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Yearly Project Outcome:
® To realize and keep the designed framework of global mutual recognition, and
to establish the international equivalence of national measurement standards.
(1) Completed yearly planned work items for being continuously registered to
the databank on BIPM-KCDB website, to confirm the strength of our
country’s metrology technology and keep the international equivalence of the
highest national standards.
<~ Completed the participation in 5 international comparisons among

which 2 international comparisons were piloted by NML and 2
comparison results already published on the journal Metrologia with the
degree of equivalence, En value less than 1. Within the framework of
CIPM-MRA, it shows on BIPM-KCDB website totally 113
comparisons registered to BIPM-KCDB Appendix B with 80
comparisons completed and another 33 comparisons still in progress.
292 calibration and measurement capabilities (CMC) items have been
registered to BIPM-KCDB Appendix C.

In order to successfully promote the International Mutual Recognition
Arrangement as an honorable and dutiful member, we proactively
proceeded with third party accreditation, along with peer assessed
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traceability of our measuring systems in 8 metrology areas this year.

(2) Continuously keeping the interrelationship among the international
metrology institutions to maintain and reinforce the international NMI brand
impression on our strength in NML.
<~ Participated in the related meetings of Asia Pacific Metrology

Programme (APMP) and the International Committee for Weights and
Measures (CIPM) for assisting the linkage and operation among the
Regional Metrology Organizations (RMOs).

— Holding the position of official observers in three consultative
committees, Consultative Committee for Length (CCL), Consultative
Committee for Acoustics, Ultrasound and Vibration (CCAUV), and
Consultative Committee for Photometric and Radiometry (CCPR) by
CIPM.

—Holding the position of chairmanship of Technical Committee for Mass
and Medical Metrology Working Group for assisting the operation of
APMP.

—Being voted officially as member of the Executive Committee (EC) in
APMP 2020 General Assembly (GA) meeting, term of office from
2021 to 2023.

® Continuously perfecting the standard transfer from the highest national
standard, providing calibration services to support ten billions TWD dollars of
inspection, certification and testing market.
(1) Maintained the highest national material measures and measurement
standard to provide the quality activities required in our country’s
metrological traceability hierarchy.
<> Maintained 117 sets of measuring systems in 15 metrology areas and
associated environmental facilities to ensure regular operations and
service quality of NML, providing 4450 primary calibration services,
and to transfer standards and provide secondary calibration services,
test and certification nationwide, and that accrues to more than ten
billions TWD dollars of inspection, certification and testing market
annually.

<~ Provided 125 international calibration reports in English edition
certified under the CIPM-MRA framework to issue manufacturers
internationally certified calibration or certification reports for the
expansion of international market.

< Strategically completed 2 system renewing due to expired use or
equipment malfunction/decay and 1 system improvement/refinements
to keep the systems in stable service quality and in precision.

— Completed 2 system renewing/replacements for the Network Analyzer
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of Microwave Power Measurement System and the Hardness
Measuring Instrument of Rockwell Hardness Measurement Standard
System.

—Completed 1 system improvement/refinements for Hydraulic Pressure
Measurement System to meet the needs toward defense industry,
chemical industry, smart manufacturing industry, Oil refining industry,
steel industry and fair trade, with the service range (2.8 ~ 280) MPa to
(1 ~ 280) MPa, and the uncertainty reduced from9.2x10° ~ 2.4x107 to
7.0x10° ~ 1.6x1072

(2) Disseminated metrology technology and knowledge to train and cultivate

the domestic manpower in metrology.

<~ Completed holding 2 technology disseminating activities on EUV light
source and nano measurement technology application.

<> Completed 18 metrological education disseminating activities for 433
participating persons. Through the teaching aid trial experience
activities it allows teachers and students to understand the fundamental
science concept of metrology and the importance of measurement
standards.

<> Supported the physics platform project of the Taipei City general high
school curriculum and teaching development workforce, and
completed arranging 2 course lectures of "Theory and Application on
Measurement Uncertainty” and "Re-definition of New Mass Unit" to
lay the foundation for domestic education on metrological standard.

<> Completed holding 12 training courses for 259 attending persons in
advanced professional fields, and issued expertised metrology journal
for 6 times, which promoted the establishment of concepts and
knowledge in metrology and quality for industry and laboratory
employees, thereby improving technology and product quality.

< Completed 24 batches of business exchanges, totally 228 people from
domestic and foreign visitors, for promotion and introduction of
national measurement standards.

® In response to the re-definition of 4 new Sl units, the NML is developing the
new technologies of the mass standard, the temperature standard, and the
amount of substance standard.
(1) Evaluation of the new mass standards
<~ Completed the calibration curve for mass deposition of oxygen based
on the SiO; reference samples, with the nominal thicknesses of 2.6 nm,
4.4nm, 6.1 nm, 8.1 nmand 9.8 nm.
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<>

(2) Evaluation of the new temperature standards

<>

(3) The evaluation of new standard of amount of substance (mole)

<>

<>

<>

® Enhancing international competitiveness of the semiconductor industry.
(1) To establish calibration systems for capability reinforcement of metrological
traceability chain to meet the emerging metrology needs of the precision
manufacturing and semiconductor industry.

<>

— Completed the measurement of the 0.9 nm ultra-thin film of TiN on the

Completed the measurement of the relative atomic fraction of (C, Si,
O) on the surface layer of the silicon sphere, with the average ratio of
C:Si:O as 25.82: 20.36: 53.82.

Completed the uncertainty evaluation of the surface layer mass, with
the total surface layer mass as 81.6 pg and the standard uncertainty as
8.9 ng, which meets the target of uncertainty < 15 %.

Completed the uncertainty evaluation of the acoustic gas thermometry
measurement system at (213 ~ 373 ) K, with the expanded uncertainty
as 0.18 mK, which meets the target of uncertainty < 2 mK.

Completed the measurement uncertainty evaluation of the radiometric
high-temperature eutectic point Pt-Cat 1738 °C and Re-C at 2474 C,
with the expanded uncertainty as 0.28 ‘C and 0.56 °C.

Completed the establishment of the fixed points and the measurement
uncertainty evaluation of the high temperature thermocouple
calibration system at (800 ~ 3000) °C, with the expanded uncertainty
as (0.24 ~3.6) C.

Completed the inspection of 3 sets of systems for the fixed-point
measurement system of radiation thermometer, thermocouple
thermometer and platinum resistance thermometer.

Completed the optimization of the Si isotope measurement system, and
the establishment of highly precise sample analysis in sequence.
Completed the establishment of the Si molar mass measurement
technology with evaluated uncertainty as 1.6x10°, which meets the
target of uncertainty < 6x1078,

Completed the inspection of 1 set of the isotope ratio measurement
system.

Developing the "advanced process critical dimension measurement
technology" required by the semiconductor industry for advanced
inspection. Providing non-destructive inspection methods, thickness
and critical dimension analysis, for solving the measurement accuracy
problem in 2 nm process.

Si substrate, and the target of resolution achieved with a divergence
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angle of 1 °, signal-to-noise ratio > 10, and a repeatability error CV
value < 3%. The XRR is used to measure the TiN 0.9 nm, 50 um x 50
um, and the average value is obtained by fitting: 0.889 nm which meets
the target of ultra-thin film = 0.9 nm.

—Completed GISAXS hardware parameter simulation and verification.
In order to meet the 20 nm line spacing of the complex structure of the
2 nm semiconductor advanced process, GISAXS needs to measure
different angles. The maximum rotation angle simulated by the 278nm
line grating sample is 10 °, and -10 ° is reserved for the zero position of]
the calibration. When the slit opening angle is 1 °, the spot size of the
light source can be smaller than the scattering point, and the distance
between the sample and the detector must be 25 mm.

<~ Developing the metrology for nanoparticle measurement and analysis
for the recognition of contamination in reagent in the semiconductor
field.

- The reduction of aerosol size by using electrospray aerosol generator
(EAG) with the parameter optimization, which included the electrolytic
concentration of 20 mM, air pressure of 1 atm, and applied voltage of
2 kV. The purpose of decreasing aerosol size < 500 nm was to form the
aerosols containing single nanoparticle and avoided the particle
gathering within large aerosol.

- Estimation of the aerosol size via the method of characterization of
residue particle size from sucrose solution. The diameter of aerosol
generated in this work was calculated as (123.3 £ 2.9) nm.

- Biological nanoparticle (bio-NP) was known with the advantage of
consistent size and suspensive stability and was therefore used in this
experiment. Ubiquitin with molecular weight of 8.6 kDa was chosen
and the measured diameter was 3.67 nm + 0.01 nm by DMA-CPC,
where the value was consistent with that reported in literature. The
relative measuring uncertainty was evaluated as 2.5 % and achieved the
target: < 10 %.

< “EUV radiometry measurement technologies” have been developed for
EUV lithography used in the semiconductor industry, providing the
metrology standards demanded for exposure dose determination. It is
intended to assist the industrial companies to well control the
lithography parameters and to increase the product yield.

— EUV spectral responsivity calibration facility using synchrotron
radiation light source and the traceability chain have been built.
Calibration procedures have been studied. Using a calibrated EUV
detector, the optical power of the light source can be measured. The
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measured optical power of the light source is 15 uW in the wavelength
range of (13.5+ 0.5) nm.

® To comply with the law enforcement agency for proceeding in the legal
metrology technology study for drafting and revising the technical
specifications in terms of legal metering units (devices).

<~ Completed the new version of the draft technical specifications for

diaphragm gas meter type approval. Based on the format of CNPA 31,
the draft initially presents it in the form of a comparison table, and then
complete the relevant provisions of " Metrological controls and
performance tests™ (which including type evaluation, initial verification
and re-verification).

In accordance with the draft content of the new version of the technical
specifications for type certification of membrane gas meters, to take
inventory of the ETC and FML. Through the inventory results, analyze
the existing type certification testing equipment performance and
capabilities of two units, and inventory the follow-up solutions for the
inventory gap.

Completed the collection of OIML R46 series standards, including
OIML R46-1/2:2012, OIML R46-3:2013, and analyzed the difference
of performance test items with current CNS 14607:2017. Also,
summarized the opinions of certifying authority, such as Taiwan
Electric Research & Testing Center, on kilowattmeter type approval
and organized verification test, inspection test capability as well.
Completed the collection and compilation of 7 documents/standards
related to the "Average Speed Control Device" in the United Kingdom,
Switzerland, the Netherlands, Lithuania, Germany, Australia and
Mainland China, and completed the drafting of the "Technical
Specification for Verification and Inspection of Average Speed Control
Device", and the development of  verification method with actual road
test confirmation.
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Bureau Repository of NMI Covid-19 Actions

Searc

International des - the intergovemmentat organization through which Member States act together Le

Poids et on matters related to science and standards. Center for Measurement Standards (CMS)

Industrial Technology Research Institute (ITRY)

+ Mesures & 2y

ABOUTUS  WORLDWIDE METROLOGY INTERNATIONAL EQUIVALENCE SIUNITS SERVICES P
Clinical Thermometer Calibrator
> You are here: worldwide metrology > Covid-19 Since the severe acute respiratory syndrome (SARS) epidemic in 2003,

CMSTTRI has developed the clinical thermometer calibrator to provide the
Metrology in the fight against Covid-19 temperature standard for devices, such as the ear thermometer. The

calibrator is portable and can be widely deployed for the onssite calibration in

hospitals, schools. supermarkets. offices. and any place requiring temperature

The CIPM President has asked NMIs to share examples of how their work is supporting the fight against the inspection. Serial products of clinical thermometer calibration have been assisting the
pandemic - for example by applying expertise in measurement science to assist with the development of
personal protection equipment, medical devices, certified reference materials or have joined efforts to find a
vaccine. virus subtype HIN1. 2012 Middle East Respiratory Syndrome Coronavirus
(MERS-CoV). 2013 Influenza A virus subtype HTN9. and now the Coronavirus

9 (COVID-19). CMSTTRI will ly provide the

temperature control of preventive medicine through 2003 SARS, 2009 Influenza A

The responses received from the NMIs are listed below.
Contributions from NMIs = Projects Financial assistance

NMIs from Associate States and Economies:

he front line of epidemic prevention

+ CMS/ITRI, Chinese Taipei T

+ Developments at the Uzbek National Institute of Metrology for preventing and fighting against Covid-
19

* LACOMET, Costa Rica G
The clinical thermometer calibrator
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technical reviewers
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CMC publication
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EUROMET.AUV.A-K1
Europa

SIM.AUV.A-K1
America
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fﬁ Atk A AR
%‘ N E] /Ji % # 6 )
Acoustics, Ultrasound, Vibration (AUV)
R /7 14 2
Electricity and Magnetism (EM)
£ R
Length (L) 18 4
E z g EL
FEZAME 19 1
Mass and related quantities (M)
R ek 4 TR ; 5
Photometry and Radiometry (PR)
L 9 0
Amount of Substance (QM)
B 7 9
Thermometry (T)
&3 80 33

AR A S (D). RRERENL | AR E R A A S 2
R3S 8P o £ Az R (pilot) » d H 4 2t #2312 (protocol) > (2).i&protocol p 2 v
HeEfes QR pER B F I HE BEZ R0 3). & 2B RME-2 2 2 B % 2 By
AT FHAFEREFCHTHRZ R ES T 0 (4) HIR L RARE A Sdraft A~ draft B2
final report > draft B> = 15 i % 3 s vt B ¢ F & 18 % final report » & & final report %
> BIPMKCDBF #L R o "% v $prfe— 431 > F4~5% > WAPMP.L-K1 5 &4 2001 #
B e @i 32 0 Sfe =2 B4 52006% 0 H L A2 40 B 1-2-5 o
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(1) $-22538 M $45E

IK1: gauge blocks |
Initiating Planning Circulating Preparation Reporting Publishing
Survey Pilot Starting Ending Draft A Draft B Final
11 NM1J Jan. 2001 Jul. 2002 Aug. 2004 May 2006
Economies (Mr. I. Fujima) (summarized (Dr. J. Ishikawa) Published

results sent)

e The final result of APMP.L-K1 was published in May 15 of 2006.

B 1-2-5 ~ W% o202 APMP.L-K1 5 &)

(4o 1-2-3)

H P21 5 N

Pl ¥EE 138 R o= b f;};:\;‘,g%ﬁ;;f o
% 1-2-3~109 & & NML B "% vt 13

% 4BIPM KCDBF L E » 158 = & &

S| BRI o S L .,
FO¥HIE P w75 | (Transfer Std) | » %52 B2l A R
NO7 Key Comparison |[t* #f3 % © %5 43" BIPM %t 1
L5V H R > L. @ &Y | APMP.M.H-K1.b |# # *% Metrologia 2020 57 Tech.
NO8 APMP.M.H-K1.c (Suppl. 07010 -
N . Wt 5 e % 453t BIPM fexb o 1
S I P04 w %&j AR | Key Comparison # % * Metrologia 2020 57 Tech.
F APMP.M.F-K9 s opl. 07017 -
i AN = A B opl o, 1L
KR FALSE | FOB | M iiE ,fﬁ,yhﬂi"“r]pﬁé'sﬁg ll\?;l_a e
Key Comparison |% & % 3 5%4F 2 ¥ % A i< (Draft A)
¥RFAE | FO6 | K3t | CCMFF-K6.2017 |8 LML L 131 % &
(%81 %) ¥4 £ ¥ % B % (Draft B)
NML © % &t $bi% g5 & %o
Pilot Study B> & 55740 ~ ¢ RS B i]’> 3]
TEHFR 005 R APMP.PR-P3.1 |2 & R ?’x R e ke B8P Hdy
(Fi%) (v BB EREEodhrd B
ot 15 pEAR o

zx @ Key Comparison(if £ %1) 5 Pilot Study(k # +* #1)

BIPMt $F2 % %

a. APMP.M.H-K1.b£ APMP.M.H-K1.cR]*%
APMP.M.H-K1b£ APMP.M.H-KICE %t $+d p &8 7 o/ A ¥ H s

a ;E,LLH.,;\,%F,DHQ{WT :

"

BE

7 B(NMIJAIST) A 955 14 #4395 B 5 a5 S (Vickers)i & HV1Z HV30> %4 B 335 %

RE IR E PR Y

Fe(KRISS) ~ @ Bz & # & K (NIM) ~ 4 i 58 2 e it

‘ﬁl;—;é‘;i

(SCL) ~ 4% 3* £ 2 (VMI) ~ 4 BB 33+ £ (NIMT) 2 £ #(CMS/ITRI) - NML**HV 1

2HV 3050t

4% Enj< 0.5 -

NARERRE > RERPN A
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% 1-2-4 ~ APMP.M.H-KLb 2. HV 1 +* %t %

Institute 200 HV 30 600 HV 30 900 HV 30
KRISS 0.38 -0.40 -0.55
NIM -0.40 0.45 0.49
SCL 0.09 0.40 0.77
CMS /ITRI 0.25 -0.10 0.14
NIMT 0.35 0.12 0.38
NMIJ /AIST 0.09 0.15 -0.09
Institute 200 HV 1 600 HV 1 900 HV 1
KRISS 0.96 0.33 0.24
NIM -0.83 -0.30 -0.18
CMS /ITRI -0.17 -0.44 -0.38
NIMT -0.01 0.27 -0.03
NMIJ / AIST -0.34 -0.18 -0.05

# 1-2-5+~ APMP.M.H-K1.c 2. HV 30 +* & %
b. APMP.M.P-K9

APMP.M.P-KOR % vt %t 8 d i B B 735 27 2 5 57 7 B (KRISS) #7274 » v %438
P 5(10~110)kPaz & $/& 4 > $4c B 73T 4 RFE RIR 8 &2 2 857 7 12 (KRISS) »
BAR TS EA L IRNMIA) ~ &) & B 73R E 2 7 % 5 (NSCL) ~ 4 R =0 47 32
B (PTB) ~ ¢ WP E LA T RNIM) ~ 423 3 £ 7 (VMI) ~ £ 3%
(CMS/ITRI) ~ e & FRREEFHZTMSL)~ P 23+ BT IRIALHWNEEFAT R
(NMIJAIST) ~ 3 BIF F3- £ 77 § Be(NIMT) » 4 8 iR g2 4 n 3 % % (SCL)2 &r k- £
3 E(RCM LIP) £ 1213 F 2 % o v i % 3 p BB 4 HCCM.P-K22 B 4 %
+ E(KCRV)» 2% -NMLZ BRI 2% NEE R B4 206Pat™ > &N E
Bt st 52 9 % 2 CEMNMIAZ L BPTB) AR S o o P it 2 % B NMLE 14 £ B

RE sk B4 RE TR RS ERREE > R EAEFIMERS I RIS -

b1 T T T T T 1 T T T T
® 4r 1
o 1 NMIA
- 12 NSCL
(3. 1 3PTB
o 2r =14 NI
e 5 VM1
2 78 CMS-TRI
g 0 T T 7TMSL
=] L 8 NMIL
ucj- T I I l [ J. JonmT
— 10SCL
° 2L _t1RCM-LIPI
8 12 KRISS
7 —
o 4 k- -
5 1 L 1 1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10 11 12
NMI index

B 1-2-6 ~ APMP.M.P-K9 z_ 50 kPa & $1/& 4 * 2 %
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11 RCM-LIPI
112 KRISS

Degrees of Equivalence, D, (Pa)
-
N X
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— |
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NMI index

B 1-2-7 ~ APMP.M.P-K9 z_ 100 kPa 3 /B 4 1 %t %

C. ¥ & # A & (CCM.FF-K6.2017) B 1t 44 (4 #65 #)

MZREHFL R €81 7] 2 (CIPM-WGFF) » %] *:2005# 1 2006% > 1 %
20103 2012 8 742 =t :hCCM.FF-K6( i< /& # §8 /= £ )P B %4 - 2016 # 4= d NML A 7%
CCM.FF-K6.201755 % & s % 3=t ) Bl'" ¥ £ 5 10 B M 7£3-& > ¢ 7 & = JI(INRIM)~

i ®(LNE) ~ 4 ®(PTB) ~ #_L(CMI) ~ 33 2 (METAS) ~ & ®(KRISS) ~ p 4 (NMJ) ~
'/’-l-'(NMIA) ~ £ W(NIST)2 % #(CMS/NML) - >+106#8" B 4~3 108& 9" 5 1k 3 71t
HE R F v BREARE ] 0 G NIRE A W EE o NMLA 4;‘%35%16 A w)
*+106#8% ~107#8% 2 108# 97 ¥t 422 7 £A4F R 17 At i £ RIFE RN
PR BLIRE 2RI TR Y ) 300.025 % 0 Bom v E AT iEAR E R 2E
FORR e 0 109847 =S Hilicdy JT % Draft A-visE2 0 R AR AL & AR

EWNMIAIR A R 2 47 < 8 7 2 2 ek > FREFEGp AT T2 L
B RRRIHII T2 o B B AEENIST 2 PTB3 4 » A ik dp it L3k 2 530
H 7o AR L WP ey A ST R AT o 109£ 70 % A Draft AV24R 4 > ¥ E 2L F
%% oo 3 & A2 5 INRIME S0 vt 5 % (2 mUmin) » 8 39 % 3 chlicdf > 548
consistency check & #1415 7 % % ficdyp M 4o T 352 A BEKCRViE en 385 2 & 3§ >
1= 2k % Cox»2002 & % £ e 1,%;& J. Randa>+2005+# % 2000# ~ ;;L viTFR Y EGTR
2 2Licfg T 3o 02k B KCRV - 1094# 127 % & Draft A-v34g 2 » #INRIMiZ %= 4 %
WIFEERP A BFRIRER T N dT o F AT R E AN o E P T E # 5 Draft
Bix A o

d. 7 i % & (APMP.PR-P3.1) B % vt 4 (4 4 4 #)
APMP PR-P3.15 A& B 1+ *ﬁ@ ARAyE CHIED SHRVA0LBTEZAR -

AR A B S BRG CP B ENIM) e (MSL) 3 B (NIMT) ~ Aree st
(NMC)2 £ & (RCMLIPI) %5 F 5% % - B # B F 325 4p B %;«;; PIRFREF G
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V o mSRPams < SRFPET I EREM)TEE(TR)AR RS 2 § 12t 0% 4 o
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EPEEBENM) A £ 2 86 & pdf i > R%E 8 23 § R 28 (F4-F11-2-8 - NMLiG A
g %23 CCPR(E £) ~ CCM-WGFF(i: £) ~ CCM-WGG(Z # ) ~ CCL-WG(& &) %
CCQM-GAWG(f #f) % igds » Rt 4150 TR idsg L R A A s> 7 %22, » 4 %
NMLz i gf i 4 SBZHF RBAp > & kRSB Lz &2 LhE i
2o B A R Fpt X | CIPM e k. o= B oend 3o NML>Y2014 % %2 2015# EF & = & Joig,
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Chinese Taipei

Fccm,ccnccrp.ccm

2002.06

Member States
& BRBUFRE

CIPM MRA

APMP Structure

General Assembly(GA))

Chairperson of APMP
Executive Committee(EC)

B

(e.g. ISO, IEC)

=

B et &
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HREAF
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(CCAUV,CCEM,CCL, || {

CESE 2 Y
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| I
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BREEHA
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Technical Committees(TCs)

Acoustics, Ultrasound and Vibration (TCAUV)
Electricity and Magnetism (TCEM)
Fluid Flow (TCFF)

Length (TCL)

Mass and Related Quantities (TCM)
Photometry and Radiometry (TCPR)
Amount of Substance (TCQM)
lonizing Radiation (TCRI)
Thermometry (TCT)

Time and Frequency (TCFF)
Materials Metrology (TCMM)
Quality System(TCQS)
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(2) APLMF#ci=# it 33 ¢ :&(DCC)
B 2R P gir e LA 7 AT (PTB) EAL R enB 73t & H 0 54 303 2 Ap b L 5 ol
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20204 % 7 & & R1# 31 € (Conference on Precision Electromagnetic Measurements,
2020 CPEM)d % R R 3% % & Fopper= 7 Fe(NIST) A %> r ©109# 8% 2471 28p *t %
Rt 5 Vet BBV HFAMFAFREN R IWER 2o cimt P;{f} g
(Virtual Conference) - « ¢ 7= & £ = £ 2022 CPEM¥ & fjf B 73" £ F=(MSL)*+ & 5 3¢
® & E 75 2024 CPEMR] R d % RINIST fd» g (* &)1 9% - & ECPEMFA 3t ¢
TR A TR Y %280/ (20 (TR ¢RI L) i PO S R E E N T B
Mok ~ 7 3 RAE > F A2 %zi 16+ 78 4 = 323-Session & B o NML T &7 3 23+
BT 32 F 43K T BB T HhY o Hhe 3D~ 55 1 ()TNMLEE 210V L% 4
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FTHENEL AT RIEE L, > ARNMLIOVA RS ¥ 5B B L 5T REE
(Cryocooler PIVS) s steguz B % » 2 2 2 RNISTX F % 2/ 2PIVS i sz BF e B
B4 4o B ¥ NISTenw 34 5% (Portable) PIVS ik se & 3% * & % 4 4r > @ NMLeh
Cryocooler PIVS i SR B % G § 4 Fr o L 2% 7 4> 3 2PIVS & B 4 d e
- KM 3 E kA 10I8VERFT RALE--010nV > 2 2 5B FrT B
21.04nV; m AIOVERFHTRAEAELZ-007nV H e £ w7 B 51220V
(2 "NMLz diz g BB TrEpl ind =82 ma g » /A ENMLITE & 4
R RUEETEER AEE AR o (3) T AR IR H TR 2 2 3T R T 4

RABERIEE S > A ENMLE 3 B2 74 Ak Eair Ao p e 2
TRMELE T AL ) e B F i LabVIEW R B S 2 AT 4 Beang Bt
dEREE T LT A R AR AT RIT R h R R R R
B BT A RE L A RNMLE- B i £ 3T 4 2R Ep ARy

