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This project is initiated from the origin of National Quality Infrastructure (NQI)
and value chain, “Metrology”, i.e. National Measurement Laboratory (NML)
operated by CMS/ITRI to take the operational responsibility, and according to
five national key industrial policies on innovative research and development, for
subcategorizing the project into four directions: System Capability Refinement,
International Influence Spread, Development of Infrastructure Technology in
industrial Metrology, and Advanced Metrology Technology, for achieving the
technology strength in parallel with the capability of internationally advanced
laboratory, and the International recognition, then coming together to establish
and spread widely the highest national material measures and measurement
standard with international equivalence, to provide metrological traceability for
industry and people’s livelihood domestically, in order to assure the measurement
conformance and precision during the stages of R&D and manufacturing
production, and thus satisfying the traceability and calibration demands of
measuring instruments in national science and technology, industry, people’s
livelihood, and safety and security, finally keeping the NQI firm in our country.
The yearly main work items are pointed in the following:




® To maintain NML’s qualification of calibration and measurement capabilities
(CMCs) registered to BIPM-KCDB Appendix C in compliance with CIPM
Mutual Recognition Arrangement (CIPM MRA) for reaching global
metrology harmonization and mutual recognition, and then to enable our
country keeping fair and free trade status in the international trading affairs.

® To improve, refine, and re-evaluate NML’s standard systems for maintaining|
normal operation in 15 categories and 118 sets of measurement systems,
providing the primary calibration service at the highest level of measurement
standard in our country.

® In accordance with the metrological demand of national industrial policies on
innovative research and development, to develop the measurement and
calibration technology of automatic tracking laser system for measuring
distance, the ultra-thin film measurement technique at the sub-nm film
thickness level, and the metrology technique of inorganic element for,
evaluating and assisting the precision manufacturing, semiconductor related
industries to improve the urgent measurement problem initiated needs in
manufacturing process, and finally providing the industry with much closer
service through the dissemination of metrology technology.

® To devote in the study paralleled with the international trend of advanced
metrology technological development, and the study of new definition of SI
(the International System of Units), for establishing our country’s
autonomous capability in metrology standard technology.

® To comply with law enforcement agency to review the necessary items and
contents of legal metrology for assisting in the legal metrology technology
study for drafting and revising the technical specifications in terms of legal
metering units (devices).

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 9 international comparisons, and 6
comparisons registered to BIPM-KCDB databank. Within the framework|
of CIPM-MRA, it shows on BIPM-KCDB website totally 102 comparisons
registered to BIPM-KCDB Appendix B with 72 comparisons completed
and another 30 comparisons still in progress.
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<274 calibration and measurement capabilities (CMC) items have beenl

registered to BIPM-KCDB Appendix C.

(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 linking 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 Member of Executive Committee (EC/APMP),
and Chair for Technical Committee for Acoustics, Ultrasound and
Vibration (TCAUV) and Medical Metrology Working Group for
assisting the operation of APMP.

® 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 118 sets of measuring systems in 15 metrology areas and|f
associated environmental facilities to ensure regular operations and service
quality of NML, providing 4801 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 123 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 replacements/renewing due to expired
use or equipment malfunction/decay and 5 system
improvement/refinements to keep the systems in stable service quality and
in precision.
—Completed 1 system improvement/refinements for calibration system of
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low frequency accelerometers to meet the metrological traceability
needs toward the precision manufacturing industry.

—Completed 1 system improvement/refinement for the nano-indentation
measuring system to meet the metrological traceability needs toward the
semiconductor industry.

—Completed 2 system improvement/refinement for the Josephson Voltage
Standards measurement system and alternating current measuring
system to meet the metrological traceability needs toward the electricity
industry.

—Completed 1 system improvement/refinements for the electric-magnetic
field measuring system, and 2 important system replacements/renewing
for the high-capacity mass weighing system and low pressure gas flow
system to meet the needs toward energy resource, fair trade and people’s
livelihood.

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

the domestic manpower in metrology.

<-Completed holding 6 technology disseminating activities on smart
machinery and semiconductor industry application.

<> Completed holding 3 metrological education disseminating activities, in
order to shorten the educational resource gap between urban and rural
areas and allow popular science concept of metrology — weights and
measures more widely extended.

® Enhancing international competitiveness of the precision manufacturing and
semiconductor industry.

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

< Developed the measurement and calibration technology of automatic
tracking laser system for measuring distance to provide high precision
coordinate measurements for enhancing the capability of precision
manufacturing and increasing the competitiveness of machine tool

industry .

— Completed the tracking system comprising the following capabilities:
moving range of dual-axis rotational fixture with angle components +
180° in horizontal rotation and - 25° to + 88" in vertical tilt. The
resolution of the angle components is smaller than 0.5”.

— Completed an software for conducting ISO 230-2/-6 tests, with the
software validated through the calibrated CMM at NML. The results
showed that the goal of + 3 um repeatability in coordinate
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measurements was achieved.

—Compared with the traditional interferometer, the developed technique
of auto tracking laser system for measuring distance can meet the
requirement of rapid measurement. The procedure of using auto tracking
laser system for measuring distance is also more simple and convenient
than using the traditional interferometer to operate the 1SO 230-2/-6
tests. This technique can also replace the straightness gauge and
squareness gauge to achieve the longer straightness and squareness
measurements.

<-To develop the metrology technique of inorganic element to assist the
semiconductor industry to confirm and analyze the contaminants of|
manufacturing process and improve the quality of process.

— The purity analysis of ultrapure grade nitric acid has been successfully
established. The detection limits of calcium and iron were 47.3 ng/kg
and 11.0 ng/kg, respectively. In addition, the detection limits of other
elements were lower than 10 ng/kg. The lead impurity existed in nitric
acid was measured to be 2.2 ng/kg, which was sufficient low and
fulfilled the requirement for preparation of lead standards.

—The purity analysis of lead metal was also established. The detection
limits of elements including Li, Na, Mg, Al, K, Ca, Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, As, Ag, Cd were less than 50 ng / kg. In addition, the
calculated purity of lead metal was 99.9939 %.

—The lead ion standard solution was prepared by gravimetric method. The
concentration of lead solution was 1000.0 mg/kg. The combined relative
standard uncertainties of the property values were estimated by
considering the uncertainties of the homogeneity, weight, analysis, and
stability. The minimum expanded uncertainty was 0.4 mg/kg and the
coverage factor was 2.04.

— The established analysis methods and techniques can not only be applied
to semiconductor industry, but also can help the domestic
electronics-grade reagent suppliers to determine the metal ion impurities
in their products. These will make domestic acid-base reagent
companies to improve the quality of their products and expand the
market monopolized by foreign products in the past.

<> To develop the non-destructive thin film measurement technique to meet
the sub-nm film thickness required in advanced semiconductor front-end
process.

—Completed with the calibrations of the eccentricity for & -axis and the
coaxial correction for 6/26 axis, which are two critical alignment]
issues for the long wavelength X-ray reflectivity measurement
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instrument. & -axis eccentricity was 15 um after calibration, and 9/29'
axis of the coaxial offset was 78 um after calibration. The purpose of the
calibrations is to reduce the errors of the measurement angle when the
sample is rotated during the scanning, to keep the spot size fixed on the
test area.

— Established the optical path adjustment of the X-ray reflectometry with
Al source, then to measure the GIXRR characteristic fringes of SiO> thin

films with 14.7 nm in thickness.

—Completed the GIXRF element qualitative analysis of HfO, ~ TaN and
TiN thin films, with the X-ray source energy as 10 KeV for HfO, and
TaN thin films and 6 KeV for TiN thin films. The maximum
repeatability of measurements was 1.5 %.

—The long wavelength GIXRR technology can be applied to measure the
thickness of thin films in semiconductor industries with the technique
achieving sufficient thickness measurement resolution for thin films
below 1 nm, which is superior to that of the existing ellipsometers. In
addition, using GIXRF can build a more correct model of thin filmif
layers to increase fitting accuracy of film thickness. These technology
will enhance the process yield in semiconductor industries.

®To pioneer internationally leading technology research on advanced
metrology for establishing and perfecting our country’s autonomous
capability in metrology standard technology.

(1) To establish optical interferometric pressure (new pressure) measurement
technique for complying with the new definition of Sl to shorten the
traceability path and time towards Sl

<~ Completed the design and fabrication of an optical Fabry-Perot
interferometer (FPI) made from ultra-low-expansion (ULE) glass, with the
mirrors and ULE glass bonded by using hydroxide-catalysis bonding
technique to ensure high mechanical strength and stability in bonding, and
the measured finesse of the FP1 were achieved to be 24200 + 240.

< New mass and new temperature standard establishment: (a) the project
team completed the specifications setup and purchase for the core modules
of the silicon sphere surface mass measurement system, and completed the

signing of cooperation contract “Realization of the Mass unit Kilogram”
with PTB. The following core modules were purchased (i)Al-ko X-ray|
source package, (ii)Photoelectron analyzer package and (iii)Silicon drift
detector. (b) Completed the purchase of gas analyzer and fixed poinf
temperature standard for the acoustic gas temperature system.

(2) Research on optical comb technologies for frequency standards of 4G andjf
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5G optical communications

<> The technology of laser fabricated micro-cavity optimization had beenf
established. The quality factor of 1.44 x 10 had been measured from the
absorption spectrum and thus obtained the high-quality micro-resonator.
The wavelength tunable laser was coupled into the micro-resonator,
through a tapered fiber. Multi-wavelength, mode-locked laser pulses with alf
repetition rate of about 95 GHz were generated, with repetition rate
linewidth as ~15 kHz, and thus the mode-locked multi-wavelength optical
comb was obtained.

<> This technology can be applied not only to high-capacity Dense
Wavelength Division Multiplexing (DWDM) communication in the future,

but also for the inspections of environmental temperature, bacteria andj
virus, etc.

< A femtosecond fiber laser with repetition rate of 1 GHz, optical spectrum
of 4 nm and average output power of 4 mW had been finished. The power
was amplified to 513 mW after using 4 stages of Er-doped fiber amplifier.
The pulse width was then compressed down to 91 fs, and the optical

spectrum was broadened to octave-spanning supercontinuum containing
(1100~2200) nm with average power of 350 mW. This is the leading
research, in which the Er-doped fiber laser comb can generate
GHz-spacing, octave spanning spectrum, in the world. The femtosecond]|
fiber laser comb is a precious instrument and its technique is with highly
added value. This project establishes independent, home-made technology
and strengthens the NML’s capabilities to support research of the academy
and industry of Taiwan.
<>The technique developed can not only be applied to the planed]
applications, but also be applied to measurements of the absolute distance,
multiple molecular spectroscopy, and developments of optical frequencyj
measurement related instruments.

®To comply with 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).

(1) Amendment for the "Procedural Guidelines for Type Approval of
Non-automatic Weighing Instruments” to a draft to comply with the OIML
R76 International Recommendation (2006); Completion of the study for
the harmonization and feasibility of national legal regulation to adopt the
type approval program for NAWI with module and family approval;
Collection the opinions and information with the call of the expert forum
to provide the reference for BSMI to plan the implementation of NAWI.
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(2) Performance evaluation for BSMI gas meter verification systems has been

accomplished. 5 sets of gas meter verification systems (2.5 ~ 6) m%/h were
used for comparison and results were in good agreement. To work
co-operatively with annual sampling activity held by BSMI, 1900 meters
were selected for sampling inspection. Results showed 43 meters failed to
meet their requirement, meaning the pass rate was 97.7 %. All of the tested
meters conformed to the required inspection spec. of 3 % after long term
running test with a maximum deviation of 1.33 % before and after the test.

(3) Completed the draft revision of "Weights and Measures Standards and

Traceability Inspection Institutions to be Weighed in Weights and
Measures”, which refer to the "Enforcement Rules of Weights and
Measures Act". It is proposed to amend sections 3, 5, 7, 11, 12, 13, 22-23,
27-28, 30, 31-34, 37, 39, 40 and 41 and delete clauses 14 (No
manufacturing and repair domestically)
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NML'I
LR
14:40-15:55 z mﬁ

W
S A T A
4 ﬁil“ﬂfﬂﬁ!&mﬁ
EREE cel pi i et

15:55-1620 AR

" (=)

B11-1-15 ~ i Ae d o
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(=

(2) £ ETAFE B NMLEFE: 57 B 2 NML £ 128 > 18 22 TAFL i) e 4 es 4
TR EEAPM AL 0 T b NML T R TAFAE M S 6 -8 pIE S @E D £ 7
Fpt doie B2 TAFApfe & » ENMLe— 38 £ 211 7> A &2 ENMLETAFX 2 & (7% =12
T 1% o

o X ETAFZ B 2. T1SO 13528:2015-Statistical methods for use in proficiency testing
by interlaboratory comparison i |- % | & f » 1 & T+ § &% mﬁ;;;a Brge 2
BN F o ISO 135287 F sk 7 Bt ot 2 i 2 B HEE S NMLE R & f»ui#‘%i@
BREER > AHFBRFIELIFFRAEMEH DR RFTEER O ERERRER
Foabrie A SR REPRETE O s BREERSIRALTAFEZTTED 5
TEABRFE NS BRELREY ZF R ERF R HEINMLS R 34
& - NML,’{%@ = N 2 *‘f" fRW RS 2 2 RIBHRE > T g
1iE e At EEE BARR VL H S Rt PR B R AR R F
2 M2 £ R W1 00 ] wFEFR T -

c BE ST S HAA #WH (RMP)1 iw ] 2 - TAF L %])& & ISO Guide 34 General
regirements for the competence of reference material producers ¥ #-#& 3¢ % 1ISO 17034 >
FrRi1im el prmdd PFp 358578 P 2 e MAERR 2 AT &gk
¥ 2 RMPic # 4 7% £1SO 17043:5% - NML;ﬁ—d Sl 1 (T ke TR AT
%4 T»L‘I8017034”erﬁa‘;d\ 2 A4 SRR A Y EEAPMRTE ERER
REIEE o F AP EELIF | 2N PRPRMPE 73 taxin o 52 44 4
FAA&E ©

)~

EHE B ¢ 493 327 +53&(CIPM Mutual Recognition Arrangement, CIPM MRA)
Bd X295 EREREGFL R € (CIPM) 142> *+1999& 5 ¢ B < ¢ 7 1B+ d §
Bl ehB 73 2 1R 84845 2 F % 3 (National Metrology Institute, NMI) i § + i~ & § F - # p
fil)iEz ANMIFT iz R prERPHEE NS F AR 5 2)F Ed 2 NMIPTH 3 20 &t plEEF

FAp I ARG 3)F A VR AR R B ARET S B oo £T 0L Y
o RE- BE 2PURAH D TR ERFRFER1S0) s 2 R F O BRI 2 Rt

i ¢ (WTO Committee on Technical Barriers to Trade, WTO-TBT) ~ B*% 2 23+ £ 2 % (OIML)
B F % 2 ui@d BB (ILAC) R R P 4 | ¢ (CIE)2 BI'Z § % 25 (WMO) ¥ BI%E i ;ﬁ
d 3B PR 2 SRS R B I%E‘Ei w R
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& 735 ¥ ¥ 2% % (National Metrology Institutes)

i es v
(SC)

R M4 3 i e gip
TRl E (KC) i £(CMC)

%,
Ll o

CEE FE

wEtf ﬁ (Regional Metrology Organizations, RMOs)
RMOs ~ BIPM l
L
FRERMELE 4
ST E Y (Joint Committee of the RMOs and the BIPM)
| ¥Fe & ST LIRS ]
IMRA % # B (Appendix B)| MRA % & C (Appendix C) |
KE€DB

| M4Ev $ 78 & (Key comparison database) | www.bipm.fr

B1-2-1~ 23fdp 3 7 412 4

REEFERA TS FHRP 40T
1. BIPM# & & & ;|5 # (Calibration and Measurement Capabilities, CMC) ¥ #L & » £ % 45274

>

i
% #5APMP CMC¥ 3in42(R11-2-2) » NMLJie & % B ¢ (TC)i&$ » & 7 & 5 CMC

FHELATEY 1 v LAERCMCE Syt drd 1-2-1 -

AERARE L ATEERIEP 4o

(1) 4% = FCMCE &L A7Y 3 £ '3 £ 4 K (Inter-American Metrology System -
S”Vl)":“4/14 PrRFALLFELY M F - 5 A R3S E 2% P (European
Association of National Metrology Institutes, EURAMET)z. % &% % 7 NML<2 »+10
Pz Aaw g oo 75 ETCFFA & Dr. Shlmadavwﬁ@j #EURAMET » = # 5 % 3 3+ & 2 3
% 1% (Inter-RMO review) » fEfZ 7 6 7 F4 2 2 4BIPMgzLF » = 2 CMCiaix

(2) B RARARE = XCMC 1250 358 ~93F L AT/EEH ¥ G 7/31p ¢ 2Pl BT H 3+ £
e % % 12 (Intra-RMO review) - &7 & 5 £ € 85 ® ¥ £ 25 F % (Inter-RMO
review) » RICMC3E p 3 #ick-d 2738 3 4 34238 -
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( Peer Review / Assessment Team ]

3 On-site peer review / assessment

----------- *[NMI: TC /TCQS delegate t-----:

|
H .
: 1 Request for approval 442 8 Reply :1335{'\:;?;{:, Jestions
" of technical reviewers '714Review HH 4 CMC Submission : a
L .
1 2Approvalof — | i i ..ot L LT OS-1with Evidence i
I technical reviewers P CMCs with Evidence I 5 Review
| | _:-: i | 815Revision R "
21 Confirmation of — : : & ( TCQS _equest Qs
I CMC publication HEE Reviewers
| HEHEH 6 Review
1 5 Review P H Results
L[ cmc LRt TC A4 F ooy
. . === E T mm————— 1 -

' | Reviewers - Chair 9 QS Approval |
| 6 Review Y Notice 1
1 Results 3 !
-r—---——-—-—----- I APMP 1 = NMI action

- — T T ——— 4
1 10,16 Posting CMCs & {13 Review Secretary ) | > TC Chair action

Results
| Completed CMCs ***%  |lig cMC Approval 10 === TCQS Chair action
1 : Notice  Qs-3,Qs-7 s

1117 Review ¥ ) i APMP Secretary

action

Request
RMOs CM\(J'_?Cvse?)Site[ JCRB ] == Reviewer action

2,18 Review [ Zol —> JCRB action

Results
= => RMOs to/from NMI
JCRB or TC Chair
MRA Appendix C — BIPM Database (if necessary)

B11-2-2 ~ APMP CMC% &7 4%

#1-2-1 ~ NML*:BIPM KCDB CMC % & § # b3t

wm | s@u | APMPTC | BIPMCC |CMC % 47 i
A #% | TCAUV CCAUV 21
C g | TCQM CCQM 7
D LR | TCL ccL 58
E 7% | TCEM CCEM 48
F & | TCFF CCM 21
H BR | TCT ccT 2
L £% | TCM CCM
M 7E | TCM CCM 9
N 1 ¢ | TCM™m CCM
0 x5 | TCPR CCPR 45
P ®4 | TCM CCM 9
T 2 TCT ccT 25
U #ek | TCEM CCEM 1
Y, j## | TCAUV CCAUV 18

£ *+ 274
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2.

$21038 WL 4~ 3 H10E RE 42 1678 W R

d RIRH AT A § LR 0 FU 4R A % %5 A 5 EURAMET (R 3+ B e ik
B) ~ COOMET(%< & Bl 3.3 & ‘8T B ) ~ APMP(&; 3+ £ ‘2 8) 2 SIM(F 3+ 248 1) %
% 33 £ e % (Regional Metrology Organizations, RMOs) - 17 AUV.A-K1 & 5. b RI"E v 4 5
Gl(4eBI1-2-3) > d & B I 0 & B R4 903 cop Bl H(CCAUV.A-KL) » o gt 518 2k

g
Wt £ Y @ (KCRV) > £ d 38 B 73 3% ~er§~, T3 N PR 4 $HEE ¢ (APMP.AUV.A-KY,
EUROMET.AUV.A-K1, SIMAAUV.A-K1%) » % > 3 KCRV @ £33 p chl v B fo

%ﬁ AP EE P 23R R Rl - kit o CIPM-MRAZE# ™ » NML% 421027 -
© R T23 5 0B FFieFP > ok 1220

SIM.AUV.A-K1
America

B11-2-3 ~ @'+ $1% # B (CCAUV.AK1)

o 4 - g
z T .
£y

COOMET, 1991
EURAMET, 1988 LR E Ry
g\ I|l)J_.€L K ‘k%ff,_ w.

Wi

GULFMET, 2015 g?\l

SIM, 1979 AT R 1‘“1—?“39&
2 ol by e APMP, 1977
EHFEM ( /aan I %t ﬂg.‘se %

AFRIMETS, 2006
et B4 k}?ﬁ %

B1-2-4 ~ 2R FEHE 24

.
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% 1-2-2 ~ NML %27 Bl b 44 5035 7

AR 3 R AIEP |[BFP AP
E 'i& ] /ﬁ» ‘f)%é" 6 0
Acoustics, Ultrasound, Vibration (AUV)
R 17 13 3
Electricity and Magnetism (EM)
£ R
Length (L) 17 3
E E
TEZApH L 17 9
Mass and related quantities (M)
sk Ei‘ff"lc ﬁ ‘E’Ti‘g. 6 6
Photometry and Radiometry (PR)
2 6 0
Amount of Substance (QM)
S ; 9
Thermometry (T)
&3 72 30
TR AR R R S L) & .—fn fF L A g e | g""f%hﬂ"sfdri’ SRR N
R #E &P > L2 #[&](pllot) b H g gt *f 4.31% (protocol) » 2) i protocol p z_ +*

HEaz 84 W“’”%’ AR R BER Bl 3) 8 B MBS H 2 B 2 Heh
A AT iE A PERE (7 ‘i’ﬂ"ﬁ.‘/‘}ﬂi RS A7 A 3R 2 kA2 A 4 5 draft A~draft B2 final
report > draft B = (& i¥ % 3® 2L B € b & 15 5 final report - {4 final report & 4>t
BIPM KCDB?ﬁﬂ& o B «HB%_— i3 0 Z4~5E > APMP.L-KLE & d 2001 B 45

S RS R F R 2006F 0 HoL ¥R AR A0 B)1-2-5 0 106 BT/ A R 4
R X957 (4r£1-2-3) e =NMLit E 2 RZ 5 F -

IKl: gauge blocks |

\\\?{r

Initiating Planning Circulating Preparation Reporting Publishing

Survey Pilot Starting Ending Draft A Draft B Final
11 NMIJ 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.

B11-2-5 ~ B2t 454200 APMP.L-K1 % &)
k& BENMLE %8705 F% 1§75 #5 (40 £ 1-2-3) > 2 # 638 1 3% % £-BIPM KCDB 7 #

B3 RE R H o VBT FIE B H2 DL FEE > ERNML £
HERs 4 o
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#.1-2-3 ~ 106# B NMLE] "% vt 525

gkt | BIRAR R o o SHRERp
WL IE P wam | (¢ s o) L S L (% iz )
v 52 106.01 7 ﬁrsr%“
(-50 ~ 400) °C VAT IE Supplementary BIPM % - » i 5 2
. T04 L Comparison .
B R 2 APMP . T-S6 Metrologia, 2017, 54,
' Tech. Suppl., 07007 -
oo 5 2 106.01 B A0
ok B F03 N Key Comparison BIPM & b » I % £ 3%
menE 3 APMP.M.FF-K2.a | Metrologia, 2017, 54,
Tech. Suppl., 03001 -
o 5 20 106.05 B 40
b F10 RS AN Key Comparison BIPM e =t » & 3 4 3%
= PRI CCM.FF-K3.2011 Metrologia, 2017, 54,
Tech. Suppl., 07013 -
Supplementary Mg & 3t 106.05 F 45t
FAEEFH | CO8 | F & 4T Comparison BIPMI Wik £
APMP.QM-52.2015 Metrologia, 2017, 54,
' ' Tech. Suppl., 08014 -
o 5 20 106.07 B A0
e _ ) Key Comparison BIPM % =t » & % £ %
= ek HL X :
" AT R AR Vol R AR APMP.AUV.V-K2 Metrologia, 2017, 54, Tech.
Suppl., 09004 -
¥t 55t 106.08 B g
BT R E01 A TR Key Comparison BIPM % =k » ¥ 3% £ %
=R &= | APMP.EM.BIPM-K11.3 | Metrologia, 2017, 54, Tech.
Suppl., 01012
L . Key Comparison NML = *t 1065 == &
N\ 3
FETE 005 e SIM.PR-K6 B e HEFE o
SRR
K g Fol %;/‘,I%%' Key Comparison NML =t 106.7 %= &
! e %} N CCM.FF-K1.2015 B HEEY o
EARAAE
. " Key Comparison NML = 3t 106.7 % = &
Aur DO A APMP.L-K7 B R
e 677 I ;' % 4-BIPM KCDB Appendix Bz_ +* ¥+ % % 4T

(1) APMP.T-S6
APMP.T-S6+ #7% B % i & (-50 ~ 400) C(NML & 55 78 :

51
B 3 B T T RRSEE B HNMIM 5 & FNML-SIRIM) & 7% -
M1-2-6% 4 1-2- 4#@4?1 %
o0 LB ET

W,
1 F&uv

| R E G

%
p

»t

TO4) 6 b4

Y

=

3+ (Industrial Platinum Resistance Thermometer) > + 3 16 # B 734%

oo £ E R H ﬁ(Supplementary Comparison) &2
NMLz £ Rl % 4217 ¢ = & ~ 3+ £ 2% % & (Comparison
Reference Value, CRV) > * (-50 ~ 300) ‘CeEniE ¥ /] *t1 e 1 £ v & TR R A

t'l—rF

1 ¥R

B R R

S BORFE - fAE
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Aokt R R R R AR R g T

B égsm/é] i éi—é%‘fzr‘ﬁ‘% CAFR AR L2EEUT AL FRHEF @ﬁi&d
B> BooradE 2 e FUR RTIRE ks & F

—'/,%r’* 2 1 TR i R AR i 0 B R R E B A I NMLFE R

BAEEE(d T ad @1E)>T041 (74888 B (4 SPRT @ +£)>SGS TAF0143:8 A& &

(¢ PRTBE)D 7 § B AT ks f’ﬁ%ﬁ;ﬁ.@(a PRT & a@)e;@ “ﬁ&%éﬁﬂ 1

AY

FTEEFE»» FMHIZo R ﬁﬁéi& % o
-50 °C

30

25

20

w 15

E 10

X 519 [

o

20 &

g
253235585 32§ 2 T9EE ERsEl
52222825350 2500 048358

300°C

30 'S —

w 15 é

E 0 2 $

30 3 1]- | 1 [

3

i ? 1 Too|

-20 ]5‘: g

%

R EEEEEEEREEEEIEEEIEE
%3242.%255523%%53;5&;?5
B 1-2-6 ~ NML 2}\25’ APMP.T- S E&j]m o

% 1-2-4 ~ NML %3 APMP.T-S6 F" it %< En &

Participants —50°C —30°C 100°C 200°C 300°C 400°C
SIRIM -0.19 -0.19 -0.40 -0.05 -1.24 -2.15
A, NIMT -0.18 -0.09 0.31 0.46 1.10 2.52
A, NMISA -0.04 0.12 -0.05 -0.01 -0.25 -0.03
A, NIS -93.06 -39.32 5.86 4.06 4.12 4.48
A, NSCL -0.17 -0.38 0.08 0.14 0.06 0.41
A, INMI -0.05 0.00 0.30 0.33 0.40 0.35
NMIA 0.11 -0.01 0.17 0.00 0.33 0.35
KRISS -0.12 -0.05 -0.04 -0.05 -0.14 -0.16
B,NISIT - 0.01 -0.83 -0.60 - -
B,NIM -0.03 -0.09 0.21 0.25 0.51 —
B,BSTI -0.09 -0.33 -0.50 -1.51 -22.84 -14.03
B,CMS 0.15 0.13 0.438 0.03 0.12 -
C,KIMLIPI - -0.11 0.42 0.23 0.38 0.36
C,NMC, A*STAR 0.02 0.04 -0.09 0.00 -0.13 -0.17
C, VM 0.43 0.13 0.13 -0.10 -0.28 -0.09
C,ITDI - -0.08 -0.02 -0.16 -0.18 —

(2) APMP.M.FF-K2a

APMP.M.FF-K2at 438 p % ¢ 7 £ (NML % 5o %75 @ FO3) » @ik i 5 ¢ = 50
s+ 2 3+ (Positive Displacement Flow Meter) » % 7 3 B 735 ¥ F % 3 S22 £ R % d
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PARFTEFATERNMD) A9 22 R 5 2 8NMLL 2 R A3 EF7 T R
(NMIA) o d 2009 & 12 % # %2 CCM.FF-K2h Bt 4 > T % % & (APMP) &3 p 4
NMIJ£ £ #NML %4 » gt =t $ENMIJENML 5 @£ CCMFF-K2 B dv 4+ 4% &
(Key Comparison Reference Value, KCRV)z_ ¥ w§ % % -

B Gt F Rl g A& P FIREESE S 7 SRR g 0 H
ZERDNBPEBEGEIHL RIS Y FnE o d PR RSS2 R
Bt o EE 2R HEFALR "‘f”} PREBF 2 84200 ERELHFDR
2L R o %’ﬁ“vf ATt EE S NML» 23 M F 2 EnE 3503002 Rk B2 Bp
AR EREL R AT B RERE I AP N E TS AL R % -

#1-2-5 ~ NML %22 APMP.M.FF-K2 & %% +* ¥t & &

Re | Laboratory | Liquid, Temp. F'(?n"g /La)te d ?%P" U(d(oA/Z ;"P") En
CMS L!ghtoil, 25 C 113.06 -0.0051 0.061 0.08

Light oil, 30 C 99.19 -0.011 3 0.061 0.19

70 000 NMIA D 130 168.50 -0.053 6 0.052 1.03
NMIJ Lighto!l, 25 C 179.98 -0.038 5 0.052 0.75

Light oil, 30 C 156.68 -0.038 8 0.052 0.75

CMS Light oil, 25 C 160.56 -0.007 4 0.061 0.12

Light oil, 30 C 141.77 -0.0111 0.061 0.18

NMIA Norpar 12 72.16 -0.059 3 0.052 1.14

D130 226.04 -0.0590 0.052 1.13

100 000 Light ail, 20 °C 298.10 -0.034 3 0.052 0.67
Light oil, 25 C 257.11 -0.038 5 0.052 0.75

NMIJ Light ail, 30 ‘C 224.20 -0.040 8 0.052 0.79

Kerosene, 25 C 78.05 -0.035 4 0.052 0.69

Kerosene, 30 C 71.81 -0.039 2 0.052 0.76

NMIA Norpar 12 207.79 -0.037 9 0.059 0.65

300 000 NMLJ Kerosene, 25 C 234.12 -0.020 6 0.058 0.35
Kerosene, 30 C 215.48 -0.021 2 0.058 0.36

(3) APMP.QM-S2

APAEELITRBETF Y % 4 ERH50208mol/mol BB P ¥ FER - B &
Ty g AETH ‘?%’#%ﬁﬁwuﬁiﬁifgioﬁ1%6%%¥%
T TS HRREE S R B ERY T FERAEFRART O A2 £
R S ﬁ@q?\?’ Fan L0 3 2
PR ?aﬂ??fﬁ%ﬁm~?

APMP.QM-S2:t 4438 p 5 0.2mol/mol % 5 * ¥ # (NML % 5% 75 : C08) > vt 4 &
% & 20.2 mol/molz # #g % #8(gas mixtures of 0.2 mol/mol oxygen in nitrogen) » + 3 5
BREFIEEF % T 28 R 5 d NMIL 750 Bl1-2-7% £ 1-2-63 450.2 mol/mol §
F 7 % F o 24t £ (Supplementary Comparison).ss % » d B|1-2-7% % 1-2-6¥ =*NML &

~
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B S BT A T % R #0220 2% @ (Comparison Reference Value, Ref) »
Degree of equivalence(D) & |- ** 7 & 2 U(D) » 7~ FEnie |- 3t 1 & =t APMP.QM-S247 v
WL B n S B A B i 4 @kt 0 % L Hr ot 489 B g CMCs o Fpt A
Wt S B NMLE & 22 £ pl02mol/mol § F 7 F § eha 4 24F 0 P v rCMCE £
2 %0.05mol/mol = 0.30mol/mol§ # © % # 158 5 $ 8 & & § plac 4 o

FiEslpRt F(Ao? O 27 ~ KOS 2 P) s F EE B RF H-=05 12
FFTOBF A P) S FMG R BERFEREF (o LOFE 2 P) s BARIE R E (4
P Oft 2 P E D e 45%55;3_— BRI T R R fo A1 LR PR
R ERLEREONE PRERIFFEREZE RIS R -

800

600 r

400

200 -

-200 -

-400

-600

Degree of equivalence ( x 106 mol/mol)

_800 1 1 1
CERI CMS/ITRI | KazinMetr NIMT NMIJ

B 1-2-7 ~ NML %22 APMP.QM-S2 s 1t §4 2 %

# 1-2:6 ~ NML %2 APMP.QM-S2 % 1+ # £ it 2 % 4. %

Laboratory Y - Reported Value (mol/mol) Ui D U(D)

acronym (mol/mol)  (mol/mol) Xiab U"“_b (mol/mol) o (mol/mol) (mol/mol) k
(relative)

CERI 02017145 6.0%x10°  0.20172 0.019% 38x10° 2 5.5%10° 40%x10° 2
| CMS/ATRI 0.2032915  6.2x10°  0.20327  0.012cmol/mol 120x10° 2 -21.5x10°  121x10° 2 |
KazInMetr 0.2058388 7.0x10° 0.205718 0.3% 617%x10° 2 -1208x10°  617x10° 2
NIMT 02004254 59x10°  0.20039 0.12% 240%10° 2 -354x10° 241%x10° 2
NMIJ 0.1980561  6.3x10° 0.1980543 0.004% g§x10° 2 -1.8%10° 15%10° 2

(4) CCM.FF-K3.2011
CCM.FF-K3.2011'* ¥¢58 p 5 b i £ (NML % seiv 7§ : F10) » @fiE 8 it 5 F -@T‘FK
“ ¥k ik (Laser Doppler Anemometry, LDA) > # % 91 B 7352 9 % 3 520 £ R $
d G BB RS R B 7 e (PTB) 2 7% 0 &4 = %3 (APMP)E 5 p ANMIJ& £ %
NML¥Z # &+ BENIM %4c > A=0 $42 b ‘E_#s; =05 m/s240m/s > B]1-2-8 3k
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#F05Ms $ % > L1275 454 p b ¥ E M 1S NMLEE S | 1 BT
NMLE § ¢ KCRVZ [ e R

Ak 322 COMFF-K3M 114 7 S35 5 2 b F % 3 chit 4 w7 % LR

SaFHERERDE AR PRI FERENE > G B OB NP S HOKRAH D

FHEE0RTF 2?%°ﬁ”’ﬂﬁﬁﬁiﬁﬂm&a“ﬂ%&m’wﬁﬁoﬁﬁ
SFEZL0RFOFPE IR E TV ASTORFE%RE R A SEF 2218 NMLE

R I AR A U E R BN > R B Ip R A o

CCM.FF-K3.2011 Alr speed, 0.5 mis
TRANSFER
Dogrees of equivalence: offset D, and expanded uncertainty U, (k= 2)

0.02 T
oo 1 ’ 1
0.00

X |

- Xg)

D, = (x
& &
= B
g B

PTB LNE- VSL E+E NML NIM CM5 NIST INRIM
CETIAT

B11-2-8 ~ CCM.FF-K3 [ " 1 4 2 % (0.5 m/s)
(i tRERIESE B 2T EDLR)

#1-2-7 ~ NML %22 CCM.FF-K3 B % - 4§ ) 3% % 48 4

~ Nominal cMs NIST INRIM
airspeed Vihom Kkcrv U(Kkcrv)
[m/s]
4 | ud) | E s | ud | & o | ud) | E

05 00993 | 00034 | 0003 | 0004 | 065 | 0002 | 0005 | 051

1 70000 | 00032 | 0001 | 0006 | 013 | 0003 | 0005 | 065

2 10013 | 00024 | 0000 | 0007 | 007 | 0000 | 0007 | 004 | 0003 | 0010 | 033

5 10006 | 00018 | 00018 | 00050 | 035 | 0001 | 0004 | 019 | 00004 | 00089 | 005
10 10016 | 00017 ] 00003 | 00054 | 006 | 00000 | 00038 | 024 | 00086 | 00089 | 099
15 10016 | _0.0018 | 0.0006 | 0.0051 | 012 | -00006 | 00037 | 017 | 0.0077 | 00090 | 085
20 10016 | 00017 | -0.0008 | 00050 | 016 | -00000 | 0.0038 | 023 | -0.0066 | 00091 | 072
30 10012_]_ 0.0019 ~0.0002 | 0.0037 | 006 | 0.0066 | 00090 | 073
40 10007 | 0.0019 00005 | 00037 | 043 | 00050 | 00002 | 064

(5) APMP.AUV.V-K2
APMP.AUV.V-K2t* 438 B % 4vif B (NML 5 32285 1 VO1) » p ANIMJI 5 2 9%F
BRE VP F EHERT R RACR 0 4 Ad 10 m/s®T 200 m/s?y 4F S ) 5 40 Hz
I 5 kHz > 22 5 e A A %4 4eid 4 (Back-to-back reference standard

accelerometer) 2 H gp i vf 45 % 4o :# 4 %2 (Single-ended transfer standard accelerometer) -
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o S NMLA £ # B2 Enfe % 301 887 NMLE § &2 KCRVZ [ - Ifz'bt R
BT ARI2BTAFGRT 2 4cd - Bk 9% F -8B kd Il § » i B
PHTF RS 2R TG M F WA RPIR & IRE TR ~ i 8 ﬁﬁiﬂﬂﬂiﬁ RS
B/ BRIZ B R ok AR AT Lm@ﬁm« RFPIZ T T ASERBIFRS R
WIREELE T 2 BRIE R 1L EOFH 2 P 5 6] > FBENMLICE PRI 6 £
KABRF2 Uz Rplgim it @rFplRan 4 BEE RS LURE RE IRER%
B o

CCAUV.V-K2 and APMP.AUV.V-K2 Single-Ended Accelerometer (magnitude) 800 Hz
40

30

én,{lwll§l(llr§llmx
z [ 111 byt il
§-IU

B 1-2-9 ~ NML %2 APMPAUV.V-K2 % 1 4F % % (800 Hz)
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A i R k| AR ER D 28% T A L0% 2 FE 2 & (046 ~0.91) %
N10 £ #l# # : (0.5~ 10) mN 2R# R (02~10)mN | £l R : (0.2~10) mN
3ARAER A A FETA D 28% PEETRE 2% 7 ke %A ¢ (0.01~2.04) %

)/‘_E.Iﬁp»t \,HL f‘l‘ﬁ,\'%‘?ﬁ_‘ﬂg T

(1) EOL % & %

AP
e =\

HEX KT

w RE PR

TR Rk

LT

2Rl R 110V~ 220V
TR R
£ RE
BRSNS FLER
WA AP i A £ R

10mA~80A
- 50 Hz ~ 60 Hz

B.1 iT=a %

« 2

LT RN B

2R iE =

a.

