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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 SI 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 SI 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 SI 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 have come into
force on May 20, 2019. Of these seven base units, the kilogram, ampere, kelvin and mole are
redefined by choosing exact numerical values. The SI system is, for the first time, wholly
derivable from natural phenomena, which the kilogram for mass is redefined by the Planck
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constant 4, the ampere for electric current is redefined by the elementary charge e, the kelvin for
temperature is redefined by the Boltzmann constant &, and the mole for amount of substance is
redefined by the Avogadro constant N,, 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 SI 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 systems and technologies in the time span from October of 2017
to the end of December in 2019.

In the kilogram for mass, redefined by the Planck constant /4, 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 **Si silicon sphere primary mass standard,
establishment of an integrated XPS XRF 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 10®(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 107
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 &, 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(7) < 2.0 mK (coverage factor £ = 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.
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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 SI 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 pQ/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 107.

In the mole for amount of substance redefined by the Avogadro constant N4, 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 **Si-enriched crystal with uncertainty <
107.

The critical equipment and subsystems for implementing the new and re-defined Si units
will be ready by Decermber, 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 SI 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 SI units. Estimated
around 82 % will be spent on the critical equipment of the systems.
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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 XPS XRF
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 SI 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 of laboratory environments to meet all 4 new SI 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 XPS XRF 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 4 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 10®. 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
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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
2831 highly enriched silicon sphere primary mass standard, a **Si highly enriched silicon sphere
has been fabricated with the following measured mass determining parameters: the **Si 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 10™*(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 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 10™® 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 pum, 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
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% 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 SI 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 pg 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 ng). 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.
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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 is less than + 0.04 uCQ/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 21, and the accuracy of ratio measurement is less 5 x 10° 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 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 CO, concentration of the collected sample is (215.60 + 0.83)
pmol/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) umol/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 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 4 planned checkpoints will be completed on time. The
implementation results of the 4 checkpoints were the completions of procurement for the silicon
sphere surface layer mass analysis instrumentation (III) and the testing of a vacuum subsystem
of an integrated XPS XRF 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 7 planned checkpoints will be completed
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on time. The implementation results of the 7 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. As well as the the completions
of the linearity and accuracy evaluations on the new electrical bridge, firming the relationship
between the sound speed and non-perturbed resonant frequency in cylindrical resonator, and
carrying on the stability testing on the resonator under the temperature range of (373 ~ 505) K to
confirm the specification of< 6 mK. 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 3 planned checkpoints had will be completed on time.
The implementation results of the 3 checkpoints were the completions of specification design
and procurement for the low resistance bridge system. The acceptance procedure of the low
resistance bridge system is completed on December 25, 2018, and the accuracy of ratio
measurement is less than 6 x 107,

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
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.

(2) Max

27 £ #7 %% (Kilogram Redefinition) ~ X & & %8 % & ;# (X-ray Crystal Density Method) ~ #%
4 88 & (Thermodynamic Temperature) - %% 5 %88 & 3*(Acoustic Gas Thermometer) ~ T2
% (Fixed Point Cell) ~ £ i* Z # # r2 4% (Quantum Hall Resistance Standard) ~ ) & % # T &
1% % (Josephson Voltage Standard) ~ & #* T_=(Ohm's Law) ~ 7 /it & % (Current Standard)
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WA SIkehd g A47¢ 0 XPS E#AHF LR ALR L ZRE T I F(RY 5
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BRI A R LA EEE A W2 b o TRE AR PR BE A2
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Bap Ak w0l
B2 A b RS

B 2-8 ~ & ¥ SR R £ Bk kA
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EF SUERATH AT LR FHALRAD 2 Lkenz e g i s - T
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BREOIFETRMIEFRH L LT EMNBREER O T AREF EEHOT R
p & NMIJ &7 Yamada % 1999 & % 35 £ f-p + 5 2-(Metal-carbon eutectic points) i¥ 2 3
BEHEEELRET BRERAEARALEFAHEARFAL R ¢ (Comite Consultatif de
Thermométrie, CCT)euE % & F(< 100 mK) » & & 7 /& & v § o B8 #(ITS-90 )
52108 Z)REFER- kP& K-RE BIGF Y o« \ESIATEARNFRD > F %
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°C) b B R B W & R (LT F) 2 B BE(1492 °C)#ta E B e o A1 (FIE
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3. MELintREEl
SI B %32 372 A2 T ArPR R > Bx 22 X5 T2 A)E SI
TnH v EMA AT e hEF TS 1602176634 x 1077 & i5(C)> & ik % As
Fj o LATTEMT R TR EAEREL P RRL BRI ERY KPR
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L

B fpda o 4B 2-9(@) 0 MRS B A G T I BTN E A BERRRD)
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»7Jis(Josephson effect) » H #1 & 4 2. & X & TR V4™ ;4

h

V= (;) xn xf (2-4)
He chag it do e AATHF 0 [ MOUES -
Z/LZ\
superconductor (T)
<V> superconductor ‘
2 3
Voltage [mV]

(a) (b)
B 2-9 ~ (a) ) & % %2> /i(Josephson effect) i 2 % (b) 7 BR-T in 434

Current [mA]
o

iR F oo Eo8-d GaAs (B i 45) X a8 iTenE - T + 4 (2-D Electron Gas)
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B 2-10 ~ (a)& ™ E F » & (Quantum Hall effect) i 72 2 (b) 7 e 22 2 5K %
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MC-ICP-MS) P % 2 & g * *t 22 i 5 4% %2 PTB
Sadk (4 § 40, NaOH)3 2% & fl > % d 3 kR
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o ZF CRURE G Mp e £l 2
S AR S MR aE ST P A NMI 2 K3t m ISO 6142 = ki
GER] 2-12) F % BRI - F 2 AT HNE §F AP A 4T VG aEF 2 (Gas
Chromatography-Flame Ionization Detection, GC-FID) ~ & = # = “F sk 3 ;2
(Fourier-Transform Infrared Spectroscopy, FTIR) £ & % 4& i £ 32 - £ 0.05 %<
WHB LI EIAERT RBEREHAPELREORE I mT AL R
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212+ = § 1 BR 4748 52 o QAL A 7 L
(FH %R p & NMIU 3 2018 # CCQM-GAWG ¢ %% % 1 %)

o HEFMApEY RIS R LS 7S 2
R F BB AL BRI AR B ga i 10 ) (H,
Oz, Ny, H;0, Ar, CHy, CsHg, CO,, N;O) » £ i#lik & # B2 & 5 i ppb I #ic*
ppme b 1 IF P EFIREHEDE > I MRE T FHRERT R TR BT
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# LR AERT S (7 %) CEEETE |0 o i P h
(4,000 §) (7,880 ®) (4,362.7 ) '1@'07’07;1 5 (9,099.4 &)
106.09~12 107.02~12 107.01~12 ] 107.07~10812
10° Pa °

22 X kkF I
G == X kRS X L i e Xk ki
WEE R AR AR S PR AT R

HE
AP L AR
EERER > K
H x3p L4k FEEnEs 2478 TEERER-
BRI 0 10 pg o AR HARE A TR 10 pg » 48 $HE 28 2
S15% 0 AR EFH P FRTARS30% FEER <15% T
(S RN T

<30%

Q) headzfhfEey
TR ERLWED T
“g S %'“E :IH:'{{{Tid= A

oo o2

(1) BEFHER;ER 0

A 2R FHELAFTRO-HO KR A7E R
7 28(1)-Ag ~ Al ~ Zn ~ In % 2L P

AL I
(D-H,0 k& » 4722
E R T g ()-Ag -
Al~Zn~In = BL3
PR

T R AL B B

B. =% BHFAEA v
TR

%R E%Ffl(2l3 373) K> &
+5mK

e BT FHE
L T
o BARF
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106 & & B & £

106 & & 535 € F 7%

107 # R R 7& &

107 & & Fpcfa® =

107 & & #4% & &

g B d R A (D) <2.0 mK (& F
3 k=1)

. (i Sl AEFE iR % 2 E N FE S R T~ 8
# LR HERT & (*3 %) fRg RS 2 1%606;5 ) ik
(4,000 ¥) (7,880 ¥) (4,362.7 #) 107.07-12 (9,099.4 #)
106.09~12 107.02~12 107.01~12 107.07~10812
B(213~373) K> 8
BT RS 5
mK o
PR N
C. #Z21vfRHRATHEIT VERLF VA = L
B )k & 0.6 ppm Bk F B ER
0.6 ppm -
A EELRESFE
D. #:HFFEEFFEREB I HIFE L Bl PR 2R
FIE(213 ~ 373) K B R~ B B 4% 23t (213 ~ 373) K B
T B EFFZERBETUE
P P o
= B FHER
E. #2213 ~ 505) K %% 7 #2:8 &+ £

(213 ~ 505) K
Bl ks BBl AR
Z_& w(T) < 2.0 mK
(GEF+ k=1)

Q) FHEGHERER g

A xR RHESE R R R RS TR R E
B L & (Re-C 2474 °C) % 8L o FEZ_ % B 4 RIH R R BE S A
B BLAAAY & & (Re-C:2474°C) T # 4 838 & & (Re-C 2474
R %I B R AR ITS-90 2 £ /[ 0.5 % °C) %2k -
=4 FE 2GR
B. %A 3R Z AR (1000 ~ 3000) °C g2 # (1000 ~ 3000) *C

EEDEEGLE 0.65um 2 0.9 umo g B
# B (800 ~ 3000) °C) 4 P2 = &
Co-C(1324 °C)~Pd-C(1492 °C)~Re-C(2474
°C)% i & Jo T BRE K K B

SRR B LK
0.65um % 0.9 um >
AR F (800 ~
3000) °C)#x -2 =
= Co-C(1324 °C) ~
Pd-C(1492 °C) -~
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106 # R B 7& 2

106 & R B52% ¢ F 45

107 # & W 7k 2

107 & & Fpcfa® =

107 & & #4% & &

. B g iE IF A GRS % 3 iE RN CEEE X S &
” 1 7E B R (k3 %) ST Y- ] ) 6068 s i 4
(4,000 ¥) (7,880 ¥) (4,362.7 §) ( "1@*07’07~'12‘5’) (9,099.4 ¥)
106.09~12 107.02~12 107.01~12 ' 107.07~10812
Re-C(2474 °C)% &
LR RS S
B o
% & Co-C(1324 °C)
C. =% Co-C(1324 °C)% &% z. g% w €4 LEhTEEEE
i > £4F <20 mK TR TS
15 mK e
2 LA S
»‘L y
D 2¥2HHAEMERPE BN K §§ ;@ff)
i 0 L 650 nm 2 900 nm > % ¢ + 'ﬂ’?‘ SRS
»2 ls(SSE)< 0.05 % AEILT 2
<6(SSE) ° + * 5 (SSE)=0.032
%
B) #T BB RS LEE
%‘?\'% by |1§}r§/3_*&,|_
A EEATNFERD RS R R R iiE'Hiﬁfr’ 2R #F
i % (0.01 ~ 1492) °C 5 F (0.01 ~ 1492)
OC °

1 £ Tk e

A ZFZLRFECERRE F R ERE

RRALRE EERE
PRk SR R X

) S TIERD 2R
¥ A BT —L’fﬂ—-g‘%ﬁk}i <3 x ﬁ';}i'%;z N 1(_)%8
il -8 > = U < ’
a; 108 Q/Q » T2 A< 6x10° Q/Q QO T AT R
e -8
B < 6x10° Q/Q -
¥ [@ = zrpFes
- , . MR ETHE
A == :v_&_aﬁr&aﬁﬁéﬁ%iﬁ%ﬁi fehE o FIE
o e ey an B A faE 2 o
ERFFO0I mQto 1 Q- T g Rl F BRI 0.1
s Bedr i 2 B ER RiI=En
100 Ato 1000 A » & Feteit 2 &7 fE 2 MOt Q: TiiE

45




106 # R B 7& 2

106 & R B52% ¢ F 45

107 # & W 7k 2

107 & & Fpcfa® =

107 & & #4% & &

. BRI R 3 E i A& FRER %L E s B r

+ 1 fexg E R (F%) feoE RS ) 6068 s i 4
(4,000 ¥) (7,880 #) (4,362.7 ¥) ( "1@'07’07~'12‘E’) (9,099.4 ¥)
106.09~12 107.02~12 107.01~12 ) 107.07~10812

B <25 uQ/Q > T4 AR FE A < 50
nQ/Q

i?14° {1 100 A to
1000 A> L Fe it 2.
WA T RS
MOV ORIEE: TR v
TR 35uQ/Q

() AT REEE

A 22 R R RIERM
B FTEERFERI0KkQ1ITQ T
Mzt FERIEFREAR<SX10°

=T tRE2 3
TRETAH L BT
e £ 3§ B 100 kQ
tolTQ”’é‘:a‘ﬁ; &
ERBERAE< S x
10° -

N

B ZYFRERIZEHERREEHLTG
(<80 uQ/Q) > F TrEERIFF 5 100 kQ
to 1 TQ

AAFLERE2ZE
AR R R LR (<
80 uQ/Q) > § T2 E
Rl 100 kQ to |
TQ -

B e %

(D) EREMe 2RFTHERIFMIEE

A 2R kAT AL F NERASES
+7 #4#7(LOD < 50 ppt, 20 elements)