T)y

Fid A=t 5402020 CPEMARL A7 54 § X8 247 3h % i § > 7 B A B &PIVS
TREEZ A T RERIAGES F N B2 BREAT A5  RAARATREZ R
Tl Pprsd B PR o gttt TR L R i R DR R T T
BARFREARY > ¢ ZUA A TR T4 R ERE AR e
WARBPZ BT ENM G RO E S e o

G) "ERRARIERETHRT EREFAHEEHR2F A€ (NCSLDsF #34 ¢

Fl 2 pk AT L (COVID-19) R ik » ~ g AW B g2 X 20tk T 8 > &
R FHAEE AR RERAHE PRI ERPFRF 10928 24p 3
26p oAt * 145 TSIHE -ERTEA :%#&fiﬁ_&giiﬁhe Sl Unleashed : Bridging
Science & Metrology) ; » 73t ¢ » 5 & B384 - & 38 % A (Keynote Address) &2 # < & %
# 3¢ € (NCSLI Virtual Technical Program) o & =t NCSLI #7 3% ¢ #74 % cvh 2 & 5 7
(Education) ~ & i#/(Measurements) # & (Quality) 3 B #g %] » £ 42 5 - NML #73 £ 2
W AP 5 Twov B et foekit e 2 i * (Application of the Taguchi method to
dew point meter calibration) ; » 1 & 434 NML R TR B R B SE RS 52
FlF o fl* oo 32 EEETERAR - R FDOER NRE FREFE A
FERDFFPFEREGF T AAFCKET > RERFERITRERL 0 MY

sade B plE T o

(6) NMI Diretcors’ meeting
10/15 p CIPM/BIPM NMI Directors’ Meeting 2020 %+ ¢ ¢ ¥ #H 7 & - 2
= A &3 R %4 - Wynand Louw (CIPM President) ~ Martin J.T. Milton (BIPM Director) ~
2, fﬂfﬂﬁygﬁ&aﬁ# £ EE c eRPRNEREFLREERERAEFHRP 2
PR EBFE 0 T EUEH COVID-19 B E AR ERNE A S AP A
B3t p A 3E#-5 Measurement in health o ¢ R34 & 4o
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>R R A L R G iR R

S 2 R AR IR AT E A SRR
> ENIEE TR E RS2 MR E PR R PR e ZnewSIZ EF ~ A kS|

Y FT s B AR N EEOINMIZ s AFRe ket E 2 o
>oFEtE R R R ES e R RRAE ST & ¢ 202020 - BIPM = £ International

Telecommunication Union (ITU) ~ International Federation of Clinical Chemistry and

Laboratory Medicine (IFCC) & 37MOU -
> OFRARERSE RS EEnewSIFR T RARR PR BT IRASAE L

& PR E ML P ER -
> jad e %‘»«% @AY L CIPMei7Rule of Procedurei g @ 0202042 % » #-3F 4 {

et o

(7) Webinar on Metrology and Quality Management of Ventilators # _ ¢ %

20194 A 4 TF bl HAA G A B L o #7500 L (COVID-19)eh R & » %81 &
2020 AR @ FHACT 23R I W TR S - F 2P BA AR FRE A F AL T
engpsk o & F @ % et ez % (ventilator) §T 4 g AEafryaoasi o R RES
Pt B o L3R e RAPMP) & $ e b2 R R FH L2 B A
71 € (webinar) » i & #734 & B 73+ £ Fe(National Metrology Institutes ; NMIs)eE e 4% 2
FEFERRERKE G ZAZ 0 BY 252 Hixg BSN, ITC, KRISS, MSL, NBSM,
NIMT, NMC A*Star, NMIA, NMISA > NML-ITDI, NPLI,NIM « NMLd p 2 5 532 v 5
EHit B € (TCM)L A& (chairman)4 g%f“% & gk i® 2 (Medical Metrology Focus
Group, MMFG) % F 2 /& (co-chairman) 3 § ~ F & 1 427 W R 7 A& £ i 89 % 3
(NML)zZ B+ § 85 2o S4v g3 o Lb—kg RE B & AT

APMPz F H:+E 21 T2 (MMFG) > »* At g LR HFH IR £
(NMIS) R v w5 5 2_ 2+ £ 5 B mmﬁﬁLiﬁwimaiﬁ7ﬂw&ﬂhqmmmﬂm.
Xiang Ding #-¢€ kA~ & & BN 5 - BI04 GG WS e 1 vy FE2
H o5 o nm Gl b 308 o Ao F (P P x%“fl‘fo)‘&rg (BMC-Medical Co., Ltd~
Dréger Medical Eqmpment Co., Ltd)j& % B & & /1 Ser e {8 4pBE R 35 > BB B
BT A PR R ERA AT AARRLE R AT PBREIEE
PIAE B A A BT 33 hE FK“ RiEF{ 2o feilmanioss o 2 ¢ BMC-Medical Co.,
Ltd 4 $F e m 48 74 50 (P38 2. R £ 2 (ISO Standard):& 7 A4 % » £ % 73 i@ * 8 2
S A Pﬁi#‘%—ﬁ'%% v e d B ERE s 1 ISO 80601-2-12 ~ pEER PEFEL ¥ b gp el
4% 1 1SO80601-2-70» 7+ 5 R* 2. i€ § # & 1 1SO 80601-2-80 ~ i # Fiwx - 1ISO 80601-
2-79 z vEen s LEEE REDL dot AP CREIB AT BRI B
Bt E R 2 2pEOHW%KRES Y P 4 FF B U 4k 3T e 58 g L p(internet of
things ; 10T)# i& w2 S 48 gk @ * 27 4 72 12 3f 7| T pF et wx 4 fic(breathing parameters) 2
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B 5 12

o ¥ by F g E #fld Ms. Xuanchao, Zhous 3 »# s chja i &2

e ¥ R TRt E 2RR Al SR 5 JF 1234-2018 0 P AR N A R
# 7 ## (tidal volume) ~ # &g & 4 (lung compliance) ~ # i F2 4 (airway resistance) ~ #
ig « % R 4 (Peak Inspiratory Pressure ; PIP)% » &2 7 Jeid § #5382 £ 8]+ 7% - NMLA

9

é”:}é.’

Yk

= R
1%

N

N

\z)_g_i ‘E v

™o B85 A 47 ik (gas flow analyzer ~ ventilator tester) :& i7 =¥ & 8 5% iy

MR FAMINE AT RZBR G ERRERD 2 A REL# R

Boeigiz Rdet] > 12 4% NML B4 @in 8 2 2 i kSt if jmgd o

TERARB (ST L g B R E 2 & (Nepal Bureau of Standards and Metrology ;

NBSM)Dr. Manish Kumar w & * I & NML#74R 2 2_ %% @ F]375 % 3 (COVID-19)
SR EFERRBRBE A LR AR Y LRSS G e B R
r{ﬁ”“ﬁ*\:ivx\\:ivxﬁk}.b ;F BB A RNRID > B A 2 /FH AEEERY LR

s IZJ‘FL:’» g

vxﬁkgg,’iﬁ-z Nl /F!J Fo 4‘3 F%)% 'ﬁ'}} 7 \:_ivxﬁk;lﬂﬂ;?
i

(8) 1A I =+ & msdn M BE S

APMPI 4

D R 2B BERI3B H 2GR ASR A B

BRI 140 - 42T % 5 12B 452 2 $st | ¢ (Technical Committee, TC) » 4 %] 2 #&
132 5 iﬁ»/;}ﬁ%ﬁ%(TCAUV) + TIB(TCEM) ~ i & (TCFF) ~ £ & (TCL) ~ & (TCM) ~ & & 2

k45 5 (TCPR) ~ # 2 (TCQM) ~ & & ;6 So(TCQS) ~ #a4dg 54(TCRI) ~ 8 B (TCT) ~ pFg
(TCTR) 2 4L+ (TCMM) % -
NML* % 3 R o g @ PR | 4R 2 BB (PR3 A - 320248 =
PR RFFEERIAR  f F TR R 1290
% 1-229-NML & =& & ‘}I‘jz\
Yz p f 7 e/ /tarbﬂ'i
< A 4FZ2 742 APMPTCM £ & € 3%
TCM 4 A > 44 APMP # 7 g3k BB T R B R R HMFLM
(2018 2021) < 1% BIPMKCDB2.0 #7%<% F % * ’ﬁ&gﬁLAPMPTCM% PR
CMC% %)%, 1v ’@FKCDBZO B HL RIS UEFEE S
B AR o
FErE
atﬂfl Tt MRSt
I}ﬁ <> —&}igpi%%‘—fi"l%gl’
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ER BB AR AT
s MAL AP RERES £
LA 2% (APMP) % & 2 @ & ¢ ¢ 3% (mid-year meeting)fr ¢ f * ¢ (GA,

General Assembly)w"i FAREHR  EY ERDPEFTILEIRNER XL FEDER
LTI F o £ &Y 0T L (COVID-19) 1> 20204 7 + 3+ B le sk & ¢ ¢ 3k eedx
M ERT AT ERPFRA6216~23p cNMLY A i@ TR LR €
(TCM)2 & £ > 44 74 B (Executive Committee, EC) € 3% ~ Hilvt R € 1 A
(Technical Committee Chair, TCC) ¢ 3k % # {74 A frsitv4 B ¢ L A % & (EC-TCC) ¢
ROICAERUREERTC Lo 2B Y WRrILiTEL R (Developing Executive
Committee, DEC) ¢ 3% > » F ME 3 1 B~ v BIR BB 4 2 F ~ 5 0h sy £ =
M A SRR R F AN BB IR R B AR TR e AR AR M
P o PN G REBAF R AT -
vV S ERAPMPER § R A APMBERURY SN LB BT R
PR R Mk -
V L ERT SBHLE AT ELNEE  ¥iEiZzoomz Adoodle® &+ 7
LR KA T A
v APMP# #3F 5 #45% £108 ~ = > APMP Response Programe against COVID-
LA R §(TC) E 1 i (FG)& B % @ B33 74 A (DEC)Y 17
&ﬁ%?%o
. z;uc 2020 &£ xR EHE R S § FHITHE e L L

ek

KA

B2 Jje

—E

o

-~

s g e %«(APMP)g < ¢ (General Assembly, GA) 5 37 e k2 d g - W B = >
FERML B e B LB R AL B € ¢ & (Technical
Committee, TC) ~ 4 £ R ¢ € :&(Executive Committee, EC) ~ & HiiFE | € L /3 € 3%
(Technical Committee Chair, TCC)~34 £ B ¢ & itrL B ¢ 2 3 B /3 € :Rx(TCC/EC)~
Ba? W37Z R ¢ ¢ &(Developing Executive Committee, EC) BRS B WL F 4 A
31 € (NMI Director’s Workshop) # o &=t € &+ 4+ = 349452 > NML 3 101 47 38 2
Bt B 6 (TC)MF g3k % £ & > £394 =0 - 117 24p d HBMBHFE LR 7B B
BER%FIELA 2L ARFEHHF L NA L 538 2520205 B 4 F £
31 € (APMP 2020 NMI Directors' Workshop) 4 + ¢ 3% & B 1 /ECOVID-194 i ¥ »
PRI R itk SRR SR BB TR R RS
B2 BRRALH PO NML 2 3 LR o 5 A Hge 2 FAER L B 3 B
P B R 2 ATARIF 0117 263 27D zﬁci& R e 20204 B S €A
ERAGPEFAMTERFLARELARER L7 AR ERA L F RN 2R
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ko 12 EFE R
RELR  #EL

ANAIEFESNMLE 2 ek EE Z37EL TP REERRFL

PAE RRERES c A HEEL R ERESHBREE LT L o
# 1-2-10 ~ 2020 = APMP ¢ R < ¢ ¥

YGRS L TR

$4r 2. TC
% WG

AR 3 4

z‘iécl\ﬁ

2

\ﬂl #m L %\/ é'_ Fﬁ

TCAUV

BE Azl

i
Acoustics,
Ultrasound and
Vibration

TR
o g
FRR 5
By
=2 R
EE R

e APMP TCAUV T - i i #d KRISS 2z
Dr. Yong Tae Kim # iz -
*d NML # % APMP.AUV.V-K3.1 & #%7 5%
% 5 NML > =957 % £ 5 NIMI/China » *%
2018 & = 2 vh 4 E P~ 2019 & 6 7 o oa b
a2 Ak > 302020 & 9 7 oAt HHER 2
B> Pwikl ivd | ¢ RETIHFL iy
E’z\ T 2o FL e
Fr4c NMC 3% APMP.TCI 3+ 3 2 (7 #5
BRRAE A F
MEDEA Project (NIMT & NMIJ)3* % #) 42
(Jan. 2020 ~ Mar. 2021) € & ® #P Hpher 3
¢ 2. £ % Workshop and inter-comparison for
reliable noise measurement °
APMP TCAUV 2z jr#4p51 i1 f ¢ % R
{ #7 - KRISS Dr. Yong-Bong Lee i¥ ik » d &7
4e gt NMC Chi Shan( A 3 )54 -
XXI1I IMEKO World Congress #->+ 2021 #
82 30p 12021 #9 " 3 p3tp rfgEE
PR LPEREEL 4 R R o
2 BT RO NIM $ 2k M8 B & 4
@k F R B R TR
Tp e Bl HPER S 2021 & & 0 NML ZR i
g

TCEM

% _EL ~ @ v
Electr|C|ty and
Magnetism

LEE
Fl ot

Fr el &

2R ¢4 KCDB 2.0 c7 CMC F#L % &2 F
3 NIERP B, o 50 feig CMC
intra-review eh% Bindz LW E F R d AR
T>HEET > 7 JE £ £ CMC review % =
o iEE R o I3 eE Y EURAMET ~ £ 3
SIM % % ¥ 4% i 2. CMC inter-review | #-f
#kE4d CMC review FHoLef FAER
fed B o 2Ri ﬁd AR IERE Ao

TCEM » 11 » > B B #7- # CMC inter-
review > #% @?Iﬁf 7 4% NML - & R
SNSU-BSN ~ 2 %2 p & NMIJ -

iR #P TCEM F] xR fr;\ ot
(Hybrid Comparison ; HC) &k 3% 4% 2 (¥ 5h
APMP.EM-H1.2019)¢ 4~ 3 = APMP TCEM
e p o T4 R G i’%i’éﬁ% ﬂ‘ir' %+ % NML
Flergrp ANMID 2Rz 22
L LT VIR

+ o
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L

4o A RS

«i A A 3% 2020 BIPM/CCEM ~ CCEM WG-
LF~ 2 JCRB &M} ¢ RNEATEMNH L 2 ¢
B RS e

e LI FMEIVHZ BATHAE M > L E R KL
HARBE AR o

o fEs EM Af 5 & S8z CMC review % +% /)
EEFAESELH

* 3z TCEM 2 & Dr. Hyung-Kew Lee (i
B KRISS)#-*+ 0 & §riz » &t 5 & 8
TCEM & 2 A (5 FEERE) (8> 2 R
% F R d #74c NMC 0 Dr. Meng Yusong
¥ix o

TCFF

e
e

Fluid Flow

Ei
oon
L

e s

ST

*TCFF a1 B = #& > d 3 iz 2 R Dr.
Shimada(NMIJ) » 2 &% ¢ ® = & NIM 0%
HxmiE 1 3T o 1 3% B KRISS 0 Dr. Kang #
EZ@am e

e 3p 4 AR A 2. CCM.FF.K6 2017 3" v ¥t
HFEE P w5 Draft AVer2 32 1 g
BRELSERERTALEES 12 0 4
4 Draft A Ver3 32 ; 32 5 & 3 352
APMP.M.FF.K3-2020 " $42- 34 » d »v 5 32
Bov i Ae X PR E A T E G
WIo2021 & A Bt i @ig o

*FEiL L AR CMC review = | ¢ 8 2 L iz
o BT ECE HR e A JE o3P 4B B CMC review
72 CMC £8FiR - FPEL REEER
i+ i = CMC review process @ # # 13 = %]
B2 R FIRAEFREZ KCDB 2.0
gz * » CMC review process iz > 3 i % 3¢ -
% ® CMCon-sitereview ¥ i * A~B~C =
A REF - RPEITTFE S0 A EIFRT
FTROBECYTEHUEY) C RETHEE L
B E Klg_‘o

e 3 24 CCM-WGFF 2 APMP TCFF B\t ¥~
AL IR B R 0 TR L
WHERHGI LR SR

* 4%t COVID-19 #= & TCl project » NIM =+t ¢
KT A et e MORRR R AT R
% p# NMIA 2 NML % 7B & %4 o

o2 TC #-4 4 TC chA K £ 81 iF3 » £ 27
BEFME RY

o ' E 4B P57 4 € & 0 R TCFF Workshop ¢
TEE2X R LXLEPER S 2RE
AR € > € RAD B ATIT RN AER -

TCL

% R
Length

H R
5 ¥

e p &~ NMI - ijﬂ?ﬂ NIMT % 2 3 #3257 %2

E A ot W
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4v2_ TC

2 WG TR F4e AR BECES VA0
th B e AR A 7 APMP.L-K4 (2 /5) > #2021
HE E B8V H B2 2825 15mm-~50
mm 9% ~ 3.5 mm ~ 15 mm ~ 50 mm %
.~ 25mm =3k o 11 7 K 41t ¥t protocol 1
2 TCL i A &2 44 WAL o
oM EFEIE T A bh’l‘“ﬁ/ e SR
NMIA & NIM z_3 5
o T~ B B A B4 K NIM iR E L
At A GAfSE Vi o
*APMP 2 st R g A AMARKE L #
TRz H4HE o 2020 APMP TCM &+ ¢ 3% > ¢ xIP - 5 9-
Mass and Related P ,}”;’r 11 November 2020 13:00 — 17:00 ( = #* FFFF) >
Quantities (Mass, g\%; e AHch 97 4 o A ukp 23 A
TcM Density, Volume, i /R o m B X L BTRAR 2T 24P
Pressure, Vacuum, j;};;_g &ééﬁﬁ:}ijﬁff £ 13 B2 kg2 FpedR 2 (4
Force, Torque, “‘i; ;ﬁc % NML % 2 rfrﬁ* 2. XRCD £ & 47 2); &
Hardness, Gravity, fo- 25 TCM P INFoeE it €3k 0 LB (7
etc) Tz TCM i RmEHE > d &2 & NPLI < Dr.

Titus § F(M W3 - 2iEE L)

5 ERAA RS HEATE LR T P R
R ?C)]%i B E & Z A AR % (personal
protective equipment, PPE)z. v ¥ Pl:E > 2 ~ &
b s 8 B £ Bl (infrared thermometer) ip] & v+
e i JT (|nfu3|on pump) ¥ &+ HpFA % 12
EAKREBRER2 AL EREBAF R 40T ¢
o ;@ NMIA o Dr. Mark Ballico 4 % i 4 |2
EEREZ T YRR AR H%%%*
v ¥ o2 PR BRI ASA38L % éf“@q

-1 *hpw EN14683 £ 1SO22609 #1i& = 2_ & &
&€& 417 w5 &R S (bacterial
Medical filtration efficiency, BFE) ~ %f i g 7t &
Metrology gﬁ g (particle filtration efficiency, PFE) ~ 1 & = =

. 7 . . . .
Focus Medical L S H”“ 7% % (resistance to penetration by synthetic
Group Metrology R E blood) - % /& (differential pressure) % - 5 #cdy

(MMFG) ﬂdkpmﬁlwwf;ﬂﬂﬂ el
Tz P Bk IR EPIEIRSE -

o 374r 4 NMC ¢ Dr.Fanglie i& 7 4 % » 4-%t
r&ﬂﬁiﬁ%’iiﬂﬁiﬁ%“’F?
v w2 (Flammability)z. 4 %2 > F A &
(RUERCESE S SHERE S R R 2
A £ 3£ i = (germicidal UV radiation) & 3t
aﬁ*% Bois 4 3 AT ATo BRI R SS
582:2020 ez *h SR R 2 BB A AT 2 &
B* oo
;1‘> B NMIT ¢ Dr. Theerarak Chinarak 7 ﬁ’;ﬁ;l
» FF R RS RS RS R > T AR
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ISBN 1 978-616-11-2153-2> H ¢ ¢ 7 4%
> B # (electrical safety) - ra‘ FRl -
(performance test) & > 2 fii B ER A
2 5 R oAR B2k i R
- LBE] L& I(NIM)R]d Dr. Lu Xiaofeng i ;
« ¢k 4 (infrared, IR):E B & B 7@’* ERAE
(forehead thermometer, IRFT) &2 2 g (ear
thermometer, IRET)z & B+ & » H jplipi &
% %% 1SO 80601-2-56 ~ EN 12470-5 ~ ASTM
E1965-98 2 2 ¢ RE & GB/T 21417.1 - :Z fi
FEREARE S 5§ E T i%:r‘;, Pl
%ﬁ%ﬁ&ﬁﬁ%ﬁiii@ﬂﬁ EfE 0 A
LR IEHERERE RBZB L ELA
f; 00400’ %% \‘g—%ﬁi&g’]’m_fg*&.l_ ,izg
2w s 0.07°C § ¥ s LEPR
#:[%]1 AR \ﬁF‘.m_}\‘—E’E—E ARG 91
ERIK ARG R

e T ixd R #d BMiTH AR jFDr. Annette
Koo+ iz o

o LIEREVHZ BATRAREP 0 1E A K
HARAZ AR o

DI HEE AN ARG HER
(Spectral irradiance) APMP.PR-K1.a ~ UVAZ%
UVC: % ~ & % 4 & 2+ (Fiber optical power
meter) APMP.PR-S2 - i /i #-12e-mail = 3% ik
PSR e

efr b v & 3 E 43271 * DEN projectis ¥ » %
FTCPRP MBI R * - % o #u i
DEN#% /&

*Intra-RMO CMC % +:i& & 13 £ % & =
CMCHFE$ (it 2 &Y 52 AT52BF & {
PR R e o

B 3tintra-CMC% & I3 # 2 3T A FE p A&
NMIJ:g 5] 4p I R 42 CMC_;:_%G—& * FE T
REREYHE*2 2 me A& H1uon-
site peer review & % ¥ THE R E L 3K o B2
JCRB 2 APMP TCPR p % 4 ¥ on-site peer
reviewg % ¥ i 2 CMCz i+% » it CCPR:%. =_
2 iFEFORF e 7 23 TR intra-RMOE i
FHomV R Er;einter-RMOn AR oG
AE G AR k“%"n‘ﬁg?’%f F o 47
* on-site peer revrew % T 5 CMC2 i3 -
B EAG %’E#Lﬁwﬁgiﬁ
APMP TCPRCMC#% 4 4p 51 (guideline) » i+ 2
B iE— b re-mail > g s kAR it o

B F

kR 2 k4R b
TCPR Photometry and
Radiometry

WY b B
AU NN

R L

FTIEE GG

>

94




\\\?{r

% WG

4v2_ TC

FEm A %\/ :vl;‘ EL

TCQM

X FESS
chemistry and

biology

e T AR #d g5 K KRISS 18 51t & 47 )
% 7 Dr. Byungjoo KIM = 2 & -
CREVHEBRERFLI IR ZH P o
NML #rdf & e 35 B %5 0 075 & 2 -
APMP.QM-K90 7] 2£ 3 2021 & w * 3
7 > @ APMP.QM-S18 ' ¥f2 #p pF fFF B| o A
AT e
¥+ TCQM £ 7% pilot study + #5855
5 FFvniri: CMC % 4%¢ FEEER
B g RY BT dwm 0 sk &R CIPM
MRA-D-05 < i s pilotstudy ** ¥fene 3 73
42 & > Fd CCQM WG it 7 347 o
Fr4vt HSA #% 4 PM2.5 & | pilot study +*
e g d 3> APMPTCOM = B £ & 3
SR ALITIC L 3 5 T R
#&%ff% Bk 3 CCQM:» 15 F #-4% 2 4p
Faé W i o
KCDB 2.0 & s+ A&/ L34
SRk kig v CMC B 45Y 3

TCQS

K
rrw;' ’Fﬁ S

Quality Systems

|+
oA
B &

N~
N

£ &d TCQS i A * M~ NIM EX
2 RAR :]*x K NIMT Wongpithayadisai + -+
£ Pr~ 4 B €& °
1 & (Working Group) i 3% & #7 4 i%-
WG 1&WG 2
B WG-1: {7 APMP &7 4 %% 142
E P h o 310 o
B WG-2:% 3% & E CMC ¥ % (QMS 3%
)2+ 14 = NML 12 BiF % b 1 e
kB o
CIPMMRA Rk 27 i» = 3B & 5 12 1> o
Ho o3 g fige & (P-11, P-12, P-13) e ¢
JCRB % 42/3 %.ii:& 1% 25 3 dpalag~ i+
(G-11, G-12, G-13) % draft B - #4314
F JCRB % 7_° 6 i»< i 93 BIPM b1t
R BERSPTEERE
TCQSWG-1*+ £ # & 9 » ¥ < i¢ (7 APMP-
QS2 (NMI r—p’}ﬁ',, R i )1}’1‘ v 8 Hp
% i 2 1SO 4L# ~CIPMMRA < 2 KCDB
2.0 ;n A2 E - R+ - APMP-QS2 draft #->% £
# R APMP €iRfé B X g & L0 F
CIPM MRA J}ﬁ%liiﬁé Eriad o LR
APMP % & 7 -
109 # WG-2 £3-2 & 22 > CMC % % >
NML * % %= 5i> CMC % 4% - NML i+ &
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b. ¢ Bimis% 428 MPapE$ o AR B 5 1 - BHEEL =12x100m?