T AFRI2F
7 IVD &2 g HpEs
5700A)% & » 3% IVD $ % = £

= ACPIVS s H F R RAREZ AR S L %

%, 4L 47
,ﬁ ‘f:zb L éi

F'T p':: =7 ]——

NS f

480 V

FEE R 1 (0.1~5) uVIV
F£ €&+ (0.5~ 10) mdeg

?@*%LE(AC PJVS)?{‘ = ;{:@4}@ L _‘f% ;%%'E‘_

B2 3 1T

W B (TAL A
#* AC PJVS i a3y 7 2 g 3% 4 & E(Inductive Voltage Divider, IVD) 4 & vt

5% % 1 B4 W] 1-3-5 “7 » B 1-3-6 RI _NML 12 ACPIVS & saft
° —,ﬂ = %j;’fi IVD E’f’?_‘ @ﬁ%} » f':" ’%’{\T’ 3 /ﬁ‘ @/}E(Fluke
i+ (three-decade) ssm iz 2k 3+ » 2

REDTERK

AW 1-3-7 0 3% IVD enfig 404 Bt 57 0 % 4 5 (0.001 2 0.01) ~ (001 2 0.1)
(013 10)% = H R -
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FORGE IVD # R FFLORHFER > AT RASTHET L T EEY
AC PJVS i sez BT D2 jEF GELFR Hirdl e B9 > ZBRT A7 JE
Fro kT g IR AT R T R R ERI B R ooB kR
A2 ERANAL BT FHEY LRI R RS I0MHz (73 44 5 5Lk -

5

b5 1
WA R AZ B
Ex 20 MHz RFEEL
> EMAALR (Sampler)
e T N -
S B 2 g
=== i )
]
- HR
ACPIVS 2% 4 # | R EE
High High 2 TRERR
Mk1ESR || ACPIVS ;o3 Fluke 5700A
KRB &A i : e d
11 R |
P——— o= 2 &
SR ;5 o Shraio 5 i
g R s = WA
x T maw | T i

o f]& B

xR GEAR
o g

S TTTYYY

N

32 R IR
7

B 1-3-6 ~ ACPJVS s st3y 7 IVD & B L kit 2. F R »

First Decade Second Decade Third Decade
1000 turns 100 turns 10 turns
H
Excitation
Winding
L
B 1-3-7 ~
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1 AC PIVS i Sudi (7 IVD & Ry 53 £ R RIpF > & =0 (¢ 443 IVD e -
FEd A AR A e B S AT DR R (Vo Vi) (FR R 32 FRIVD 25
AP A8 s B S oh B 42 AC PIVS i St eidf i TR E 1 (Vs) Tl g 0 XY
Ptk T 4 (sampler) -4 B 22 B fa 52 B en jn 7 B A B (AVh)H 78 B a3
Bopl BRI N7 £ LB 1-3-5 2 A HT LW o Fl o IVD -t
B oiht B R F (k)T BB T A 2N E

_iVe=Yho AV,
ki

10Ve-XL2, AV, (1-3-1)

b. ACPIVS i safl T T RA R E A B 554 R B % 0P
12 ACPIVS 4 i (7 IVD & Bt F 384 2 £ipli % 4odk 1-3-4 2 & 1-355 3%
Bplemn Bodh b LA 50 B A R (FT a0, Bo e dl(A R 3
0.1 % L0)X % = f—- e 4](4 &+ % 3 0001 T 0.01)¢ry » T/RA B 4 10V ~ 480
V480 Vo RipHFF Al E 5 50 Hz 82 625 Hz o # ¥ o dpsig » TR IVD

AR F AL (ratioerror) 2 3R E 2 N E& ol

\

-t

<

AR EFA = AR FERIE— AR FRAE (1-3-2)

# 1-3-4 ~ IVD & Bt F5Z 8 R1% % (2 RHE 5 ¢ 50 Hz)

IVD | bR % P44 IVD | R EFHME IVD | kbR EFHME
AR (V) AR F (W) R E (V)
0.1 0.43 0.01 0.06 0.001 0.01
02 0.30 0.02 0.10 0.002 0.01
03 021 0.03 0.13 0.003 0.02
0.4 0.01 0.04 0.17 0.004 0.02
05 -0.09 0.05 021 0.005 0.03
0.6 -0.20 0.06 025 0.006 0.03
0.7 -0.28 0.07 0.29 0.007 0.04
0.8 -0.32 0.08 033 0.008 0.05
0.9 -0.27 0.09 037 0.009 0.05
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% 1-3-5~ IVD A Bt 5355 £l % (R R4 % 1 62.5 Hz)

IVD | 3R E T34 IVD | wEREFH4E || VD | EREFHME
B E (uVV) B E (BV/V) B E (RV/V)
0.1 0.34 0.01 0.05 0.001 0.01
0.2 0.22 0.02 0.08 0.002 0.01
03 0.07 0.03 0.12 0.003 0.02
0.4 -0.06 0.04 0.15 0.004 0.02
0.5 021 0.05 0.17 0.005 0.02
0.6 033 0.06 0.20 0.006 0.03
0.7 043 0.07 0.22 0.007 0.03
0.8 -0.47 0.08 0.26 0.008 0.04
0.9 033 0.09 0.29 0.009 0.04

FKRRIEEET 32 IVD & B F g2 AR FET ¥ 381205 pviV e 2
Voo BT A EEER 2 s B E & IVD AR K E_0.001 5 1A B KT U
TARENZ 2 TREREA IOV 220V 12 B0V HERIFZTREA LV
R F R R R R o A B AR SR B 50 Hz £ 62.5Hz ¥ L 0.01
UV 2 ZRIGEA BB ER AR G Ko

e 2= ACPIVS 3 {7 T in A i 4p il # £ BRI 3 (T2 5 o =
.= ACPIVS s A3 (7 Tin A in B2 Ap b # BRI Z 2 3k (A2 A

F#* AC PIVS st Fa s i BAp b f Rl F ﬂ‘%ﬁl%]%zrl}%‘] 1-3-8 >
B 1-3-9 P Z_NML 12 AC PJVS il 7R s i BREZFHEY - 279 » §
ERT A 35(FIukeA4OB)mﬁi%]>~ Tl 2APE TR Y 3T R A (Fluke
5T00A)# &2 iR (B 5L 1 7 4§ T IR A IR Bendy ~ Rt 5 (2~ B0) A B -
PI% 12 Fluke 5700A 8 2 if % €& 3 % 3% #4152 % (Fluke 52120A) > 12 3% i
SRR

RGOS 2 T REL RS R B S TR B o
PFo SRR A By @%}»:—#& B &2 AC PJVS % %f’”ﬁ‘—ﬁq’@%} e (Vs)
Tk T PRT AL EEREEFRAPEZFORIGTRLEAV)HFH B
PR BB AR A Bap RS E 0 RRIFERAS T £ B 1-3-8
2 AT LW e
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SR

EEE TS
EE 20 MHz BT &
NESZEE (Sapie)
KB 2
AR ® 2 8
R = O
T
ACPIVS B2 4 # AV, R
‘ . AR B
High High t7 2 X T A

ks | | ACPIVS

- ¥ Fluke 5700A
KRB & h (+ Fluke 52120A)

| 11— |
BRI ) %
es | SEREL ik AR B
i T ARSI 1 ]‘

(o4

B 1-3-8 ~ ACPJVS [k Sufy {7 T4 i BAR i #5 BRI 5 SL7F W)

B 1-3-9~ ACPJVS i iR 7R im s i BAp = im Al 2 F 4 &

b. ACPIVS i seqd {7 L ina i AR ik 45 £ iR] 2 g % S

2 AC PIVS i sy 73 on e i B(FLUKE A40B i 71 » F H8Re 5 4oB) 1-3-10)
2 AR A5 B Pl % 4o @) 1-3-110 3% B Rl Bkl Eiedh 5 50 S PR Rl & (TS
o A /Tﬁﬁiﬁ >k W E 10mA~100mA~1A~5A~10A-50A~ 2% 80A
EpHE S P&~ w5 B0Hz & 625Hz -

H ¢ o Ap ik £ (phase error) 0 & L T i A in F ) &2k TR LA AR
DA A R o KB 1-3-11 T Avr T Um A i B AME S % 50 Hz & 62.5 Hz
ﬁW&%ﬁiﬂﬁ%ﬁﬁﬁFE?é&ﬁéﬁ%aﬁﬁﬁﬁﬁﬁ’ﬂﬁ%?ﬁé10
mA £ 100 mA 4p = ik # £ -] >+ 0.5 mdeg ; éi%l TR AL RO RS ]
LMMw:ﬁxéﬁé5A£HDA%@&%%§+%&MMw;ﬁ%?ﬁg50%
80 XTI HMAERN > 5.9 mdeg A=A A FLUKE B BCRE
F\ °

N

4
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Bl 1-3-10 ~ 7 o
o

& v B FLUKE A40B % 7

o
)‘i{‘}n

7.0

a1 i

122

Bl % 10mA ~10 A~ 50 A)

| e 50Hz
= 62.5Hz

6.0

5.0
4.0
3.0
2.0

Phase Error in 10-3 deg

1.0

00 bed Ll

0.01 0.1 1

Shunt Nominal Current (A)

- ok
‘L/H

Bl 1-3-11 - ACPIJVS # 7
% s (error bars) it 4 &

e = ACPIVS # 7 T BA B 2L § B2 7

1

£

AN NN N

S AT

AC PJVS kel i7 32
REREAFETEE - HEp2
AR R R 2 ER| T e REL
PR T AW E A

PR AR R TR
PRT AR R TR

AC PJVS £ % i

Tk

AR

RSO RE L 2R
‘,1(01__!_ 10) LL

,:L

)»
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R BIZ_ApRS RS
2R e iR A (k=2)

%

FE TR i

% (Inductive Voltage Divider, IVD) & /& 1t & 2%

FEEhE e 0TI

TRRZGAEL I FETR

i 4 (three-decade) & B2 3K 3+ »
Bt il g 08 B E 5 (001

% %(0.001 & 0.01)  FJpt » 72T BB H FEE
e 2 A B ?#‘5;]%]1?? 5| iE

B o py



L BEP I FETRAEERL % > A WP 4o
AFHEEI TR BRTHEREL I TR

A S 7 R R Ak dh AC PIVS i Sui £ 8417 50 5§ B A R B A R K
T RS ETE R R T IEERE L FE o Fpt o = B g (dacade) i A 5
LA FE TR A B 5 0.07uV/V (5 - B4 ed41)~0.01 pV/V(% = &+ :e41)~0.01
“V/V(E’iig' Ao pt = AP A 4&%%%@7» FERB D L p BB RIE A Y

& 50Hz 2 625 Hz i 2 T #7iF F|2 h X T BB L ITIET G2k o

PR T A EEA

% P~ 7 4 (Agilent 3458A)f*4c FRMRERE B BRI E BT RAR
AT LVt a B ET 4 ALV ARG F3 4549 PIVS ks e 8
SRR S 1T uVIV e i F > AC PIVS i L i 72 in T BB £ R
BRI BREFRAMTBRZTRAE? 210 MV o Ft o BT & 8 & 32
A7 B L 117 pVIVXIO MV =017 pV - BER PR T AW F L 2 AR kR
I I A LEAA R BARE LV Z BEA RETATFE L (017 pVV)3
=0.1 pV/V o
BT AR R R A

PHRTABR GBI TARLIEAT EAERIERY AAPRT A AP ME
2 ﬁv%@iﬂwﬁ%% AP RT A DBRRES LT HI PRT AR EOESE REFE

o Flt > o p & 5F F ## 4 (auto-zero function) B B BT o BB~k 7 4 (Agilent
3458A)£ FfPod PIVS ey i B 1V LR WRRER L - R R
RIFFRE 7 5 AC PIVS # 4 R B R EE - Lagilz » B F8 2 £ RITFE 70
PR R RN ARHREMOERR R 21 CentRT o B RT A
# xgm;;%%ifﬁ A 08UV e BB T AR R F AT LB L F
PET LV 2R T 2B R A FEEAT 8 5 ¢ (08uVIV)/3 =046 pVIV -

B IR =S SV T3

N

d3 L ACPIVS TR R A RERL DERIFEHRY PFHRTLALERLETR
A B HH\@@?J S plgr ACPIVS & & et s (high side)is 2+ o Flpt > F 4 & B
T # £ -+ 3 (Common Mode Rejection Ratio, CMRR) 7 /& 2 & o ixipP-# T %

(Agllent 3458A) Lt » H B iR TR E T L 1400B o

B 44 AC PIVS $4 17 R R A R B2 ARV FERIPE > = B A R
MR RAE G CLV(F - L) 48 V(F - BtiEg]) s 22048 V(B Z gL
A2 BRI AL TR I RTAREEV ALY L 11V 100400 =
0.1pV (% - FLiE4)) 48V 100020 =05V (% - £ L&)~ 048V 10714020
=005V (F 2 Lied) o m BRPRIEZELEF TR IAIARRLPIAT L8

ﬁf&
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A pe s Hip$t 1V 2B 2 A4~ % 5 1006 pVV(E - B iEd]) ~ 0.29
uVIV(E = B+ 4] ~ 0.03 pV/IV(S = oL e 4)) »
e. ACPIVS 272 in T RIRA ARIE L 7 FE T B
= ACPIVS 4 ite? pARSHAR L i 2 THEXGTRL B2 Ak
PR kA ko B AP R AL 001 g I £2°0F  H T RE P LIDE 2 B
SHBEYLE 06 pVIVe Bakip L KR B F A F LB A F 0 AC PIVS
BT RRAAPELEE S FEEAET LB S 1 (0.6 pWV)/N3 =035 pVIV -
B A o 1 ACPIVS i st B R4 B S 4o F 5 0.001 & 1.00#F & % 50 Hz
BE25HZ F T OREFETRABELS B FFAERZERFRIAT FT G
L 14uVIVGEEFF k=2) L BRIFA TR P L4 P-4 1-3-6 2 ACPIVS
ARERITRABRELS BRI FALZ A MIARAASE L -

% 1-3-6~ ACPIVS BRI T B A BEAS R F30L2 T FETAL T 4

PR F 50 Hz ¥2 62.5 Hz
xRS
, (LVIV) ,
TR R A | WA | FAT ” ” pd R
N S -l F e
R Gy TRt 1N R X 1
BRI oEE A t A fe 1 0.07 | 0.01 | 0.01 49
BT AN F R B B2 1 0.10 | 0.10 | 0.10 ©
BT AR R B Es ) 1 0.46 | 0.46 | 0.46 ©
RN B Esl 1 0.06 | 0.29 | 0.03 %
HApiE A B B 1 0.35 | 0.35 | 0.35 e
>
w A HE R FE R . . . =
LR TR 060 | 0.66 | 0.59 |, .~ 0
B2 r (k=2) 1.2 1.4 1.2

- R HZ R AA R F (012 10)0 B o R EHIHNA R F 50011 0111 F F 2
ol AR F 5 (0,001 3 0.01) ¢

o 23 ACPIVS H zq A ntpiim B ERIZ 2 FET R TG

"UACPIVS AR FR A B h SRR A TR EFIEA TR
HERIA ez s & 50T 238 ¢

V AFEREIREIRZERTIHEREL

vV BPRRRTEAEEL

v ACPIVS & §ima im B B ehfp iph £ % FE TR

P s BREPIAAETRGEE R % > A WP 4T
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AANHREI TR ERTIOEREL I TR
A SR R E 2y AC PIVS i su 2 8 (7 50 = eh g jn A i BAp ik
BERGFTEI L THERELFE - Ft > TR A R &%]% T de S
10mA I 80A z AMEE 7 Fra & % 5(0.34~0.38) mdeg > o »+F im s in B AHf
% 5 50 Hz £ 62.5 Hz ehip = iy 4% £ iRl % BaTdp e > Bt £ B 3 iy » LR B ch
AHEEZ TR 2 B~ RHES » 9 & b0Hz ¥ 625 Hz if & T #7832 &~ T 5
EREL TR B3 o
b T 48 MFAF IR
B oA AR T AR TR RIBE
4% % (analog-to-digital converter, ADC) TA

COEE R T AP IR A B
4 eh§ it 224 (quantization error) » 3% B~
P

BT2EM A I MIASEE L7 E S Mmoo N
Uy = fTv %+irad (1-3-3)

He > A=2D/2 D=1V BT 4 975 * 2 £ R =2 iE» K=16 #.5
# 7 % ADC shiz~#(bit number) o Y| 2 Yp P& B X & F i A ﬁ»ﬁfﬁﬂkj a3 R B
AC PIVS i &1 e i R o F ,Y.:szo.svw%]» Tin% 10mA 2 50A)~ 12
0.64V(§331]% Timi80A)N=6GAFFHET L HNGFE 'JB*A i 1E Hp B R AL B
gt > RN HERRT AT AL T A aa)ié‘&a“lﬁ > s B S 0.16 mdeg(#
>Rk s 10mA I 50 A)#r 0.20 mdeg(f; » i 5 80 A)e @ Bk PR T A i E L
FRERR KR AR F LA A R AR FER R A S E 0,09 mdeg(H » R
i % 10mA 3 50 A)¢r 0.11 mdeg(#i » 7% = 80 A) -

C.ACPIVS ¢ in A in B2 B enfp b £ 4 A2 R ¢

TnA i BAR i 5 B R Ay TR A R B 1 TR AR 0~
ﬁiiw‘ﬁtﬂ'm#ﬁ RATE SIS mﬁf‘ﬁiﬂ DT Ik A O R F e o d AC
PIVS ki A4pi=t & A > ¢ e AC PIVS BT R A2 Ferp i 445
Bl o SRR SR E Wi q_ﬁ,, SLEReip REARR 0 R IEA ag%]
rB e 258 AC PIVS 508§ R A 2 v € 31 4 0.1 mdeg sp i i £
(phase offset) = 3k 4p =iy £ K2 85 4 # 5 482) 4 fe > ACPIVS &2 i 4 i &
L Eep A EE A RREATE 01 mdeg/\/_=0.06 mdeg

W@ o 1 ACPIVS 4 % f&.:?'%]/\?,/ﬁ%aﬁa 10mA % 80 A #7% 5 50
Hz 2 625Hz ix &7 > {ET A NEBAAT RS ERZER I RIAET FT 5315
0.80 mdeg(i 2 F]+ k=2)» # &34 P4 o 4 1-3-7 5 ACPIVS i su B BT /A i
Bl mAZ AT AASE S
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% 137~ ACPIVS BRIT /iA m BAP 2 2 FE TR A £ 4

£ P X 50 Hz & 62.5 Hz
o 10 100 1 5 10 | 50 | 80
B~ R mA | mA | A | Al A A ]| A
pd R
S R, & -
* AR TR R | 53 ff;_ ;f;i % FE 2R A £ (mdeg)
Bz oE A [ta 1 | 038 | 036 |038|035|034]|037]|034]| 49
o i : : : . : : .
ijf’i‘;;_; B |43, 1 | 009 | 009 |009|009]|009]|009]011| oo
wimi | B |#3,| 1 | 006 | 0.06 | 0.06 | 0.06| 0.06 | 006 |006]| o
B AR TR 0.40 | 0.38 | 0.40 | 0.37 | 036 | 039 | 0.37 | >60
ERrmek k=2) 0.80 | 0.76 | 0.80 | 0.74 | 0.72 | 0.78 | 0.74

() E1L 2 i@ i 2Bk ket 2

A

P

2 o ok R ok B oopl 4 4k =
oo w, o B /E'J PR . 24

3

d

£ pl4 & : (0.001~100) A @ (20 ~ 10 k) Hz
B3 amE R ¢ (40~600) A/A
B.1 i &

RARE P FERFE p R ERENER

A A AR FYRTIR T A BB H R dhT ~ Bk

Z PR EFHB R DS B R H AP RPIE] ~ p e I Rk
by B R GECHE IR R ] o Flt > THRIGTREREL > BFERT R
T BREE S BRT R R B AREE B LT RERIZ O =
L m R F o MR T ELAFDIINR I BT 3 E > BN AL
v T F on g 3 B (Thermal Current Comparator, TCC) 5 53 i% ede I JR7% o % i
A-NML R REM R g Rs ik 5 oo 4> T BT R PRI
PR 20A S L 100A - FHit e BTk inTingH s B2md

ok 3 -
e 1= 2 e ?_‘ /nu/éa e % °
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TER

(@) p Bl (b) E11 2 sx T i &R 4 5
B 1-3-12 ~ B * B T 22 o m ot F B

N\ 3
'1- (n'- Av /n‘-

]%]1313‘ \l/n ELIH ’f&_l..%

LR R p B D

LT IR B R T R BACR 1-3-14 47 0 Ad pd AR SR Y B
/i m (General Purpose Interface Bus, GPIB)#% = ik B £ d Ff i w ’”“’)5'@?1 a4 e

R AL T (lseting) T PR IR E 0 B EA B L LR TRE I
6 d BN EEGPIB g pBFEHEEILGTREA DT RE PIEIR(Vas) °
EPRBEERI TS B R R E(Rep) » R E R A M B (%) 1R
BT RARERFE LRI NEL R TR T S ) L
(Loading Error, eloading) SRR LR R A LR R E L B (es790B) © i w B E R
B(Vis) > P EZERIET A mﬁiﬂ IR & (Isource) % ﬁisa] 2B X 8 (Bsource) * T #-
PR BT NN & (B 1-3-15) ¢

(VrdS - 957903)
Isource - R (1 + SSTD eloading)
STD
€source = setting — Isource (1'3-4)
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- ¥ Lt
i .j,:*.,ﬁ ESTEITVSTE 5| wRtEL GPIB,
B A TT N YIT P

TR e | (FLUKE A40B) | Vgrp | (FLUKE5790B) | !

Isetting Rstp > 1o Vids > €57908 H
% I
"___________________=§=P|=5’======='H\========u

B 1-3-14~ 2 in@ iz p oL RE T R B

S 0K %0 xEN

T 1A *S‘LJE jg /L % DL Y }%
TR E180123 -

MR SAE ¢ A40B_1 A I
IS

HFRAGPIB =0 19 6
5790B INPUT No. : [ 1 B [istera
AOBE BRI () | 1S

¥k . 30 E‘Fll"]\&ﬁ(*/) 1
LT L R c

Bl 1315 -2 mgimkz pd it kil da

b 2 /nL R /n»ﬁﬁ-”i'\ %—\ B 1‘2_]}.

3=

E—

TR /ukﬁiﬁ'*f" BAHICRT T R BAcB 1-3-16 517 0 d Lk SeR &R R
TR R (R /A 5 FLUKE/ST30A)S R B R iR LR D AR A R i e 2 B

£ EFROT R B ﬂf;ﬂ,__ggi%] @ﬁg#;\.%ﬁl 4Rk
SRR R BRIRE FR R AR T 334;}_‘? A A )/ B
B G R RN ERE IR IVRE (2 F 5@)

I I T e S b S L
- PR AR RGER aR(BOMIE 5L ¢ FLUKE/S730A £ 52120A) -

|74
Isource = ( i SRSTDS790B) (1 + 8stp — eloadlng)

€source setting — Isource

L‘:PEE-F;» : @ H

%
I 2’;7’:*(/‘” a_‘/ﬁ_%\» ’

e'.l

—A

2
R
(w

N

B
'/H“-%\' Eﬁ%$+ii /7‘::‘-? H z\ ;g fE‘J___ Ird ’ "::"L N

SR HELE (elerer) * MU R B BRSNS (B 1-3-17) o

/ —
€meter — Ird — Isetting
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%% (@)%

(1-3-5)

2R R (RO B 35 0 FLUKE/S730A 27 52120A)4 &
1B (LR R R BB 1-3-16 om0 AR EFR AT

B T Y N S g . .
EZERIIR A ZGEE g 23R TE lsetting

(1-3-6)



= - rvaJs l""rleso].lrcea %: = FEF-F;; ﬁ”e{neter ’ —‘:-;‘J_.;Ei :h| %;:‘}*’:‘E:Z ns e /!l“%\ m& (FJ Ff‘i

€meter °

emeter = Ird — Isource

j— J— — !
€meter = Ird - (Isetting - esource) - (Ird - Isetting) t €source = €meter T Esource (1'3'7)

ok R oA
R VI - 2T

BEINT R #R Lan3 Lan3

2T MBI E TR RA
(FLUKE 5730A) —>) ﬁ*é,_gg‘_,: = P (FLUKE A40B) |—>| (FLUKE 5790B)
Vsetting k ISOUI’CE RSTD A 5STD VST VI’d,S > €5790B

B 1-3-16 ~ 2im g imfddE it B2 pd i T R B

QT
P Gpue

o i e E g

A 1A vF] 2 -5 %’\‘ﬁ %
e T *')L-l-E o iy O L srsagnane

nnnnnn

TR E181234 Ird 1000551 3 10k
SR
5730AGPIB :., 19
HHHGPIB: 24 ’ ¥ 9% 8
FEAHRD-33) : g
AR () 2 10
ok 30 FRAMBRGE):, 2

OB 7 B

1 W |

ol
B 1317 A mgind 2 f & o 7 4 F
i ”ﬁﬁﬁmmmmm: R PIB
D> aawa =S
FLUKE 5730A F=Z FLUKE 52120A} | Ca R ! B =
SN B B I I =
? Isetting ﬁ H
[ —————————————.C L L N T
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d.

NV SR e N ’ s 2 >
T m oA e B2 p w iR

RE T inA i ER - 4R A AR
$ o PRE AR KT IRR(RUS/ A 5 0 FLUKE/ST30A & 52120A) @ %4 § &
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Veds—

Isource = % (1 + 6STD - eloading) (1'3'8)
2o E iR (R B 55 0 FLUKE/S730A £2 52120A)4

ST SN AL +m 7™ —‘éﬁlﬁr@ 1-3-19 #577 o A2 PRI R
S
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[es]

-
e

e
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ey 2
2 TR g AR B Vehune 0 T R #u_ “; % Bpor v AR F o () 1-3-20) -

Vshunt = Vrd,T — €5790B (1'3'9)
§OF - BBl R B S PR W P E R A R R
f#-l? N Rshunt
|4
Rshunt = I shunt (1-3-10)
source
ﬁ T 7 (nL Z /‘uhiﬁl f*& B -ﬁﬁ %‘
: - S| AT RLRE vt T
FLUKE 5730A | . . Y (FLUKE 5790B)
source NERES
nominal shunt Shunt Vrd,T s €57908B
N
. |

|"}! 'tﬁ“li sE_RE »um Vshunt

_isix
ik
sl
§ = < B s s ANk BB
Tk LA ~
&RZF 0k %30 £ &n #’)L-E‘ AL WL ML TF] OIL 25 BruaTH AL £
—T—HE%% . E18]234 Vshunt 07996670 #E% 10 kHz wd, s B |
e e _
UUT# 4 % 5790B INPUT No. : == — !
UUT# 2o m (5 - J 15 —

FRAxE .30 BHMAMGE):, 2 e -
#4#&;&1‘5“*:&& AD:NFYI05-106. .. \(2017) 48 % b . xlsx = ;:\Z ':: j

Bl 1-3-20~ @A BZ pd it AN &
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e A HMBR I REIATR
AR R A E R TR A RN RA G RS
REFRZAMTWR s AT nEEH e BT ind 2 AL inisng - K’
TIRAAFR S R in 1 100 pA 3 100 A0 #E % 1 20 Hz 1 10 kHz » £ 3 /E 2R 404
1-3-8 #7577 » ZHE-KEG L 95% @ EF|F k3 20 A fEfk TA B £ 4% 1-3-9~12 -

% 1-3-8~ 2T BB AR ER I TR
TR FET R
(95 %1% 43 -k 3 > k=2)
0.12 mA/A (100 pA < 1 <300 pA)
0.07 MA/A (300 pA< 1< 100A)
0.13 mA/A (100 pA < 1 <300 pA)
0.09 MA/A (300 pA< 1< 100A)
o 0.13 mA/A (100 pA < 1 <300 pA)
e 0.08 mA/A (300 pA< 1 <100A)
0.17 mQ/Q (100 pA < 1< 300 pA)
0.09 mQ/Q (300 A< 1 <100A)

R

X ok R 0KV
DAV I /nL/}EY

SRR ST F- LT

£ 139 2R iNRZ A FETRE A E &

& H,
pw | oamwam w3 | 51 EED pepsamer | den
TR T RA 54.7 (100 pA <1< 300 pA)
ur(Vsrn) (27 R) - - ! 25.5 (300 uA <1< 100 pA) -
Ur1 fA4T R B 15l 1 0.4 0
Uy, PR EEHE| A | thR 1 22.2 3
“s %50 5 . ) 50.0 (100 pA <1 <300 pA) .
125 (300 uA<I<100A)
Upy | LRPTRRED RS B 4B 1 1.1 B
L sk R ok N
ur(Rstp) ; g (;_/-;;;:'j ) - - -1 10.7 -
Ups AP LR - R 1 75 ©
Urg | R IERE EEH 4 1 7.6 )
DU A I SN
ur(8stp) T?Z; (;NE a}/;:; - - 1 20.1 -
u, iiaifr | B ¥ i 1 20.0 ©
Ug EonARr BEH B4 1 1.6 o0
e SR FEER Ugr(source) = v [ur(Vst)]? + [ur(Rstp)]? + [1r(8s7D)]?
3 %% d R Ve = 152 (100 pA <1 <300 pA)
=17 (300 puA<I<100A)
B2 AT RU (95% i k& > i % 3 k=2)
U=k Xuc(Isource) = 0.12mA/A (100 pA<] <300 pA)
= 0.07mA/A (300 uA<I<100A)
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% 1-3-10~ xR gL B2 A IR A E

" , : , B | & ip 4t
5L PR ERKR | A | } - ad R
IS S T2 IR
u, (Vern) TR TRE - s 54.7 (100 nA <1< 300 pA) -
TSR (R mEm) 255 (300 pA<1<100A)
Urq 317 B B &) 1 0.4 o
Ury Bl EE Al t A fe 1 222 3
] 50.0 (100 pA <1 <300 pA)
Urs Eiffer | B ¥ i -1 o
' 125 (300 nA<I<100A)

Uy | CIRRBRED EIESH B Rl -1 1.1 )
LT IRA

ur(Rstp) E(E T 1) - - -1 10.7 -

Urs I s ¥ i 1 75 ©

Ue | BinTIERE EEH B 1 7.6 %
L i

U (Bsrp) | TTE R - - |1 20.1 _
m g(—\l& E n- i_)

Uy imitr | B ¥ i 1 20.0 o

Ug oA RE EIEH B A5 1 1.6 )

I & R R TR U (k) = T (Ver

F2ch 4 B Ve =219 (100 pA<T <300 pA)
=43 (300 uA<I<100A)
R ETARU (5% 4 k& » i@ 75 k=2)

=k X uc, (k) = 0.13mA/A (100 pA<1<300 pA)
= 0.09mA/A (300 pA<I<100A)

p)1? + [ur(Rstp)]1? + [ur(8stp)1? + [Ur (V57304)]?

