 1R B W AR 4 32 B A R IR

(PTB) ZENE FeRA TR F
3% R B A ) B B AR $HE oY B P a4
AWAERM  HEEL -

CRis

4o 4% B 10

(10)

AENFH EeRTHmERTAL
BAHEWESRLUREAEL 54
AR s R (PTB) 233t

5P 54 18 B W #0 A R H A e (PTB)

TREELENT T ELRAENIEH E D
ESARREAEL HEEK -

A

=]

4ol 11

(11)

FaiEH A% Intel i7&82%E 1 TBR
LeEdE R 0 R R EAREAS
£/ 8fA RS2 @A T TREHELL
PR BB i A8 3% A 0 Bp BRI E
$eiEFHE o Win7 (4) R ERA
Microsoft office 2013 Jr A&

FaiEH A4 Intel i7 RIZH > 1 TB k47

2P 848 RS232 @@ » TREHF
bb AR B IE HE B 4 A8 SR A 0 B eI

3k 35 H > Win 10 R A » Microsoft

office 2016 fr & °

o5

(12)

W& E R A

(a)48 A% Win7 (4) M ERRA » TTH#ER
B AR R T

b)LABE -BE KRR -AZER=
AAbs: TR SRR

O%BHE FasTHEM -REE

HEERER R
(a) MEN Win7 (&) ALERA > TAEH
PAER AR 0 IR EEAE o

A
(b) &4BE AR -KAEN - AER=

fACH F R BRI -
(c) HHaSTHEM -REL RBEE

o [ 445 12
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RERE
(W5
EL 2 )
ERRA

k2 H#)

MR
(R FRARR NN F)

R RS
(0 25 B SR/ 4K % 2 M S/ X R MR AR
¥4 AN RM)

&

ot

(FIE

5L
16)

A8/

o
(HH2EILH)

BREETREHFHA SRAKAES
48 2% Microsoft Excel 2003 (4-) A ER&
AR

ERENFHA  SREEHATR
Microsoft Excel 2003 ( 4-) A L &45
X2ZHE-

(13)

&4 A M7 E % %4 ° ON-LINE UPS » A€ &
F(tk4/K) * 3000 VA/ 2100 W

KBAMET AL | & APC AR
SUR3000 » %47 % # 3000 VA/2100 W

G

B UAT i

()

BAEMME 0.001 T+ 4 BERM &
MR <005 C o FREZERS

KRB AR 0001 T K4 XBE
ko MK A 0.05 C  EREMRE
wE -

xR

(2)

48 #HiB B MAT B 0.01 % & Jy A4 B 0.001
Pa: —fits: 4 ¥ 2474247 & 0.1 ppm
& RGAERS

5 mAa $HBE AT 0.01 % B A BT K
0.001 Pa: —fiLss &5 RHTE 0.1
ppm * CIRHEERS °

ZERE

3)

JL % AAT 0.1 mPa

R 2 M4 0.1 mPa -

4)

AT B THREAERE - BHAT
15 7% i [5) 48 ) 4R % % 4% Intel Core i7 /& 32
% » 16 GB DDR4 » 512G SSD + Win7(%)
S ERRA 0 ST R B $HIR AR

M # B A RS232 @ A do T i R
WARE - BHXTHDLR MRS 2L
#2Intel Core i7 & 32 % 16 GB DDR4°512G
SSD » Winl0 j& 4 -

ZITRIONE 2 F K ¥R AMBA EHAK | X ¢

(1

&% ITRIONE A Zmiz $ R AMKE
(Lifting Device) » % F3% 3t 48 PTB
EAFHELRRZARKE -

#%% ITRI ONE AZpa#> $8 A%
% (Lifting Device) » # Feixtt £ 8 PTB
AEAFRELBRRZARBRE  H4F
* °

Yokt 8 15

A ML B R 4 Intel i7 RILH 0 1 TB
SA B GRAE N o F I B8 7 S RO 3O
fr+ B0 848 RS232 @ Ao » Tk & H
bR R R B 1 AR IR A 0 P REIAR
FRSARESHH - Win7 () BRERRE -

Intel i7 323 1 TB 4 2 M 9 48 RS232
WA o Tk sk 0 R AR R
48 M) 334 + 2P SEAR 0 #0343 o 0 Win
10 A& -

X

3)

&4 A W7 & % # : ON-LINE UPS » 3AX &
F(#4e/K) 3000 VA/ 2100 W

ELAET A% | &M% APC 5
SMT3000 - 53¢ % & 3000 VA/2100 W

witHEHETE

(1)

IMIEH e B R EANRRELS
%% Rk (110 x 200 x 30) em ~ (135 x
200 x 30) cm & (110 x 230 x 30) cm » 3% £
A # 0.1 cm

K3 MEMETFEEREANRRLEL
F KR E 16-B12 Z MR KRR T A
(102 x 210 x 30) cm ~ (135 x 200 x 30) cm
A (100 x 220 x 30) cm °

o448 16

2

2 it M & A ITRI ONE H ¥k &
B 0 R A(40 x 71 x20) cm

252 3 H % A ITRI ONE % & te ik
28 RZERE 16-B12 ZRBGHEBRRAT
(46 x 70 x 16) cm ©

3)

#HHE >2.8 gem’

IR B R I H FNH SR HE
B % A 2.8 g/em’ -

do R4 1

B3 SIKIRER A

k

5 S AR A K A KAEA 1/ eE o
BICH A B2 R A R

5y S ARRR A P KAE A | 1 oF o LRI
ARHEZ RN H 0 SR KAH
EAE -

KRR
RAE

R+ F&AARTRE ZMAR W

(113.5 x 76.0 x 50.6) cm =

RAMFAERREEMANBRIRTS

sk

PR KR A SR R S DI AR
LR UN

en 107451043 8E10 45 amek
B A 4 A 13.5 /) E3R A HiEplek 0 Dl
HAEREOMBE R -

A

ik k2 ik

2

ABARE
(RA7]
HAIE
FRRR
4 A%)

R RN
(RAWFIMRARRH RGN F)

KR R85 R
(€33 T ECEPE RS %et S £ s S
%7 XA o B4

e
F o4
(¥ =
AEL

%)

%
(FHEE9)

X

L REREEAAR G RERE

ERERERYE

A

)

#

RPRE

LR EATRIR ¢ R B SR R BR
MEERED — 7

SR B SR B Bk AR S AR —

Cx

B R th R AR
AR

LR AR R AR A A MR R A/
BT mETTHREAS 0

CIRGR B A R AR R R T
#EFHREAE T

b1k

. R SRR AR AF i BORAG R R
A E T (AR ETH)

B SRR B A RS AR S
B LA RETHE) -

Ex

. RE RGBT - AR - B
B = FALHIRE ZAEARS

R OB A ARHRE C BARZ

FALHIRE Z AL EMRE ©

A EARE

. RSB SRR R R KRR
#HERAMRUN B RAGAEAZED — 7
(K F) 4R A R FI ML 4 W 3 i 38
9 0 R 5 AR AL

TRAGEF SRR RE KR - THER

R B F A -

ARRA R

- -BIBlAS E AR 2T F RV RRZKBICAEZ PIRERFLESHE- T4

3
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7
\2 17

4
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B2 Ap

N

FOTHRABRKN 120 3P R A B i § Hiehk o doit- -F] B15 44

N

T 5 Em
ssondfon EBUrEEacit
SHER : 20140312
#1228
2 W |EEASAFESLES
] #BE 5% (3000545635 LLIEEE  |TWD28,000,000 7T

B 107 £12 B 3 H 16 5 00 £#E

F107£1283A17K00 A | T B HEGEBLE

LS

B A g%%ﬁj%wﬂ & # | mikh op

EERA BBA - ERAGEEEP)
BRAER R oS R o

UREAR | gsims LG /% Z%@ d b4

BERE HIEEsYRNZROBIRATLSLEH AT %:, 4 -

© XHHE:

1. BRRE 107 £ 9 B 25 HAIR K, BXHEE BR 107 £9 B 19 HRZ &, R@H -
2. ZRIRE 107 £ 10 B 5 BAICRLE BRLEHERIE BE 107 £10 85 A%

3. BEENRZE%E 80 HBEXRATMAE  BRTEHNERIE BHCHK 107 £11 B

23 HoematE - KRB -

4. ZRVEMBRTHARABED 8 /NFRIELEINR - BMASHR 107 & 10 B 3~5

H5em 4 A5t 13.5 /NRIRIEAEEIIR - AIRCHIEME -

5. B "RURBEASBRERNB—HE, BHREZREER  ABECHEED

FIERI BT EEZ - FHNE— -

6. ERZAREMBHNM: HERE - RREMEARE EA—1 - REIEERREER

T/ RE/MEFMBFEREEEZ—H RRREFMEREARBEIZHMER
B 18) M3 19 2 1R (R R S - 77 BB ERPY)

7. RERES BB RERE/AEHRE - BHR_GEHREE ZRERS(BHRERE

6328MBW2018 - 133-08276 + 232-33740) (1B X A 7738 B EDFS) -
- ARERUEHEZ ARRE—F -

= BRS5ER: XERE 16 8EB12 =

153




$228

1. EEHEBLFESEEE 1 A% Mettler Toledo 5% M_one FE5k B819523502-

2. fHERM
(1) EZEHRE2E -
(2) HHWISRIE 2 Sk Leybold -
(3) MAWMEZIRE 1 &k Leybold E5% 250iX F5% 31001794411
(4) FENEZ4 2 &, Mk APC 458 E 4 SUR3000 - SMT3000 -

°

(5) ERIEHIZ 4 1 45: B A% Advantech 5% ARK3520;/& &% 1 &Rk Viewsonic

AI5% VA2407h -
(6) EIEIEHR (BB SRS SONY BIsE S13 -
(7) WRIKREELE -
(8) IRIREEIERRH 1 AR Klimet 5% A30V -
m - BUWAR
1 ARZEAFEHERAXGRIRSEREREDERIL -

2. RECRH  EBRFEHLHE , THEMIM - AREREABARLCHRILZE
T - RRMPERBREARD - AEALCHEF —HBIMREA -

~PTFZER ~

14W0503-F-03

f- - BIS - 3 ZApE 2 T R R LT § ik

B X &2 Ap b TR > 4ot - -0 B16 #77 o
B d LR

AIREHIERE: [GEEHEATY SBESHR52018/12/03 16:00~17:000 T 3000545635 ELZEAH AN T s LLise s — SR et |
A HE: 20185115288 08:51
BfFE =HE

TIREHE

23 BLELE
B 03-2912624

From: 45 [mailto:LenaSYChou@itri.org.tw]