C. 3 BRieiE%k 280 MPaps  »co B 5 1 - BHEFEL =27x10M"m? -

R EERA Py 3 E o80T

= ZiM".(l_pair/pstd).g]_+}/'C
T 4,-Q+0P,)[+ (@, +a,)-(~1,)]

B UIAFRE & ?i_iE'Jfﬁﬂ%“,$ TRRA PG FA W R4 Tdib
TEREAPi EEFTEM 2§ R~ REZH T Rpswa ~ RMPE R KRS ) >
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MPaz (28~280)MPa# fx 2 & » & % (% 7 R E)4r#£1-3-31 £1-3-5° B2 FR
HE R A T (e BI1-3-3) 1 0 F o AT AR T @}

FREDERPFIEER o

102



4 1-3-3~-(1~5)MPa 2 /i~ & % (%* 2

i)

AR EE | Ry E | REFR | AT *%ﬁz(jif;ﬁ: E’rfa‘f}iﬁ‘fﬁx Ci(lbigf) E](E:/.)E:
OM; | kg |5.50E+01 | 6.30E-05 | t 3.15E-05 | 1.82E-02-P | 5.73E-07-P | 60
pair | kg/m® | 1.20E+00 | 5.00E-02 | %67 | 2.89E-02 | -1.26E-04-P | -3.65E-06-P | 50
pad | kg/m® | 7.92E+03 | 4.00E+01 | t 2.00E+01 | 1.91E-08-P | 3.83E-07-P | 60
g | m/s® | 9.79E+00 | 5.00E-08 | t 2.50E-08 | 1.02E-01-P | 2.55E-09-P | 60

7 | N/m | 3.09E-02 | 3.09E-03 | %7} | 1.78E-03 | 6.52E-05-P | 1.16E-07-P | 50
C m | 3.51E-02 | 2.81E-07 | %&4;| 1.62E-07 | 5.74E-05-P | 9.30E-12-P | 50
Ao | m® | 9.80E-05 | 1.60E-09 | t 8.00E-10 | 1.02E+04.P | 8.16E-06-P | 60
b | 1/Pa | 1.68E-12 | 3.36E-13 | t 1.68E-13 | -5.00E+06-P | -8.40E-07-P | 60
P, Pa | 5.00E+06 | 1.00E+05 | %4} | 5.77E+04 | -1.68E-12-P | -9.70E-08-P | 50

aproe | 1/°C | 9.10E-06 | 1.00E-06 | t 5.00E-07 | -1.50E+00-P | -7.50E-07-P | 60
t— t| C |150E+00 | 1.00E-02 | t 5.00E-03 | -9.10E-06-P | -4.55E-08-P | 60

Swsany | M | 9.80E-05 | 1.71E-10 | t 8.57E-11 | 1.02E+04-P | 8.74E-07-P | 50

h m | 3.00E-01 | 1.00E-03 |“E7)| 7.07E-04 8.39E+03 | 5.93E+00 50
puia | kg/m® | 8.57E+02 | 1.71E+00 | €75 |  9.90E-01 2.94E+00 | 2.91E+00 50
d £1-3-3v 0wt e SR AR TR U(P) 4T
u.(P)= 6.6 Pa+9.08 x 10°5.P
HePehHE i+ 5 Pa
G B PR EEAR(F FERE) T
Ue=k-u, (P)=13 Pa+ 1.8 x 105.P
#¥YPehE =% Pa
E 41 ~5) MPaR pl# FI(# 7 #ie)z 2 A 5 (3.1x10° ~ 1.0x10%)
MPa -

EHFEREERERS FAE T HECRL34) 0 Rk ERY AR R
TROVUENGEREAIAIEIE(T AR ERRGA)E
Ucme =14 Pa+ 5.7 x 10° P
HoePgH =L Pa

B (L~5)MPa® il BI(F #Heit)2 3 /22 A 5 (7.0x10° ~3.0x10%) MPa-

4 1-3-4~(5~28)MPa 2 FE T B A & 4 (3 7 #FH2)
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g B | g [eapm e | FEECAIRRARE) @l B(E;)fii
2M; kg | 5.50E+01 | 6.30E-05 | t 3.15E-05 1.82E-02-P | 5.73E-07-P 60
Peic | kg/m® | 1.20E+00 | 5.00E-02 | %625 | 2.89E-02 | -1.26E-04-P | -3.65E-06-P | 50
Psd | ko/m3 | 7.92E+03 | 4.00E+01 | t 2 00E+01 | 1.91E-08-P | 3.83E-07-P | 60
g | m/s* | 9.79E+00 | 5.00E-08 | t 2.50E-08 | 1.02E-01-P | 2.55E-09-P | 60
7 | N/m | 3.09E-02 | 3.09E-03 | 475 | 1.78E-03 | 2.92E-05-P | 5.20E-08P | 50
C m | 1.57E-02 | 2.43E-07 | 4675 | 1.40E-07 | 5.74E-05-P | 8.06E-12P | 50
4o | m® | 1.96E-05 | 3.10E-10 | t 1.55E-10 | 5.10E+04-P | 7.91E-06-P | 60
b | 1/Pa | 1.06E-12 | 2.12E-13 | t 1.22E-13 | -2.80E+07-P | -3.43E-06-P | 60
P, Pa | 2.80E+07 | 1.00E+05 | %675 | 5.77E+04 | -1.06E-12-P | -6.12E-08-P | 50
ap+ae | 1/°C | 9.10E-06 | 1.00E-06 | t 5.00E-07 | -1.50E+00-P | -7.50E-07-P | 60
t— t| °C |1.50E+00 | 1.00E-02 | t 5.00E-03 | -9.10E-06-P | -4.55E-08-P | 60
s | 2 | 1.96E-05 | 2.31E-10 | t 1.15E-10 | 5.10E+04-P | 5.88E-06-P | 50
h m | 3.00E-01 | 1.00E-03 | 4675 | 7.07E-04 8.39E+03 | 5.93E+00 50
Pid | kg/m?® | 8.57E+02 | 1.71E+00 | “E7; |  9.90E-01 2.94E+00 | 2.91E+00 50
d £1-3-47 b B D e S HRE 2 T AR U(P)A-T
u(P)=6.6 Pa+1.11 x 10°.P
#¥YPehE =% Pa
A BRI A FEEA(F §OERE )T
Ue=k-u. (P)=13 Pa+ 2.2 x 10°.P
HePehHE i+ 5 Pa
8155~ 28) MPaR il BI(# 7 #ci)? /A 5 (1.2x10° ~ 6.3x107)
MPa -
EHFREERERA g T (e Bl1-3-4) E o KD EARY DA IR T
VR FRE AT AT AR EE RN A)E
Ucmc =14 Pa+2.9 x 10°P
HePehHE i+ 5 Pa
- H (5~ 28) MPag il g BI(7 FRi2)2 2 A 5 (16x10% ~ 8.2x107%)
MPa -

# 1-3-5 ~ (28~280) MPa % rx %_
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it ae | epe [enpm | [FEIEORERABRT auty 17 A
2M; | kg |5.50E+01 | 6.30E-05 | t 3.15E-05 | 1.82E-02-P | 5.73E-07-P | 60
pair | kg/m’ | 1.20E+00 | 5.00E-02 |“E7}| 2.89E-02 | -1.26E-04-P | -3.65E-06-P | 50
pa | kg/m? | 7.92E+03 | 4.00E+01 | t 2.00E+01 | 1.91E-08-P | 3.83E-07-P | 60
e m/s’> | 9.79E+00 | 5.00E-08 | t 2.50E-08 | 1.02E-01-P | 2.55E-09-P | 60
Va N/m | 3.09E-02 | 3.09E-03 |#7)| 1.78E-03 | 9.22E-06-P | 1.16E-07-P | 50
C m | 496E-03 | 7.69E-08 |“E7; | 4.44E-08 | 5.74E-05-P | 9.30E-12.P | 50
Ao m® | 1.96E-06 | 5.30E-11 | t 2.65E-11 | 5.10E+05-P | 8.16E-06-P | 60
b 1/Pa | 9.50E-13 | 1.20E-13 | t 6.00E-14 | -2.80E+08-P | -8.40E-07-P | 60
P, Pa | 2.80E+08 | 1.00E+05 | B3} | 577E+04 | -9.50E-13-P | -9.70E-08-P | 50
oprac | 1/C | 9.10E-06 | 1.00E-06 | t 5.00E-07 | -1.50E+00-P | -7.50E-07-P | 60
t— t | C |1.50E+00 | 1.00E-02 | t 5.00E-03 | -9.10E-06-P | -4.55E-08-P | 60
Owsany | M | 1.96E-06 | 5.42E-11 |#E7; | 271E-11 | 5.10E+05-P | 1.38E-05-P | 50
h m | 3.00E-01 | 1.00E-03 |*E7; | 7.07E-04 8.39E+03 | 5.93E+00 50
prig | kg/m® | 8.57E+02 | 1.71E+00 | “E7) | 9.90E-01 2.94E+00 | 2.91E+00 50
d £1-3-57 ity e SR AR TR U(P) 4T
u.(P)= 6.6 Pa + 2.59x 10°-P
H ¢ PhH i+ 4 Pa
GRBRI A FETR(F FERE )T
Ue=k-u. (P)=13 Pa + 5.2 x 10°.P
HePehHE i+ 5 Pa
33 15(28 ~ 280) MPag il # BI(7F 7 i)z 3 TR 5 (L5x10° ~1.5x107)
MPa -
EBFREEERS A T HF(AcB1-3-4) B o BT P TRV
MR ERED AT REIAE(T AR EE RN A)E
Ucmc =14 Pa + 5.6 x 10°P
He PeH = 5 Pa
3B 15(28 ~ 280) MPa® il §= (7 FHeit)z 3 2R 5 (L.6x10° ~ 1.6x107?)
MPa -

SFENYAFEIRTRE S S 0E1-3-60 ks RIFEF  (1~280) MPa - 7 FE
%A ¢ (7.0x10°~ 1.6x10%) MPa
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% 1-3-6 ~ P03 % 3L & ip

[ FE 3 TR TRE H5

£ # 4 F1(MPa) TR (7 Feit)(MPa)
1~5 7.0x10° ~ 3.0x10*
5~28 1.6x10 ~ 8.2x10™
28 ~ 280 1.6x10° ~ 1.6x10

3. HEK B Rk E23

(1) 2= Tagege 47 th ) 418 5 5
AP

2o MO AT Sl 2 TR AR R

T

LR

7
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EX LR W N ST

B.e %2 PliEsE % ¢
#0137~ Prt fe bt Sl 2 Bl h s 2 T e ik ) BIEER %
TR RH R T 5
= g Y = y 4 =
WEPE LT 10MHz-265GH, B o 10MHz 2 S0GHz e s
(=4
B ﬁl%l I F > +13dBm+1dBm @ 12.4|F pl% % 5 14.472 dBm @ 12.4 GHz »
GHz [ S
3] 4 2 o v " .
= JJOE?B% Trat F TR 2 RlE% 5 1Hz 4000LdB » # & 2Lt
B RIUEL2 # f 4 [F] (Dynamic range) ©  =130|% #l.% % % 153.24dB @ 124 GHz > #
dB i2dBm@124GHZ £
E N Yo ’
~ e *Effr'
(2 =3 THERPIRKAE | AL AR
A Bk
RAEAHRRE 2 THREPIRAE | 0 22 %

B.le 2 RliRE % ¢

2138 2 HABEE a2 THEERRGE | PlRESE
TR PR Y %
LA B2 RS G e g ® o | Preliminary force % Bl % :3kgf:0.13%:;
Preliminary force £ 0.5%  total force 1 § 7= | 10 kgf : 0.22 % ; total force 2 /&5 it &

+0.25%

% :015% @ 4%t

/? /#565

#(depth)(20 to 100) : HR < 0.1 pm)

FRESE 5 0.0 um

/EJ \'zf‘ v
stroke » & -] # & ¥ =2 um

: auto X-Y stage 50 mm x 50 mm

@ ip) i % 5

=<2 um

Z 50 mm x50 mm ° &) #
gL

A R HV 100 ~ 900 3#% 4 £ GF4) !
(1) F>0.2kgf : /] *+1.0 %

v

‘i .

(1) 0.2 kef : 0.5 %
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R RIH IR s %

(2) 0.02 kgf <F <02 kgf : -] %= 1.5 % (2) 0.05 kgf : 0.1 %

fE R

4. ATSHREZE E 41 iF
(1) 375 B2

A.

B.

ERP &
22 SO RERES T IFERE Y Mo
# e R FARHPMTERIF HIRE A F(CSINO) bl F A R AR
P2 g0
XA HREAETEL RN TEG FXERFRBESFYRICFRE L AN
#P~ XRF #icdi 6 & 47 OfSi 53 B vb 20 8 iC {35 o
AR FTEREI HEATRESIS%
a1 fe= &
%A SO EEEFF FERLY MRE - F M EHER S 5 BE26nm 44
nm~6.1nm~81nm % 9.8nm -

FEEERTF UK ELE OSI g Ay B2 B R3S > B 1-3-7 5 &) > O Ka ae
£ =3 525 eV Sika it & 3 1740 eV > BApH e M FE 2 L5 582 2
(Levenberg-Marquardt algorithm)(-4 {4 8. /|- i* @ fF)iE 7 > 12t 2 2 B o] T
GPEEER)REE SR LRI EREIy c EHRE AT B L REE AT
(Resonant Raman scattering) £2 1 # 5 &+ (Bremsstrahlung) # # & ~# /&4 1 ;¢ 2 (SDD)
BRI == O~Si & B AL 5k Al ka=1486 V)& #74 & (Gaussian
peaks) st B~ B A ¢ v i g 2 Kb > BB OIS PE A A E -

it

b

by

Bremsstrahlung = 14 x E’”“E—"_Ee‘“t (1-3-1)
_ E Ega+Eo~E A
RRS = £ao(EYM (Eo, E) - el AR (1-3-2)
E: &
oA T ik

Eaet(E) + BRI E 247 5 F ks 5 e
M(Ey, E) @ v jcig it iz

Exq + SiKo-edge=1740 eV

AE : 1 P % < channel width
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/20200709/2nm txt

O ka Si ka

0! — RRS
0 __ Bremsstrahlung

Counts

Gaussian peaks

XRF measured data

Sum of the curve fitting

[ 250 500 750 1000 1250 1500 1750 2000

Energy (eV)
Bl 1-3-7 ~ 2.6 nm SiOx R 3# ¥ £ Rl H & 7 X B
B 1-3-8 5(2~10)nm I B 7 Ip 5 &2 &EES XRF £ RIS E S5
@F%F& % 26nm>O/Siv &7 197 (b) & 5 44nm > O/Si vt & 5 3.27 > (C) & &
6.1nm>O/SiiEi 443 (d)E AR % 81nm>O/SitiE i 582 ()& & 5 9.8

nm - O/Si v & 5 6.97 -

(a) (b) (c)
) pssaronamn ; assorovinmse ) 2020010960t
O ka Oka
H 10§ :
Si ka
w)
w w w
2 2 | 2
c c c
S S S
5] 5] 5]
o o | o
" | "
=
% _ % we w10 w0 | & @0 o 1o e mo 1 10 2000 10 =7 = - 5 7
Energy (eV) Energy (eV) o E;ergo;(e:/s)g e

(d)

(e) G_k,.,mmwommm
a
10t

Counts

#o %0 750 1000 1% 1500 150 2000

Energy (eV) Energy (eV)

Bl 1-3-8 ~ (2~ 10) nm %% & 7 XRF & P8 & # & % %

i% i Sherman’s equation :

°_In(1 - CoRosikeor) (1-3-3)

md, = —
0 HUtot

mdo © H 6 ff o rAg £ (ng/em?) o d & Sd X SR TE A 7 o
G:lmhiic 2 rsrd BNt biphl > LB ¥ PT G=1-
ot - -z % #ic(total mass attenuation coefficient) » st # 5 % 7292 cm?/g -
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ROSi . O/Sl 5@& L l:E'J; °

" 1-3-9 Rz SBCER S MR F ARy O/SI 2 MM G F
Co=(161.76 + 1.28) ng/em’® » 4c @] 1-3-9 77 o

7 1-3-9~ MR P B R ~ ¥ ITH ?ﬁﬂl O/Si 3 B v B 7] &

SiO2# * B & (nm) 2.6 4.4 6.1 8.1 9.8
F A FE (ng/em?) 0.303 0.513 0.713 0.945 1.143

FopEE A TR (nglem?) | 0.026 0.044 0.061 0.081 0.098

O/Si 5 B v & 1.97 3.27 4.43 5.82 6.97

1.8

1.6

L 9.8 nm

2 8.1 nm 1[
6.1 nm 1L

4.4nm _f

26nm ¥
+

0.8
0.6

0.4

ITRI-20200707-corr —+—

o2 ) —

Mass deposition (pug/cm?)

0 2 4 6 s 10
O/Si ratio
B139 -3 mBFELLE OSBRI BE28ESSE
e Ik EE EAZ(C SOt b s E R
ERIF fo3k A A 38 BELHCLs~Si2p~ Ols 2 5L » 0 XPS £ 3 4 47 48
UNIFIT 2017 & st~ Z 2 A 5% R ljao # o3k E - g8 XPS £ R % % 407

i o B0 A A ah Rk p A R(SIbulk)Z L W p 2§ A~ Y

& -

Si2p O1s C1s
39.0 9.20
g 318 8 824
- 4
3 246 3728
G 174 G 632 1
g g
€ 102 € 536 3 2
3.0 4.40
107 105 100 101 % o7 r4 539 538 537 536 535 534 533 532 531 530 529 293 292 291 290 289 288 287 286 285 284 283 282 281
Binding Energy / eV Binding Energy / eV Binding Energy / eV

Bl 1-3-10~Si~ O~ C 2 £ § F 4 3#
e R R SEhF- P E AR b s
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Lia
gja - MKE) - T(KE)

I,jA =
(1-3-4)

HP L lja~% A> % J B k3 sf(photoemission) s 3ff 4 3 & o
o kT FHEE @ (cross section)
A kR S 2R T35 A Jd T (inelastic mean free path of the photoelectron)
T : 7 1% & #c(transmission function)

i E AT o~ A THciE 4ok 1-3-10 -

% 1-3-10~Si~ 0~ C 2 jf- i S5 4

F R
&R

b1 e

c A T
Si2psit | 0817 2257 0.907
Si2psi? | 0817 2256 0.908
Si2psi** | 0817 2255 0.909
Si2psi* | 0817 2253 0.911
Cis1l 1 20.28 1.024
Cls2 1 20.26 1.024
Cls3 1 20.23 1.024
0 293  17.08 0.998
H- A2 F A Cos !
Cr = lj‘.dl
LT)a (1-3-4)

Z1-3-11 2% H3fd 6 38 Bzl

SEPER

E Pl

) g

“~

G AMARFA RS L
B BeH b BT 33, B Brk & K C:SiiO 2 T35 ) 5 25.82:20.36:53.82¢

HEAEEERF2ZE > p 109# 87 3 11 7 2 & Plicdplgr > ~F

213117 %345 38 BB hXPS A H AT ERES
RS | CHABAE | SiFABAE O FABAE| C i) | Stk | O b
Position 1 567.174888|  399.181548| 1099.71065| 27.45191| 19.32084| 53.22725
Position 2 569.978822| 391.4754544| 1077.95236| 27.94827| 19.19556| 52.85618
Position 3 569.744912| 391.4754544| 1079.10673| 27.92419| 19.1869| 52.88891
Position 4 588.147431| 443.3087484| 1230.91052| 25.997| 19.59491| 54.40809
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mEE. | CHMAa%AR | Si Ak (O fasAR| Cotbl | Sitil | O
Position 5 585.02368| 376.4783884 1140.082| 27.83727| 17.91403| 54.2487
Position 6 478.17658|  462.108034| 1064.1242| 23.85624| 23.05458| 53.08918
Position 7 497.95855|  462.108034| 1144.83795| 23.65706| 21.95387| 54.38907
Position 8 495.6642| 385.7779722| 1051.53294| 25.64255| 19.95773| 54.39971
Position 9 516.59619| 493.3808922| 1058.15226| 24.97891| 23.85638| 51.1647
Position 10 490.247913| 415.6713232| 1128.36957| 24.09923| 20.43325| 55.46752
Position 11 486.7035817| 415.6713232| 1147.50615| 23.74302| 20.27783| 55.97916
Position 12 516.7141117|  448.059956| 1096.69938| 25.06528| 21.73494| 53.19978
Position 13 560.0281887|  419.682156| 1077.62252| 27.22108| 20.39933| 52.37959
Position 14 563.35473|  434.611176] 1052.92335| 27.4688| 21.19135| 51.33984
Position 15 587.56014|  434.611176] 1070.23283| 28.08062| 20.7709| 51.14848
Position 16 55454852  430.486743| 1138.53667| 26.11395| 20.27182| 53.61423
Position 17 558.960605|  385.733033| 1116.54041| 27.11776| 18.71369| 54.16854
Position 18 568.812525|  402.241228| 1081.55218| 27.71173| 19.59661| 52.69166
Position 19 564.504216|  402.241228| 1098.65758| 27.33143| 19.47519| 53.19338
Position 20 564.106127|  383.380136| 1069.51439| 27.96757| 19.00744| 53.02499
Position 21 543.165377|  452.708856| 1064.7854| 26.35881| 21.96912| 51.67207
Position 22 538.349302 429.73918| 1167.21302| 25.21186| 20.12546| 54.66268
Position 23 532.2435725 429.73918| 1167.48776| 24.99417| 20.18056| 54.82526
Position 24 450.1474825]  446.468133| 1095.33309| 22.59835| 22.41364| 54.98802
Position 25 4545759255  388.784783| 1067.52033| 23.78881| 20.34584| 55.86535
Position 26 452.6889915|  400.924807| 1016.82345| 24.20231| 21.43482| 54.36287
Position 27 422.8718215]  400.924807| 1076.02789| 22.25847| 21.10325| 56.63828
Position 28 464.8002625]  400.364809| 1135.73374| 23.22957| 20.00925| 56.76118
Position 29 466.1003862|  385.867529| 1098.71841| 23.89417| 19.78112| 56.32471
Position 30 544.9103662 398.85174| 1126.41251| 26.32195| 19.26657| 54.41147
Position 31 520.7375662 398.85174| 1135.74621| 25.33589| 19.40568| 55.25843
Position 32 521.762536]  407.399766| 1127.09781| 25.37435| 19.81266| 54.813
Position 33 561.864156]  443.570586| 1120.59309| 26.42788| 20.86382| 52.7083
Position 34 538.916283 428.78485| 1145.86919| 25.49791| 20.28723| 54.21486
Position 35 545.775315 428.78485| 1136.04842| 25.85867| 20.3157| 53.82563
Position 36 557.318705] 414.363702| 1056.39291| 27.48018| 20.43138| 52.08845
Position 37 577.813108] 420.682692| 1080.01117| 27.79943| 20.23966| 51.96091
Position 38 567.1585663|  406.023489| 1094.44636| 27.43039| 19.63716| 52.93245
T35 25.82 20.36 53.82

24K FEIED RURER A EIEE A AR 109%
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J—

)

B (sloz)ﬁy % B g 14 $ (SO > Si0 > SOs)#re= > & Rk 2 K ¥ ~ 4

2 FREE X Sty LA A (XRF)2 7 20 > £ 42 OfSi sa R EP T §

A RRE Y R TP KA THEZF TR TE S 4oBl 1-3-11 17 0 B &3k
He

=% 2 OfSi% A& 5 0726 k2§ it & 5 127.7 ng/cm?® = 444 & 3k
2% 2 FgeFRR 0§ g 42 124.9 ng/em? 1 138.6 nglem? 5 & f 1k B R

£ 5 (132.9+12.1)ng/lem? > 4p 4B 8 4 FE T A 5 9.1% > * Fx A 7
frd 1312 %7 o

wALT 3 & (COy, )
| e
F %k
By 6 R & B AE4 (S1,0, Si0, 81203)
5 G ¥3R 3f
Bl 1-3-11 ~ &7 fu 3k & K o=
XREF- Si-sphere . Calibration curve
] €
L s
1)
R
gc)a 1 9.8 nm
4] g i 8.1nm J[
c 1
5 5 61nm 1
o § Z: 44nm f
2 ..l 26nm F
g N : d . In(1-CoR )
2 =———n(1l = Coltgsikto
z 0 ._,’ e Htot skt
1075 %0 50 750 1000 1250 1500 1750 2000 ‘2‘5 0 2 4 6 8 10
Energy (eV) 0/Si ratio
—— XRF measured data
Resonant Raman scattering 0O/Si: 0.726
Bremsstrahlung 5
Gaussian peaks mass deposition of O : 127.7 ng/cm*
———— Sum of the curve fitting

Bl 1-3-12~ XRF ¥ kAP HFERZ P RBIRI Y RAUEDP LB EEFTTFTE

% 1-3-12 - XRF § i ff EAPHEE 7 mE 2 B KR 7| £

TR KRR *FE TR
ERE NS 3.0 %
SiOy %4 & % 8.6 %
FOUFERLE Y AR 0.79 %
AR EARE 2 A TR 9.1 %

112



Zyp XPS LT FMALR OL1s~Si2p~Cls2 ¢ 5 it 2 mat blded 1-3-
13 #157
% 1-3-13~XPS & A~ & kT 3 #cp A
~ % kT3 BF A (%) | FFE A (%)

Sisuboxide 2.87 2.00
Sisioz 17.77 2.00
Sitotal 20.63 2.00
Cpeaki 18.96 8.00
Cpeak2 5.33 8.00
Cpeaks 0.53 8.00
Chotal 23.82 8.00
@) 54.54 2.00

R TRz T30 R R AH EFARTE R
a. giﬁ&-XRF i’%mﬁl“’mﬂ% /!Lfﬁ’?’rﬂ%ﬁ' E\Ez“’mﬁ‘gﬁ h+#E LR
’é;‘*%#ﬁ‘%ﬁ? B+ B2 v ) Cu/Co3t B M H o £ Si C2 i+ #E N(X)°

N heT

N(x) = ’”go) X Avo x & (1-3-5)

0) co

Hom0): & iza ft§ mft
M) : 5 h+ % 15999¢g
Avo © T; # 4 Bk 6.02214179% 1023
b, P {4 E O RS R F K OLERT = % K (CL)2 A fe :
_ P
— Sisioz cfg A B B 5 17.77% > BIF RF 427 17.77%x2> 4+ 5 SiOs
SEERV R
— Sisuboxide SFfE A 38 BV i 5 2.87 % 0 RIF RF 420 2.87 % > 5 SiO 0
[
WOk
-~ Cozg kgt £FH a2 > C& O ant bk Peak 1-3 A %2 E > &
Peak #72 ¥ R+ g % 2 Tofe =5 0/C 53> H ¥ Peak 1 7 7 3 >
Peak 2 i3ff & 5 & b 5.33 % > Peak 3 i 0.53 % > Bla it & #7420 R
+ % 533%x0.754+0.53% x0.42 -
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C.

d.