ZxF kAT " Ad
F OV ARERA S R A AT
FH#F(LOD < 50 ppt,
20 elements) °

B. #: 3 ERABERS R L $7HM(LOD
<50 ppt, 20 elements)

ERNE Y Y i a
R A 47 B (LOD
< 50 ppt, 20
elements) °

C. 2w LG F 3B Rl Dk
12 P

R
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o

1 iEFE P

106 # & B 78 £
FRER R E T
g BT R
(4,000 )
106.09~12

106 & R 5535 € 5 70
A
(A3 %)
(7,880 )
107.02~12

107 # AR REE
iR 2 5 B 3 38
Te g B E
(4,362.7 %)
107.01~12

107 # & {7 Fefa ¥ =
S A
@ f 6,065.5 F)
107.07~12

107 & 2445 4 &
B e~ i #
# 4
(9,099.4 §)
107.07~10812

() FiFv R E

LA FHEpAER

A ZEFHEPREYR S FEHFRLR - e
i ul Sl, i AR £ R
Vi
T [ Var ;“‘Lg\,»z{—‘-%&
B. Z:f#i3AATSIFELWLE DY x5g; ;ﬁ:%ﬂlfgri |
EEREIURERTZLAIT) (B B e
freTSiEsFE) R EA<ID-
T
C. =2 L83k =3 o) Rl Fizkizi

b £ Bl B4 o
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e LN T
C)MFEFRFEELA

1. “iﬁ%
ERATTRRES 2 pRLI2 20 X KAMBREIRS G AETER

S @ﬁzr{§+¢5uo%éf&@F Tz BEED &P A A

() Resp &b FEEREE  FEHREAFLTR S <50 pg(ip 3t 1kg) > HAp st
Rk P [

2) # &Hokd R TREER G AFMIE 2 PEHEEIRLE <IS%(HHT A TE)
TAREEIE L A AR T AE<30%

3) ﬁg;;%&@ﬁ:w%%ﬁnﬁiﬁ@ﬂ&dQﬂ%’%ﬁ%%iﬂﬁiﬁmi
~2.5) %

A3 H(07 #R AR RPAFRAETF)Z P E P w106 £ REINE FAF
Be&yd o #4p ik TR ER AAEME (52 FE) R L] Hmz mitR
IJ ) .ﬁ‘-:v—f t"l—i—ii; N

e

PhiETELR FRFEE (% HER)
(1) == &3] X 54k 7 5 47 3 3t X-ray Photoelectron Spectroscopy)£? X &4 4% 4
% 4F 3% $ph(X-ray Fluoresce Spectroscopy)# & » 7 & 2. 4 L& o
2 ZFEPLHEZETEERTER A KT ELRFR <102 P L FE TR
30 % -

2. FHESF
S SRS SR S A N N S S N R e 2
o oo B 2 1 TFR WP o PIFEICE & o R P

1 ®d P TEMF(RTE) TREAGENF

Foeiin FEE107£97 « o 82 A A K TR ERIID® &
Rp R (RSP ERERTEL) o oaagr s anockd L2 RE e
RICIDHRES 3 msxma:g%»ﬁ%ﬁiaaﬁﬁﬁﬁ
Bhe o IR G BT R BBk oK F AP MR
oo T P
() XFLEZEMBENETT P HIEDE
B ZAEAES 10-9mbar 2. B T HE
) & $h-T F(F F 27 mm - f#247 & 61 nm;f
60 mm > f#47 & 100 nm) °
= fhegg pod A (4 R 100 A f247 A 0.0001
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1 iF3 p

TEMF(RTE)

R

Eﬁﬁsgt P\%’

R #0370 & 0 347 & 0.0001 & ;& & #
LR #EF > 217 0.0006 &)

G)Ap F W EAARE NP E RS T IR
(Physikalisch-Technische Bundesanstalt,
PTB)2. XPS XRF # & & & € ifl X

A /L»

107 & 12 *

& £ & 4] XPS XRF %
ﬁi R R R R
SHAMeEe L e
i PR

°ﬁ€§MSMG%:?§§m}ﬁdX%%

ALK )~ X 6 H kB sk of jp B(# 2

i Bl B SDD) -~ & &+ #f # & (Electron

BT bR LIk A R
¥ & 8% 2 7 248 (Loadlock Chamber)#? 42
BAZH B 2 AR E e TS

o A% fiez CAD 3D #-3|4g ®ler e 4
oA e B E T HEA) .

e T ARBE L AMENRZE LKNIEAIFR

TR A B E(DRF ETHRS

10° Pa> * 2 4 3%

Spectrometer) ~ 42 &

,}»3_ Q4 AE‘[ f\

b
e
Sk

X
T
|
S
IR
(\x
&
o~
%
hd
&
G

3

1%
55
i
=

ZRAHE PTB 2 k-8 23k - B3 &
AT R R NSRBI 2 = b
R @%Jﬁ_,g oA DL R R F
4y it 1x10° Pa o

o % & #-SDD i#¥ PTB 1t » & iyt 48 2 2
g s E 13 ¢ XRF #kdf 0 ¥ 2 PTB & 7

el 41
FEIRE L % o
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a1 fF3 p

FEMF(RTE)

7R

75

108 & 09 ©
% & #F & 4] XPS XRF %

2 e Se . %
%1 73 I S S R

RO B

il
o %2 XPSXRF % & & 4
g0 i BE
"“"9?’?3

i

2 i =+

REREPHE

%’S'L%F'Jlfi’ 7 _-Lﬁi R g S

RP

GV _transfer

TF

[REREL ES

2+

L 5 2 e . % 2z ¢
L2 B 7Kk sk

FR-KERE

F R I RLE aw‘é.%;

e 2L

Fr &%

TPR2E0

=

THP1 status

PKR26 1

o

PCR_querywi Pﬁﬂ
4 b usJ
4 L e
IKR270
IKR _guervwvi
B
s
5
IP status
1P _state_quervvi
L e
3
S0l K
TMP1 status 2
tmp_state.vi
L
2
stop
[eree it
TF

ZEonE FRARP
ﬂ%ﬁﬁ%%%’iﬁ
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a1 iF3g P

FEMF(RTE)

FERGEPNF

BRI

108 & 11

CARAFHHLETE
BRI FE R R
REzo LK TEER
#0210 pg o AR
WArEETAE <30%

cxAP HIMRETE
FREERTEGF
EARHE A LR
5x10°° -

o 12 PTB % -2 # Ju Tk (%55 Si-28-022) ¥ %47
HE kTR RERET AR TR

o aEf

Fouikd k| FE(n) | RE7 /A (1g)
PE ik 44.07 5.46
B EAE | 1096 3.51
kA 10.73 2.66
AR UTE | 6577 7.01

BWER S 6577 ngo AR AP LR (K=2)
5 21.3% -
e HHRAFTEALITAKAT 53 0 55 PTB
Hic2 ApMFEL T - AHEERET mIA

Y.
.

LR AP i R R
Myefects = (1.74 + 0.398) x 107 kg
. ¥ %ﬁ'i’:
Mg; = (2.7977 £ 8.4 x 107°%) x 1072 kg
© R
a=(5431+146x10"%) x1071m
- AETE
mgr, = (43.90 + 0.445) x 10~%kg
Foh IR
Veore = (4.3106 + 9.4 x 108) x 10™* m3
B B2EF o RRTEEL YW KM
st BF LI FEARET AR S
Mgphere = (1 kg + 78.3734 mg) + 0.0241 mg
RS FEE AR 52411078 -
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(C)AMEREELE LA

1. #+&p#
BRI RS R P s R 5 AR R RS B R S A R B
o ERRARGL KD RS R BAR S LRI AR £ LR

FANET BRI ER e 2N g eE BBl AA s NERMBLFTEARE R
2R RAEE ¥ F R A KRS IR ITS-20xx 22§ 7 o
A3 F(107 # R FrckaptdF k3 5)23 30 ﬁ- & U106 & g A B4

/”\;ELU\J 2 N0 2R pBE B REFI R FrEFEIE 2107 75 - R
ﬁ‘%? 7‘}4 %ﬁa‘?_)i%*i iz fﬁ'ﬁtﬁy‘&”]'m_&;%_/ﬁ]/k ,ﬁ BiE 2 o 4o ’fLrjiL.

1) BEFHERFERX FRZEAD
FREZEFFMER X B RGER Rk PBER S ST R
- %_ Ty (fixed-point) ~ Ty (interpolation)tp 4 s # # F R R 2.2 & & » 12 @& ITS-90

HRIATEE -

‘7‘\1‘
154

< B A H 213K~505K
« FRF A w(T)<2.0mK (& E FF k=1)

(2 F¥ESERERS 2
EE GHEHER BRI LR TR LR R T ORARBAERERETYE
7R ITS-90(Te)2- £ > R4 % Eﬁrs BE S FERGE - e
G B4R B R A et ;l}i%[fﬂ 800 °C % 3000 °C 2. 455 (Co-C 1324 °C)~ 4= #4 (Pd-C
1492 °C) ~ 4t (Re-C » 2474 °C) % & - & o BARE » A3-F I A22 P 40T

\m

N

Fé

FRE IR EREBRE(AREF )M
% R 2 MR IE & F(1000 ~ 3000) °C
£

a.
b i BES (R F B E 0.65um 2 0.9 pm -+ B & § (800 ~ 3000) °C
e =4 Co-C(1324 °C) ~ Pd-C(1492 °C)% Re-C(2474 °C)% iE £ & % 8h% & #
P o
e & CCT-WGS (%R EFEHERAFZHLIREY 5 1 Fe)8 £ %

Co-C(1324°C)% & 2 B R B L4 3% » £4f ris 20 mK
-%ﬁéi%%ﬁﬁ%ﬁﬁ?iﬁwiﬁiﬁi
. A& 650nm %2 900 nm
b. %k ~f 2 &(SSE)< 0.05 % (** %k & < 3mm I 25 mm)
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2. #FFEERFY

rF Ao R

—&r’_r b ﬁ_ —_—

‘)J'%J'ﬁ_‘ﬂ

THAPE XL

® A2 PR R EF LR

22 T R RIEPTCL & S R

a1 {538 p

FEMF(RTE)

FEREPNF

Ay HER

S}

£(107 & 10 *

o oAk IRVEME - BH
) S R S
Huber /4 #r# % ~ 2
EER/IRAZ 5
B RLI® Uk SL 2
Ritm e

e == % 3 ® K NPL
fWivz L E P
2o f ¢ A R

AT KX kg 573
Kz R

%FL

o A HIRMVERE ~ B8 e R0 % st~ Huber
AAPER ST ETR/IRA 2§ MASES R
22 R K3 0 928 E R A RS A 7 Fe(NPL)
e Bl R ekt B Bk s(ERA X

2(213~373)K £ FH% 922(373~505) K)
FRfoR s SR o

AR Rty

- =
o LY
i DUPLICATED
r
] i
) 1118 Inch [ - V1knch
: o Corticler  5AES ) :
scronoT T i ]
I Q = i
|- — [ i
! 1
] |
i Baai Pl Camtad -
! 1
o a1 |50 kpa [rreeee Fre apgaraten 1
- [] Bt

: = I
H | 1
] o vty i
L]

¥ £TAR yvtem
F‘ @ ‘l .
]
| ® —
' ®—=
e
|
1
i
! =
! Ve
| oy
|
i SHARED
|
! s e
i

-
: — @ ®
| g
1 Crindraial Syvte
1
) -

\ ®

\ /

e % B Huber /4 #r % ¥ > # 11 single
phase/three-phase 7 Julabo /4 #r % 5 4 o
B Julabo 4 4rE ¥ 1+ 10mK~ + 50 mK

Wk R AE R
mOFRERAERES
oC

’%*@ﬁﬁéﬁwif“’ﬁﬁié?ﬁ%%
E R A £ I L
gﬁﬁ*@”%i@%i@@%#%%%ﬁﬁ
FﬁHibi (I RN B ¥ VR e
B pldrdF & & 0 M ABERBBRMEL TR

:+ 7ppm
: <3 mK/E @0.01

Jﬁ ‘»’UF;:)‘LET"F‘F ;;j., Nb ’
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1 %I p FEPNF(EPE) FEHEPNF
TEGH R G EREETE
e xR L W NPL Wiv2 HppERE > - H°¢ [
R LR KL EB ST3KZER -
108 # 02 7 cETIT

e % A& Rl H § 1

X oHATHET A AU
B BRR R

URW I e

AR e N

ir BB TS mK &%k -+ 1
ER e L B3k 600 = 012 35 B R PR i
THHARILRE B % 5 1.754x107 -

v 170 R R (7 F )
BEERRE%E L 5.621x10% .

o 322 = 4% ;% (Virial equation)

£
BET

o 1% it I

-
'\:' ‘L’%

T AMBRT X 2 EE RS gg—g A ELd
ﬁ%%ﬁ PR

Bag 2 u{gf;j 7’];T+A(T)p+A(T)P +.