Sent: Tuesday, November 27, 2018 4:43 PM

To: Z5ns; EHE; BEE R, BER 8 R ¥ 2HS

Co: JFE, (7R BEE B5E

Subject: [&3Ex1] HEER2016/12/03 16:00~17:0057 "3000545635EFEEATESEE - Bivda . - SRS LERTE6EINE -

DearTF: FALR §2 2018/1127 EFHAI T &3 » SEEETa0 - SHF
EBEE | S EEEELTEELEE - BligR
EEESR ¢ 2018/12/03 16:00~17:00
ERIE  HEREAE20E

E
LEGHEE ) - FHR % 32303
BEAS © RS SHER RO e R B L S

BFAE : BEEFREFEREERNE

eRTHE T ARA
55 1 HESE VDS, 000, 000

HEEedE - TWD28, 000, 0005
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RE: [eifiman] #hiRs2018/12/03 16:00~17-0067 " 3000545635 HEAHF AT E2 LN — Blegi, - @ XEREe 022 -
TR AW 2018 12503 H 0827

Wk RnE

LA B 0

THERRSHTFERER  FUFEE MRS IGEEEEASN  TEIEVSEEREE -

3 532% Kuan-Chun Tsai
IERRERER/EIR

Accounting Resource Center

Industrial Technology Research Institute (ITRI)
Tel * 886-3-5918109

E-mail: KChunTsai@itri.org.tw
3103 4 84T REE T R MI95HS1E11I6F

From: [E}#H [mailto:LenasYChou@itri.org.tw]

Sent: Tuesday, November 27, 2018 4:43 PM

To: BRINYR <Yu-Chuan_Wei@itri.org.tw>; BTEE$ <KChunTsai@itri.org.tw>; BE3RE] <FongChen@itri.org.tw>; THIEE <davidfan@itri.org.tw>; B4R <S).Chen@itri.org tw>; BFHIH <jhcheng@itri.org.tw>; Ff
<LenaSYChou@itri.org.tw>

Ce: IFE <HsiuRongWei@itri.org.twz; FFEEE <Tina_Hsu@itri.org.tw>; SEH= <Rita_Chang@itri.org.tw>; {8 E <WeienFu@itri.org.tw=

subject: [ERBA] SFELRE2018/12/02 16:00717:004] " 200054563sH AL T EELEIR - BINEE, - SRR HiERER202E -

Dear /587 BIERH B 20181127 B0 T &5k « s » 33!
EWATE . 30005563 REAEL T HELHIHR— BikEE
IR ¢ 20181203 16:00~17:00
IR, EEIREeEE

o )
HIREA © A i 32303
ERAR | HHIRFEH R B iRE AR IR R E
FImAR:
B AR - BSEIR AR R
EEEHE . BEA
5y T SBEYRE L TWD28, 000, 0007
FEME4H © TWD28, 000, 0007
SIS © HAOTEAL 110

EEF AN

- -FIBLE~ B EAE 2T TR RRS L L AT
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D RS

(DRep HRFTEFFLIZAFETALEEIAETD
3~ ARER

ARFPTB (7 " hoap Sk FEEEHI, &7y ERAFYF SHLAETE
A 2 BRI o
i~ B Ed

B & £ & (CGPM)#-++ 2018 & R i SI A~ ¥ 473 % EFEE%TF 4 B SI A
AEF(ZFE AR R P EEVREFTTA 0 T o NML J a2 2 31k 500 2 3 i
o RAFFERERLSIFTE R - HP FREEET 7 jpnea: TRAE2TRE
(International Prototype of Kilogram, IPK)\%‘r AR TRk ER T 0 H
FRAN2 - ZXEEMBRZXRCD)E PR HERP B3k o SBRYI P LRZF RS
TATEET MR XELEFTEER L8R FPt 2R 24 & 3435 =
* gﬂjysa/t/p AR o
B 13 XRF XPS £ i) & so g/l 48 % . -
FYP LA TELRGREERLSTZNE I REIRTR -
3~ NRAN R F
1. ERFYEARS

2 PTB § F# fusf & & 0]k iz & R _Mrs. EdytaBeyer 33 £ A7 ¥ & & R3] 40
THZ -4 Al

HemEamEmyp g e 5

. jBB/j:/F ER
o XENp hikie FE2ZEREEGHEE - HP S g
- XRF XPS & ] i sS4t AL 48 7% ﬁ F oo Ik R TR R R AR 2 T i 2 3
o -4 AL ZRAEY ER J’FL%J

Week 1 03/13~03/17 | Cleaning practice of Si-sphere

Week 2 03/18~03/24 | Measurement procedure of XRF XPS for surface analysis

Week 3 03/25~03/31 | Visiting PTB in Berlin

Week 4 04/01~04/07

XRF data analysis-to quantify the mass deposition of oxygen
Week 5 04/08~04/14

Week @ 04/15~04/21 | xps data analysis —identify the elements (C, O, Si) on the
Week 7 04/22~04/28 | surface layer

Week 8 04/29~05/05 Measuring the XRF and fitting the curves of SiO2 reference

Week 9 | 05/06~05/12 | sample

Week 10 | 05/13~05/19
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2.

Week 11 | 05/20~05/26

Evaluate the measurement uncertainty of surface layer of Si-
sphere

Week 12 | 05/27~06/06 Review and discussion

Bif3 PTB % B 2. % §5 5+ & &% X skif 3 H j#+(Synchrotron Radiation-Based
Reference-Free X-Ray Spectrometry) » 12 % 12 b Fjpheim g = § (Y7 @ P 2§ 0w
RFE>ZaF L FRR2Z#HET R -

-5 it 5yESY 2R XRFEXPS itz 5 infi &
XRF E#2RIF Sk 2K 3 UM B~ 328 /rrhf;r_ °

X %5k 3 3 45 2% $F(X-ray Photoelectron Spectroscopy, XPS)€ il 3t 2 ficdp 4 7

sﬂtm

L

S R AR TREART LG
ﬂ%*w%ﬁXméfww LA R

5o X Z\%]%ﬁ g_ B‘»ifi I"w °

wﬁ?EXﬁé BRIk AR TR R R e

Pt

g; . 4¢ B2+ 4 (Avogadro Project) » f K

Wz ek o) g H 2 PTB 37 W 4e Bt 4 2. 30 433 Iz?é; T ko 7O
fo IR R AF £ B~ & # F #ic(Lattice Constant) £ B ~ ¥ F ik % & (Spectroscopic
Ellipsometry) » 45 & 5 & ~F =2 A7 % % - N2 0 p S TGRS T #F
IAT. ©

BBB E’ﬁ i‘ k I:L i§_§ ¥

Y2 Ba/ﬁzp EN S e fﬁ’ L9553 A W 2 s Pl A 24 EIHBI“JE'}":\?;;;? v UGN g BRI g
kA R el it = 44 o d Mrs. Katharina Lehrmann 57 }paiﬁ HolT@AR LI S e AR

PR

7

j 96% iy

AEES ' =1

v 2% Deconex OP163 ;3% — % p 7fe® > 2 ml & Deconex ;% *t 98 ml end 3
,J( o

VR R IRFER - FEE Y S Z 44aeninA o PEEK M HEL S AR AR R
FE DR S IR iR e 2 g ([ =g s A | l;; 7 Ak 2E ho T = - AL

= -Bl AL # B IR 7F e 2E
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v
v
v

v

LRF - AR EFRCRAS R RETE T ARG

PRI - H N ER H Tk oG Ol

Hgka®t —PTBP® R 1 A7 b apehas » # m%’fﬁv L K ﬁxj_
sl S Ik s@*é’u#f;&%v oo SRPF B A G0 R G Rl R P iz 2
FRAEZN n FRIIMAAT LT SEBHFTT U AR HIRGRE S T
MR R TG > 2 R s TR RIEK 11 "%scﬁ 912 ) H.!m B it 7
Bl EAHEROZ B FEEPBE I RIRITL TR o T I -B A2
PTB #7i¢ * e fAfcsh e | 5L 4 o

FI 7 Feens % @ B 7 273 Bt ~f 4o

N

=t

ETS [F\L‘l

> %t :i40x40cem? o * v A fIRF RS ERIc R G kA F o
>0 i BE10eme S AR BIRRE G F BRI L SIS
£ B2 P YRR > L Deconex iEIRACR AT R KT A G o
> b EAEbomo B SThkl ARG F B MR Ry Ar &t
TR EHR P L DR
e SHEAR | . SHEAR

il
103 MO ¥ wpere Hore 3 epecal cormatan
o e e,

nzvucied horacm

T

4]%% 1: SONIT™ HD-M 455 2: SONIT™ MD-H
o - A2: PTB #7i¢ * 2 jicsh s

7o £ E (Yt =z -] A3)- 100% i #5 (Powder-Free) ~ & 7 el (Accelerator-Free)
_i_téavf;fﬂ_j;*K’e»J‘:r }%@Wu%ﬁ@#‘gi 0

o -BlA3 T LR
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B da IR e B

V IR EE SR
;“’3-1;’51‘—}; ST S ez 3E 4 ‘,;rhk"'mﬁ%p g ,Jiﬁ"ru"‘ﬂ #éfy;f)}ﬁk"j‘%ﬁ‘l'}
Bofcghat > g B A LB DR BHEFIEFR P ABE N Ao
Y= - Ad o

¥

- - Adl B R TR *}Ta‘ 7 BiFar T £ B

ViR A
Bep IR EHEL L I LD R HERMF STk Aot -BIAS R AR
S A RS S R Ry L R S

I IRE TS
L I RIERE B SR H-Deconex i~ £ ¢ o M4 PR EE > L OH BT
kikd ek e FEEAEGHBER LR o

= -0 AS: ik e B 1 iT
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3.