# 1-3-14 ~ it = 4 K & peak 2 3 Jn + fe =t

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

RS RN R H RS AR R (CL)E KK (WL)eR + B

WAk
v 4 Cenz B peak %3+ & H ek 3 # > peak 1 = 18.96 % » peak2 it 5.33

% > peak3 it 0.53% > Rlg & it &4~ ¢ Hhg £ %0 18.96% % 1.75+5.33
% x3+0.53%x0.5 -
% 1-3-15~ g1t = 4 & & peak 2 C & H &t 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
W k& (WL)

v i l%l:*it.f‘a%‘fra‘r“ﬁiﬁi tEOL)Z 75 2ot~ k225 8 ok
B2 % R+
N(On20 )= N(Orotal )-N(OoL )-N(Ocr) (1-3-6)
m H RS+ e 5 30(1-3-6)773 & 2. N(Omo )ed & ¢
N(Hu20) = N(On20) % 2 (1-3-7)
3+ Si hydroxyl # Si iz &

Fong g hdo g ook s A S H K ahsg A (hydroxyl) - 445 2 g
(Mizushima S 2004 Metrologia 41 137-44) > hydroxyl =8 $% ¥ #c(Lattice constant)
5 0714nm> w35 & H =% f# 7 7 0 hydroxyl #& - = & & hydroxyl z 3
Z B# RS+ T A hydroxyl » # r+ i3 & £ 5 B 1-3-13 % Sihydroxyl %

W -
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® = Hydrogen atom
O =Oxygen atom
© =Silicon atom

0.714 nm

Hydroxylated surface

Bl 1-3-13 ~ 5 Sihydroxyl H i & ¥

EAFNHECAHFTIFTETSRAFIEZIZEERFE MX)2wf - 2 ¢
M(Si)=27.977 ~ M(H)=1.008 ~ M(C)=12.011> % 1-3-16 Z E o fHF & ~ R 2 CH &

B FETER o

#1316~Hiaffd ~ R 2T EE I REELA

¥iafait i g 273 i (ng/em?) | -2 7 i 2 (ng/om?)

7 m(Si) 87.9 12.1

Y m(O) 132.9 12.1

A m(C) 45.4 15.9

T (paLis k) m(H-CL) 7.6 35
i(BkR) m(H-WL) 3.7 0.4

# -hydroxyl m(Si-hydroxyl) 18.2 6.1

FoRIReX 5 937cme VY I ki G ff 5 4nr?=275.96cm? - H =

™

E:P,\IL;J%‘%(CL) >
~ 2Rk 146ng 0 k& 119ug > # 4

R EE RO IR

%f}‘nr’p %\

Eﬁz\ﬁ]_?g LB ES

Bi89ug ApHiREA R A S 109% -

% 1-3-17 ~ # &

w Ik £ }é] £ uwf o

BEE

* R TR

5P FH | TR | 72 TR (ug)
FE R moy, 55.1 6.9
1153%1: I EAE | mey 14.6 4.5
kA My 11.9 3.3
L RTE mgy, 81.6 8.9
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(2). 778 R 152
AR P
s RAEEFTHMERTERAATR  BEI FITAE<2.0mK -
s RAEHEARFEE HIAATR D BRI FEE R P-C (1738 'C)<1.0 °C ~Re-C
(2474 C)<1.7 C -~
s RFFRBHEERFRE TR KR (800~3000) C - & pF xR (0.3
~5) C -
B. 1 T2 %
c R BEFREAGER AT B2 LA 1.8mK
BEFAMERGER A SARIL-3-14 £ S ok R R SRR AP &

:k}‘ ~ %’% ',Ji:ri_%& 3’5‘_ f—y /J’s ""'F’J: ]E o

Bl 1-3-14 58 7 ag AR pl ks

a Motk koG T GE D (surface resistivity correction) # 7& #_& =%
AEIREIATRHF A AT e BRE L LB G F o BR
Bonfp o ® 2303 At o PG £ 5 DI GECTRZMFF B T I TR

=

AfM
uM(fM)y="" (1-3-8)

2.3

FAEFB  r g A2 4 BRR AT R 40T

87 xT na’f Af M na’fAAf M
U(A ) _ TPW _u u n n + u2 n n 1_3_9
2\/§u0 o CO 0,TPW™0,T érf\grll\/l . 0T 5:\5:'\/' - ( )

b, #eid ¥ BB KR AR kM2 K AR R I
VA M ke BaE TS 2 R EIEEFRFERL S T PRAKRL LA LEE

v oel
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LB MEALE FHRE T RS L N R A R

19558 (1-3-10) e =+ A4 B R L TR o

WSUS‘T _ U(AT:;)
Ugp T

Ugr © Hi =

WS, EEE LR L

0,

0.10

005

0.00

-0.05

B PHE > mig?

-0.10

-0.15

300
B H > kPa

0 100 200 400 500 600

B 1-3-15~ 3 P HCA B & 4717 MURE UaE T 5 USp 2 A& £
ke S 3
i?‘]—;’k:l)o

2L R |k IR R 4o T 4

% 1-3-18~ # 4 B8 B 7 /R BHEA

(1-3-10)

cH A BIR R 2 FEE 2018 mK (G

%7 - FACE | PRETAEASE .
, e , T pod
RRAE | PR KA | AR ; of of
- TR u(xi — —— | < u(x;) Xi
U(Xi) ( ) 8Xi aXi V( l)
u(Ta) ik £l ¥ i 0.0410 mK 1 0.0410 mK 34
AT o TIE ¥ 4 Qup
U(AT,") e o k&, | 0.1318 mK 1 0.1318 mK 200
M Mg i o
e !
U(AT,,) R D ¥ AE&ET; | 0.0119 mK 1 0.0119 mK 60
AT,y . ¥ A
Al
u(AT,) FEv G i 0.0261 mK 1 0.0261 mK o0
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i &A% PFRETREAE
regl—d QY 1 7"“ * Ei E] d &
F AR KX TR u(xi) a A u(x;) U(Xi)
5Xi i
B8R -
* ¥R 0.0856 mK 0.0856 mK 25
ip iRz
R4 FAL ¥k 0.0274 mK 1 0.0274 mK 0
1T e
A ¥ | 0.0285mK 1 0.0285 mK o
=R P
g s B o ¥Rk 0.0600 mK 1 0.0600 mK 200

87 mx 7R U(T) =0.18 mK

s RAFEHERBEE KT ANIRTATRE » P-C (1738 °C) 1 0.28 C ~ Re-C
(2474 °C) : 0.56 C
GHEER B EE 5B L S4B 1-3-160 it £ ¢ 7 1 Co-C(1324°C)~Pd-C (1492 °C)
2 Re-C (2474 °C) » 108 % & Co-C% 8- 3=/ » £ & & = & Pd-C (1492 °C) % Re-C
(2474°C) % £ 5 8L 8 | 3 £ TR 372 > $x B~SakumaHattori = 28 (¥ 2 I+ £
Bz B> ARN > XRIZ AP BB FER S

C

S(T) = = (1-3-11)
eXp(ATiB)_l
He »S(T): |RMEFEIE
Co: % = fa 5% #i
T: 282 #4888
AP o Eph e B2 i
B 22imik AR R AR B i R 3 TRl
Crejpik 75 g R ik
48 (1310 3 (1-3-12)
T=—2 -2 (1-3-12)

dESE R RRIR MRS R > PR R E o £ (1
3-12)7 - a8 A B2 CE Glice MR EI AN Z B BEA > BfrC o 4rst
(1-3-12)77% o $ I P % B T2 24 6 = B TBRE KTkl BT P>
FRETHXY) BP9 XE 3R+ H 2B YEEHAMEE R -2 IR RS 24
el /ﬁ’_?pé EF AT ARSHFEEZHIIDE RMTR 7 R /F‘J‘*»‘Wﬁﬁ)@
£ BER DA FETAE KA G 115 wpeE 7R f e o Pt-C~ Re-C7 42
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TRASE A A S 40£1-3-19 £1-3-20 -
|

| i S5HEHIR-RS0

S % iRLP4

B 1-3-16 ~ {558 & B 8 £ &b BT B 4 uF R R

4 1-3-10 ~ 4R (PL-C) % & 87 FE %R A £

& 5 rll— N\ B
4 primer | oap | B PERSR
x w)(0) | B | 5| o (O] g
HREE2ZHER X 0.129 1 0.129 193
#45ER X 0.09 | &34 fie o
EAF 1 X 0.0065 t A fie 50
£ IR X3 0.00366 | +E2; 4 fie 50
g iR P Xa 0.071 | 4&3; 4 fie 50
T Xs 0.018 | 4&2;4 fie 50
HATEE Xe 0.037 | B354 fe
BEATE X7 0.022 | &34 fie
SRR EY 0.047 1 0.047 51
Ay 0.0065 t A fe 2
Rty 0.002 | 4B7;4 e 50
KRt Y3 0.046 | E754 fie 50
A Y 0.000 | %24~ fe 50
A7 TR u(T) =[0.1292+0.047%]Y2 °C=0.137 °C
F2h 4 B verr=0.151%[0.129%/193+0.047%/51] =231
i E FF k=1.97=2.00
BRI ? 522 R Uss=0.28 °C
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% 1-3-20 ~ ﬁi;ki‘((Re C)—— 5o B ﬁi&’é 'E_

5Bt 22 Lo, N EL
A W3 o TR A e g LR S0, 4 R
i u(x) () B 5 T (O 1 v
2R R X 0.263 1 0.263 101
#AFERX 0.18 | «&354 fie o
LR RE 0.035 t A fe 2
£ IR X3 0.096 | 4&7;A fe 50
Vg B AT Xa 0.103 | &34 fie 50
bt Xs 0.025 | 4E2;4 fie 50
8 37 8L Xe 0.096 | 4&7;A fe 50
BRATK X7 0.01 | &34 fe 50
HEREZEY 0.093 1 0.093 40
2N 0.035 t A e 2
Rty 0.002 | B354 fe 50
Rl c e ys 0.086 | #E4)4 fie 50
FEI Y4 0.000 | 4&7)4 fie 50
fe SR8 % R F A U(T) = [0.263%+0.093%]42 °C=0.279 °C
4 2%p 4 B verr = 0.279%[0.263%/101+0.093%/40] =122
i F ¥+ k=1.98%2.00
2 FEE AR Uss=0.56 C
o R A BEHAERGRD L AFTE AP RF (800 ~3000) °C - BRI AE AR

(0.24 ~ 3.6) °C
AAMEFIRE N R FRZGHERY > REFAERAEF BT R
%ﬁ?%a%ﬁﬁ’uﬁﬁgﬁﬁwwim%’3ﬁ§ﬁﬁiﬁﬁr&ﬂwﬁoﬁﬁ
FEEXRREG I8 > A% L FRBHERH E2 REREFEF > 1800 °Cx
FEETR A B £ 404 1-3-21 -

[ I

SHAEEE SR SR RE 4B EE SR SHEEL

i EE

AR

Bl 1-3-17 ~ {5 508 B - € 8

P = 2
LA kAR 7 B
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& SL R R (800 ~3000)°C» & oI 2 R 7 FE TR =5 %% 5 (0.24~3.6)°C>
4o 1-3-21 -

% 1-3-21~ 3R GHERIRE AT RRESE

BR TR FE TR
;3 650 nm 900 nm
800 0.25
900 0.25
960 0.25 0.25
1000 0.24 0.27
1500 0.38

2000 0.67

2500 1.1

3000 3.6

(3).#74 FE L%

Ad ek

s RILFREAVHERERR G 223 HTRLEESITRE o

c FEAFERRIPHE BEE DD RMETAS6x108

B. 1 i %

c RAFREEVHIBERERRC 2 2FHBRELESS TR

A imd it Gl EREE B
KEDRLe B (DIHEZFFAaFF 27 R(ME T F BT
5%x107° mbar) R F A G AL 2 FHE S (2)F ARk s e 2 (spray chamber) 1 ' 5
ARG ETFE (3) { ¥ & 4% 4448 (skimmer cone & sample cone) ™ ¥ 4. 7% F 1 B 5
DL TR ]\ £ ¥ (torch) 2 f& T 7 # J\ﬂb EEHRSFRE S O T RER
i+ (extractlon lens).'l BB HRESEREZBIBEERFEEZ LI E OB FRE
TS ET TRERERRE ALY AR B i Sk %ﬁ“ U (IR 3
iﬂgi%&liz? %."fé_ﬁ’*#fr/i P RBF R R ARERER(F F ARG AT
)* -

FIF ARG RRE OB A I EERROEEE LA
FRZF PGSO ERrier RS FER SIS E o SHWALRRE
PO tpae s RRPEMA BERER S M LA ERE S DR R
FUFLLERPN T k- T FREE B2 % F 55— BIRY HEPA %%%T
wg@&,ﬂ%%w;ﬁzggxaﬁ&vﬁ4~ BIBEE EL R FF BT
MR R - G p B R IR B (M 13-18) T b0 A F P ARER
(T B H )P DO a0 Btk sh- 55 14 vE(spray chamber) st B ARfe 0 T B H R

(g ianl

-
(<
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,-‘F

s

R EH

Bl 1-3-18 ~ 35 pe i doie 4k & 4> 4l

%@L}w%ﬁ’%ﬂﬁﬁk&%ﬂ%%?%iﬁéé%%i;%éﬁ~%
) F - RIS RAE - S faS P RE e R AP BT R
+ Bl 5 = B2 gk hiF- 1 (normahzed)i.ﬁ%% ) %%’ﬁ" L EE 9G] ¢ 30S] 2 EE W s
P T %4&%&(14}1160 12C160H 4NLH £)o g Ak };Jc Y FEIL S senT

cEAP R RIS LR TR A EE LB VAR E
Bl MR EER L3 lﬁh,rﬁp\pklﬁ% B o
[ W ) gﬁ /
| "‘ ‘| 3 ' 298I |\ 14N16
3 | Q He O
( S
) | I\ Ef " \
| 0 2 . 30gj Lo
| g Si | . ‘.“LC 0 h
| oS = / agreo | HNH
Bl 1-3-19~ %8 Bl Bp b mE 0 6| R RIS 5 R

=

TR RRLZIRES TS
FEREESZATE R p bR
MR BRI S ERIT A AR
(8) P4 58 2 & BSip &k Bilis 2 (Si28X)
(b) % &5 3Sipire p R4k 528 &% (Sibx)
(€) Z v %% (0.06% (Ww)z * & & 3 "=(TMAH))
(d) = #%# ;3% (Nat. Si, 355 WASO04)
12 % &8 B (acacaca)(chchcbeb)(cdededed) e 7 £ 24 e g ip] > &
FoAFBRSFEZRRF AT EDVHER - F EER BRI
BE IR ERET 0 F) PRI L e FERERYT o Bl 4r— =
(¥ 25 ) Rk BT R kit o

<

B BRI ELSTRE T

e gpl £ 48 10
IR Y €
SN - |
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ZAFEREERpIHE S B R TA 1.6x10°

FEDTERRBEMTGERG TG 2w AR R d 4 RS2 2 7 (PTB)
# 2> 222018 7 & B F B (CCQM-P160) B ™ v* %+ i % ikdp b - B11-3-205 + it w
BEEZRZF P FMNEELR o £HP RN TH (N ®)EFNE DRI L
7o t3 6 3% (0.06 % TMAH) =L 5Ll ¢ 0 >0 28Siw 4% 5§ 3] e E 7SI § st
(~0.03 V) » + s plApitE o 2SIz Siv RpF G P F S MEL o X R H
S(WASOO4) B # » # Ip =% s 5L4p 4P 5 (°8Si ~6.0 V) Bk AmLELE R
#2881 :29S1:30S1502:5:3> % & - dindrenX ARE b E B o B ¥R 5 (Si28X
#Sibx) » F1PSig0Si 2 B % 4928Si:11/20000% > g R > KB YREP B SER
#F LR N10001 0 L T EBRAE b PSi0Siamu st o L ko 1R B
F1x B 2Sim g e fox LI o o pE A B RIBSiEE o W8 p)2Sig 0Sism g
ﬁ??k&%ﬁﬁ?ﬁé“w@mMMWﬂM$$WmeMDM&&H&@F&P
78 o B ¥ RBSIH 5(Si28X) iR & 1 & (SibX) o B hL b A EB S B IR B o
¥R RS 5 (Si28X) P o PSihmm B 9¥SiH20% o B¢ P A f FISi28x ¢
29Gj2n 858 +%0Gj o @ 2 g ® R BSiv 3 2 B3OSR & # 5 (Sibx) ¢ PSig Sty § ¢
DRI ETL L1 B¢ R SSibxeOSie S (5 - BT L A B)STEF B
AR -

0.06% TMAH (blank) Nat. Si (WASO04)
308 .— et
= o
ZQSi : =
= 28| wgj i
28Gj enriched (Si28x) Si28x + *Sj enriched (Sibx)
JOSI
i — =
»sj = sogy| S =
. i o

B 1-3-20 ~ = fA & Rk 2 B I R ELE & B

AHLRIZ A o RETASLER AR R 2 REPTFE 0 FF EdoRE
ﬁﬁimﬁ:% wEAPS o TEER A G ERE L BRES Fe w2
BT R R RF LS ER B T AT o RRE G
L%ﬁ’@L@@%rk}?a@gbﬁ?i%i@%ﬂmwﬁéiiﬂﬁ%?%
AERFE AR F VAR E i P iR o R X 2R (WASOO4) sfe % v
PR E(Re) 2 # R R ERem) AP’ - 3= R LAZR © B R ﬁ 5-(Si28x 7 Sibx)ip] 18 2
iz Gl BRI ERm)F L & B EZAZRE (Rt/Rem) » BELB I {8k E 0 &> 2 4%
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R, = Ry, X (:—;) (1-3-13)

Ric & &Rl &3 I {82 I 2% ¢ &) (target, corrected)
Rim » {FiR#k 5 % 2.+ 6] £ B & (target, measured)
Rst » 28 % 2R 2% 2 &% @ (standard, true)
Rem 5 1228 % 2R b =% 2. &) 8 p| & (standard, measured)

#1-3-220 B RSP b (PSiENSH R RESE > 29 #5006 %
TMAHz 2858 4> B # = B % 5-WASOO04 ~ Si28x ~ Sibx #1 17 2_30Si/?°Sj % % 3 :17PTB
e 2 By o
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%132 -FERAFEERESZFFZE AL

¥ 5 295i (mV) Si (mV) 3Si/29j* [ 305298 %*
0.069% TMAH (2 v # &) 0.3 0.3 - -
WASOO04 (% 4 7) 68.2 482  0.662 | 0.662
Si28x (% % & 28Si) 26.2 15 0.046 | 0.047
Sibx (i & # &) 18.1 186 0973 | 0.974

*05j/29Gj % ek 4 F (0.06 % TMAH) = i3 1 8 ip] 8 1 97 7 fic i -
FrAE B T 28 e T HOA 7 P (PTB) 7 18 30Si/2Si dicie » 17 4 v 4t % o
FI* I =% 13 ¥ 2 (Isotope Dilution Mass Spectrometry, IDMS) > &% & f&
i 29Sigr 0Siv b EER R i 4 = ded 2R PSR R2 R & 4 (Sibx) d 5613
U428 e Bokz ¥R FE -
M(?®si)
myx M(*88i)-(1+Rx)-M(*?si)-Rx- M(3?Si) (Ry—Ryy)
| Mx Ry 2-M(285i)+M(2%si)+Ry-M(30si) (Rpx—Rx)
M:#® H3k3E 2 EE [g/mol]
M(3Si) : % 8Si A FE [g/mol]
M®Si): =% PSi k32 FE [gmol]
MGOSi) : I i=% 39Si 22 FE [g/mol]
eHsd FERPSIHEEGFHTE [g) d PIBR&EKE
my DR EFRET FEESIHREF TR [g] 4 PTBHR B&KE
DB ER 2SIk 5(Si28x) 2 (COSIPSi) e i E v b
R 2 5(Sibx) 2 (OSi/Si) ke i E v b
Ry: B ¥R S 4 &2 (Si/PSi)f =%+ &) > d PTB % & #ci&
Ry2s © % 2R 30Si 4k 52 (BSi/PSi)lF =4 v &) > & PTB #% ¥k iE

M =

(1-3-14)

Rx
Rux

¢ /

H ¢ Ry Rbx ‘& ’«E!L’EE,L_ Bl 'E’L_l i3 AT i iE > Ry Rpxeiz o+ 2 ‘\ F 4o L
Ry
RX = Rx,meas X (Rw meas) (1'3-15)
Ry
be = be,meas X (Rw meas) (1'3'16)

Ry meas © % &R 28Si # &(Si28x)2- (9Si/¥Si) ki v & & ] &

Rox, meas © 9 & % 5-(Sibx)2- (OSi/2Si) I 2% v+ & £ ip &
DR 2 R (WASOO04) e i+ 1t G428 &

Rwmeas © & &2 X 2272 (WASOO04) Fr i+ % b 5| & Bl &

AFEPEEF TR E 2 A2 AT

[uD)? = 2GHu@)? (1-3-17)
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FEAFEOAETRRRBALAZHF ERFEAEARAS, 04 1-3-23 37 8%

@REFE? RELROATEm P ETANI T EHFFEE T 55 FROEA
BRSRANRTER o

() % s bl R+ A AERAE 1 5 RACER Reds & T ok KL A7 £ RIS %556 -

OF =2 X2 FE M

#1328 -FERAFELRZIEIAAE £
PFEEAER | Ei it FRA TR | FROE | TR (%)
M(8Si) g/mol | 27.9769265350 5x10-1° 1.0 0
M(*°Si) g/mol | 28.9764946653 6x10-1° 15%10¢ 0
M(Si) g/mol 29.973770137 23%x107 150%107° 0
mx g 5.049519 46.0x10° -3.2x10° 0
Myx g 74.9114%x10° 9.40x10° 0.22 0.2
Ry mol/mol 269.04 5.65 760x1012 0.9
Ry28 mol/mol 1.5855 2.22%107 -55%107° 0
Rx, meas V/V 0.04933 738%x10° 44x10° 51.4
Rbx, meas V/V 1.03716 446x1076 -16x10° 2.6
Rw mol/mol 0.6623 1.32x1073 -22%x10 42.9
Rw, meas V/V 0.70601 301x106 21%x10° 2.0
SRR R TR ue=45.2%10"7
i3 F F S k=1 (7 4 ok 166 %) 0 U= kxue=45.2x10"
FEBEFEE R E M) =27.976942647 g/mol >
£ B3 FE TR (Urel)= UMy = 1.6x107°

FiE e A GIRR kS M R GIR EIRT > BRI RS T R
TRACT & oo
#1324 - PR =" HERFFZE 2 EIA
& Rl R £ Rl § 7 BRI R TR
LA N SUN 28Si/2°Si : 18t0 20 | 28Si/?Si : 0.40 %
(& & : (0.5t050) mg/kg) | *°Si/?Si : 0.05t0 1 | 3°Si/?Si : 0.43 %

[~7R%H]
W?"\&‘E‘?iﬁﬂ‘i?‘a.%i(NML)f}Q&‘%%}5—;‘; HE B L ErRAE RS RELTT %
B2 RLE SR FE T AFARF RIS RS ERIRE2 IR L L R € (CIPM)

TR MRA)Z § 14 H FERE R RMEE BB RELERRIRE EAR
FHETAE BEAE A X rERIAYE ML G R
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1 AR EH 7 4450 5/ 2. — BRI B EFP LFRD S RPIE(C 5P %)
B2 AFE R AFF RALRR IR AERFEE L AU EFFLE
Pl- RALE BEREE o BRI RS B 161 B AR o FAp ARG 2T 0 AR 2 TR 2
A2 KA EILBTEAE T L 5 BRI A ARAE o

2. %% APMP ~ "7t 432 BIPM 2 £ )it £ (CMC)E &3 RZiad » X 41(7 5 0 W%
R F s R 2 45 202 38 CMCFE R A R 4 o ;};z%,:r CIPM & R #d % A ¢ (CCL)~

kR kgL | g (CCPR)2 R /424 ik lim 35 s@UwWﬁAﬁ°%E
NNP?éﬁﬁiﬁﬁﬂ@%iﬁ?fﬁ“é%&lm, AR R AR
B A 2RETAELAEEApIRT -

3. F R % 125 > 23k4p 3 0¥ tAR(CIPM-MRA)ZE H3u® 2 &~ I FL » &L )

B2 2 %L I ERED F o YRk p 22 -4 E2 B8k X 4H
2216 RS T EirL L “,f?ﬁfﬁﬁ%’@]“%i_u}%:‘ » AT B NML 22 RS R 584 o
4. ﬁokﬂ-ﬁtf‘ﬂﬁ THCEREZSRPN FITE /A3 E F BIPM bz @ 1] gt
BRI EF AT -
5. yHE 18 3= R £ R THA EB o EHF T B PR RE S Sl BB T KO DR
WA 22 F I RFHRE R FAH B E I REER P2 EE -
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S ARV EREERLSA

(-)skeglpa < plHp

[ 2 st = pFig)