% 1311~ mg i 2 2T RA R

%4 L s e ) %& —_% % ;I L K TE, ,
5L ARERARR | AL - PR 2 R TR pd R
ur(lsource) Jfgl_ig Es i ?. ﬁl 59.3
B2 i B Wi | -1 (100 pA <1 <300 pA) ©
/ - 34.2 (300 pA<I<100A)
FrR T n
ur(lrd) %}\' (Q ,,J,'L r;z ,ﬁh - — 1 17.6 _
ur‘ll ﬁ;*%)i B :{E’I]/ l 06 o0
+ /?'szg A 7?')3
T ' A | tape 1 17.6 3

e S EET TR Ur(emeter) = v ir Usource)? + tr(Ira)?
F 2cp d B Vegr = 458 (100 pA <1< 300 pA)
=68 (300 pA<I<100A)
ERIAFET AU (5% -kE > 2 F 7+ k=2)
U=k X ucr(emeter) = 0.13 mA/A (100 pA <1<300 pA)

= 0.08mA/A (300 pA<I<100A)
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21312 URT AR EL IR R £

S S 1o %t
i 5L *FETR IR , d R
" A | aF | K 7 R ’
R IR . 59.3 (100 pA<1<300 pA)
u.(I ¥ oA | -
r(Usource) (2 B | #& |1 34.2 (300 pA<I<100A) *
BB T RA 54.7 (100 pA <1<300 pA)
ur(Vshunt) - - 1 -
(T R) 25.5 (300 pA<I<100A)
U, iR | B | 1 0.4 o
Uy ERFEEHE | A | thp 1 22.2 3
50.0 (100 pA <1< 300 pA)
Urs Y ERD B ¥ i -1 o
125 (300 pA<I<100A)
Uy | RMTRYCE EES | B 4B -1 11 ©

PRHEERET IR Uer(Ronund) = vVirUsource)? + tr (Vohunt)?
Foch 4 B Ve = 524 (100 pA <1 <300 pA)
=41 (300 pA<I<100A)
BRI FETAU (B WEH-RE - & FFF k=2)
U =k X uer(Rshunt) = 0.17 mQ/Q (100 pA < <300 pA)
=0.09mQ/Q (300 nA<I<100A)

RGBTSR LENATIARL S A EWG 2L AT AR o

EREEN i3

% EFE - 3% #* ISO/IEC 17043 # & 2= @(Conformity Assessment) & %% & &
iﬂ»% mEnlEj\ J ?lEn|<1§l Z\TF"T’EZH':"}’&J_ J‘ Jum&/?JlB««’ﬁf;‘@'ﬁ_"

[X1-X5|

/U12+U22

|Enl =

(1-3-11)

PR XU B2 R ERE BRIAELA X E UL RG kL R B2

TR FETR o

% 1-3-13 2 £ 1-3-14 5 A w5 n iR (Bom/ B 5L 0 FLUKE/S730A 2
52120A) % <% & o % (B M/ B 55 ¢ FLUKE/8508A 22 HP/ 3458A) 1% 5 & i W ¥i2 »

T' "(ig{kz‘ Iﬁa}l \L/n ﬁ_,/n *&J_ ,f ¢L»E /PJMTIF,T“J% *iéé‘a‘Lbﬁ'{%\* ° //(:45\“"],"%%3

+1- "L%lEn|<O4 %E’ }34 ‘: ﬁ .? "L‘/H“-:ﬂ_“lrl"‘ ,ﬁ &Dm*’i_ﬁ ﬁ%%{aqﬁ - }{:’/('t:l; °
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% 1-3-13~ iR )Rt %

L300 44

FRA AR R

Rl F 5 5 FLUKE/S730A it

%‘Qﬁ' . {‘L/n -ﬁ%] :'1 ]E"

T RRCRTRIIE [l - 12|
G BE [ a a1 EgEr En
S | Tl i | e |
LA 60Hz | 0.99999 70 1.00000 40 10 0.1
1kHz | 1.00000 70 0.99998 40 20 0.2
loma | 60HZ | 10.0000 70 10.0000 40 0 0.0
1kHz | 10.0001 70 10.0000 40 10 0.1
60Hz | 100.001 70 100.000 50 10 0.1
100 mA
1kHz | 100.000 70 100.000 50 0 0.0
20Hz | 1.00003 70 1.00001 70 20 0.2
60Hz | 1.00002 70 1.00003 60 10 0.1
1A 400 Hz | 1.00002 70 1.00004 60 20 0.2
1kHz | 1.00003 70 1.00007 70 40 0.4
10kHz |  0.99960 70 0.99959 110 10 0.1
201314~ 2ngind 2 R % 4

FRRRT A RCORIB B S FLUKE/BS08A fei fdic: TABRIEL®

Bt 2k IR RS X lei-ez|
T | MEF | faEiE Uz TREALE Uz |Ex|

&1 (LAJA) & waay | WA
1mA | 60Hz | 0.00002 | mA 80 0.00003 | mA | 40 10 0.1
1mA | 1kHz | 0.00007 | mA 80 00001 | mA | 40 30 0.3
10mA | 60 Hz | 0.0001 | mA 80 00002 | mA | 40 10 0.1
10mA | 1kHz | 0.0006 | mA 80 00009 | mA | 40 30 0.3
100mA| 60 Hz | 0005 | mA 80 0009 | mA | 60 40 0.4

FRR TN A D ROWMIB B HP/3A58A Rl f¥c: T REBIEAE

T TE TE T lei1-ez|
R SN Us TIAELE Uz Enl

e (LAJA) & wany | AR
1mA | 60Hz | 0.00002 | mA 80 |0.00003| mA 40 10 0.1
1mA | 1kHz | 0.00007 | mA 80 0.0001 | mA 40 30 0.3
10mA | 60Hz | 0.0001 | mA 80 0.0002 | mA 40 10 0.1
10mA | 1kHz | 0.0006 | mA 80 0.0009 | mA 40 30 0.3
100mA| 60 Hz | 0005 | mA 80 0.009 | mA 60 40 0.4
100mA| 1kHz | 0011 | mA 80 0015 | mA 60 40 0.4
1A |60Hz|-000003| A 80 |0.00000] A 70 30 0.3
1A |1kHz | 000011 | A 80 |000010| A 70 10 0.1
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(3) U06 & &35 A& £ iR & 5
AP

’L‘):’\; @J’g‘f@fi‘f*_]_ f VUFI \b'?’L,«F;

R

: (0.5~ 4) GHz

£ #1555 # B (1~ 100) V/m
TRk 1 1.1dB
ERME S F ¢ (4~8)GHz
B RI8-5 46 ¢ (1~ 200) V/m
TRk 1 1.1dB
B.1 iTa %
o A KAk BREER 8L BEMEE PR “355@—\:%5}9& & P
%‘339? IEEE 1309 &2 IEC 61000-4-3 =8 ciut ik » R 7T 23 % R ERIFF» T R
BPRIME T 2 fird e x B ELAR M > A R A2 S8l 208 3B
GELRERETAPMEPR > T4 H NML 2. 4GHz 2 8GHz & # 3+ BX
72X s E~3 Jx;?,ﬁi MELET ] e bR 1@4»9 A0 S Borr i B 1-3-21 27 [§) 1-3-22
EY A0 B 52"39:7 e ‘L * o
Tr 6 Cnmpl’]m?l | ngM 1.000dBm/ 51.5dBm - Cnmpl’)llf‘?l | n[]M 1.000dBm/ 51.5dBm
5650 | 12054G8M1-0435848 - P1dB,|P3dB 1 4.000 GHz 3087 dBm
2 8.000 GHz 3025 dBm
6L 2 1 4.000 GHz 3159 dBm
0 - 2 8000 GHz  40.93 dBm
5450
5350
5250
5 150N [ — - S
= : | N
- L ¥4
_S 5050
4950
4850
4750
Ch5 Ir02 ...
4650 | Ch6 w02

Ch6: GCGA Start 4.00000 GHz —
3 >Ch6: GCA Start 4.00000 GHz —

48 % (GHz)

1-3-21 - A b R AEER RIS *
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;\Figgnr\ﬁi 5 83%~115%¥ 24%; =2 ER60VIM2Z THRAE 6] Hagk
LR T RN R AL 2L %A S 0.018%0.025%% 0.01% o FpE T ik D
@%QELLW%’ﬁgv@ﬁ‘ﬁﬂﬁéﬁimﬂq%’”v%i@iﬁ%$°

% 1-3-15~ & & ﬁ%] S AR LIS

WAE | AsROATS | SREF | R | ME | BSen | enlisua
%% | (MHz2) | (MHz) | 48 | (dB) | (W) (V/m)
1 80 1000 23.53 59.87 0.004325 1.14
800 4200 8.85 62.98 0.00576 1.32
3 4000 8000 13.77 62.16 0.001445 0.66

s A TREIFRAE AR
}&ﬁ?ﬁuﬂﬁ%éﬁ%*%QSGﬂi86&&@@%%&?@%&&’
HAEA 2N ARy gl FRRA RS I B f L 54 X MR S5 4
FOCHEp D FRRBEOITAB P FHAACTE ) AR 3P O TEFRR S
PEE-BHIRRET AR EORETIRES  RI TR R AR BEFRGO
TREFBEVRBFEEFEIRI D A EEROFREN 0 BRI R RATE &
MR T RS R R d PTRE T B R B B (VIM)E A% B Va2t B B e
ERETRES R E Exw (ViMipit i T7 B3] FRTES % R hFEaig 1 5+
(CF)# {440
_Ew
Edut
IR Bl ﬁ*%%ﬁ K Bl4o@) 1-3-24 £ 1-3-25 #751 o k¥ H0id * chX AR
Bk # 3 s B i plREedrz 4k Sl A BV KERR RS EA T R KD
L CNMLACAE W& £ R & 5[ E % 9Tk ik o

(1-3-13)
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o HEit
BAE [
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AAAAAAAA pn pe
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Bl 1-3-24 ~ U06 % 52 8 i) % ]
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Bl 1-3-25 ~ U06 /'« 5o 1% 2 1 7]
o A Biplaet
KR i E A R @%@&ﬁm;v%dawfa TSR BRI
fpriedey T AL 2 R T RS M e s
Tk BpET Sl Sk

(T WAL T B R AT
“iWﬁiAJ%ﬂﬁgi N
Fleg en 8 4 5 ] H R4 21 i
A23% 4 Ao F] 1-3-26

EXCEL #% @ o ¢
(RIEHEF ~ I Hnd 2 REER) &
WHLZ B BB I A TSR /i%%’éiiﬁ'lﬁxﬁ; v A

R A LAY G TR N TREE AL TT L

rvl—r—l- ° ‘TI A"

S@E(V/m) Distance () Freq. (MHD)
[ | 5 [ |
Awplifier Gain (%)

[D Opaarinnl

0 X2 w
g -

Paovwer (dBm)
= [>  RF Owoif
850 | I

Data Number

Meas.E [~ L
®l 1-3-26 ~ U06 i 5L & iplAz 3¢

wl
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;bbg\' [ﬁi—g_ﬁg)illﬁlj /'-‘—\ ,J /Up l’t"f&_l_ %iﬁf‘
RS2 BRI AR R R OEERG N UHAEF S LGHz s B 5 100VIm S b0 H

v wuZ_

ERIF TR A EA40L 1-3-16 - TREF B R TRk SR R4k 1-3-17 -

% 1-3-16~ 2 it F]3 PP FET R AT %

% A7 14
FRERAR | BF | BEIETA A EPIT VS A FEY
of
Xi R u(x) =5 | Ci| - u(xi) mxi)

FRTEERRET|
PRLEFRET 6 | 000023Vim | 001396 (Vim)? | 1.29x10% 4
?é I—E'—U(Edut)
ERTRESRAREE]
u(f ‘*~) EE m | 381528Vim | 0.01181 (Vim)t | 4.40x102 56

std

31 75 (CF) & =1.18
AH e & I B R U(CF) =3.728 %

4 2% p d A verr =56

i ¥ 75 k=201

2 7 %8 U (CF)=kUo(CF) =7.67% (% 0.69dB) ~0.7dB (4 95% (2 #f k)

£ R

# 1-3-17~ RREF %R LT RN T

& Pl F (GHz) 05~4 4~8
¥ (Vim) 1~100 1~200
(0.5GHz-055GHz) @ 1.0
E£R* e i (dB) (055GHz-1GHz) @ 0.8 0.7
(1GHz-4GHz) @ 0.7

2 TR ERE 22 B

R R T T Ty ST mUﬁ}%af@—ﬁﬁﬁi°”“ﬁﬁ
o 3 BB Rdr TR § B(NPL) e WGIEMR-300 % 2 85 & 34 17 5 F 1R+ %
FEin NML & 587 NPL izt (@ % B3 ) - R - H £ Rl %23 B2 Ey
% dod 1-3-18 0 d £ 1-3-18 Fut fid & @ 4 5%7 Wt % BN <0.76 0 Bk

ﬁ*,“'_ - ’ﬁ——;‘f{:}io
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# 1-3-18 ~ U06 % suec L i8R B % ik

- % o NML NPL
G| ey [Err |grns | Ennk 2255 | |6
(V/m) (CF) (V/m) (CF)
0.50 60 57.94 1.04 55.26 1.09 0.27
0.55 60 54.39 1.10 56.55 1.06 0.20
0.60 60 58.63 1.02 57.81 1.04 0.11
0.65 60 62.37 0.96 55.39 1.08 0.65
0.70 60 65.54 0.92 58.47 1.03 0.60
0.75 60 59.86 1.00 57.48 1.04 0.21
0.80 60 55.52 1.08 60.02 1.00 0.43
0.85 60 52.42 1.14 59.62 1.01 0.76
0.90 60 51.92 1.16 57.98 1.03 0.72
0.95 60 54.23 1.11 54.32 1.10 0.05
1.00 60 53.19 1.13 53.60 1.12 0.05
1.20 60 55.95 1.07 56.71 1.06 0.00
1.40 60 60.15 1.00 56.05 1.07 0.44
1.60 60 63.74 0.94 61.63 0.97 0.16
1.80 60 60.97 0.98 53.52 1.12 0.72
2.00 60 54.76 1.10 56.95 1.05 0.29
2.20 60 58.21 1.03 58.80 1.02 0.06
2.40 60 59.26 1.01 61.03 0.98 0.16
2.60 60 60.30 0.99 57.73 1.04 0.23
2.80 60 57.67 1.04 51.69 1.16 0.59
3.00 60 54.37 1.10 53.51 1.12 0.10
3.20 60 58.66 1.02 55.71 1.08 0.35
3.40 60 60.00 1.00 57.22 1.05 0.23
3.60 60 61.28 0.98 58.59 1.02 0.20
3.80 60 56.29 1.07 56.32 1.07 0.00
4.00 60 56.70 1.06 57.69 1.04 0.11
4.20 200 193.71 1.03 192.42 1.04 0.05
4.40 200 204.79 0.98 201.91 0.99 0.05
4.60 200 209.43 0.95 208.64 0.96 0.04
4.80 200 216.91 0.92 210.83 0.95 0.15
5.00 200 205.34 0.97 217.9 0.92 0.26
5.20 200 201.05 0.99 212.21 0.94 0.24
5.40 200 217.63 0.92 214.47 0.93 0.05
5.60 200 223.89 0.89 229.36 0.87 0.11
5.80 200 227.59 0.88 213.95 0.93 0.26
6.00 200 229.44 0.87 225.44 0.89 0.15
8.00 200 259.1 0.77 248.62 0.80 0.43
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V04 HAE R F 1R 28 % 52 T Rad 4 £ B (NI PXI 1082) B xts » i~ Window 7 % %%
¥ kB 0 317 LabVIEW2016 » 425% AL 5 & $3% MOl 4esd R 6 S > #-wa 4
BAcR 1-3-29c A F e P e 7 L AR 2 REFLEERERBREFTH S @?]

NEHREL TR A AR AT RGABRD S 5 b Rl TR

)

e
W= EE mESE MnRs E
» 2 @n ]
s BT Het P B P N P
i E b L
Run - )
Step Frequency(Hz) Amplitude (V) | = |Frequency(Hz) ""'F““*M hazes ideg) | - mal Filter
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0.315 0.1 0.67 % 3.15 2 0.55%
0.4 0.1 0.91% 4 5 0.46 %
0.5 0.1 0.81 % 5 5 0.48 %
0.63 0.1 0.87 % 6.3 5 0.48 %
0.7 0.2 0.90 % 8 2 0.60 %
0.8 0.2 0.78 % 10 2 0.62 %
0.9 0.5 0.72% 12.5 5 0.46 %
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F F o | Tox9 | AF | u(@F) | u@F) | u) | uFIF |
(kN) | (pN) (9) N) | (uN) | uN) | (uN) | (mN) (%)
200 |198.5282| 0.0204 |199.2743 | -0.7460 | 0.2324 | 0.7460 | 0.8751 | 0.4376 | 378
500 |498.6612| 0.0515 |503.7165| -5.0553 | 0.1433 | 5.0553 | 50812 | 1.0162 | 204
1000 |998.2536 | 0.1029 |1007.5309| -9.2773 | 0.1159 | 9.2773 | 9.2793 | 0.9279 | 200
1500 |1498.5244 0.1543 |1510.2358| -11.7114 | 0.3191 | 11.7114 | 11.7167 | 0.7811 | 200
2000 |1998.4000| 0.2054 |2010.5261| -12.1261 | 0.1574 | 12.1261 | 12.1281 | 0.6064 | 200
2500 |2498.3200| 0.2566 |2511.5669| -13.2469 | 0.3158 | 13.2469 | 13.2516 | 0.5301 | 200
3000 |2998.6686| 0.3077 |3012.4446| -13.7760 | 0.3661 | 13.7760 | 13.7817 | 0.4594 | 200
3500 |3498.6963| 0.3588 |3511.8865| -13.1902 | 1.0110 | 13.1902 | 13.2298 | 0.3780 | 202
4000 |3998.4897| 0.4099 |4012.7315| -14.2418 | 0.3701 | 14.2418 | 14.2474 | 0.3562 | 200
4500 |4498.7576| 0.4611 |4513.3155| -14.5579 | 0.2299 | 14.5579 | 14.5605 | 0.3236 | 200
5000 |4998.6891| 0.5120 |5012.1374| -13.4482 | 0.0405 | 13.4482 | 13.4492 | 0.2690 | 200
5500 |5498.9396| 0.5629 |5510.7635| -11.8239 | 0.5993 | 11.8230 | 11.8400 | 0.2153 | 201
6000 |5998.9944| 0.6140 |6010.2707| -11.2763 | 0.2399 | 11.2763 | 11.2798 | 0.1880 | 200
6500 |6499.0114 0.6651 |6510.6915| -11.6801 | 0.3850 | 11.6801 | 11.6874 | 0.1798 | 200
7000 6999.0067| 0.7156 |7004.7168| -5.7101 | 3.2958 | 57101 | 6.5947 | 0.0942 | 355
7500 |7498.8904| 0.7665 |7503.5713| -4.6809 | 1.1396 | 4.6809 | 4.8200 | 0.0643 | 224
8000 |7999.2559| 0.8176 |8003.3069| -4.0510 | 0.3711 | 4.0510 | 4.0708 | 0.0509 | 203
8500 |8499.2464| 0.8685 |8502.0309| -2.7845 | 0.2326 | 2.7845 | 2.7983 | 0.0329 | 204
9000 |8999.2033| 0.9194 |8999.9066 -0.7033 | 0.1561 | 0.7033 | 0.7362 | 0.0082 | 240
9500 9499.4880| 0.9704 [9499.3811| 0.1069 | 0.3648 | 0.1069 | 0.4093 | 0.0043 | 42995
10000 [9999.2295| 1.0211 [9995.9842| 3.2453 | 0.6426 | 3.2453 | 3.3118 | 00331 | 216
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% 1-3-23~ 4 EE2P|IFFETR A 74

FREETRIR | % ) , & 57 4 ¥ PFEER AT Ad A
LA EEE .
X g £ 72 2 u(x) ¢ o] u(x.) uN) v
| ¥ i 0.05 mg 9'783/153;698 0.4895 60
g ¥ A 2.05E-08 m/s? 51.5 mg 1.06E-06 60
F. 4B 2.89E-04 puN 1 2.89E-04 0
F. ¥ i 0.0226 pN 1 0.0226 500
F, 4E2) 0.0384 uN 1 0.0384 200
AF ¥ 0.1433 uN 1 0.1433 2
AF ¥ ik 5.0553 uN 1 5.0553 200
4 £ (F)% 500 uN = & % 4 £ A& u(F) 5 5.0812 pN
St e LRI R &”(F)—lozo/ pd RV, =204
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78 = & Surr ST s
4 £ RlE R 0.5mN ~10 mN 0.2mN~10 mN
A RN I 0.066 uN 0.023 uN
P E R AREIR 1.097 uN 0.038 uN
A EBR BRI IR 2.80 % 2.04 %
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4. p j%(80.00 £ 0.03) mm > B & + 3t F3|4, pj2 79.979 mm s 5 & 5.30 mm - £ & 1000

4.7 mm > & & (1000 £ 2) mm -
5. M /5(160.00 £ 0.05) mm » & B + 3t g & 3%
1mm - & & (1000 + 2) mm -

5. p /& 160.008 mm > & A 7.63mm > & & 1000

mm e

mm e

mm e

SRR A S R S
% 0.002 L/min X 40 L/min -

3

F Rl F B 2 0.002 L/min = 40 L/min -

Fonfpd SR P BE B AR AR
PR PR R R E T M 30Pa-

R4 L et 10Pa o

Jﬁs;@%P\ ;F‘m i bk’ I'-E F'& g_l"(.*"015
OC °

B AR 015 C -

5. [ Al ke ey 0 242
(1) & on i re g Rk 5(EL3)

o i EEITE WAL

’L /H HJPE_'E" /?J/J “LJ? ‘ LW_IF']%%E&T 3\],35176'& ’ 3@ e ]% #* 30%'& ° ‘ﬁ.-& %%P\

W4 fxg4mmi) ¢ P4 533 ERE R BEHT LS

73 > 1 105# H &4 gl fh e it

s R 0 539 B R B Guildline » R & ot °

FA M A e R R BT RT3 AT AR © st

TR T %R K e R

AALo R HE A FEEELI00 2 (18 KRR S

E*#&ﬂ%&bﬂﬁﬁﬂ)fliﬁﬁiﬁWiWﬁ@MQﬂ)%iﬁif TR B

7
SRR 2 ATERPNRFRE

. Rk %

v B TR TR AR 2 K e e

AT VAR ST RRUTE R TR RE E B R ko ani RNk s
B S T H R - BRI h i
FRIRDHZER  FHRETABHP - AR FEHRET B PP T

e pEdEde 0 N EIR e B TR

TP LIRS R A G oo 3 S & R

L ENERTIE AREFRETIEZ BERPIFTR 0 R BRI

(2) % okin BRI & %(FOL ~ FO2)

® /:‘(‘ .g’l‘a %;F E:Zj} FFH %E

RERL AR EFPRRAEAFTREE T 1) P REFARAEZDT Y

IF ’ Z)g{% z@/__\ EXCELpé—rr 7 B2

3
SFL RN ET B E O ) ikiy AR ES AR

;< —’3‘ {8 “'E'_}:\r Z = Fg m - ’ )ﬁ‘(rl pg lE’ /P l’j Z‘d' I? lé‘g{i F\: ‘3;\

161



FH¥ R REIE T ORID AT AN 2 Rk BRI AT ARk
ﬁiﬁﬂﬂ”ﬁ’i%éi#iﬁiﬂu’lJ&%QM\D@Hiﬁ%’?iﬁ
PETR AR RS Rl THRFLZRIAF L FRER S ¢£}ﬁk%@
FEERIFE ¢ 77 FpFiE m$,¢aﬁ3ﬁﬁﬁLiﬁov§@n R
BRETHEEY ﬁ%@@@&ﬁvzgﬂkaﬁ s F% g %@’ﬁﬁﬁﬁ
M I F o b RBER RN G 0 £ATER mﬁ‘ﬁiﬁ LRI
Fo TERE AR AR APGE O BRSSO AT UL FEIT

(3) B & 7 %t £ & 5L(FO5)

Ja

Bk PR TE R HERET Y G
WEFIEHUPH S #> 2 © 5 g HER 11 G
JER o F oo BRI F B3 AR It
BARTM R ER R o fLE 5 M UTR Z 3 4o % 2154

* R R

PIRR 24 2 {4EHUPW > ksie AT R
e
02 C #& k.
Rid o LRI EESp% o

(4) © FE & WA~ 47K & &k 52 (C1l)
o ki iiFrr il RPAR

d A0 FRiED LA d;
MBSy RfeaR R T MK ERD

.
= ?;t_

g
I

* fFi
B R K-
LAY F o L0
:t:'_—‘ s I :; 37 El /;l U

L/‘E

Ao
0 =
\‘_ -‘-‘E/
e
o

162

= R T

AR Bl S E A R R e S
Fo AL E W B TR ATH limit switch > gt limit switch® r

B'f‘“__’%;

R F)FR 2w

; Q#HUP,HJ o R mERE R

RiL iR AR
’ﬁé’u?&fvﬁ%ﬁﬁ&ﬁvﬁ o

o b F B ﬁxﬂgg&&ﬁﬁa
+

e ?r lk—)i%i

"(%é%'ﬁiﬁ ’]"7}?‘ ﬁ’ﬁ,xﬁ)\;ﬁ%ﬁ

8 B (0 ~60) C%RAE (10 ~ 95) %RH @ =
FHRFY



[(~7ER&]:
M BEEFEERHZTNML)ZARAEF2RKE > T 2RNAEFERZHEE2LFY
Foh 2 A RIEET Y  FT S ABFARR RIS RS EREEZ SR
% R ¢ (CIPM)4p 3 327 R (MRA)Z & ¥ &1o%4 » ik & Rleh- REZ Bapp it i
BRI EARTETAY  BEA ¥ 32 - F 2T REERL T Lo
1. AEREHFLI8LI0 2/E 2 - BRIPEF - HERP AFRDI - RREC &FTHT)
e B2 600 B AR B el > L 3F 180 e 2 R P HALED 0 AR R REEE
ARG EFE 2 Bp- K2 BErit o JER B F E X 200 o ek S
B2ZREFOFEFENBREE AL 2 RAIT AL ETEE T E S FRA D AR
2. %2 APMP ~ F*% 42 BIPM & 85 £ (CMCO) % -5 B d » 2 {797
BRI $HES s 402747 CMC» A R € 2 - 4213 CIPM & B339 4
RECCL) ~ kR LfgifiRiat i ¢ (CCPR)2 B2 /424 A/kEFaL | ¢
(CCAUV)gL% B » % 41z APMP $#4 £ ¢ (EC)4 | ~ %8 /43 R/i=d 205 2L B
§(CAUV)L A 2 FEF 1 fFei B SRR Fod2 88 S48 2 ETA
B2 EZ AP RT o
3. P£18 2 B Rt

E:
J—EFA J_ﬂ €/

)5.1,
p.v‘y‘v‘v

BARMRSEFAHE 2L 2 /ha L w4
33 ;’E_"_?,gAﬁiigl"Zif‘:(aiﬁagﬂl‘__‘g%é% e LAA
RISy B2 ph 2 R BARM AR Bt 2 o MR R FAHA R Rt
ﬁ’%@“*@ﬂ“W%ﬁi%ﬁiﬁﬁ’ﬁﬂﬁwﬁﬁsa&1ﬁr§o

4 PR3 R B GRTRAES > S hEE B E R R RS HEB KT TR
FA R E AR RHAREY FLFE ] R R AR R L
£E& o

24
h
v

\m
&~
ww&

i
Tl

%24

163



164



~

1FVEREER LR

(=)~ p B3 BLE STRIEES R BT

[ > et = prag]
106 £ & p 107 & & p & 108 # & B £ 109 # B p &
B0k BT BLP|EEEL | p 5 3E BET STBIRES o p B0 BN G STPIEER o p B0 ik BT BPJEEHE
e e pi =g
VAR BIA R VRS T B0RE A | VRSB R T | VR & B BT
& P & P *@%%&&ﬁ:"w i » R 3IFEEL
& dh s e R AL T MR 2| b RiE 3 g w2 L BT
<S5um> e ELi< & > R A< 01 a‘?—iﬁwa"—im
2 um um» % 3 fih s 5‘.%‘1
kIR s | IRT e
o & +180°
pre riraghaig b O E L B RER (T E LI E SRR | FEL LR
i@ B o -10°~+80° | g2 0 Hjke e B o B EFa E Yy
Tl SRm@TR<05 | YIS RS 1EPs | YILBLR @@ﬁ-/*$zaﬁg*w
% | YISO 230-2/-6 £ i#] B FEEAN | AWAlEr o 10 EREHAARE
B g A RS e EE )
| BRI 3 VI n gl 52 8L
um P (7 NML| 2R £ I?_Li 10 o b § i BUE STRIEE R
CMM faz & RI%| um p (3 7 FpliE I B
%) PFERR)E AL |0 B HE HRER | VR ERERD
E sy iR feo P TR REER
ER i VIR B EEE R B 3x10°%x L
o BRI A ViEHRE
+1.5um p(FRER) ERIFF<12m
BRI AR
1um+1x10°x L
[*2R P #]

BB i BEE SRIBERN(Z & R

o g P o

o4 B P27 R<05”
*1SO 230-2/-6 & i
T4t 3 ump

Y130 P 0 UNMLA: £

165

£ ip] % (CMM) 7 5

R R B A R )
FA<S5um > fheEL <2 um
ok T phE g & R 5+ 180° MR R A R -

10°~ + 80°

R4 G > H- piREE

iRl




(7= %]

BB BEE BERIBEAEE S S P E T BERIEEEE L 2 RS T 4] kg
00 e B ok e o HARERG M AR Bt @ﬁﬁ%ﬁﬂﬂkiﬁug‘%++
o BT AEZ k) e FP 0 2 E R DA s SR R 0 P il e R A o
B2 ¢ WP T W R AL (B REER - phv )0 L FH AEMES 2 P L 0 M6

SRR AL R kphE 2T EIRe oA G ZphEmE L T 6%&3@%4\&-
EHRR P2 53 M A K HEFL(RUNOUL) | >t 5 um > #7023 R it 3L
op g ol 2t 5 um e
1.2 & & Sk fhst

%‘ﬁ@ﬁﬁ§%+~&ﬁﬁﬁﬂﬁ%¢é?4a Fein- R A 2um P o

B8 PR BHAS Bot £ B HRE R RCMMFERSEE? < Xphi 06um Y

Phih 0.6um: B AT EEI<2um 2 P o FEMFR Y F AL ITLIA 0T BANER

PR TP ERACMMEFERIEAE > AXAFLELAZZ AR EH 8 FHE

Y S s BplAcB 2-1-1 Tia% % Z-X T 5 B3 Z 5(0.6+0.5) um> Y-X L 5 &

X 50705 um > &S EL<5um p & o

RIFEHC e

i+ a4

e

-180°

o
o
g
o
Q
W
/ 1S
| .
1% o g 4
i?‘- 2
<
J N
> =
3
~
o
<

— fifE i _Z-X -
[ — -1
e mﬁﬁ_ov-x_?ﬁﬁ o001z & 000056
.- o3 T Y% i )
' = 0.00054 Y-
. B 2 b’ 0.00061
% 0.00043
2 ; 2[2:0.6 £0.5 pm S
. B8 vy T - H e
- ooons [#5[X: 0.7 £0.5 um CMM Feias &

B 2-1-1 ~ BEped 44 3 %

2. %% & B 7| e s Kt
ABEBUREE S 5Ll Bd S BAFed s - ZBREEAER F- JARAAE AR A
B R e & R Bt S R A R Rl Y i & FF

<=

166



Vo R RE B R E R A R RS PR R o i b BX S
Wrr B o ¥ L EEH b & B F PR R B ondic® K3 blde Aol s B (T A k)
AL R AR B RERIE o “fﬁé FEA S om g b R g B anfEir R o BT
ERFEEP 2L 5B At ARG FMES L RFERF - 2 BB R Yo b R
oy ST S L I

A E AR BT AL KRR 2-1-2 2 XS FRERIERHT BB LR
F B kT gdE &+ 180° (R 2-1-3) > i Fredk & - 25°F]+ 88°(R] 2-1-4) > P & &
Wi Ak R RAcd 2211 9rm o B A BE R A Fhd RERFES
A RHRA AL P R o

P T X Es B(F 2-15) 0 B ke aiies s ~idared s Ak RAR
o CHITARS o RAT R GRARD 0 e R AT L KA 2 o R B
W AR T S PR T A BEmm o xR F A & Fgt s b ghE BT 57
mm B Fl ¢ 3 9000 B Bl % (lines)z ~ & » ¥ $fe 4000 fm A BIELE » R G 4ET| T "Gt
?ﬂﬁ—%m@ﬂa%”i&ﬂﬁ&%%’Tﬁ%ﬂfﬁEJWmmﬁW@ﬂﬁ2%%
i B % (lines) z =~ > 1 3572 4000 ‘w4 2B £ BB T| 7 i v F D+ - B%#0.0147
R ANE > d R dtir2Z ¢ R AEREATR > 7 E£0.227 (B 2-1-6) » £z *
AEAM 10 um £ %1 2 #F 2 (0.01 mm/1000 mm ~2” ) -

i?§@¥éﬁﬁﬁ%%ﬁﬁ%i&iﬁ@ﬁﬂﬁ&%%ﬁﬁ&ﬂ’R%éﬁﬁﬁ
&fEdrar 4 7o 00017 > eEHET SRR ERBEGER ~ RH)FF 0 I B
ogR# 0.0367 T AR o FIL RIS NS R a‘vvz?u}'ia(fﬂ#/” |5 5 Moller-Wedel
ELCOMAT /3000 » #c = f245 & 0.001")% & % i§ 218 {7 % — ] 360°8 B > p #4283
B % 1296310" +3.3"> ¥ 5 16 T Pt et BB F)0% e R 0 % % P~ 19 (36008612 + 91) pulse
BESREHRE00367 g E 0 » BE]O0S AP

-

-\

F 2-1-1~ S pgg e & BRI g RS

+ g T b
p AR B -10°~+80° +180° ~ -180°
K iE -12°~90° +180° ~ -180°
w 1SR P -25°~ +88° ~ *+(+180° ~ -180°)

167



4o

Vs

N ) 'l J \_ J

180° //

TR ERE LR (R e S REES )
Bl 2-1-3~ T @R RO & A

(a) » T #rd -25 (b) kT#d O (c) w1 #rsgg

Bl 2-1-4 ~ 1 fEpnd ek

168



(arcseconds)

¥ oo
B

T4k & & (degree)

B 2-1-6 Afic2 4 R~ ®ma T 7idx 0227

#18
d_@lzﬁé';@.
— LR
— %% 2

&

Bl 2-1-7 & & ~ iRl




3. 1SO 230-2/-6 #ic %8 7% ic 3% 22 P&
po#e i BES STF R gckE e 2= 7 ISO 230-2/-6 chE plAR > ¥ ER * —“Ffi'éﬁ i
f§ H 1 1SO 230-2/-6 i) » 13 * BT ST BRI T EL ERIERF - PR
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B e
(1) 85+ RER: FRIFTHFHKRe & AR E EH USBERE > X R/TH
2-1-8 4k E 6 ¥ R AR T 0 BARSFHS  PIEER TR TR E G ¢ o
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Threshold Value) » % /& 2 T =08L B #ic(Average Number Per Point) » Start 44T =
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B Laster MK-|

Laser Interferometer Laser Tracker

Laser Interferometer

Laser Interferometer COM  COM4

RIEE

- 0o X
* Rescan *z

Open Device

EE
g WESm 1SO 230-2/-6 Testing
Illlllosm% .
" il 63281850 am é’
Average N : . 2048 Coordination
il 0% 1o 2810 DT <., Foo () 6000002 @
Testir
Qi Write Read =t
Laser Interferometer Displacement
T Ly Results
E [
E’ 0.0003 i Error Measurement
£
3 I |
£ 00001 £
& Setting
S oo 4
-0.0008 — 1
17 37 57 77 97 17 137 157 177 187 217 Do Measurement
Time (sec) M
Checkin
043 | Crens
E Measurement Deviation
0.3670]
= 1 Analysi
£ 3 nalysis
2 029437
s |
= 0. 2217:
s 4 s
o = *}“ﬁ i. .
0.14907
] [ 017911 pm
0.07632
37 57 77 97 mn7 137 15.7 177 187 217 Ii&ﬁm%ﬁ
Time (sec) Industrial Technology
Research Institute
/., N =% se
B 2-1-8 ~ ISO 230-2/-6 #ic %8 p|FE# B 7 At
AL EHE A2 NCH
150 230-2/-6 Test
Step 1: Working Area Setting Step 3: NC Code Generated
Controller Manufacture | Manully - Cods Generation
Feed Rate (mmi/sec) 20.00 3
Simulation]l | Simulation2
e o) 3002 Simulaton3 | Simulationd
ﬁ Simulation5 | Simulationf
Step 4: Performing Me
Al g % 1L EL
M B AR
Stable Threshold Value (m):+ 2.0
Average Number Per Pount () = 102
FPoints Update X-Axis Y-Axis Z-Axis Save Data Length 0Y) 63
Stroke of Machine [1200.00 = 1000.00 = 700.00 =
Start Point 0.002] 0.0 000 Start 55 (A e
Reflecior Offset 0.00 = 0.00= 0.00= alculatian v /e s l3t . oL 5
Moving Stroke 120.00 = 100.00 = 70.00 =
0.0000 * 0.0000 * 0.0000 * 0.0000 = 0.0000 = 0.0000 *
Step 2: Six Pomts Option - = = = =
P2 X Y 2
Pl 480.0000 2 500.0000 = 350.0000 = 0 o 0 o alate
P3 P2 600.0000 = 500.0000 2 420.0000 =
Pl pg P3| 6000000)( 00,0000 | 350.0000;
P4 | 72000002 | 500.0000= | 350.0000/= &
P
PS5 | 600.0000=  500.0000=  280.0000/=| F—
' taamit I
P pg  600.00003 | 400.00003 | 350.0000:] v IR - Ingustral Technology
Research lnstitute

A4 PR A 2 RIFENCH

@ 2-1-9 ~ ISO 230-2/-6 #ct8 4% it /i w
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ISO 230-2/-6:8] 34,

1

RIS A AL

PR 3 PN

Yes

y

ECE
'
EIFIATHE
'

A ARE
!
AL A

(*.pdf)
—

HAGH R E R

36 B R A 3R IE Bk
AR AE (*.tdf)

B 2-1-10 ~ 1SO 230-2/-6 %8 4 i/ 42

@ Machine and ASTER Coordination

Step 1: Working Area Setting

X Y
Machine Stroke 1200.00 = 1000.00 =
Start Point 0.002 0.00 =
Reflector Offset 0.00}2 0.00 =
P2P Distance 100.00 = 100.00 2
Step 2: Six Points Option
P2 X Y
q Pl | 800.00002 | 500.0000'=
o P by | 9000000 | 5000000
P4 p3 | 9000000 | 600.00002
PG P4 | 1000.00002 | 500.0000=
Ps PS | 900.0000:: | 500.0000%
Points Automatic Update P6 900.0000;% 400.0000 2

dEN®

700.00 =
0.00=
0.00%

100.00

350.0000=
450.0000/=
350.0000.2
350.0000/=
250.00002
350.0000/=-

X
Step 3: NC Code Generated
M

Controller Manufacture  Leitz CMM Code T

Feed Rate (mm/sec) 20,00/

Dwell Time (sec) 3.002
Step 4: Performing Measurement

m b
Stable Threshold Value (m): £ 1.0
Average Number Per Point (N) 103
Save Data Length (N) 62
Start Manully Capture Stop Reset
Step 5: Coordinate Calculation
L1 L2 L3 L4 LS L6
691.5127 =  810.1297 % | 822.0594 : | 863.9489: | 752.7373 % | 739.8228 :
X Y 2 Lo i

1313606 mm) [132.1072 mm| | 93.1106 mm| |113.7754 mm ¢
Step 6: Test Target Points Generation
[ X-Axs & Face X-Y Option Close
M Y-Axis & Face X-Z
M Z-Axs M Face Y-Z - I*KW&P%F}E
[ Diagonal XYZ Industriat Technology

B 2-1-10 ~ &2 # 1SO 230-2/-6 & plEe s
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ISO 230-2/-6 #4415~ & » FINMLCMM 48 = 5 1 £l @3 A 5 1um -
R B kRl o B N B B 2-112 0 2 X BRI R A A H AT
(R) (0.66 ~ 1.01) um » £+ & Etalon TRACER ##& 8|2 3+ ¥ ¢1(0.89 ~ 1.18) um » & % 4p
4o 2-1-13 ¢ F b x 4% NMLCMM Y #i 0 XY ~ XZ~ YZ & $ & 52 XYZ M4 & 4
e SR B R hoR 2114 T E R R)PB R ZE R dod 2-1-20 4 BRlE
%@ Bdh AP B SUM P REE o AEREMR A B B Bk 2 DR

o ™

&

X-Axis Measurement Result

Deviation of Axis Bi-Direction Forward Backward
(micron) (micron)
Reveral error (B) 0.42 - -
Mean reveral error (B_bar) -0.07
Mean bi-directional positioning error (M) 1.17 - -
Systematic positioning error (E) 1.46 0.87 1.46
Positioning accuracy (A) 1.51 0.69 1.51
Pusitionlng reEeatbiliW (R) 1.05 0.66 1.01

i+ E A 10.66 um (2 42) 5 1.01 um ( 42)
c TRIEEREA

X-Axis Chart, Bi-Direction Measurement Result

Bi-Diraction Farward Fackweara e

e Pi(i=1,2,3,.): B (L =
T:—.%_)y (mm) " E
s BHEEZEZRTEEP R | OR(ER)=1.05(£ 45 1) ) i
B o5 Y B3 v zon.7 az0.1 oahn a00.0
FZzZRFZEE P, -, -, o, .