Bepr Ik L E e R L o

Deconex OP163 iF &7 & 3k:

w3 KRR e F > T ed ik Deconex OP163 i) fficik i F o
VAT R HIR(FAL TR EARAT SN 6 2T REREF R
EE L STk AR HIRT L0 GRS e o ik Y
- A RFR HMELFFESG

13 3 oRES F % TR h Deconex:

Med B R BB EPTR R IR o P RITE A KA G T HF < Rk
EoRFLUEIPES AT 30

U R S 3
%ﬁﬁﬂﬁﬁéﬁjﬁi’%ﬁP%l%ﬁﬁWé%%y&ﬁﬁﬁ,p LF
ERERE TR MR F IR o X g Sk P RIRR SshaT X
A BB AT R P hIR FF LA S /fﬁf¢ﬂi§}}’: IERPE L gt
B R o3k dovi = -Bl AB o P A & L A aaﬁ o S AR A LR T
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2018 # CGPM * ¢ #3- 2 # SII¢ hf R 49 L ¥ BEATL & > Bk 2T
d ®% = 7 & % (International prototype of kilogram, IPK) 5 &8 ih@ & > o =t 7§ e E 77
BEPHERFPIEFEIAA LS IPK 2B E B A R po gy
A EF R TR ARG E S 2 > A - AT V- 5 X kWA (X-Ray

Crystal Density Method, XRCD) » * #£ 5 # S Zfiz » 0T & 465 fa 3 2 ohf 7 5%

1 ¥ = XL (Kibble Balance)

AR EETE S
dRES A EgrEdE
R - IPK R B2 B A TXPE4 F=mgwe ™ > @ X T ¥ - Hpl gk
- ERHLORECE S SSREE B Y T REELTES F=ILB %
TOBFTIMEN R TS HETFS T A BEESRERER S LOME Ak
MkESBY SR veTHEREL - RERFHFUSVLB A FEY EF R ERET
METERE TP kT o BRI S ¥ BB 50

1A FWAPFX TR OTES T 2RTEE
oj_:i ﬁ%

A4
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pw)

m,, = I(LB) = 2 (LB) (Al)
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#F AR X, B) AR X
A
My,
B U
L
vV
F,=mg U =v(LB)
mmgzj(LB)=55<LB) Y_un
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ETEFTRE U U
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J: M EXRAEREE g &v
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X % g W A 4
P RZIZEN EHRRFT R T E A ATMELENP R TG F R
R+ omF BIf m’?f&_ Msphere ¥ 1 % 77 = 77 & If % m’?}% Meore #v + # §5 3§ % é} “’ﬁ?ﬁi MsL

%lf'“,ﬁ‘; F oo IR & B4R FL 2 %‘;?ﬁ'rﬁ?ﬁ':& Mdefect:

Msphere = Mcore — Maefect T Mgy, = N x m(Si) — Myefect T Mgy, (A2)

161



B P aimav i 750 A3 ENE P RIS T BRI B a ¥ B3

gtil_ﬂl'«k’f | % ko + 7”)‘&5’;&415755511]]\% *ﬁﬁ? Veore » 11 % 4] wfrb—t X k& kg5
&2 187 el £ ¥ dk(Lattice Constant) a » # & 8 5 467 B 4f - H =5 %2 (Unit Cell)=h= i
é%#ﬁi’—fﬁsﬂagélj\gzgfﬁé}&;"Q‘-"Kﬁ—— - A8 -

Flpb e+ BN 7 2 (A3) 4 T
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2Reo
me = ?h (A5)

Flw T8 W Bk G

m$(WAﬁ&ﬁR}
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- Water(h0)
Contaminations (CO,, C)
Surface <
layer
Si-suboxides (Si,O, SiO, Si,O;)
-

Silicon crystal

it - A9 B STk K e

T 41 X &k 7 3 4 3% BF(X-Ray Photoelectron Spectroscopy, XPS)£2 X sk § -k 47 2%
$itr(X-ray Fluoresce Spectroscopy, XRF) = # H ki & & £ pl# HB,ﬁ 2 hOEE AP L
REE ngﬁi“"ﬁthffﬁ(ug) ZTEAEZTH LR ERER ’%%%‘r msL £
BlPTZ 2 LA B RAY hE gk e

(2) XRF £ XPS Rh3Z
AR TENERE T EIIFEE T XRFE XPS e 457 2§ L H T 487
Falg-fim&Oz%ﬂ«EFé“(an ~4Anm~6nm~8nm 2 10nm)E | H XRF k3% > 2e4rT §
B p g A B B (O/Siratio) i 2 B B H 5 4 § i £ (nglem?) ek o H ¢
F oot € A58 PTB tpthfa® {1 * 3 dg 5443 B BESSY Il chjg S R84 jis g p) @

Bod THRESFTLF AR ALY RE > BT KT BRI S XRFHH - f1* £
WRHE W RN LA G hE TR A ks hieT XPSHERISI~O-C = B
~FR R AR A A BRI 2 'L%m%m"o =% TURE VRS L E i 5 3
t %,;u-/%m &) o “P"ff’l,ﬁ. Si g2 C"f‘&"gg/ﬁ% ?ﬁ' o

XRF R 72:

XRF (X-ray ¥ £453) m X k@ hBstFLs s & a2 p kT4

fgod hETFRAEPRT Iz B FR FRd TF A FER ko F

FR2ZRE AL PHAEHE S AR R s g X R B 72 R
BRAERFHE TR LR &Y o ea o g -8l AL0 5 XRF RIZ 2t & B

Mﬂ W

Y = i

X-ray fluorescence

WM photon = XRF

Binding Energy
Binding Energy

A

4 —4)-@)— core level Y @@ — core level
= -8 AL0: XRF 32+ & B
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»EFR G BT F 20 Bdnetic WD R E A 0 RAERIR F AT H RS FE R~ A 5
E L

Ebinding = Lphoton — (Ekinetic + (P) (A7)
MR R B R R ehde e 5 i AR 0 AP $H58 & (counts/s) & SR AR RAT R T F A SR 0 fL
ARSI MR o 7 A BT o B ALL %0 0 ApShs R D 0t R T R
= Atk FEE o

XPS
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EX N
X-ray

Binding Energy

Binding Energy

Y —@-@— core level Y —@- — corelevel
= -8 All: XPS B2 £ B

(3) Eplinfed inil
&£ X XRF XPS 4 %
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7- Einhouse i iR A F PRI HIRT L AN KIS ORR PR
Lo & e > H— 8 Loadlock (B 7 @ iEvrgE) s g AR Biﬁiwiﬁmﬁ— T T LA A
TR A FERBE R S RHOBE RS BE LY transfer M faRdriE E oz ok
Loadlock ‘Cw*i 77 OR & R % R fé'iﬁ* 7 sampleholder 2 2 = % v g7 1 H B} £ ¥ ik
¥ — % B. 5 Chamber (UHV & 47%:48) > 5 £ XRF &2 XPS ke = » FiadF s 7 g0
10-9 mbar » o >t Rk S E B SR IR E R AT 0 T X R ER ~ X Sk Sk 3 A
5 XRF #gP~2 50 % cpr B 45 g B (silicon driftdetector) s @ # 2 & & > T %= -8l A12 5
g6 L KB E o

Loadlock #2 Chamber z. f¥ % — R M 4pff > % & B @ Kok F & Loadlock 46 3 107
mbar £ K- R PR 0 A P KIS IL

a. FTHRRM  #p fhzkd chamber £ loadlock -

b. B H turbopump > ¥ 4= § § ¥x:1 » loacklock # *gp w4 1~ % B>~ 50%

¥ # ¥ Fai¥ loadlock "248 % X = 4 o
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47 Loadlock *%%% - 2 Loadlock =1 fu 7% holder #42# fa 3k » ) { #H ¥k &
¥ o

B+ Loadlock 248 » 3= B scroll pump 4244 & % & 3 102 mbar » ¥ ® B3 F # i
*~ > ¥ % 3B turbo pump i loadlock E % A4 & 107 mbar % iF o

+ B loadlock 2 chamber z- & i F* > 4 * transfer #-# S sfdg 42 8 2 7 %50 [
BEEPIDIE hovg = -] Al3 o

—
ol
B

=32)

'it= -8 A13: 41 * transfer #-# ﬁ#i ~ chamber =3k i®

# XRFXPS i fingff - i & 3

4 XJDE’/‘]’ETI.H{EEIFEW’H’ﬂb__,aAlKa14866€V°
vV FEHSLH X KE S EXkd Xeray tube i~ vERE s % - F BELE- X R E B3

H¢ % w FEE SRR R B¢ Bbﬂﬁﬂﬁ'}i#i'J 06eV-> g »&3 R A A
% " &’ <1 4 100 mm x 140 mm -

v X k&I aEr ot XPS BB B AR TS B ’ﬁﬁﬁéﬁf\ﬂb i

FAaZas st X KH I Bend & 5 magic angle 54.7° - & & pliser #
x5 7 F3 & PassEnergy (20eV ~ 40eV ~ 80eV) o f 4~ % &mfﬁ e g}.ﬁ -
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# 7 (Au ~ Ag ~ Cu):E {7 Transmission Function eng i > 12 7 37 fe k7§

K 4
i B E R F AR R o
% % i £ 347 & &0 silicon drift detector

F AT AT R Y 2 XRF A HLRE o

(SDD)% & i 3 PTB fphfe® i 5 TR RE - ¢
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LA R R 2T G
te-30°C iR He
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Bl 14: 7770 4o E
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v OE M RA4EH Y 5t XPS £
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Foie @ FERP SHIPRI @ 2LLBURE STk G oo T = - ALS

)(\‘ XR| XFS ,:( -'U‘:',”)"Xﬁ.,gl
pa :EIBB ’Eﬁa vy
* w. BE hl;ﬁ ;a %

Xetakim @ Al Ka,
hv = 1486.6 eV

Xsts L T3 473

166



TR R UHV AT AR o 7 S0 RS0 20 ehin B 2 i R
MRS AR BB Y mapping (01 (T 4o o - ALG fror 0 d A B
A 2 B R T s o

o -BlALG: KR EZI AFER
1= -% A2 i 5-axis UHV non-magnetic manipulator with control for 5 piezo axes 7
R

o -h A2 KRB LTI MAE R EEBEFEFE TR

Number Type Range Step Resolution
#1 Rotation No fix range 0.0006°

#2 Linear 27 mm 0.000061 mm
#3 Rotation 370° 0.0001°

#4 Linear 60 mm 0.0001 mm

#5 Rotation 100° 0.0001°

JELRFEZIWAFLDTEPERE] S EFTR M2 fr M DTy L4
Btk 53 BE D chamber ¥ o inie ¥ S #5 EL4EF chamber ¥ g w3 B X £ o~ &

HEnd B HL e #3 T I EF R R

T = - AL7 5 (a) XPS bt’(b) XRF fizdf e &8 iwenm LBl - 7 fuskd 23

BRI e AT B P R BIehd o oNRlaY o IS o i iER

ERE Y s i Xk M B S TR A G e & R IXPS &1 P B2 P end & 5 54T
@ XRF B4 * B & » be 5% o @ 7 B b ;1]4 Yobd Brgdgph(d ) S dh
2P S L BTk > T U S X R AP LA G A Bl %%’ﬁ'“ﬁ
WEIEF SRR L AP BT A R €5 240 BELE PRI 0 9T AT
kAt o hhEAPEAFE AP FRRIEZEHE IR EE
¥rF Bﬁ:z\/%] TRt 32 XA EAFER- 2R F V572303 2 F 5 Sk
£ i?'J # m 240 1 B XPS Sk 3# 132 {7 mapping & £ 447 > mrel #l e #3 5 B