109 £ & P %

110 # B P %

111 = g P 1%

112 # g P 1%

e AR R

B ORIHT

vzaEgE XRRE
Pl B EE R <
09nNm - €414 =3
%

v % & GISAXS H %8
SR ¢ 7
-10° = 6 =10°>
g R B IR

< 25mm

ke L EAIM AL
BRI
v N2 R SE 5

z_ GISAXS 54

o RERRIENE
AR = 0.1nm

v GISAXS & ip| s pE:
20 nm = MIE =
50nm - & Pl E 45 4
= 0.1nm

chieL gL A EoR

PP

VN2 @i i s
2. RSAXS 5 i
¥ ORBERE R
A= 01nm

v RSAXS & | &
ME 10 nm=E s
% =50 nm - &p]
4= 0.1nm

EXERAER T E
R

v i1SAXS HilFEEE
# Overlay » & ip|ji#
17 &R = 0.6nm

Fs L i

b 1;"!’13;?55 )
5 4e 13
A
3D A~ H S

nme p a & B X
P o ¥ kR
LARG S

iz = GISAXS £

SRR 4
BB P o2 jufet £ i S

B

@R’*ﬁiﬁ”

£ PSR FEZ

L g L WA s~ p@(overlay) ~ REEZ AR
3 108 & = # B % GIXRR #Hjis&
¥ 2R 4 R & (HFO2, TiN, TaN) 1.2 nm >
im0 109 & B E Az E L L £ XRR BRI
E 2 sr 4l A2 o 2 N2 7k Y6/ #&(Gate All Around, GAA)

i g a*,;:}g_

-\ z B
}\“LBB

s Gl4e i A E B -] > 0.9 nm oo A A

FE RS 09nm A4S 3% { 46 N2 ®lAes gz
& B X k4§78t 3(Grazing-incidence small-angle scattering, GISAXS) 4 7 N2 #]
e gl R4t R <1 > GISAXS Hptsv * 12 4 47 3D %
% 372 Joint Developed Project (JDP)# % >

-
m

WEL > T 2RFIK T GISAXS " 488 22 7 & iP5 -] 20 nm A FE o
110 # & * 109 & RF[K -2 GISAXS %

nm < HRFE50nm- p & &

FEHT F LR N2 H AR &
BIEAFP<0.1 nmo 111 & B3 F &35

plg do A3-% 2t 106

A B R 0 RALIRG ‘B & XRR B U 3 S
BRI A TR & o A
AR PREELBRLAERE

B2 R4t 1 > H GAA
3 0.6

FZFEB TR ER R EEER S 1L5nm s £ Mot
f'jé‘_ P 7];% ?ﬁbgi%j\"ﬂﬁb}? ’i&/ ok ‘v\XRR P

RS-

v Em o IR

o2 SUFE Sdic o 1945 2020 & S H R
F520nm = smEE < 50 nm
BORIBE A o 2 BF H0R) 2 R T R N2 AR SRR

GISAXS

v R/ 3T 20

&R X R

( Reflectivity small-angle scattering, RSAXS) » RSAXS % B~ GISAXS #7557 ek 43 50

BT AT 0 5 GISAXS Hjs? i i)
RSAXS #jis# & A 4545 &

2.5 % - RSAXS £

» GISAXS Fjise * 147 3D th &

R N2 g f2 50 %1k &

<50nm: PEEREHPES 01mme 112 #i2 7 X k2 550

(Transmission Small-angle x-ray scattering, tSAXS) fi#t% 7%
i g o BRIET RS 0.6nm(ITH & 4 T
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AR A 1I0Nm=M R

AR B X RS

v 2 58 K 274 (Overlay) £
N2 ®l4z > fp ki sp iz 3 5

/% 0.6nm) -




113 & #-i2 * RSAXS &R figst & 17 Hibwie (7 dp & 32 £ (Overlay) £ 7] > £R1f347 & =< 0.6
nm e & k3+4 % 2 IE3H % GISAXS/RSAXS Hprp i G RN L MR FH -

[+&R ]
ERCEE R Y S Y
e ZAERENERES 09Mm £4 1< 3%
o A * £ XRR EREH50 um x 50 um Fipl s £ 0 FE A< 0.9nm o
+ 2% GISAXS AM S8R > ¢ FHEHERFR-10 = 0 <10 52 R F
R < 25mm -

[#Hi7=%])
1.33/ 3—-&} £ XRRB/Hﬂ,{h‘

AIEHGE 2 1R AR P L EMA #L%fr‘@iﬁ%ﬁ%h N2 7k %/ #&(Gate All Around,
GAA)F; T itz M4t < - 2 GAA = B~ Hl e {A4Fse > <+ Lo o bl
W R Rl 09nm o ki EAL )3t 0.6nm e XRR F stk e gLt H K 2§
RGEWHR S BRI o BREY AT ERINEHRSY T BRSO 0 AR E R
P O FARHRENTFIRAGIHEFAR > T R SRS T R IEE I 2
BR-~BRZE &0 fefdk 49 ML - idn & (Grazing Incidence) 4= [l ™ s % » &t & & o
BAMSrSE LR SE R 2 A H?vﬂié] o A ABGF B 304 o Bk g Rk
(Evanescent Wave) 1375 3% 18 » & &

X kg st 4F e+ F B > 4% 3% (Laue Function)4eT™ 3% (2-1-1)#77% :
_4rsing

A (2-1-1)

gl
A
9

p o LHRMET T2 05 5B Cule X 53> x4 BITHRA 4
T F %g&%éﬂﬁiﬁ)ﬁ CE - A ETRE R K3 15nm o b eniE s v ou R | (b
ERRE B R AR g X EM AT o R R T ED Inm & T o phpk
XRR ® |k #-m 5 B - B2 AP EDTHED > 4oB 2-1-1 #7752 1.2 nm
HfO2/SiO2/Si #4x ch B ip| k2 > Cu e #7F Fleh) BAERR G5 3°~ 65 L AaF & &
EEE R =" 3TV S
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10000000 \
1000000 \
100000 o
10000 : <
1000 e
100 \‘\
10 \W :
. I ST
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5
A4 A (deg)
B 2-1-1 ~ 1.2 nm HfO»/Si0»/Si # 4% «177 % 4% 5 XRR £ i % 3%

# % JE (Counts)
/

Qz+EREFEERS 090> 414 3% -

A E B T R X R R SPUN o ARl Sdr e e 12 X R(E 0.154
nm) ﬁgxwﬁw;;f@\ 12t £ (0.834 nm)f < > {3 MEST R ILT & F wﬁﬁr‘s PTG
Bl X BRI F R FAT > 20T T2 ek B 13 L Die ek RS o H 4o b
R 2R KAAT BRI vPERAER Y WEKPIZ T R ¥ i@ 4r(Al)ie X
BRAE G RE BB RIFER RSB ERPERRR B R Ji |2 EE R

¥ook o i gR(ADEe X SHAUE S pcE kIR PR RIZ AR S B RIDER T T
R R R R )2 EE R o Cudett £ 0.154 nm s Al #2444k £ 0.834 nm s 1295 o 5
(2-1-1) s Al e g plenk B RF#95 CueHeh5 2 » T Al »r R Blehd B % I #-5
L Cusedten5 i o

Bk 4o 58 (2-1-2) £ 7 (2-1-1) 5 20 A
oq cos0-660 62

— - — 2-1-2
q sin 6 A ( )

#r Al o7 v BRI 254 0 &£ F > FIM AAFFHLfEITR Oq/q T 0 H
sinf/cosO e d 0.052(Cu f= 44 » &+ & 3°)3 4c ] 0.296(Al Fo 44 » 5+ 4& 16.57) 0 F]pt » &
X sk e 7 & (Divergence Angle) 80 4p 3t Cu e 447 2+ BT 6 B » kFir 4 @ * R
(Slit)yie 7] > L2 P 4ol B 2 X R & > & @3 { Bk &4+ 5205 > 3 4
et > I R XRR R R~ VX2 X Eg4rd > B7 FFH At X £
Boo 0% 00 B i SRR 2-1-2 #5or 0 ¥ B IR 06 g“ﬁ%ﬁ%ﬁm P rﬂ‘“ﬁ%ﬁd

PRI AR R ¢ A BRI 00 Sl R B AR IRG Sy F Sk
%i&afii #- XRR & B ER -
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0 10 20 30 40 50 60
AT f 6 (deg)
B 2-1-2~ 602 60 2 B xd &
B TINASI 4 2 09nm REW > EERPEFETHFIHRLET 1° ke
=100 P EAFE S 3% HAR AL R fA Bt X ek 2 Fackipd] 0 2%
’]‘#ﬂwﬁr'“ﬂ213’ Hoe 225 RELAFTRPFEZ Eé”? itk o

|_iu N |
e ¥ o
;ﬁ:‘é}iﬁ(fri 4 S
| N \ 5
- = S
- N ~ o
- S
e
o o)
O o) o :
\ v o o o1

Bl 2-1-3 ~ £t £ XRR J 2% 47 B B

Rad fh 204 BON(E S B BT B SUE R ISP B IR £ 2
SR8 at o BB R LIFIER I U KRER T Imm-
EREERZ T2 BT B 2-1-4 0 BE AT o i A HHE

iR L 10
2916
= 2500

32000
% 1500
£ 1000-
= 500-

0.8

00 0.1 02 03 04 05 0.7

-0.7 -0.6 -0.5 -0.4 -0.1

O
-0.8 -0.3 -0.2

0.6

Angle (degree)

-0.8 -0.7 -06 -0.5 -0.4 -0.3 -0.2 -0.1 -0.0 0.1 0.2 03 04 05 06 07 0.8
Angle (degree)
3571+
£ 3000-
3 2500
Q
< 2000
Z 1500-
£ 1000
500

04 05 06 0.7

0.2 -0.1 -0.0 0.1 0.2

Angle (degree)

O S S T S
-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 0.3 0.8

Bl 2-1-4~ B4k & U RER T Imm~ 2RI EIOW-~01"2F2 R EPR =2 %5
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R XRR F SR E R 1nm T @ F g =33 A& > 2 F AR
- R E > F AT AR AR E R 2 R4 o TIN 0.9 nm 2 4 end Hoal g
Mk 0 5 28 B 4o @) 2-1-5 Ao o gL BE R S4B 30 100 Bk S 3 #c (Counts)»
FReLF M 10 B R T Pl TR 100 HEF PRI T TR A2 F R
I, R ERESEFEAME 3 10% -

109
£
Z 100
S
# N s oo0ge
3 102 '
100
1] A A ‘”7, A
0 2 4 60 80
AH A (deg)

Bl 2-1-5~ 0.9 nm TiN/ Si A4 2. £ & XRR fi#t % 3%

d L EMRAR ERE P REFFL LA i E T RIERER > AR
XRRZ R » 5+ & R Z 2R ERHTHE - = FRAAZ & RFF 345 TINO.9nm #5355t
BETEEER A 200 6070 2 o~ bt A 2 S > 100 5B 5 B B R
FEAS R EEFENE ZEPERE (peaking time) St & 0 3t 20°3 6072 MELE Re 2
TINO.9Onm £ Bl % 4™ B 2-1-6 M 2 £ 2-1-1> Hauge % 12657>10> # & 445 p & o

# 2-1-1~ » b4 2003 6072 FEL ~ S A 2 BRI %

AR SRR HEER SUVHELL
20 | 10.144 | 0.001 10144
20.05 | 10.174 | 0.001 10174
201 | 9.146 | 0.001 9146
20.15 | 9.242 | 0.001 9242
202 | 8.448 | 0.001 8448
20.25 | 8614 | 0.001 8614
203 | 7.617 | 0.001 7617

59.5 3.424 0.033 |103.7575758
59.55 3.359 0.066 |50.89393939

59.6 3.923 0.001 3923
59.65 | 3.358 0.033 |101.7575758
59.7 3.326 0.001 3326
58.75 | 4.621 0.001 4621

59.8 3.426 0.033 |103.8181818
59.85 3.424 0.066 |51.87878788
59.9 3.559 0.066 |53.92424242
59.95 3.624 0.001 3624

60 3.191 0.001 3191
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,{ —— 4B¥e it R 4R

—— Dark Noise

# 3% & (Counts)

0 Do e S o LoDt e M " Y
20 25 30 35 40 45 50 55 60
A4 A (deg)

Bl 2-1-6 ~ 0.9 nm TiN/ Si 42 & S0 52 4 B ez k3 (» 544 20°2 60°)
REFEAFRS 3% AT RFTRNUERE TFL o F REGp R ot
(Poisson statistics) a2 # § fe2 2 17 3] § e et > H o3V 4ei(2-1-3) ©

Begw = (Bi+ B [35] (2-1-3)

ARPF MR ETRERTE WAR 2-1-7%7 > ad e @i AR W
Biz# *ﬁ(Background)iﬁr’ﬁ,&, » Bl i z#2 F R E Br it Rene
R R F SR E R A (2-1-3) 0 B chBest # B B E T @Rt {
BB o

f;

wik s B RERY 0 LA SECA 2 2 g B a0 A 58 B b e iR

EMRZBESHA T RTERSET D5 A ’iﬂéc%‘a@ﬁ-f?& o d TN B ELT
% % o7 TIiN /éii/f;-)ija 091nm - @ KB 2-1-7T ¥ RS 2 k222 £ 247 F
Pl4oBl 2-1-8 2 F Al > HAIEE T TINGZA ? O~ % 5 Tizd B J¥02k HEF %
STiO24e Nzt & Lk WA s B R KB RIIE fkER S BHRE > Ry L4
¥ X k4782 F S22 4% £ 0t BornAgain 1.16.0 i 7 Combined & (% jF & - 445 £
EiEF RN FHREHREAF = FE BE TR, Fhldcd 2-1-2 7 L9 Sl
EER - HETHEL 0951nm . B L 5 0024nm - LA BT 8 GH(CV)E 7
K mE CVEL 252% 0 B34 P E<3%-
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EEEEE

. N ER
as| FASITE Z
“of XL
PIRENTT
| ZELTITT
20%%%&

NTTRERTITTHE
ACREEL  NTTEEBH
BARRIRTITTE
R FE

B 2-1-7~09nm TiN/Si £ 4 7 15 N B ACE T B 2 %

Air

N, O (L&)
Ti0,+N

Si,N,0 {E&%)
Si Substrate

B 2-1-8 ~ 0.9 nm TiN/ Si & % # & #-7)
% 2-1-2-09nMmTIN th %2 & £ 52 CV &

P %= B R (nm)

-4 0.954

A 0.93

EEE 0.931

VN 0.952

5374 0.990

L 0.024

Tiaig 0.951
CViE (R Z/T30E) 2.52 %

Q=+ £k E XRR £ RF5 50 um x 50 um #pl s # > FE A< 09nm -
bt LR A R A kB R RPT R die  o2nm ®WAzahdie s 4 F 5 50um
x50 um - 5 7 2 & AR K F R ®iFTIN 0.9 nm 50 um x 50 pm &R ik e
XRR # 2% - XRR A g~ & D1 gk ikmz skghx ] % 200 um x 100 um » % 7 ¥ 8] 50 um x
50 pm @Fiple A > B - B2 SR BB C] SRR RITR L G R E G g o F
Btk * o) {FE]LUHT 2.3k »%-Jﬁzp12cmx1cm1TiNO.9nm Wk ffgd &
A pcEF P iR T S0UMX50Um 2§ %K bR 8 4ol 2-1-95 5 d SEM %
WERETIOE S 46.92um - A TIE L 4658 um o 50 um B AR KE AM T R o

134



® 2-1-9 ~ 0.9 nm TiN 50 pm x 50 pm SEM # ] % %

Bl 2-1-10 2 ¢ * Ed E4pie 2 XRR 52 58 8% » BlY R MIELF s
P FRIFEEY R Sd 4B 2-1-8 2 AW E KRR ek $ 2R
HE A 213 KAT L VR R B Y T3E R CV B L TR
0.889nNm > @ &3+ H PR ¥ XL 5 0010nm> 2 CVELZ 1.2%-

po%gw L N v

o —] ' |

f r\, y e i ety A i 4 i

= e T
F ] I i ¥ ‘ '
st | # 10
# 102 | 102

102 | o) 1 —_— ]

T r s o 30 40 %
EELT TR B

10' o i

| e | i 1("'“" e j W
9@10 'r‘m } “%WW(Y” ,L frww” W KMMW M o f“ P T( )[Huw.‘hl rulf '17’ ‘!‘ % 'ArWWN ‘W‘ i ‘\‘”1
0 : l
e R \ |

10° 102 .

0 T4 50 ' ‘ © 4.0; =
FREEN N4 A
10
>‘r‘"""l1‘\‘,» y TN N

| *” “'w \ﬂwﬂ N*m H}»" fily W 'r,.f.im*;l'r”)“"wﬁl";
F " i" ‘1 H T ‘
3t 100 ‘ |
# |

102

30 40 50
S

B 2-1-10 ~ 0.9 nm TiN 50 pm x 50 um # 5§ % % £ & & R
% 2-1-3~09nm TIN50 pm x 50 um & 2. & %% & CV &

LRSS &5 R (nm)
y- 4 0.900
g N 0.879
L 0.889
N 0.898
ENEEE N 0.878
B L 0.010
T o 0.889
CVie (R#Z/THE 1.2 %
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2.5 £ GISAXS & ip|#jiF

()= = GISAXS # % -8kt 0 ¢ 7 & i & & 7-10°

< 0 =<10°: # 52 1
REEHL < 25mm -

GISAXS 2 & iRl % H4r @l 2-1-11 > » Sf R E X LRSI S2 8 REHFd s
pEE S E S BRIEATE R SR STEEL 0 T AT R SARIES BAER T -

B 712 3 GISAXS ket 2-1-12> £ RIMRFER %7 L2 A H B SR T L k-
FEETRRAZER RS > T FRTAERSF L EEEE RELEFE &
g SRR R OEPEE S AR P VAR AN 2 e B o (R P
B> B b AR T i 10° S e B R 2 10 MM BEFRT
oo B 2-1-12 2 d R E AR TR R S e

BZ0=3> 20=6° -
2 8% do [ A 5264 2 4%

B 2-1-12 ~ GISAXS 2z A #3374
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GISAXS & ipl2 SEEH: 5 FZﬁ%W%ﬁ%%’%%ﬁ%ﬂ%Eﬁiﬁgﬁﬂk

%@ﬁﬁ%—%‘i:%iﬁf% d SHUEF AT %ﬁﬂkw7ﬁ%% 7 3E
15245 m %o & 0 F G WIS B R 0 Eo ARG D A
g R E 2

@] 2-1-13 ~ GISAXS A B S48 B

B 2-1-12 2 383+ A1 St RpIps > L8 2 202 phif i O MUEH S ] 5 2
AL R » SRR JEF OG0 R 2R i A HEL 0 8
d R e BP2 18 AR ¢ &R R B 2 = F e R 2-1-110 5 0 s g sc R R3] 20 nm
MPEZ HTHTRE > I B 2 RS Y 13mm R e FRE By LR FIEg
the-25 mm pF o RIET TP D0 6 FF TR 2 M B R B ok e )
X kgr b i B kB o B3 g oed o R R R 40 00% 0 T
+ e B2t 1 P (counts) o o i F oA 5 AFEZ FTSEE o

¥ W Andor Bkt R 2 R Baom 2-1-14 > £ & 13mm L3 2z RS
WM ¥ R L S B R 2 S AT AR S 1 19 LR B P SRR 4F & 25 mm
TP RSN ARE S 1005 He £ 5 W HE0CF 95% 0 B A H T Ao 0 R
R 2 kiR L REE g RS F B RO R RIE L 2 KB SO
BBl 0 A A A E A A e B Rt R o
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Bl 2-1-14 ~ 2 S i B Bk 3 7 A W

20 Nm AR FEH 5> 25 mm FESLEF o 1B ) ﬁﬂfiﬁf%ﬁ*&ké 1.04mm:> & 8 L F &

X kdrte 2 @i BB Y 2 LA | AREEE25 MM Sd R A E LS S Sl ¥ 2

*» 10mm o] 21015 AT A B g ERACHBEAR LB F A o faA

MR R ED e KD WR AR T 2+ KR AR 2-1-16 0 R ERBT R 0 5

d4ef] 2-1-15 2 K St E o f REE ST 1P TR @LBTAS I 089
mm s -] >t 20 NM S EEZ AT BER R L 1.04mm s B A E P o

10 mm # 0.89 mm#

+ —r .
' 1

1‘ ' 3

25 mm 25 mm

P bEB o
t ot o

B 2-1-16 ~ J %37 7 B
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[k A2 3822880 % k83]
x 8" By oHTERFTTE(DP)E TR A BPF G Pf"f‘bﬁi&}d'l%?' ;‘
B2 F Y ERISAXS ~RSAXS 1 %k skdd > T3 T 7 - £ _A‘@iﬁ(GAA)E

l";"_ Ek@fiﬂ ’ F,\L#\j\3’k‘}/2ﬁ‘}§_/? %—%ﬁml‘ﬁ’ﬁi’g—;"f\alfq
3 5 A % X-Ray £ RILAFE B & o 2 24 -
#1]

FEdE R WK vE 5 aE 2 ow pE & P (GIXRR for film thickness ~ GIAXS/RSAXS for
CD/OVL) > #is X H R jw PR E L L~ Pl A ERE SHT 57 IDP & iFp
F 5 i (FtSAXS/RSAXS/XRR £ ] GAA SHM L  Hi72 B3 o Hm2 o Ppre
Z

(1) A4 4 2 2 F 42 GAA B € & 2 CD $8cde e~ T2 & -
(2 o fF T 2 COBIRA TR HREL R T /Tl o
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(Z) 2RI AHERER N
[ 2 A2t > pFie])

i
i

/Jw
L
U

(2

A& 1000 mg/kg =~
fu ’ Et
107 & 3¢ Bt g

%

£ Rl

-
AT R

109 # & P 1%

110 # & P #%

111 # R P &

112 # B P &

o Bk TR RIRRA
Hiﬁ*f'

O/

- K]
*

.‘.j»

Ry,

<1 <500 nm
‘} ‘L—'f:_ B /Elj

<
A
e

ﬁxﬂv :

VoS iR R Y

nm

v ip ¥R 2

)

FE TR

<10 %

kR FIERERHE
Vs
-20nNm 3ER B R
£ P& *2< 10° cm®
-ERF T AE<EN%
L LA W
A2 P
-REA S R
(5~20) nm
- LR T AR<I0
%

ok Fom A 4 AT H

i3

-EWS S ET £
~ % i pH&*< 10
ng/kg

- &3 kS RE
1< 10 nm

i P RS
s
- A4 e E > 90
%
o F A A AT HE
- GC-MS & st 3=
=
-4+ 8 Ce-Ca0 7 18
N A S RR
*1< 500 pg/kg

=
P i

~ & &

e
.

