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100-1403-05-05-08-01

100

98 1 101 12
100 1 100 12
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PG10001-0482

100-1403-05-05-08-01

100-1403-05-05-08-01

100 98.01-101.12
154,390
0%
() 100%
C )
100% 100% 0%
75.0% 75.0% 0%
154,390 154,390 100.0%
703,398 549,006 78.1%

Transfer Standard Calibration Measurement Comparison Traceability
Assessment

DUANN, JIA-RUEY

PENG, GWO-SHENG

LAN, YU-PING

YANG CHENG-TSAIR

1. (1) 118
3,839
@ 9 12 345
118 (3)
4) /3 APMP initiative projects G U
176 345 (6) 100 NML

2.
3.

(LPG)
4 1 7 68 92

41,836




Standard maintenance and services project: (1) To secure 118 sets of system
equipment, environmental facilities, etc, ensured regular operations and service
quality of the National Measurement Laboratory, and provided calibration service
for 3,839 items. (2) To conduct 9 international comparisons, 12 oversea
traceabilities, 345 domestic traceabilities, maintained equivalence of 118 systems
of the National Measurement Laboratory with international standards. (3) To
successfully initiate the International Mutual Recognition Arrangement,
proactively participated in third party accreditation including acoustics, vibration
field this year. (4) Host and co-host three APMP initiative projects to facilitate
deepening and intercommunication of technology. (5) To conduct 11 seminars
with 176 firms participated, 345 personnel trained. (6)To conduct 2011 National
Measurement Laboratory development strategy conference.

1. Metrology Technology & Measurement System Development Project: to
proceed with the researches on Frequency measurement by femtosecond fiber
laser comb for realizing frequency standard.

2. Legal Metrology Technology Development project: to develop the necessary
technologies and strategy for legal metrology based on stat-of-the-art metering
technology and newly released international metrology regulations. The
amendment of Verification specification and Verification equipment planning
for liquefied petroleum gas (LPG) dispenser for vehicle was implemented this
year.

3. In summary, NML presented 1 patent, acquired 7 patents certificates, published
68 papers, issued 92 technical and training reports and resulted in NT$41,836
thousand revenue.

239










Eal A



4, NML s 58

S. 69
() et 82
L e 82
2.NML e 82

3 (LIMIS) ettt e 83

4 TAF 83
57O PPPPRTPRPURTPRN 83
() et 83
1 118 83

2. 91
TP PP UUPTUPRTRURTOR 104

(D SO RRTSP PRSP 105
1 118 105
2520 e 108
() e ——————————— 110
L s 110
TP UPTUUPTUPTPURTOR 121
................................................................................ 129

() e 129
............................................................................................ 139
......................................................................................................................... 147
................................................................. 155
................................................................................. 156
................................................................................................. 157
................................................................................................. 162

L ————————————————————————————— 163
......................................................................................................... 164
................................................................................................. 171



FY100
FY100



=17 30
PIVS oo eeeeseeee e 30
=17 30
............................................................................................ 44
........................................................................................ 45
................................................................................................ 47
........................................................................................ 47

APMP.IMLFF-KL oo eeeessesee e 50
APMP.IMLFF-KE oo eeeeeeoeeeeeseseeeesseseeseeseseeeesssee s 52
COL-KIL oo 53
CCM.G-K1 L1 0 55
.................................................................................................... 60
.................................................................................................... 61
............................................................................ 62

NIST NML  ceoeeeeeeeeeeeeeeeeeseseeeeeeesssese s 62
NIST  NML e 63
KRISS e 67
............................................................................ 68
01/ 84
{10 J T 85
LY Y OO 86
GO S T 2 N 87
........................................................................................................ 87