B €3 A HTkp ﬁ»m,ﬁﬁ‘ﬁ o
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(a) XPS (b) XRF
X-ray

Analyzer

= -8 AL7: XPS &2 XRF e~ g3k & i & B

£ Rl AR

I 5 R 80,3 ¢ ¥ fe 3R e XRF 4 3 £ B P S 3R XPS 42 # £ R
XRF #F 3 € 7]

WAL RE P TR PRI PLAPB G 22 T REXRPIP LR WERRD o

a. B
X-ray tube =k % 5% §_Emission mode> %P ¥t = -B] A18- gt pF ¥ 12 24 £ Emission
current ¥ Anode Voltage (= 14 keV) » % F4E 2 (5 B 4> X L &) o

b. I #&5 & 5 SiO23# 7 /% 8 3k XRF 47 3 £ ip
FARFFZ X AER P - B TERES R BF I TSR SIO R Y A A
sample holder g & - ¢t & sample holder 73k 34— =t & % 7 104 12 % 50 Fpt
T BB SO o7 o - AL9 ArT o

= -] A18: X-ray tube # it /i m
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it = -B Al9: XRF sample holder

¢ Loadlock w 3| - +~ 5 s » #-fE 5>t Loadlock "z 48 cdf 45 2 % 4 & transfer
(A =% g 55T p 7= 3 3c e Loadlock p) > 4%t = -B] A20 #751 > B {s #- sample
holder P t & % A » HEXE (LA ATERY & 3 &7 LA VEH P 30
) 0 Bt YUFPE R IR T K #d¥ Loadlock m%%frz’ - RE o BB TR
B Zend if o

HEFT R :t-%-ﬁ I * transfer #3% 1 chamber > & ¥ 2B 48 B2 > 7 & #
chamber # 3B F v g4z k » ¥ uih B4R B o # SDD 2 X ¥ B ki
FH o BRIARES YT X kT sample {2 F RMEL TG K ETAT O BB E
SDD /F " 1-30°C 4 # M ¥ %zpiiﬁ VR IR T R R A 10keV 1 p
(P R 5= R A0 - 2 keV) » ¥ 3K Z_Max count rate = 60 kcps (one thousand counts
persecond) » 4ot = -B A21 #ror o HREIR S U E F IR EK AR o FE- 3 D
AR > R T R 600 s HFPIHHAS B EEHELI T - BER O
BREFAER A IR I E 240s > LR EHL {e#3 2 Rk B s eniz o

PP AR R 4 % transfer *
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#-sample holder # » # & 5% % I /ﬁﬁ = Loadlock
it -0 A20: SiO2 % 3 8 4 i B AR

it = -1 A2l: SDD#;&IF/}U.

# do 2 610 XPS H o £ R

& 8B XPS PFE & 47 j7 ¢ 4o & (Charge Neutralizer)4w B % 5 XPS g jp| A %
B - LA EFSg 0 - AN A d s P R e s A d 2 e
RRAL 2 A TP AN G AR Sk LR g o S
survey (PassEnergy =80eV) - ; ¥ - f&R| 5 witHFHk > 49 SI-0-C= B~ %
VL] R B E T R A e 0 2 A e ez AR 2 el
58 B b E(PassEnergy=40eV) o d »* C ~ % § H ¢ #si crei 5 » e )y 0 7
pohEBE g ﬁ‘??;#'_?’*S’k XPS #4534 » L #-5 = chf & B T i’j]g%] o % e i
Bep Bk A6 £ A AN R EFLFPLE S T LR (FRI XPS A u b
STk} 240 B H e him ¥ chA A BT o % o T survey(detit - -] A22)
BFEHZBARFR Y Pl e ¢ R PR R B
THIHEEFTA o
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£k il

survey 00004

Data File: T2\
Peak name: survey
Batch parameter: 00004

Comment: Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmentar.Das ist ein einzeiliger Kemmentar.Das ist ein einzeiliger

Kemmentar.5armplelD: none
Date: 15-5-2017

Excitation Energy: 1486.7 eV
Lens Mode:

Final Energy

Initial Energy: 1397 eV
Points: 1393

Step Width: 1 eV

Accumulations: 1
Dwell Time: 06 =
Analyzer Mode: C-—\E
Pass Energ
x-Positicn:
y-Position: 0

\Beyer\05'Reinigung5C012\5C01a_R2_survey 00001.vms

e

= -] A22: Survey:step width =1 eV > dwell time =0.6 s

TS - A23 E iR = fA o F andF g S8k & Survey 7 F oo stepwidth=0.1eV >

dwell time=0.1s

01500042

Data File: C:\Users\wu08' Documents\Unifit_2017_User Files\
Projects\SC01a_R2_Ols(nofix\SC01a_R2_OLs 00001 vms
Peak name: Ols

Batch parameter: 00042

Comment: Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmenter.Das ist sin einzeiliger Kommentar Des ist ein einzeiliger
Kemmenter.Das ist ein einzeiliger KommentarDes ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmenter.Das ist sin einzeiliger Kommentar Des ist ein einzeiliger
Kemmenter.Das ist sin einzeiliger Kommentar Des ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmenter.Das ist sin einzeiliger Kommentar Des ist ein einzeiliger
Kemmenter.Das ist sin einzeiliger Kommentar Des ist ein einzeiliger
Kemmentar.Das ist ein sinzeiliger Kommentar.Das ist ein einzsiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmenter.Das ist sin einzeiliger Kommentar Des ist ein einzeiliger
Kemmenter.Das ist ein einzeiliger KommentarDes ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmenter.Das ist sin einzeiliger Kommentar Des ist ein einzeiliger
Kemmenter.Das ist ein einzeiliger KommentarDes ist ein einzeiliger
Kommentar.5amplelD: none

Date: 15-5-2017
Excitation Energy
Lens Mod

My Unifit

14867

«Pesition: 0
y-Pasition: 0

R AP R SIES Sub N
[(e= ]| c1s.00042

Data File: C:\Users\wu08\ Documents\Unifit_2017_User_Files!
Projects\SC0La_R2_CLs15C01e_R2_C1s_0000Lvms

Peak name: Cls

Batch parameter: 00042

Comment: Des ist ein einzeiliger Kemmenter.Das ist ein cinzsiliger
Kommentar.Das ist ein einzeiliger Kammentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmentar.Das ist ein cinzeiliger Kemmentar.Des ist ein cinzsiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kemmentar.Das ist ein einzeiliger
Kemmentar.Das ist ein cinzeiliger Kemmentar.Des ist ein cinzsiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmentar.Das ist ein cinzeiliger Kemmentar.Des ist ein cinzeiliger
Kemmentar.Das ist ein cinzeiliger Kemmentar.Das ist ein cinzsiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmentar.Das ist ein cinzeiliger Kemmentar.Des ist ein cinzsiliger
Kemmentar.Das ist ein einzeiliger Kemmentar.Das ist ein sinzsiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmentar.Das ist ein cinzeiliger Kemmentar.Des ist ein cinzsiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kemmentar.Das ist ein cinzeiliger Kemmentar.Des ist ein cinzsiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kemmentar.Das ist ein cinzeiliger
Kemmentar.Das ist ein cinzeiliger Kemmentar.Des ist ein cinzsiliger
Kommentar.SamplelD: none

Date: 15-5-2017

My Unifit

14367 eV

Excitation Energy:

Step Width: 0.1 eV
Accumulations: 5
Dwell Time: 01 s
Analyzer Mode: CAE
Pass Ener 40 eV
x-Position: 0
y-Position: 0

R

b4
»

4) XRF %%

= - -F A24

% p & & < SiO2 9
BAIED 4 0 @ OKghig
Si Ka 2 O K

7T

LT

i Sherman’s equation(A8)%t & 112

-Bl A23: 0~ C 12 2 Si

= T
T 8% F 5 & 0 Si02 %

% p Si bulk c2u 5
RplEy CRERAM -

55 B Rosi v B 22 H i+ a #%
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)
XPS &

%+ %+ i XRF £
FIP A e BB e

EAR LS 7 R ] DA )

5i2p_00042

Data File: C:\Users\wu0%\Decuments\Unifit_2017_User_Files
Projects\SC01s_A2_Si2p\SC0La_R2_SiZp_ 00001 vme

Peak name: Si2p

Batch parameter: 00042

Comment: Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommenter.Das ist ein einzeiliger Kommentar Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ict ein einzeiliger
Kommenter.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ict ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommenter.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ict ein einzeiliger
Kommenter.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ict ein einzeiliger
Kommenter.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ict ein einzeiliger
Kommenter.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ict ein einzeiliger
Kommenter.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kornmentsr.Das st ein einzeiliger Kommentsr.Das ist ein einzeiliger
Kommenter.Das ist ein einzeiliger Kommentar.Das
Kommenter.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.Das ist ein einzeiliger Kommentar.Das ict ein einzeiliger
Kommenter.Das ist ein einzeiliger Kommentar.Das ist ein einzeiliger
Kommentar.SamplelD: none

Date: 15-5-20
Excitation Energy:
Lens Mode:
Final Energy

1486.7 eV

x-Position: 0
y-Position: 0

P2 % o SI Ky a3t 527

PR LE TSI Ko eg
F O E R ARG T

2_ ¥ e Calibration Factor Co:

;‘
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md0=_

md,:

G

3 A R

G:
Rosi:
Heot-

spectrum
I
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100F

counts per channel

— T
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L /
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2000

2 nm SiO,

TTT

10000

e R AL
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T
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10F

spectrum

i ST B RS TTTT B RTTTT| R T

b7 s |;

500 1000 1500 2000
photon energy / eV
6 nm SiO,

B In(1 — CyRosiltor)
tot
H =5 f h§ oA £ (nglem?) > | 16 R 45 5+ BESSY Il e %

counts per channel

LUUIIGS PR Luninss
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(A8)

Biefdior g sth e dlstEfpR o BB B P T
Si Ko 27 O Ko et & 56 BV i
w5 | 4 #ic(total mass attenuation coefficient) » p* # & % 7292 cm?/g

spectrum
T L T T T
woocop | O kat
. /
o
1000
g v
100
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1L 7/