\ P i & (mm) J
Bl 2-1-112 ~ ** NML § 5% % i& {7 1SO 230-2/-6 ##8 F Pl % (X #h)

Deviation of axis [um] forward backward 2 side

LaserTracer B (Reversal Yalue) Mot applicable Notapplicahle 009
F k| Mean B (Mean raversal value) Mot applicable not applicable 000
M [Range mean directienal pesitional deviation) Mot applicablo Mot applicablo 1.10

‘ E (Systematic positional deviation) 064 061 066

| R (Repeatability of positioning) 089 118 1.18

| F| A (Accuracy) ' 140 1234 140

T > €48 14:0.89 um(3 42) 5 1.18 um (= 42)

B 2-1-13 ~ LaserTracer £2 1SO 230-2/-6 #ic 48 5 ip| v $i (X $h)
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Y iih

XY$ & 5

32 45
20
T T 24 T 35
g 14 c17 g 25
Zo7 A=3.27 um %049 A=3.78 um | £ A=5.00 um
R=0.73um | ° R=1.21 ) '
"~k . p 01| =4, um 0.4 R=0.98 pum
0.6
7.6 1813 370.1 558.9 747.8 58 1394 2846 4298 5750 -85 203.8 416.1 628.4 840.7
Target Points (mm) Target Points (mm) Target Points (mm)
XZ% & 3 YZ$ & & XYZ% & 5
T en - Fod o Gk :: — BeDrockon — Forward - Bacheard - 820 121 Tt e ot s
st
~ 85 56 i T 96
£ 63 /./ £ - H 7.0
5° A Fhe : s
= o © -
2 40 ®27 — 3 45 o
A=11.09 um 3 A=7.28pm | 2% #"A=12.38 um
. 12| — g
R=1.63 um ; R=1.45um )’ R=0.95 pum
’ 2147 4384 5621 885.8 037 T 1793 3660 5528 7395 " 1858 3834 5811 7787 9764 11740
Target Points (mm) Target Points (mm) Target Points (mm)
N P Aoy 2 S S
(@ NML 2 plg %A 2B ma R ziE4)
z X Y b XY$ & 2
4. — Belencien [ vt BeDructen Forwara Backmant — BrDvocion Forward - Backward - $lo
48
E13-3 23 53.7
z23 E15 27
S = E 5
B4 ’ c 0. = B
3 A=4.51 pum £ 07 A=3.74 um g1e A=5.19 um
05 2 —
R=0.61pm  &°° R=1.08 um | os R=0.95 um
0'475 1813 3701 5589 7478 %8 1394 2846 4298 5750 "85 2038 4161 6284 8407
Target Points (mm) Target Points (mm) Target Points (mm)
XZ%t & s YZit & s XYZ¥ & 88
111 — Bv0veenon Forwasa  —— Bockwn — BOrection Forwa — Backwsrd 132 .
Ess e 50 2104 f
Sea S35 1 ~:— 76 =
B c < P
g ~ A=11.52 um > A=7.03 um  §*° " A=13.64 pm
. _ 07
17| R=1.00um | *° o R=1.47 um 29 R=1.97 um
.89 2147 4384  sA71 8858 75 1793 3660 552.8 7395 %119 1858 3834 5811 7787 9764 11740

Target Points (mm) Target Points (mm)

Target Points (mm)

B 2-1-14 ~ 1SO 230-2/-6 #c %8 % ip|¥7 Etalon LaserTracer %_i~ & rx & 87 & 45 |42 v\ 1

% 2-1-2 ~ ISO 230-2/-6 #ic %8 5§ ip|¥7 Etalon LaserTracer T_i= & 45 &% %

£ Pl haR NML

LaserTracer

X
Y
X-Y
X-Z
Y-Z
X-Y-Z

0.73 um
1.21 pm
0.98 um
1.63 um
1.45um
0.95 um

0.61 um
1.08 um
0.95 um
1.00 pm
1.47 um
1.97 um
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106 & & P &

107 # B p &

108 & & B &

109 # & P 1%

« ¥ %% GIXRF £ | * ¥ k% GIXRR-GIXRF | # & ik
P P Hoh GIXRR-GIXRF £ i
v GIXRF k2 £ i VR RIFER LR A | B
B kR R A -10° ~ 100° Vo5 Rk EWE R E
++(0.5 ~ 20) keV Vol BRI R R R Y B ks
v GIXRF &% # % /|- %+ 200 nm o H R <2
LA AT (HR - (##L 2 Hf or Ti or m> 5 & £ RE
Hf~Ti~Ta): £ Ta) £ <10%
AR R B A< o g % i GIXRR-GIXRF
10 % Pl
VERGREFRT A
% 1 keV ~ 20 keV
(&R p 4]

o = H K /RGIXRFE 3# & Bl > X iRi

o % % GIXRF & ik

[#7=%]

P X SRR N S AL ¥ FRIR] i Sk Bk (Ellipsometry)ig {7 &
BRAL e SEZREXROERETR T 2475 R Sdpps

& E AT S
Bray # &

%‘%’{,'12%]4

1‘]’ Kﬁ'{ » B

£ 4 %:(0.5 ~ 20) keV

sF

YRR ER R 2
’ ,ﬁ*@‘gf”&%ﬁb' e P
WERGEZE BR - AP §EETN 3 AP ERELE A B2

PEEE R ERE HER @4

A AT (A ZHF -~ Ta~Ti) > £4F B E3F£<10 %

e

g TG

Y

;87 & B e (Transmission Electron Microscope, TEM):E 74 » e — & TEM 5 Bl &

B

BERES EREPIFEES
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B 7
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B AR %S
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Plod BB 2R
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TRk E gt X ki Eo2bF
1»¢$:’§ FHEIF1InmT Cutc g i 42 %
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X5 3°~65° v '135 i
PiJD b AR AE o 1 % 4E(ADES H 5 i kR

L E) et @it £ GIXRR o 7 4 4 £ 7
it R E GIXRR Hirv 454+ % 20 & & % &
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LA S mLR) 0 AP
Joo FIME G EB 2RI R o R E WA e &
BRAPEAL  REEF
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2

H
%ﬁﬁ%ﬁx%%

it g R ER SRR




IFLF ik £ GIXRR Bt Pt F je it el 58 ’ﬁ A EREE L AL I Inm T
2 AR BT R

SRR 1 """"""""""" TR esEeene AL LA LILEE yo - " e eeepeccspecccqeanny e -

|

]
8
A

8
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H
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Intensity (CPS) .

8

Incident angle (degree)

Bl 2-2-1 ~ 1.2 nm HfO2/SiO2/Si # 4+ e ¥= 44 XRR & ip| % 3

poeh o gt v GIXRR st & 4 47 0 E R B 0 e o 2R Bl 0 2

LA W ORARE ) PRI P RS A AW ER T

it 24 R kiR % (Diffusion) > i@ & 2 ATen /A & A o o NCRK BHHCR] 0 2 P A%

&mﬂmﬁﬁﬁ%@ﬁﬂ&%ﬁ Arenfic R o R B FE E R BErE o Flt 0 TR

Vo WRHN R BRI Y LB R A 7% g R AT kA s R R B - GIXRF
%

TR REFTHRESAFL R TR TR A BB S KB AT X R
ﬂ»%%?ﬁiﬁ&ﬁ%&%k’?ﬁh Bomdo NINEKF AL FERATZAETEAS
Torkl B A2 BT Y GIXRFP &R 40 MBS AP B2 A4 55 31~ 23
W 4 TOEENR ER R AR Z ARG BHEE T o d 2 GIXRR & GIXRF BB %
WA A FA AR - B RREAY > T KRR RE L QRS T

# > GIXRR/GIXRF & B & 5 & /427 R Bl4o @) 2-2-2 -

ek d it g GIXRR #7ié * drie s 4 3 2 Bl £ o fok b ARt @ adr e 2 E
AEEF - FRP Ra PR RAFEE LR NE £ 10 GIXRR/GIXRF & 0 FJt &
FEFESEHEEF 2L GIXRRIGIXRF Fg ipl kst p 7R ki T #4HE AL B RE
oo SRR ERT A PR AH I ERDE YRR 2N iog 47 ¥ BEY
(HfO2 ~ TIN & TaN)E B # g 74 (7 » & & * 3§ & £k £ 2 GIXRF & 97 Hf »
Tidd Ta~d w4 itr o =R EREHM RS T E 2 2 B o
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GIXRF GIXRR

10 . B a1 e P O .
mmwm
94 W/B4C-1 muldayor wia 1 L 14
] at Bragg angle (s, = 0.625") A L 1
7] 1 =107y
w-Lp
S e Em‘! ]
% 51 Elastc scattered | "
E 4 (15.0keV) g 10*4 1
g
8 5] o 1 $10°] 1
(14.54 keV) (2 deo 1ioese A
2 i 10°] (@=39nm, 1'=0.428, ]
¥ 7 N =10 bidayers)
1074 (.)

Incidence angle (degree)

! 16
TiAl cap l

i RERTKBE &R
The:{r;glzsioz § & ﬁﬁﬁ‘ & 7'5 'i_ IIJ\*ﬁ'

Si substrate

B 2-2-2 ~ GIXRR/GIXRF & | & %5 & i 427 & B

1X b Bplk soal MR 4] 38 L n K
X kB S f] B kBRI o] 2-2-30 KB R UEH Y B 70 F A0 X kR
& Xk & d Bk B(Monochromater) i 7 X B B 18 £ 5w 18 5 2 gk 4 (Slit):E 7
FoRZ iERE T AL B SR SCH RS > BB AR B A - ks o (Goniometer)

b2 SRR RS R AR X KRB L - R R LB 2 sk
WELLS o d P BT o

BEFE

AR B

B 2-2-3 ~ &P & Sk Bk 3t

g X k- kB3 o X Hend FEPT X kA 4T F 8 F 1 TR R R
BOXRgeAn g2 fE ot APE Y h R LR X R grde Hes o g X R TR
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% 7 % #ic(Mass attenuation coefficients) & (w/p) > B £ s & % % #(Mass energy-absorption
coefficient), pen/p it £ 1.5 keV 4 &] 5 4.022x10%(cm?/g) ~ 4.001x10%(cm?/g) » %% #
(p=10%g/cm®) r & 17325em jed g 2 12 5 & 0 Fl R R BALH Ex v dRivo o
SR ph(0) 2 WP BER(20)K ARG ER o 5d R E 0 4B 2-2-4(a) & B 2-2-4(b) 0 &
W RS ER0)2 R BHh(20)F e Bk LR B EREPIFEEZ DT FE 20 F 5
AELRE Ea G ERIAFIREFL LRSS -

(a) 26 circle (b)

20 circle

20 rotation axis

6 circle

hssistant virtual line for 20 _

reflect X-ray

0 rotation axis
20 rotation axis
0 rotation axis

Bl 2-2-4 ~ 1% & ph(0) 82 BRIE $6(20) 5 () » & ()5 £ &

TR EZRM G- RO - 0 B4 E 4 (Dial Indicator)- S E T A E R BRS
i iE'Hi b BBk STk 5 0°-90°~180°~ 270°7 1 BB 5 0°~90°~180°% 270° >

L 168E > AT HIRES T8 pm > Fp AR B2 5 X Ad B 2-2-50 ¥ ¢
4] 2-2-6 #rom 0 FWEE éi“ HE T (Ground) ¥ - HERHESEF 0 AESEL 00
90°~ 180°% 270°% > H LB 5 5 15um> AL LB B 5 Hoibd - b2 BRILEES
B 4ea ”’“rn*éiéf‘liﬁx'l‘ AR E o

LAR & o 3HM2080 %
23R 4137 B RIAR L 3 8h(054)

H % 2280 um

@6=0" (26=0°,90°,180°,270° )
0=90° (206=0°,90°,180°,270° )
0=180° (20=0",90°,180°, 270" )
6=270" (26=0°,90°, 180°,270° )

B 2-2-5~ FRI® EZFMH %= U oS R Ehz X i L
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LR RE R AR
o | (Ground)

2. K & 3m E AR L 2R 8h(0
#h)

S L = F A8 &N 720 pm
) 0=0°,90", 180", 270°

B 2-2-6~ FRI®EZFMHB- TR FREMRHEL

T RIBFRRZAR ¢ 7 2 HPESOE T LR 2 R S 50(0) 8 1R E #h(20)
KPRl c FALHRETERFARDE > POERPER Y v B X kL vy
WA BRI EF Y B X B RS S 2 R MG 2T R ER R o
BRI g R Eh(20)30- 4°2 4+ 4%ck > PR B RG> THRIE LSRG E
& (Direct Beam) o £ ip] 5 % 4o B] 2-2-7 #77 o /&8 7 PR @ 4 4 0%  FER E IR
@ AR o

Beam Center

25000 L.
(1]}
- ....
20000 » L]
d \
B 15000 " I .
(%]
= . %
-8 100001 I .
= -
= I \
5000 .
. .
L]
04 LITTL] I S,
T T T T T 1 26
4 2 0 2 4

B12-2-7~ F5od Rl B & R jcE ko P2 i ing 5 0°% o AR AR ¢ B A
X %
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¥oob A B RIEE P ERIfET R € % B X K34 & & (Divergence Angle) ## 3 - B
2-2-8 G BRI 4 B SR 2 P AT E RAPE L XRF S ELY SO SRR F IR
FHEACER & 220 T 0 F AR (18°3 2501 B ) g R AR o A HATE RV B8
R B v KAE W“*%%ﬂlk?éwrﬂ~%&iﬁﬁ4®%%&ﬁﬁ%$%ﬁ,
A RFR A TEZ AT FRIFICER > Aol 2-2-9 T o BEFE AR REE T 2
WELR RS > V@I R FATE R R TR R A > 4oR] 2-2-10 1w o Bl E F Ao
FOREE T 308 mmpE s wE B 2°2 FATE R o

0.1 d_theta 6
2 E-3
2
B
=
[*3
[
E-5
E-7
d_theta 0.1
T T T T T T T T T . T . :
0 5 10 15 20 25 30
Incident angle (deg)

1 2:2:8~ fifk o X L840 R 2P H B2 F M35 4t

Beam Center
25000 - e
.lll I -l.
20000 u I
[ ]
15000 I L
3 L]
S 2 I
< 10000 L
2 |
o s J IDivergence angle
& ! SN3
04 wman ¥ -
T T T T T T T T T 26

F12-2-0 fid B pIE Mo £ R BT LR T AGURE 2 AT R R F LR
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Slit open Size V.S Divergence angle & Intensity

90000 -

82016.82
80233.39

80000 -

77178.39
70000 -

64262.018
60000 -

=3
=3
=3
=}

40000 -

Intensity(CPS)

30000 -

20000 -

10000 +

0.4

0.6

0.8 1 1.2

Slit Open Size (mm)

931328.76
3

3.5
=O=intensity
=@=Divergence angle

Divergence angle(degree)

14

B 2-2-10 ~ 7t SLB T %) AR ¥ 2

fok e 14 %0

FlE s 0% * Lok kPR K ﬁﬁ’ﬁﬁ%“’*\@ A F

FEE X % 4 B S L 4 s

AR B IUE <k 58 B

fhi 0 & B Sidh i £ 7 - & (Photodiode) T ik » JEE U ELME & ] & IR 0 7 2

SRR

9.00E-009

[ | ]
8.50E-009 |
"E mg

8.00E-009 —
am
] . ,
7.50E-009 - ‘
(] ]
(] ]
7.00E-009 - ‘
s

6.50E-009 -{

Intensity (A)

6.00E-009

5.50E-009

Angle (Degree)

Bl 2-2-11 ~ Jfd th 4 ds gk
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B A EHR S 9h(0) 27 1 R B 5h(20) 5k St b b0 L -1 R E $h(20) 4 B T XL 8°% 4°
V%(G)#E%%‘Jﬁﬁ*f 2°% 6°01 % 0°F 4°, BLRIMELME 2 M B % §F A 4°% 2°0 1Y
R e h(0) 2 R B Hh(20)2 AR E R AT BAT 0 SR R 0 RIS R AR
2-2-12 #77F > #TIB 2 B BT R W 5 R B(20)K A B2 - X P ¥k RS
PE o R R0 B I I AR o

50
1400+

n ] (a) a.\12007 (b)
% 30 Q_ 1000
: 2 0.
= 20
i -%‘ 600
< c
_'q__a 10 5 400+
= ‘S 200

0- o]

2 3 4 5 6 0 1 2 3 2
Theta (degree) Theta (degree)

B] 2-2-12 ~ 1] B $h(20) A %] T Z_1e(a) 8°% (b) 4°FF » 4k 5-$h(0) 3T dE F fy ¥ 18 2 2 L&

s P RREARZ GO SIO R P E TR R E S 120m
SRR @R S S 4oR] 22-13 96w o f ¢ B RS BHE 2 (AO)E R E AR M -
BN e 22-1 B

B B=AGA £ )0 (2-2-1)

FEM-E £ GIXRR BRI AF » il 7R ABE AT A $7E T2 - F 1
F(SIO) & Wk B 2% 5 1474 nm o E %k & F B @ ¥FIR] i & & (Spectroscopic
Ellipsometer, SE)£ ] » = # T A 55 * 0.154 nm ;& & i£ 7 GIXRR &€ 7] » 3% 5
BRIAtr 8% (¢ S4EFL) « AP WIFX B A 4% 2-2-1 2 F] 2-2-14 #77 >
BEFREALERAWHEFFEACABY * TR 2L FFHRG L4 7T

= o
fER R E X CERERIERT (T
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1074

Intensity (CPS)

—
c_l
L

5 10 15 20
2Theta (degree)

o

B 2-2-13~ £ 12 2 5 SiO Esgf & 2 £ £ (48¥edt ) X £ F G288 45 4

% 2-2-1~ 7 IF SiO2 &5 & A~ 47 7 2 v i

g2 SiO2 FWE & &Rl A 478 %
IR i % iR (14.84 + 0.10) nm
GIXRR(0.838 nm X & £) (14.74 + 0.06) nm
GIXRR(0.154 nm X % & £) (14.72 + 0.04) nm
14 .95 4
14.90 4
T 14854
-.E [ |
A
g 14.80 4
)
S

1475 I
14.70 o \

14.85 : . , : : : : i ,
SE GIXRR GIXRR
(0.838 nm wavelength)  (0.154 nmwavelength)

B 2-2-14 ~ 7 ¢ SiO2 F W5 & A 477 2 v i

2. GIXRF & mik & 2 A 7 HiF

GIXRF i St A T2 FR (TR A G A A 0 $ - s L2 FHWER £
YHREZEUE AP AL R FI R ER RS A AR UTR AT FEE

(HfO2 ~ TiN ~ TaN) 5 & $& & » & & TEM £ 4755 % & B4c§] 2-2-15 T 2-2-17 #777 o
& TEM 2454 » 7 P B4 9 HO,  TIN 2 TaN s &4k 5d 23 44 U7
AHEFAFE S CF P REFATHEEE RS K o T RS SE
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7%+ i £45 4 4~ 17 %k (Electron Energy Loss Spectroscope, EELS) & & 4 47 o d gt & 47 ¥
EE > BT HFO2 v iE 296 nm 05 & > TIN #5523 291 nm 0 A B » @ TaN & %
B RAZ 3.67nme s ik-¢ ¢ !f%w; s W R AR S8 iF R A K GIXRF
BRI R REAMHELE R BTN B et 2 { HrE2 GIXRR# & #7) -

SiO, %Hf20§ Passivation Layer

ectrum Inage)

Si Si()2§ TiN  Passivation Layer

I

& w B %R OO
P - - 1 o2 SR - TR LD ket

3

4 3 8 10 ] ] 16 8 20 22 24
nm

FWHM of TiN =2.91 nm

B 2-2-16 ~ TiN &4k 52 TEM #§.2 EELS » 7% %

185



Si ‘Si()‘l TaN  Passivation

Spectrum Image

CK

©SiL

I AN 2
bl | TN

T " sl

" FWHM of TaN = 3.67 nm

B 2-2-17 ~ TaN & %4k 52 TEM #2#% EELS » 7% %

gz 3MAe o GIXRF 444 ¥ - 2 E sk ik 7~ A 470 7= 1% £ B HFO2~TIN ~
TaN GIXRF 5L R £ 451 » rris @ * GIXRF #-3)& = 2. Bt » T % 5eh
Fidrd 2-2-2 - HfO2 2 TaN ~ % € B RI#riE * 2 Lk £ 5 10KeV > TiN #7¢ * 2
Kihi 5 6KeVe »wBiplE B% G K kP g 2% F £ 0 (Mass Deposition) -

®
n’&—i:ﬂf‘_,?lj’ﬁ" (s LN L J O

22221 P EERSLEATR

RERHE | R&ESAL RERROQCMY | @& * kK £ (KeV)
1 HfO2 on Si 9.68 10
2 HfO2 on Si 9.68 10
3 TaNon Si 16.3 10
4 TiNon Si 5.22 6
5 TiN on Si 5.22 6

] ¥k kAo B 2-2-18 #rom o ¥ Bk Hf i £ B

ST BArd 2-2-3 AroT o

% ‘JT;}% Earl r»eR2 BRTIE% ) NE & EEREEL > ok 2-2-4

I 2-2- o P EMHERE EFL 0 AT P M e ERHRE L (0) R TD

N (V) ESRLN] (C,,)zg @ W) % £ Tk #(Coefficient of Variation) » H 2 3% 4 2-2-2 #757 ©
EFERFIPHREEAERE EFAL YL 10%  E A ER TP o

S F T

PR & S 2HFO2 sk 352

=2
¥ 73 ’Fﬁaubﬁ‘i‘% o E BT HiEIH

e

i
L
5
I

r'l
Al
e
>3
ek

i
_;\.\

G

1

mf

A

3+
9 \
[l 3w

Eo N
i
8 #

€y =2 (2-2-2)
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10000.0

1000.0

8

counts per channel
g

1.0

0.1

Si-K

=
=
-

Hf-La

Hf'LB15‘2

bremsstrahlung

1 N " 1

Rayleigh

uul )

||||d Ll 1l

B 2-2-18 ~ HfO, i sk & %

photon energy / eV

o 8 i

T AR FEMHE
EEHL | 2% | ~EFEaH (hglem?)
1 Hf 832
2 Hf 1278
3 Ta 2879
4 Ti 621
5 Ti 667
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%224 - Hh&E 12 NEAFFEHE S THEfrfR A ERE L
ks = A% FRAE (ng/em?)
» 5t () <4
3 817
4 833
5 842
6 830
7 842
8 Hf 837
9 821
10 836
T 35 @ (Mean) 832
# ~ L% £ (STDDEV) 9
TR RE BFA 11%
(%% i)
2225 B E22 NEAAFTRHE T E ok AR L
s ° ~ % FRiTH (nglem?)
» & R (°) ~ %
3 1293
4 1282
5 1288
6 1273
7 1293
8 Hf 1263
9 1269
10 1266
L 3218 (Mean) 1278
#* ~ & X (STDDEV) 12
EAFE R EFL 0.9%

(%2 i)
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4226~ %532 A4 T frik MR8 X

(e

(! \

B

w ™R
|k

g
o

(Bl

=+

ks A% R (nglem?)
» it & R (°) R
3 2877
4 2871
5 2850
6 2901
7 2868
8 Ta 2956
9 2893
10 2812
T 35 @ (Mean) 2879
# ~ L% % (STDDEV) 42
AR EEL 1.5 %
(% 2 %K)

%227~ Hh&F427 LA FFENHE S THEfHRAMEEL
4

ks A% FRmH (nglem?)
» ot & R (%) ~
5 624
6 616
7 619
8 Ti 625
9 4 629
10 <3 612
T 358 (Mean) 621
# ~ L% £ (STDDEV) 6
£ B R A 10%
(% %)
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228~ H&E522 LA FHFENHFE > THEfRAMEEL
5

e ~ % R (nglem?)
» ot d R (%) ~ &
5 672
6 667
7 660
8 672
9 Ti 653
10 678
I 3218 (Mean) 667
# ~ L& ¥ (STDDEV) 9
FAFE RS L 1.3%
(% B a¥K)

TP EETEEAFRFELCEFERE > TED L F AT RS R Ao
2-2-9 7751 o EARHRERETIERE S MV EAAHESF PR OHER o

5 3L A% A% R (nglem?) 5 & (nm)
1 HfO2 981 1.0
2 HfO2 1508 1.6
3 TaN 3101 1.9
4 TiN 802 1.5
5 TiN 862 1.7
[ %4 &2 g ]

2016 # WP L HEMWA XS EPN GDP 9 13% -~ X WA EY NG EA BT
L3V A B A R0 F o+ J50 6k 10 R AR R RIBATR B 0 RS R 2 A E i
B RE Mg BN AR E %‘rﬂ?"'iilﬁf"’ WEH e Y RF L LR o AL EWapE
w4z ? > F it (Die) & 1 7 L&T,{ut.fﬂ'ﬁ’ LppenE R R WA K H 3R]

AT i £ %%“'Joﬁ E R EPIfEITRL > - & 2 Ea it 5 g% 47 (Front end of the line, FEOL)
¢ BRI 2 & A B2y EEEEERE > EREEALD R LPY :ﬂpal“:l ' #-
g%%“mli’?}il?%’%\wi'f’z‘.sé 3 L4 '*‘ﬁg—%-ﬂ;b" mERF > FRHGEAF

™

190



Pt X-Ray 7 8k » £ 5 0154 nm > » s30 Fpl L oG 2 Pk o] 5
om? % o A2 A2 @R R 6 (TestKey) 7% B 420 i F Rip] o A im0 Al de
REGLE XCE KR e SR £ R R ~ s X BB LT 50 x50 um? o g L
Wit B R 5 Y BRER R SR BRI R RS FT LR
FHEL 5T YL AR > A B AL o MRS = 0 GIXRR HE RIECE B B RS
m GIXRF RV #rr Rtk &? ~ 222 2% 08 bt * GIXRR 2 GIXRF &4 &£ #
P F ¢ BIIRE PF o FIREE F 3 2 BT el AT - 2 A fEP e BRI B
FHHPASES B S R R RS TR B8 T B A H e ]
Bfp R AR Y E - e R L O TET LS RETR 4 RBK
Wil BEEPE T AR o

Weipl % ok Bt 3 WAl FHEER > { ARS AP ERE L G G5 RS
Al TEFEF  WRAEFRERRT AR v AP AR LR G R D
T (BRI MR T L R LR T K e
WRRHMOA L > FREAREP ALY S ] A L4 o

—\«

191



E)rBAFPEHEY

[ 2 pimd = prig]
106 £ & p & 107 £ B P & 108 2B p 109 2B p £

*RHREH/IA LR

B R AT T

VEHREREME
R R AT
iR FI< 50
ng/kg

% *

G«‘_'_ﬂr

S F W
L
[P S

e
= N

o R -
N+ ﬁ -

ﬁ°§i#i
i

&5k A 11000 mg/kg

k& Ji 1000 mg/kg
TR EEA< 10
mg/kg
2K &R FHRFELT
P RIS BRI
v ok B R
AT R R < 10
nm

X gk IHRFLY
S A Vi T s e
ViFERF Pk
& :60nm s &p
FEE R <12nm
CEMATY B~ E
kBB R
VEBEE R R
BE RN £R
PFEER<1I%

o T I BEM Y I A

A s g

v ke R AR 47
P AT E AT
% >90%

v H202 4 47 B jiF
A AT R i< 10
nm

v HaSOq4 & 47 it
AT R R < 10
nm

[#&R P #]

B E AR

ok AL E

[ %]

BBt AR sttt s >
T4 2 pe ] Pk 2

ER

LgHapd £ h~F72 B8k~ 17THI

APLF 1T 53R 7 0 Bk doiislitiez it Fla ATy favd B3 2 2FHI 2
w&ﬂiﬁﬂwﬂiﬂ*@ﬁﬁfﬁifﬁ“ﬁ@°
AEEMARG AR gRYAM A EWTRT Y
st TR B S B RARY AR E B ERA T HLER - 4
CE R R

SRR R A

LT 5% f34- &
kR R

I—L7 ]‘1’}3’:

s hogd ik v

Bl "< 50 ng/kg
- 1000 mg/kg

/\ 4 ,

ERH HPR

» g R f&zaﬁ

If

L
bpERVEY

PR R e e
SR TR AT IR Rie s T % ’Ff;ﬁ‘ i% (Inductively Coupled Plasma Mass

Spectrometry, ICP-MS)i& 7/ iz ¥ & i3 e ek 37 R B Rk T iche 4 2-3-1 %7

RN
Bt i B o
L ¢

%1

EFREWE
NEOH A2 - ) WPl A~ PR e
P BILRRHF T E RN F R

R &SR

~®
g &
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2281~ RS 6 R BT RE IR LB

BEMETRTH& Perkin Elmer NexION™ 350D
Hi-z Quartz Cyclonic
VB Standard Quartz
NVET bR 2-mm Quartz
B R4 Platinum
VR AL 4E Platinum
TR Meinhard® Type A Concentric Quartz
T Mg 18 L/min
e i 1.2 L/min
FHEA 1.02 L/min
B 74 5 1500 W
AR 1 sec/mass
£ 4F = 3=

RS TR HRAATACSH AR T ERFEL 10% 2 RFIE T0%
AL RA AT e DR G ERE DR LRI R L A PR
iR R R SUE R A LR SR Tl MR S T R P
FFPARFREAG AP T AERGERET REARS > A HFRL 10%EE T # LK
ﬁ&»?‘f’”#' A TR

rrE R 10 YA SR AR (T %FFL%T oo e JE B 10 ng/kg = 50 ng/kg - 43+
RpAeB] 2-3-1 27 > VHERARARARIFT LT T tALTRERECRLAF
PERRFE - SERERFESNEL 0 P F AT ATE A R 5 e
T TR RF AW SR EER Y AT BB R TR R F BT AL R
A RE S B - AR A AP RERR R T L R A R R AR
FFORERLR o Bl 2-3-1 3 kg3 kA 5 550.3 ng/kg o £ e 2 AT R
;% 1000 mg/kg ik & K 10° 6 5 F)pt 2 & AR R pe g S o

2N

Na 23
7500
,,,,,, )
6000 e -
D e -
S 4500 | - JURERE -
>
£ 3000
2 y = 53.018x + 3894.1
£ 1500 R2= 0.9956
0
0 10 20 30 40 50

Concentration (ng/kg)

Bl 2-3-1 ~ 10 %A A fedp i &
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AT R AR 2-3-2 4Tm ABROF BB T i KR LAV (NOg )2 2
FRF(0)L 2 g (AN &7+ § 1 g 315 (PArON) 248 £ 4+ 4> & & Al A 5 315
S B2 R0 T R OFe STReT L v bW AR AR B AR A e B
BRI T PArO g A eh T R > b d N F R H KT 0 AT
oo iem BB RET > 2 0.1 YALHAEAp 0 B REIEE T 92558 04 d
WA FERERAMT G oo B ot > B augar s kR B 5 691.7 nglkg 0 &2 e

@l &3+ % % 1000 mg/kg kR 108 ¢ RN P ? "S‘K R ﬁﬂﬁl‘%% °

Fe 56
4000
.......... [)
3200 ...... Fooeeemettt i .
’U? ...... POPRYTL
S 0400 oo Eo -------
S 2400 @eere
>
G y = 24.361x + 2362.5
Fo R2=0.9775
800
0
0 10 20 20 ” :

Concentration (ng/kg)

B 2-3-2 ~ 10 Yode 54 &) e i 4 £ 4

GLEE S AR ACR] 2-3-3 At 0 BB P @ LG AP IR o TR D
o T At RF R A 200 M R GRS 4R T gy F R EAE R
el ’%*‘ﬂ—%i’if]t% 10ng/kg 2 & & 7 PP BRSNS AR ¥R R A % ) 2 4% RS 0.04

ng/kg > 70 % ERA-EE S & FOER 5 2.2ng/kg e

Pb 208
3500
JE
2800
m ..
o
< 2100
2 L=
2
E 1400 .
y = 61.16x + 27.819
700 L R2= 0.9997
0 o
0 10 20 30 40 50

Concentration (ng/kg)
) 2-3-3 ~ 10 Yode ol fa bt £ 5
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Az A e 10 %k & 1§ P& *I(Limit of Detection, LOD)#2 w 42 70 %% § % & Jk & 4ri

\?\‘\ N

-3-2 H7R o 4F PRI B G Ed 3T ﬁlifi_'lﬁ S PArtz R BT T RS E
F e T CATRES L L FRE R E R RRTE A

% 2-3-2- 10 %R S A PHRIE TONRHSAEBT R § EER

10 % HNO3 70 % HNOs

LOD R

(ng/kg) (ng/kg)
Na 23 2.6 550.3
Mg 24 0.4 13.8
Al 27 2.1 87.8
K 39 05 73.6
Ca 40 47.3 11.1
Cr 52 5.7 115.2
Fe 56 11.0 691.7
Co 59 0.3 4.9
Ni 60 1.2 235
Cu 63 0.3 22.8
Zn 64 1.3 48.9
Ag 107 0.1 1.8
Au 197 0.3 14.7
Pb 208 0.04 2.2

R R EN-F 2

?,51%%?3%@%5‘;4 s AR A FE L B R o

10 %m Ee A FiE T Kﬁ;{ngij% i PR S 47.3 ng/lkg 0 4 & 0 PR S 11.0
ng/kg’ﬁ e E R T 3 10 nglkg A Y R £ A B PR 2.2 nglkg o

@/Tiﬁkﬁ—- %%E«ii/é‘_

2. 558 BB MM R A E 2 aE

behBHMSREE T

BER P FTEE 15;3?