BEY RHE A FREayps (B

[ ]
)
Yo
kS
N
il
=
14

(2w )
ﬁm—zﬂJ(J o 2]

gt gl LT g 4245 (7, 0, 0)
m
L~ f) R BEFHMALES RS LR

_.3:

Lo P E & o [ o i

108 & 11 *

ERRHE R
R REH T o R
#8373 K ~ 505
KB RBETR <&
6 mK

A ke g A
fs 2 pI3RIR 4

o BB X MR R A 2019/1025 2 ER
NPL &} f % e 3 67 238 ffe% TRPBLARE
Foo PlEREREL F AR LA NE -«
BR.E2ZPRRERES

o HH FRE R XA 2019/11/14 K& CMS >
1121 % 45497 20 > 11/22 £ 30 & 3£ % (73R
i % Chiller fv Pump ¥ 824834 (F % HF4) -
11/25-11/26 %% # %8 B £l 4 st CMS &
2 8  11/26-11/29 4e# B NPL 4 f - 423,
CICECIE IR S =

L i
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LR VEMF(RTE) FRAGNF
& ¥Hip SR R £ RI|107 £ 09 7 e 2R3 RAF RIS ﬁ%——? LRV A E
EQRIRey | %o 5 YATE R TA MEE)2 B0 L 5 78 i i A-pg o+t 8/24
MEBEZMpe X

SEeg (£ 3 w)2 @i
E (R R )R R
F:\L—’—‘ \:F E»g;

o B g R e BB TR 2 3 2019/4/30
R KA AR AT R
(1) = & g% R Aa/22% 1 Co-C ~ Pd-C & Re-C
* Co-C(1324 °C)~Pd-C(1738 °C)£2 Re-C(2474
°C)
e T
45 mm
o 2 BBt >0.9996
e mitBEAF I <0.01°C

ZHAE3mm iE24mm & B

(2) %8 T EZ ARG L S 1> 0.999
Tinax © 2800 °C
« THERE T ¢4 30 mm

* B & # [F: 1000 °C to 2800 °C
o 2 f bt >0.9996
(3) sHFE AL 650 nm ~ 900 nm
e ;] ®: Si-Detector
* £ Rl# [: (650 —-3000) °C
o k7T A E <100 ppm (Si detector)
* 2 interference filters (A = HWB): (650 £ 10)
nm > (900 £ 10) nm
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1 i3 p

RPN F(APE)

FmAEFN R

107 & 12
< %G H g SR R
G A A SR
1B iF

e AT HAZFERE FN-BHIBHE R £
Bkt L3 917> 4o B> D1 ) E to lens
=1200 mm~D2: lensto 2 %#(f=1.3 mm) =400

Aperture
b 4 mm
Filter
radiometer

- [ﬂii:l Aperture/

’%‘: 35 mm
T

Optical table

— 120mm —

o R AFIARE BRI k- HGHIE R
B AR -
108 # 05 L AL ;e: T A o
REETICEE TR g a @epi 5§ 5w S ARSI 2019/5/15 *
y

NML % = % %> 5/14~5/30 = = 37 %}3;}9 BE 21 R o
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a1 fF3 p

FERMNE(ETR)

FERAR 3

108 & 06 *
=% ¥ BR R
A R
2REH LA L2 7
FETR <05 °C

e XTI MUR)EN EHPZ A HTAE
Bl 1 <0.02°C » Hcfhdo™ B

Fefe CoC#t fmibas EALM M

B—kiEit # =k

122440
122430 +

TR
N | 132420 |
o 1M 132410 +
« 112380 | 3400 |
1373 drzeo
[EEER] RS
nzIE |
12350 4

i]

20
$ Soo'y

i 5 2
13244
11|
1200
BT
192380
1323 4¢
i

. ]
A Jec'k

et Brd  d
132405 132408 132407 Do

o ARG EE R SHE R L MR R
ko2 Ak A R % do T (NML R S8
0190100A) :

hE | A R ER | AN
& (nm)
(nm) (A/W) (A/W)
600 0.4865 780 0.6283
610 0.4923 790 0.6356
620 0.4986 800 0.6449
630 0.5089 810 0.6528
640 0.5164 820 0.6615
650 0.5246 830 0.6781
660 0.5331 840 0.6828
670 0.5391 850 0.6837
680 0.5476 860 0.6969
690 0.5574 870 0.7001
700 0.5648 880 0.7103
710 0.5750 890 0.7184
720 0.5794 900 0.7233
730 0.5887 910 0.7297
740 0.5969 920 0.7383
750 0.6065 930 0.7469
760 0.6116 940 0.7558
770 0.6202 950 0.7571
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E)AMITnFEEE LA

1. #4494
AT RS (DA B ER Tk S(QHR)(E R FEE A< 6x10°
Q/Q) > (2)* ST AR 2 ﬁmWE%Nme g PLF S 100kQto 1 TQ » 12

R FE R < 100 pQ/Q) > (3)* 0 % Tk th a2 MR T 5 (KT IR R R 0.1
mQKHLE’éﬁiHE%%1MOAw1MMAuaﬁﬂ I FE R <50 uQ/Q) > R

B 5T REE *Hbﬁ$@ﬁT?%iiﬁﬁ1?ﬁ%$o

A HEA07 ERGHRRAFAEFI)RIEE I AT T ERZMT FP_?#%
jEL NERREX HTREE DA DIREE o B e

KErELHEE

(1) ==~ %3 gtz Bk SRR AR R MR L E R R 0.1 mQ to
1Q > Fon a/J%Eﬂ 100 Ato 1000 A » 17}%7\“5’,‘}{‘&;<6x106°

2) m=M7 ]‘Eﬁ_‘)’%ﬁi B2 A R ARRES o

2. FREFHY
AP AW R A E R 3T AP B AR R o RSP
T B 2 T IER RWP > PIFESINCE L R R WP

* AR LSRN FRRGRF
A R T R 55 4 > PR N
TERTETRERA ppd gl g £ 80 13

vz R , »
AR Bomd AP 27 A% 12 0 14 p 3
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L& ERP
(C)MEFREFEEE LA

[*#RPi]
FHATTERRSE 2 pHRLIZ2NXEHEMIAZT AP L RATE T
EF TR S 107
AVEBREAE RPN R A R TR RR PR o P AT
© ASFRHALTEREFMTETR 0 TR TR} 5107
o %A LA X ARk § S 4 3 o F(X-ray Photoelectron Spectroscopy)#? X &4 4t 3 &
*E 2% *‘&tjﬂiF(X-ray Fluoresce Spectroscopy) # & 4 17 ik 2 s SL & o
RERAHARTREMEG AR TEEMER 0pg HBLT AT
<30% -
4067 %)
L 24P AR TEREERTETG  FEPHI TR 5x107
XELHMBRZNFLP SIRE P BIRP P T IGT SRR E - B
H oo (unit cell)d A3 RGeS 0 A Gt F llca il 2 R ER 5 IR ORI
VORISR RSB A NP RS TR AT 5ma(Si) i 54 & 2°Si~ Si~ Si
2 Mk i=E oo R+ fF'rﬂ pba%_,_;grgme_i&;o.h Hdp L iéz;aal.j:m?ﬂ
SLET AL R LT E S

_ 8Veore | le( iSi)Ar( iSi) 2R

Meore = — 3 4.(e) caZ (6-1)
o (msphere)%ﬁ' FHRIRP NI B ’Fﬁ']& (Myefects) &2 o 3 14
B R (mgy) o # o skenp MBI F R PR AP ISR F F- B

AR AR K ELFRT CRRALE > M A LG F R A
2 B e g s X kBRI T B

30 ic: 28
e 2R (SOALS) v
sphere ca? 4.(e) 23

— Mgefect + mgy, (6-2)

as}

F o AT E (Mephere)2 238 % P 9 b kg ¥ 52 wi o A0

A ul G %% CODATA2018 2 #edp B et $F 448 5 (Faved REFLE 7 F i

2 "v‘J 51 FBP R AT Myefects % 2 T2 Msi~ ﬁ‘«?’ﬁ B a K FTE mg ¥

b IRIRFPIREAFE Veore © B ¥ 7 B 5 P FAT & MyefectsH 5 2 F & Mg 5 S 3k w0

% Jf,st * R R o ] 6-1 3 & br(S5 ¢ S28-31Prll) » Ir_,%_ LA TR (R
Si28kg 03 a) -
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g=3.4mm

cutting scheme crystal 5i28-31Pr11
35.1 395

B 6-1 ~ 7 & 1. (%5 1 Si28-31Pr11)% H A 45 =% [

(1) 7 & f?—’:??i Myefects -

M- Rz w (s B R iE 2 B e & b k3 (Fourier-transform infrared
spectroscopy, FTIR)E i#] » ¥ # ¢ # =+ (C) ~ § =+ (0) ~ Mk + (B)& Al + (P)** Hi.
He g RAeT R L ARBR LE Eko =82 28 BT § RN No~ Ng~ Np) ©

Sample Ne Na Ne
SI5-Code

Si28-31Pri1 10" em™ 10" am?® 10™ em®
PartN.2.1 (0.39 £ 0.25) {014 £ 0.07) (5.568 2 0.6
PartM.2.2 (0,33 £0.23) <014 {5.26 £ 0.5
Part.N.2.3 (0.35 £ 0.20) s0.14 {4.81 £ 0.5
PartMN.2.4 (0.30 £ 0.23) (0014 & D.08E) {541 £ 0.6
Part.Q.5.1 {1.79 £ 0.27) (019 £ 0.07T) (4.81 £ 0.8
Part.Q.5.2 (2.82 £ 0.34) (020 £ 0.07) (4.81 £ 0.4!



EdRMMPPMEATEIE P E - RSP LIk TR AT £

X X u(x;)

My 6.134x10 g 5.65x10712 g
myc 1.227x10° g 3.16x10” g
myo -1.537x10” g 7.78x107'° g
mgp -3.478x1071 g 1.16x10™ g
Mgy 0.0 g 6.10x107"° g
mgy 6.610x10” g 2.20x107 g

#-= — 15 4p de SLEE (S ¥ 1B Myefect ’Fﬁ"gi‘_—*’f’ *FETR A
Myefect = (1.74 £ 0.398) X 10~° kg (6-3)

2 ¥EFE Mg

Pl - de iz T84 e % 13 ¥ (Isotope dilution mass spectrometry,
IDMS) & 7| » B’~5';’/2 B2 i E Ao T B

sample M x(%Si) % (93i) x(*si)
g/mal mol/mal mol/mol mal/mol
Si2B-31Pr11Q.4 | 27.976941260(84) | 0.999985502(80) | 0.000014264(78) 2.34(20)E-07

G) Htt¥&ka

R B"B%i_‘ ¢ F'&"'K/V\IPL-Wi'J *’ir‘%%%’fgé XINT 5 ™ x ch%é‘b oo f :-El‘
PI220) & He 5 2 Y BE(dang) * dono 2 o ¥ ¥ B @ 2 FF 2 B (3% & a=y/ 8-dasg » XINT &
A B R b e B (Sden) 7 42 R (6dp) T FE
g B odxint 22 AR RN Y B s T
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dz0 = (1 + 6dey + 8dpp) X dyynr (6-4)

X X u(x;)
8dpp -1.4x107° 2.06x10”
8den -7.012x10™"° 6.55x107"2
dxint 1.9201x10"° m 3.3x107" m

SEFERT ALY DES I RETA S
a=+8-dyyo=(5431+1.46x1078) x 1071 m (6-5)

4) 2EFE mg

% XPSXRF # &k FEZ ERIHFI2 R Bdyp > ¢ 27 F K BRI ALK 2K
B2 g RE4FE P FAoT 0

B R sk AR g £ 3 FE TR (ug)
iR moL 28.10 3.40
B A ks mey 6.60 225

k& MewL 9.20 1.80

BHARR YRR TR R S

mgL = (43.90 + 4.45) pg (6-6)

5) P B HMAE Veore
FI* % % *+ ¥ &k(Fizeau interforemeter) € 34> B 7 ¢ 2§ & 5 20 °Cehtll fi >
AP KGR LAR LR () S R E A (AP R o £ KB R

o
VAR FREREFL 2 FTREERRLI B P H SR 0T 4

oIk K PR B & (nm) & 7 Fx & (nm)

B E ik doy 0.46 0.06
B EAE dg 0.24 0.09
kK dewt 0.33 0.07
LREBFE dg 1.04 0.13

v
*

T RF - B2 FATHEBAS I P E XTI Lgr o 310
2A¢, = 0.10532 + 0.21065 nm » Pk enT 358 SR ¢ 5 ¢

s

Deore = Dapp + 2A¢0 = 93.7227151 + 0.000002 mm (6-7)