1000 1500 2000
photon energy / eV

4 nm SiO,

spectrum
s

e e L

10000 ¢ |

0 500 1000 1500
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spectrum

T T T T
O ka
10000 A
| H
; WS| ko
c \
c |
S 1000fF | |
E :
@ f
Qo
@ 100} ‘
c o |
3 - |
|
10 [
E |
1 . e
0 500 1000 1500 2000
photon energy / eV
10 nm SiO,

o -B A24:% e B & (2nm-10 nm)SiO2 %% 3= 5 2. XRF & k453 F Rl 2 %
MT A2 ERDF NHAEETE N 0/Si (Rosi) % 1 0 * i 25 & 0 &
o -4 A3~ I & X XRFXPS 4 547 Bl R E # OfSi 1 &
EE SJFEEMD(g/cm?) o/si EL{E

10 nm

1.1919E-06 11.111
iy 1.0998E-06 10.344
iy 8.6849E-07 8.221
4nm 6.8226E-07 6.526
2nm 4.3949E-07 4.275

o - A25 B £ g
AL IE o R

1.5
9.5nm
o 8.8nm
S
G 1.04 7.0nm
=
=y 5.5nm
=
(o]
o 054 3.6 nm
E
0.0 T
0 5 10 15
R
osi
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PEHY - BXPS i SR TY REL S > A 2EE L% hchi?sE )3 10 ¥

5 1 B SitY Si2+ Sidtgr Si*t g A 21 dg £ 2 % AT (Sibuk T4 A ) 0 B Hp

4o &@:% B kA m B B XPS BRI E T B A3L G & T S
IRz ¥ .’rﬁﬁé\ o ﬁ SRR BN WEE s 3 B s e

Fit Parameters Doublet/Convolution/Relative
Doublet name Isi Fix| Si+1 | Fis{ Si+2 | Fi{ Si+3 | Fis{ Si+4 | Fix
Peak height Peaki| 353806 [7)| 0.0136995 |1 [ 0 |1 [ 00108439 |71 [ 0.0856202 |
Peak2| 056052 | | 056852 1 0 65952 0 55952
GP-FWHMeV Peaki| 047801 |71 | 146564 |1 [ 09944 [ 158383 |1 [ 245587 |E
Peak2| 1 1 1 1 1
Position/el  Peakl| 996250 | | 0.9163 1.84 2.7625 3.8661 ]
Peakz| 06083 0 6063 0 6063 0 6063 06063
LP-FWHWM/eV Peaki| 0.03439 | [ 1 1 1 1
Peak2[ 1 1 1 1 1
Asymmetry  Peaki| 0 0 0 0 0
Peakz| 0 0 0 0 0
FWHMWeY  Peakl 0507 0746 -12 077 1185
Peak? 0514 0752 12 0767 1183
abs Area Peakl 19578 397 01 0 317 55 3841
Peak? 11221 224 33 0 176 6 2144
rel Area Peaki 05168 00105 0 00084 01013
Peak? 02961 00059 0 00047 0 0566
Copy Export Save
[ Print | [ Preview | [DataBank
[ OK ] [ Absolute | [ Cancel |
. 5
- -1 A30: Si 2p & 7 %-#k
N W1 Parameter Plot X = -0.87 ¥ = 20521 [=E=]
17.0 —— Si2p SiM
- —o— Si2p Si2 FNTINA T
v 13.6 Sizp Si+1/1
2 Si2p Si+1/2
L 102 —J— Si2p si+2/1
= —&— SiZp Si2/2 MMWM
8 6.8 “ Sizp Si+3/1
E : —A— Si2p Si+3/2
% —e— Si2p Si+4/1
2 3.4 rel—o— Si2p Si+d/2 W‘MMW“"‘
OOOPCEOOTRBOCOC OO O

0
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Peak 1:aliphatic > B> st g it &% » % 5§ o
Peak 2:alcohols (C-O) - ethers (C-O-C) - aldehydes (C=0) -
Peak 3:carboxyl » carbonate groups -

T = -8 A33 E_C 1s Hcdp it & s g ik it

Fit Parameters Peak/Convelution/Relative
I [ 1 L 1

Peak name |Peak 1 |Fix| Peak 2 |Fix[ Peak 3 |Fix
Peak height 4281 ]| 0.3099 [ | 0.0528732 (]
GP-FWHM/eV | 1.11366 [ 1 1
Position/eV 2855596 | | 1.589 O 4 [
LP-FWHMeY | 0.31901 [ 1 1
Asymmetry 0 0 0
FWHM/eV 1.276 1.277 1.277

4 abs. Area 5917 1665 56.12
rel. Area 0.7747 0218 0.0073
[ Copy |[ Expot |[ Save |
[ Print | [ Preview || DataBank |
( OK | [ Absolute | [ Cancel |

it = - A33: C 1s #ichhdi & crde4p g

I
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(P S— (A9)

JA ™ - MKE)-T(KE)

Liy: ~EAF|BERTIOHALBR

o Ja &+ e fc# m (Cross-Section)

A k3 S+ 2LaE 4 T35 a d 5 (Inelastic Mean Free Path of the

Photoelectron)
T: % &+ 5 $e(Transmission Function)

@ Cross section 1144 i35 _Scofield 7 B Subshell Photoionization cross-section 7
2 JgJe » m Mean Free Path R §_%--% Tanuma: Calculations of Electron Inelastic Mean Free Paths -
@ Transmission Function P 2_i# * Au~ Ag ~ Cu &8 2& 3 2 ~» chamber ¥ 12 % F Pass
Energy i& = & B » 12T §_Pass Energy = 40 eV &1 Transmission Function & B3 % » Pass
Energy &2 = B ~ & crdfdp #7i¢ * cnfp e 0 dotit s -B] A37 o
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i W33: XML200_00001 E = 12866 &V 1= 4121553 / 4417508 cps [=E=Er=]

4.20 |

3.44 1
268 |
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1.16 |

Transmission Function
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Binding Energy / eV

it = -B] A37: Pass energy = 40 eV - Transmission Function

7RI - =% gz £ 07 % Unifit éfﬂﬁﬁi&] »~ Transmission Function - Cross Section £2

Mean Free Path 3+ & &) % » T 3- B 4 &2 5% & 0| A b

w
w0y

!

_ A
X
%2 = ool Eo4L H 21 o 4% )\ 24 e s 5F - b H kg o) oo
AR g% AT o B Sk A B A RA I Y > W g SiO2 87 s ch=
7z pird 2. - .
v > 4okt = - A38
Quantification Table Loaded SF-File: AIKAlphaScofld.sen Loaded Transm.-File: XW1200_PE=40€V trm
Window Peak name Parameter Area/cps-eV EB/eV  Sigma Lambda |ERF Sens. Fact Norm. Area Quant./at.%
301 C1s_00001 00001 902066152 28554 |1 20.28 1.024 20767 434374 518975 2115 2527
30 2 C1s_00001 00001 1755.13008 28718 | 1 20.26 1.024 20.746 846009 412
30 3 C1s_00001 00001 0 28955 |1 20.23 1.024 20.716 0 0 I
I O1s_00007 00001 51405.6630 53304 | 2.93 17.08 0.998 49.944 1029.26 112064 5012 5457
32 O1s_000071 00001 4566.76502 53226 | 2.93 17.09 0.998 49.974 91.3828 4.45 r
321 Si2p_00001 00001 0 99.54 0.817 22.58 0.906 16.714 0 414.004 0 20.1?:
322 Si2p_00001 00001 678489156 10046 | 0.817 22.57 0.907 16.725 405673 198
323 Si2p_00007 00001 0 101.38 0817 22 58 0908 16.736 0 0
32 4 Si2p_00001 00001 271.110962 10231 [ 0817 22.55 0.909 16.747 16.1886 079
325 Si2p_00007 00001 5990.70406 103.42 0817 2243 0811 16.769 357.248 174 L
[ Calculate ] [ Cancel ] [ Reset Sens. Fact. I [Luad Sens. Fact./Sigma Va\ues] [Luad Transmission Fcl.l [ Parameter Plot ] [
[Savei(kon) | [Save2(*dat) | [ Print | [ Expot |[ Copy | [ MextWindows | [ First Window (30-32) | n

- -] A38: XPS % i%;f%/,,\géf‘;[,l‘ h

TUEFSI~CAOhEaE At s HeY OF 5 #iy :% 55% - Unifit & s
FE N WAV RS (27 8 SR NN A R

a. XRF #] 2 dteh§ sff £ MD(nglem?)i 8 15 8 =6 fk 5 % "3 0 R+
58 5 fp O R = I s g gk e (AL1)

b. 2. 41* SiZZOMA C# O A CioCoo Co* & Si 38 C R el
RS Sig Cawr &kt s cnf £ mds s mde:

mdy,s; = mdy + md, %% (A12)
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md; = md, Z—ZZ—Z (AL3)
FEE SR BT F R

LSIaf AR AL ES a% BIF RFFET a%X 20 S SIOzmgs 5
SiZ*efE A B B 5 b% BF RF P AT D% 2 5 SIO e g . C g

AR CE O gt 517 oo Flpt & B EL Bt ‘f‘—‘-afé?
& i peak P T30 0/C B 0 4o T S - AL T

Mo -& A4AICLs 3 F4F3 Y = B Eor¥ k2 O fieindic

B \rﬂb

iﬁ

O/C ratio Peak 1 Peak 2 Peak 3
O content min 0.00 0.50 0.33
O content max 0.00 1.00 0.50
O/C average 0.00 0.75 0.42

#¢ Peakl # 7§ - i3k Peak2 cif 4 35 B 1k d% > Peak3 i e% » RIgk 1 A& 7

PO RF 5 d%x0.75+e%x0.42 -

o Wk s

Hy s Bkih - kppa &y ¥- kp-kk » T LEHH-

BE g d CenXPS k% E T -4 Ab 5 XPSHEE® O &2 H et 5
o - AB:Cls K F#E3 ¢ = B4 Eorit 2 Hpe ik

H/C ratio Peak 1 Peak 2 Peak 3
H-content min 0.50 0.00 0.00
H-content max 3.00 6.00 1.00

mean H-content 1.75 3.00 0.50

d Cehz b peak k5 H e+ # > peakl it c% > peak2 i+ d% > peak 3 it e
% Plpta EFY Hz £ 5% c%x1.75+d%x3+e%x05-

¥ - 3heng Kpa-kop hsfd k-keang £10d XRF 2235 iff £ €8 0%
IR F g SIOX “HiE P e r BRI E A4 K eI i ke
OHZO = Ototal — OSiOx - Ocarbonaceous (A14)

Hoe pivi =2k B § cr 5 3 B peak A & p chT dofe i > X Fl4
Frgemt o)L 12 T E RS sl L

HH20 = OrHz20 X 2 (A15)

w3+ Si hydroxyl » Si &3 £
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45 Mizuhima % 2004 & % % Metrologia <~ 3 : Determination of the amount of
gas absorption on SiO2/Si(1 0 0) surface to realize precise mass measurements > ¥ £
FitP te ¢8R % 465 HE v hydroxyl » @ Si e hydroxyl gL e 2