SR LR LA E
%mﬁﬂm$%%ﬁ#% dofrE T £ 5 A At
SEFF LB ERAMAT PSR
BEFERGY EHF BT S  FHEH RRREAT RGN
7

Fp R REERE > Fl AP
6 245 B0 A 6T
’ 5\_"]1}[‘ )

2 BBE - A

Bev o R A TR e BREA 4 % 5 0.1mg/kg~ 1 mg/kg - 10 mg/kg % 100 mg/kg °
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£ R g A 4 Lughkg 2 42('LD) ~ ¢ (I - 9Ba) « o (O5TI - P9I F £ dies
Zd o B I ICP-MS iAo f B 234 7 5o f hp gk TR A < 2t 10 mglkg » ¥ fc
g_ﬁ p'; &EE‘?’JT L& gfr'/%)i - 100mg/kgﬂ$ ’ X "-"% Z ‘?”‘1{—1‘ 13—}3 60 % - ‘; ’b‘%é{ﬁl"‘j“fﬁ
SRS R P AT o Tl i D 10mokg B AR B E e e s 2 BA
ST PP
120%
100%

80%

60%

Recovery (%)

40%

20%

-

0% T L S R - R R
Li7 In115 Ba 138 T1 205 Bi 209

m0.1mg - kg1 @1mg - kg 810mg - kg.1 @100 mg - kg.1
B 2-3-4~ & A F IR B S v fc k2 50

EHBHMHARATHRE T ZZFHF L SRR BB 2R 2 ER
;}r“ﬁ%‘é » H-L ’U%;%@i;}r“ﬁ? s R EF RS HH B R ﬂ&gié %f1* ICP-MS T'%ﬁa
Jf%i%ifjt deil g B A0molkg dniaie e B A2 kR m FRATIESE S 2 ST £
2-3-3°d £ 2-3-3¥ &> A 10mg/kg 455 R o g (Na)~ 4x(THE ~ 2 2% B 4 £k
& (Background Equivalent Concentration, BEC)#2 % - H 4~ % «7BEC & ¥ -] > 100 mg/kge
d 34 A%z BEC @8 A4 kR 5 10 mokg pFerE iRz 2% » Tt » 27 R{ERHEH
PALenH R S F R w KRR FEE i FS o et (2-3-1)5m 0 2P 10° 5 A
F 1012 5 H =3 B 75 (#nglkg B glg) o REEAEZ RAERL R Lo
FErh £ B ER D TE B RA 2 RS R 0 Ao (23257 o A it B
Z BB R L 999930% 0 ARG AFFLLS ZRAUT R

Cotement = BECx 105 x 10712 (2-3-1)

Pb purity(%) = (1 = (Cpoment 1 + € +C +)) X 100% (2-3-2)

element 2 element 3
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% 2-3-3-10mo/kg 4 A F T 2~k 2k iv i AREIZFFFEER

A% i s R RPq" LOD BEC
L4 Fifg #s (mL/min) q (ng/kg) (ng/kg)
Li 7  STD™ 0 0.25 0.82 0.29
Na 23  STD" 0 0.25 8.50 269.32
Mg 24  STD™ 0 0.25 0.77 1.85
Al 27  STD™ 0 0.25 2.79 66.86
K 39  DRC™ 0.6 05 2.79 45.62
Ca 40  DRC® 1 0.5 3.89 34.24
Ti 48  DRC™ 0.3 05 33.42 129.45
Y, 51  DRC™ 0.6 0.5 1.11 0.08
Cr 52  DRC™ 0.3 05 0.97 9.57
Mn 55  DRC™ 0.6 0.7 0.99 0.90
Fe 56  DRC™ 0.6 05 1.07 20.13
Co 59  DRC™ 0.3 0.5 0.53 0.37
Ni 60 DRC™ 0.3 0.7 1.22 3.18
Cu 63  DRC™ 0.3 0.5 0.28 8.92
Zn 64  DRC™ 0.3 0.45 1.22 9.34
As 75  STD® 0 0.25 2.35 0.82
Ag 107  STD™ 0 0.25 0.29 0.54
cd 114  STD™ 0 0.25 2.05 0.23
In 115  STD™ 0 0.25 0.59 0.06

3 1 : Standard (STD) 5 &2 #5% o
2x 2 : Dynamic Reaction Cell (DRC) % # it * J& 3
3 3 : Corresponding q parameter (RPq) = 5" £ & iE %8k -

#
%

BREE~AFFLL A F AR

A3 @ 2 5w NI T (FoM/Al% A w5 Mettler Toledo / XP205 £ Mettler
Toledo / MS6002TS):& 7 44+ /% /% (Lead lon Solution)fe WH € «HE B ~Fe WA RER K
FEEB AT AT c ARHEFFERF 1"*&%1‘&’!? BE MBI REFEE
FEHREN*ZFFIBIALEFRE > PTERERAAPBFTFE - BRrFE2 A
PFEE R o m WA R ERIFETR KRS (l);{;\ FEFE 2T R ~QBRTE M

B-QFFHREIREIR -3 T2 5 BB 2 mI AR ~O)3RrzFF4 317

FET R ot ebd A el A 2 sskiE 54 4 7 (Primary Reference Material,

PRM)Z f1* ¥ {72 A 493k & > 4o p #Jf 24 17 %k (Automatic Titration Apparatus) i& 7
& & # % (Concentration Verification) ~ 323 (3% (Homogeneity Evaluation) £ 4& <_
3= (Stability Assessment) - i PR R FESCE A KS03P EETPITHE 2P o

BRERREUREIZ I FEE oGd A T E A P ERABRZER
Heigmi SIH = §2 38R E o 3-8 o538 4eb (2-3-3) #7it o
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mx fg,

CW=106><P><
M x f

(2-3-3)
solution
w855 kR [mglkgl
P: st R
m guRHFEidE [g]
M: gz TERE [d]
fPb - 4854 i3 ¢ T’?‘ﬁx

~

% B
/é’»ﬁa@l/% it %’ B 4L B+ fF,”T_EL =y ﬁg‘,%\ R ’Fﬁ—_%_ y & B ;;z,_ﬁ,{?ﬂ“.ht’fli AR /Fg‘ﬁéii%‘\ ﬁ,*,
E e AR ERAAEY o e URs $ YR A A T ks A SR

i

\"

fsolution * ’ﬁr’r-/%‘.‘ RFA

\\_

o
e

o
=

R riedsiE 2 g & A <«,p.-§ TR 3 PF o M- T it 7§

ToLRER RS BRE BEREEF R 11 BRBERS B 7-1.?,?;3“ 2
A o

(2) #ARE 2 g & B R T e BRI R S BB R 0 B ARG B
A RBEIBRESEBIRE  FEZRERUTA DL S HEBR
FE gl 1000 mglkg o & H#-E R B4 B EE B AR TP BRERS B
LEFFES WAL

B) darsgBRAHTEEERR (BB R) £E2E > T 3 7 R W
oh AR L &a B ARUBRER G
2-3-5 B p| & Suif jmg o

\

£
a1s
o
N
e

0.001295 AP 11
f"b71+1+0.004xrx1013.25x(g'pj)
} ________ 0001295 4P ] 11
_______________ e 0004 xT 101325 p e
SEAEE® : | howzmensias
_________ __I MO] ! f;oluhqn ﬁﬂ/ﬁfiﬁlﬂf%j}{'&i{%‘%
i FEF LT 1‘xiifdg_rmx i [°C]
= - U 4P B Bk AUE AR 4 [BP
B F (2) PR BB A W 0P
Pmmmm——m——————— 5 Pl 0 é‘fﬁﬁﬁﬁf‘[g/cnﬁ]
_________ S C13 e mmg/cnﬁ]
I . _ 1 A A [gfem?
JBSBAT A | B2ES BT T 5 [g/cm‘]\
, el | EREREAL |
(Cpgy = €y, smglkg) _____: A W : C —10°x P xf
: (ilﬁljé;%iCW) :e v * x M x uton
e . s
B@FimY C ik B [mg/ke]
(Cor = G 5 2/8) A R
&’L%H’ﬁ 3R E 2]

DAL AR AR F Ak A [g]
Joo | ESMEN B R
Jeotution © ESIERRF 15 E AR

@] 2-3-5 ~ C13 & ip| % siif ;= @]
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rBpARE @ 2 X T (B /315 5 Mettler Toledo / XP205) » ffe i 82 % T3 i@
B lgprigr$5 0000019 ¥ 2 TR 5 1.04x10°g ) F2E 2 AR ARSI ¥ p K4
2o BT BRTR o RPM AR I ML 10% 0 mp d R v(m)=50 °

rp R feE i 20 X T L (B /315 5 Mettler Toledo / MS6002TS)» 5 e it {6 2. % &
éﬁim%gﬁﬂﬂiéQ%gf%ﬁﬂﬁiﬁﬁﬁ%xwﬂy%ﬁﬁ% {840 ~ B2
REZRFE - AL AEITANY A REFE > B BT o IS EIEIAZA
HAmTs 10%’ Fpd R v(M)=50 °

RHRBAR  BR FFEFF 23 +3) T FIPERL I RIAMENLSFE
HE % 40T o

um)=-—2"717

oo

©F R4 A E 5 (1000 £ 100) hPa s F1pt % § R4 2 A FERA MBS EE
HE % 40T o

u(PA)=1\%)hPa

B.% B (pro) 1995 PubChem # 4 5 11.34 g/cm® > F]pt 4% B 2. 3 Fr TR M AE75 4 T 3+

_;El; ’ 7—"";-3:'&\?—"- o
0.01 3
u 2= glem® -
( Pb) 2\/5
&A% B B (psolution) & * R AR FER 020 Cheair A 5 1.0134 g/em® > 26 C
ﬁ'}r'/% it ’%fi 7; 1.0117 g/Cm3 > F] gt {:-/%‘ Nt @)—‘i(pSqutlon)”'ﬂ—:"1 b T )J' E' * ke EL Lfi ‘%"%
doT oo
0.0017 3
u )= g/cm
(pSqutlon) 2\/5

i 76 % B (ps) %457 5 (8.000 + 0.030) glem®> F1 b i 76 % A (ps)2- # FEXR MLAEA A T

E B AT o
u(p S)_0\/,03 glcm?®

MR B R B A AR LAHI LS 20 % wpd A
v=125 -

O ACE S R R
234?%286w¢o

Gen R ER LA FEEAR U(C) fHFEE A LA UCw) R A KR LA
U(Canal) ~ ¥23 3355 3 £ TR U(Chomo) &2 18 TA2 %15 3 £ TR U(Chomo) » i iR ik R 2 &
B 7 xR U(C) » 43V (2-3-4)#7if o

AT REAIT A

&
)
NI
i
(ﬂ}
s
1%

,‘.ﬁ:

N
¥

“

—*“ }

&

u (C) = \/u2 (CW) +Uu’ (Canal) +U’ (Chomo) +U’ (Cstab) (2_3_4)
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e 2-3-A B ERBHZ T FFS B A RETA

BErFiF 8 , . , .
7 FE TR IR Xi BT TR U Ad RV
I 8 fep
R RE T 18 C 12.5
F B B A gL AP 57.8 hPa 12.5
0.999956 |4-&£ B A& > peo 0.0058 g/cm? 12.5
B RR 0 ps 0.0174 g/cm?® 12.5
%72 TR > U(feo) 2.55 x 10 13.4
%\‘ 2-3-5 ~ ’;'f{r'/p /|7>‘§ z q_ -‘fe kS } K ﬁ’i&
En R EF O , ) , )
*FE TR IR Xi BB TR U pd RV
4 13 & % fro
I% /.w_}i% (L) T 18 OC 125
HEBRA gL AP 57.8 hPa 12.5
1.001008 85 R PR PSolution 0.0005 g/0m3 125
ZHRR O ps 0.0174 g/cm?® 125
2% 72 ;2 TR 0 U(fsolution) 5.83 x 10 12.0

* 315 ik g5 ISO/IEC Guide 98-3:2008 #7#% #-2_ = ;i {7306 » T4 I § 2 = 4250
K?ﬁ-ijﬁfﬁl%é’{’-k\“ﬁ]u A%‘F‘ B%\FFLID1 \.«}\41};.‘ I ’]‘E‘—-’?“Z FE TR U(XI)O/%‘/I
ERE G

mx f., 1.00536 g x 0.999956

1004.26 g x1.001008

C, =10°xPx =10° x 0.999939 x

=1000.0 mg/kg

X solution

G BB 2B ER LI B2 AT AT MEN S FEFEE 0 Fp
dEMBRTRTE B MAIEIRZAE IS 10% & d B v(P)=50 "
Hee i yod 2-3-6 “7if o MEERRER L 1000 mg/kg 4-3EF 3R L) BB 2 A
FEE AT 0 B2 2 e R u(Cw)dr# 2-3-7 #7if o
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%236 404 BEHHR I EIA TR
iR
2 apag SITEE é?if:j;:ﬁ waa s PETAU
(ng/kg) (99) (g9)
Li <0.82  8.20E-08 4Ea54 % 4.73E-08
Na 269.32  2.69E-05 EAi4# 1.55E-05
Mg 1.85  1.85E-07 4Ea;4# 1.07E-07
Al 66.86  6.69E-06 sEa;4 # 3.86E-06
K 4562  456E-06 EA54# 2.63E-06
Ca 3424  3.42E-06 &AL H 1.98E-06
Ti 129.45  1.29E-05 :4E2;4 % 7.47E-06
Vv <111  111E-07 4254+ 6.41E-08
Cr 957  957E-07 sEa;4 % 5.53E-07
Mn <0.99  9.90E-08 4&2;4 # 5.72E-08
Fe 20.13  2.01E-06 :Ea%4 % 1.16E-06
Co <0.53  5.30E-08 4354 3.06E-08
Ni 318  3.18E-07 sEaj4# 1.84E-07
Cu 8.92  892E-07 sEaj4* 5.15E-07
Zn 9.34  9.34E-07 a4 # 5.39E-07
As <235  235E-07 4sEa54 % 1.36E-07
Ag 0.54  5.40E-08 a4 * 3.12E-08
Cd <2.05 2.05E-07 4254 % 1.18E-07
In <0.59 5.90E-08 4&2;i# 3.41E-08

Pb ¥ & 0.999939

uP)RE* R

1.81E-05

# 2-3-7T~ f=£ 2 2 s L& u(Cw) A 1474

AREIAR | BEA IR %u;f‘ﬁ‘ Xijﬁ”’\g fd R
Xi u(xi) 8_x, a—Xiu(xi) W)
P 1.81 x 10 1000.04 1.81 x 102 50.0
m 1.04 x 10° g 994.65 g 1.03 x 1072 50.0
M 6.58 x 103 g 0.9957 g 6.55 x 1073 50.0
fon 2.55 x 10 1000.03 2.55 x 1073 13.4
fsolution 5.83 x 10 998.98 5.82 x 102 12.0

1% 7 FE TR u(C,,) =6.3x102 mgkg

pdAEvC,

)=16.4
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A3ER %4 1SO 6142-1:2015 ~ 1SO 6143:2001 % 1SO Guide 35:2006 » ¢ *3*+% #rfie
W F2 PRM G 772 A48 & 4o p B A4 REFRA RS 23 =R &
RN L FIE R A A E 0 BRI R PRM F ok * HrER 2 B

e HERSHR - PERIP LS TFAREIFIAE P d Bi4oT 97 o
u(Canal):8'2X10-2 mg/kg ’ V(Cana|)=16.8
2
u(C o) =1.2x107* mgkg - V(Cpomo) = ;X(IOOJ -125

20

2
U(Cyp) =1.2x107 mgkg V(cmb):;x(lz@'g] 125

g3 (2-34) PIHEBREREEREI A L

uc (C) = \/u2 (Cw) + U2 (Canal) + U2 (Chomo) + U2 (Cstab) = 016 mg/kg

d Welch-Satterthwaite > ;%% 3-8 5 »cp d & 5
u.'(C)

v (C) = =32
" u4(CW) + u4(CanaI) + u4(Chomo) + u4(Cstab)
V(Cw) V(Canal) V(Chomo) V(Cstab)
FER 2 SRR A T2 ERKRFEAR F 1000 mg/kg s F A T ER
+

238 BRERIRETAUALT4
&ATin PFEER AT
FRIAR | BE TR ﬁz'& 2fﬁ D
Xi u(xi) Ev &u(xi) 760
Cw 0.063 mg/kg 1 0.063 mg/kg 16.4
Canal 0.082 mg/kg 1 0.082 mg/kg 16.8
Chomo 0.012 mg/kg 1 0.012 mg/kg 12.5
Cstab 0.12 mg/kg 1 0.12 mg/kg 12.5

7% kR C, =1000.0 mg/kg

& HE% 7 F2 2 R U(C) =0.16 mg/kg

% 2cp 4 B ven(C)=32 &% F]F k=2.04
£ 87 /&2 & U=kxueC)=0.4mglkyg
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(A kdaR A* /2%g]
1o 2 qlae s oss 5 QWA A5 A 4 20 g > TR SRR 9005 Jdofiol ~ R £
mﬁ$%i”§ SR FE %Wumz b ERR LI 2B R E
E\'f:s 41("‘5&’\.5- N /Eia./r }:?)r_ it lE R T\ﬁi ﬁﬁ”m}‘ffﬁ? » 7 g_:}ﬂ'rﬁ FS ¥
T PEMEARF LG Riﬁﬂﬁﬁ%ﬁ%@?%ﬂ?nﬂﬁﬂim e

SN
/

}%&}]
i%

2,

14— m}f,;g

LD

Qll
P

71v

Yoo FRRATHEEHUERY 2 3 B RRERH NI BHFER 0 2 A 1E LN 0 Y
JRA-X ERR T P T T e BT R &R T FE £H&$%%Hf
BRSNS TS AN EAARR Y L FHRBERH OB ER 2 A7
A fhg > URALEMBRE P PHT S RERET DT £
2.FRpP PTG 60 FRF TAFREZ T £~ 2 2179 %% 0 “THY 4
e RGEFHEE O RPR A AE: R BERERR AR SF B ¥
¥ EREGErRT  MEAEER) AFLEMA FREREL TR
SEFEAE FIPLFERP AR R AT R L -

g

3
s ]

N

~o
Ay
(ad

et

|4
P =

&~ RE
LR e 2
Mo EAA A

=

[+ 7 %#]
-éﬁi&ﬁ%ﬂ&ﬁﬁiﬁﬁ”iﬁﬁéiéﬁﬂﬂﬂ%%ﬁﬁiﬁ%%’*m*ﬁb
ISO 230-2/-6 ch1 L B RIER G2 B3 » A kMIFFHFBEEHE =2l 5 P

Aot EM o R R RWAEERIF Ko

cARESR KR BRI A AR AR X RRRARKR > I F RIS FEE

o ARBEFEBEA I FE LR BB FED L EEAMm)E RIS 4T 2
LERA F S RF R

°ﬂ% %dﬁﬁwc2$f@i4éﬁﬁﬁ%ﬁw%&{pﬁr”@%%%@%%%

PR R 107 & BEF A LA 0 FORGIE HE T P T R A R A 157
R MR BT S TR SRS ATH
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=  REPEREEL AT

ORESE T T ERERSE

[ 2z e > priz ]

106 & & B & 107 # B p #&* 108 # & P & 109 # & p &
BRI BRTAERT o0 G2 S L 2 ER BRI o ERF L Ry
il R o kg | - WM EEE B | ERCER o oRLE
| ARt m A > 500 £ 7 & <10 mK & <50 pm
g
:E:

1

[+&2P %]

RABRITAFERT LR FLRFEEE - KT X RN W& 2500
[17 %]

1.% #& = & #F Fabry-Perot + # gk 3+ 22 @ i

2 g Fabry-Perot = # % (FPI) £ B # 8837 5+ & ngas (H % ﬁwﬂﬁ3lle)’T”
BlE2Z 473 B A S IE TR MIFHZGHRY pvd AR T §
#c ks K17
=pks T (3-1-1)
FRITE T iy W FPI 2 E 7 FPl 2 Z3R#E 5 408 > #r ag BRERIER
PR R RY P TS LA A 2 R T aF FPI B BE R ot d F
Bsldzz p R ity TR FREGEFF 0 A BGEHEY ALKk (ULE
glass Corning 7972) it 5 FPI 2 "z 4154 » FP1 =+ 3 R B4 5 1 &2 FP1 v Rk 3+ 4 Blde
B 3-1-22 3-1-34% 77 - B 3-1-4 2 9% ULER 41 22 FERE

Fabry-PerotF i 1&
T4l o AN
& 4t 2 - J: @

F AR %

B 3-1-1 ~ 12 f Fabry-Perot + # ik (FPI) & 2] # #8475+ 5 2 2% 12 B
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High reflectivity concave mirror
(ROC~1m)

High reflectivity flat mirror Post (ULE glass)

B 3-1-2~ # FPI 5 i R AR S 43k 3

3 2 1
TREXMRER
Industrial Technology
Research Institute
_D12THRU
P Unit: mm
i Tolerance
Llinear: 0.1 mm
Material: ULE Glass
Qty: 3 pleces
150 - =
| [//]o.1 ceg] |
surtace quailty: 20-10 scratch-d ‘ 1%
Surface fiatness: 2/10 (=633 nm) 3 o~
Parglielism: < 0.1 deg 1 PN Jos THRU
Y ¢ S
SerTeasass e = [——— | P
by
-
I TS T S =
jums | { !
(=) N S S S —
[sas ! !
I*&ﬁmxﬁ >: ! 1 - R . ‘ A4
Industrial Teeology —_—— . DFPl_cavity =
~ Research institute + 4 + 4 4 — - !
| " =R LA

6 5 -4 3 2 1

Fl 3-1-3 ~ & FPI "pR83% 3+ B

Bl 3-1-4~ULE #5341 =2 FPI V48 2 R 7
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B FPI+ ke EvetliEs 2o > Ay BREHET ¥ 303 2P RE dne ik
g § 1Y & 4 i 4 %% (hydroxide-catalysis bonding, HCB)2 » m g iF4tm &7 b4 2 /&
BLBRBRBETA - 2 HCB #13, 2 2 4k & & SHe gm0 HCB 2 &
%@ %2 Fabry-Perot + o k> H 48R R 8 - M2 LI A E o s aERE 2 E
A2 T Z R A

(D) ABAc (- F P)EEELRRYEFRIEY S ZA PR

e

Si0, + OH" +2H,0—>Si(OH); (3-1-2)

(2 $ P>~ B4 2180 & F108Kp T ERBR pHETE > § pH BT %
3110 s B B AR > £ 54 Si(OH)s

Si(OH); ——Si(OH), +OH

(3-1-3)
(3) Si(OH)a A 3 743 5 & » X REAI F F ok
2Si(OH), ——>(HO),SiOSI(OH) , + H,0 (3-1-4)

FREGIER K P2 P i 2ol AL S TR EREMNT L HBRE
Beo RIFEH AR LGB R GH ﬁr;:@(Sodium silicate);3 i (15 f-k g7 &2 &k » 1
AV L6REMN 23R HBEFVARELALHIZA  ABRAR e Fiod s o F
315 s btz k.

B 3-15-HCBZ2#&é =2 £kFuit

2. Fabry-Perot + i ik 4% w & £ 8|
t Fabry-Perot + ik = = @ iFfs» 5 7 FAlbs DA RE BREF HRH 0B
By R T 4oB 3-1-6 2 % IR 4 5o k£ 1064 nm 2 NA:YAG 3 345 il i
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XERHE Ol L LS as ML 8 3 52 FPl 2 e fic7 fe i il 48 & 5 o
Fabry-Perot & i# % » 643k 7 % 5 0.7W > d1 64k % 5 0.083W > k7 %555 11.85
%od 7EFHELFETTHAT LR EFH WAL Mo 4 LB 50 FI75
FERILEE G ﬁit ’ ﬂ‘i%.&m)i,4$ Aok GEd kB R HER kv B S HFEF

2 375 EPlae 7 BB L ®ATR o B 5 E P Fabry-Perot + o kAFm R S 2 > p o
ﬁ;&%@(Free Spectral Range, FSR) & X R4 F AR F £ B2 5 2> 3 2 * v wR
P F KRG TR (N FSRE)h* ik ¥ 3 oA FSR + 2+ # i&k
BAGFH o R FFE2ZFHEREREY5em ¥R FSR G5 1GHz» § 57 3
M F R EiE £250MHz &2 0B 5 BE R b2 A FSREAR T 2 2
B FeTr A F A kAR B FPI L3R4 A 2 iR R R 2T w R BB
B EMEAEEMRFE FPI L 4R4ERF > 715 ;l:agfi(Transmlssmn)ri?  #7 (Detuning) e %
LG Ae B 3-1-7 fron 2. Airy Sl R 3R -0 RIEA o § T AP S FE FPI
EARAEPE > T E G R HERT 2L R BAe B 3-1-8 om0 2t TR L R T % R sk (Ring
down effect) - Jfﬁl:}fgégk T AR REFRZRTRET I T N

L T2 Q

1,(t) = Z ?— exp [—— —2 E e A1) }|erfc[A(t)]

Frequency
Tunable Laser

BS
2l 1 o
!' )
1 PDI1
FPI
R CCD

B 3-1-6 ~ Fabry-Perot + i i& ip] & & &,

2 28k F F.axjf/F*J’:*ﬁ*‘li‘Hr%m}i B 3-1-8 kg7 - i F R B E P2
Bepid NG5 EAHRWATELH wRBMERLF L RIEEET 122k TRRA
A5 4T E 2T kAR S 2420012400 R 2 B K SRS R 2 E B R4
¥ 0 P 7 Fabry-Perot + 37 ik HCB 4% & B X421 A T L 4Lm > » FELAL® 20 F 2
BERPEFIE
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08

0.7 / \
0.6 - .

1000 800 600 400 200 200 400 | 600 800 1000
ing (nm)

Transipission
o

Transmission
o
[#)]
1

- aR

0.2 -
0.1 -
0 \7-\‘—
-0.4 0 0.1 0.2 0.3 0.4
Detuning (nm)
B 3-1-7 ~ Fabry-Perot + # i 7 1% & 2. Airy S #c
25 : : : file: HSD:;; Fﬂm]m.éﬂﬁ:ﬂ«h : : :
i : : ‘ : Measurement data
—fitting curve
> F =24229
g v = 5.06e-06 m/s
% 15_ i ....... —
£
g H
- f
Qo 1+ -
;E " Detuning hm)
[72] : :
Z ‘
@ i
= 051 —
('-\'4 -3 2 -1 0 2 3 4 5

:
t(s) x10°

B 3-1-8 ~ 3= F % > & (Ring down effect) £ ip| ¥ Fabry-Perot + % & # w A # &
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[ gl 7]

o2 % 41-33 ¥+ # tk (Fabry-Perot Interferometer, FPI) % 3& 33 ip| BB 3 ji
BRRG LN FHRAF L S
fEiTR > 2 2 TR A > TR kR B A

REEHE o AR ESS BT B R F WITH S R .

[ a2 #5% )

07:,\.;41/_1

v & #,, I’é_l“

ti%2 == ULE 733

B # s B 2 Fabry-Perot =+ i ik %l iF o
[#scd 2 A&

*HCB# £ 3R 2 %43 A% { At > NREZEL ARG T LY 2

(%

ECRE R | K

* R AT SR

1fFEaEn]
ks PR HCB &L 2

él; 3

T e

SR - 1E‘.f—r;}pﬁg B o

T RIFEME F 0 FPI ﬂ\_E/,I}» lf’]‘i‘érs

BFSEEG LBRE

;’F"I%Irio

SRR REREE T B

£

= #

EREER T S8

[R5 1]

ke £ R HkAE A NML p = FERE W

S A R FLE R itk R Z fopk i

® TR | e £ BINIST ehER SR 02 2 kT HNF | kT HITa S
i%” Bl g 2003 #mus | B OULE st 5 | M4t ERIB | s A B A
A

& 11 Fabry-Perot

Interferometer 3
A2 F AT T
SR N T
¥ 7 100 Pa % 180
kPa z_ ‘g ¥f/& 4+ >
Fo g HEE
NIST & & & &
M EESRL o -
(3 VI S
FUREE AR
BRA RBF I
el u NMIs 7. %t
JRA BB RP e
L = R e A
ERAG A

A
e H B EAKRSIE
RrEH/2 w0
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5 AICHI N4U ¥ FC096022-1 0305187

(4) F 3 LR Rl 2
A BRI R A A R S R R RRDE D T g B
SUF B3 BRI AILEFT A R AR AL L SRR P RE S T A 7L R
JSFEIRE IR R doT

° vLie H ﬁl—‘g"" B \:—é‘ ‘&Mpu -4

-[fJ'?J""LF}i o s RA BTSN RREE
SRR R K TR A R
ERANL T | B

243

z
FER

\’w.
353

o

}if\:',ggi ZF@J»LO



& 0.8cem¥min v o gt BB RS 08mYh R HE LR
HE 3 0.006% 0 H PR BT L Lk o

o
lﬂb

B ERIRE RZ PR NP AT

* FEHRIBBESHRILANL(23£2)°C RS BETH F o

o LEPPIET > FAAUEARE 4OmMIh BT 1) pF o

o LEFE R A FHFRARE BAEF A 08cmYmin S T R TRIE B
B ek ATE SRR > R T AR E

o PIFEPFAL RS SRR 60 £ RS 7 Qmax 2 0.2Qmax & B g o g
P BUETR o Aot EAF 10 AR B R 10 BRI IHE DS o

o EEZ L Qmax % 0.2Qmax & @in o & @i e B A %4 CNMV3L
iR LAk 4-3-4 -

o #4h CNMV3L & KA BV HR G T Bind e gund 2 LB F 1% 5 %>

LR Rl R Sl fgﬁ”‘}ﬁ’*%—xﬂ%gi{-%’?,ﬁq T o

£ 434 (Y R )

# [#] Qmax 0.2Qmax
i & (m*h) 4.0 08
T A (L) 70 50
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Er: ‘& PH AP ELERIES o

BIP o HiE AT T X BRI B L T I0E -
Uab : 28 8 =5 £33 T AehE B3 FETA -
Ucms : BiRlP w i B RIR AR BRI 2 TR > 5 021% -
Utransfer standard = £ 7B+ ¥ & #2231 A2 ehE B2 TR ©
* Rp A AR R 5 95 %R dE Kk B 47

HY 28 i BRI IART £3 & 431 2R HE L P iaE
i) F F& & Utransfer standard 3% e & 3% 202 0] ¢ & 2017/6/1 3 2017/6/17 4-%+ £ Jp)- 412
NS AP EEFEEREL > PP RBELIARIEE I T REFTE - 2R
T2 ARRY D TRREEE H RS 24 L 4353 4 436

syl

% 4-3-5~ ) %2 Qmax & CMS Bl % %

Am3h 10 = I 15 % 1 % 2 % 3 % 4 % 5
- (0300923) (0300924)  (0300925) (0305185)  (0305187)

Ecwms (20170601) 0.25 0.83 0.33 0.01 0.13
Ecwms (20170605) 0.10 0.60 0.40 -0.16 0.21
Ecwms (20170607) 0.16 0.76 0.44 -0.16 0.22
Ecwms (20170612) 0.24 0.73 0.42 -0.20 0.18
Ecwms (20170619) -0.05 0.72 0.16 -0.12 0.09

Er-cms(%) 0.14 0.73 0.35 -0.13 0.17
e $f Z EIE Z (%) 0.12 0.08 0.11 0.08 0.06

% 4-3-6 ~ £ B 412 0.20max & CMS Pl 2 %

08mih10 %13  * 1 % 2 % 3 % 4 % 5
(0300923) (0300924)  (0300925)  (0305185)  (0305187)

Ecwms (20170601) 0.50 0.78 0.91 0.52 0.70
Ecwms (20170605) 0.42 0.55 0.93 0.50 0.70
Ecwms (20170607) 0.46 0.64 1.02 0.60 0.82
Ecwms (20170612) 0.32 0.56 1.00 0.68 0.69
Ecwms (20170619) 0.25 0.78 0.89 0.47 0.71
Er-cms(%) 0.39 0.66 0.95 0.55 0.72

s R A (%) 0.10 0.11 0.06 0.09 0.05
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(6) &R HEERWP

45 ISO/IEC 17043 > % |En| <1 %77 2 HE 22 TR FE 4 E- R
F |Enl>10 %7 % *’L”ﬁﬁ 2 2R %ﬁ< EP A - R, F EVRET AN
TR SR (£ 43-7-10) Ko o Ty SR H 2 H E RIS RAIE B 3%l 1ot
BETHEM LI SEE R L - R
%437~ ¢ 2 A BRI HESE
21 32 %3 14 45
&5 4m3h 0.8m3h| 4m3h 0.8m%h| 4m3h 0.8m3h| 4m3*h 0.8m%h| 4m3h 0.8m%h
Er(%) 0.06 0.39 0.76 0.53 0.37 0.93 | -0.05 0.28 0.27 0.72
Er-cms(%) 0.14 0.39 0.73 0.66 0.35 095 | -0.13 0.55 0.17 0.72
Sransfer standard(%0) | 0.12 0.10 0.08 0.11 0.11 0.06 0.08 0.09 0.06 0.05
Er-Er-cms(%0) -0.08 0.00 0.04 -0.14 | 002 -0.02 | 008 -0.28 | 0.11 0.00
|En| 0.20 0.00 0.10 0.34 0.06 0.06 0.21 0.75 0.31 0.01
% 4-3-8 ~ S hERHESE
% 1 2 2 %3 2 4 %5
T 4m3h 0.8m%h| 4m3h 0.8m%h| 4m3h 0.8m3h| 4m3*h 0.8m%h| 4m3h 0.8m%h
Er(%) 0.01 0.25 0.62 0.46 0.33 0.75 | -0.32 034 | -0.04 0.45
Er-cms(%) 0.14 0.39 0.73 0.66 0.35 095 | -0.13 0.55 0.17 0.72
Sransfer standard(%0) | 0.12 0.10 0.08 0.11 0.11 0.06 0.08 0.09 0.06 0.05
Er-Er-cms(%) -0.13 -0.14 | -0.11 -0.20 | -0.02 -0.20 | -0.19 -0.21 | -0.21 -0.27
|En| 0.32 0.36 0.29 0.51 0.05 0.58 0.53 0.58 0.60 0.80
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%439~ A A R BRI HEE

21 42 43 14 45
& 4m3/h  0.8m°h| 4m3h 0.8m%h| 4m3%h 0.8m%h| 4m3h 0.8m°h| 4m3h 0.8m%h
Er(%) 0.01 0.17 0.63 0.39 0.19 0.75 | -0.20 0.51 0.18 0.60
Er-cms(%) 0.14 0.39 0.73 0.66 0.35 095 | -0.13 0.55 0.17 0.72
Sransfer standard(%0) | 0.12 0.10 0.08 0.11 0.11 0.06 0.08 0.09 0.06 0.05
Er-Ercms(%) || -0.13 -0.22 | -0.10 -0.27 | -0.16 -0.20 | -0.07 -0.04 | 0.01 -0.12
|En| 0.32 0.57 0.27 0.68 0.40 0.58 0.20 0.12 0.04 0.36
%4310 -8R - 25 - EERHESE
%1 % 2 % 3 % 4 % 5
% 4mi/h  0.8m°h| 4m3h 0.8m°h| 4m3h 0.8m°h| 4m3h 0.8m°h| 4m?h 0.8m°h
Er(%) -0.05 0.33 0.64 0.51 0.3 102 | -0.27 0.38 0.13 0.71
Er-cms(%) 0.14 0.39 0.73 0.66 0.35 095 | -0.13 0.55 0.17 0.72
Srransfer standard(%0) || 0.12 0.10 0.08 0.11 0.11 0.06 0.08 0.09 0.06 0.05
ErErowms(%) | -019 -006 | -009 -0.15 | -0.05 007 | -0.14 -017 | -0.04 -0.01
|En| 0.47 0.16 0.24 0.38 0.13 0.20 0.39 0.47 0.10 0.04
243118 R 2H - R RERHES
1 % 2 % 3 % 4 % 5
B 4m®h 0.8m%h| 4m*h 0.8m*h| 4m*h 0.8m*h| 4m*h 0.8m*h| 4m*h 0.8m*h
Er(%) -0.11 0.23 0.79 0.53 0.22 0.87 | -0.02 0.56 0.27 0.67
Er-cms(%) 0.14 0.39 0.73 0.66 0.35 0.95 | -0.13 0.55 0.17 0.72
Srransfer standard(%0) || 0.12 0.10 0.08 0.11 0.11 0.06 0.08 0.09 0.06 0.05
Er-Er-cms(%) -0.25 -0.16 | 006 -0.13 | -0.13 -0.08 | 0.11 0.01 0.10 -0.05
|En| 0.61 0.41 0.17 0.33 0.33 0.23 0.29 0.02 0.30 0.16
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F F] o
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% 4-3-16- P FE b2 4 R 4

o E % hH#E & REcE *E R g & 1 5 (%)
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AAETT E 501 492 9 98.2
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Qmax EZSHE