X e 88
2PN 88
2O 89
D8 2O 89

PV S 92



2-26. PJVS (@) Critical Currents (b) Margins Table (AtITRI)...93
2-27. PIVS (@) Critical Currents (b) Margins Table (At NIST)94
2-28. PJVS Trap Flux Critical Currents e 95
2-29. PIVS 95
2-30. e 98
2-31. 98
2-32. PIAtBAU ..o 99
2-33. PIAtBAU ... .o 100
2-34. PIALEAU ...t 100
2-35. PIAtBAU ..o 100
2-36. PIAtBAU ... .o 101
2-37. 2°C 102
2-38. 1°C 102
2-39. T(Tpeak- TI/F=1) ...ccccee.ee 103
2-40. NIMIL e 105
2-A1. NIMIL e 106
2-42. e 107
2-43. e 108
2-44. 2011 e 109
2-45. 2011 e 110
2-46. NMMIL 111
2-47. NML 111
2-48. 100 113
2-49. FY102~104 122
2-00. et e e e n e ree 123
2-51. e 124
2-52. NML 127
3-1. 100 MHz f-2f

................................................................................................................... 131
3-2. 100 MHz RF 131
330 e e e 132
3-4. (a) (b)

© e



3-5. 400 MHz f-2f

.................................................................................................. 135
3-6. 400.5 MHz RE oo 135
37, 136
3-8. f- of ~40 AB..ooooooeeeeeen 137
-0, e 138
AL ————ee e 140
Ao, ————————— et 141
R OO 142
4-4. 144
2-1. NML BIPMKCDBCMC oo 46
= 104 N | 48
2-3. ICAG-2005 FG5_224 (CRV) oo 55
2-4. PIVS e 96
s o 1014 N 104
2-6. 100 NML 116
27, e 123
72X 124
2:9. 125



100

100.01.06 FY99
100.02 APMP TCEM Chair Dr. llya CMC

Review Board Impedance (up to the MHz range)
100.03.08 8
100.03.10 Technology Promotion Association (TPA)  General Director,

Mr. Teerayooth Chulee 4
100.03.28 NIMT

ISO 17025
100.03.29 8
100.04 (
z# 15 ) FY102~FY104

100.04.01 FY101
100.04.09~20 International Conference on Metrology and Properties of

Engineering Surfaces 2013

14 NML
100.04.12 18
100.04.15 KRISS Dr. Myungsoo Kim
2
100.04.27 6
100.04.28 7
2013

14th International Conference on

Metrology and Properties of Engineering Surfaces




100.05

=z # 175 )

100.05.03

45

100.05.05

NML 24

100.05.16~12.23

PTB

100.05.19

100 520

34 110

100.05.20

2011

100.05.25

10000061630
AP APER1E IRRL

FY100

100.05.30

/ / / TAF

100.05.31

Dr. Takaaki Kajita 2

100.06.08

2011 _Supporting the work of regulators

100.06.12~07.01

NIST PJVS

100.06.14~16

100.06.16

100.06.24

100.06.25~26

100.06.28

10000073580




100.06.26~07.03

Executive Committee

APMP

100.07

100.08.01
100.08.01 PTB Dr.-Ing. Hans-Ulrich Danzebrink
100.08.02 100
100.08.15 TAF
100.08.15~09.14 NML Pilot Lab
NMIJ Dr.Katahada
100.08.17~19 TAF peer review
100.08.26 8 1
100.08.31 Nagaoka University of Technology Dr. Masato
Aketagawa 4 NML
100.09 APMF 2013
APMP
100.09 8/1
( ) 9 16
100.09 NML
9 4,700 NML
NML
AFM
100.09.19 10
100.09.22 10




100.09.25~10.01 A Japan
AIST/NMIJ
100.09.26 National Metrology Center, A*STAR 3
NML
100.09.26~29 NIMT gauge block workshop
workshop
100.10.03 FY101
100.10.14 1000017103 99 PJVS (Programmable
Josephson Voltage Standard) 202,004
100.10.17~21 24
(CGPM)
100.11.07~10 NIST PJVS Dr. Sam Benz  Dr. Alain
Rifenacht PJVS NML
100.11.09 NIST Sam Benz
100.11.16 13
/
100.11.16 (TFDA) 22
100.11.17 System CORP Detlef 10
100.11.18
100.11.25 Measurements International Ltd. 3
100.11.25 21
100.11.26 Measurements International (MI) Mr. Lu Jun
Shao
100.12.02~12.09 2011 APMP
2013 APMP
100.12.08~10 IPC
2011 ( )
100.12.13 100