FI* PR T IE AP SRR ML ERE T R
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Veore = =70 (ch“)3 = 431.0555157 + 0.0000182 cm® (6-8)
FEM Y A Sl BELENEERE I TR I BlAeT £
Xi Xi u(x;) ci(yy) u;(y;) hi(y;)
h 6.6261x107* kg m’- s’ 0 kg m’- s’
c 2.9979x10* m- s’ 0 m- s
a 7.2974x107 1.10x107"2 270 3.00x10"" kg 0.0%
R, 1.0974x107 m’ 2.10x107 m’ 9.1000x10®  1.90x10"* kg 0.0%
D, 9.3723x10’ nm 0.650 nm 3.2000x10®  2.10x10° kg 74.5%
24¢  1.0500x10" nm 0.211 nm 3.2000x10°  6.70x10° kg 7.8%
D, 9.3723x107 nm 0.683 nm
r 3.14159265359 0
V core 43106x10™ m’ 9.43x107"? m’
a 5.4310x10™"° m 1.46x10"® m 5500000000  8.10x10° kg 11.2%
M 2.7977x107 kg- mol’  8.40x10" kg mol’ 36 3.00x10° kg 1.6%
M dofeer 1.7400x10® kg 2.98x10” kg 1 3.00x10° kg 1.5%
mgy 4.3900x10™® kg 4.45x10” kg 1 440x10° kg 3.4%

=+ 1z 5 ] 4 N , o v .
BARL REFE AP R TR AL S

Mgpne = (1kg+78.3734 mg) + 0.0241 mg># & Ik F & rp$ 4 FE TR 5 2.41 X 1078 o

2. ==K EF X &3k T 34 3 $#F(X-ray Photoelectron Spectroscopy)£? X &4
¥ ka7 3 B (X-ray Fluoresce Spectroscopy) % & & 47 k2. % sl &
B L3N XPSXRF £ & T2 Bipl kied X £ kRAIKa) X £H LT 5k
] B (% ;& 4% 1 jp] B (Silicon Drift Detector, SDD))~ 7 + #f ¥ % (Electron Spectrometer)
B LT W S E L RSB 5 5 248 (Load Lock Chamben) % SEAHEAZ 3 &
2 AR R TS > doB] 62 F1 o

LR SE
Xt g a3

X448 80 ¢ Al Ko,
hv = 1486.6 eV

X-Flash & 28 #% {8 7] 5

B by R HGRAE A

REARERE X4t 8 A€ THRHE
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XPS XRF 4 & 58 BB s LA MNA ¢ 23 %% > & LIk A K TR ER 450
Lo 7oA RAs i3 48 7 2 (Loadlock Chamber) 4 % 4 7 248 (UHV analysis
chamber) > 4[] 6-3 #7771 o

B 6-3 - 5 £ 5% XPS XRF 4 & 7 £ £ 7 & &

LT HE ML T “@@@Wwﬂﬁ*;@@@%%ﬁ%%wﬁ&ﬁ»
APPSR Ros T OAVEHP AN D B LA PR § R BRI E
Ao AR BEEE P LR EE B SR BEE B E%Jﬁ§ﬁ§f§‘\7§_¢n
< B /?'J 2P R FE PN EATY Ao @ XPS #2 XRF ka7 £ p) 0 H
Ez ﬁﬁﬁ%*k%ii%%’X%%ﬁ‘X%ﬁ%i+ﬁ$9ﬁ®ulXM?
#’EB" e %95'** 57 Bl #% 8 ] B(Silicon Drift Detector) ' ™ FZ_& B =% & £ F E
ez b o o e R e Z X kE R PR E &S XERE S B X M RT S
WERFREHEAR T BN FRIBERE S A E A o 2B
ZIPF IR E R A 1] P FET LB B 64 om0 TAR{TE SRS wilfi’gc;:#']
BRFEERGRNE TN R TERRE A X RIS o

.‘4

¢,lrm
= Y

‘\rmL

) 64~ T P a3k 45 95 11
VT GRS A A B S S A e 65 T 0 B R R S f iy
FIAERBFIHET Fad PRS0 28eTL BB FTZ p& b i B
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F PR 2 Bl AT AR P oA

Engineering Workbench) % & % = » & 7 % g (F/ 840

(1)
2)
)
(4)
)
(6)
(7
(8)

LA S SR BRI e i

M43 48 2 EmFT - R
e TR

PR AT 3 R

T FRE S IR E_SIO) R R

méﬂ“ci‘j 85 7

MPE & # R

PSR RTAT HO R (T A F

B o §T i R

M E T RPFEESET Loadlock 248 2 4 {582 F B B4 &

¢ 41 * LabView (Laboratory Virtual instrument

94 5% 10 Torr

o AoV IR s ol R Y - WEFF (A150:ACP40) 4B 6-6 #777 >

P IHE ML LRIV A B PRS-
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Bl 6-6 + 5 5T 7 (31 %.:ACP40)

3. AP LBAETERREG AR TEERFFR 10 pg> PHBL AL
B<30% -

P LN XPSXRF £ TR BB A R SAMERBN F PR v AR 4
EFER Rk FRER S T PTB R 2P k(%I Si-28-020)% %4 ﬁ—”i’ *
THHFLRIBNREF LR TR ARAR LR 2 2L Dl ¥ Hkd
%gﬂ%i£$%@6ﬂ’%%E§m$i$ﬁ$%@wm‘ﬁ“F%%@U‘:
B s f B (OL)*T e S > § 3518 X Malk T+ 47 3 HR(XPS) 2 X St s ¥
AT HPITXRE) A B & KERZAR T P2 odp -

57 ShEK &2
#H FR,

£ B N 5T

Bl 6-7 ~ # 5 IE t%‘ﬁ‘_g\'

’@3&11329$£%§0‘Si‘C'15H 2k Epa -Qﬂf\%ﬁd X EaR gk
*?E%#iW(XRF):}iJﬁi ARF LA A FE Ca F2LF A Emgem’) ¢ § A e ok k
RCEAK IR G KEEFF Ak b Tl EiE XRE T R &I A
@Aﬁwa%nmgwﬁﬂ £ 45 XPS % T+ M S O-Si~C2 ¥ 2 R+
Bt B ﬁm?i*“ﬂﬂam%Q”%%“l4%‘$%* (A T
XPSHE A 4T & AR 2 T3 MR T A KB REA L E TR -

Wi

d PTB # & k(S5 Si-28-02a)2 ¥ %47 3 € | #cdy > & 12 Sherman’s equation
Ttz 22 SIOOREFEFEFEBEHE LT IR O J|EIP KA HE G 2

‘Y

o
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AR L 11001 ng/em® » HAPHHEE 3 FE TR 5 8.96% 0 B FE TR KiRdrE 6-1 o

% 6-1 ~XRF 3 't £ PR H 2 2 B KRR 7| £

P FETR KR HEFI TR u P
Reproducibility 2.00 % AELE ORI R o
PTB F # &5 & & B SiO, %%
WE2ZF IR E A RLR -
# & XRFOKoa ¥ SiKa = 7
Spectrum unfolding 3.50 % R Ran B eSS
SRR R e s I i A

Calibraion sample 8.00 %

Total relative unvertainty 8.96 %

dAPHEE A R AT HE E e F A B2 BB TR S 9.86 ng/em® -
BFEHXPS T3 HHFRROIs Si2p-Cls 2 fA%HAR 7 HC-Si~0z=F
ZZ RSB A B RArd 6-2 47T

%62 XPS & %A LT B A

Ak | RETIEF AN (%) | FFEETR(%) XPS 47 3
Sisuboxide 0.810 2.00 O ;
Sision 18.910 2.00 £ . Si0, Sub @kide
z 56
Sitotal 19720 200 .109 107 lossi d.tan 101J vss 97 95
Cpeakl 18.939 8.00 @ ;.‘.D " i
£ 638
CpeakZ 4.49 8.00 f: 566
5494 2V 1
Cpeak3 0.00 8.00 = :;i .
Ctotal 23 .429 8 .OO ' Binding Energy / eV

o)

) 56.850 2.00 | ':;'g' i A

30
539 538 537 538 535 534 533 532 531 530 529
Binding Energy [ eV

Imensily / keps

"’:—E“% ;\‘_&[«'L‘ :

() FARXRFEZENE o FOMBTFERL FEa ffiF RF8E L 2R
AEARHF RS B2 0 6] C/Cot B M H a4 Si C 2 RS BKE NEx)» 2

;\4 _ﬁ\-_—v’T
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Mm=§%xmmx& (6-9)

co
H
m(0): ¥ =5 ¥ A FE
M(0):5 B+ £ 15999 ¢
Avo: I; # 4e B 6.02214076 x 10%3 o
(2) MItHFFEINFHEORT w# F L HOL)ER =4 A (CL)2 4 fe !
A. #§ it % (OL)

Sision kA 56 A B A 1891 % RIF R+ 427 1891 % x 2 2+ % SiO;
5% i+ Bco Sigupoxide THE A 2 AV E & 081 % B F R+ 427 0.81 % ¢ 5 SiO
F 3 o
B. @ =%k (CL)

Ceng Bixgpit £ %27 > C ¥ O et b i Peak 1-3 4 & 2 £ (% 6-3) >

% Peak #77 § S+ 3 2 H T35 = O/C m 3t !

F 63~ pit T4k & peak 2. F R fe it

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

H©Y Peak 17 % § > Peak 2 eiff 4 5 & & 4.49 % > Peak 3 i 0% » PIa it &
AP0 RS+ 5 449%%0.75+0% x0.42 °

(3) Mt EFENEH RS A= %k (CL)S k& (CWL)H R #i

A. B4 % (CL)
Ceng E&kyxit £4 233 > C & H et i) ik Peak 1-3 4 % & (% 6-4) -

% Peak #77 % S ¥ 2 H T35fe =g H/IC B3t

% 6-4~ % Clspeak ¥ C £ H gt B

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 i peak k3-8 H e+ Hcopeak 1 ik 18.939 %> peak 2 it 4.49 % >
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peak 3 1 0% Pt d i* &4 ¥ Henz £ 53 18939 % x 1.75+4.49 % x 3 +0 % x
0.5-

B. -k (CWL)
i R ﬁ”{fﬁﬁff«‘f?“,% #FitEOL)Z 3 2omiti=2kCL)2 33 & Ti
O S
N(Omn20 )= N(Orota1 )-N(Oor )-N(Ocy) (6-10)
AOH RS B % (6-10)5 #5355 2. N(Opo )5 & o
N(Hu20) = N(Om0) x 2 (6-11)

(4) 3t Sihydroxyl ¥ Sicz £

Feng it g pdom g8k E S G H K chhydroxyl o 13452 }’%(Mizushima S 2004
Metrologia 41 137-44) > hydroxyl e % ¥ #ic(Lattice constant) 5 0.714 nm » ¥ 3+ & )
AHH LT Hﬂhydroxylﬁtﬂ & & [ hydroxyl 2 3 = ®B# R+ >¥ 3§ I hydroxyl
PR RSzt o Bl 6-8 & Sihydroxyl shig g

® = Hydrogen atom
Q =Oxygen atom

© = Silicon atom

O
%ﬂ’; i
e

0714 nm

Hydroxylated surface
Bl 6-8 ~ % Sihydroxyl H =& *

m%*ﬁwmﬁwa?ﬂ%p@+&z€;@4% M(x
M(Si)=27.977 ~ M(H)=1.008 ~ M(C)=12.011 » %% %
B RTR

205 HafEAFLIBTEE IR



Eraff~tsd =23 #(ng/cm’) | & * £& A (ng/em’)
7 m(Si) 66.73 9.33
E m(0) 110.01 9.86
B m(C) 34.00 12.50
T (BRis k) m(H-CL) 5.68 2.61
T (kA m(H-CWL) 3.62 0.33
# -hydroxyl m(Si-hydroxyl) 18.22 6.12

FohrEamd e i 937 cm s ?‘:‘;J‘-’ﬂ 3 %

‘iﬁéé’“%z B g Ik 7\‘1'7f

S H A L 4’ =27596 cm® o H i+
TR TR

2\66;1 |41 % i B(OL)~ st =2 R (CL)~ KECWL)Z MK EL A FETR ¥
] '“’%i?* » 44.07 ngo BT 3K 1096 ugo ok K 10.73 ugo # S zk & K ¥ I 4 65.77

*ﬂﬂ@”ﬁfwiﬂowg PP ETAK=2)5 213 % (S30%) 0 & &F %
M%“%f’

%\’ 6-6 ~ ¥ § 6p ¥ 7\%}* /'L

F a3k %K [ FE(ng) i 7 /i TR (ng)
3+ Mgiro 48.77 4.80
# -hydroxyl Msi_hydroxyl 5.03 1.69
B me 9.39 3.44
(BT R) My_cL 1.57 0.72
T (BkE) My—cwL 1.00 0.09
I Moy, 44.07 5.46
S Ak meyL 10.96 3.51
K K m... 10.73 2.66
R N mg; 65.77 7.01

80




(3K & $kpEip ]

[l

SRR

Bl %

* Rotation axis #1

1. Step resolution : 0.0006 °

2. Repeat accuracy better than
10*resolution.

3. with Piezo
non-magnetic UHV

4. The table design should be
as compact as possible,
with a high rigidity and
minimal angular deviation
of the Z-axis are provided
in the construction.

5. UHV-compatible  design,
the final parameters of
which are defined in the
Design Review between the
client and the contractor.

* Linear unit #2

1. Step resolution
0.000061mm

2. Repeat accuracy better than

Motors,

1. EtherCAT master controller
with 8 EtherCAT nodes,
system can be extended

externally

2. EtherCAT slave analog
drive interface

3. Nanomotion engines
amplifier

4. Faulhaber PDA3.1

amplifier for PiezoMotors
motors.