EH=EM gE Batt Qmax =S EE
E(%)2-3 4 0% 40%
3<E(%)E-2 32 2%
2<E(%)=-1 209 11% 20%
-1<E(%)£0.0 700 37%
0.0<E(%)=1 660 359% 0%
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0% -
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0.2 Qmax EEHHE
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BT B AR AL A3 R oY A2 R AT R R G 0 L
Br LA (RREY AP BABHE A N3%) £3309E5 0308 FEPRAE LS
LmE P A BRSSP R LA G 4oB) 4-3-4 2 ] 4-3-5 -

d Bl 4-3-4 2 §4-3-5 A RV FRNLTRS

© e RESQma) HEFLP R L (5 E) P n(0.2Qmax) A E L -
R R
© E3PF 19EFEFRQmax) F £ 27 £ ¢ G (0.2Qmax) 0 B BRI £

i Ed T

7

251



Omax EESGEE
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bpo, S g i Opg, s, £po
) — -@ru @(u Lo o fe g V1N
Sy s, M5, Ms, ) Vs, Usp Msg Y

B 4-3-5~ 2307 &4 B %% 4 +7-0.2Qmax
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Qmax MERMEEE
FEEEE = Bt Qmax REAF=ZEEE
E(%)S-1.5 1 2% 60%
-1.5<E(%)=-1 1 2%
o) ’ 50%
-1<E(%)-0.5 2 4%
-0.5<E(%)<0.0 11 24% 40%
0.0<E(%)<0.5 23 51% 30%
0.5<E(%)<1 5 11%
1<E(%)1.5 2 4% 20%
E(%)=1.5 0 0% 10%
RE= a5 100%
0% -
Eroy, sy, sy, Vs, oo, P, T,
D, Sy b, Sy, St Sty e, o,
L Pag U5y s, 0/”%* sy Psig S

B 4-3-6 ~ CMS & ip| /& % 248 £ P& 2 % £ B — Qmax

0.2Qmax MEZMEEE
wm=EE BE Bttt P
BO=15 5 0% 0.2Qmax MELRMEEE
1.5<E(%)<-1 0 0% 50%
-1<E(%)5-0.5 0 0% 40%
-0.5<E(%)=0.0 10 22%
0.0<E(%)=0.5 11 24% 30%
0.5<E(%)s1 19 12%
20%
1<E(%)<1.5 5 11%
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B4 PERY L 2017/6/16 18:09 % # pERF 5 2017/9/8 13:58» + 3+ ie {7 2012 - p¥- ® 2.5mh
# A F § £ 304248 5000 % 6 m¥h £ 41 % f# i 5 £ #5448 12000 m®
FRPAAREER T LS N A B SRR R AR o BTk
Rz dls i B a4 7 & 4o 4-3-8 ¢ @l A RIGEEARA % £ 40R 4-39
; FEHAARER LT 2 BAERY A BB 4-3-10 1R

T
X
N
»Lq

x>
e
o
[EEN
o
|
SRy
[k

4-3-13 #r7

253



FiE

25

6 m3/h $5

| B8 I L

[ 2017/6/16 18:08:51 | 4.2

| BE I B

| 2017/9/813:58:00 |  5177.793

| B ZEEERE (hour) 2012
BIFEASIE(M3) 5174

[5E) E
1 2017/6/1618:09:05 | 4.2 |

Bl [ &8 |

[ 2017/9/8 13:58:00 | 5162.502 |

[EWXESER (houn] 2012 |
| ®@@EaEEiEm3) | 5158 |

| ED T ®% |
1

EE &% |

| 2017/9/813:58:00 | 5163.25 |

[ERXESER (houn] 2012
I BIEEREIE(M3) 5159

25mih 4] i 1

25m¥h 44 %5 2

25m¥h 4] %% 3

Bl 4-3-10~25mih 2 A A plsd 4 A A DSR2 2 AR (-)
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(S5

2017/6/16 18:09:24

(S5
2017/9/8 13:58:00 5179
B A EESRE (hour) 2012
BIEEASIE(M3) 5175
25mih %4 %% 4

(S ]
2017/6/16 18:09:32 4.1

[SE] L
2017/9/8 13:58:00 5137.49

B B8R (hour) 2012

{BIEEASIE(M3) 5133

25m3h £ 4] %% 5

Bl 4-3-11-25mih & dd A Rlid 4t A 5 (S PR 2 2 AR (D)

| (5] [ L |
| 2017/6/16 18:09:50 | 9.8375 |

[SiE]

BE | | B |

| 2017/6/16 18:09:58 | 9.8727 |

| 2017/6/16 18:10:10 |

1000 100 10 1 -

] | ]

(S5 [ L | B [ =8 |
[ 2017/9/8 13:58:00 | 12100 | 2017/9/813:58:00 | 12057 | | 2017/9/813:58:00 | |
| @ X E&EERE (hour) | 2012 | BmAEEREE (houn| 2012 | [EWXESER (houn| 2012 |
[CEmsEEm3) | 12090 | [ m@EEEm3) | 12047 | [ EmaEEm3) 12016 |

6mih 44 #E 1

6mih 44 i 2

6m¥h #4] %% 3

B 4-3-12~6mih 2 at ARl at A DSR2 AFPEF(-)
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| L] |

EF

[ 2017/6/16 18:10:24 | 9.9535

1000 100 10 1 D
ER =2 | [ Bl [ &%
| 2017/9/813:58:00 | 12156 | | 2017/9/813:58:00 | 12095 |
[BRZESER (houn] 2012 | [ ABEER (hour) | 2012 |
[ @@sfEEm3) | 12146 | [ =msgmEms) | 12085 |
6mih %7 i 4 6mdh £ 4] %% 5

B 4-3-13~6mih & at A plid it A S s RE 2 AFERF()

- BAhd A BERET > A EBE RV R ftﬁé:%a&déiﬁ#&éi@ﬁ 3 & in 2R
HoEBRFEH IS H o REH IS X TR L 2R L ;4 2000 ) pEA A EH S 0 R
- XEFEAFMEARGE ) TS RRRREF R P Ry 2 A A
SH M A FE G R o25mYh & Al w4 RIRED SRR ER S B4k 4-3-18 2 £ 4-3-19

AT
% 4-3-18 ~ 2.5 m¥h £ Al @t A pliR S €A PR R R
Qmax Qmax 0.2Qmax | 0.2Qmax | 3Qmin | 3Qmin
REPY | BL L BA L | BL | REL
(*0) (*0) (%) () (*0) (%)
% 1| 2017/6/15 1.52 0.08 1.05 0.25 0.71 0.44
% 2| 2017/6/15 | 0.83 0.10 0.71 0.28 0.77 0.44
# 3| 2017/6/15 | 0.41 0.10 0.42 0.19 -0.11 0.38
% 4| 2017/6/15 1.01 0.06 0.57 0.10 0.35 0.26
# 5| 2017/6/15 | 0.15 0.07 0.04 0.12 -0.30 0.31
% 4-3-19 ~ 25 m¥h % A d A RIS £ A7 HRGE R
Qmax Qmax 0.2Qmax | 0.2Qmax | 3Qmin 3Qmin
RIE P H £ 4 A £ 4 L £ L
(%) (%) (%) (%) (%) (%)
% 1| 2017/9/8 0.20 0.07 0.12 0.22 -0.62 0.51
# 2| 2017/9/8 0.43 0.10 0.39 0.25 0.13 0.48
% 3| 2017/9/8 0.30 0.06 0.17 0.18 -0.17 0.41
# 4| 2017/9/8 0.57 0.11 0.27 0.11 -0.37 0.28
# 5| 2017/9/8 -0.31 0.10 -0.38 0.11 -0.86 0.24
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d % 43185 £ 43197 E®F > 25 mih 2 Hat A pliEm (s BE 2 LB L §

it 4o 4-3-20 2 4 4-3-21 ©

% 4-3-20 ~ 2.5 m3h % A @& A RE (8 ESE S
Qmax 0.2Qmax 30min
BLEM (%) FLEL) | BL¥(™)
% 1 -1.32 -0.93 -1.33
% 2 -0.4 -0.32 -0.64
% 3 -0.11 -0.25 -0.06
% 4 -0.44 -0.3 -0.72
% 5 -0.46 -0.42 -0.56
% 4-3-21~25m3h % A& A RlES S EE L B
Qmax 0.2Qmax 3Qmin
&L g1 (%) LR (%) | RELE (%)
% 1 -0.01 -0.03 0.07
% 2 0 -0.03 0.04
% 3 -0.04 -0.01 0.03
% 4 0.05 0.01 0.02
% 5 0.03 -0.01 -0.07

6mih £ A £33 5 B d AR S EAF IR F IR Ao & 4-3-22 2 4 4-3-23 -

% 4-3-22 ~ 6 m¥h £ A @t 4 pliEE €A HRE R

Qmax Qmax |0.2Qmax| 0.2Qmax | 3Qmin | 3Qmin

RlEp Y | Bi | L | Bx | BEL | BL | BB

(%) (%) (%) (%) (%) (%)

+ 1]2017/6/14 | -0.64 0.12 0.67 0.10 1.20 0.19
# 2 2017/6/14 | 0.01 0.06 0.60 0.09 1.06 0.25
# 3| 2017/6/14 | -0.62 0.13 1.13 0.03 1.60 0.28
+ 4] 2017/6/14 | 0.71 0.07 0.95 0.02 1.07 0.24
+ 5[ 2017/6/14 | -0.34 0.08 0.69 0.07 0.94 0.22
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% 4-3-23 ~ 6 M3 & Al a4 RlsE 1S £ AT HRE R

Qmax Qmax [0.2Qmax| 0.2Qmax | 3Qmin | 3Qmin
N6 [ BlzEpdy | BL | HBL EL | REL | EL | RBZL
(%) (%) (%) (%) (%) (%)

% 1|2017/9/12 | -1.39 0.10 -0.09 0.08 0.39 0.15
% 2| 2017/9/12 | -0.33 0.07 0.52 0.07 0.65 0.25
# 3| 2017/9/12 | -0.94 0.12 0.75 0.05 1.17 0.26
% 4] 2017/9/12 | -0.04 0.06 0.39 0.04 0.69 0.21
# 5| 2017/9/12 | -0.70 0.07 0.40 0.09 0.46 0.13

F_; % 4'3'22 ’ % 4_3_23 ":‘T“::‘J-;g_'r A |J 6 m3/h :l’ J-hlﬁ lTﬂ'T 3 J;éﬁ‘l” ;,; %%—;1 %%!:g‘%:_%iL
dodk 24 %2 % 25

% 4-324~6mih &A@t A mfs BA B

Qmax 0.2Qmax 30min

A% ES- Bl £
(%) (%) (%)

% 1 -0.75 -0.76 -0.81
% 2 -0.34 -0.08 -0.41
% 3 -0.32 -0.38 -0.43
% 4 -0.75 -0.56 -0.38
% 5 -0.36 -0.29 2048

4 4-3-25-6m3h &A@t A S EE L S

Qmax 0.2Qmax 30min

LT LT L R
(%) (%) (%)

%1 -0.02 -0.02 20.04
% 2 0.01 -0.02 0
% 3 -0.01 0.02 20.02
% 4 -0.01 0.02 20.03
%5 -0.01 0.02 20.09

PR SR mp

« 25mih £ Ald A RIS SR E LS BE S 1.33%  6mYh &A@t A Rl 1
BIgCEEH*081%-

o« 3 7@_%‘\@ £+ 10 %L *fl“”g"uf 5 2.5 m3h 2% 1 hdb xink BE 152 % 4
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ARBHRELALN RO L F R 3 BIF T F A AEH D BREEE N LK
T4 15%

« 102 5 B3t A 4ok 2 Qmax 2 0.2Qmax @ BinF a2 £ 3% kn
# o

o TG A A ARIGEE > BARHE LI A A RIGET ] o HeoER o @A & i
BAFLR/ L T ERK

A bt A BT 30 F LTI . £S5 % 0 B R
# L &k5-25mh £ 7] Qmax 2 0.2Qmax @ BiiFat A vt H £
H&“O%%mem%1§1Qmw£(MQmméﬁmﬁ$ﬁkﬁ$
Bt R 002% d SRRV D At A RIRGF R R LG R PEE

CGEETDE

1.@pﬁ%@%ﬁk%jgﬁ@%ﬁﬁkﬂgﬁﬁﬁﬁWJ’jﬁﬁiiﬁﬁLﬁ
L&A NAWI A & » Flpt 3 B il chiF B L 4 758 B - 3 ERP FED
T 1\./1 M PRER K AP R R A B R N s TR
HoR o INNBEWERBENFIRPAAGFE oy m R EORRIR A E NS mY

RTINS DERPAME 2 gy TR L S B
2. %% TREGEE N AR L ETREFE 2 TREFERAE AR
TEE2 R, DB T3 REFEF LTI
3 AR HEREHANF EF R LA N - RE2ZPRFE > TREFRY P F TR
BRI B ERRER ] ez %%ﬁhﬂﬁﬁﬁyﬁ‘ 2

TR EER PR FEP AR

o
ol

o

(\x.

“

F
‘}

“‘“‘)&
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I ~SIAHREFEEFRLAA

REREH~ §(CGPM)#->+ 2018 # K B SI A AH =372 R THBSIAAHE=H? 4
BRIz ENPEFHRRTE(FE-2 TP EKhTE R - IR UARAT FeTa -
BR-A2 g2 Yk TR EFE-Z AL AT ENATEE) PRSI AFH
THEZBE > FREAPAFZ ARG S RFERARIZEH 2 MIT A E&F URER
L 4 CNMLARFF LT R 7T 1iF R AR EHRER & SIFATELA

DMEZHRP LRI ZTEVREREP LA EAITRERG 22 X LB

Bk R RATEOD T LA EARFTRREL R LATLEBE

QMEF 2 HTBEEIHERRT RZBRE > FREEFITRZEARE > 2- Hf2

LBW%*’Wﬁ@ﬂrmgouﬁﬁmﬁ*Lémﬁ 2 AR
@ F AR I AT REETEF AR P2 B ERS B

EFE - R A F T E mﬁ%%%&@’éa%iﬁiﬁﬁaﬁo
WDRELRFEMERRIE A AERIBL ATRERE 222G L T RTRTE

EfEpiz TIRE o
(&&ﬁ%ﬁﬁ%@@ﬁb%#?ﬁiakﬁ%?ﬁ%éi%ﬁimw%ﬁ’ﬁﬁiﬂ’P

FRERFE S NEEAY P T RAT LMz A AR 22 B L SIFTRLFE

i

VP AFATERE TR RO RBRA MRIEEF LR S > A F BN
ZAPBINE ~ F R T o0 ¥ - T106 E RIS F P E AL E (79143 £ R)
HERLEEF AT REREE > 2 8% 106 & gACH H -4 4 #25(40,000 + =) >
RAFHEIEHEAFTREAEARRLE R ADF] B0 AP H 107 EpFFELA

T(43,627 + R) o RAIRFA TRFR 2 TANER ) EEER @ (107 & gAT R
AEFF SR @ 2 F  RFFLEP > RPPF TAFE, C TEEA ) 2 T
mjﬁﬁgﬁakmgg~@%~M$§1mof%zi4@%»%aé%uﬁﬁﬁﬁm
PR &
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[ 2feftpmd = pfe]

LRSS B3 ERE12) >
2w G A BEEEA A HK1/3) : ! ! !
Lenex > EESTEERT) | s
1 25 B H 2 2 1 ' !
wHE i - ’ j | 106 53k
ZE : Dl Sk @ TR R ARG :
: I | . | | 1064 7 4 2535
' | i : i | EAEA
mns pres amassinssnas ) i | e
il e FARART ENAKD) > 1074mzEe
1%@%} z@gﬁ; fixgj;ﬁu%éﬁ(uz) : I
: Phem : | EEEREA
; e BE g l l it
! wow) S i '
i Sé’h%%%fm*x ,%i i i 107$}§£:«
i |15 % mAKEREH AR > SR A A
1 1 B I n‘.ﬁ ~ .
M ER i £RAELERN | i : # ﬁk‘%@@
ER ! @mﬁ&ﬁ%%% ! : : At E
B ! LRERALER ) : :
R : RO | ! | FSE107 54T
| 1?%&%@@ | ! | TR R e
! SERFRAEREN | ! !
. | Bk E#kLgE ) ! :
Gk : AT > : ; !
106/10 107/1 107/7 108/1 108/6 108?12
DAL IE LEH 106F & ’a.;\ﬁrg,fi;;j;—u_%k\ #a»__% ,ﬁ*gp\ iﬂ“«:g e
B 5-1-1~ 4 b SIAHEE - B 305 B35 03 Kk
[2&RP#]

1. XRF XPS # § 3 % &

° A p AL REAL I Y
PTB 3 & XRF XPS # & & 4
B~ TEEB >~ RHEXK

2
KT AT AT -

2B TR ikl

s A FEFHIERY
BB -

B AR AT RIS R R g
FL(PTB) 445 #& XRF XPS # & 7k % &
ey P R I R AR,
ALBETRFREIBE
UEER S S TR P

FHB RS
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& 35 XFlash # &4 5 P B2 B 7k 4 &
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[Hi7=5%])

AATEER R 106 AR EF A HE 09 0 ¢ ﬁ PR YR Sl FTE s iR
BAFE R T2 2GR @ Y3 B > AR IFL BRI L R (PTB)
&7 X BFak § 3 (XPS)/X B0 A s (XRF) $L gt - iz 2 EATH & ~ ATR
TR Z 2 FREEH o
1LXRFXPS # Szt K F & A7 RBiHEEE J iz i

(1) =+ 48 Wm0 4 LA § B (PTB)H 45 & XRF XPS # fa 2k 4 & 7 £ & Bl o
- xihﬁi"v £ IFP\ i&“ S ETE T GARM NP RARE 0 11/1 p =& PTB & 1%
HNE¥ 9% »xdp & 2017/10/01 ~ 2022/09/30  + Hjishs & & 8 5 -
AZzp 28 3 R¥ib2 1kg AT EF HIFITL FEEE -
B.ix = XPS/XRF & E » % 08 HIk & & 180 -
C. XPS/IXRF % # 2 & ive2 A 47 R £ 2 % o

- W PTB fﬁ.iﬂéﬁf—,’f#XRFXPSE BTRAKFEER A M e 5B
FEH S AARTR - TER ARERFARETRRERE Y 2 .

(2) =*># faTki A %t’f:ii/»\%fr Rk LA KA FRRE > ¢ 35 XFlash # 24 BRI BE P Kk 4
BT FARH A ATIR

- =% XFlash # /%45 /2| B (SDD)$x ¥ 5:9/14 p B = FRMLEH - 10/31 P = + 3Kk -

SDD # iZ# W R % 5 B T QI PP TR RF LY - LER

Rt 12/20 p v g 12/22 po#siE NML > 330 12/26 P % = 3% pESk Jc € 3% > XFlash

SDD i ip] 2] 5L A 540 @) 5-1-2 #7or > H mALE WP ¢ CF35 (DN4O) flange
P4 @) 5-1-3 #77F ©

RFEF R IR FERRE > F AP AR TE 0 UREREF SR

FRz2ir & 1% XFlash # & # 2 B (SDD)t Rl # & 3k & K & % 4§ &

(Fluorescence radiation) » I 4 B f247 o fe sl SR T > BRIF S i e 1 &

A FACERE F N CRAE IR ER S A R E kKB R ENEER S

EARL S TREFTETRAAT
= ik 2. SDD R B o AT ARAeT D (@)F pefRlG f 5 30 mm? s (D)
£ f#47 & (Energy resoulution) : =123 Ev at Mn-Ka, =54 eV at F-Ko, =46 eV at C-Ka
2 & | 1Rk 3 5t £ (Smallest detectable photon energy) =100 eV -
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) 5-1-2 ~ XFlash SDD %] %522 A 5 B 5-1-3 ~ A% 1 i#] 4 #22 CF35 (DN40) flange

- map hitie kT FHAEEA T R #1019 p = = 3 1§ - Scienta Omicron
RoR e »v 12/13 p o dssE 4 49 12/18 p s NMLe»t 12/21 p % = 4R PSR T € 3% o
FofaThdod R A ke X HAE kLRE A5 B BB 5-1-4 % T F A
%52 B B 4o B 5-1-5 o

Bl 5-1-4 ~ X S50 8 sk kih B % 2 |5 ¢ Bt
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.

v

Bl 5-1-5 ~ kP F A k2 A5 R

fho A Rd R EY PS> AEBRBEES S22 TEER]D
PR BRTERAE TR AT RS2 - oL AT E A mENRY R PP P -
X B4Rk T 3 453 A Jﬁ i% (X-Ray Photoelectron Spectroscopy, XPS) &~ f& % & 44 %
AT TSN > 5 d ZRIAFTREM Y ~F T %?&f‘*mﬂ* fi o 3B R SRR SR
EokHE 4 X EA f‘-i!;%xg’—ﬁ’l: TR ERALE 22 H k Ak o XPS H & 47
R L A% X kb d PRstFpl 4 6 7SS R T S (photoelectron) P51 E R
kR I dan T AEE DR T Iy o TR MR T F 2 hF
- FAREE i F R o AR A e T RFALATR §F X HAXRE LT
FHEE R o 4o 5-1-6 M EATT o R RGBSR 7 B (PTB)#TE * 2 fu'f
)85 > % B 5 Scienta Omicron o

—

N

~

X4t dh A% ¢ NK&
hv = 1486.6 eV

RSB ETHRE

UHV 7 7 RE 2

\\ T

B 5-1-6 ~ X &aw -k § + Af 2% $ ¥ (X-Ray Photoelectron Spectroscopy)
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A TRz kT AR AT R 0 TR S (@)% % 2155 ARGUS CU XPS > (b)

Poid frimek § 7 3 & B4 (Fast and low noise electronics) EAC 2000 » ()& 7 + e5g
B ik e £ (pass energy) : (5~200)eV - (d)x Tpedz (Working distance) : 300 mm - (e)
128 i F5 &3 g ¥ P B (striped anode detector) ® ¥ -i# dp &£ ip] < 10 ms /& i 47 3 (per
spectrum) o

A RIEF B X HAKR HRAR L HBE Al =24 5 FEdigs
(quick-connect terminals)(-k 4 )= 4y (interlock) £ & - £ ki £ 5 1486.6 eV ~ k8L /]
Imm-~ 5% 250 meV % skx F 600 W -

QEFFWER L E R
(1) 2+ EFFHERTFHMARAPFTTE L FHMATREMY 5~ 2B 445> 10/28 p
% & 3Tk > 12/15 p I'J > 12022 p % F BT -

5 d FEFHERT liﬂl-ﬂ@”‘d Ak ¥ ks 2 F W2 FEc(4ort Ao T 5
AFFE)EE A FEFMERT P F ML AR AT WS EDERRE > F
FHMH RS A R R - L F %%%wi?zég % B4R R R 2T
P F WaiT R R o

AT TR F AR BRRL C(@E R EF e 4 N2y ArsHo s He s
O~z 4% "(D)EmR 1 £4% & 1/2 of LDL($~ 1 1§ B4&*L) » (C)FBPFRF © <3 min
Z 95% - (d)Ar § ¢ 2 Trace H2O 4 ]  (0~9) ppm /N2 § # 5 Trace H20 4 ] : (0 ~
20) ppm > (€)Ar & ® = Trace H2O LDL : 200 ppt/ N2 # ¥ <7 Trace H20 LDL : 400 ppt -
(f)ix & 1 50scem ~1.8slpm > (g) » v & 4 (10 ~ 125) psig °

A TR A MR

B 5-2-1~ 55 MEAR 2 §f AT REN R

(2) R+ AL BT FERIRITE 2B R LEHMY 550 10/6 p = SR ITRE - 12/20 p
FIE 0 12/26 p %o BT e
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BRECERETRGE > R ITS-90 T A2 F R TR FER 5 LE 97
PO OR AR R AR AR R SR AL AT ERA I BE F R A ERE A
BROCAETLERICEMNTARC 2R TIEE NITLREPR FEATER LA SO
BRARE G Rk

Ao BB w2k B D 1 (a) A 1> 99.9999 % (b)Ag Cell # FE %A -
2.4 mK (& % %13 k=2) (Q)Al Cell # /&£ %_& : 1.3 mK (;& £ F]F k=2) » (d)Zn Cell # £
TR 09mK (G E F]1F k=2) > (e)InCell # rgz_& : 0.7 mK (& E 15+ k=2) - % fxi%
ARFRERTEFRARTRRTLERF-RIPTGE  FHEIAP & ¢ #r-m-}i TH
Mg RS 24 R EAG 2 7 i 7 0 3ok 2 3 Hoke(glow discharge mass
spectrometry ; GDMS) 4 47 » M AR ATE 2 R B T ERH B OR LR 1 £>99.9999 %2
EReZDE Y PREERATE JITP AN EGEART R AL E LR
& R

BHRE R B2 K TR

BANERBBHE HABBAS S LE TR AR

B 522 8 5 RI2 8RR IR

[~ %m]:

1. W% R §r< ¢ (CGPM)#-3t 2018 & & £ 37 2 &
Ton-AstE-mol) adFEr gz
NML & f 2 P %)l » M AN R E R E A 2 ¥rdh2 4% o NML 95343 108 & &
s PRTEE |~ ‘TTm_}iJ . r}%‘riﬁ‘}ﬁJ s T3 B ow B ATIRE K sisE
BOoOMERAMZAELARAL  REERARE 2 E0 /D MIT A 55 F s
EREEREL 4

SIA A ¥ (7 £ -kge i & -K~
%*%? A SIAKRE

—{\

ARG A D BB ERGT o ¢ 45 1106 & B e
- 1106 2 g F g A £ F 1107
. E g~ T107 ERPFRAEFE S R

FHIFF  F e ARy E SR L B AP 5 SIATIRREZE Y 5 -
b

Y% kS 4,000 § A0 d HAgset A # o B~ 106 & NML AAYIE iF

2. w3 %ﬁ%ﬁ%ﬁ 3 ¥



PENET TP

AL BT EAAEEF S ARTEAFRAISNARFT(FF IR T T R
A7k fe XFlash # Z2# S RIE) » 2 ERIEEFHER LT DSR2 50
AT REBRITER RIEZRAE T 0t AAE AL PR RTINS T BT
# 7 I (Physikalisch-Technische Bundesanstalt, PTB) #t itw4% & XRF XPS # f 3% %
%?iﬁﬂﬁ%’?iﬁﬁﬁ%%?€ﬁﬁﬁﬁﬁiga?@,ﬁ;p@&ﬁﬁ
CEE LT AR TR XRFXPS F I 2k FREERW G2 4 R
e AFL c R ERACIE RS AAFE S BX BRI T
RiFERGEI T F SIFTERE Lk

. IR R PSR E #7,200,000 & o S F PP #0 7,425,675 0 A2 A A IR IR
Aod Biew E o33 2 B¢ wp Ao FAMIEE 32,800,000 &~ o
-3 # 32,369,579 ~ > Mow xS AR I 430,421 & o

R
B LN
5
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CZPE AN HEERERARBA 271
S AN REEATH 271
S BREAREE RS - A 272

CHHTE AU = T e 282

N 285
N L 293

S R AT % E N YEUE I L A, 208
N S 300
SRR EEEEEF R T RE RIS R A 301

— 106 E R E R EE R B LT B e, 302

11l - V106 ERARFAEEFEEIRET AT LR (UAKEA) 309
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iE- = E M F;fiéfliﬂag K HRAE

B (5 4 2 ¢ AR IR 1 o LR L
B ® B oA o Hi|#E| HE OB | BA| RIBRMZ IS
(5% £40) ¥ g A
. 12159 METTLER
1 |50kg 7R B LA 4 | 1 | 12,900,000 1
B¢ TOLEDO/ AX64004
L s =y i
2 |pEitEir & a1 11 5,018,000, 1 NMLz% 2+
e /R s
EPAZREBFTFTL 27
g [REEAFEESEE 5| 1| 3000000 1 Mettler/ T7
A S 1 I
I21%3 Bruker/XFLASH613
4 |XFlashz gm0 F 5| 1| sa00579] 1 [T
Eiplv 0
Fiifida 23 RFLT |2 Scienta
2 P 4| 1 | 20320000 1 !
® Bipe Omicron/XM 1200
. 1 TigerOptics/HALOK
6 |F 484 1 % F 4| 1| 3050000 1 | 9P
Rl A A
Fluke/5904(4%) ~
Ay =g =S
7 |mR e N }; 4| 1| 3599000 1 [5906()
Lpl¥ 5007(4%) ~ 5908(42)
B4 B
1%%*{6,%%?%]5_/6@11";;:@1@’
2.E R HATLRI00F I TRAE > Kd RFH FREE P EBIRA R R

&

i oard
i);j:) # LR FEE | M| HE | A %3
#
kBRI EMEFI00F I TRE > AIPEFHE ) FEFEE FERIIRA R
ﬁ/&ﬁ%ﬁj& °
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ufgf”i_:‘ N ﬂﬁ@?iﬁ‘—.g;ﬁ& R %%‘

M P 20 1

IEPE AR RS HE Fbe LR IR L b 1 S ¢ RET TR
w2, i?%fi’llf 3 Bh ¥ I8 =&
$4e T4 ¢ % *--@Hiﬁb FEHR 2T AAFIET A~ (2017.0017 - |FHEE B E R ARG [REEE G EREREY 281) [ TA A L EHL FE
& ¢ X AR IR B (SWASA) % #41 01.24/8 = TR AR HEL T ERR A EA
#*% NML R34 &
FEER -
Sbe T 8 & LEHMTE (TE kR AAMFIET A 2017.01.17 - L ﬁ B E AR FlRAES MAEE RS 232) PR KA EHINE FE
§ ¢ X AR B (SWASA) % #8141 01.24/8 = LE T R|ET&F NML R NN
Al F4 -
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BIPM . F'%AEGHR
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CCAUV ibrati BE AR R FEALR G
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Comité Consultatif d’Electricité{ Consultative Committee

CCE ER
on Electricity) tEmatig

CCEM Consultative Committee for Electricity and Magnetism |¥ /&€ /ot 3594 B €
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coQMm pourta Q TR

Consultative Committee for Amount of Substance —
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Metrology in Chemistry

CCRI Consultative Committee for lonizing Radiation PR SR L B €
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FinFET Fin Field-Effect transistor i T e Bl

GA General Assembly ¢~ ¢

GIXRR Grazing incidence X-ray reflectivity Mz & X B3 F S e

GIXRF Grazing incidence X-ray fluorescence iux & X BFAR Gk k¥

GULFMET (Gulf Association for Metrology ABTERE § AL
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INM ER N S E3
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KOLAS Korea Laboratory Accreditation Scheme ik B F % 3 e e

KRISS Korea Research Institute of Standards and Science iE R BB T I
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LNG Liquefied natural gas RE X RE
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METAS Federal Institute of metrology Wi EMEEE
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NIMT National Institute of Metrology(Tailand) PERRTS EFT IR
NIST National Institute of Standards and Technology F R R 7R & JR 7 e
NMC National Metrology Center FrAacH R RS E R
NMI National Metrology Institute R 73 & #i
NMIA National Measurement Institute Australian BRI EFAT R
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NPL National Physical Laboratory ERR RS EI% T
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Organisation Internationael de Metrologie Legale
OIML . . L SEIR Sl AR
(International Organization of Legal Metrology )
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RI lonizing Radiation PR TR b
RMO Regional Metrology Organization Rk
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tSAXS Transmission Small-angle X-ray scattering FiE Nl AR X RS
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SC Supplementary Comparison L é’%
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Spectrometry

SPM Scanning Probe Microscope HF & B s

SPM Self phase modulation A oAp 2 4]

SRM Standard Reference Material Lt

STM Scanning Tunneling Microscope 7RI s

TAF Taiwan Accreditation Foundation A X 2RGRERE €

TBT Technical Barriers to Trade A b R

TCAUY Te_zchnl_cal Committee Acoustics, Ultrasound and PRIy, LR
Vibration

TCFF Technical Committee for Fluid Flow mEAERZ PN E R €

TCI Technical Committee Initiative projects Y N R ISR L

TCL Technical Committee for Length ERPFENLR ¢

TCM Technical Committee for Mass TEHWLR ¢

TCMM Technical Committee for Materials Metrology APMP 44413+ 8 ik R €

TCT Technical Committee for Temperature BRFEMRL R ¢

TEM Tunnel_elt_ectronlc mlcro_scope 15T M
transmission electron microscope

TF Time and Frequency P 2T AE

UNIDO United Nations Industrial Development Organization T e R B e

VIM international vocabulary of basic and general terms in TN LT
metrology

VMI Vietnam Metrology Institute IO ) 9

VNIETRI National Scientific Research Institute for B R 27 ) ”va W8 a RTHTE P
Physical-Technical and Radio-Technical Measurements | £ # 7 Fx
IAll-Russian Scientific Research Institute of Metrological )

VNIIM . BREARFEREF T IR
Service

VSL 'Van Swinden Laboratory FRREARE

WG Working Group a1 T e

WGFF Working Group of Fluid Flow Py e MR 20 R -

WTO World Trade Organization R R

XPS X-Ray Photoelectron Spectroscopy X AR K T A

XRCD X-Ray-Crystal-Density X kLR A2

XRCD X-Ray-Crystal-Density X kB BB RE

XRD X-Ray Diffractometer X Sk MEb iR

XRR X-ray reflectivity X B4R F BT

XSW X-ray standing wave X b AR B g
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ittty SRR REEGIRETSR T

TR A

. BRI PRFE

2 |pmem| 0 e IR PN R | AREZ | 1021103 2041 200 | 2% §%§§E§{w%A BRI
(1) 0.06 dB (20 Hz to
40 Hz) - 0.05dB (40
Hz(AZ) to 5 kHz) -
0.08 dB (5 kHz(A+&)
(1) 1 &0 (FFE IEC61094-1  |to 10 kHz) - 0.12 dB
e s LS1P) (10 kHz(A&) to 12.5 BAAE® EE N
N $E% : 20 Hzto 12.5 kHz kHz) E fit A02 &1 AO3
1 |[RE#R|A0L 83.06.30 1 19 5 23 4
T2 (2) 1/2 = (F5 IEC 61094-1 |(2) 0.06 dB (20 Hz to (Condenser MEZRHK Z2Z
LS2P) 40 Hz) - 0.05 dB (40 Microphone) B -
$E3 : 20 Hz to 25 kHz Hz(R &) to 8 kHz) -
0.11 dB (8 kHz(*F&)
to 20 kHz) - 0.20dB
(20 kHz(A&) to 25
kHz)
(1) 1 =N (FFFIEC 61094-1 LS1|(1) 0.12 dB (20 Hz to
and 61094-4 WS1) 40 Hz) - 0.08 dB (40 .
. BERNER
EAERTS BEER : 20 Hzto 12.5 kHz Hz(AZ) to 8 kHz)
2 |EEEER| A02((2) 1/2 =Y (7F A& IEC 61094-1 |0.16 dB (8 kHz(~ &) 81.05.25 itondenser 132 | 71 | 103 | 129 | 103
IEZ% LS2 and 61094-4 WS2) to 12.5 kHz) i
Microphone)
$8Z 20 Hz to 20 kHz (2)0.12dB (20 Hz to
(2) 1/4 =4 (55 IEC 61094-4 |40 Hz) - 0.08 dB (40
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EX/