SR T

PHRZEFz AT E
:&”’éﬁ%ﬁﬁﬁ§W%%ﬁx
FER > FlajmA 2 E L1 (535 p - 106 28 B & B e R A rH
R &R A R A 7 FOE > 3 iE 3] RHEL<50NglKg - F PE 0 25
ERORAIE-WN: B 7 I = L R
ﬁ“”“‘?iéiﬂ e LRI NEE N 107 ER A BB AFRERL B
=k & 1000 mg/kg ~
PIELAF > 11 & 5 L8 25
nmoﬁﬁ%}&mgﬂsﬁ,mSﬁ@@ﬁjﬁL
IR Rl g i A & SER
FAFREpERRFR Lugky 3 1 mg/kg S AE R AN A A
BRAFETR<E% -
1245 IRDS 2017(108 & )ehdp 4 » »> L R Al 2@ -
onm - € 3F et 2021 # (110 &) T 2
Fo A2 109 & 5

SRR o L

i

Bl

4 60nm 2z

FoF BB 2 A HTHAE @ p skt 1 d Bopm &

5nm - &%

FEE R <10 % o 110 & %45 4§ e
AR R T > B H <20 nm RERR
FRIRRIY P IFIAAFE AL R 5mm I
+ 0111 & 2 112 & #jig s T H
PE-RIEEWETRETH R
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pﬂ. r-/p R 2
P4k A2 e {1 H -
TR A FE T AE<12nm o

(o W

< T oasE kR BRI E

B2 47 k2 PR
THTHRE) R

RIPLAT > % L EWA F T A

iRl

FERR R

T

BARR TR

FE TR <10 mo/kg iR % o pboh o b

EE TN

i%

& 4k finit

:~ﬁ¢/

g 'E M3 128 nm

50 nm ~

FEZE

SR
IT6nm; FlEc K RAARY B2 B G2 R
V- J N lVi  J i
EER KA S b

B4 ,._,;1. #5303
S«"&rﬁit/w\a,

_ RS 0 i FIRT B RER < 10

AR ¥4
"
Ff’ I”'% ﬁ-"]ﬁzf

ig

=4

E

ER

A
m

&R E )
;@9ﬁ®l%ﬁ
iF s PR

s

@aﬁ%iéﬁ%ﬁéfﬁﬁﬁ
2<10cm3, ¥ @
B P73 FE 2R < 10 %R g R
FHEE T R RRIHEMT( F
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B ik ﬁﬁééﬁmﬁwﬁﬁ,uﬁy§4&$m§ggﬁ,@uﬁﬂi
FHEFRARNLF  RB LA S

Lo SR TR sk A 4 Hope
%1 # %% < < <500 nm
2. DMA-CPC *t 7 o e+ = ~f £ Pl
AT RR D Snm o AHEHE R ARITA<I0O%
[#7=2%]
“nﬁﬁﬁ*ﬁﬁ_ﬁ’ﬁ%ﬁﬁﬁﬁﬁ%%ﬁﬂﬁﬁﬁ%f“m°ﬁ*iﬁ%ﬁﬁ
BB AEABPOIRAFEIRT) T FRAZ G BORERT A 0 R RIZ
P B AR E % 0 doR] 2-2-1 975T 0 SRIL GO g ] R s 0% 2L g A
Bed o g A2 p MR 0 F Y ¢ g R TR R & g 0 0 T STl Ae e
FEER 5 FI o T h R 5 1 E(electrospray aerosol generator, EAG)B- it § d& 3% it
%ﬂm:w*&mﬁﬂ"“&AWWSJWiEmEi?SﬁﬁJ <+ T e 3 o
Voo RS Y AT R HERRCEE S DREE B 3R RE 2 RF R
ﬁﬁ%#°ﬁ§m¢£ﬁﬁ?L@uﬂﬁinﬁfﬁiﬁﬁ’1EN} 2% ¥ -DMA-
CPC 2 i 3315 o

Aqueous suspension Gas-phase aerosols

Gold nanoparticle

B 2-2-1~ 5 ¢ Je v &5 A) = - Bl

1oz fct T ESRshA 4 3 9% ¢+ : (123.3 +2.9) nm (< 500 nm)

% EAG-DMA-CPC & 4fs » b B4 i ~ 3 %%*&i*@i&&# R
Rlen® FABLE 5 5T DMA 3§ iid 20 L/min ~ F % iniE 1.5 Limin ~ AFpede® 37k )k &
20 mmol/L (%% & 2.5 mS/cm)3 EAG *54c 7 B 2KV e (TR BT » 2 4 F § E55E ¢
F I 5 (2.8420.275) nm (P & : <10nm) % #ic§ (2.48x10%+ 1.03x10%) cm3(p & : <10%cm’
N deR 22257 0 TEHALT B EHAERBID BB AET T BRI B

RIE
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1.8E+04

1.6E+04 meoc
T 1.4E404 mooc
£
o
= 126404

2 1.0E+04
£

Z 8.0E+03 .
@ .
S 6.0E+03
£
S 40403 :
2 0E403 R I R P B
0.0E+00 A WAW
I S - O A T T T TR, VO VO N S S - S S
AP PN AR AN PN SIS N N RN S S

Diameter (nm)

Bl 2-2-2 ~ EAG-DMA-CPC s 5% B 2 S S 3 5B k& A~ 7 B

R EABETE AL 2 RR T o W (2-2-1) Dy HRIRE IS ~Cs b BEBEA R
kR ~Ds 5 DMA RIF 2 BT 3 /2 Al e i3 FIEREDREBBR > L0112
F2-1)F Bkt o BERET Ak E L iEET O EGA A 4 kT iop e 5 (12331
2.9) nm -

d = (Co)® Ds (2-2-1)

#2212 kR 2 EMEB R DMA Bipl2 £ fm @2 2okt 4345 %%

Cs (vIV) Ds (nm) Dg (nm)
0.000630 13.1 123.1
0.000315 10.6 123.0
0.000189 8.82 119.5
0.000063 6.75 127.7

2. =% DMA-CPC *t 2 {3+ = £ RIS @ PRI 5 nm > pHE B 7 i
<10 %
AIE 3 IE A s T A R 4 17 ik (Differential mobility analyzer, DMA) 5 fie 5% 1%
A+ - #c F (Condensation particle counter, CPC)i& {7 -] & ~t 2 KX R+ RIS RF T > &
BREER HFHr2FF9 23 85mepF+HRETIBHPEFFTY -
APRFIEFELFIEMM O G b2 P RTRFRRY TR R |
ERF RS 24 v T RBRG AT RN AL 0 T 0 & DMA-CPC o/t i ikl &
RNenF%FE > TRERL ZHJITFERA > FlptiEr £+ 8.6 kDa it % }z’:
(ubiquitin):g (73 % - 2 DMA-CPC & Bl /s B % % % (3.67 £0.01) nm(B) 2-2-3) -
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RE SR YRR (dok 2-2-2) 0 2 T304 B<5%  HF AR R L AT BF 0<Em
#.5 £ pl o Ubiquitin f=5 1 # i % $¢ &2 (dynamic light scattering) £ il & 4 (3.58 £
0.15)nm- 1t % DLS 2 DMA £ el % 2 En e 5 059 % F 7 b > 2 58 Bl £ 47 12 (Enl
<D T AKRERE AT - A THBBRLSITE P BRI AR T
3% > 4o 8(2-2-2) > 3+ ¥ ubiquitin Sdp gt ERIF FEEAE S 25 % B &P <10
00 o

w®) = (2) w0 + (%) w(d:) + () v (2-2-2)

Ubiquitin

4.5E+06
_4.0E+06
E 3.5E+06

~

= 3.0E406
é 2.5E406
3 2.0E406
2 156406
£ 1.0E406
[-%

5.0E405

0.0E+00

—e—Data
—fitting

Bl 2-2-3~ i 3ov 2 oA T (2B R BdpdR & ()% o
% 2-2-2 ~ 2 DMA-CPC x se & Blie % v i @ n—hngl—; B o4

¥ 2 )I?wr A Sl SRTR Std. dev. DMA-CPC # s & Bl &
(nm) (a) (nm) (b)
3.6 0.072 3.67 1.9 %
3.54 " 0.004 3.67 3.5%
3.85 " - 3.67 4.9 %

:x 1 : Charge-reduced nano electrospray ionization combined with differential mobility analysis
of peptides, proteins, glycoproteins, noncovalent protein complexes and viruses. J. Mass
Spectrosc., (36) 1038-1052, 2001.

3 2 : Fastand precise measurement in the sub-20 nm size range using a scanning mobility particle
sizer. Journal of Aerosol Science, (87) 75-87, 2015.

#x 3 : lon Mobility Measurements of Nondenatured 12—-150 kDa Proteins and Protein Multimers
by Tandem Differential Mobility Analysis—Mass Spectrometry (DMA-MS). J. Am. Soc.
Mass Spectrom., (22) 158Y172, 2011.

BT L RUCRE S T AR FAARBE AR e S AR A
ﬁﬁwﬁﬁmg%ﬁaéiaég*%ﬁﬁ4$a,@ag4\Lﬁ LA
L0 AR b ﬁ#’%$aﬁﬁ§£@iﬁ”oéﬂ%%ﬁ%ﬂaﬁm
BAT BT BOM £t BRI S € S R RIS 0 KA FOR L B RS S
SR S h o B R R E R U RO BOR R 0 o] 2-2-4(a) + i
PREERE T FEG R RY f F T2 %Rk A ek g
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4ol 2-2-4(b) S F HF R Yoo S LG oS R TR E { £1F 5nm- 3t DMA-
CPC s a8 B2 #4% 5 (8.2+0.3) nm » 4@ 2-2-5> DMA-CPC 9 skt % 5554 ¢
+ BRI E 2 RIS E 5 (4.82£0.7)nm 2 R+ 4 BRI E S (5.6£05)nm A F
Z R doB 2-2-6 7 o 2% DMA-CPC Bl {F < it h Fli £ 2 X3 BE3 R
Mg iﬂﬁﬁﬁiﬂ°§?#%§$ﬁ4ﬁgﬁﬁgﬁ@¢
@ % NIST /83t S8 (2-2-2)E 3T Bk /fim s 7.6
nm TE?E%% M pHEESIM G LR BFH B E U A SR S5nm &

O
<
J>

;_
Ll
i

B R RS R R R 5m AT 2 BRI -

3
1(D, 1 D3
DAu = Dp (1 - 5 (D_) ) = Dp - E (D—%) (2-2-3)

Dauv » £ F 442 E > Dp 5 BIEFFFIEE > Dr ZBIEF2 PRI E

b) [ =
[ — - ical
R TN R o |
* 400 pl wo| Ll | e \ e
+ 14,000 Pm sampje ,.:?. iy ~+ 000 @ ?
* 15 minutes Another cycle ‘

Laser light

o R R ELS B R
© AT REE

c MRETCHIRES
20mmol/L

Bl 224~ #F Bplw AOL 2 () 2 5 (D)8 BB

E:::: Aus_size distribution | ’H‘_;J_Iilz %ﬁ }:}’ﬁ 4@ (nm)
glii;i Rk 106 +0.3
o d x1 8.5+ 0.3
£ 2oeon "y
T e . x2 8.2+0.3

FFPOPELEIESSSS E

x4 821403

S — 20 10.6 +0.1
Emuos J
- 3 200 10.1 4023
. %
. 5 0to0.
fo o 00 90103
BRI I ey 300 93402

Dlameter (nm)

B 2-2-5~5nm &4 F 53 A0 L2 (53 DMA-CPC £ 8% % v i
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Au-5 cross-section (by AFM) Au5_size distribution

BE+06
8 =
7 %, 76406 4 NP:8.2nm
3
i > 6.E406
E B 55_5‘06 J Residue:
$a § 4.8nm
5 5 '§4.E+os 1
5 5.24nm § 36006 4
T2 g
S
1 . O 2E406 1
> oy g
9 £ 16406
1
Z 0400 +
2
I I I T R, SR .
0 10 20 30 40 50 POV SN PN AN N
Horizontal distance (nm) — Diameter (nm)

R M) s RS BACEAR(P ) R A T
AT HA(E)¥ Snm &k 2Rt BRI %
G:A TS LR

AFNTFRFHLG AR D AP RRDREN L E S LRE TR - G
BAEZ F BBE®3 3R GFEE AF10ERZ 111 ER2 HiFEe > » 110 &
XYL A CRRIHEM S BEIEF TS BEHF P LSS HRTY
[R3 &* /3% ]

Je* DMA-CPC )i 33+ % F Bid @2 7 %3 B pl 0 AEFHRA SHMIFIH 0 27 5 1
%“%%“iﬁﬁ%ﬁ\‘L$&£@w’ﬁﬂ&ﬁwﬁﬁ?@zﬁﬁoﬂwﬁﬁz$%
B Nal >t R ke o (plie o8 $RF 4o i 0k & i £ st (calibration curve ) (7 ress = o vt
HEPFRSY GRNART SHR IR RS FOGEE RGEAY 7 S ] Rk R
B BRAFTIRIE > B A RN DS AR SR RAA ST 2B AR PR %
{RARFTE LS -
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() B ilats Epam

[ 2z > phiz]
109 £ & P 110 & & p 111 & & p 112 & & P 1
3 3R TR R P EUV kR E A [PEUV 1) B A k(e e ) B 4 5
U FERERG | RR R #F PR LRI

v 2+t &R iE 0.3nm

SRR & SiE kR E (10~ - kIR E
v kg 010 nm ~
20 nm (13.5 + 0.5) nm 15) nm (135+05) nm
EUV g plE g | T EPR - B R v fieaE & > 1 kHz
e | (03~07)pW (0.3~0.7) pyW -ﬁvmqs@[ﬂ-

ViEste k10w | - R BRI Bl S 5 - BRI AR (0.3 ~0.7) uW
BREFE=S 2% | = 12%

A E R R B AR HEUV) RSP B 2 3 R AR B > 242(109 T 113 i )H-E
HRSLZ "oiw iR ﬂm*“ SITH LR EUV KGR B g S O B BRI A K
BB ORI ~ % BN EUV Sk Rz Ak BB Ry BUV kBt e # 8 8 Rl o 3+
TR ERP L EWA EUV R LR PHRE 2 2 B AP i jRdd s i 2
FHEERPEUV B S R AREEETE 2 P&
FIEUV M AR g0 8 57 270100 # R 5 A5 B2 55 R sr R plpe > SR 4
BT R EUV £tk o 20 Higode w3 EUV L B BE PR ERZ P E 2 45
EH 2110 £ E EUV sk id Pl B bbr 5 B8R 30F 0 230 109 & & * e 9 §5 5+ EUV
RfE 2 kR BEBERIKAE > E 2 EUV LR E(135+£05) nm T H i £ 2 B
er"ul P ¢RI GARZ XA SRR T R FE AT EAF R R IR TARTER 32 0111
&5 B EUV % 1 P B 4 kB 8GRI B L& JF L 205 F (10 ~ 15) nm > 2 = EUV
EHRIES R B R L RE R REAR TR o 112 E 8 B EUV R E % 5§
Shrt R PIPT > A4 EUV OB & IR e 45 94 EUV £ REHET I (3 % ek ,
t6 K BT k) v B AT R RS Sk R B AR S PR Rl 0 i@ EUV K iR
BB LT ER R ZRBER 0113 £ B EUV & fi (s )15 58 £ £l B 0 3
B PR 2 5 ote SR L P AR LR RAE > 2 H EUV Aol Wzt
Mg 2 fRfFE 2 o
[+&4PH#])

EA TR NS R SR e

=<

o BRIk 2R Z 03nm> Jo;-&#@—.\ 10 nm ~ 20 nm -
 Z ¥ EUV W RIBIRFILER > LK FE 10uW -
(4077 %]
BNk EREMTES > A S E A A KE EUV kR BB RIHMS &
T A FAHP 40T
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1Rz k&R sz (ks F 5 10nm I 20 nm)
GEMA) LA I E o BB E T E T oy Lk Rk ud A s
%6 3§ F(10 ~ 20) nm > R ITho T

P® 2 i% £ ( blaze condition) :
a+p=25 (2-3-1)

He §:kipz a4 (blazeangle) ; ot » Skt z = =& ;B L& Aford mendE
Bk e g o
WL R poAp AR ) s B2 o (shadow effect) » o=0 i E & b > ¥ I F R A
G GTEE Y PR B iE i o a=F=0> Fp FARIE T cakp 2 AR5
2sinysind=mAc (2-3-2)
BY yrd R m:MKSfFEAI AL o EPRA o
d PR 2 kg S AR o R R A BB TR Ak Sl ¥ 5 2 (T

PR 0 B AR AT TR B IR BT BE AR S (DX > Dy) 0 4 R F BSOS R Aok 2-
3-1-

£ 2:3-1~ EUV 4 % F st (F 53 BE% {1 m)ioi s &

%0 w0 Grating

o | em e | G| 6| e R ] Re ), o
D, (cm) Dy(cm)
0.9 3

7 134 92.7 32 | 168 | 16.6 1.8 6.1 2400 16.7
3.2 10
14 29

77 134 92.7 322 | 256 | 25.1 2.76 5.8 3600 25.09
4.82 10

LRTRE R Z AR AL T (e iE B A 1800 Is/mm; B 12400 Is/mm ; C: 3600 Is/ mm) >
HE R SRR S KT £ R E R S (5~45)R 0 Hiel EZ Bk
W E(10~20)nm 2k K o ki 2 pdE S F e 2 4o@) 2-3-10 ¥ A5 d X sa ¢ (Center for
X-ray Optics, CXRO)#cdy i 7L » 3+ 3 & ¥ b & f= 2 sk dp S Hfo kA AR ek 55 o
F L& (AU)Z Bk 0 4o 2-3-2 -
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nd DL

”
-

3600 Is/fmm

4
4

:%:::::::::iii

1800 Is/mm

Rz Rotation angle (Deg.)
— A
o =

10 12 14 16 18 20
Wavelength (nm)

Reflectivity

Ag

10 1 12 13 14 15 16 17 18 19 20

Wavelength (nm)
B 2-3-2 ~ o dp A AL 2 F S5 2 £ b 4 )

B R Ep ks A F MR- R] 2-3-30 2 ¢ 4% b LR (EUV laser)
=

BREFELERP ,zzmywbk;&@r%f’f’sé‘wgf%ﬂé%fi%;&:,fgﬂxgigwr;z
2 B RNk R GFE N(10~20)nm skikzo fs 0 E e & 23k P B E 7 v2fc CCD camera>

BRlEimimg A EREL T ERERLRE +u ° B3 3V kGH R (R 2-3-
4) se»}g_‘y{&;vﬂﬁjg.pyﬁ f,jgégEUV,lo g;:xggogi;t%g§}fjéga%a§@§]
YoBl 2-350 S E F 83 EE o B RRBETEI L74x100 (e 2-3-2) 0 @ L3
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R AL EFARAE

focusin
Laser [ HHG | Fiter [— | 9,
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spectrom
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1030 nm
44w
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L PRE \

RS BRI (4)

|
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W2-3-4~ 3% 55 %5 RS HER
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%232 -REZEFEFRYE 4

PR (] PF) # & (torr)
0.5 3.05x10"
1 6.08x10°
3 1.74x10°

E RN R ER A TR RGBT R R Z B pETA K KR
B 4w % 1800 (Is/mm) ~ 2400 (Is/mm) % 3600 (Is/mm) » i@ i 4825 w5 fos8 ezt B > 3
BT D] 3600 BB A FEN A o BAFEL A VIt A KBFRMB P EZ A Xk
FRERPE B RFL 55372 R o d Fif = wmkipfmit2 Bl {ok#a .
B Zr Rk P Tk £ R (4 A B ks ik £ o 48] 2-3-60 14k 4p 2 & 1800 (Is/mm)
b FEE R D L ELT 2 10nm 2 20nm - sk 3 247 & (Spectral Resolution) 7 sk
4 % (Spectral Bandwidth) » — #x ¢ k3 R 2 - MR AR - X R
B(rE3 i Ee=inm) s k2 k@34 %5 02nm 3 0.3 nm (4c-H 2-3-7)
A

0.9
lJS
I]7
*ﬂ 06
'C’ 05
m 0.4
a 0.3
0.2

0

5 10 15 20 25 30 35
Wavelength (nm)

Wavelength (nm)

B 2-3-6 ~ B 7 Nk E Pk iz kp BEst ksl R % (10nm I 20 nm)

grating groove density: 3600 (gr/mm)

Normalized intensity

16 161 162 163 164 165 166 167 168 169 17 171 172 17.3 174 175 176 17.7 178 179 18 181 182 183 184 185 186 187 188 189 19

Wavelength (nm)

B 2-3-7 ~ kFHfF47 AR E 02nm 3 0.3 nm
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TSRO B 2 B 5 R AT sS4 0 i EUV R G p B pE TR
Fz e & Ko 5 EUV kB (7 % 33 » 17 CCD (7 £ ] 4 sez iz
it ootk R R S 18001s/mm pF o B SNk R B L 2o F 5 30% 0 ot B g &
G RNHgreF R G 88 % WiBKRS NF 1K 34 8% - HHG enigf»cd B3 5 10°5 5
R R RS T E N 08 WW(H - Sk 1) P EUV fg et 5 o

E

¥ EUV X @RI BERFLEER > LA FE 10 pW o
AP LD TER LA AN N L B AR M BRI B 0 T R
2.1 (e pABFRP o
(1).3* FH 5%k > % * EUV L 8P| BB RILE G o sz B
1 FER R AR E LRGSR EE EUV R R B L LR AT
T2 ATRE kBRI (kA ;w@23&
L ZXE LB TR EHET L2 MR R
&N%@Wﬁk%@@ﬁﬁi%&ﬁwﬁ%@m’uxﬁ@”%@%iﬁﬁa%
R A uET ARG RIEEFREGRE > EA FRT I EE R w2l
%ﬁ@agﬁﬁiiﬁﬁwEﬁi%%ﬁkﬁﬁﬁ%’ﬂ&N%Ki%ﬁ%Eﬁ%&
B FM IR RHRAANE S L A BRI EMAS AR 2
=

3

PR R R E 2 R4 2-3-9(a)(D) ¢ e riE R 2 B pxY o ¢ - B
3?@ﬁ%lé@ﬁm3wm’“”ﬁ%ﬂﬁPﬁihP’E%iﬁ%&ﬁ°%ﬁ%
BRIE S FRCRRER B AR LR SR (R 2239 RAAT ENEE T H
BB 5

ok o EUV iR E

H
¢

SR EEE T

I T T

Rl % 45 4 . |
1 4 18 ] B

AR A

B 2-3-8 ~ EUV sk jp] B 4 6 1L 7 Hor & B35 pe e 45 54k k)
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iﬁ?]i“

B 2-3-9 ~ EUV & | B &2 L BB E 4 Si(a-b)E 3 s (O 7 7 # () 5

xS BRI L EE AR RRERBLHER - ARG FER L0
RIEZE SRS T 2R
ERPE R R SR L R I B - R R R R R A R R
TR A KRB R R OUPEE S B R RERL IR, 2 o R
PRE R RAR T T RIBE T L 15 ) pF o 4oBl 2-3-10(a) 5 K RE T T R B 5 o i
B RBEHEHIE SR L&  HERZAFIMBRPELZT B ELARKT S ]
X EPBR LR FF o Flt AR FRRETEZR %i%%mﬁ«w’uﬁ
Bk R BT AR 2k AR ALk R ER L A o 4B 2-3-10(b) 5 I ¥
-l e (R Imm)2 R GRIE MR ARG R F AR LS gtk
iaﬁ%MiBﬁO@Bﬁf%i%%’?%W1%¢§&EE&A?§mmm,m
Pl i it o 08B K f Az ZEX 0 T REBIRAE SR ACE S5 mm o %f;{;ﬁljgg
B R R 2 Eﬁﬁ@ﬁﬁﬁﬁiﬁi%ﬁu¢@%h*)ﬁ~%m o]
FTEREFRRE LA TR AT EEE L ARE T ERE @ﬁaa 10)
mmz k @REZFEEASF BREFT EUV £4 iE‘J%L&J} 7 & B 2-3-10(c) &
kBRI B2z FERE ERESE

rb f,/‘f ,
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(a) i1 (sensor 043) (b) Beam Profile

1500000
-0.85

-0.65
-0.45
-0.25
-0.05
015

1200000

1000000

800000

60,0000

400000

200000

00000 = -5.00E-09-0.00E400 = 0.00€+00-5.00E-09 = 5.00€-09-1.00€-08
2020/6/16 17:45 2020/6/16 23:45 2020/6/17 5:45
bl adad piad © 1.00€-08-1.506-08 ® 1.50€-08-2.006-08 = 2.00€-08-2.50€-08

3600 37.00 3800 3900 4000 4100 4200 4300 4400
x{ir i (mm)

Bl 2-3-10 ~ 22 EUV & g B o L B RAp b 2 K e BRI # RS %
(). % I #H 55Kk > % & EUV % 1 jp) BALE @ i S 7

EIEENERE > EUV A RBRRD 2 i R B (doB) 2-3-11) o & i ) B A kB
TR B3 2 1 4L F PTB s & # B 5 (10~20) nm > JFF EC ]2 7030 e ) 45 54 ¢ < 08B
2 ERK > 11(10~15) nm F A H AR ST T L 2 £ R

Hi%iﬁpmz»HMmﬂﬂ%AmeWBrﬁ%ﬂma;ﬂﬁﬁ’uwy
BE2 kR B L R (B 5 0009) 0 2t 135 nm A £ PR SRR E B L 0 R EE KA
Bl 2-3-12 FRiL® B840k 234> H¢ s LEEEB LA PTBREFL > &
REEE: R BAFTRERE2 P E S5 (T FREDPR=FRELT /L
i“im%%ﬁ*?%%

ST unit

T (Fmazie |

AR BARE

I’}*a Rsk t
L ROy =c i g,

EUVARMES i(l)km MEREFESAE

BREGEAR || | ) ammBmtimt LT
i

FOOM B A5 A (W) AR ABN S ¥ A TH
TAER RGO e KA E AR A

# $10 nm~15 nm

B 2-3-11 ~ EUV % 1§ p] B W e 2 i ] -
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Bl 2-3-12 ~ EUV & 1 p) BB AR 8 @ fip) 3+ 2 508 2

% 2-3-3~EUV & @ p| B AR BLPIREE S

L) R (%) -

ERELT | BELXTA | BELER | FREPR
(nNA) (nA) (AIW) (AIW)
247 244 0.2122 0.2147

a2 R RE o AR L FFA3L05) nm g T
2R FINE ;%Jl%lclé,? B TE 47 kR 2 i S
B AE S =318 pA 0 R R B F Rk Ri=0.2122 AW - 3 ¥
P= '1/R1—15MW’ REFERIZ R EE - F2-3-13 5

ERIEE
1.2

1
0.6

0.4

:’E/E‘Jﬁ] a1 5k 3

FonARAL R
Bk R 24 B 3G

Lot ﬁn%@ﬁ 1o

g 72

0.2

Normalized optical power

0
13 13.2 13.4 136

Wavelength (nm)

13.8 14
W 2-3-13 ~ o £5 54 %R it & 2 FI(13 £0.5) nm p 2 Ap 38 8 pl % %

[Ed i3 0 & k3d]])

EUV kg 541838 25 § (EUV metrology) & 78 P 5 > ¢ JE Rk kRl ~ Ml o
kF AR F S CEUV R E A ffork 2 k@R konk F o MG ERETE B
2P o RtE 2o i BB EUV kR e EUV £ E 2 ok » 408 B EUV £ i 3
B H e EUV 2 EM L otk Rl S FIRER TR 2 R AL RE
HBAEUVHRELR(FHiFHER)FEL LR > TR AT IEY 238 58 +
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PR AERY] R BRI e (R B B i~ 2 BEUV R EE BRI
AR R LR T ERT R TR
(&R &* /i ]

P 5 T(TSMC)iE (7 EUV meter 4= 5 5 5> & = shdk 1§ Rgr 7 R F R4 (EUV
FHEER S RELER - THME K2 RRE2 L5 RERE) ABEFRE EUV M
Wozwh o fd TSMCi®h Er WAzl Pl- TR HERP LEWRAE 20 LHEFER o
VR fg S 4 K T 4wk B EUV sensor &2 EUV meter “7F 2 |k s fid H
FARADIE O A P E oo

[~ 5%%]
c FRgE Lt galathrl g TR e UM< 4 Rl TR £ B
4Aﬁ%&ﬁﬁﬁyr&%ﬂﬁ%%%%ﬁﬁuﬂ%m%ii%£%WﬂGmaxm@ﬁ
2 B4R ~F ZEME KRS AL s BUV LR SR mg £ e

fir@ #H AR

o« BABAZ Lt

o

LERR R BT T RS RIHER AP € 25

J.,vL

\t—-
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R EREFRLSA

(=)~ AR F EVANRBERRFET R
ARFELEENRAABIEF T OARYA A NI RF RS ENMTEE o R EL
B350 F RdEr S0 d N FE BN A E AT L RA > i R R o SRR
A B B (B 2E £ ) 2003 £ 4% OIML R31 (1995 (E))4] . CNPA3L 55 5 €354 N
BRARG  BRREIIE M/ T2 R RGP 2N B3 SN aT