5. All relevant power
supplies, connection
230Vac

6. One digital encoder per
axis

7. Safety inputs for all axes

8. 8/8 General Purpose digital
1/ 0s (almost 1/0 # s)

* Rotation axis #1 BJ3& )4 T 7

BEsER W69

1. Step resolution : 0.0006 °

2.Repeat accuracy better than
10*resolution.

3. with Piezo
non-magnetic UHV

4. The table design should be
as compact as possible,
with a high rigidity and
minimal angular deviation
of the Z-axis are provided|
in the construction.

5.UHV-compatible  design,
the final parameters of
which are defined in the
Design Review between the]
client and the contractor.

* Linear unit #2 p|3E 1 T E
PEEEH o 4ol 6-10 -

Motors,

10*resolution 1. Step resolution
Fods TR 3. Range:27mm 5 10{.000(?[61mm better
§ R~ | 3546 | 3544 4 Ul high  vacuum | = oPeA SeBUrACY betier than
17 & (10 compatible (10-9mbar), ; Ranres_‘; ;lr;l?;l
5. with Piezo Motors, ’ ge- .
non-magnetic UHV 4. Ultra high vacuum
» Controller for 5-axis compatible (10-9mbar),
5. with Piezo Motors,

non-magnetic UHV

* Controller for 5-axis /p|:# 14
THEPYEER A-E 6110
1. EtherCAT master controller]

with 8 EtherCAT nodes,
system can be extended

externally

2. EtherCAT slave analog
drive interface

3. Nanomotion engines
amplifier

4. Faulhaber PDA3.1

amplifier for PiezoMotors|

motors.

5. All relevant power]
supplies, connection|
230Vac
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§ G (REEEH et il

9. 9AIl interfaces on the front | 6. One digital encoder per

panel as Sub-D-connectors axis
10. Controller software 7. Safety inputs for all axes
11. Host communication: | 8. 8/8 General Purpose digitall
Ethernet and RS232 1/ 0s (almost 1/0 # s)
IR P S~ AR2 Bk de | 9. 9All interfaces on the front
2 I panel as Sub-D-connectors
R R DR PR 10. Controller software‘ ‘
R ELp A 11. Host communication:

Ethernet and RS232
SRR AR Ak
KiIEE 0 4B 6-12 -
‘MPRERFEL(F
6-13) ~ X RIFITELP KA
ERFME LR .

e
-
R T

T b

e B

!

[CRR IR --Ah L)
—h

T m;ﬁ;%‘;

CERFRER EHE c AL OREE B2 BIRN
1. IQE 11/35 Ion Source THPYTEER W 6-14
(1) Variable insertion | z @] 6-15 -

length: 62.5 mm, 120 | 1 1QE 11/35 Ion Source
mm, 190 mm or 250 mm | (1) Variable insertion|

(2) Beam currents up to 20 length: 62.5 mm, 120
micro-ampere (Argon)
2. Power supply for ion
source IQE 11/35
(1) Ion energy range up to 3

mm, 190 mm or 250 mm|

(2) Beam currents up to 20,
micro-ampere (Argon)

2. Power supply for ion|

o lée\{ _ source IQE 11/35
mission current
2,355 2,339 selectable 3 mA, 6 mA ) ioer{]energy range up o 3
o 10mp§ ) (2) Emission current]
T3 frp e selectable 3 mA, 6 mAl
1. Flood Gun FG 22/35 or 10 mA
(I) Energy range: 1 eV — |e g 3 ¢ foif iRl T o
500 eV g s et 4oFl 6-16 £ F
(2) Beam current: up to 1 6-17 -
mA

1. Flood Gun FG 22/35

(1) Energy range: 1 eV —
500 eV

(2) Beam current: up to 1
mA
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whmische Berazung Dr.-Ing. Giors Baum

ITRI S-axes UHY manipulator

sctotry Acceptance Test performied at Heason Technology Ltd.  Slinfoid UK Dane: 13.10.2019
RI 5- anes UHV Non-Magretic Manipulator
Rezpeatability measured abs U <=

umberin ITRI Spec. | Axis index Type Range Step Resolution * | Spec Repeatibility average " mawmal * in units

71 E Rotwmtion Infinite 00006 0L005° 2 counts 2 counts 0000282

§2 4 Linear fverticall 27 mm 0000061 mm CLODOGL mim 2 counts 2 counts 0.000122 mm

L] 2 Rotztion T 0.D001* LR 2.2 counts (4 counts 0.0004*

i 1 Linear (horizonzal) |60 mm 0.0001 mm 000 mm 2 counts 1 counts 0.0002 mm

3 o Rotwation 100* 00001 QDo 3.4 counts |7 counts 00007

sccording to spec.

ote: 5tep Resolution definition is the encoder Resolution - see chart below
U= 10 * Resolution / | 10 counts)

wcification of

position Repeatibility U:
stem losded with Silicon Sphere of mass =1 kg

* in encoder increments

umber in [TRI Spec.  |Axis index Type Range Step Resolution ** | actual Encoder Ressolution
Fl 3 Rotation Infinite 0.000140625 ° 5in-Cos type, 2500 fines / rev. X 1024
72 2 Linear fvertical] 27 mm 0000361 mm digital, Z lines / mm, x 5.192
L] 2 Rotztion 3Te 0.0001* digital, 18000 lines f revolution, x £ x50
74 1 Linear {horizontal) |60 mm 00001 mm digital, 50 Enes f mm x4 x50
73 1] Rotation 100* 0.0001* digital, 18000 lines f revolution, x & x50

*® 2z miven by

Encocer resolut

epeztibility test performed by moving a cerrtain distance: L =+4/- 307 for rotzry axes, [F0, #2, 75)
aving L=+f10mm on Z-As {#2} and L=+/-20 mm for X-axis [F1]
king avarage of 10 movements, and taking the absolute maximal deviation

Il anes passed Repeatabilty Specifications.

st of Homing procedure

umber in [TR Spec.  |Axis index passed
1 5 ok
72 4 ok
73 2 o.k
74 1 ok
] ] ok

Test of Limit swiches

umber in [TRI Spec. | Axis index passed
#1 5 nio Limit Switches
L 4 na limit Switches
L] 2 left-right Lim. Swit.
74 1 left-right Lim. Swit.
L= o left-right Lim. Swit.

Signed: Giora Baum
ave: 23.10.201%

Numering of axes: # 1-5

schnische Beratung Dr.-ing. Giors Baum
action: Hezson Techrodogy Ltd. 3Enfold, UK

?] 6-13 N _;_r %Ej BBB ;j:ﬁ%ﬁ”
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SPECS o

20 — Discharge Characteristics

Component Data
| Insertion Depth: 190.00 mm
= 5:0kV; S/N: 00011280
oAU Specification Data
—3.0kV Gas: Ar5.0
16 +——20kv . 'Ieu;f' e \?0 mm
ample Bias:
=y /\ Emission Current: 10 mA
—0.5kV Energy: 5; 4; 3; 2; 1; 0.5 kV
Base Pressure: 1.43E-8 mbar
| Test Equipment
10 | e

| (SPECS Referencs Devices)
Picoamperemeter:

Specs PPC 5

Power supply:

Reference PU-IQE 11/35
SIN: 189-11.02

Sample Current (pA)

Date
12 March 2019

Test Engineer

/ Sachse

0 e = |

1E7 1E-6 1E-5 1E-4 j %/,
Pressure (mbar) 4

B 6-14 ~ IQE 11/35 Ion Source if|:&3F £

PS IQE 11-A SPECS
Test Report

IQE 11-A Serial number: oo 1804

Reference IQE 1135 10015262 (not shipped)

Serial Number

Functional Tests Passed?
Standby =
Degas &=

Performance Tests

Max. lon Currents Reached?
Above 10pA @ 500 eV

Above 30pA @ 3 keV =
Emission Regulation Passed?
3mA, 6 mA, 10 mA &

All tests were performed using an IQE 11/35 lon source and a faraday cup.

At rk

Date: 16.04.2019 Test Engineer: Sachse
vl

Rev. 10 Page 1ol 1

Bl 6-15 ~ IQE 11/35 Ton Source & ik & Jis B(IQE 11-A)ip| 53R 2
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Test Report FG 22/35 SPECS Test Report FG 22/35 SPEC S

Flood Gun FG 22/35
Working Test
Table 1 lists the sample current for several electron energy settings, together with the
Component Data other dependent parameters.
Flood Gun S/N: 00015742 Electron | Extractor Filament Emission Sample Current [uA]
Energy Voltage Current Currant
eVl ™ A [wA] Grounded | Biased (+9V)
Test Equipment (SPECS Reference Devices) 20 a1 230 100 580 250
Power Supply FG 500-A SiN: 023-18.01 50 79 216 100 -130 353
Picoammeler Specs PPC-5 10 158 214 100 -10.1 234
10 699 243 100 145 314
Specification Data e 699 232 1000 -280 81.6
Sample Ares: P 50 699 232 1000 -156 -258
Working Distance: 40 mm 100 2 232 1000 191 345
200 £ 23 1000 -204 -390
Base Pressure: B.2E-Ombar
300 98 23 1000 215 -402
400 609 231 1000 228 -An
500 699 23 1000 239 -415

Table 1: Sample current for various electran energies

Date: 19.03.2019

Test Engineer: Sachse

Signature ac éé

Page 10f 2 Page 2 of 2

B 6-16 ~ &3 ¢ foif i % 0 Bupl 4R 2 (1)

Test Report S PﬁC S ‘

Flood Gun Power Supply FG-500-A

Component Data

Power Supply SIN 023-18.01
Power Supply Firmware Version V:04.03

Test Equipment (Reference Devices)

Reference Flood Gun FG 22 SIN 00015742

Remote connection via R8232/HyperTerminal
Power supply equipped with

remate control interface? =

Operational Test

‘Waorking parameters (Extractor Voltage, Filament Current, Emission Current, Sample
Current) are compared with typical values from a reference PS.

@ 10 eV electron energy &=

@ 500 eV electron energy =
Max. sample current (@ E =500 eV, lgy = 5000pA)  >2000 pA

Remote Interface Test (RS$232 and CAN)

Device info (INFO 7) V:04.03 07/04/11 11;15:55
Serial number {SERNO ?) 0000090C 105828

SET and QUERY commands working (]

DAC calibrated &=

Date: 19.03.2019

Test Engineer: Sachse %
Signature: g o, -

Page 1 of 1

Bl 6-17~ &3 ¢ foif 2 % 0 BURIE#R 2 (2)
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[B% 30 1]

g HopAE & TERFA 3
}%%ﬁ B pLE IR %$%ﬂ FoRRR
bl Méu L FIPTB REF SR TR ERE | L EATE 2ATL A
?ﬁi& 2R FTEER G R %’aﬁﬁﬁffgﬁ%% oG A A 45
s TR 10 pug 10 pg» AAEB L P FEETALS | BF7 B 2 EH

30 % - kA E o

@EEENR 'Y
B R AT E RSP ey 0 ¢ 5

AR F CPRERFPIAFERIYREP - F AL R S 20m I 10 nm
2_fF e

ER N T 5 < z\/é]i AH(C~Si~O)t b F E B o

2R RREAETEERE D EIATRE > BHEE I EIA=S15%-

. 23 - F P pREZPTAHFERIYAER > - F “FEFEEAL 20m T 10

nm 2. ¥ o

J%me%%%W“ﬂbﬁﬁ%”%*ﬁ%uéifﬁ&aﬁimﬁﬁﬂmym@’
SR AT R A MR (T L W I R E LAk H 5
RERRETELS5Y - B322 2RI B2k 5EADSIOEEE S (2nm 4 nm-6nm -
§nm~10nm )z ¥ £AFH SiK, 2 OK, ehfp A 3% B > 3% & PTB 2 MR8 2 §
BRI 4R 2 > §1* Sherman’s equation %t & § iTfF £ 2255 B B ensER %

md, = ln(l - COROSlu'tOt) (6-12)

Htot

m%:Eaaﬁwimﬁimym%quB&ﬁ$%é$%;
A Sl Bt s A PR 0 B FE HA P T =
Rosi: Si Ky 88 O Ky e & 58 R V- & 5
Heor P Y 7% #ic(Total Mass Attenuation Coefficient) » #* 4 5 % 7292 cm*/g ©

1% % & $ck8 2 11 & 7]+ (Calibration Factor Cp) & ™ P # & RIF 20 Bk 4
BiFEDSY o K2k XRF 2 & PHEHUELIEE- 12 > § & i SiOp 12838 7 2 8
EH ATV ECNE) TP LA E e 2§ vf 2 (R 6-18)
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Calibration curve

200
. 3
« | #3
% 2
5 10.5nm_~
= | 0.7 nm T~
=
o i
= 1,[)_— .'-"\'Snnr'l/,/E -
8 59nmt~
i 4
@ + 38 nm.~
2 psl p g
E [ 5
: G
G md, = ——In{1 - CRosilhor)
ol ) : Hrist :
0 5 10 15 20