100.12.14

100.12.14

100.12.22

NML

14
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(100 )

APMP CGPM

LIMS
ICT&MSVP

(LPG)




()
( )
A.
B. 64.58 62.55
C.
D.
A.
3.38 3.04
A. (LPG)
1.33 1.23
69.29 66.82
O O [
O O
O O O
3645 | 29.51 2.50 0.83 13.20 | 30.80 13.70 11.59 | 69.29
38.95 | 25.28 2.59 0 13.31 | 30.08 | 1222 | 11.21 | 66.82




(

)

()
1.
77,583 77,583 50.25 50.25
19,396 19,396 12.56 12.56
55,282 55,282 35.81 35.81
2. 970 970 0.63 0.63
153,231 153,231 99.25 99.25
()
1.
2.
3.
4.
5.
6.
7. 1,159 1,159 0.75 0.75
1,159 1,159 0.75 0.75
154,390 154,390 100 100
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35,048

200,000 78,796
2,589
300,000 211,380
10

1,000,000 802,700

30,000,000 40,363,400 -
31,500,000 41,458,865

342,000 -
342,000

31,500,000 41,835,913 27.1%




3.FY99 PJVS

(D.
99
PJVS (Programmable Josephson Voltage Standard) NIST(National
Institute of Standards and Technology) 10
vV PJVS
NIST NIST PJVS
99 NIST PJVS
(2).
a. Taipei Economic And Cultural Representative
Office, TECRO American Institute in Taiwan, AIT
10
9 6 24 _ 09900330789
9 7
b.
224
99,000 99.9
125,000 9
7 NIST
1
C. 99.12.28 0990020493 10
7,385 100
3).
a.100 6 12 7 1 NML NIST

(PIVS) 100 7 26 PJVS NML
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(

).

100

7,182,996

()

()

INVOICE

224,000

99,000

3,168,360

125,000

3,637,860

327,685

2,500

45,880

711

7,182,996

100.10.14

300
100
FY99 300

1000017013
202,004

-13 -
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100
5 16 |7 10 [11 |12
° — o g — — g)
. NML ®)
* f— LI i9L — e s s s | o QO)
|
* (11)
— — _— — _— —_— _— — _— L ] _— —_— -|
100
4 | 56| 7 9 | 10| 11| 12
. — 1) r—— —— ) =
. (>400 ( |
— 4 —
MHz) 02 WM = = = == 3) ____(|) -

100

10

11

12

= (1)

LPG

3.LPG

— (3)I
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(

)

(1)

BIPM/CIPM working
group (CCM-WGFF CCL-WQG)
workshop 5 APMP EC
2 APMP TC &
Workshop GA 11

NCSLI Met & Props EUSPEN

. APMP TCEM
Chair CMC Review Board
Impedance
. /]
(D03) (-50
to 400 )(T04)
(VOo1) (F02)
(FO5 F06) 633 nm He/Ne
(D16) (Vo4) 9
2-2
*NML CIPM-MRA
74 41 33
100.12.31 NML
87 318

BIPM C
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10.17~10.19

. (N0881) TO1

NCR TC

100.5.15~101.5.14
. TAF

2)

ISO/IEC 17025 14

« ICT MSVP 70 NML
3,500 3,839 ICT
MSVP 60
. (RMP)
Co8 11
TAF  RMP

. NML

12

NML 2

. (LIMS 2.0)

d TAF
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20

20

PLC

PPLN

SESAM
53

(ICT MSVP
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NML

€)

15

350

10

12

ICT 32
/

44

117

MSVP 38

10 V

NIST

118 100.
6
D27
. (D17) (D19)
(FO5)
(FO8) 6
. 345
12 15
. 27 33
. ICT 31 MSVP29 /
10 70
1.018 V
0.28 ppm
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PJVS