—

o VERAREIIELIILFL > DRURFF EVAUSREERTRE S Y
Eitd HREAZHARVEEf FTRE UEFST X RF L E DTG o

LFERRIPATDFER > LA RS R TR R R S AR T
PR R e (TC8 & SCTiin B &4 MW $iFL | §)* 2006 # =+ OIML
R137-1 #-f iz fm B RIHATR 1 (T RILehf B34 % 5 » R F > >t 2008 & & 5%
/& > B~ OIML R31(1995 ( E )) » x> 2012 & 2 # # & X 7,4 OIML R137-1&2 (2012
(E)) » B~ 2006 & =% 2 R137-1 -

B T RFAEE 2 R R 2021 E R AR FIR RY PR R
350 § ¥ =4 ;wﬂf«t?,”@"s—}‘ﬂ?t‘i” od I F B E ST T AP K CNPA3L
FREEAREREY > X ARTETE EM) oA F I (EMC)S » RlEiE 2 >
g5 CNS 14741 $HiE¥TR 2 & 2B H L B FRE B2 mELEFIE 0 -

Aor b aksd o NML A e »t 104 & 44 OIML R137-1&2:2012(E)# b % 4] 4 3
% 2§ (CNPA3L)#r 4+ 2. OIMLR31(1995 (E))ie 7 £ B = 5  Flot » A8 § KR i
4 & & # 44 OIML R137-1&2 (2012 (E)) » i& (7 #74 45% f B34 215 e @ s 2 37
F o RSB YR U BRI R ARG R

(&4 7]
© FEATE G R ARERER R L R
o FEIRG AN INEPREFEKA B4

o HPlwEipvr sl %

[3 7= %]
1. AT %’5:% e e Fuvﬂ-;}ilﬁ%%i
Fe bR R TR 7 F W 2 B F B A SRR B T 6
He

p 108 F 824234 » - X 2R 1135 - 109 # 1% 17p 2 37 6P 3Rt eE
EPEE RGO R (e B R AL R B S B Y
(Aerospace Science and Technology Research Center) ;= € F %% % (Flow Measurement

Laboratory, FML) ~ - 37 & P|% 7 ¢ < (Taiwan Testing and Certification Center, ETC) %
B 7 E 8 R % 5 (NML) -
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R BT PR RS igfﬁh(ouvu_)@;xv' i OIML R137-1 & -2 &
EERERFPFTERBELNBE  RFRYF RIS F E3 A% f £
F A4 (CNPA 137)% % p. a‘_#’r CNPA 31 z 4@ #-R137 2. & REREIE ~ &
R A AN R o

ENNES FEEAN A o ‘\"ﬂ;g_ji,{h"ﬁ.$9$ -CNPA 137 z ig= p F e 45 P Lag*
R 2% & 3 ER R APER R 5305 6.4k Fipor ~ T3 28352 F A
2 94N nEsE i g o TR-APBE R RpE &Y e ANSN F £ AN L R AER X

o Fi AT HRETERELY -

A ;\ T

.
F
T EER

T e—m;‘q. v o (ETC)* Bl er g 2 A N mlia sk & o B2 it
&5
=3

%311 ETCHTG 5 05 &2 W3 § $ 3 Fuf R plR 8 gz a4

CNPA 137 %% %44 B ?;j o %o
R 3
B.4.11s7% 8 8 (.ﬂi/i‘ ) _ggfgz,lsi B
B.4.1.2 48 e
B4.2.1 i iR% & f%ig (&2 5) ETAEY
B422 B8 & - A%k (4 #) B TEY
Bl (dt8) TR EH
B.5.2 % e THE | EF
B.6.1.1 {5 &40 > #4F ~ T EH THRE|E£H
B.6.1.2 & H(fmf < |4) 547 35 T TEY
B.6.2 # % &7 FHY | LG
B.6.3 35 » Tt 2 frgl ARt fhdin s AR
B.6.4 3150 ~ T M E AR hR LA 3
BILEFTRTEES ETAEY,
B72 *L/u VL/ m@%lb —g,f’%’};]\é‘_ _/E;%
B73 iR AT BRI ELZE P ¥y o VAN |
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CNPA 137 %% 4B ’?'Jff‘ % % 3
lk\

NUERRE .Y TRty WY Ty

%1

BI5 i mE s il i () | | L&

B76 2 i s nTihz Rk a =]

B.7.7 :E: ne ;L/),%l + m/-’é FT’ E £ f%

B8lIpET» MT B (AEITH) PEE | L8 | AARREAESTRE

Fobigh A R s 3 (FML) T4, 2 Rl % (B 3-1-2)% 3 o o R 7 4(%
3-1-2) » #3743 S s L4t CNPA 137 5 % & Fup|3din & (4 3-1-3)0 s » FML ja 2
.7 CNPALST 3% fei & foe itliginn 0 £ 7 '@;(4““7\ S18 A T -

EMEIRBR RABEIES) : -5~50°C
FREEE : 0.01m¥h ~ 200m¥h

2 /8
(sv_tﬂsﬁ 1£-23.3°CES A IRAE ) 23 22000Btu )

B 3-1-2~ =+~ FML %55 § £330 B BIER A
# 3-1-2~ FML 3 ‘E%ﬁ&i %1?]54;"']'7@;/,,&'

wmitmYh | 775 | 2.51 | 7.76 | 2.52 | 7.45 | 254 7.35 1253 | 6.32|2.45| 6.28 | 239 | 6.64 | 2.13
bar | bar | bar | bar | bar | bar | bar | bar | bar | bar | bar | bar | bar | bar
SN1 0.1mm| 0.043 | 0.014
SN2 | 0.2032 mm 0.179] 0.058
SN3 0.42 mm 0.73 | 0.25
SN4 | 0.5588 mm 1.28 | 0.44
SN5 | 1.1176 mm 440 | 1.71
SN6 | 2.2352 mm 17.49 | 6.66
SN7 3.0 mm 33.32| 10.69

% 3-1-3 - CNPA 137 Al a8 RpliinF (B2 R FH T 52 AT 7 &)

0.464 0215 0.1 0.0464 0.0215 0.01

Qmax Qmax Qmax Qmax Qmax Qmax Qmax | Qmin
2.5m’/h 2.5 1.16 0.538 0.25 0.116 0.054 0.025 | 0.016
4Am/h 4 1.856 0.86 0.4 0.186 0.086 0.04 | 0.025
6 m’/h 6 2.784 1.29 0.6 0.278 0.129 0.06 | 0.04
10 mi/h| 10 4.64 2.15 1 0.464 0.215 0.1 0.06

16 m/h 16 7.424 3.44 1.6 0.742 0.344 0.16 0.1
25m/h 25 11.6 5.375 2.5 1.16 0.538 0.25 | 0.16
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CRESTE-S IEVRE & - R
31 g E LRI
% % 3-1-4 #- SN2 &+ B 4 "5 3 2.35bar > SN6 &+ /& + *# £ 2.15bar » SN5 & i
B4 H2L 3 6.70baro ¥ % g#SN1>SN2>SN3>SN4 78 » H %2 & 4ok 3-1-55
FOREAE Y A BN F R F R o
# 314 AFLFML § @i B4 FRE SRS
unit m¥h | 775 | 251 | 7.76 | 235 | 7.45 | 254 | 7.35| 253 | 6.7 | 2.45| 6.28 | 2.15 | 6.64 | 2.13
bar | bar | bar | bar | bar | bar | bar | bar | bar | bar | bar | bar | bar | bar
SN1 0.1 mm| 0.043 | 0.014
SN2 | 0.2032 mm 0.179 [0.054
SN3 0.42 mm 0.73 | 0.25
SN4 | 0.5588 mm 1.28 | 0.44
SN5 | 1.1176 mm 467 | 1.71
SN6 | 2.2352 mm 17.49| 6.00
SN7 3.0 mm 33.32| 10.69
# 3-1-5 - CNPA 137 A4V iiE & FPIEAF (AL P w2 i7ir)
0.464 0.215 0.1 0.0464 0.0215 0.01
Qmax Qmax Qmax Qmax Qmax Qmax | Qmax | Qmin
2.5 mh 25 1.16 0.538 0.25 0.116 0.054 | 0.025 | 0.016
4 mih 1.856 0.86 0.4 0.186 0.086 0.04 | 0.025
6 mh 2.784 1.29 0.6 0.278 0.129 0.06 | 0.04
10 m¥h 10 4.64 2.15 1 0.464 0.215 0.1 | 0.06
16 m/h 16 7.424 3.44 1.6 0.742 0.344 0.16 | 0.1
25 m*/h 25 11.6 5.375 2.5 1.16 0.538 0.25 | 0.16
PRI SN6 SN5 SN2
7| | 2.15 bar | 4 6.70 bar J 2.35 bar
SN3+SN4 | SN3+SN4 | SN1+SN2 [ SN2+SN3
32 F B Fu AR
‘_—./?r‘g W’Fﬁ/? ‘:’ ‘\»(ETC)E % '\‘ u,;B_/P pé“g‘f"#’@%}i/? é‘h"l—;ﬁﬁi?_,:*&%
i = LIS P\?'Fﬁ%ﬁ‘*»m z‘%lééék% PR RIS T B E R GBI E R
B e RE o B DR RN PR Y S me FRASITEZ RS E
MBS R F RS RETE LR PR RRIE TR RE P L4 E R
BEFT B8t 0 FOREDIVRIEL T
S RARRUSRBERG RANFS]

TRZHZPRIZ 22 - 0 EE P ST R ENY 2B EFY e ERIOBIABRST
o FAAR AR A ik A F TT g LT R TRy AP R o @RS
AFTAIFEANRT A G- KARDPVAE A RPRYEZ T HZREFE > ?Jiz\”‘ ? *
REHPT G Ry CRRTEREAECH AR > B RRET IR T L BiFF
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FEEMEd o BRa > FIRFFZ AR "B ER* T2 0L EHE o Tt
FARFERZFITTRANANRE RS ERAFF LR RO AT WD
B2 AR OB e FUBA B RER 2 T E R eondid o ST 108 £ 2 6 30
WMEE R ZP40F - R pOFETLEXR BN 113 &2 3008 = FX P p ol
TT-MERFETAHB S E I 19 2 600F ~ X > B2E6 &% <5
MBRWRT L - 274 - 2RAEBHERE TREL AT % 0 U EEFE - Kol
Mo aiFEd e ST L h &R o

Pt TR AR A HARG CNMV 46 1 & £ 454 3 & CNS 14607 B 3% <
TR A BEFRRIER (L) T A H A H R L CNS 14607 B 7d& 2 en + 50
TRZ T %4 OIML R46 EFHRF &K - FLEAM THBEZTF AT A A S
WRERMWRF LT A THFP D 2% TREPTARLGZ0TEHL 2 CTHHETAR
%ﬁ%gpﬁ%#ﬁ%%ﬁ$°m&%ﬂﬁ%i@@rmﬂimJ*lhﬁﬁﬁ% 1 i
FHECTRARFZERDEE 20 0 TH O RBEHR T G R 2T R
%m%*$ﬁ°%F¥@S?%FRE%Jﬁﬁa’;”@ﬂﬁiWEE%ﬂi%&ﬁ%
BB FHR T B HTEE F A RBPRAE BN FTIAT AL AN R 3
BT ARREEIEZE S AE ) S AP E AP TG EHAR o

[22R P ]
« TR Nﬂ —?CNS 14607 £ &) " =3 Fi‘ J'FL‘%;'OIML R461 1 8 F7 45
s AFRPRIFIATEARRE 2204 =R

o SRR A(EER)E ST N AT R AN Rt EiamE T3 ATR LS

»A N RE T (TR

(4467 %]
1 = & B 7R % CNS 14607 & B %2 3 4 OIML R46 st e 77 49
1.1CNS 14607 T+ T & %

% F ] RIEHE CNS 14607 >+ 2017 & = = Froxig 37 0 pLiR BN F g * 30 %
FRATRA(IFI/LPE)CNS 14607 2 2337 T3 N TR & hii 25 ~ &
LR ERBATE T D o LA Rk e § 0 BREAMA T TR T R
iy 2 i fd e e

1.2 OIMLR 46 3 >z % ac %

B %k 23 B e s (OIML)* 2012 & % 7 M &% 4§ R46 § 22T i
(Internatlonal Recommendation OIML R46: Active electrical energy meters) * g Az -
FRRAAIRERFME TR TRE P EMATF P2 2ok # - OIML & Wﬁ%
Vit e 7 a2k o OIMLR46 § "2 & =8 R46-1/-2:2012 &2 R46-3:2013 & i» W% & 33
Hge o R46-1/2:2012 A & p B¢ 7 P2 & R HUFE R FEE R RIS E
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A*STAR IAgency for Science, Technology and Research Froe L B :}ﬁ:ﬁarzﬂ B

AFRIMET Intra-Africa Metrology System BRI

AIST National Institute of Advanced Industrial Science and PAAEEHFFREFY AT
Technology

AMC IAirborne Molecular Contamination ZHAMBLAFFAL

APEC IAsia-Pacific Economic Cooperation ERR N R

APLMF IAsia-Pacific Legal Metrology Forum TR EHE

APMF Asia-Pacific Symposium on Measurement of Mass , Force and|; ~ F & ~ 4 & % 32 4 &3
Torque

APMP IAsia-Pacific Metrology Programme Eri

IASEAN The Association of Southeast Asian Nations e TR E AL

IASTM IAmerican Society for Testing and Material i R@Eme e

AUV IAcoustics, Ultrasound, Vibration BE -RF A

BIPM Bureau International des Poids et Mesures { International REZREHFA
Bureau of Weights and Measures )

BIML International Bureau of Legal Metrology WE2TREFhA

CC Consultative Committee ;F?é!i B¢

CCAUV Consultative Committee for Acoustics, Ultrasound and EoRFA R FHELA €
\Vibration

CCDM Comité Consultatif pour la Définition du Métre { Consultative|=> ¢ &334 | ¢
Committee for Definition of the Meter )

CCDS Comiteé Consultatif pour la Définition de la Seconde PEEFALE ¢

{ Consultative Committee for the Definition on the Second )

CCE Comité Consultatif d’Electricit¢ { Consultative Committee on |% 35344 R ¢
Electricity)

CCEM Consultative Committee for Electricity and Magnetism TRFAL A g

CCEMRI Comité Consultatif pour la les Etalons de mesure des PEIE S E PR ERA LR ¢
Rayonnements lonisants { Consultative Committee for the
Standards on Measurement of lonizing Radiation )

CCL Consultative Committee for Length S EN R

CCM Comite Consultatif pour la Masse et les grandeurs apparentées ”;ﬁﬂ AR E AL R €

CCPR Comite Consultatif de Photometrie et Radiomeétrie kigiEaLfiog

{ Consultative Committee for Photometric and Radiometry )

CCQM Comite Consultatif pour la Quantité de Matiére ERAL A ¢
Consultative Committee for Amount of Substance —
Metrology in Chemistry

CCRI Consultative Committee for lonizing Radiation g ira L B €

CCT Comité Consultatif de Thermométrie { Consultative BRFALE €
Committee on Thermometry )

CCTF Consultative Committee for Time and Frequency PFRZEFIHGLE €

CCU Consultative Committee for Photometry (CCP) Comité Il AN I
Consultatif des Unités { Consultative Committee of SI
Unites)

CD Critical Dimension Met: 4 ~fh =

CENAM Centro Nacional de Metrologia EFTRRRIER

CGPM Conférence General des Poids et Mesures { General ot
Conference of Weights & Measures )

CIE Commission internationale de I'éclairage ; (International R4 £ § §
Commission on Illumination )
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CIML International Committee of Legal Metrology REz223 840 €

CIPM Comittee International des Poids et Mesures (International |RI*% A € #74 R ¢
Committee of Weights & Measures)

CIPM MRA  |CIPM Mutual Recognition Arrangement FREFELR €407 2LV iR

CMC Calibration and Measurement Capabilities %'J‘;J_ BE BT

CMM Coordinate Measuring Machine B %2 R &

CODATA Committee on Data of the International Council for Science  |R"% # & Hirk & ¥ #L | ¢

COOMET Euro-Asian Cooperation of National Metrological Institutions [ I B 73" £ ‘2 35 i

CPEM Conference on Precision Electromagnetic Measurements R TRELRS g

CSIR Council for Scientific and Industrial Research FAEPERIEF TR

DEC Developing Economies Committee FEY gAML R g LEARES

DFM Danish Institute of Fundamental Metrology L ERRER

DIN Deutsches Institute for Normung i BRI 1

DSM Department of Standards Malaysia B ko TiEEA

DSQ Directorate of Standards and Quality Ak R B R

DWDM Dense Wavelength Division Multiplexing B B }i s sa

EC European Communities ki

EC Executive Committee ES ﬁi B¢

EMRP European Metrology Research Programme R Lk N

EURAMET  the European Association of National Metrology Institutes — [gti#'3- & gﬁa\. R

EUSPEN European Society for Precision Engineering and AR B ARE R €
Nanotechnology

FG Focus Group g8 T

FinFET Fin Field-Effect transistor I e k]

GA General Assembly ¢ER~ ¢

GAA Gate All Around TR VER 1R

GISAXS Grazing Incidence Small Angle Scattering EE RS S ie

GIXRR Grazing incidence X-ray reflectivity ek & X S50 F S

GIXRF Grazing incidence X-ray fluorescence e b X BEAR R R

GULFMET  |Gulf Association for Metrology AETEE R EmE

GUM Guide to the expression of Uncertainty in Measurement ISO £ ip| 7 ke T &k & ddpil~ &

ICT Instrument Calibration Technics R A2 S

ICP-MS Inductively Coupled Plasma Mass Spectrometer BREBETRTHLITR

IEC International Electrontechnical Commission LE]”‘ T i ﬁ ¢

IEEE Institute of Electronical and Electronics Engineers, Inc. FRTPETF 1R E

ILAC MRA |International Laboratory Accreditation Cooperation Mutual |B"% § 5 % 32 B R 4p 5 37 3k
Recognition Arrangement

IMEKO International Measurement Confederation FZE RIS E

INM Institute National de metrologie {National Institute on ZRRARTEET R
Metrology )

INMS Institute for National Measurement Standards e £ X FREREREET R

INRIM Istituto Nazionale per La Ricerca Metrologica ERR U -

IRDS International Roadmap for Devices and Systems R~z kg B R

ISO International Organization for Standardization B R AR e

ITRS International Technology Roadmap for Semiconductors B % LRl AL B O B

ITU International Telecommunication Union X] M2 3 3 55 P

JCRB Joint Committee of RMOs and the BIPM FRERMELR €

JPT Joint Proficiency Test program L e T

KC Key comparison M4t

KCDB Key Comparison Data Base MaE iR
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KCRV Key comparison reference value Mt g2t @

KRISS Korea Research Institute of Standards and Science EREREALEET IR

LIMS Laboratory Information Management System FHEFEIL L

LNE Laboratoire national de métrologie et d’essais, ZRRARERET R

LNG Liquefied natural gas Rl X AR

MAA Mutual Acceptance Arrangement BB ¥ 1 I N -

METAS Federal Institute of metrology A ETEEE

MOU Memoradum of Understanding LT LA

MRA Mutual Recognition Arrangement AP 3 KGR T

MSVP Measurement System Validation Procedures Pk BEERAR A

NATA National Association of Testing Authorities B R RGBT

NCSL National Conference of Standards Laboratories FRRRIEETHZT S §

NDL National Nano Device Laboratory RiEF At a5z

NEL National Engineering Laboratory ERR R AR % E

NIM National Institute of Metrology PR EHEAT R

NIMT National Institute of Metrology(Tailand) ff RR 7327 T n

NIST National Institute of Standards and Technology i RR RIEE B PG T

NMC National Metrology Center FTa R R RSEE R

NMI National Metrology Institute B3t B

NMIA National Measurement Institute Australian BARARFEFAT R

NMIJ National Metrology Institute of Japan PARFSFEFTT IR

NMISA National Metrology Institute of South Africa 3 EFAT IR

NPL National Physical Laboratory B RE RS EE % T

NRC National Research Council HESRRFTLERE

OIML Organisation Internationael de Metrologie Legale WEZ:z3Ee T’“

{International Organization of Legal Metrology )

PJVS Programmable Josephson Voltage Standard T iR B ST RRE

PR Photometry and Radiometry LR fokig st g

PT Proficiency Test it Rk

PTB Physikalisch-Technische Bundesanstalt { Physikalisch 4, ] B3 20 4 I8 B ERT T
Technische Reichsanstalt )

QM Amount of Substance &

RI lonizing Radiation A dy Bt

RMO Regional Metrology Organization TR R

RTU Remote Terminal Unit AR E A

RoF Radio over Fiber % U AR

SASO Saudi Arabian Standards Organization N2 ff”l‘%i?f‘ﬂf%‘l

SAXS Small-angle X-ray scattering kR X RATE

tSAXS Transmission Small-angle X-ray scattering TiEN ) B X R4ret

SC Supplementary Comparison o Bs L 4

SCRV Supplementary Comparison Reference Value FEA S i S A

SDAC Southern African Development Commuinty ERER S & R

SEM Scan electronic microscope EEE I g

SEMI Semiconductor Equipment and Materials International FREEHMEAESHPERER €
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S.HE.T Safe ~ Health ~ Environment ~ Trade L REERRY A

Sl International System of Units; Systémelnternational d'Unités | "% ¥ =4

SIM Sistema Interamericano de Metrologia (Inter-american E ST
Metrology System)

SIRIM Standards and Industrial Research Institute of Malaysia B ke THEEE1EFT R

SMD Belgian National Metrology Institute PHIEFER RSN E IR

SP Swedish National Testing and Research Institute T4 R ReRS& A

SPIE International Society for Optical Engineering RS F 128 g

SspICP-MS Single Particle Inductively Coupled Plasma Mass i i S\ ’I" TR
Spectrometry

SRM Standard Reference Material L st %‘r

TAF Taiwan Accreditation Foundation PARE A 2RRERE §

TBT Technical Barriers to Trade Ee g l‘ﬁ =3

TCAUV Technical Committee Acoustics, Ultrasound and Vibration %4 /42 3 /ﬁ»/%)%fnﬁ;ﬁ' 2ZpiEL R g

TCFF Technical Committee for Fluid Flow mEAR R 2 L R €

TCI Technical Committee Initiative projects eyt ﬁ g i s F g

TCL Technical Committee for Length ERPLR €

TCM Technical Committee for Mass FEHLR €

TCMM Technical Committee for Materials Metrology APMP #1413+ 8 it B ¢

TCT Technical Committee for Temperature ERPHL R ¢

TEM Tunnel electronic microscope TENT S s
transmission electron microscope

TF Time and Frequency PF R 224

UNIDO United Nations Industrial Development Organization VA R R R e

VIM international vocabulary of basic and general terms in R ABd* 94
metrology

VMI \Vietnam Metrology Institute CLE=Youh o Sl £

VNIIFTRI National Scientific Research Institute for Physical-Technical |68 %2R 74~ L &2 & 7T Hj5E BRI F
and Radio-Technical Measurements 7

VNIIM All-Russian Scientific Research Institute of Metrological REAEREF T IR
Service

'\VSL Van Swinden Laboratory FRRRSER

WG \Working Group o E ] e

WGFF \Working Group of Fluid Flow DI A 2

WTO \World Trade Organization R R

XPS X-Ray Photoelectron Spectroscopy X BaR kT T E P

XRCD X-Ray-Crystal-Density X kB 8RR 2

XRD X-Ray Diffractometer X sk i &

XRF XPS X-Ray Fluorescence and X-Ray Potoelectron Spectroscopy — [X £ % £ &7 & § & #7 3%

XRR X-ray reflectivity X BF4F BB

XSW X-ray standing wave X B4 51
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(2)0.12 dB (20 Hz to
40Hz) - 0.08 dB (40
Hz(A&)to 8 kHz) -
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B |, e | 2 R e ##isrt | IREZ | 105 | 106 | 107 | 108 | 109 |@=# 22| e
0.16 dB (8 kHz(+&
2) to 20 kHz)
(3)0.12 dB (20 Hz to
40Hz) - 0.08 dB (40
Hz(A2)to 8 kHz) -
0.16 dB (8 kHz(+&
2)to16kHz) - 0.20
dB (16 kHz(A&) to
20 kHz)
(1) (90 to 120) dB re 20 pPa
(31.5 Hz to 16 kHz) (1(2) tb&% - 0.14 e
o (2) (90 to 130) dB re 20 pPaldB - NIGEE DE =R
BERIE ) Fx=
o (250 Hz) 7% +0.08 dB to .
3 |B@RIE%|A03 ) 81.12.07 |2)7& & | 211 | 206 | 227 | 211 | 194 O
(3a) 8% 250 Hz (124 dB)=i 1 [0.18 dB "
# R IEz:
kHz (94 dB or 114 dB) (3a)0.2dB (3) 1B
RHE A
(3b) #EX 31.5Hz Z 16 kHz |(3b) 0.2dBto 0.6 dB
(94 or 104 or 114) dB
(1)1 = (FE IEC 61094-1(1) 0.16 dB (1 kHz to
B LS1P) 3.15kHz) - 0.17 dB
HISEH $8R . 1 kHz to 10 kHz (4 kHz to 10 kHz) BEAAER
4 _|A04 103.08.11 5 3 3 3 3 ©
BB (2) 1/2 =EN(#FS IEC 61094-1((2) 0.16 dB (1 kHzto 5 £
E&# LS2P) kHz) - 0.17 dB (6.3