O /Si ratio of count rate

B 6-18 ~ H i~ f § /o ff £ (ug/om’)¥2 XRF O/Si % B 1 BRItk & 7 & F

2. EA P 2 s ?\ﬁ] 2 ’“'%(C SI‘O)LL‘ PA A

Ik

B

XPS %7 AT HHATE - 7 SRR AR e d > A PP s AR LS
,@‘fr?—f}-é‘ SR P H T o Av\ﬂ]:ﬁ'ﬁ'—}l:’%t/;f;? kP F oo ,\—ﬁif'%r?h?,l'l‘}"j&?é-rfﬁ—}%
R+ FAEEE R FE O N AT AT

Ebinding = photo (Ekinetic + (p) (6—13)

v

# ¢ Ebmdmg SR RER * Ephoto BB o~ Eipetic s R T HR Qs
xééﬁ;: ERF HIAR LT IRH > VEF LA L A F S 4oB 6-19 P77
Bl ik FEL AT ”Tfﬁgi;ﬁﬂio Is~Clsmz Si2p=f~% mm%’*’—?ﬂiﬁ;ﬁ
wiFd 0O 1s~C 1s W% Si2p 2k —i-fé\ﬁgfi““ﬁﬁﬁ“ Lz (57 & RS #cp
@B FIE HIEEAZ(CSi O Gl F A, 2N de T Ay

! IjA

lia = 0ja-MKE)T(KE)

(6-14)

B9 L 2R A ¥ jBERTIOHLRA
o : R+ st # 5 (Cross-Section
A k7 F 2L T35y d T (Inelastic Mean Free Path of the Photoelectron)

T: % %t Bo(Transmission Function)
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[l W31 v, o001 £ - LI T _ 01s
54.0 |

Si2p

I
L
[s2

324 |

216 | O-Auger

0.0 : : : : :
1400 1259 1118 &77 836 695 554 413 272 131 -10
Binding Energy / eV

Intensity / kcps

W 6-19 ~ # 5 3t e 5 e XPS £ 3 5 413 £ )
3.0 RSP AR FREERE I ARG A TERHEE I AR S15%

(1) %3P HBR2ETEERE T REIATG X LR RFESTRI A FERE
ERFE ZHP XRF G447 O/Siss A v 2 2, BTk 2 K T8 73
TRFRALD XRFeh2 Tk 2 AAHCXPS ¢ ~ 2 TR Tk d XRF Ji7
4@k BY XRFFRAFHFFRERMETLE N S8 N 5 0@ % L8 XRF
XPS kSRRl B3k Ak TR ¢ FEATREHRSLE P B S S X R
REEFELREZ 2R -

Q) #&HThE KA RTATEHG ¢ 2 o (BB LI & 58 XPS XRF 4 A&

R ESRZERIGEF HBFFER

[BwmaEi]

AT %?g_f%}g: B s ER AL X SHRE T F 4 # B F(Xray Photoelectron
Spectroscopy)£? X b4 F -k #F 3 o pr(X-ray Fluoresce Spectroscopy)# %] TR kB
EF HARFTE LR NGE2 » XIS PRIGTE X AFE SR
&\a@?%&pwﬁﬁﬁW%?wywﬂﬁW@ﬁﬁg1@L§,ﬁwﬁ%
(Mspnere = (1 kg + 78.3734 mg) £+ 0.0241 mg)¥&r PTB HF & it 47 & 224 #£17(1 kg +
7841 mg > e d FE T R 0.05mg) > B 7 A PG N2 A o

T ERIEFEN UL XPS XRF £ 4 FTE &P f stz 2w 285 fxkir -
SR SR TEREL LA TEER O NERAR TEAITTHEF S LG 240 B3
im 2 XPS & XRFM#Z @At 2 3848 5 Bl g7 Mp=i

“F?W§M%ﬂ’f¥*—?& s N G SRS ik A R
1;7’1:,@‘9% Fobo 27 EBMBECV)RSED = X ST FRWHEE TP BEEARP
TR PR b AL R Frrigi - BRESHLETE P
ﬁﬁz%%ﬂﬁﬁ%ﬁﬁﬁ?ﬂ@‘?ﬁ”ﬁ’uiiii*faﬁﬁ@if 2 R
fo IS E TR 2 il e bt
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C)AMERFELZELA

[»#5P ]

ERATE R 2 PRI E B BRI NS S ﬁ@ﬂmﬁ Pl
FHTAEBB IR Ap 2 Hp 2 b h o SRR S AMEA 0 ¥ BESERAN R
TREAEVER AAEARPNEHEARER AN NFRPLEITARE R EAE
W T F A KR ETEHE ITS-20xx 22 F 7 o

A EEEEF C éb-gﬂﬁ‘g‘:ﬁ R R 2. qii‘}'iﬁrk’fuz.)iﬂ/? KXk kuE oo P ARACT

1. BEFHERFERX JEEAD)

#-18 F T106 & ,,,’ae»%“?fia‘i“i/»\#iﬁj 21107 #MpA EFHRERREE T
FE2 T WEERLEETE YR S TR P LTS T LR TR BIREE
ELR R G YR B 0 AT Ty (fixed-point) ~ Tog (interpolation)4p ¥+ %4 4 £ 8 B 2
i3 o 14 ITS-90 i & 3 372 % -

« ERFF23K~505K
e ERIAmEAE u(l)<2.0mK (& E F]F k=1)

2. BHEHERERSK (N2

2R GHEHEAERS LR mEFELHEBEAT  ARRSFERATE
BT RE R ITS-90(To)2 £ » F & - B R £ HB#S FERAEE - FHGH
15 548 B AR #a2 = 8 B §° ] 800 °C I 3000 °C 2 4% (Co-C» 1324 °C)~ 45 7% (Pd-C -
1492 °C) ~ 4 #(Re-C » 2474 °C) % 3 . & Jh-m £ S 2hik i > A3t F g2 p 4o ¢

e RABEIMBpKALEED LSRR E)FE

a. %8 2 WA R # F(1000 ~3000) °C

b. @R (A3 EH)R & 0.65um % 0.9 um > F & # F1(800 ~ 3000) °C
e %2 Co-C(1324 °C) ~Pd-C(1492 °C) ~Re-C(2474°C)% 8 + & T B-F 3K & L
e & CCT-WGS (A% AEFAEAFHEALAES 5 1 FE)& K ==

Co-C(1324 O HhegEEePtAMHTE » £4H<20mK
e ik aiif}\iﬁvk’fzm)i)’['}‘#gﬁzgxg’iilﬁ :
a. A& 650nm %2 900 nm
b. &k ¢ 1 32 (SSE)<0.05% (3t £k < <+ 3mm I 25 mm)

(3772 %]
1. BFFHERFERX (REZEM)

() jrafpe ke

FEFHWEREIR A A ﬁ\@%k£4 R RN 7R F MASE kb
ﬁﬁé, ~“°‘Wﬁi J»-,—‘—QL‘KA\hL‘—BﬂEFi 3—'5‘—"@620 :6 # ;}‘L*%:,u__;}»}é‘zgw‘}iﬂlﬁa‘
2R RALGEEL R LMK @4@ﬁu+7wy@$; ML
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FX RO AT R R 4 RS % BT ki B EJPR 1 (v f e L R 4 Fo )
ifuﬁﬁiﬁ‘l BT EFOERF O FR «uﬁ] FE MR % 2 Julabo /4 frE ¥ B #1 (T
WPz B FEF ATt B A5 £ 7 [ & 3 (Capsule
Standard Platinum Resistance Thermometer CSPRT)E {4 F R B2 £ AHRdo &
@ [E8 & 3+ (Long-Stem Standard Platinum Resistance Thermometer, Long-Stem SPRT) o

1 42 3 a4 85 486
ERH MEEARR || AUAER || ABRREAR B A% = Bt
AV4 A4 N S A4 A4
R i wokaak || EEhEEE | Juawos g || Breremans
N N % AV A4 7
Ry 48 RIS SR Y K A EHELERARH
A4 4 A4 4 V

B 620 BF FRER TR LI+ BiE

ZRERLET FMERER LSRR 621 IR AN #2 ] Julabo
A *M*fr«ﬁ/# T RIRE RS 4 S R R R
?@i&i']@" gt F BB (R BT TR 6-21) o AR LA KR b ke g e 2 BRI
hbellow ¥ > TR B2 F (P AL RPN F LT TG ) A BB ERIE T
RlenA EHE S Bz B E B s o NML/CMS § Rk )= i se %§$%£&ﬂ
Bk 2 LRI B 2 23 ST 0 port T ARl Ao 6-22 0 2%

4o NPL# 5 B Robin 57 i%’f*Nm17%§$w,&ima%m@@mm’
GAERE A F WA 2 (05 BRIV w o AR RAT A 1T 0F B AE 0 R RVEE R AL
ke e
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BO621 - FE T HERER I AFHRETLIRE

g] 6 22 Sf‘ - J "F 2 4; J > t’ @ j %7 E» E]
NML/CMS *ﬁ J =X 7 2 (-U—
ﬁI A "i /F .»b % g E ‘i 7 %
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PRT temperature /°C

-59.9960

-59.9965

-59.9970

-59.9975

-59.9980

(2) RiEEE
A BARETR

FA6 AT ERFIEAY &7

sub-mm E & A& AT B F R
WERAETRE 2 2 A E 6 £
B RS R R - Ko

temperature stability, -60 °C

capsule 1 capsule 2 long-stem 1 long-stem 2

1 2 3 4 5 6
Time / hours

= < 7
?(Thermowell)}l\ "E. Pl A% 1
.;”’)ii%ﬁ‘ﬂ%ﬁ» IS8T LR 2

SR BHFVARLLFRGEATERE éﬁm&iivﬁ%fﬁﬁdéﬁ °

FER R 3hehp #
Bl 6-23 Bgor e B p A ETERBTEEREE > 2 TR £ mE AR
phipE (Acoustlc Gas Thermometry, AGT) % I

PRT temperature /°C

TR E
temp
100.0015
capsule 1
100.0010
100.0005

TR A
R PR B

ﬁ@ﬁﬁ03mKﬁ2mK’

24T - KRBT F

erature stability, 100 °C

capsule 2 long-stem 1 long-stem 2

100.0000
99.9995

99.9990

99.9985

99.9980

99.9975

2 3 4 5
Time /hours

B 6-23 ~ CSPRT(capsule)f=& 3] SPRT(long-stem) & i % 4& & 9 AGT & j& w #1 4
FREEER - R

B. R AR~ FRPBIGE

> £ 150 mm <7 Thermowell » #x 5 & 2] SPRT 2.2 »
FOTHIEZ R R BRI A IFRE UGB 6-24 B or

FR BRI N IFR R

+-60 °C fr 100 °C B & T~ >

"% 14 90 mm fr 80 mm & FIP 2~ FR SRR SE 2 AZE ImK e
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microwave radius / mm

SPRT temperature / °C

59.996

-59.99/

-59.998

59.999

61.950060

61.950040

61.950020

61.950000

61.949980

61.949960

61.949940

61.949920

-60 °C immersion test

100.

SPRT temperature / °C

100.

20 40 60 80 100 120

Distance SPRT raised / mm

B 6-24 ~ -60 °C {= 100 °C § & ™ » "% i< »

C. Mg ;}'E”;F’

Heik 5 4R 5 4 B

AT g )
4 (compressibility) 1% % ; ¢
TMII #0852 % & 3 & 2R
12nm > &= 11 gk A ko

-60 °C radius estimates

® TMI1l
® TMI12
, TELL
* TE12
[ ] .
L .
* .
Py
e
..
-
[ ]
100 200 300 400 500 600

pressure / kPa

Bl 6-25 4k § BT % b HAL(4

D. 5%

LSt /?‘J€ Vt’%‘* ERE TP
S0 WEEL B UF e

(=
]

94

100.C
100.0¢
100.
100.

100.