3
plateau
(4)
3,500
3,839 345
40,363,400
1,000 . .
4
1,101,571
70%
342,000
/
. . 6 137~141 .
107
ICT MSVP
RP FR
211,380
8 | ( ) 10 .
142 235
802,700

=20 -




20~30
300

PTB
NMC
« 5 19
e 5 20
« 6 8
6
. 12 13
100
2011 (
« 8 2

Nagaoka
27 302
520
2011
/
12
IPC
)
100

100
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* NML

50,000

12

27

584,251

11

SRB
FY100

10
FY100

FY101

NML

(1)

MHz

100

10

nm

32.6

-22 -

100 MHz

1100 nm~2300

12.7

(223 )




. 400 MHz

(>400 > 400 MHz) ~50 cm 1.8 cm
MHz) YbEr co-doped fiber pump
02W laser fiber collimator
400.5 MHz
>02W .
pump diode
40 mW 210
mW ~55 fs
f-2f
40 dB
2)
. 2 b 2 6 (
3 SCI
3
. / 1 . 3 0

-23-




(1)

(LPG)

LPG

LPG

CNMV 201
OIML R 117
NMI V 2-2 G
997-2005

- +0.6 %

+1 %

0.3 %

LPG

LPG

LPG

-4 -




* LPG

LPG

2

LPG

LPG
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2 5
2 2
3,500 3,839
8 10
6 6
117 118
350 345
10 1215
10 14
8 9
/2 /2
/ 2 2
46 29
14 39 16 SCI
73 73
1 1
1 7
2 4 /6
31,500 41,835
( 204 %) | ( 27.1%)
68 8 )
39 25 29 17
152 1,776
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(

(

)

)

/
v=2
f-2f
NML Zero dead time RF frequency
counter( CNT 91) Labview Zero
dead time
PTB

100.05.16~12.23)

(Department 8.3 Biomedical Optics / Division 8

Medical Physics and Metrological Information Technology / Physikalisch-Technische

Bundesanstalt (PTB))

-27 -



2 2

short time-of-flight
laser distribution
pulse ﬂ f \ ~1ns

= © early photons
B late photons

I-1.

(nEUROPY)
(nEUROPY)
PTB
(AOTF)
Intralipid-20
Indian ink (Higgins Waterproof Black Indian Ink, Sanford, USA)

PTB
PTB

-28 -



NIST (PIVS) (
100.06.12~07.01)

NIST ( National Institute of Standards and Technology )

(Quantum Electrical Metrology Division)

(Programmable Josephson Voltage Standard, PJVS)

PJVS NIST
Dr. Yi-Hua Tang ( ) Gaithersburg Boulder PJVS
PJVS PJVS
NIST
PJVS
(a) PJVS
PJVS SETUP PJVS 2011
GPIB

PJVS 2011 Main Software

Junctions PJVS
Volt-P
(b) PJIVS

PJVS NIST PJVS
1-2 PJVS
26
Junctions PJVS
PJVS
PJVS
PJVS PJVS
PJVS (Cryoprobe) PJVS

42 K NIST PJVS

-29-

1-3

PJVS
NIST

PJVS

Array



1-4 NIST Cryoprobe

NIST PJVS
NIST

NIST PJVS PJVS
PJVS PJVS
NML

Input/Output Taps |
N ‘

‘\Jén

Microwave In

1-2. PJVS 1-3. PJVS

1-4. PJVS

=30 -



NIMT gauge block workshop
(100.09.26~29 )
(National Institute of Metrology Thailand)
APMP DEC Workshop on Gauge Block Calibration using Laser Interferometer Method

Uncertainty Evaluation for Gauge Block Calibration by Interferometry

11 (NIMT) (CMS/NML)
(SIRIM) (NPLI) (NMD)) (KIM-LIPT)
(NISIT) (NPSL) (NML-BSTI) (NIS) (MUSSD)
NML ISO GUM
Toshiyuki TAKATSUJI, NMI1J APMP TCL Vice-chair
CMC Youichi BITOU, NMIJ
Mitutoyo