A XPS g Bl % ¥ o fed 3 hydroxyl s peak = % ¥7 Sipuik 2- % a*:t:ifiﬁu A

Flpt 51 * paper ¥ 44 @7 L Sihydroxyl >t F Sk e g oo Fl:}fgv‘ Jk o

hydroxyl =78 & % #c (Lattice constant) 5 0.714nm > @ # &k ehd j& 5 9.37 cm J

TR AR Kot e Anr? =275.96Ccm? o FIR P 2L B A8 BTk 4 o 35

hydroxyl en® = f %2 :

Number of hydroxyl on Si-sphere = 275.96 cm?/ (0.714 nm)? (A16)

T = -B A39 & Sihydroxyl skt & B E =& ¢ 73 3 B Hydroxyl > @ & i
hydroxyl z 5 — & # » ¥t % Ja &+ 0% ** hydroxyl <9i2 & € % Number of Si from
hydroxyl = Number of hydroxyl on Si-sphere*2 -

® = Hydrogen atom
QO = Oxygen atom
© =Silicon atom

0.714 nm

Hydroxylated surface
= -8 A39: Si hydroxyl >t 8 i= & 2 2 7§35

f. BEAFWZHE O HFOZEHELFRF N2 ETE
%1 hydroxyl 58 = 2_ #F > st At e R S BB 2 TR 2 XRF e iR
é*%ig’apﬁf*‘iﬁﬁ"a_{i’rﬂu‘ﬁxwrﬂ{glIF*:L:—.%’E waﬁﬁvgg;{cjpgﬂs
hend o ff 275.96cm? > { TR E NP Lk i R LAy £ o

(B ZEFEERZLAMEIARITR
PFEE AR L&D XREOA TR G AH KPS £~ DT TR d XRF 47
4akom XRFEehZ2 A2 A K5 A8 L7 5w &
a. IR
PR FER R R A Adc® N 5@ AL XRFIXPS kB RIE LTRA K FE
FREMUBEREUENE TR T PR ERREST IR -
b. Spectrum unfolding (Fit):
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PIE G R EREMEXRF EREE R EL T ESE D O Ko Si Ko I8 4 %
B B o RELEEEREF2LFIAFETAE

c. Geometry factor:
BRI S EPEAFE R TV AT S A G 240 BELEFA TR D
=% e

d. Calibration sample:
PIE LR PTB A g stm %3 X kM Hirm 2. SiI02 £ 3P 2§ i £
PFEE R 0 d PTB#&RE - 5 8%o

4. FBAHEHE N

3% 26 p = fL PTB > 4p k17 Willy-Wien-Laboratorium £ PTB e # {5 &+ BESSY
Il e757 %=k > & d Dr. Michael Kolbe 12 2 Dr. Matthias Muller »2 & 38 4 % % & ;¢ XRF XPS
GORLERRGEEHELR U g S X R R R U RO RIS G e 4 e

d 3 BESSY I ihle ) 45 5458w TR R RAE T > Flpt ¥ S i MR T F B R g St
(electrical substitution radiometer, ESR)M&J_ HEEBERE NG L EHEREDF K B
Hr— BRI AR R 8RS 2 Aot = - AAO o R B BT R g
TAEfE S FMEH G OB HT AR LR H R R OF RS o

I L
R 48 4t
synchrotron ._ ¥ )
radiation . R T e

#EB”C"BL#!( . - hadh B

it = -§ A40: ESR + . ]

:i-»—jﬂfﬁn XRF 25 e B 45 8 p| B (SDD)#% i ESR et 2. 18 "PTB %37 - BE 3
i3 g 3t BESSY I v S ob » 7 o7 SR B BT E 7 o 1% ¢ el o SDD E &

ié‘iﬂi Hiom i FE e fFOFE o H N e
T (- n{1- o (A17)
F Utoti P; (E; .def.lil
g inTxi(Ein)wxi 4m sinBlrors

Ho

%: Hidforimfeds

Pi,j: kR R ERESE

Pin:  » &%

Qdet: WP B F H 41z solid angle ;
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Bi f# 3% BB 347 329 % 2 (National Physical Laboratory, NPL)#7 5 £ 1 i % &
ZATER(FRER LFNRIL Y
o~ PeRE Ei
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RHAER(FEER S F)EES A
I~ EFE
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UME) = % 3+ 4] 62010 A 2 # 5 % 38 6 F ity 5 iF BB RIR B & 4 847 § 1%
35 2L 7

(Korea Research Institute of Standards and Science, KRISS) = I 35 3+ 3] 2019-% & 4p ¥ %
FET_R ) *5x 108 F%- £ & (Bureau International des Poids et Mesures, BIPM) g £

me B

22019 ;& = J#Béﬂ FERR 52~3x10%2 % o

2. Kibble = T3k it hm
%4 w4 - -FIBL > Kibble % T3t gl it e 4 o 1% B E 4 H(Q)F TR
meng 4 Bl B ABRS Y TRl AL R L IAE Y T2 hd dale @ dk(E e
mxg=BXIXlIl (B1)
32T R SRR A CRB R RN RR O TR RN G AEF S
FiF FABNAL TRV EAE UM PUEES
V=BXlxu (B2)
d 3 B e |30 R AR S NS BINA 0 AT LS B PR G dee S
x
m><g><u=Vxl (B3)
Flt o FRT D RRER TR RIR(R S TRITIARE) LA d 2 E
ﬂfkmfﬁ heig B RAEE o TR T (R IR AR E S (N B for kR
Bfc® + BF T I)iE ey - KM BT B fefr k2T P F > Kibble
ATz Y kEh i IPK Fechg v TR EAPM - 2018 £ 237 SI
PF o h B # B R ST 2 A TR ARE o Kibble 2 T3 5 F M SI FEE e

\JS‘EL“‘%D

|

MaasLramant

oil pesition

v elt{:n.
TSI T i I-
aadback

(@) BTt fe£ 4 mg @ERITEV fei# & U
'+ = - B1: Kibble = T 3% ¥ 7% &, §

Adjustable
cumenl source

ifv A FE TR

S TR AR LR A H T e Lok F NMI 5 44
THRFER R 15 o deR s friRl R i 4 (CMC) (2 7 A2 2R ) >
FRR RREE R SRR T § R BB

TR R EDS TR ROEE D FERE A D0 20 e iR
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BootE gtz th s RILT AT E chE 2 - 2§ R KR AERE > 1A B R
)Lﬂ*?‘&*’*#ﬁ'*“”‘ﬂ%'é’**i‘mr*f;@ﬁ%friwm B H e o T S o)

B2 3p 7 B2 IR ORFIeT sk o] o
BEFORE REDEFINITION AFTER REDEFINITION
"
L [
International Primary realisation o
Prototype Kilogram (in vacuum)
U=0ug Target U= 10 ug
M Air/v " |
National primary National primary Group of artefacts
Standard (Pt/Ir) standard (AuCu, SiW) (Pt/lr, SS, Si, W)
(air, vacuum,
- v =1 '
S=c uir G ey ey inert gas storage)
§ é SO + alr buoyancy § é U=15ug
National secondary National secondary
Standard (SS) standards (SS)
U=12ug U=20ug
End user primary End user primary
Standard (SS) standard (SS)
U=15ug U=25ug
B B2 FREE ZEATR AT B FREF IR KRBT A o] bR

4, T2 ™ - & Kibble =
NPL & % & 0 Kibble = T » p &% :cd p o Kibble = T2 £4F % ff it 2
He oo AT & $F8eT (£4 S -B) BI):
R B cOfLE (Weighing)fofs # 2 2 & * 4p e chi8 4] > 2 7 & 45 je e
(Alignment) #% 7
B - FAFHERT /R RIE LMD TR (g s B
&2 4 F jik(Force Reversal) sii7— j2 ¥ & % PR B R0 «Lf*' 7 pgir;}i
b IR iR/5 W F (Seismometer / Flexure Strip) ik 2+ fu)¥&? Henflid o YR ER
S T E A (RME)EE e Py o R E
od LA L £ (Tare Weight) /}J ﬁ: T sk é’\'fr}i 7% 7% (Tare Mass)

k3
=
(i
K3

AT R ET 1 T2 X T o

T - RSt A 0 AT - A Kibble 2 T 5 2% T L p oA hE B
L B o

%% T = - B4 o= B B5 > i or B(TDL)E afpad v > £ &% 305
2k ¥ B Ap (single-mode dual-phase)dfe (T4 1 5 & b RE KT R B R A
G ATR o ¥ = BREMTF T B(TD2)Y © £iE 4388 5 ¥ Ik &k/HEd %";{;L‘fr;ﬁ,@

)
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LA T i o Bts o oS W B6 1 0 $] 2020 £ A M2 A - B
* chKibble * Tk > S H ARG AN EETABL P o BB LR
2x 108

Upper flexure strip
Support frame
| Tare magnet pole piece
Tare coil
—| Spherical mass standard
Moving/weighing element

~ | Interferometer retroreflector

Weighing magnet pole piece
Moving/weighing coil

Weighing magnet

Lower flexure strip

\_.