Y eI

008

107

06

005

004

003

002

0
0

62.113800

62.113780

62.113760

62.113740

62.113720

62.113700

microwave radius / mm

62.113680

62.113660

62.113640

| Third order term » %] & #i# %
& 4 chaa i 0 #+99% Gillis and Moldover Model » B|u?(T,p) — A3p® =

20 40 60 80 100
Distance SPRT raised / mm
N a SN
/#}i Z_ }i éz |
_ c/né&m By

(fm gy O 5}7%

.1

- 2T fin
t’ l
Fﬁ I“”’ LR R R
LIRVESIE G E oo d T
‘-’1 a7 s 2 K ami-h - S
» F ok ;_ﬂtﬁ’—’f—"**fﬁr,’trsl
L@ 2 a5 2
—1—4 Al B2 - R o
100 °C radius estimates
e TMI1
[ = e TMI12
s e TE11
.. TE12
L B
° e
.
) 100 200 300 400 500
pressure [ kPa
A A4 =

120

» c: sk

i

o

.,

S

B R e
2+ Ap+

600



Ap? B9 ug 3R ETIEF RS p2 B 0 2 A~ A7 d FETE S A R
& e "fﬁt(Vmal Coefficients):* & #7118 » B isd F 5 R4 2 B w144

g8 v e & ATon
94756.09 0.24 (6) 1 273.16 273.15934
73938.38 0.06 (5) 0.7803021 213.14932 213.14682
129442.99 0.13 (6) 1.3660651 373.1543 373.15345

2. SHBHERIRX i

(1) %8 24K A 2R GRS F )

A B2 Y% E A& # F(1000 ~3000) °C
B. #E@EE (SRR E)RE 0.65um 2 0.9 um - F & § F(800 ~3000) °C

B & E2 A% (1000 ~ 3000) °C ~ Co-C(1324 °C) ~ Pd-C(1492 °C) ~
Re-C(2474°C)% 3 2B B £ & T B F K & ke 28 /2150 5 CHINO/IR-RS0 »
= 5% 2B R M/A 54 B 5 CHINO/IR-R80CO: CHINO/IR-R80PT » CHINO/IR-R80RE
T B R Ak 6-70 B Y B2 WpE S T IEE AR 5 3000 °C o i iptHRRE R
ip:r;f] 14k A (Re-Co2474°C) B B = fo T BEE 23 1V R IEE 5 Ryp (5 SRIBPIFEIE

P

= o

067~ ek Brf & 4

f ; &R R RS

2R i‘%h 2 8%

1 /%] 35 CHINO/IR-R80 2 fe #L¥s | 5 ZhAZ % B T 22 H8% 1 5
;; K CHINO %]5L IR-R80 > p #l
ZHAERE T < 7030 mm FRIB T <030 mm
i & = B 1000 °C~2800 °C 2 P8 B ¥ it 2800 °C
BRERE: BT BWeS20@QT= | $4 248
800 °C » L 4§ A 3+ S Bl
(CHINO/IR-FASNNN)@T =800 °C | (CHINO/IR-FASNNN)B~ it £ 7 18
P @T=800°C> 8k 5 3% 6 408 B 3+

¥ £ PR & A28 800 °C2 § [F]
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BREERME £02°C

AR MM + 02°C
% ¥ TR pRAR 2
(FSS12-18147-9)

/v 8 PR 800 °C~2000°C5 1 -]
P 5 4 7 670 °C/h

FpHE 3 2800°CH 1 )P4
¥r 670 °C/h

2 B2 Meate

(1) | 4R & £:1324°C TETEEREREE LR
R /3] 5. CHINO/IR-R80CO & F 2R | i CHINO 3|52 IR-R80CO
5 2REFI3mm HiE24mm &
R ZREREIY 3mme g4 + 1) | A 45mm
mm > £ & (45 + 1) mm C R ERRBBGRIRL T >
B R R D R L T

(2) | 4w & £:1738°C FTRIBEEEREE]l 2
Ko /3 5. CHINO/IR-R80PT &% f= 2L | Fi#% CHINO #] % IR-R8OPT
& 2 AR 3mm > S 24 mm 0 &
St 2RI 3mme g (24 £ 1) | & 45mm
mm > £ & (45 + 1) mm R RRURIRRE L T
W R JRFEEL

(3) | 4tm & £:2474°C Faegh s B E Ll
Ko /% 5. CHINO/IR-R80RE & F+ 4 | Fi#% CHINO #]%. IR-R8ORE
& AR 3mm - S 24 mm o &
St ZREAE 3mme hiE(24 £ 1) | & 45mm
mm > £ & (45 + 1) mm R RRURIRRE L T
R SRR

3R (LP4)

1 B /A 5L KE/LPA & 24 5 FRALZEST]1E

Ko KE 75 LP4 5 55 80-94
2 Hw et Yo o B 3R 4

Filter(1/HEB) for Si detector:
650/10 nm; 750/15 nm; 850/10 nm,;
900/20 nm

ND filter: 650 nm 800 nm 900
nm(hard coated IAD technology
manufactured) target filed stop: 0.17
mm/0.3 mm/0.42 mm diameter.
lamp: check the position analogue
output: 0 V to 10 rise time to 90%
change approximately 500 ms.

REFFHCRZ A ERE)

Jr B

Ll ey

Filter (1/HWB) for Si detector > ND
filter - target field stop 3k % p R
4c° @] > ¥ — target filed stop 4t}

f—l-
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(2) = CCT-WGS (R R EHhERmALE €% 51 iFe)8 £ %3 Co-C(1324
O)x & 2 BEEePEAHMTRE » £4H<20mK

ﬂ\#%"ﬁ' A e 7 Co-C T B2 P EAFMFTR I NFEIMBP(LIT R 7 JA
IR-R80) : A 4 /%) 5 (CHINO/IR-R80) i 5 4 #1 % » & S ZE & (74 £t o £ 7
Co-C(1324 OC)»L,—F;'%Bf » MARM B R (LPAITLEAERI L > B2 IRRR0 &7
gt 2 SBE2ZRR - RHRFEFSREHKE > IR-R80 YpF K Teif 2 1 P
FhE BERERGOE L 30°CHT o AERATI340°CiIER Bl IR
1262 °C TR R EREXEFLL BWERER o 282 Co-C 31t 2hd 5H
Yo 626 T o BV P FIE RGNS IEEMS > £ BB F IR B
Bz /2 B RIRESRZR] > FUEA NI AT AR SR A P B2 P EF g
CEERRITARERTR c AT ARTR Y T?f7rﬁ 22 RS % o] 6-27 1o o i
BATE S H 5 3w hFd Ao jics 2K 5 FenEhiF L AT o) 6-27 ¢ T A
/f@o

1380.00
1370.00 )
1360.00
1350.00
%) 1340.00
& 1330.00

R 1320.00 k LN
1310.00 ' ‘ , ‘
1300.00 ’
1290.00 I
1280.00

I
L——=
I
I
Lo
||

—
- |

7

0 500 1000 1500 2000
B[] 3sec/2K

B] 6-26 ~ Co-C £ & gL L i3

1334

J
1324
/ A
1319 /
1314

0.00 1.00 2.00 3.00 4.00 5.00 6.00
Time[min]

Temperature[°C]

B 6-27 ~ Co-C = & & Yl wireLd Z’E'H_';E; Bl
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Co-C £ # 8L 3 =t i Bhdicdpit B 4o 6-8 #77F o & B %) 330 #) 2 fcdpie (7 T
LB AEREL T I 3AT L THE R R EAALORETI TR - &4
TEE e EHBTE o EAHEE I5SmKE20mK) - X F P o

2]2)

4 6-8 ~ Co-C % 2b%p 1 2L & 4F M ey &

Co-C FoEmB | FoEp | g T 5
it E R 324 secs 333 secs 330 secs 329 secs
#A7g(POD) T(°C) | 1324.10 1324.13 1324.11 1324.11
% £(°C) 0.015

Q) RAZE BN EIE R E APM S8R
A. A& 650nm % 900 nm
B. kiR 2~ 5 B(SSE)<0.05% (3t %% % <+ 3mm I 30 mm)

GHGHER G B R TS EAHARMEL AP AP L8
I AR R AN RHGE TP AR L R T

3 .
L2(2,6,¢) = ——228 (6-15)
HY DLOPEZE WA G 38 12 TG
AGTE2IHA S
052N id2RNEZARGET LG ¥ PR AR
O HGIHMEMHEETLEZ 24
A s 22 AR

(

d B sk § A R 3 (Linear Pyrometer) £ Jp] 2 88 45 4718 2 5LV & 7 5 °
03S=R()-d*®=R(A)-t(A)-Ly-0A-cosf 0w 0A (6-16)
HEY R(ADHFFZE R 7 RMEFEZPN WP E 2 4 3 5% (Spectral Response)

A FFZE T REFE P F Nk 7 (Interference Filter) 2 #7 3§ 3
(Spectral Transmittance)

*ﬂﬁ
C\?

HZE R TREF RSN TN RA T L TEIRFTREERITSH
AR Tk kA M R A E PR R R
R(A):& {73 ffe i -
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GHRNMEHERZETET > G CAERI Z B EF R EFTRE
R %% k& 650 nm 2 A & B4eF 6-28 0 4 £ 900 nm 2 A % g F] 6-29 o
EETAMBEIPN QR BZRFLIERN I L GG EFEHY R ELER

oo it EExirk 690

—A=

I

=
o

ZEBER (650 nm)

70.00%
60.00%
50.00% I/\\
40.00%

I

I

——ZEEEE (650 nm)

30.00%
2000% \

10.00% I
N\

0.00% ' 1
620 630 640 650 660 670 680
-10.00%

Bl 6-28 ~ L £ 650 nm 2 A % B

% i % (900 nm)

0.50 / \
£ o / \
Z 0.30
* 0.20 / \
0.10 / \
0.00 : ‘ : \'\

385 390 895 900 905 910 915 920

[ S N
MR ALY

B 6-29 ~ it £ 900 nm 2 A % F
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mE | Ak ER Ak RO
# & (nm)
(nm) (A/W) (A/W)
600 0.4865 780 0.6283
610 0.4923 790 0.6356
620 0.4986 800 0.6449
630 0.5089 810 0.6528
640 0.5164 820 0.6615
650 0.5246 830 0.6781
660 0.5331 840 0.6828
670 0.5391 850 0.6837
680 0.5476 860 0.6969
690 0.5574 870 0.7001
700 0.5648 880 0.7103
710 0.5750 890 0.7184
720 0.5794 900 0.7233
730 0.5887 910 0.7297
740 0.5969 920 0.7383
750 0.6065 930 0.7469
760 0.6116 940 0.7558
770 0.6202 950 0.7571

BN ERTARMEFEFTAEL RAGH 2 RN TS R Ry LB
AEER CBRAZEHHFARLZIW FHEEARLIAS FEARAT LR AL
%k & ¢ <t >z Jis(Size of Source Effect, SSE)™ ™ f§ # SSE ¢ i & ki = <} > sz 2 & F
Flo fid 2 0 R 2 FEUE RN BN ETHRMEFE PN o FHI IR FRAF
FFR e R fEEl B0 BN R TAUEG TP FIA SRR IR L
BEAFEHERIF SRR A BEFTB I o d T AFE AR ch 2 W KR
EEG 3mme A Kk BIEpEArid b cndg SR A+ 7 A2 25 mmo F)pt 257 7 i 7 SSE
P Bt T 30mm e 38 6-17 5 SSEE iRl &5 o

v(L,d)—-(L,dg)

O'(d, dO) = v(L)

(6-17)
Hedi 2HER<

do s % R7 2 8he Bend o

Ladgsta ik

v(L,d) 5 LP4 R & ¥ < ZE SR E SPFOD

v(L,dg) 5 LP4 Rl & B 457 B Hp AU ¥ %74 T) 1 5L
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F P2 B 159 5] SSE 4o 6-30 #7570 Bl AN A AT kR e o o

E
L S ]
[ e

fs 17 SSE 2§ ©
SSE <0.05 % -

S %% > SSE ** 30 mm pF 5 0.032 % - ?‘”L%Mﬁ

SSE
3.50E-04
3.00E-04
&) 2.50E-04
W 2.00E-04
[y 1.50E-04
% 1.00E-04
5.00E-05
0.00E+00
0 5 10 15 20 25 30 35
<t (mm)
Bl 6-30 ~ kR 2Bl
[ & smsem ] B:sn
KE P FRE &% BHEHE ot il %
*(213-373) K £ = A < +3 [+(213-373) K £ A<+l mK
mK *(373-505) K #& #_& <+6 mK
*(373-505) K fE X A< +6 | pl 2 A w() < 2.0
mK mK(;m“ri; k=1)
5 %- K ﬁi Lf}ixﬁj’f'aﬂi)g 3‘3“
. A KR %
B R | 33000 | 33015 i R i R R
% ﬁ;c ﬁfr%ﬂ,\? ’j’g“ %aar_ﬁim
e /?Jnﬁk}i ﬁ v )'z V”'J%E’T
i <l FI?E“)*%I'J%H B8
B hE /FMK—EL&:? gy
1 B A4 iE T 2.0 mK|
2. A LR o
cEF PR [ B REUE RER e
FE DA AT Compound | Min ppb
Compound | Min ppb 132 <9.8
~ H, 50 2 20
# LI
% a f 2,748 | 2,748 0, 50 Kr 6.7
Kr 50 Xe <10.8
Xe 50 N; <10.0
N; 50 CO; <235
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wH LA [HE AW [EEaw il et *
CO, 50 | CO | <68 |
CO 100
* The metals inside all of the |* Certification:
following cells shall have | Ga: 99.99999 %
R % u the purities of not less than | Sn: 99.9999 %
y 2,000 1,998 99.9999% and should be | Ag:99.9999 %
7 & (D) inclusive of the Certificate
of Conformity provided by
the manufacturer.
* Guarantee the 30 ppb [* Linearity: 17.54 ppb
How T pe.rformance aqd provide
- 5,351 5,351] evidence by calibrating the
'B“)}% micro K with an Automatic
Ratio Bridge Calibrator
A H R B2 A CFBATE R REIAG
* B /3] 5 :CHINO/IR-R80 | B4 CHINO 7]%. IR-R80 >
A P
ch HE LTI FRIBEREREE LR
Gept & £:1324°C R CHINO 3|50 IR-R80CO
i e 3 SRS k11738 °C AmEmERERE L
B okn 22,300 22,300 ﬁgf!iél £:2474 °C R %% CHINO 7] 5t IR-R80PT
523 # (D » SR R 3 (LPA) PR EPHRL L1
B /250 KE/LP4 & e 2 | B CHINO 3 5. IR-RS8ORE
fido FERMEFETLE
650 °C/10 nm>900 °C/20 nm | A % KE 3] 5. LP4 A 5
80-94
B BT R BURIEER 2
B L TR
[B% et 1]
T £ R FTAL VRS s
RS B RS R b e Rt
Ll | % B NIST =2 = = |*F (213 ~505) K B4 | o3& & kelvin #7% & 2.
BEERE (27315 ~505) K %5 7 | # MEARFLR L5 A EEREE FEES