Samana PIENGBANGYANG, NIMT

NIMT
NIMT
10 NML
NML
/
NMIJ-CMS

(100.01.16~01.20 )

NMIJ-CMS CMS-NML

NMIJ

231 -



LED Mitutoyo

NMIJ-CMS 120
2007 Dell
15%
C )
LED NMIJ LED
NMIJ
LED
NMIJ
LED
NML

CIETC

-32-



The new SI: units of measurement based on fundamental constants

(100.01.22~01.28 )
BIPM TDr Terry Quinn new SI units
ST units new
SI units watt balance silicon
atom Sevres Pt-Ir IPK Planck
constanth kg IPK IPK Dr. Terry Quinn
Planck const IPK Planck
const 5.0x107

legal metrology

SI
> 1889
> 1948
> 1988 1987
Josephson constant KJ-90  von Klitzing constant RK-90

» 1967 kelvin
> 12 mole
> meter second cabdela

SI Dr Terry Quinn NPL

Dr Terry Quinn
NPL Managing Director Dr Brian Bowsher NPL
NPL £ 710M/year LGC

LGC NPL

-33-



UK NMI Dr. Damian Marshall
LGC LGC Ms. Helen Parkes CcCCQOM
Working Group on Bioanalysis (BAWG) Chair cell counting
CRM cryopreservation cell
viability

cell culture

13th International Conference on Metrology and Properties of Engineering Surfaces
(100.04.09~04.20 )
13th International Conference on

Metrology and Properties of Engineering Surfaces

NPL
Metrology and Properties of Engineering Surfaces session
30
150 200 25

The Mechanical Properties of Diamond-Like Carbon Films
Synthesized by Radio-Frequency Plasma Enhanced Chemical Vapour Deposition

Analysis of Nano Contact Force in Wet Type AFM Measurement

2013

14th International Conference on Metrology and Properties of Engineering Surfaces

NPL School of Mechanical
Engineering of the University of Birmingham NPL NPL Dr. Kamal
Hossain NPL Dr. Kamal Hossain NPL

excellent science
NPL
excellent science

School of Mechanical

-34 -



Engineering of the University of Birmingham

11 euspen (100.05.22~05.28 )
euspen COMO 11th International
Conference of European Society for Precision Engineering and Nanotechnology
(euspen) “Research on Nanoparticle Metrology with Differential
Mobility Analyzer and Electro-gravitational Aerosol Balance” “Verification of
squareness measurement methods on a machine image inspection system”
ASPE (American Society for Precision
Engineering) JSPE (Japanese Society for Precision Engineering)
euspen(European Society for Precision Engineering and Nanotechnology)

ASPEN (Asian Society for Precision Engineering and Nanotechnology) euspen

1994 CIRP
ASPE JSPE
1997 5 1998 European Society for
Precision Engineering and Nanotechnology euspen
34 Commercial session
5 18 OLYMPUS

SIOS TNO IBS euspen
TNO NANOMEFOS IBS ISARA 400
NANOMEFOS 500 mm
30 nm euspen TNO
IBS ISARA 400

attocube system attoFPSensor

-35-



NCSLI (100.8.19~100.8.31

)
50 NBS(The National Bureau of Standard) NIST
NCSL( ) National Lab.

Measurement Science Community
50 NCSL
(NMI) /
120 (

Fluke Agilent Technologies Mitutoyo Mahr Federal Tektronix )

NMIJ/AIST NRC NIST ( A2LA
ACLASS IAS L-A-B NVLAP PJLA) 10  Session
106 NML 3
>
74% Lottery Balls
(12.28%)
»>7 4 CGPM 2011
2015
»Smart Grid
Top down 2007 NIST
Smart Grid Intelligent Program(SGIP) Smart, Test and Calibration/
Certification Cyber Security Committee Home, Building, Industry, Vehical