B |2, = | BB . - Z5eR | BIRR1EZ | 102 | 103 | 104 | 105 | 106 |HE=%& |, s syae
:57\ /‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEEE E,H\E {%%%%*ﬁ ﬂzg EFE ﬂzg ﬂzg EFE usguﬁ@) nﬁf‘/j( tt%j‘ 1%HEEREH
WS3) Hz(A2) to 8 kHz)
BEER : 20 Hz to 20 kHz 0.16 dB (8 kHz(£~3)
to 20 kHz)
(3)0.12 dB (20 Hz to
40 Hz) - 0.08 dB (40
Hz(AZ) to 8 kHz)
0.16 dB (8 kHz(£~3)
to 16 kHz) - 0.20 dB
(16 kHz(*R&) to 20
kHz)
(LHEER
1E=8
(1) (90 to 120) dB re 20 uPa (Sound
(31.5 Hz to 16 kHz) . i
) (90 10 130) 4B re 20 P (1)(2) tE8% : 0.14 Cza'\;’raf‘;r)
o re a EEL
BERE "0 \de . mm S : 0.08 (2)R=E
N (250 Hz) RIES
3 |F#RIEZ|A03 dBto 0.18 dB 81.12.07 ] 182 | 192 | 211 | 211 | 206
(3a) #E#* 250 Hz (124 dB)g; 1 (Pistonpho
s (32) 0.2dB (3b) 0.2 dB
kHz (94 dB or 114 dB) ne)
to 0.6 dB
(3b) #8=31.5 Hz £ 16 kHz (94 BEES
or 104 or 114) dB (Sound
Level
Meter)
EE= (1) 1 = (&S IEC61094-1  ((1) 0.16 dB (1 kHz to RS ) 103 &= 8 BS5¢
4 A04 103.08.11 - - 4 5 3 .
RZEY LS1P) 3.15kHz) - 0.17dB (4 JE3) REE - 104
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EX/

B |2, = | B = e - ZM5ER | BIRIEZ | 102 | 103 | 104 | 105 | 106 |FE=%F |, - syae
:57\ /‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEER E,HE {%%%%*ﬁ ﬂzg EFE ﬂzg ﬂzg EFE EI;L’)J\E§© nﬁf‘/j( tt%j‘ 1%HEEREH
E BB $B3% 1 kHz to 10 kHz kHz to 10 kHz) (Condenser F 1 BAMR
E&%5 (2) 1/2 =N (&S IEC 61094-1 |(2) 0.16 dB (1 kHzto 5 Microphone) % -
LS2P) kHz) - 0.17 dB (6.3 kHz
#8311 kHz to 20 kHz to 20 kHz)
S ETET
(Gaussmeter)
AR RS E
0.001 % to 0.01 % Lo
5 |f@%E|BOL|50mTtol5T (18%) 81.12.28 |f i 98 | 102 | 117 | 134 | 147
=R BN (Standard
Reference
Magnet)
(1) #iaEst
(1) 0.78 uyWb to 2.6
U, - (Fluxmeter)
B E A (1) 10" Wb to 2 Wb mWb
6 | BO2 5 , 5 82.09.15 |(2) &HR=E4& | 10 11 10 | 13 13
Eg (2)0.001 m“to 1 m* (turns) (2) 21 mm* to 0.0027
5 B (Search
m* (turns) )
Coils)
= HTE
(1) 0.38 % (1H¥) (Gaussmeter)
(1) I mTto 50 mT o
¥ (2)0.36 %t00.48 % CIEELE
Blii5= 2)1uTtolmT L
7| BO3 (1EE) 82.04.19 |3 134 | 139 | 156 | 147 | 143
B ES (3) 0.5 uT to 50 uT @ (50 Hz to
1 kH2) (3)0.09%t0 047 % (Standard
z
(1E#) Reference
Magnet)
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= = - > A s — EQEX/
7|, = | B = - ENGb afRIE>z | 102 | 103 | 104 | 105 | 106 |FE=F |, - " rin
: —7\| E3 2 og o) Lyy En 7. N LA
10510 &
TR E = - FRET
NEF=E s 0.04 mPa-s to 2300 it 107 £ 1 B
8 | CO01 |1 mPa'sto 2 x 10’ mPa-s 80.06.30 ) 16 | 13 | 12 | 11 1 ® . .
B 245 mPa-s (Rotational BUH -z 1
Viscometer) 7% N R
& .
CO : (10 to 200000)
ummol/mol
CO; : (100 to 300000)
mol/mol
" 104 & & &
CH, : (100 to 100000) s
RMP SRERE
umol/mol .
=i WEREF
. CsHs : (100 to 50000) o R
FiibiiTE=R:r- . . ) i 5 58 2 8
. . umol/mol 0.08 pmol/mol to iR AR
9 |RE=MH|C03 83.10.26 . 11 | 10 | 27 | 14 28 © % - SO, * NO
B O, : (1000 to 250000) 0.12 mmol/mol EZEE
EN B 106 £ 1A
pumol/mol N
' EFWH - 106
NO in N, : (50 to 2000) .
F11 A®EW
pumol/mol "
SO, in N, : (50 to 2000)
umol/mol
C,HsOH in Air : (137 to 547)
pumol/mol
et 3=pil| (1) CO : (0.0to 0.1) mol/mol |(1) REETEEAINEE (1) |mi2= 104 £k &/
10| Cco7 84.08.10 - 46 | 48 | 63 | 33 48 ® L
S CO; : (0 to 1) mol/mol MmE EREE - RMP RERE
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EX/

CH,4:(0.00 to 0.05) mol/mol( (0|(2) REBERAZA A Lz A Rie - WMEE

to 100) %LEL ) TE wE - RS i AR EE B |

CsHs : (0.00 to 0.02) mol/mol BESTE % - 3 105

((0to 100) %LEL ) QmES F 8 BEFIW

(2) PAE 0% to 100 % S . 106 F 2

A EWH -

# 105 FRIE

/0K 10
% -

(1) COINnN;: (0.001t0o100) ((1)COINN;:0.1%to (1) &€mn FEHREH

mmol/mol 20% &52 (CO EERIRE -

CO,inN; : (0.1 to 160) CO,inN;:0.1%to 1.5 in N, ~ CO; & 104 F£R

mmol/mol % in N~ CHy & 103 £K

CH4in N> : (0.1 to 100) CH4inN;:0.1%to 1.0 in Ny~ C3Hg EREREMH

L mmol/mol % in Ny~ CFy CEHEM AR
BEEES , , : B Y

e CsHgin N5 : (0.1 to 50) CsHgin N, : 0.2 % to in N - EWER - W

11 . C08 [mmol/mol 10% 83.10.26 |SFgin Ny~ | 27 | 92 65 39 18 ® ZERIESIE

— SFein N3 : (10 to 1000) SFeinN,:0.2%to 1.5 NO in % - 105 F£H

umol/mol % N, * SO, in C07 B8 BE

CF4in N5 : (100 to 3000) CF4inN,:01%to01.0 N, Oyin =W - 106

pumol/mol % N, * CHzin F 2 B%EW

NO in N, : (50 to 2000) NOinN,:0.5%to 2.0 Air) - mEEKRK

pumol/mol % (2) 2R HMEETEH -

SO, in N; : (50 to 2000) SO,inN;:0.5%to 1.5 et # C08 105
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EX/

(4) VOC (2 Benzene -
Toluene - Ethylbenzene -

Xylenes) in N; : 1 ymol/mol

(4)VOCin Ny (&
Benzene - Toluene -
Ethylbenzene -
Xylenes) : 5% to

10 %

BT =R R s == sk AR
umol/mol % (CO+CO,+ F - 106 FfE
O,in N : (1 to 10) umol/mol ~|O,in N, : 1.5 % to 3.0 CsHg) in N, BEH8 =R
(1 to 14) mmol/mol % 02%t015% (3) Emn Do SO, in
CHs in Air: (1 to 20) mmol/mol|{CH, in Air : 0.1 % to 2EEREESR N, NO in N,

0.5% (C.HsOH B 106 £1H
N,O in N; : (100 to 1000) N,OinN;: 0.5 % to in Ny ~ H,S HFWH - 106
pumol/mol 15% in N5) F11 AkEW
(2) (CO + CO, + C3Hg) in N, (2) (CO + CO; + C3Hy) (4) VOCs % -
in N inNz (2
CO : (5 to 40) mmol/mol CO:02%t00.8% Benzene -
CO; : (50 to 160) mmol/mol |CO, : 0.1 % to 0.5 % Toluene -
C3Hg : (100 to 1600) pmol/mol|CsHg : 0.5 % to 1.0 % Ethylbenz
(3) CoHsOH in N5 : (80 to 140) |(3) CoHsOH in N5 - ene »
pgmol/mol 2%to5% Xylenes)
H,S in N, : (10 to 100) H,SinN,:1.5%to5.0
pmol/mol %




EX/

(1) UEBEEMHEZEMX
AREERBETERIBEBIE
EbsE - oTREZCEEMNE
BREEHE I RAREEHRES 104 &« - 105
BEAfkE BEAR 1% ZEH FRHBKRE
o L . _ .. |1)02%t012%
EIXBETR nRE  UREEEAERERE () MmEK - A
12 | REERE|CO9 BEM 12 EE2EZE 4 ® FRE MR
o ] (2)0.5%t01.0%
=i ESH (2) CHsin N> :(0.1to 10) . BEXHRELN 2
(*E%j') Nz‘CgHgln N
cmol/mol &F - WFEET 107
C3Hgin N,:(0.1to 5) FEHER -
cmol/mol
CO,in N,: (0.1 to 16)
cmol/mol
(1) COin N;: (1to 100) 104 E=EEE
pumol/mol 7 ETHE
CO,in N, : (50 to 5000) g% - 105 &£ 2
RIEEE umol/mol N, » CO,in BREMBKRE -
o (1) 0.048 % t0 0.26 %
HEEE CH4 in Air: (0.1 to 2) cmol/mol Gas) N, » CH4in SO, - NO B
13 |E23475% | C10 [NO in N5 : (1 to 2000) - © 106 £1 BEg
o (2)13%t02.0% N N
BERIE % pumol/mol ) FULHF - FEET
7 SO, in N, : (1 to 2000) 107 £ 1 Bk
pumol/mol BUWH - 52
(2) CoHsOH in Air: (90 to BEDRE
1200) ymol/mol (CHsOH  in




EX/

B | o | R e % | IREZ | 102|103 | 104 | 105 | 106 |B=# X e
x |FREW TRER BH | BEEE |GE | GE | £E | FE | £F |28 | a0 e
in Air) Air) B 106 &
6 BEEW
# . Bt 107
F 1 AREY
-
10510 A%
BB Al SN BB . 106
14 | 547584 | C11 |(1 to 10) pmol/mol 00067 ymol/mol 1051226 | =71 | | - | - | 4 =
o 324 # 5 ARMR
BRE#4
% -
105F 10 B5%
MES - 106
CEPE BED % & 5 RN
TEE , —EE s % EEER
15 ~| c12 |50 mg/kg 6 % (18%) 105.12.26 ! \
s -z%E Z 48 - 106
24 B ® 5 BEEY

%106 % 10
BixEWH -
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I8

gRIEZ

102

103

104

105

106

F=F

EX/

# R ATE e S HEE AEEE Sy mvm |rg |2 | a2 | 25 | 2F | 25 E%;%‘/i( EC¥TA | HREERAR
M B [(39)° +
(0.50%Y? nm
B E:[(39)%+
0.60)%1Y? nm 1ZAESRIR
IRIREEES T1EES : [(40)° + A
16| __ " |D01{0.5 mm to 100 mm 1 76.04.26 24 | 19 | 29 | 20 | 22
RIE &4 (0.80)“1" nm #l)(Gauge
T1ESS : [(40)2 + Blocks)
(1.90Y? nm
LB mm BB
REEREEE
—— R EN
i [19%+ (03012 nm - £ e fit DO1 %82
RT3 \ _ N
17| " |D02{0.5 mm to 100 mm BER mm 2 H3EETE| 82.07.20 2 3 1 2 1 D23 ZFME
RIEZ#H #l)(Gauge J .
REE Rm I IZES
Blocks) s
B -
Q) =& |/ o2 x
[(0.132) n
291/2 i
(1) & 8 :1mmto200 mm 2’?3;36@ ]ZEEP;;WE 1) m
BERS| |2 # B lmmto20mm | MM LRARAE = B 7 15 IF 18 28
18| D03 R~t 76.04.22 |(2) &8 32111 | 35 | 10 | 36
=3 EN (3) & /R :20mmto 100 5 #H2F -
() & 3] :[(0.22)?% + (3) =

mm

0.013 DAY um - D%

BAI mm ZERIMER
~t
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EX/

- P P . . =R | TRIEZ | 102 | 103 | 104 | 105 | 106 L s
:j_’\ /‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEER E,H\E 1%%%%*% ﬂzg EFE ﬂzg ﬂzg EFE nﬁf‘/j( 1%HEEREH
3) & #H:2x
[(0.088)2 +(0.00136
DAY um - DBEAI
mm ZEZRIMER
104FE48%E6
BETZHAXK
(1) ZEFEBR - 2R - B B;6 B 9
FRIZA R 0.01 mm to 200 mm 5 212 IEXEI IS BE—TTHW
N e \ [74.2%+ (0.1591)7] \ N -
BRAER (2) ZEEFEBRL - 2L 0.01 L R 128 fZ . 10 BtkiE
19 _ D05 nm : LABEf mm >~ | 83.07.27 126 | 107 | 77 | 188 | 125
&% mm to 500 mm N R - iR W - WE 5
3) BERER EmE£R 001 | jms B 7 IE 18 %
mm to 1000 mm R - B 105
FERIFSHPEE
' -
BERR
20 D06 |1" to 45° 0.29" 79.04.12 |BERR 2 4 2 3 4
RIE &4
. (1) %
(1) AR 28R 023" .
N (1) 3™ to 72 E(120° to 5°) ZiER - (2)
RKAER (2) PER : 0.29"
21 _ D07 ((2) 0.1° to 360° . 84.06.30 |7ER - 3)| 5 12 3 9 5
F&4% (3) ZERHEER(E .
(3) 3™ to 72 E(120° to 5°) N ZiE AR
) : 0.04" N
BER)
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EX/

1B | 4 = | BH [ N ZM5ER | BIRIEZ | 102 | 103 | 104 | 105 | 106 |FE=%F |, - syae
:j_’\ /‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEER E,H\E 1%%%%*% ﬂzg EFE ﬂzg ﬂzg EFE E%E-ﬁ@ nﬁf‘/j( tt%j‘ 1%HEEREH
P (1) -6'to +6' (BZH7E 0.2") (1)04" BFKFE
22 J—_E/%; * D08 |(2) -1° to +1° (BRHTE 1") (2) 1.3" 76.05.31 |(Electronic| 25 31 29 22 26
(3) -1° to +1° (FRATIE 2") (3) 2.0" Level)
N EHEEE 102 Exm4
HEEER N 0.28"(0.82 um / 600
23 B D09 |=E < 600 mm 820710 |8 -EA| O 33 18 41 33 g EWEZ
Ex%4 mm) .
£ AR EATTAL -
EEEZHE
EEES BHE:<¢200mm ; KEE : 0 # (Bl
24| D12 15 nm 76.04.19 | ) 16 11 13 13 8
REIEND um to 2 um A~ FIK
iR~ BIAEAR)
Ra ~Rq:[5°+ (13R)4Y? REEEZ
nm - Rmax * Rt ~ Rz : #ER
=EEE 2 21/2
25 - D13|Ra : 0.01 um to 20 um [20°+ (13R) 17  nm 76.04.28 |(Surface 40 48 64 48 68
s R: BEZE - Dlum & Roughness
B Standard)
[0.8%+ (0.4L)%1?
mm - L BEN km 2 BEFRIEE
=RIEEEE (B4TE 0.1 (Electronic
KEE .
26 |[ERRIE|DI4|0mto432m mm) 84.04.12 Distance 14 10 14 11 14
%\:; * [1.0%+ (0.4L)4"? o Meters) &
o mm - LREf{ km Z& U4 & (Total
RIEERE (BATE 1.0 Stations)

mm)
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I8
%

EN =Y

(A

ENEE

N

it
K

HE

gRIEZ
Rt

102
FE

103
FE

104
FE

105
FE

106
FE

Paxa i
E=F
=29
oRG©

EX/
REK
e

ECES A

GRS

27

A=
BERRIE

D15

0° to 360°

0.7"

84.04.14

FBRER
(Optical
Theodolites)
5
(Electronic
Theodolites)
FILE
(Total

Stations)

17

13

16

15

16

28|

Dle

(1) iEE& 633 nm (SIER 474
THz)
(2) BE 633nm (IEZR 474
THz)

(1) 0.03 fm
(2) 0.002 fm

84.08.28

(1) BE=
AEH(E
Bk R K5
RRIE)(2)
HMIBAR =
EC
BEIRRE
Al)

19

17

17

26

24

29

RR&IE

D17

(1)0.1mtol0m
(2)0lmto3m

(1) [5.95% +

(2.630)4"? um

2) [5.88° +

.750%1Y% um

L: P m BEMZSH
BE

86.04.18

1) 1Z2%H
IS
(Standard
Tape) ~ (2)
(TN

(Invar Bar

27

33

22

22

104 £RTH
MR EE W
o EITHE
HE3#E - 105 £ 5
BixEWH -
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EX/

2 |pmem| 20 SH8E AR R | ARE2 | 1021703 2041 100 | 208 |2=E MR e | A
Code Staff)
(1) MIB(MMAREECR
250%) - 2.0 x [(AD) +
62+ (5.6 x 108)%x
D17? nm
(1) 7% : 0mto 10 m - BE : |[IB(AIMAIREEA
15 °C to 30 °C - 1R 1 40 % |22H5) : 2.0 x [LA(D) + 1) S5 F
t0 60 % - &7 : 85 kPa to 105 |6° + (2.9 x 10%)° x W (SBE
kPa 21M?nm =9 ]
=T (2-1) 0 mm to 15 mm (E&#fr D &BmBEMNZE 22 )(Laser|
o € :0.2 um) RAUBEE ; UD) % Interferome
30 [B#RIE%| D18 e o | 90.10.01 38 | 51 | 57 | 63 | 58
- (2-2) 0mmto 30 mm (B8  |SREZEEUNZE ter) ~ (2) £
E :0.1pum) FEEE % R IE 88
(2-3) 0mmto 30 mm (@47  |[RE(ERECHE) : 0.1 (Dial
£ :1.0um) °C REMERA Indicator
(2-4) 0 mm to 60 mm (E&#fr £3):0.1°C ¥ RE : Calibrator)
EF : 0.1 um) 1.0% - E5 : 16 Pa
(2-1) 0.34 um
(2-2) 0.46 pm
(2-3) 0.73 um
(2-4) 0.81 pm
SIRT (1) 50 nm to 25 pm (1)0.13nmto 1.7 nm (1) #% BB 12 BREZRERB
31 i D19(2) 280 nm to 10 pym (2) 0.009 nm to 6.3 91.08.01 %5 (Pitch| 12 | 13 | 11 | 14 | 10 106 &£ 1 B
(3) 50 nm to 1000 nm nm Standard) =ULH - 106
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I8
%

EN =Y

(A

ENEE

i

AHEEE

HE

gRIEZ
A=t

102
FE

103
FE

104
FE

105
FE

106
FE

Paxa i
E=F
=29
oRG©

EX/
REK
e

ECES A

GRS

3)3.3nmto 20 nm

( ERIR+
NEME
AFM)

(2) #% BB 12
# R (Pitch
Standard)
(EHEH
ERE )
(3) MEZ
# R (Line
Width
Standard)
(EHRF
TEEMER
AFM)

10 BiriEk
-

32

BEEMN
BRIEZ

D20

0mto 25 km

(1) FREAEHEN—E
FaEEBE(<50 m) : 4.8
mm - PEBEE(< 25
km) : 19 mm

(2) ENREAEEIEN—HE
¥aEERE(<50 m) : 4.8
mm

(3) BEBHEN : 35

mm

92.10.08

BEEMNE

11

16

EH_MRRIEE
= X BB
m- HeEEA
ENED - 7
ZZERNML -
Bl LG 3T 2 T AR

EERD -

N

\|
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EX/

2 |pmem| 20 SH8E AR R | ARE2 | 1021703 2041 100 | 208 |2=E MR e | A
(1) *Ex(D
< 3 um) : [32 +
i';‘z);]l/z o R
EERE|  |1) %= 001 umto 100 um| 0 oD~ SHm): (Step
33 i D21 2 F$5t : 0.01 pm o 50 um [9.5% + 3.6 nm | 94.05.02 Height 163 | 154 | 164 | 173 | 170
(2) #étzt : [5° +
(3207 nm Standards)
D:BsEHME B
pMm
1) —&=1
WiEER %
E (SO,
Reference
Materials:
Spectrosc
— (1) 1.5 nm to 1000 nm (1) 0.10 nm opic
34 i D22((2) 1.5 nmto 200 nm (2) 0.02 nm 91.08.01 [Ellipsomet| 91 | 121 | 84 95 97
(3) EHWALR~TAE 2.0nm (3) 0.3 nm ry)
(2) #REAE
# R (SiO,,
HfO,,
Al,O3
Reference
Materials:
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I8
%

EN =Y

%

ENEE

N

it
K

HE

gRIEZ
A=t

102
FE

103
FE

104
FE

105
FE

106
FE

foe—

F=F
TAY

FoEe ©

EX/
REK
e

ECES A

GRS

X-ray
Reflectivity)
(3) fLBeE
BRAREER
(ME&E
SiOCH - &
E:2nmto
200 nm]
(Porous
Thin Film
Standards)

35

BEIR
BRI IE

D23

(1) 100 mm to 600 mm
(2) 100 mm to 1000 mm

(1) [84% + (735L)%1M?
nm

(2) [65% +
nm

L: B m BEAIZRRE
BHERE

(2851)%2

95.11.22

RIEAR

15

31

38

25

27

36

RenfEkg
RSRIE

D24

(1) 0.1 um to 10 um
(2) 0.1 um to 10 um

(1) 26 nm
(2) 37 nm

96.06.28
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N =t SH8E AR R | ARE2 | 1021703 2041 100 | 208 |2=E E%Z%?:/ LA | R
(1) [(0.36)% + (1.66 x
O um - L BGEE
(1) Z# :10pmx10umto |E:  BEfIm
e 1.4 mm x 1.0 mm (2) [(0.63)* + (1.66 x FBIZER
2RI | D25((2) —# : 10 umto 400 mm [0V um - L B#EEE | 99.02.03 |(Image 17 | 19 | 27 | 27 | 36
EN (B) “# :10uymx10umto |E: EBEfIm Standards)
400 mm x 400 mm (3) [(0.77)% + (1.66 x
DAY um - L BEEE
E - Efum
2R F
(B X &
% - PSL)
[Standard
(1) 3.3 nmto 34 nm Particles
(1) 20 nm to 1000 nm (2) 2.5 nm (Polystyre 106 £ 5 BY
BN (2) 100 nm to 500 nm ()13 nm ne) B - 106
\ D26 (4) 100 nm to 200 95.11.24 (1) Ep&E% | 30 | 17 | 23 | 27 | 32
SR Z4 (3) 20 nm to 500 nm N o 11 BiREl
(4) 100 nm to 300 nm nm(A=) : 8.1 nm A .
200 nmto 300 nm:19 (DLS)
nm (2) BES
REFE
5% (EAB)
(3) WMAE
BEE D
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=

EN =Y

%

ENEE

N

it
K

HE

gRIEZ
A=t

102
FE

103
FE

104
FE

105
FE

106
FE

s —
E=F
23723

ong ©

EX/
REK
e

ECES A

GRS

7%(DMA)
(4) EEE
SR
EET

39

AR F
et E
eI BN

D27

(la) #I%:100 nm;EE:1cm>
to 1000 cm™

(1b) #If¥ : 50 nm to 200 nm ;
[ 1 1000 cm to 10000 cm™
(2) -75 mV < Zeta &fI < 75
mV (fIf€ > 20 nm)

(3) 5 m?/g to 550 m%/g

(la) 2.3 % to 3.7 % (18
H)

(1b) 2.2 % to 2.4 % (%8
H)

(2) 2.7 mV

(3) 2.1 % (18%)

100.04.25

1= 2K F
(Standard
Particles)

- AREERF
OB &
(Standard
Particle
Counter)
(1) F=|IORHKI
FRESH
(1 2T+
B EE A
ARG )

(2) Zeta &
fu s 8l (&
KOG
HIF)

(3) tEx&E
BERE

HERIF)

13

104 £ 9 H 25
HERRBRE %

MmEA -
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EX/

B | o | B e . SR | SRIEZ | 102 | 103 | 104 | 105 | 106 |B=% | % as | 1w e
:57\ /‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEER E,H\E {%%%%*ﬁ ﬂzg EFE ﬂzg ﬂzg EFE u%uﬁ@) nﬁf‘/j( tt%j‘ 1%HEEREH
(1) ZHERT
S iy 222 % iy
D e (1) 1ZR#EERIF ZHIE : 10 nm to 106 11 AE
BHAE (Standard . .
O 60 nm (1) 1.5nmto 5.4 nm , =W - FRE
40 | FEEM=| D28 . 101.1.17 |Particles) 7 9 11 10 24
. (2) #REpIEER 74 : 70 nm |(2) 0.30 nm to 3.0 nm 107 &£ 5 A%
Az 01000 (RER g
0 nm .
s# 7 (Pitch f
Standards)
BEAZE A 1.96 x (0.3 6.3 105 % 8 3%
~ / . X . m + 0.0 X
= 1200 mm x 1000 mm x 700 5 034 &S - 106
41 |[ER1EZ | D29 107 [) 106.01.19 |EBEEZESHIE | - - - - 1
mm _. F 5 BRBR
e L EARE
% e
Lo8 0.8 5 106 &£ 2 A58
IAARIE 98 0,28 um)"+ AR - R ME B - 106
42 | D30{10 mm to 1010 mm (4.01 x 107 ¥ 106.04.26 | - - - - 3
EN . RIEZR F 5 BRAMR
L EARE
7% -
1EAEER
(Solid
RBERR pu
. State 106 F£#E1T%
43 |EE=01| E0OL (1 mVto 10V 50 nVto 98 nV 81.06.30 6 8 15 10 12 X
_ Voltage MR -
Standard)
- B E R
#<(Voltage
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EX/
MK |LEE A | HERAP
e

I8
%

Zif5eMm | ARIEZ | 102 | 103 | 104 | 105 | 106 [$=&
(4 E

SRl A | BREE | £E | £E | £E |5 | £F | 2%

ENEE AHEEE

SN

R

(Solid State
Bitl~ Voltage
44110V £ |EO3 |1V -1.018V- 10V 0.3 uV/V(1E¥) 81.09.01 |Standard) | 16 | 19 | 12 | 16 19
R Z 47 - BEMEBRE
1R#E25(DC
Voltage
Standard)

EREBEE

BRER 6 uV/Vto 0.7 mVvV/V #22(DC
45 | _ EO4 |1 mV to 1000 V 76.04.25 102 | 113 | 94 | 131 | 115
=

I ENH (B %) Voltage
Standard)

BERsBES
B 2% (DC
High
Voltage

BEReR Divider) -
%

46 EO5 |1 kV to 200 kV 100 pV/V (1%) 83.12.20 45 | 45 | 47 | 53 75

BN ERSREE
£ (DC
High
Voltage
Meter) -
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2= | TRTEY | 102 | 103 | 104 | 105 | 106 |m=z |[ZEY

HH | BEEE |GE | 6E | £E | FE| 6F | 2Ee || 04| BERE

L | BB e SREE AHE

it
K

BERsER
(DC High
Voltage

Source)

R E R
At
(Thermal
Voltage
R E R 1 mVto 1000V - 4 uV/V to 0.5 mV/V Converter) 2o MERIE
. EO6 76.04.20 R 84 | 105 | 88 | 129 | 94 .
SR 24 20 Hz to 1 MHz (tHE) - EARQERIR BHAS 2 F -
1RAERR
(Thermal
Transfer

Standard)

(1) bRz
(Potential
Transform
(1)1kVto 100 kV / 10V to (1) 82 uV/V (18#) ; 60 er)

EQ7 240V (—% Ml / —%x4Al) - 60 Hz |urad 76.06.25 |2) xmE| 47 | 54 | 48 | 57 49
(2) 1 kV to 100 kV / 60 Hz (2) 82 uV/V (1HEY) B 5 B %
(AC High
Voltage
Divider) -

toERZRE
eI BN
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gRIEZ
Rt

102
FE

103
FE

104
FE

105
FE

106
FE

F=F

=30 =X
ong ©

EX/
REK
e

ECES A

GRS

)(/)ILH,_EE

= (AC
High
Voltage
Meter) ~ 32
wnE B R
(AC  High
Voltage
Source)

49

BRWE
A

EO8

10 pAto 1 pA

0.07 mA/Ato 0.9
mA/A (tB¥T)

84.04.10

1) BR
DA
(DC
Current
Shunt)
(2) BEARE
IR(DC
Current
Source) B

BE M

MBI
(DC
Current
Meter)

12

11

18

14

50

E09

10 pAto 100 A

17 yA/Ato 67 pA/A
(GiEE))

76.03.23

(1) B

AN
/}I 7] /}I

o
o

€+

112

132

113

154

130
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SE=E

SN

R

ES
(A

ENEE

AHEEE

gRIEZ
Rt

102
FE

103
FE

104
FE

105
FE

106
FE

F=F

=30 =X
ong ©

EX/
REK
e

ECES A

GRS

(DC
Current
Shunt)
(2) BEARE
IR(DC
Current
Source) B
ME MR
(DC
Current
Meter)

51

BERAE
RE R %

i

E10

300 A to 1000 A

0.34 mA/A to 0.46
mA/A (18%)

76.03.23

(1) BERE
DR e
(DC
Current
Shunt)

(2) BEARE
AR(DC
Current
Source) E
ME MR
(DC
Current
Meter)

18

23

20

27

22
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R
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ENEE

AHEEE

[m]

RUEZ
(e

tH

102
FE

103
FE

104
FE

105
FE

106
FE

F=F

=30 =X
ong ©

EX/
REK
e

ECES A

GRS

52|

E1l

10 yAto 20 A / 20 Hz to 100
kHz

11 yA/Ato 0.25 mA/A
(GisE)

76.04.20

ZXIZ=EE IR LN\
/)ItLEE/)ItLD

i X

mas(AC
Current
Shunt) - 2t
WEREH

og

A

>
=

(Thermal
Current
Converter)
MBI
IR(AC
Current
Source) &
MBI
(AC
Current
Meter)

95

101

102

113

111

53 |

E12

(1)5Ato5000A/1AE5A
(—%A / ZZR4A) / 60 Hz
(2) 5 Ato 5000 A

(1) 0.0070 %, 0.024
mrad
(2) 0.29 mV/V (18E)

76.04.24

(1) b8
(Current

Transformer)

(AC

Current

57

60

85

85

100
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SE=E
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R

(A

ENEE

AHEEE

gRIEZ
Rt

102
FE

103
FE

104
FE

105
FE

106
FE

F=F

=30 =X
ong ©

EX/
REK
e

ECES A

GRS

Shunt) ~ &2
B
#x(AC
Current

Converter)

54

E13

0.1 mQ to 100 kQ

0.10 4Q/Q to 4.2
uQ/Q (F8%)

76.04.30

1RAEEEH 2R
(Standard

Resistor)

66

76

83

83

90

55

E14

100MQ -~ 1GQ -~ 10GQ - 100

GQ-1TQ

(0.09 -0.18-0.19 ~
0.23:0.6) mQ/Q (%)

76.04.30

(1) e
BEZE -

(2) B
/%= i

SEMHE

32

31

30

32

38

cg |

E15

1 pFto 1000 pF (1 kHzto 1
MHz) - 1 pF to 1 pF (1 kHz)

0.7 uF/F to 0.61 mF/F
GiEE2))

79.04.09

1) B#EE
= og
(Standard

Capacitor)
C (2 BE
RLC %

75

58

64

64

61

57

SR

El6

100 pHto 10 H

0.22 mH/H (18%9)

76.03.03

1) F#%F
(Standard
Inductor)

58

43

52

60

71
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EX/

2 |pmem| 20 e IR PN R | ARE2 | 1021703 2041 100 | 208 |2=E MR e | A
~(2) RLC &
(11) EHEBMEINE . (1) BEEXR
BE 110V -~120V - 220V - MEBINER
240V - 480V (1.1) 70 yW/W to (Single-Ph
B :10mA-100mA 1A~ 041 mW/W ase AC
5A~10A-50A-80A (1.2) 70 pvar/var to Power
$8% : 50 Hz - 60 Hz 0.41 mvar/var Source)- & 106 &£ 5 B
ThEZEREE :1-0.5 Lead - 0.5 Lag |(1.3) (0.31 t0 0.63) HRRETIH A8 %5 3 B T R
(1.2) EARMEMEINE mV/V = = 2 8 % %
BE 110V -120V 220V~ {(1.4) (0.24 10 0.48) (Single-Ph (E18) ~ BBAHR
240V - 480V mA/A ase AC = 2 &
B :10mA-100mA-1A- |(2.1)(0.10t0 0.47) Power #(E19) ~ =4H
RmEN 5A-10A-50A-80A mWh/Wh Meter) ~ B
58 E18 76.04.22 N 43 53 50 | 61 56 RimEREE R
=N EN $8% 1 50 Hz ~ 60 Hz (2.2) (0.10tc 0.47) HER R 2 (E20)B=
TH# X %] :0 Lead -0 Lag~0.866 |mvarh/varh R N
Lead ~ 0.866 Lag (3.1) (0.10tc 0.47) (Single-Ph AR =
(1.3) EBEHEK : mWh/Wh ase AC BEH A&
EREE 110V 220V |(3.2) (0.10t0 0.47) Watt (E26) - &7
(GER/ER)EE : 2% - 10% mvarh/varh Converter) Sy ek
HJE - 50 Hz » 60 Hz (4.1) 70 pW/W to (2) B *‘?*""E(Els) :
K% :2~3-5-10-20-30 " |0.41 mW/W B B &
40 - 50 - 64 (4.2) 70 pvar/var to (Single-Ph
(14) ERER 0.41 mvar/var ase AC
ERER:1IA-2A-5A-10A Energy
(FER/EREE : 2%~ 10% Meter) - &
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EX/

(3.1) —HHBENEEE :

BE 110V~ 220V - 480V
Bt : 10mA~100mA 1A
5A~10A-50A-80A

#8% : 50 Hz ~ 60 Hz
IhEREE:1-0.5 Lead - 0.5 Lag
(3.2) —HEMEBEE :

HRRELN
(Three-Ph
ase AC
Power
Meter)

24 ERnE s o7 |t
e

E48 . 50 Hz ~ 60 Hz MR LS

KRR :2~3-5-10-20-30" o]

40-50-64 (Single-Ph

(2.1) EHBENERE : ase AC

&EE 110V ~120V 220V~ Watthour

240V - 480V Converter)

EiRi:10mA-100mA-1A " B) =X

5A~10A-50A-80A it B BE &

3 : 50 Hz ~ 60 Hz (Three-Ph

hEREE :1-0.5 Lead ~ 0.5 Lag ase AC

(2.2) EEEYERE : Energy

BE:110V-120V-220V - Meter)

240V ~ 480V (4) =X

Em:10mA-100mA-1A" MEBINZEIR

5A-~10A-50A-80A (Three-Ph

#8% : 50 Hz ~ 60 Hz ase AC

T EE 0 Lead 0 Lag~0.866 Power

Lead ~ 0.866 Lag Source) =
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104
FE

105
FE

106
FE

F=F

=30 =X
ong ©

EX/
REK
e

ECES A

GRS

BF 110V ~220V 480V
BiR:10mA-~100mA-1A"
5A~10A-50A-80A

#8% . 50 Hz ~ 60 Hz

ThZ X% :0 Lead 0 Lag:0.866
Lead - 0.866 Lag

(4.1) =HBNMEINE :

EB 110V - 220V -~ 480V
BR:10mA-100mA-1A-
5A-10A-50A-80A

#8% : 50 Hz ~ 60 Hz

Th#E % :1-0.5 Lead 0.5 Lag
(4.2) —HEYEINE !