= -] B3: #7— & Kibble = T 4 3%

il

Mechanical balance beam

Tare coil/magnet
Spherical mass
standard
Moving/weighing
= element
Weighing/moving
= e coil and magnet

Terminal knife/plane

Pan support/decoupling

-| Autocollimator

Lead glass weight

Weight exchanger

~—| Weighing coil

Weighing coil magnet

7 |

N — Arrestment mechanism

o -] B4: fieEor B TDL ¢H LBl - -B BS: Hpew s B TD2 ¢ L

2017 2018 2019 2020

Technology Demonstratorl
Mew magnet design, twisted pair coil,
single-mode dual-phase operation

Technology Demonstrator2
Electro-magnetictare/drive system, ultra-
low noise electronics, flexurestrips

Commercial Kibble balance

2 in10® uncertainty, designed formultiple
unit production

= - B6: NPL % E #7— i Kibble = T pF 4z 5.3
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= BEFMERVAY
L ATER%E

HEE AT E L IARFRRITELNEECZERDA AT AR PP
o AAESZET R BER R M e R B R R AR .E S R
o)eg g ¥ #i(k) o Pﬁm:p A BR)A T o o B W 4t RS A A
FREGRE T PR ESCFERIER AT REY (B4R TR
A el Blahgrit > P H 2L ) -

2007 # =+ W'E A £ 74 R ¢ (Comité international des poids et mesures; CIPM)
#FlET - BFF(e4E- BELEPH) TR BREE )@ E_U\#fﬁita e
AL pER FIRRIEE S (AT RE ROV ER L pY L RiRF IR
FAFHETEBERIAATHE s P Rpp i éﬂ\#‘ﬁzi— A%
R RF B P T T R 2011 # 5 2007 R0 20 15 BATE B R
MR K TG o dott s s -& BLAewts -BIB7 #rF 0 & 3FERIR £
¢ 45 H-5 § WRIE 2 (Acoustic Gas Thermometry 5 AGT) ~ A 7 % #icf #RiplE 2
(Dielectric Constant Gas Thermometry ; DCGT) ~ Johnson noise i?'J & 7% (Johnson noise
Thermometry ; JNT) » 7 6 47 3 B¢ (# B NIST ~ # B NPL ~ 2 & LNE ~ & =+ {1
INRIM ~ 4. B PTB ~ ¢ @I NIM) & 3 -] 3t 3 x 1004p 42 FE 2 B 2. BRI R4 » &

T4 g ¥ #icz T3 1.38064903(51) X102 Kty ¥ i3 T e g A AR TR

W5 037x10°% B enTiaEd 3 ¢ 1979 & HNPL £ B % % ~ 1988 & - NIST &

- R o

L -% B1:

s ~ CODATA 2017 » ;

Tk E R K Bk B AL ECH

Source Identification Rel. stand. uncert ur
Moldover et al (1988) NIST-88 1.8x10%
Pitre et al (2009) LNE-09 2.7x10°
Sutton et al (2010) NPL-10 3.2x10°
Pitre et al (2011) LNE-11 1.4x10®
Pitre et al (2015) LNE-15 1.0x10®
Gavioso et al (2015) INRIM-15 1.1x10®
Pitre et al (2017) LNE-17 6.0x107
Podesta et al (2017) NPL-17 7.0x10°7
Feng et al (2017) NIM-17 2.0x10°®
Gaiser et al (2017) PTB-17 1.9x10®
Qu et al (2017) NIM/NIST-17 2.7x10°®
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(107 1/K)-1.380] % 10

f.44 G460 f.48 [ ] f.52 H.54
1 I ' 1 'I ] i I I
O AGT : | £ | NIST-88 {Ar)
o DOCGT — | LNE-019 {Ar)
VINT L NPL-10 {Ar)
——o— LNE-11 {Af)
—— LME-15 (He)
BFE——<d———1  INRIM-15 (He)
Fﬂ*ﬂ [WE-17 (He)
Hd+4 MPL-17 {Ar)
b Ot : PTB-17 (He)
: S | NIM-17
o NIM/NIST17
1 i B
o CODATA-17
| ] N | i 1 3 ] |
.44 G.db f.A8 [ ] f.52 054

SR BT: f4 s -2 BLAGUL TR ¥ Bk M AEH} 0 B 0 % A FE5x107 -

R R
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%4 F 5 F£15x107

94 R ¢ (Comite Consultatif de Thermomeétrie ; CCT)RF# ﬁ»g’v’ﬂfrﬁﬁﬂiﬁ*&?{

/? /z‘) Afr K;E /B_*ﬂ (ITS'QO # /P /z‘)ﬂi 'IL;. I f—? ° ca‘
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SN -RI B8 BF FMEROERT A F (DR RRS 4550 AQ)F
CRRNE B N W E = m(3) FRIFF/EAFEREPIS L@ F SR RPI=X
Jrdve B9 o -] B chk dRVEG BRES FRE R O SRR (@QF XF
£ ~ (inlet)/ 21 v (outlet) 2 -2 & e 2 B cf #83F » vREp 10 18> B A% pump $ 513
MK B SR TRAREHE AR R (D)% EET R
BE 17 RS LR R e KRS FER - (0% EARLI AR
B ROl o ORI TR R i S JRVER e T L ok B RAE S R
AT ARERT ZRFE T o S EFE RS R 2 B I & gy~ %
oo BHIHE N A X R F ‘FK‘“ Bk RN 5{« AR *iiui_ =3 ik
2T EFF P R RVER JE(D)E KR R A L B SRR T ¢ xiﬁ- "{iﬁ—j““ o it (b))~
€~ (d)= Bl 4r] Qg3 E Mk EA1TR - ERTH... F X R F/HH
BB R BRI R PAp M S8 0 25 2 Heater 4c# [ Huber /4 frenif i = > 4
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BERERES R M ()R G R A LR PR

FIaRILE F WA B2 ﬁ“é 7%t f R A AR 0 PFropid-a o P71 R
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b B AR R R W+ 7 RS o2 B BLO o NPL R3] 2
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-
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HEREESR
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R IR

Heating temperature controller
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EEEES
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Vector network analyzer

EEE ]

HEHESRESRHEL

L/
/ AEEE TR

Mass flow controller 1
MFC 1

(0 to 500) sccm

#ifvesl fidbEs2
X Purifier 1 Purifier 2
HER
Vacuum pump
Argon &R, ERER
(PIERHE(L ) Inlet panel

(with built-in purifier)
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Bhie
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BERBESR

Precision thermometry bridge

HER £
Mass ﬂivjcontrol\er 2 Ekﬁﬁﬁ
MEC 2 QOutlet panel

(0 to 500) sccm

— 1

L
TEMERRIER M PP

Gas purity
amx inspection panel

Vacuum pump

Quasi-sphere acoustic resonator

o - B8 5§ MR R

192



5% %% %=+ (thermal shield)

3 A £ 3k 3= (quasi-spherical resonator) p £ &

H P2 A8 R3(CSPRT)X3 ~ & 5uh x2 ~ % 40 ~ jigdt %?
(waveguide) ~ # 48 » © ¥ i (inlet duct) ~ » v & if (outlet duct)

o -0 B IR A £ 4RV SRR B 6 WS

= B B10: d =4 w5 NPL B AR BF f HER o R~ w0~ = RIZFH
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B TSI A SR p Byl R BB R AR EE TR FiTHHL
AR VA 5 L FadARR 2. ZRW RIE T 3 MABARR Z AITREP 40T o
a. Fx#ARR
(1) F i =0 4 RO S dF BB R
(2) et i fo e 5 SLiS SR PR 0 BN F
Q) frigyrile & &
(4) AR R
b. 229 Rk i
(1) ®F 244 F(Mass Flow Controller ; MFC)= =4 ¥ F*
(2 MPFEF - w R
(3) Mg 7 B4 E T EH L KHERAS ] 1bar
(4) Fif 40 §
c. MR
(1) #xmping f
Q) Flg#gfg fafFgindeopgsing
(3) BE B B fopcit 4p F&é ®RE

(4) #-Huber (g BK R ZBTHRBEER > RUEHP
3. ﬁ'? R F LRGP Y
ES faih‘a‘-r\ﬁ% Bt fe EAF R P RIIZAEFILEERERE

&4 e dic > % 1245 Gillis and Moldover #553¢ > B

RT RT L—B
u*(T,p) = ro (1+A1p+ Ap® + A3p®) = TOM 1+ Rﬁp + (RT)i 2+
M—CB-2B(L— B[:?)
s
B,C: -~ Rra? Rk
B g=L-BB, =M-CB-2Bg: - Pk~ =Pk~ P8 27 il
95 Jager etal it o B
Cnoo.
Bu(T) = (x + @) = Seo o (o) + G | moimr + 2205 (B6)

1000K

it Jager et al B2(T)4p & >+ Gillis and Moldover en= F¢ % & 22 % #c B » Jager et al

Bs(T) #p% ** Gillis and Moldover sn=fr % R 22 Rk C- F4H PR ARD i

v #2.439% Gillis and Moldover #-5% - Jageretal first @13+ 5 % %2 £ 8 > d *4- - Bll
FOHIRLA FAR Y T e
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« @ [0 @® @ O [©
Boyle T ,O.Q.oy.gaoaeooooooonooe o @ © ©
SRIaE! :

e M. R. Moldover et al B2(T) Jager et al B2(T)

~

=100 s
z :
E .
5,150 -
Q ®
200 g
250 o
-300 '
0 200 400 600 800 1000 1200 1400 1600
TIK

o - BLL: s B model 792 - FE @A T Al Bo(T) » B4 4R L BT

R T HE RS D e L RET AR A e

@ Ti DpHEER T g o

2
B(T) = 2B +2(y, — DT 2 4 © W2 &8 (B7)
Yo
AEI Too B0 ZERE T ehig T2
w(Typ) _ T1(1+—ﬁ( I)P) (B8)
u(T,p) T0(1+3(T°)p)
i —E-i ‘N #

T1 =273.1598256 K (T0 = 273.16 K) 2 & & i3

B
A

5|43t 500071 Pa T
74 (B7) ~ 54(B8)& Spline ;= » %-0.32 ppm -

97\: (BG) At
(b) B R A2
A -1 -1 -1 Agas
(), == Oen + e + 5 B 52 (B9)
H ¢

fom e 2 grag
lgas F WAE Gk

A Sk AR

AR E L

Op FMETEER

Opcu AR TEER
| o 8/ B B R
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b4e:3t 100072 Pa T 0 R & T1=273.1599870 K (T0=273.16 K) 2 4 #8# 5 5 & & ~
FUEEEAFREERZE 4% 58 B9 & %] 5-216.067 ppm ~ 1.999 ppm -

(€) xRzt

AgSs _ BESST.
2 = s (1 — @18 + ) (B10)

P
505 L% SPrE e B2 AKiE
& fr&, & 5 d Mok PR E R iR e &

bldcile b iEE AR B 1 5 0.394 ppm o

ORTELE:

A\ _pvive

(fo)tr =~ 5w &) (B11)
S

P EAE

Ui

a Iﬁ@"’:ﬁ &
Xe i & 5L b Woens H 25 7}% Vg i 1
Bl FiEE s B B 5 -0.133 ppm o

ORILE
(%), = ~weerm (B12)

Is 7/ qu ama®§osZin
P ReZin h o~ TR R 4

4. fRh L FREFERB B FEY
3 p’bpg ?7”“—?#\ *}ng —; H fg 45

a— +% + z=1 (B13)
He

a, =a,(1+¢) 7a, =a,(1+¢,) (B14)
Frrd g

Aeq = ay[(1+¢,)(1 +&,)]V/3 (B15)

F(BlA)Y » F e, =2¢, 0 Pl -FIBI2 = € G HCA X R F B2 FEEAL A2 § 47
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R ARSI TR T S R

2110 2111
Frequency /MHz

= - B12 = € ik TMux ~ TMuy ~ TMuz & =48 5
NML/CMS/ITRI eh4 3r9% € # &t igi2 > 2 a =62mm-~ £,=0.0005 ¢2=20.001 -

RIS RS IR B L o WA AT
@ To 2P HER To hiz 2
Af/f = acu(Ty —To) (B16)

S

acu EIREFE ¥ ppm/K

(b) # %>z

o _ 5 (efM

7T Ty (B17)
PR

§ = (MrtoOconaf) ™ ? (B18)

Ur,ocond & ] EVERE A G 2. ARHEBEES - R EF

(c) A
2
Af _ T : o.t;so(flTn"”2 -1.152 (B19)
f 47(deq) (filr‘lM) -2
e h R R IRIEEER LT > ¥ Y o X T 0.23 .