Business and Policy 5 Working Group AMI Metering(Smart Meters) Plug-in

Electrical, Phase Measurement Unit(PMU) Customer Energy Usage Information

Standard 2013 Smart Grid Equipment Market 70 Billions
2020 1.5 Trillion Smart Grid Equipment Efficiency
Storage(Energy Measurement and Standards) o))

-36 -



(100.09.27~10.01

NIM

NIM

hand-carried

6
Gap
)
NIM
APMP TC Initiatives
(
)
APMP TC Initiatives
NIM b)
b)
NML
NIMI KRISS NIMT

-37 -

NIM

c)

NIM

a) NML

IEC 60118-0 IEC

NIM

NMIJ



1 A-- 3
2 B-- 3
3 C-- 4
4 D-- 24
5 E-- 26
6 F-- 11
7 H-- 3
8 L-- 2
9 M-- 4
10 N-- 11
11 O-- 7
12 P-- 5
13 T-- 5
14 U-- 5
15 V-- 5
118
100 1 117 FY99
(D27) 100.06.28 10000073580
118
¥R RA 2 HHRET & 2 (NML) ¢ B Rk 5(005) Nt
FRE PRI P 2 E R RAEEEFERE 100.10.21 10000138770
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100 & 05 25 100 00061630
138,090 137,594
200 796
138,290 138,390 5 1 496
13,000 13,000
100 0
13,100 13,000
oA oo
100
C-4 C-4
( p.45)

-39-




100 # 10 14 100 00132760
137,594,000 137,230,550 8
796,000 1,159,450 2 (
138,390,000 138,390,000 1 1) 363,450

- 40 -




/

100 £ 05 25 100 00061630
CIPM-WGFF
CIPM-WGFF
100.09~
100.08~0
11 160 50 NCSLI
9(10 )
NML (10 )

-41 -
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8 9
2 2
1 1
ICT/MSVP
( ) 70 70
) 117 118
20 20
24 7
4 13 13 SCI
8 20
350 345
10 12 15
10 14
ICT 32 31
MSVP 38 29
3,500 30,000 3,839 40,363
2 5
20~30 300 27 302
2 1 2
1 1
8 10
6 6
64 ( 4 )
33 21 27 17
2
ICT/MSVP 10 10 70
152 1,776

-43 -




NML

CIPM MRA (Mutual Recognition Arrangement)
(CIPM) 1999
(National Metrology Institute, NMI) 1) NMI
2) NMI 3)

CIPM-MRA
BIPM-KCDB NMI
1) (KC&SC) 2)
NMI (CMC) CIPM MRA
ISO CIE (WMO)

Metre Convention
1875

Diplomatic Treaty

General Conference on Weights and Measures
Associate States and (CGPM) Governments of
Economies of the CGPM meets every four years and consists of delegates Member States
from Member States

As of 11 February 2011, there are 55
Member States of the BIPM, and 32
Fsadile Skiles sl EcamIBRO International Committee for Weights and Measures
the General Conference N
(CIPM)
consists of eighteen individuals elected by the
CGPM
It is charged with supervision of the BIPM and

International
Organizations

of the Metre Convention @D\ 77N ¢ £
The CIPM meets annually at the BIPM Q@ @ g\;

The CIPM MRA has now beenlsigned by
the representatives of 83 institgtes— fro
48 Member States, 32 Associges of the
Consultative Committees (CCs) g,%’:gg’vgfsd:f elrenra;g)g%:{ﬁ ;ggat:ons—

Ten CCs normally chaired by a [ReEReleCl s Rl @GR eI el es /=08
member of CIPM; to advise the
CIPM; act on technical matters
and take important role in CIPM
MRA; comprise representatives

of NMIs and other experts. International Bureau of Wei and Measures

(BIPM)

International centre for metrology
Laboratories and offices at Sévres

National Metrology
Institutes (NMIs)

&
€

- 44 -

NMI



NML 1987 5 5 1994 (APMP) 2002
(Associate, CGPM) BIPM-KCDB
NML NMI
SI ”APEC -
CMC
BIPM-KCDB 2-2
National Metrology Institutes
- Qaz:tljgenr:;m key Tcalibration quality supp/ementary
comparisons measurement systems comparisons to
standards _capabilities support calibrations
Consultative Committees Regional Metrology  TCs
RMOs Organizations TCQS
BIPM (RMOs)
results submissions
JCRB
Consultative Committees (Joint Committee of the RMOs
and the BIPM)
degreesof calibration
equivalence measurement
capabilities
MRA Appendix B MRA Appendix C

Key comparison database

@KEDB
- www.bi pm.fr

2-2.