> % oz
IE'J S8 SU

iR

(3 E 7

LEp ks
TR FEER
w(T)<1.8 mK

3 k=1)

e# B NPL = 2= * (120 ~
573) K %5 § 88 &3-
‘E_ 5?‘] ,;'% o
BRI FEER C
u(7) <2.0 mK

BB A FETA
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Q/Q) Q)" AT R BRI TAR (BT RRFR D 100kQto 1 TQ» Tref

FE R < 100 pQ/Q) - (3)* *0 A TR 2 MR I AR K SR 2R Rl F 0.1 mQ
to1 Q> TR R H 100 Ato 1000 A > T FE{eit 2 FEZ R <50 pQ/Q) » M HEF 9B X &
TRER 2D LAET RI BT AR 7R

datAfgE AP F e TAFR 2 TATEAR  RBEEE LREA AT EY
PERAT > RTRIMRRE D RFEE TN T T BRI MR LT L IER
B HTREE R E o P fRdeT
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FI372 sl Fo0 107 £ 8 7 13 P R K ITH e 3% A 107 & 120 14
PRI SRR AT R A MM ARE R, ¢ 5 (1)%1‘9' HERFRE
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(Compliance Voltage)# % = DC3.3V - 7 e "%2}?}%5?'%@ = 1luQtol1 Q- = &
BRIG Fo Fobo RpFRIBET oo 4ok 6-100 AP0 E S TS TR BRI AL
% "H.TINSLEY/4638)i* & #Ffx it »H § e “]‘Ef]a_la 0.1 mQey ,f HZEBRE IS 300A
BRIV HE 110 pF s F BF 5%?&%»» TR BK TG 25% 0 24 w9k
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(0.0999570 mQ) i1t i 6 5 7 @ LM GIRBIERR 5 5x 1000 B g RO
3 6x107) o

104



'. a" =
e H oL %, /L
[ ™ MTEE
o B | E o w1 PR
4 AL |
k. |

€ fil

]
|-

-

R B B
ﬁ:ﬁx%ﬁﬁa&
: i

206-10 ~ TP LA kst Gl RIPIERER PR S

HE P NS
R /2] 5 H.TINSLEY/4638
B 5 249728A
TIEREAE 0.1 mQ
BIFET N 300 A
vt 5] (Ratio) 1:10
2Rl E ] 0.09994323
St ) 0.09994267
EplE%E3 0.09994338
2Rl % 4 0.09994353
Ratio T 328 0.09994320
TR E (1 mQ) 0.001000143
T £ P (0.1 mQ) 0.0999575 mQ
TR RIRL B 0.0999570 mQ
T S ERER 5x10°

105



prek s MI R B3 AREFY 107 &£ 12 % 20 p %

22 p ik

AFET 3 AT

RE3 R BEF R MTIETAR AT 107 £ 127 25 p 235 0 SRS

FEinyedl 4 6 1+ & IEEE 4882 1% GPIB /i 6 » % & a3 R o 430 S8 %ic s
P34 6-11 BRATHRFEE RIR R R - T4 -
Z 6-11~ =~ R g I‘_E'_?Jl?},fi R TR PRRE R R - T4
Y
IE B P\ ?g N A N Y Zr'b 7 &
(& B 37 kS| k%*’é BB :j/géliiiﬁ;‘;/‘ﬁ-s@&a (*TE (i)i‘;u
ip 54 , sy % & b X /9 L = 7%
f.jf:;;) (xzﬁpafll PAXFTARER D) s 20 2@ k) £2e| P)
T 1)
M Measurement International|§ 2L %% Measurement International
1. (MI) MI)z. ~ ?iﬁu?l‘ﬂiﬁﬁ v @ 7 &
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: . k Iro Laboratoire d'étalonnage
: Québec Institut de recherche
ro
Q:yguébec
Institut de recherche L
Certificate / Calibration report

Shunt Calibration

Customer: WRIGHT SARAH

Certificate/ Report #  1833004-18337
SHUNT De SHUNT ,

Calibration Conditions: (23 + 1)°C

Test description

meemkmemmwntm@hn-nmemamwmmmq !

samples were kept for statistics.

For the 2250 A measurement, the result is an average of 3 series of measureme
samples were kept when thermal equilibrium was obtain 40 minutes after the ct
between each of the 3 measurement series was also part of the test.

9.99731 uQ
10.01173 pQ

HUMIDITY: _ 24 % *_10 %

ENT IS ESTIMATED TO BE:
TEIRDEY A COVERKGE FASTOROF K <2 T
N TY WITH A PROBABITY OF APFROIATELT
HES. THE ESTIHATED UNCERTARRTY CONTANS C
covor

B 6-33 ~ 7 e (MI 6650AF) 4! e 3% 2
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PI2RE] 5 25 =0 o MR IET 4G E B2 H4o B 6-34 #77 o
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I Rx | o c1
6014M 6011D & -
2000A Ix lout Ix lout PS .
_— Ratio EXT e
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S E TR E —— HEHERLS AR TR S TS
(MI 6680A) {}i/nﬂslg]ﬁ} (MI 6011D/MI 6014D) (MI 6010D)
Program
B 6-34~ MTIETHHERIERE

T A F RN MO T AR BRI AT R FTRHFH T %H5:073840073) »

TIEERE (0.1 mQ)**t = 275100 A X 1000 A BRIFEE T2 ApHF L TR 5 35

Mmuk1%yﬁb&§sﬁ<d0Mmpﬁﬁ,uﬁ{@301mQa?w T
‘E‘F’_#ﬁ }f%%}’/‘ ﬁ{& ur(A)\‘zI‘lp ..=§“;¢’£I\T'?\' 6-12 - ﬂ_,/n E /P &r—\ 5 ’k °
% 6-12- 0.1 mQT R A SAPHIELE A FERR TR LS
A= 100A | 300A | S500A | 700A | 1000 A
A FEAp SR
FFEERE w(A) | 02 | 04 | 04 | 08 1.5
(H/Q)
pod B 4 4 4 4 4
T TA k2 BEARHIEE D AR §(DE AT RETH

WE AT R CQEETIERZ EH A TR Q)R PR TE AL AT RE SR
D PEETEBFILENIATR o LFFEE L WP 40T ¢

(1) 2imT i RERHHY 53 TR u(r)

@i THER S L w(N ST %R 501 2
%@m%ﬁoﬂw’wmw@%@m%ﬁﬁﬁﬁgﬂ
R A8 i ﬁ%gﬁw]ﬁ%/ug)ﬁ? T E

0.5) pQQ > |
s 289 0.1 mQI 0.1 Q> &
Pl? /2% A 2 0.1 mQ3 0.001 Q% 0.4
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pQY/Q -~ 0.01 Q% 0.1Q%5 0.3 pQ -

AL TR E T EREEE 2 mT A 0.1 mQI 0.001 Q5 0.23 py/Q -~ 0.01 Q
30.1Q%5 0.18 uQ/Q -
Q) BEFTIER2EHF I TR u(Rs)

TR FF 0.1 mQE 1 Qg * 2 | QEET R EhEZHFL 0.1 pQ/Q >
PEEDFURERE T AR E A o Fp o RE T BIE A iE A 2 dp R 2
FEE R ul(Ra1) 5 (0.1 nQ/Q)/2=0.05 uQ/Q » p d B 5o

(3) EAEFFETE 2 FETR ul(Ry)

BT E :}mﬁﬁﬂuﬁ &ﬁla%*ﬁﬁﬁ wrE R
45;&;&%{31;&&%@2 2+001°C> SRR ] o e %'Hfﬂ—?% e F LR AR T
e T IET - Lﬁ_&%r“ ’ w‘mﬁ L 1 QRETIEEL TILE
BR GG 2 (WYQ)C PRI RERR TP RIAE I LI EITATE S 540

% 6-13 ©

pleb o iR gy NIST # 20 0.1 mQFT e BE & G#cE Bl &8> 326 pFordr* 2 0.1
mOFRTIEELERTINFE S 100A T 1000 A HF feEE A Gl s 20 (uQ/Q)/C
mAFEHRTRE R ﬂ};%:“q‘%®3+15°c RHEFE S 0 mOFRTIEREZERE T T
BRAFEIR LS 5404 6-14 -

26-13 - 1QIERETIERFERFFETE 22 TR

ERETERITEEER(PHERASCE 2 IR (Y B | APHIEE R TR
BAEE | BE°0) | (EUAE L) u(Ra) =
1Q 2 uQ/Q 0.01 x2 nQ/Q =0.02 pQ/Q o0 0.012 pQ/Q

261401 mQF I BFE A S R 22 2 ELAER T 100A I 1000 A)

EETER|TIEEER | FHRIEARCES2IMIA|p I R | AAHEEZT mT A

LB % #(/°C) (B8 T X ) a M&ﬂ=%
0.1 Q 20 uQ/Q 1.5 x20 pQ/Q = 30 pQ/Q o0 17.32 pQ/Q
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(4) i RiREF e R I {E H FE TR u(Rg)

TOFRETER2APHF LI RIAL AT HRTE6 5 0.11 p/Q (k=1.96) » #&
Pip R R T R BT E p HERE T TR w(Rs) = (0.11/1.96) nQ/Q = 0.0556
nQ/Q -

FlRo L A AEBEER I MIA TR LS T @ T EERD (0.1 mQ)
AR 100A Z 1000A BRlER T 2 dp3t e £ B3 AR w8 5 174 pQ/Q (%
ded 6-15) 0 Bkt W E ST ILTM kL2 APHIF R D FE R Ur= e x k=35 pQ/Q (k
=1.96) > FEF # L F B 1 <50 pQ/Q -

% 6-15 TR 0.1 mOQz tpste & 82 FE2 R (ERIT 5 100A I 1000 A)

7 u(A) () | ulRa) | w(Ra) |ufRe) | wlRe3) | AP¥ & ARH
* (nQ) (MQQ) | (nYQ) | (LQYQ) | (nUQ) | (WYQ) | FFERA Ure
100A | 0.2 17.33 pQ/Q

300A | 0.4 17.33 pQ/Q

0.1mQ 1| 500A | 04 | 023 0.05 | 0.012 | 17.32 | 0.0556 | 17.33 uQ/Q

700 A 0.8 17.34 nQ/Q
1000A | 1.5 17.39 nQ/Q
B R AP H 10860 2403260 2F KT LTI L L2

Bing » SIMEEES > B BLTI o bR ””ﬂ‘*’ﬁé?’%‘”*“ 108 # 10 " 1
P8 2 RE A £ ¢ (TAR) P 3 2 1 B # 3 (%% LN0688-190827) - Bl 6-35 A%

ke
2
p 4~ NMIJ :®% B Dr. Nobu-hisa Kaneko ¥ 9 % % B Fj2. & ¥ -

B 6-35~ p ~ NMIJ =% R Dr. Nobu-hisa Kaneko 22 § % 3 ®| [} & B°
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Meter) (1 Set) Current Shunt) = >
I RV HERE R AV RE (4)6650AF (High Resistance
. :}% W 4,200 4,180 7 ;}% (MI 6010D) % H £ | Meter) - &
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6.0 b B BIEFER 1 <6x100 [DFRIT TR R 100 A
742414 & © 5 & I[EEE488.2 | 1000A | )
L& GPIB 4 & 6 R Gl BRI B R (510
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z 3210T
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AGT Acoustic Gas Thermometry BB FRRLE
APMP Asia-Pacific Metrology Programme 38 B
Bureau International des Poids et Mesures
BIPM (International Bureau of Weights and =R 2 §h
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CC Consultative Committee EZENE
Comite Consultatif pour la Masse et les
CCM grandeurs apparentéis FEA B EFALR g
Comite Consultatif pour la Quantit¢ de Matiere
CCQM Consultative Committee for Amount of Flh i [
Substance — Metrology in Chemistry
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{ Consultative Committee on Thermometry ) v
Conference Géneral des Poids et Mesures
CGPM { General Conference of Weights & Measures ) FREEG§
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IDMS [sotope dilution mass spectrometry iz % AR R
IEC International Electrontechnical Commission  [B%# % 1 % fi ¢
[EEE glsgit;letzr:’f I];lece.ctromcal and Electronics FRTWED T 1AL
IEK Industrial Economics and Knowledge Center  |& ¥ /A2 AF 7 7
INRiM [stituto Nazionale per La Ricerca Metrologica |5& * 1B 73 % %
1ISO International Organization for Standardization |F] %% &3 % f‘«
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NML National Measurement Laboratory Al - e
INPL National Physical Laboratory el ol e B i
PTB | Bhysikalisch Technische Reichsanstaty |16 P34 246000 § 12
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