2__f2
% = Ag,”)ey + Aga)sz + ngg",)sf, + Bj(,g)eyez + Bz(g)ezz + 0(&?) (B20)

B oowHd fERg s £ AL R RIS~ Tmix £ RMACA £ R 5 ~ o:TMUnm
2 TE(nm ~ (Ay ~ Az ~ Byy ~ Byz ~ Bzz): 2 #

N (B20) 4 47 R fR T8 2 fm o 4o b F ABATIE N AHRE En & 2 2 (B21) > T F F 5

F 2 d T aeq

Aeq = c&m/(2rnfy) (B21)
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CkiE N AT E G K

(B2l %"z aeq ¥ £ ¥z fa it » 38(B22) » ¥ ¥ B u
u= 27Tfaaeq/fa (B22)

U ~fa B F LR S s QiR jikiE

Bt o 17 7 (B22) 49 2 u(T)# u(Trew) 2 (1% ~ (B23) » F7 @Il 4 Fig A
T o
T = TTPW[—u(T) 12 (B23)

u(TTpw)
T4 FER T, ok=nsgt FEAR
T RGP s e d f(EE XY, 2) = oo aeg 2 A 1T A

f,f,f(MHz): £IRaE £ Rl @3 B BR ~ B ok ~ it Eonk
f(MH2): % % 3k 92 2 Mok £ 4847 5

d
P:'Li_EE_L. %‘F".T‘. g._ ﬂj%/i#%ﬁﬁi‘ ’ ﬁijﬁﬁ’{@-ﬁz_ﬂ; %; —&r'—l? Kﬁ-: _% BZ ”'L'F’/:F , _%E f_“_"_;%, MHZ .

o -d B2 Mok 2 RS RRIESEZ WD 1 DR

Jx 2110.125511
T™M11 f 2110.563210
ya 2110.948373
Jx 4704.684547
TM12 1 4705.234874
ya 4705.714012
fx 7165.909339
TM13 % 7166.684556
A 7167.345694
f 9603.641855
™14 7 9604.664261
= 9605.510756
fe 12032.612773
T™M15 /5 12033.898730
£ 12034.923723

«PJ’* ;¥ B20 4 ﬂ}ﬁ'i\ﬁihl—,—%ﬁ'@ fm s 4T = -4 B3 -
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BB R FEH S e ~ g B

1o 2110.5454811
Ey 0.0004970
€z 0.0009352
£ 2110.2566344
Ey 0.0004970
€z 0.0009352
- 2109.9675477
Ey 0.0004970
€ 0.0009352
£, 2109.3886906
Ey 0.0004970
€2 0.0009352
- 2108.8089656
Ey 0.0004970
€z 0.0009352
- 2108.2285484
€y 0.0004970
€z 0.0009352

o N(B20) 74 0 & Bl4oT o -] B13 o kg % A o & iR BRABIT 02 %
P R SRS S0 2 BB AL ST RS % BA REA LRI R -
B Bl14 -

ed %= -B Bld srlgm 2 A A > VR A 500 KPa § BT ens £ EApit #
FR LA 0 ff LT o0 pE R 6 F 100 KPa ~ 400 KPa 2 i -

0.06201048 __
0.06201046 M2
£ 0.06201044 —5—TM13
P TM14
.c%; 0.06201042 i
= 0.06201040
<
S 0.06201038
> N\
T 0.06201036
®
0.06201034

0 100 200 300 400 500 600
Pressure / kPa

199



‘= -B] B13: TM11~TM15 &% fo 5 BBz Escd s > iz m

1
TM11
O TM12
0 D WD G <
e 5 \ 28— TM13
= \
e \
— -1 \ TM14
W I‘
E \ -—-¢--- TM15
= \
‘-d L)
5 _2 “‘
> i)
o “.‘
-3 1
-4

0 100 200 300 400 500 600
Pressure / kPa

= -B B14: TM11~TM15 &7 I 5 R4 RE s jo2 e A £

= -% B4: Mode TM11~TM15 *¢ § B 4T3t 0 20 & 2L g

mode FATL T Qeq H imm
TM11 0.062 010 491
TM12 0.062 010 464
TM13 0.062 010 459
TM14 0.062 010 458
TM15 0.062 010 458
A BEES
*  Kibble = T 4r X & 5 #8 % & (x-ray-crystal-density ; XRCD)-Z_CODATA 2017 -z 4 ¥ 5

FHchorg* 2 B /é a2 IS ENMI FRATHFE R BB EN2 B> o 54
NPL Dr. Bryan Kibble(i>+ 2016 # )7 B 4 2 Kibble = % ¢ ¥4 £ + NRC » NRC v 11 i%
%i6 » NRC enKibble = = 53z 7 = enfp$t 2 /g TR ¥ B F > 5 0.9x108. p & NPL
T ET - % Kibble = T > %P £ ,ﬂ}ﬁ%ﬂlz‘i‘{& 2x 108 NML # % # % 2hi2 (X %
RHEREE)FRATEREEE GAREFE LML - > Fr M EORFpE £
_Q v .L/,\_Q o

BB & PR 2 (Acoustic Gas Thermometry ; AGT) ~ 4 & ¥ #ic# #8p|:8 ;2 (Dielectric
Constant Gas Thermometry ; DCGT) ~ Johnson noise if|; /# (Johnson noise Thermometry ;
IJNT) » & CODATA2017 Az gk % & ¥ Bk * en3 B> % » » i85 NMI 9 miTg
BREEEGSHI BARPLEZ 22X UEEFHPIRZ NI TR - b B5F
BRI 2 en w35 (2R NIST ~ 2 B LNE ~ # B NPL ~ & + 4] INRIM) ; % ¢ > NPL
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frLNE ¢h7? FE 2B ] » &4 £ NML E3 NPL 5 & (e 4 chi & FlF 2 — - 35(-60 ~
232) °C e 4 B R > NML 5% 88 5 WRNE 2§ RATE RIRF - 007 5 FES
BAagnz— > FILAAMI AN GEFS EpE LR LR o
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42 R FEREER B
FERFTE T A B and 1 B EN g(CCM)«Q KA TR T
5
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Criterion Definition

NIST-A 0.025 pm between 1 and 20
Hz; 3.1 um/s between 20 and

100 Hz

VC-D 6.25 um/s between 1 and 80
Hz

VC-E 3.1 um/s between 1 and 80
Hz

VC-F 1.6 um/s (62.5 pin/s)

between 1 and 80 Hz
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22 BHRIF 28F KRBT TR
1295 CIPM CCM #73 {7 2. “Mise en pratique for the definition of the kilogram in the SI”(# 4t %
https://www.bipm.org/utils/en/pdf/si-mep/MeP-kg-2018.pdf) » &i7= 7 2 &K F ¥ is > F & g

el Lol

é_ﬁ;i'f?i_*%i%”" # A& A 5 R 8 (Primary mass standard)? - & f £ 458
(Secondary mass standard) > & a2 F R E 2 FEFREHLL R FERE 2R ERE
SRR R RS LS B TR o KPR RE R RRE 2 RE T
TR BRI R AR

Planck
constant

Practical realization of the definition
of the kilogram (section 3)

Primary mass standards
(artefacts calibrated by
primary methods)

Dissemination of the mass unit (section 4)

Secondary mass standards (artefacts
calibrated by primary mass standards)

Figure 1. Tllustration of the traceability chain from the definition of the kilogram. The unit of the Planck

. 2 1 : . ; i
constant being kg m” s, the units second and metre are needed to derive a primary mass standard from the

Planck constant.

B~ 37207 TEF T8 FRE AR
% # & CIPM CCM #77 {7 2_“Mise en pratique for the definition of the kilogram in the SI” » ¥ #
FOTEEFEL O FREAREEMAEETAG R Fet o & ITRI &2 PTB 2 & (74 2

(“Realization of the Mass Unit Kilogram”)® » & ir£ 8.2 * XRCD 2 FIMFEH =27 »

PTB+ 22T 3 8pp HIk2 2

® 7 28 ¥ Js 3k (?8Si sphere)— 3f
Wi {61 XRCD 2 9 2 R ER% -
BB E IR G R thﬁ§7é§F&%@&\Z@Eiiﬁi&%ﬁ
oL PR 28 K IRTELZRESEGEE S UL E T 2 & A E R (prima facie
evidence) -

® - 5@ LI F £ 1% (one natural secondary Si sphere) — 3f
A fE 1 XRCD 2 9 2 - B ER% -
RATHR L W R A AR TR IS 50 Mol AR EIE L A AR AR ) 2 ¥ 5x 108
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B(k=2)] %50 fei (R FEPHIEE A TR Z 2 EN25x10%) 4w # Eira T
TEF A TRERE fo T @ 28 7 £ 2k (P®Sisphere) 2 F £ 4p ¥R 3 FE A LT
M > 2 B 50 A (R T EAPHIRE 2 FE TR T ] 3% 25x10%) o Fpt 0 kb 28 #
& 3% (%8Si sphere) 2. % Rz ¥ (prima facie evidence) i % (n T2 HA L3tz FE KT B %)ELF
BEFREH L FEEA LR 50 Aer (TR APSHEE 2 IR F LT E 0 25x10%) 0
ESEAS IS ' SUEES S N I

2 -‘F'{ » &2 |AC 2016 77 XRCD ¢ 1.4 % 4p #(Metrologia 53, 2016, A19) » ITRI #7i& ¥ 2 # 28 #
fort o R AR AR ]2 E0 50 MO (S R ANEIRE G ARG L

25x10%)en® fovb > A3 R AR KR Y BREAHY BE  FLT 4
PARETR KRR | PEERET TR PR 7 TR
IAC 2016/ 10°° ITRI # 28 # %3k /10°
g QA 5 1.5
2k TR 13 8.9
AR A 20 19.7
3L ¢ CIPM CCM Recommendation G1(2017) <% i+ 5 B £ R AR B HATS T 2R R AT R 32
B BE R RARFRGZES L TEAAHEEI LA T ;% £ .<5x10®
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