$EZR : 1 kHz to 20 kHz

kHz to 20 kHz)
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8|2, = | R =R T %45 | AfRIEZ | 105 | 106 | 107 | 108 | 109 (=& .. s
AR WMAhst - =
5 @2 E|B0L|50mTtol5T 0.01 %(18%T) 81.12.28 |Hr&t -~ £%| 134 | 147 | 166 | 186 | 163
=p:EN tai a8
4 (1) 0.13 % to 0.16 %(48 (1) fig@st
B E R (1) 10" Wb to 2 Wb . _
6 | BO2 5 5 #1) 82.09.15 |2) & & 4| 13 13 20 12 14
ENo (2) 0.001 m* to 1 m“(turns) y
(2) 0.27 %(HH#})
(1) 0.38 %(18 )
(1) 1 mTto 50 mT
(2) 0.35 % to 0.74 %(#H
(2)1uTtolmT e,
N ) A =
Bii5= (3) 0.5 uT to 50 uT @ (50 Hz to L
7| BO3 (3)0.18 %10 0.62 %(1H| 82.04.19 |HFst ~ £%&| 147 | 143 | 157 | 159 | 135
B 245 100 Hz) o
) T 5
(4) 0.5 uT to 5 uT @ (101 Hz to
(4) 0.26 % to 0.44 %(#H
1 kHz)
£)
CO : (10 to 200000) CO : (0.08 t0o 90) CO - CO;y -
pummol/mol ummol/mol TN — CH4 - C3Hg»
CO, : (100 to 300000) CO,: (1.1t0120) EZ®BE 0,8109%
umol/mol umol/mol (CO~CO, 1 A8
bR CH4 : (100 to 100000) CH4 : (0.9 to 80) CH4~C3Hg~ ZFUYL - 109
8 [BE=M|C03 [umol/mol umol/mol 83.10.26 |0, NOin| 14 | 28 | 15 19 19 ® F 3 A%g
S C3Hg : (100 to 50000) C3Hsg : (1.0 to 60) N, * SO5 in WEUL -
pmol/mol pumol/mol N> NO in Ny »
O, : (1000 to 250000) 0,:(12t0120) CHsOH in SO, in N, -
pmol/mol pumol/mol Air) CHsOH in
NO in N, : (50 to 2000) NOinN,: (0.89t07.9) Air B 109
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umol/mol umol/mol F1A/%g

SO, in N; : (50 to 2000) SO,inN,: (0.82106.6) EiFWH
umol/mol umol/mol 109 £ 9 B

CoHsOH in Air : (137 to 547) |CoHsOH in Air : (1.7 to PRAEUWHF -

pmol/mol 4.3) pmol/mol
E(2) B R
V=N - 109 £ 8 A
(1) CO : (0.0 to 0.1) mol/mol  |(1) CO : 2 umol/mol £ 1 A 12 HIE#F
CO, : (0 to 1) mol/mol CO; : 6 pmol/mol =Rt bR 3 [E ==
CH,: (0.00t0 0.05) mol/mol( (O|CH; : 0.1 %LEL(59 25 R IEAR#% - &
9 CO7 |to 100) %LEL ) pumol/mol) 84.08.10 & mis| 33 48 52 30 43 © EEHHRE
CsHg : (0.00 t0 0.02) GHg : 0.1 %LEL(26 mE 7 WE R
mol/mol ( (0 to 100) %LEL )  [umol/mol) & ERE -
(2) PE : 0% to 100 % (2 PRE 1 0.5% QB BEXFIL
itk ¥ S9MME BEAR
%
(1) CO in N3 : (0.001 to 100)|(1) COInN;:0.1%to L& MR CO - COz»
mmol/mol 20% E CH4~ C3Hg»
BE2EE CO, in N; (0.1 to 160)|CO2inN,:0.1%to1.5 (CO in O, > CHy in
BRER mmol/mol % N, CO, Air ~ (CO+
10 C08 83.10.26 39 18 30 35 42 ©

S ftIEsn CH; in N; (0.1 to 100)|CH4inN;:0.1%to1l.0 in N, CO,+C3Hy)
BRS mmol/mol % CH; in inN, E 109
CHg in Ny (0.1 to 50)|CsHginN;:0.2%t01.0 N, F1A/A%9

mmol/mol % CsHg in EEWH -
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ERnE RREE REZER | SREZ B LA | i

SFe in Ny : (10 to 1000)|SF¢inN;:0.2%to 1.5 N, » SFg 109 & 3 A
umol/mol % in Ny oh & 18 W
CF; in Ny : (100 to 3000)|CF4inN;:0.1%to1.0 CF; in % -
pmol/mol % N, NO SFg ~ CFy4 -
NO in N, : (50 to 2000)[NOinN;:0.5%to020 in N, - NO -~ SO; »
pmol/mol % SO, in N,O
SO, in N; : (50 to 2000)|SO,inN;:0.5%to1.5 N, ~ O, C,HsOH
pmol/mol % in N, » H,S + VOC
O,in N, : (1 to 10) pmol/mol ~|O, in N, : 1.5 % to 3.0 CH; in H109 #£1
(1 to 14) mmol/mol %~ 02%to1.5% Air AhagE
CHa4in Air : (1to 20) mmol/mol|CH,in Air: 0.1 %to0 0.5 N,O in W& - 109
N,O in N; : (100 to 1000)(% N>) F 9 A%E
umol/mol N,OinN,:0.5%to 1.5 ER ) Wt -
(2) (CO + COy + C3Hg) in N, (% & BB
CO : (5 to 40) mmol/mol (2) (CO + CO, + CsHy) (CO+C
CO; : (50 to 160) mmol/mol in N, 0,+C3
CsHs : (100 to 1600) pmol/mol|CO : 0.2 % to 0.8 % Hg) in
(3) C;HsOH in N5 : (80 to 140)|CO; : 0.1 % t0 0.5% N,

umol/mol CsHg: 0.5%to1.0% )
H,S in N, : (10 to 100){(3) CHsOHINN;, : 2% 2 ER
umol/mol to5% 5 &
(4) VOC (& Benzene-Toluene*|H,SinN, : 1.5%1t05.0 (CoHsO

Ethylbenzene ~ Xylenes) in|% H in

N, : 1 umol/mol




=, =z [—] 33 fote — EQEX/
> = | B4R T = Zit5eRk | oJARIEZ | 105 | 106 | 107 | 108 | 109 |HF=3F | n s " e
SHEE i3 o = e 57 ] EE
4)VOC in N, (& N, * H,S
Benzene-Toluene- in Ny)
Ethylbenzene . (4) VOCs
Xylenes) : 5%to 10 in N
% ( =
Benzen
e
Toluen
e
Ethylbe
nzene *
Xylenes
(L) UEEF=EBHE 280X .
e A S i 3 = e s 1) & M X
AREERRETTERAE -
. . P = —
BUEERRRE O HITRE A N
ELUERZER I RARE - . 8109 F 1
s e . (1) 0.2 % to 1.2 %(#H (2) & 5 o N
{EAXEETR HEREHBEHKE BEX - JE. BahaiEiE
\ K §.7~<
SEEE CO9| R1% TEIMAEE. TR 1020524 " 20 | 12 | 30 | 15| 9 ° I # . 109
o e e oo oo A s (2)0.5 % to 1.0 %(74H E (CH,4 .
=i ENH mEEAEERREEEN1/2 ) N & 7 BK%iE
) in .
B ) E 2 Wt -
. CgHg n
(2)CHs in N, : (01 to 10)
NZ\COZ
cmol/mol
. in No)
CHg in N, : (01 to 5)
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2 |amum S0 B R R | GREZ | 100 | 106 207 | 108 | 109 | B2E B LA | i
cmol/mol
CO; in Ny : (01 to 16)
cmol/mol
IH(1)8B 109
F4R88F
PIPap g g 4 - 109
N F 9 AWiE
(1) COin N, (1 to 100) = B e ER
109 £ 8 A
pmo.l/mol | (CO in 1o EEER
CO;in N, : (50 to 5000) (1) COInN,:0.02% N, CO, i
Ju—— pmol/mol CO,inN,:0.03% in N, N
s CH; in Air : (1 to 20 CH4in Air: 0.15% CH; in f——
12 ot clo| MO/ NO I No 0151 031018 AN 6 | 6 | 1| 2] o | BB s
NO in N, : (1 to 2000)| to0.26% in N,
BRIE % _ ERhE -
- pmol'/mol SO, in N,:0.048 % SO, in T
SO, in N; : (1 to 2000)] to0.13% N>) o -
mol/mol (2) 3 pumol/mol (2) | 58 &
(2) EZHSOH in Air : (0 to 1200) ' El i RO ER
N 109 £ 8 A
hmel/mol (:: . f 12 BiEER
2Ms e
Hin Ain bR S B BT
IERR#E - &
EEHHRE
W EREE
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2 I . o — 2 |BURX/
IR = | R = ] et s %45ER | ORIEZ | 105 | 106 | 107 | 108 | 109 |=F |, a " e
ERQHE -
BIERXFILE
#IME AR
% -
i 105104
R RS " N
. BiERiED SERER -
13 |2#7sef | C11 |(1 to 10) umol/mol 0.0067 ymol/mol 105.12.26 | . - 4 8 4 5 O
o iR 106 & 5 A
KRIEZ 4
FMARTS -
10510 A
e g 106 £ 5
R TR BARARTS -
BEIWE _ B _
14 .| C12 |50 mg/kg 6 % 105.12.26 - 1 1 1 1 B 109 %1
g R-o&ECS N
B4 aEF
BN B)is
W - 109
F£6B8Ng
WA -
3 107 £ 3 A
BEEY oo
e SREER -
R mg/kg .5 mg/kg .06.08 [EH1RER - - -
-7 B R
HEN
% -
ARLLE M = . [(39)° + 1= i 4
16 D01 (0.5 mm to 100 mm 212 76.04.26 20 22 26 25 13
RIEZ % (0.50)%1" nm ()

201




ELRX/

2 |amum S0 ENRE AREE R | GREZ | 100 | 106 207 | 108 | 109 | B2E B LA | i
B & [(39)° +
0.60)4"? nm
B b 88 : [(40)° +
(0.84)%1? nm
B b #8 : [40)° +
(1.9 nm
LB mm BEMN I
MEBREE
2t D01 2
D23 %#%~
1= B
W - RIEE
HEA 5 &
BT 2%+ (030079 nm = % % HIE
17| D02 (0.5 mm to 100 mm L BB mm BEBERIZ 58| 82.07.20 2 1 0 0 0 BN T=E-vs
RIEZ4 - (AHI) i
MIEBREE Y 26 F 1%

18 & &
R
B - B
108%F 124
BEWH -
FRET 111 5
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B |, o | B = 12 i ##5eA | EREZ | 105 | 106 | 107 | 108 | 109 |#=%F || 4 pe
7 B&xEW
-
LME B 199 x
[(0.135)? n
(0.00137D1Y? um
DAL mm BELTIE
RARRKT
_ )& 1 [(0.22)7 + _
(1) | :4mmto200 mm 512 (1) =38
IHE R~ (0.013 D12 um
18| " |D03|(2) & # :1mmto20mm . 76.04.22 ((2) £+38 10 | 36 | 30 | 24 20
ENEX ﬁ DAL mm BBt ﬁ
3)E M :20mmto 100 mm B (3) R
RIME R~
B)E # : 198 x
[(0.135)%+(0.00137
mz]l/z Hm
DEL mm BENVE
FRIMER ST
1) ZEWER EERL - BiEE
1) \ 5 2 s \ R - B 108 F 9
ZXH 0.01 mm to 200 mm|[29.6° + (0.1261)] 12 AE I B [Sp—
BAER (2) IR E# R 0.01 mm|nm R =R -
19| D05 \ \ 83.07.27 | 188 | 125 | 163 | 113 | 116 . 109 &
E&%H to 500 mm LB mm BENCS BAT IR IE A )
. N . . 3 AREW
(3) EEWRIER ZER 0.0l mmAIEE A ¢
to 1000 mm
BERR « H108F 11
20| '|D06|1"to45° 045" 79.04.12 |AEHER 3 4 2 6 4 N
RIEAH AE &K
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P D ” o — o |[EXERX/
I8 |, = | B4R =g = T %45ER | ORIEZ | 105 | 106 | 107 | 108 | 109 |=F |, a s
. 109 &
2 AkEW
e
(1) 5 %
\ . « H108%F 11
(1) 5 - 2EHR :0.15" =58 N
N (1) 3™ to 72 E(120° to 5°) HE & IK
RKEBER (2) PFER& - 0.20" 2 nER
21| D07 |(2) 0.1° to 360° . 84.06.30 . 9 5 13 5 11 . 109 &
E&% RZEHRHEER(F B)% & R .
(3) 3™ to 72 E(120° to 5°) N 2 B&EW
) : 0.04' Bl B AR
N -
(B)
N (1) -6'to +6'(EZ4HTE 0.2") (1) 0.5"
INBER
22 T2 D08 ((2) -1° to +1°(BRHTE 1") (2)1.3" 76.05.31 |EFKFE| 22 26 24 19 22
(3) -1° to +1°(RATEE 2") (3) 2.0"
N EFEEA
BEAER L 0.32"
23 D09 |&E £ 600 mm 82.07.10 | - 8| 41 33 44 33 41
&% (0.93 um/600 mm)
£ B8R
HEEEE#E
EEES BH&:<¢200mm; kEE:0.01 H(BEKAR ~
24 | D12 15 nm 76.04.19 \ 13 8 22 15 12
RIER um to 2 um FIKAR -
EAR)
Ra *Rq:[5%+(13R4Y?
SEIE arRa B3R EEAEE
25| _ D13|Ra : 0.01 umto 20 um nm - Rmax -~ Rt ~ Rz : | 76.04.28 | 48 68 57 62 55
=R EN , r12 P
[20°+ (13A“17  nm
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= 2. 4t . o — o |[EXERX/
I8 |, 4 = | B4R =y = RS %45ER | ORIEZ | 105 | 106 | 107 | 108 | 109 |=F |, a e
R: BIEZE - Llum &
B
[0.8%+ (0.40)%1Y* mm -
LB km BENUZ=S
MEEEE(EBWTE 01
KithRE
26 |Z2’RIE|D14 |0 mto 432 mm) 84.04.12 G- B 11 14 10 13 11
il miofsem 10+ 407 mm | 2% 2
e L B km BBUZES
HEERWMMTE 10
mm)
il
KitnAE _
oo e & B
27 |1&&3 &R 1E | D15 |0° to 360° 0.8" 84.04.14 15 16 14 14 17
) B 2k
=
LHEEa
= B a5
N
R ) ( « H108 &£ 8
(1) )R E 633 nm(Z 58X 474 R R 18 N
- N B EF I
= 8 R B THz) (1) 0.03 fm ERRIE)
28 | D16 R ) 84.08.28 ~ 26 24 22 13 19 #.109F 1
RIEZ# (2) B £ 633nm( = 58 & 474((2) 0.002 fm 2) 1 5 48 .
BagkE
THz) 2B
Wt -
g (A
B ¥ hE
=2
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15 |, = | B4R ST - %45 | AfRIEZ | 105 | 106 | 107 | 108 | 109 (=& .. RO
KEERIE
=18Mm .
(1) [16.9% + (2.90)%Y? ZABE R
um (1) 12 # # THIEE
ERRIE (1) 0.001 m to 10 m (2)[11.2° + (2.60)%"? IN ]iEL . &
29 D17 86.04.18 22 22 18 16 43 R
ENo (2)0.1mto3m pm (2) 1% 75 i BABEE
LB mABENZEN TN BB IT LU
RE X2 7R
R R AR
J—_E o
. (1) B (MARIERA
(1) iI% : 0.1mto1l0m  BE : 5
. 22 )  [62° +
15°Cto30°C - B2 E : 40 212
(1204)7] nm
%1060 % - B : 85kPato| o .
LB mABEANZSH
105 kPa (1) & 5 F
IR EE .
. (2a) 0 mm to 15 mm(B#E . | . HER
BEHNTS mE(ZEREAE) 0.1 _ )
L 0.2 um) . =B
30 |&®E%| D18 °C  REMERAIZ) ;| 90.10.01 . 63 58 77 44 60
(2b) 0 mm to 30 mm(ERATFE : . HI2R)
% 0.1 °C - H¥RE : 1.0 N
0.1 um) (2 2 & KR
% - BF :16Pa
(2¢) 0 mm to 30 mm(EEHTE : fI==r
(2a) 0.34 um
1.0 pm)
(2b) 0.46 um
(2d) 0 mm to 60 mm(EEHTFE :
(2¢) 0.73 um
0.1 um)
(2d) 0.81 um
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2 |amum S0 = HE RRERE R | GREZ | 100 | 106 207 | 108 | 109 | B2E B LA | i
(1) 1 55 1=
R (1
BEF
7 8
i
AFM) - J6(2)8 109
) 1 5 1= £ 6 AEE
N (1) 50 nm to 25 um (1) 0.14 nmto 2.9 nm R
BEERTE R (1 W4 . 109
31 D19 |(2) 280 nm to 10 um (2) 0.008 nm to 6.4 nm| 91.08.01 141011 9] 6
24 & 5 £12 AT
(3) 50 nm to 1000 nm (3) 3.6 nmto 20 nm ¥
) G K E K
Q) & B = .
R (1
BEF
7 B
5
AFM)
(1) BEAHE B
BPEE(< 50 m) : 5.1
wEE mm - 5B (< 25
32 |&®R1E%| D20 |50 m to 25 km km) : 19 mm 92.10.08 |EE2FfE| 16 8 18 6 7
% (2) BYAE AR E 1B %E

FEREE(< 50 m) : 5.1

mm
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2 |amum S0 ENRE AREE R | GREZ | 100 | 106 207 | 108 | 109 | B2E ES%Z%?(/ bhefa | MEEEiem
(3) BE B EAI : 35
mm
1) #EH(h <3 um):
3% + (1.2A4Y* nm
KB (A >3 um) :
L ‘ 9.5 + (3.6HY?
PESRIE (1) .2=( : 0.01 um to 100 pym o
33 i D21 2 @815 : 00L umio50pm | ™ 94.05.02 =% L | 173 | 170 | 144 | 200 | 151
Q% #t % : [57 +
3.2/ nm
h BB pm BERY
P2 RIE
L _=1
R S B8
S (1) 1.5 nm to 1000 nm (1) 0.10 nm =R
34 2 D22((2) 1.5 nm to 200 nm (2) 0.02 nm 91.08.01 |(2) #=h& 95 97 | 108 | 99 98
) EEARLRRK YA 2.0 nm (3) 0.3 nm (3)% 1L &
A
£k
(1) [84% + (735042 A@3 109
BERE F 479
N (1) 100 mm to 600 mm nm
35 |BEIRARIE | D23 2) 100 mm 0 1000 mim D67 + (3650 95.11.22 |E## 25 | 27 | 35 | 36 | 32 W
X 109 €9 B
i BRI -
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ELRX/

I8 |, 4 = | B4R = = RS %45 | AfRIEZ | 105 | 106 | 107 | 108 | 109 (=& .. e
LB m BB ZIRR
BHERE
REPE
H 109 &£ 8
AEF I
H--EHEE
ik R
. . (1) TN & & P
MR R HRBRHBEL
N (1) 0.1 pm to 10 pm (1) 26 nm = N
36 |[R~IRIE| D24 96.06.28 . 1 2 2 2 1 BFEBREY
_ (2)0.1 pm to 10 pm (2) 38 nm (2) VA R & g
EX o . EEBX
= = WERE
WEE % - TR
STEREEE
B F kR
% -
(1) [(0.36)° + (166
_ 1% um
(1) —# : 10 pmx 10 umto 1.0 5
. (2)[(0.36)° + (1.66
3 mm x 1.0 mm 2
m
37 [PEERE|D25((2) —4 : 1 mm to 400 mm }21 99.02.03 |E®BEZER| 27 36 26 30 37
. 3)[(0.77)° + (1.66
EON (3) —# : 10 um x 10 um to 400 212
L7 pm

mm x 400 mm

LB m BEUZER
RE
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= %, 4tien » o — o |[EXERX/
I3 |, = | B4R =y = RS %45ER | ORIEZ | 105 | 106 | 107 | 108 | 109 |=F |, a s
BN F
(BRI -
PSL)
(1) 8 £& 5%
A g A BG4 2R
(DLS) 109 £ 8 A
(1) 0.8 nmto 34 nm RQEE N 12 HiZEF
(2) 3.0 nm =B ¥ KX EEE
(1) 20 nm to 1000 nm N
- (3)0.54 nmto 13 nm T AR - &
ORI (2) 100 nm to 500 nm )
38| D26 4) 100 nm to 200| 95.11.24 (EAB) 27 32 20 29 28 EEGHRE
=i ESH (3) 20 nm to 500 nm . _ i
nm(AZ) : 8.3 nm B » &E WEEEE
(4) 100 nm to 300 nm
200nmto300nm : 19 BEE ERHmE -
nm DA BIEX=L
(DMA) 1 SNE B AR
A EER 7% .
KR
& 12
£ #
(POW)
(la) #I€ : 100 nm ; BE : (la) 23 % t03.7 % AN T
Z=K KL F 1 cm3to 1000 cm (18%) TZHE F 51
39 |ThEEM= | D27 |(1b) HMIfE : 50 nm to 200 nm ; |(1b) 2.2 % t0 2.4 % 100.04.25 |28 13 9 8 5 6
BHIEN EE : 1000 cm™ to (18%) (1) 2= 3K #iI
10000 cm™ (2) 2.7 mV FRE
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> 2 4e =~ o — g |[EXRX/
IR = | R R T %45ER | ORIEZ | 105 | 106 | 107 | 108 | 109 |=F |, a s
(2) -75 mV < Zeta BfiI < 75|(3) 2.1 %(18#) £ (1F
MV > 20 nm) M F
(3) 5 m?/g to 550 m%/g S
Z EH
PVES)
(2) Zeta &
fir = A
(BXZ
o =
HIF)
B)tE &
&= il
(1R #E KU
¥)
. (1) BERF 2R : 10 nm to (1) £ =R
FHE
60 nm (1) 1.5 nmto 54 nm SRR+
40 | FEME| D28 . 101.01.17 10 24 17 13 28
54 (2) AR ERIEXE R 748 8F : 70 nm to(2) 0.29 nm to 2.9 nm (2) 4% BB 1Z
e 1000 nm PR
. 105 F 8 A
EEAZE R 1.97 x [(0.21 pm)® + .
o 1200 mm x 1000 mm x 700 51 . SERNE R
41 |[ER1E£ | D29 6.4 x 107/] 106.01.19 |EZEZHIE| - 1 1 1 1
mm . 106 £ 5 A
“ L. EARE
R ARTE -
BEFRARIE 1.97 x [(0.29 pm)® + AR - ER 106 £ 2 B
42 | D30|10 mm to 1010 mm 7 1 106.04.26 | - 3 7 5 3 .
EN (4.03 x 107 1)1 RIE=R SERER
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=, =z [—] 33 fote — EQEX/
8 |y g | B e . ##5eA | EREZ | 105 | 106 | 107 | 108 | 109 |#=%F || 4 pe
L: EARE 106 £ 5 A
FAARTS -
43 |BEEH | E01 |1 mVto 10V 50 nV to 98 nV 810630 [{Z#2 % 10 | 12 | 12 | 11 | 11
ENON IS B R
& 25 AU & 2R
E;MKL l ~ e og
_ N (e =]
44|10V € |E03 |1V -1.018V 10V 0.3 puV/V(18) 81.09.01 |, |16 | 19 | 16 | 14 | 12
n B
IEY .
Ax
45 [~ "1 E04 |1 mV to 1000 V B 760425 | 131 | 115 | 121 | 106 | 113
AR5 GEES)) #5
BEREED
RS E . B% - BR
46 [~ "1 EO5 |1 kV to 200 kV 0.1 mV/V(iE%) 83.12.20 |_ 53 | 75 | 64 | 66 | 56
=N EN SEERX -
BEREER
MYBES
RIMER 1 mVto 1000V - 4 uv/V to 0.5 mvy/v
47 [ ko VA N1 760420 sz - s 129 | 94 | 115 | 106 | 111
SHIARS 20 Hzto 1 MHz (TH¥) o
B AESR
(1) tEEEER
F— (1) 1kV to 100kV / 10V to 240|(1) 82 puV/V(#E%) ; 60 RQXRE
48 tﬂufi 07| V(—%REI/ ZRE) - 60Hz | prad 760625 | EESHEE| 57 | 49 | 54 | 51 | 61
e (2)1kVto100kV /60 Hz  |(2) 82 uV/V(1a%) 2% 23
=5 EE

212
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80 A
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0.5 Lag
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0.866 Lead ~ 0.866 Lag
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480V
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#83% : 50 Hz ~ 60 Hz
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0.5 Lag

(3b) —THENEHE :
ERE 110V~ 220V -
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#E :0.08%1t00.41%
mE :0.064°Cto0.12
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0.089 °C
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(1)6.9 % to 7.4 %(#8
£)
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-
NEES 0.0007 mg to 0.069 .
79| _ MO01|1 mgto 1 kg 74.04.23 |IEHE 36 50 62 58 43 ©
R ES mg
= it MO0l
AREE \ 2
80| __  |MO2|1kg 0.032 mg 76.04.23 &M% 3 9 4 5 9 © & MO03 %
e s
IR
B -
(1)0.88 mg~1.7mg -~
REEE (1)2kg ~ 5kg - 10kg ~ 20 kg .
81| MO3 3.3mg " 84 mg 84.01.27 |/EHE 22 22 26 54 47 ©
BN (2) 1000 kg
2)33¢
WMAOIR - 7
A E SE/ME -
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82 Hlz# |NO1 KN) 2 x 10 (1B%Y) 84.05.23 |fFETT ~ I®| 62 73 79 81 51 ©
(—) ENDET
AAET
A E AR~ N B R 2 o
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e N,
AAE
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NELEE SE/K il 05 28 45 Tk
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AAE RIE -
B R B AR
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5 % B 8 R E 001 % to20 %(iEL) e
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e (2) 8 Y 18
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