- 45 -



(CMC) 318
CMC 2-1 NML CMC 318 /
100/3/16 2 18 CMC 100/10/20
38 CMC FY100 Inter RMO review CMC
APMP TC-AUV Inter RMO
2-1.NML BIPM KCDB CMC
NML APMP | BIPM CMC |NML KCDB-KC & SC (1001130 )
TC CC /
A TCAUV|[CCAUV | 93/05/10 5 3 2 1
B TCEM |CCEM - 0 0
C TCOM |[CCQM 95/12/14 3 1 2
D TCL CCL 100/10/20 38 20 9 6
E TCEM |CCEM 95/11/22 148 22 10 2
F TCFF |CCM 97/12/16 21 11 5 4
H TCT CCT 100/03/16 2 1 1
L TCM |CCM 92/10/30 3 2
M TCM |CCM 92/10/30 10 3 2 0
N TCM |CCM 92/10/30 7 6 4
O TCPR [CCPR 93/09/27 33 4 2 6
P TCM |CCM 92/10/30 9 4 3 3
T TCT CCT 100/03/16 18 4 3 5
U TCEM [CCEM 95/11/22 3 2 1 1
\ TCAUV|CCAUV | 95/09/04 18 4 1 1
318 87 41 33
2. 9
EURAMET COOMET APMP
SIM (Regional Metrology Organizations, RMOs) 2-3 AUV.A-K1
( 2-4)
(CCAUV.A-K1) (KCRV)
(APMP.AUV.A-K1, EUROMET.AUV.A-K1, SIM.AUV.A-K1 )
KCRV CIPM-MRA
NML 74 41 33 2-1( 100/11/30

- 46 -



NML

a EURAMET, 1988

Bl A T T

J

[ APMP, 1977

r AFRINE TS, 2000

55 A AR

SIM.AUV.A-K1
America

2-4.

BIPM
5 ( 2-2) 3
(APMP pilot study) 1

-47 -

BIPM KCDB Appendix B (KC&SC)



2-2. FY100 NML

( ) ( )
FOl Key Comparison 1 o 01 1 100.1.20 BIPM
APMP.M.FF-K1
F06/ Key Comparison 96.101 | 100.1.17 BIPM
FO8 APMP.M.FF-K6
D16 Key Comparison 99.101 100.4.5
CCL-K11 BIPM
NMIJ(co-ordinate
Key Comparison lab)
D03 /o APMP.L-K4 97~102 NMLJ
( ) NML
Supplementary NML 1002
T04 comparison 98~102
APMP.T-S6
NML 100.2
Key Comparison
Vo1 (B&K 8305/B&K APMP.AUV.V-KI1. | 99~102 NMILJ
8305-001) 1 NML
100.09
Key Comparison NML 100.9
V04 (SA 704) y -omp 100~102
APMP.AUV.V-K3
NML 100.11
E27 APMP Pilot Study: | 100~101
Key Comparison NML 100.11
PO1 98~102

APMP.M.P-K9
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B APMP.M.FF-KI ( FO1)
Metrologia, 2011, 48, Tech. Suppl., 07003
CCM.FF-K1 154 m*/h (high flow) 70 m*/h (low flow)
NML APMP 6
CCM.FF-K1 KC KCRV (En) NML

COMFF-KY and APMP M. FF-K1 Coriolis flowmeter, upstream, high water flow
Degrees of equivalence: offset [ and expanded uncertainty at a 35 % level of confidence

]

Red dismonds: participants in COMLFFK1
Green triangles: partisipants in APMP M FF-K1
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(a) flow rate: 154 m*/h (high flow)
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CCM.FF-K1 and APMP.M.FF-K1 Coriclis flowmeter, upstream, low water flow
Degrees of equivalence: offset D ; and expanded uncertainty at a 95 % level of confidence
015
Red diamonds: participants in CCM.FF-H1
Green triangles: participants in APMP.M.FF-K1 .
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(b) flow rate: 70 m*/h (low flow).