BE 110V -220V 480V
Bm:10mA-100mA-1A-
5A~10A-50A-80A

#8271 50 Hz ~ 60 Hz
ThZ A :0 Lead 0 Lag~0.866
Lead ~ 0.866 Lag

59

HuBE
eI BN

E21

5V, 60 Hz, 90°
5V, 10 kHz, 180°
5V, 60 Hz, 180°
5V, 50 kHz, 90°
5V, 400 Hz, 90°
5V, 50 kHz, 180°

0.02°

76.04.23

GENVES
(Phase
Meter) ~ 48
ufEsmESE
#x(Phase
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EX/

2 |pmem| 20 = A5E AR R | ARE2 | 1021703 2041 100 | 208 |2=E MR e | A
5V, 400 Hz, 180° Signal
50V, 60 Hz, 180° Generator)
5V, 1 kHz, 90°
50V, 400 Hz, 180°
5V, 1 kHz, 180°
100V, 60 Hz, 180°
5V, 10 kHz, 90°
100 V, 400 Hz, 180°

BEERRE
LR
(Single-Ph
ase AC
Watt
BHEBUEINE - ERBUE Converter)
AR | BRLKE
ByEE | oL 120V 240V (15 to 43) B R R
60| T |E23|m%:1A-5A 84.06.30 | . 2 1] 1|1 1
HER % uW(h)/VA(h) (Single-Ph
” $EZ : 50 Hz ~ 60 Hz ace AC
IhEREE : 1 0.5 Lead ~ 0.5 Watthour
Lag ~ O Lead - O Lag Converter)
BERRE
INERE
(Single-Ph
ase AC
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EX/

B |, 4 = | BB = [ N Z45eRy | oIREZ | 102 | 103 | 104 | 105 | 106 g s syae
:j_’\ /‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEER E,H\E 1%%%%*% ﬂzg EFE ﬂzg ﬂzg EFE nﬁf‘/j( 1%HEEREH
Power
Meter)
2tEW 1EXEEEE &2
61 |EEFHERI| E24 |1 kQ 0.08 uQ/Q (18 84.06.30 |(Standard 1 1 2 1 1
EX Resistor)
(1) TE£E
] 28
m (1) (6~9-13+16) u0/Q (Standard
JJIL ==X
n (1) 100 kQ to 100 MQ (THE) Resistor)
62 [[E=ER%| E25 88.06.23 66 79 58 59 61
(2) 1Qto100MQ (2)0.3uQ/Qto 18 (2) ZINEE
7 N
puQ/Q (HHE) B3k /RIE
2 tES
FH=%
WhEREZE
#E(Silicon
R ERR .
63 T o E27 |0.15 Q to 4000 Q 0.46 % (18%Y) 91.08.01 |Sheet 40 28 30 48 29
o Resistance
Standards)
ERIEE e
. BEESR _
iEWREERE 1 pF, 10 pF - 100 pF - 1000 pF |(0.20 to 0.58) uF/F (18 Rk ZG - 1R
64| |E29 94.05.02 |(Standard 2 12 4 10 16 .
BERIE (1000 Hz - 1592 Hz) #) ) BAERE -
B Capacitor)
RIKRE ) 0.04 % (3t£) AR =
65| FO1 (100 to 8000) L/min R 84.12.05 | | 70 42 29 32 40
RIEZH 0.05 % (5t X) &t~ IEfI=C
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FE
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FE
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FE

F=F

=30 =X
ong ©

EX/
REK
e

ECES A

GRS

0.5 % (Fti)

wEst &
EXnE
P bty
wEt =
B % &
i TEE

N wE
MEEt - B

WIUAER

66

INKRE

RIEZ 4

FO2

(2to0 700) L/min

£ 1 0.03 % (60 kg <
HMEE) 0.06 % (20 kg
< BEE <60kg)
515 1 0.04 % (60 kg <
MEE) - 0.06 % (20 kg
< BEE <60kg)
R :1.0%

85.03.01

BEIURE
&f o~ Efus
REET - K

BIEABE

B R &

= =] xS

al * HET
wEs o

SEBE

46

46

40

51

44
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EX/
MK |LEE A | HERAP
e

I8
%

Zif5eMm | ARIEZ | 102 | 103 | 104 | 105 | 106 [$=&
(4 E

SRl A | BREE | £E | £E | £E |5 | £F | 2%

ENEE AHEEE

SN

R

S5 - B

sm sl
IVIILE R

EmLnE
&t
(BEER: EzlngE

(60 to 6000) L/min - (2.6 to 4.8)

67 |[RERLE| FO3 0.05% 84.12.14 |t - BEwT| 24 33 26 27 33 © A
5 ¢St/ (45 to 15) °C o
X4 MEE
=5 EH _ 1FfsR=
T (60 to 6000) L/min - (37 to 150) o
68 |REMRLE| FO4 0.05 % 84.12.05 |&t - BEwz| 7 5 8 4 6 ©
_ cSt/ (45to 15) °C NP
X4 MEE
ML Wit
s IEEUR
S5 BEK
mestE=
mEEt AL
Otome 104 F5EAER
SRR ie 3 5T ZEBEIR BIKIRIREE
69 | _ FO5 |(15 to 18000) m®/h 017 % 76.05.31 R | 62 28 38 37 58 © B
MEBAG S5 XKE 105 £&HF N
meEstER B-
ERERT &
EXR=E
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EX/

2 |pmem| 20 = A5E AR R | ARE2 | 1021703 2041 100 | 208 |2=E MR e | A
oEtpen
e
1) &
= 8%
B - 2
HREE
EBRAE
. B
FEit 5E
EERHE
N
i RREst
MERIE () (0.002 to 24) L/min (1) 0.10 % to 0.11 % 2) 1@ 104 35 %
70 |4 (€| FO6 2 (0002 t0 24) L/min (2) EEMHE0.13% | 76.0430 |mxpr . g [ 113 | 80 | 115 | 111 | 99 ® . i .
SATTE @0 BERREE 0.14 % |

o
o
~

EE—PIAE
BRE

5 - R
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F=F

EX/

2 - o e oRIEZ FEYNN w syan
matE| . 8 TEE ot e | AT 3 Ath
5t~ IEAIRY
MEE
BRIEE
nEARE
5t~ =R
BEEREE .
NP //Iil_\.Eﬁ =]
MERIE e
= . ILIVIILE
71 |%# (/v FO7 |(4 to 100) L/min 0.16 % 84.06.30 |_ —_— 58 | 33 | 52 | 51 37 ©
EARIE B
s ) XR=EE
oEEEN
meEat o IE
fuzlimEst
SRERE - 105 FH—1%
HEARE BmEHAER
. it =B k& 285
BERE ——— o
o MEET -~ B BE - Ha#
MERIE N P
_ . MIVAE Hih AR
72 |%# (K| FO8 |(20 to 1000) L/min 0.12% 76.04.30 | .| 8 | 56 | 62 | 27 39 °© y
SR it EEE DL M2 AL AR
VEWIAEN

o
o
~

@it -
SIS AR
FEi -

Uzl Est

% BEAR
IEHEH F12
RHERH - W

RIEBHYD -
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EX/

B |, = | BB - o= E afR1lE>z | 102 | 103 | 104 | 105 | 106 |HE=%& |, s " TN
: N —7\| E3 2 og o) Lyy En 7. N LA
x |FREW EREE TRER HH | BEEE |GE | 6E | £E | FE| 6F | 2Ee || 04| BERE
MR R IR
st i 104 EBHER
BRI IE A RET BEIRBERE -
73| F10 [0.2 m/sto 25 m/s 0.52 % 940502 | . | 26 37 43 27 37 © B
B IR EE T A R 105 E&RHU
it ZEBRR R-
ERE
MEREER
. S5t K
MrREE ) . NPT
74 o F11 |0.1 yL/min to 10 mL/min 02%1t02.0% 95.01.16 [ETEEH 5 4 10 3 13 ®
o (3=
EH)
1) EER
S:E B
ERIENE - Zh
EE — Y& =
R o HARE
rm e (1) FEER=*E:012%to E-I-EjEE'}JILft
5 \ - o 013% REE - =
=M (B (1) 10 cm?®/min to 300 L/min e
75 | F12 3, . ) HERE:011%to 102.12.06 |E =X & £| - 13 41 32 19 ©
NEER (2) 10 cm?/min to 300 L/min N -
e 0.13% st oI
~ (2)0.10 % BB
1Eg8) &t~ B
MER
(2) PVTt

% BRIE
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106

F=F

EX/

2 - | e aRIEZ h w TN
HEE £ EE ; - o | RIA \ T
:j_’\ %nﬁ%*ﬁ 'T'%E,% E/E”EB@ KEE/:EE E,HH 1;%%%%4 ﬂzg EFE ﬂzg ﬂzg EFE EISL’):{EE@D Rgﬁ%‘/t tt%j‘ 1% E REH
g - Enzl
mEat - 2
gt st
BTHXRE
i BT
BE 008 %to041 mREET y R
- HEERFE
% - HETER
BRI #E 10%t098 % - . R . 106 £ 2 BE
. BE :0.064°Cto0.12 it BFH N
76 |EESL=s|HO1|)E&E : 0°Cto 69.5°C - o 77.12.02 T — 94 85 98 | 102 77 © FULH - 106
’ 7, ;m¥Kom &
ESEY BB : -27°Ct068°C \ e £ 4 BiREW
EIRE : 0.068°Cto i RER "
0.089 °C SREBIAEE -
mREET
B 2R
1) BB
105 £ 4 A
BHZEEt
_ EEW 4 - 105
(Capacitance .
) F 7 B®&EW
N Diaphragm N
EHZethE . - BEHY
77| LO1 |0.1 Pa to 100 kPa 1.8 % (1B%) 80.04.30 |Gauge)-(2)| 65 63 56 31 32 ©
RIEZ % BB 9> I 7 8 K
PEEZEE — o
_%&gnﬁi ’
HZEE ,
A LG AR 1E 4R
(Vacuum
/o
Gauge)
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Z 2 b - s — 4 |BLERX/
P = | BB . Z5eR | BIRR1EZ | 102 | 103 | 104 | 105 | 106 |HE=%& |, s " N
| RSB £) EE ~ - o | B 3 ATh
/‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEER E,HE 1%%%%&3’- ﬂzg EFE ﬂzg ﬂzg EFE E?DJ\E§© Xgﬁ%‘j( tt%j‘ 1% E REH
1) BFE
ZEE _RERERE
(Ionization AR - B
Gauge) R 8K %
AR AR 1)6.9 % to 7.4 % (18 (2) hedgiE & FEILRIE
S (1)5x10°Pato0.008Pa | 1) O tO74%( e o
SEEZEE| 102 Y ED)) 83.03.15 |FRHRAE | 21 | 17 | 9 8 6 ® HiE» - BZE
s (2)6x10"PatolPa " o =
pENSN (2) 2.9 % (18%) Tn T8 106 &£ 5
(Spinning BEEWH -
Rotor ¥a5t 107 &£ 2
Viscosity AR EW A -
Gauge)
104 FicE#A
A FTIR2RE
W RREE
NEES 0.0007 mg to 0.069 5 BN E R B
B MO01|1 mgto1kg 74.04.23 i 58 | 48 | 67 | 36 50 O .
RIEND mg (Weight) W B LRz
ERNZ - o
iR 5 AR 1E 48 H#A
B2 -
#ft M0l &
rFE= . z
- |M02{1kg 0.032mg 76.04.23 [EAS 4 5 11 3 9 o) MO3 MEZ#H
=R BN . .
Z 2 EHIE
R e
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EX/

B |2 g | B = N ZM5ER | BIRIEZ | 102 | 103 | 104 | 105 | 106 |FE=%F |, - syany
:j_’\ /‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEER E,H\E 1%%%%*% ﬂzg EFE ﬂzg ﬂzg EFE E%E-ﬁ@ nﬁf‘/j( tt%j‘ 1%HEEREH
20 kg B 104
F 4 BEFW
% . F8&t 108
_ (1)0.88mg -~ 1.7mg - . F 1 B&EW
RNESS (1)2kg ~ 5kg ~ 10kg * 20 kg SRS
81| MO03 3.3mg -84 mg 84.01.27 ) 8 3 61 | 22 22 © . % ; 1000 kg
H 247 (2) 1000 kg (Weight)
(2)33¢g H106 £5 8
EiEWE - 78
5f109E 1A
PR -

B (g HMOL&H
T lm1gto100g o EAEEY -
HERTS ) 3 3 BRI R

82 —_— MO05((2) 200 g to 1 kg 2.2 kg/m’to 17 kg/m?| 95.11.22 = 2 4 8 2 0 ) 106 £ 6 BE
BESR £
i 2; (3) 2 kg to 50 kg g FEE
109 £ 1 Bik
BuLH -
BT
(Proving
. Ring) &
BAEs ‘
- 50 kgf to 5000 kgf (500 N to R B
83 [HIz#& | NO1 2 x 107 (1H¥) 84.05.23 41 | 47 | 54 | 62 73 )
(—) 50 kN) (Force
Transducer)
- fTETT
(Load
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I8
%

EN =Y

%

ENEE

N

it
K

HE

gRIEZ
A=t

102
FE

103
FE

104
FE

105
FE

106
FE

s —
E=F
23723

ong ©

EX/
REK
e

ECES A

GRS

Cell) ~ B=
&) A5t
(Ring
Dynamom
eter) ~ Al
#t(Force

Gauge)

84

FATEE
BN
(=)

NO2

5 kgf to 500 kgf (50 N to 5 kN)

2 x 107 (18%)

76.04.24

WAIR
(Proving
Ring)- 1€
HRL =S
(Force
Transducer)
fEETT
(Load

Cell) ~ =
EI VAR
(Ring
Dynamom
eter) ~ Al
st (Force

Gauge)

39

44

44

55

51
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I8
%

EN =Y

%

ENEE

N

it
K

HE

gRIEZ
A=t

102
FE

103
FE

104
FE

105
FE

106
FE

s —
E=F
23723

ong ©

EX/
REK
e

ECES A

GRS

85

NELLER
RIEZH
(—)

NO3

10000 kgf to 200000 kgf (100
kN to 2000 kN) [E2#&]

5 x 107 (184)

78.06.01

NEBERK=R
(Force
Transducer)
C BIETT
(Load

Cell) ~ 3850
&) A5t
(Ring
Dynamom
eter) ~ A1
#t(Force

Gauge)

26

20

22

33

26

86

NELER,
RIEZH
(=)

NO4

5000 kgf to 50000 kgf (50 kN
to 500 kN)[E24&] - 1000 kgf to
20000 kgf (10 kN to 200
kN)[Hi7 18]

2x10%to3 x 10* (48
#1)

76.04.28

BIR
(Proving
Ring)~ 1€
HRk s
(Force
Transducer)
fEETT
(Load

Cell) ~ B
EnhaEt
(Ring

Dynamom

68

61

85

72

100
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L | BB

2#fsA | TREZ | 102 | 103 | 104 | 105 | 106 |z [REN

HH | BEEE |GE | 6E | £E | FE| 6F | 2Ee || 04| BERE

pd SHE X

it
K

eter) ~ Al
=t (Force

Gauge)

@ IR
(Proving
Ring)- 1€
BRER

(Force e
ELNE
Transducer)

B 5045 7 2 )
NS HET v

ey 500 kgf to 5000 kgf (5 kN to 4 e ST EERL
RIEZ 4| NO5 2 x 107 (15%)) 76.05.01 |(Load 5 5 7 5 5 © o
50 kN) RERIE -

() Cell) - B3t
EREBEEE

g N5t .
, RER 2 2 31
(Ring

Dynamom
eter) ~ Al H
&t (Force

Gauge)

BREREEE
BERAER IR
EREKE 0.30 HRA - 0.40 HRB - (Rockwell
.. |NO6|HRA - HRB - HRC 86.06.30 33 57 71 27 58 ©
EEEZ 0.30 HRC Hardness
@ Standard

Block)
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L | BB

EX/
MK |LEE A | HERAP
e

%

Z#5Th | OIRIEZ | 102 | 103 | 104 | 105 | 106 |%=%

EHwE i AE | BREE |EE | ZE |TE | FE | TE @@

it
K

HREKEE
TEXELR
o iE )

" 100 HV to 900 HV ; HV2 to ) (Vickers
EZEEZ|NO7 3.0 % (1Y) 91.09.01 6 7 14 | 15 14 ®
" HV30 Hardness
Standard

Block)

BREREK
B AR AE 1
AT (Micro

100 HV to 900 HV ; HVO0.05 to )
KiEEIZE| NOS HV1 4.5 % to 6.1 % (THH}) 92.10.08 |Vickers 15 20 22 31 48 ©
EEMR Hardness
Standard

Block)

NEBERK=
(Force
Transducer)
- A ETT
500 N & (Load
7EMEH % NO9 |10 N to 500 N [[E#Esk fiufe] 2 x 107 (18%) 94.05.02 |Cell) - IR=C| 4 2 9 9 12 ©
G &) N5t
(Ring
Dynamom
eter) ~ I
#t(Force
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EX/

B |2, = | BB . N ZM5ER | BIRIEZ | 102 | 103 | 104 | 105 | 106 |FE=%F |, - R
:j_’\ /‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEER E,H\E 1%%%%*% ﬂzg EFE ﬂzg ﬂzg EFE E%E-ﬁ@ nﬁf‘/j( tt%j‘ 1%HEEREH
Gage)
BE44(Bulk
BIRIEE : 2.7 % (1 Material)
RREBR fiI#% : 50 nm to 300 mm ; e e
92| _ N10 #) . BAEES 3.1 % | 94.11.03 |- EE(Thin| 16 13 17 19 11 © X
SR A4 7€ : 0.5 mN to 10 mN .
Gk Film
Specimen)
(1) &M
(ZECEE
=) [Wire
NELEE,R 1) SEEE :3.19 Materials(Y|
*;/ * 0.1mm < I £ 50 mm ; (L) HEARE :3.1% als(
93 |RIEZ&#|N11 (HHET) 97.03.07 |oung’ s 5 6 6 5 6 ©
10mN £ 2 < 200 mN _
() (2) 712 : 037 mN modulus)](
2) HhEE
K28 (Force
Transducer)
106 £ 2 A5
HIERIE P B&EE - 106
9 | N12|10 Nxmto 5 kNxm 1x 107 (48 106.04.27 |1HEEERKES | - - - - 3
ESo0 & 5 BREMR

5
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EX/

18 | = | BB = [ N Z45eRy | oIREZ | 102 | 103 | 104 | 105 | 106 g s
o |RAER e Sl AR AH | BREE |5 | EE | 5E | 5| £E e
(1) 1.0 % (18%%)
2) 0.4 GU (20° - &
f ) ( ”i” (1) =X\
Z) . 04GU(60° 5 o
. . SEEE
FHES (1) 1 Im to 20000 Im %) - 0.5 GU (85° - .
95| _ 002 s 82.06.10 |(2) YEE | 91 76 74 60 58
SHIAS (2) 10 GU to 100 GU =7E) - 0.8 GU ——
(20° « PHIE) - o
0.5 GU (60° - PHE) - REET
1.1 GU (85° « dy¢ %)
(1) 1.9 % to 7.6 %(48 (1) PHER
(1) 250 nm to 2500 nm - 0.01 |¥) - K ERARE EiEEE
mW/(m?nm) to 240 (2) 0.8 % to 5.1 %(#8 (Spectral
mW/m?nm #) - fORERAE Irradiance
(2) 200 nm to 1100 nm (3) 0.0006 to 0.013 - &k Standard
(3) 380 nm to 780 nm HEEA[E Lamp)
(4) 5 cd/m? t0 50,000 cd/m?  |(4) BE : 1.5 %(18%1) (2) Wiia
D IEEE G (5) BE  OEEANXEEBE xy|(5) RE : 1.5 %(48 AIER(Si
% |_ 003 o 5 y 79.08.14 140 | 133 | 129 | 129 | 136
SRNZH B =E :5cd/m“to 50,000 |#);E®E x:0.0011 y: Detector)
cd/m? 0.0009 3) EXH
6) ZRE - -BE - 8REXE |6)(7) =E :1.5%(18 Bt E R
(380 to 780) nm ), 8E x:0.0011 y: (V(N)
(7) =E - 8E - 8RN |0.0009; && :13K; Detector)
(380 to 780) nm i 25%t03.0% (4) =EET
(8)900 nm to 1600 nm (1) - TREAE (Luminanc
(8) 0.93 % to 1.8 %(#H e Meter)
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%

i

2 e N =
4 7Y p—

HH | BEEE |GE | 6E | £E | FE| 6F | 2Ee || 04| BERE

L | BB

%) - R AE 5) BRE®
Ex
(Luminanc
e
Colorimet
er)

(6) 7ocEE
NN
(Spectrora
diometer)
(7) nitkE
HRERAE
f& (Spectral
Radiance
Standard
Lamp)
(8)#&1E
HIZR(Ge

Detector)

(1) RESHR REXRY: (1to |(1) Gk REERY 1) ==Ee
100)% - &Ex,y:0to1 0.38 % t0 0.54 % - 1K e

O05 R ZF&EX : (1to100) % BORHAR ; BE 83.01.10 ((Standard | 117 | 98 | 118 | 149 | 120 A
(2) REIEY : (1to100) % - & |xy : 0.0002 Color

£ : 250 nm to 2500 nm Bl REERY:017% Plate) - &

eEER
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N =t e e N R | ARE2 | 1021703 2041 100 | 208 |2=E E%Z%?:/ HEA | R
t00.22 % - kEAEEA F (Filter)
@ ; & x : 0.0005 to (2) =8tk
0.0046 -y : 0.0009 to (Reflectan
0.0048 - fkeEEEA[E ce
BhR ZFEER 007 % Standard)
10 0.25 % - (REEA[E
2) =5= Y :0.10%
(1) & E
- )
(1) 0.8 % (16:4) (Luminous
(1) 70 cd to 10000 cd (2081 % to 14 % ( Is:::altr);
(2) BEGETE) : 25 Ix to 90000 =) ARERAAE Lamp)
Ix : BRI - 25 Iy to 1500|081 %1014 Q) BE
5 % (1) KBEZHE AL (luminan
esieEs 006 |(3) BBFE : 25 Ix to 1500 Ix ; & e B 0.0007 1o 82.10.31 |ceMeter) | 90 | 79 | 78 | 80 | 65
SR 2% o . 0.0012 IkBEIEE K
B AR ANREE Xy B B BE®
(4) 6 uW to 100 mW (300 nm (4) 0.28 % t0 0.52 % E g
to 9000 nm) () (KIBEERER (Chroma
(5) 50 yW to 150 mW = Meter)
. (4) K185
(5) 4.1 %(1H4) = (Optical
Detector)
(5) EEIH
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2 2.y - o — 4 |EXEX/
IE = o] /%%}E =N = ¥ /%\%}Ejtm E_]-*QIEZ 102 103 104 105 106 %:% BNl N W T2y
+ ES ey e S HEE AEEE Sy moeor | wm | aE | aE | 22 | 2F | 25 nz;ﬁ%‘/i( EC¥TA | HREERAR
7R (Laser
Light
Source)
(1) ®wxiE
A8 (S Rk Z8 - 1R
(3B B (1)0.38% to 3.1 % Photodiod fft 003 1Z#H
e (1) 280 nm to 1100 nm (R RHETRA e) B3 -106 &7
99 |ER5T=01| O07 94.08.02 0 1 3 2 0 N
s (2) 800 nm to 1700 nm (2) 0.36 % to 2.1 %(48 (2) #&EX1E| BEEWHE -
#) fORERAIE A 2 (Ge FEET 107 £ 7
Photodiod A EWH -
e)
BEE=H 0.04%tol7 % kiR FEBEERE
100 0080 % to 40 % o - 96.06.28 | 16 [ 12 | 19 | 20 | 12
ES4 SEEEEHEE ARG #ER
EAEAW
REHE : (380 to 800 . (&2 59
101 RS 009 %L%ﬂﬂjﬁ: : (60° <O /\%]L)ﬁ?nl 60 0.56%1t00.59% f& 98.01.16 |7 fERE] 1 1 1 1 1
B A S AsmELRR R
° (BRDF)£2
)]
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EX/
MK |LEE A | HERAP
e

I8
%

%

ZM5eRL | IRIEEZ | 102 | 103 | 104 | 105 | 106 |sE=%*
HE BREH | FE | FE | FE | FE | £E | #8e

i

EN =Y SREE AHEEE

D EEETES 1.5 %
BREE : 350 nm to 830 nm |t 2.7 % (1B¥) 1K
S HaREY SHESIBREEE : 05 BRE SRES: 11 o
o SHEEE
102E@ =% | 010 |[mW/nm to 150 mW/nm % (184) 10111025 0 10| 18 | 15 | 15 | 13
WIER% B %E - 2800 Kt03400K |8 - 15K : @ - s
BEEE Xy, U v 0.0003 to 0.0008 &
EEEXE

(1) 7K R =
ARENE
(Mercury
Barometer)
©(2) kA
KIEEEA B
103 - PO1 |1 kPa to 700 kPa 0.032 kPa 83.06.24 |(Mercury | 49 | 50 | 44 | 52 35 °©
Manometer)
C Q) BF
BB A Ef
(Digital
Pressure

Gauge)

(1) AmER
SHEEE R 33x10°t07.4 x EEEANE
104| P03 2.8 MPa to 280 MPa = 77.06.29 o 22 30 31 25 32 ©
EX 107 (1H%) (Oil Piston

Gauge):(2)
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I8
%

EN =Y

%

ENEE

N A28

it
K

gRIEZ
A=t

102
FE

103
FE

104
FE

105
FE

106
FE

s —
E=F
23723

ong ©

EX/
REK
e

ECES A

GRS

BRI 8%
(Oil
Pressure
Gauge)-(3)
IR
zT(Digital
Pressure

Gauge)

105

REER

P04

(1) 17 kPa to 7000 kPa
(2) 1 kPa to 6895 kPa
(3) 17 kPa to 7000 kPa

(1) 2.6 x 10™° to 4.2 x
107 (1849)
(2) 4.3 kPa 76.04.29
(3) 2.6 x 10™° to 4.2 x
107 (1849)

1) =il
EER NG
(Gas
Piston
Gauge) »
2) =R
Nk (Gas
Pressure
Gauge) »
(3) B8
B A5t
(Digital
Pressure

Gauge)

85

89

97

102

109
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RifzEel | TREZ | 102 | 103 | 104 | 105 | 106 |g=% (X2

HH | BEEE |GE | 6E | £E | FE| 6F | 2Ee || 04| BERE

I8
=

AL e

ENEE AHEEE

SN

R

(1) FERE
NEt
(Piston
Gauge)

(2) EZ=E
(Vacuum
B4 Gauge) * &=
106|=04 /B R | PO6 |1 Pa to 10 kPa 0.25 Pa 95.11.22 |E5t 11 | 12 | 16 | 21 21 °©
AR (Differenti
al Pressure
Gauge) - &
FRIR A5t
(Digital
Pressure

Gauge)

(1) &ER
E&t _
_ o 102 FHEZE
BHRE (Radiation

R (1) 800 °C to 2000 °C (1) 0.3°Cto4.0°C WITHE &
107|stE8 % | TO1 79.06.28 [Thermom | 70 | 11 | 33 | 14 19 °© N
(2)10°Cto90°C (2)0.1°C T RIEE

4 eter) 2) & N
. REAFS -
/ ESRALS

BR 5 mE AT

Wit

HEBR B.R.S.E# 104 £ 1 B#:
108| _, _ _|TO3|0°Cto961.78 °C (E2h) 0.11°Cto 0.20°C 76.05.01 14 15 1 5 2 © R R
Rl BB (Type BERELE
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EX/

B |2 g | B = e — Z#5eR | ORIEZ | 102 | 103 | 104 | 105 | 106 |5E=F |1, . N
:57\ /‘T’Qn}ﬁ%*ﬁ 1’%6,% E/E”EB@ KEEER E,HE {%%%%*ﬁ ﬂzg EFE ﬂzg ﬂzg EFE EI;L’)J\E§© nﬁf‘/j( tt%j‘ 1%HEEREH
ENo B.,R.orS. BRARERFIL
Thermoco Bg#% - 105 £ 3
uple)E 24 BEFW 4
R1E 106 &£ 8 A%
s -
BRENEE
N N =B 53 o K
EERE RRlEE - B “RERE
109|5t 2% | T04 |-70 °C to 300 °C 0.007 °Ct00.018°C | 84.04.07 |f=08E | 110 | 127 | 122 | 131 | 93 ® A |
N ~ ELE 106 £
s it~ BE .
BRI -
]
BEHEE
FRSREET
=Sl 106 £ 6 BE
N (Standard N
mEETE ) =W H - 106
110 . | TO5]-190 °C to 962 °C 0.16 mK to 6.0 mK 76.04.29 [Platinum 15 12 13 12 8 © .
HEHR ) F11B&EW
Resistance
#“# -
Thermom
eter)
1) &z
(1) #82% : 10 MHzto 18 GHz - (1) 1.3 % t0 3.0 % (48 MR IR
WOR IR INE 1 uW, 1 mw #) HIZR(R1E
111 uol . 78.07.31 35 32 47 29 44
=R % (2a) $8Z:50 MHz - IhZ .1 mW/|(2a) 0.51 % (18%%) &= H)
(2b) ITh= : (-25to 20) dBm  |(2b) 0.28 % (1H¥%) (2 &2
WORThERET
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EX/

2 |pmem| 20 = A5E AR R | ARE2 | 1021703 2041 100 | 208 |2=E MR e | A
1) ZRE
@ & (Air
Line) « BHE
z= (Open
Circuit) ~ 58
B 28 (Short
Circuit) ~ )&
S 106 £ 5 A&
(Sliding BNEEHE
Short B 268 (E30) -
gy D BFASMHZI0265GHz | 0 000310 0.011) Circuit) - & BB 2B
sypm| (O FF100MHZIO265 ) o o (0,053 W RIEHEH A
112| . UO2|GHz - NEE# ¢, B % 1 to . 80.11.05 |(Load) - }&| 37 19 22 29 19
R - =m0 00,29 dB (E5Y) S % (U02) % %
h S0 NEEFEERES |l B30 2 SO,
0.0001 to 0.01 (Sliding ‘.
oa) & 512 81 R AH
T B s £ % %
(Mismatch (U02) -
) - EIEER
4  (Coxial

Line) ~ =&
(A5 2
=)
2 SHEN
Bk
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EX/

3|2 = | B =l — Z#5m | IRIEZ | 102 | 103 | 104 106 s srae
/%I%}E%*ﬁ' 1’%6,% E/E”EB@ KEEEE E,H\E {%%%%*ﬁ ﬂzg EFE ﬂzg EFE nﬁf‘/j( 1%HEEREH
4E% - 100 kHzto 8 GHz - Bk 1.2 dB (100 kHz to
ES T T 2RO8RNZ T EA o0 MHZ) - 1.1 dB BHISRE
_ FIZWE : 140 V/m (100 kHz L
EE£R%|U06 (501 MHzto 1 84.08.30 |5t~ WUk | 74 75 78 81 X
to 500 MHz) + 100 VV/m (500 o
s GHz) - 1.0dB (1001 Vbl Eiers
MHz to 8 GHz)
MHz to 8 GHz)
la) RAGGTEUE © 0.5
(1a) 50 Hz to 700 Hz (#gzst |02 ™ .
= . . % (1) (1) =2
BRT5 2UX) 1b) TR -
RERLE | VO1 |(1b) 50 Hz to 10 kHz (IE5% %@ (10) AL 83.06.15 ‘ 4 5 11 9
. 0.52 % to 1.9 % (1H¥) (2) B
o ) (2)0.20% to 1.2 % KER
(2) 10 Hz to 10 kHz CEI e o
(FEE)
(1) EEI
i’%%m” B g R
. ) 2B 104 % 10 B
) (1) 1.5%to 4.4 % (18 FP|ezo—Res B R
IRENELER ) istance or e
A V02 |50 Hz to 7 kHz 76.04.30 | 78 | 66 | 44 56 BEHE==%
RIE &4 (2)1.7 % t0 2.3 % (18 Piezoelect A
. EISL’,J u§ ’ 105 E
1) ric
12 B&EW
Accelerom
eter) -
(2) #=EhET
ERIRD , , . |(1) 200 m/s? to 10000 R =t 53 105 & 3 BE
o 200 m/s” to 100000 m/s“ Z & 5
EEERARIE | VO3 BEEE m/s* : 1.9 % (18%) 81.01.09 |EBIMEMA| 16 11 14 11 MEAFAE -
REGE
X4 (2) 100000 m/s%: 2.7 (Piezo-Res 105 F 11 B
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EX/

1B | = | BH [ — Z#5eR | ORIEZ | 102 | 103 | 104 | 105 | 106 |5E=F |1, . N
:j_’\ /%I%}E%*ﬁ' 1’%6,% E/E”EB@ KEEER E,HE 1%%%%*% ﬂzg EFE ﬂzg ﬂzg EFE EI;L’)J\E§© nﬁf‘/j( tt%j‘ 1%HEEREH
% (TBEY) istance or E‘uLH - 105
Piezo-Elec F 6 AERIE
tric VA
Accelerom B HHEZ
eter) HE/mBR 1
-
105 FETE
BK#E - 106
(1) Esai _
N FERHUR -
BET -
1) 1.8 % to 2.7 % (18 (2) 1858 105 & 2 5%
. 00 t . 00 IR .
(1) 3.15 Hz to 50 Hz - 02.7%( o fE L # . 105
B3R IR E) L #) IRA(EEER .
117 V04 |(2) 0.5 Hz to 160 Hz (EEE =) . 85.06.30 | . 49 68 69 24 38 X F11 BREW
1 IE %45 T (2 1.9 % (R =) -
(3) 0.1 Hz to 160 Hz (8% =) . - RIEIRED
(3) 1.0 % (18%) (3) EHA1E .
. 58 106 £ 1
NIRRT _
) BaEgElgt -
(FBE )
106 &£ 7 Bk
s -
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e | e | BB

HE BREE | FE | FE | FE | FE | FE | B e

%

I8
%

it
K

EN =Y SREE AHE

[ERFE 5% B
B MER
(Piezo-Res B

BHEIRE , 5 ,
N 200 m/s” to 10000 m/s” Z E B " istance or _
118|[RRRIE| VO6 |__ 0.8 % (18%9) 99.02.26 | 1 2 1 2 1 V03 242
) EHE Piezo-Elec e 3
ENi i REFEW -
ric

Accelerom

eter)

wRET 4629|4546 | 4763 | 4825 | 4801
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Kf‘

|

s

=

S I RREEERES R FIEE A
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DRSS TS S EFNES SRS FE
E X T 2 3 7 5 6 7 3 9 10 11
EXies AOL A2 AO3 A04 BOL B02 BO3 CoL co3 Co7 cos8
ENGEzt BELT |BRELS |BERE (RREB |(ZEHk (MEER |52 (HESE |(HisR RS0 (HE84i5
RESHK |ALBR |BREx |RSER |WEZE |24 Ragk  |WRsE  |[REER 2% ERESR
E&% E&%5 % EGBRR [BRRK ENH e IEER
E&% BRG
2R (BB - AR - ER =it R B B R R Hity B R B
FHREERARD
BN ld=r 83.06.30 | 81.05.25 | 81.12.07 |103.08.11| 81.12.28 | 82.09.15 | 82.04.19 | 80.06.30 | 83.10.26 | 84.08.10 | 83.10.26
IRIEZERETE BRRE [BEBFAE |(BF:t - |BEAE |55 T iBET REXY |HRRE |RERE |(WHRRE
=, = BERE |SE RREE st BmEZR (RO |2RE
BqEE & Lk - |HE
HARIESE BRI
e
ST -
ST
=
102F 2 BB RE 1 132 182 B 93 10 134 16 11 16 27
1035 2 A RBERB 19 71 192 B 102 11 139 13 10 48 92
1045 2B B RE 5 103 211 ] 117 10 156 2 27 63 65
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