2-5. APMP.M.FF-K1
B APMP.M.FF-K6 ( FO06 / FO8)
Metrologia, 2011, 48, Tech. Suppl., 07002

CCM.FF-K6 APMP.M.FF-K6 NML

TAF MRA

CCM.FF-K6& and APMP.M.FF-KE Low pressure gas flow, 4.4 g/min
Degrees of equivalence: offset D; and expanded uncertainty U, [k = 2)
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Red diamonds: participants in CCM.FF-KE Blue squares: participants in APMP.M.FF-K&
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(a) Low pressure gas flow: 4.4 g/min

CCM.FF-K& and APMP.M.FF-K6 Low pressure gas flow, 5.0 g/min

Diegress of equivalence: offset D) and expanded uncertainty U, {k = &)
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Red dimponds: participants in COMFFKE Blue squares: participants in APNP M FFKE
(b) Low pressure gas flow: 5.0 g/min
CCM.FF-K8 and APMP.M.FF-K& Low pressure gas flow, 5.6 g/min
Oegrees of equivalence; offset U, and expanded uncertainty U, {k = 2}
070
e e o 8 s 2
I T D
L] = A R R
T . // A - ———————
TL2E wmwm o o w wmw 1 I J \ i SOSSUURN NN
Ed 4 | |
DD s - 2 f ‘| .. R }
e 200 +—F——TJ——f—s - . ey . . +
. T
R e b e o e
L
T J0 SRS R PR L SR .
By Jic s B S PONTRR MRS \\ / ~~~~~~~~
A3
D == = o e e e e e e
<080
: ¢ & % 2 3 % ¥ E 8 % % %
o -« z & z b z 5 & 5 z
' wh ® H
o g <

Rt dhiamorsdy” participants in COMFFRXE

Blus squares: participants in APMP M FF-K8

(c) Low pressure gas flow: 5.6 g/min
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CCM.FF-K& and APMP.M.FF-K& Low pressure gas flow, 130 g/min
Degrees of equivalence: offset D, and expanded uncertainty U, (k = 2)
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Red diamonds: participants in CCMFF-KB Blue squares: participanis in APMP_M.FF-K&
(d) Low pressure gas flow: 130 g/min
CCM.FF-K& and APMP.M.FF-K& Low pressure gas flow, 180 g/min
Degrees of equivalence: offset D, and expanded uncertainty U, {(k = 2)
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(e) Low pressure gas flow: 180 g/min

2-6. APMP.M.FF-K6

B CCL-KI1I 633 nm ( D16)
Metrologia, 2011, 48, Tech. Suppl., 04001 (NML NML-04)
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NIM

Wavelength 4 ~ 633 nm
AfF,. and U, expressed in 10 *#

100

20 +

S0

40 -

20 +

=20 4+-p--L--4---4---

_4D 4 -+------4---4---"=---"4+ -] - -
_E'D— ---------------------------------------------------
_BD— -------------------------------------------------------------------------------
-100
EEZ3E8ciad8323C28233 322 ¢
% Standard - E
2-7. CCL-K11
En 1 NML
BIPM NML
NML
Country Standard Af; U, E.=Af/u,
PLO3 -0.14x10"% | 6.9x107"2 -0.03
NML-04 -5.86x1071% | 27.5x107"? -0.11
MSL-1 9.47x10'% | 23.68x1072 0.2
NIM-P1 21107 | 21.2x107" 0.05
NIMT-1 S11.35%1071? | 26.13x107"2 -0.22
156 4.22x10"2 | 12.83x107"2 -0.17
NML-SIRIM-1 | -16.45x10™"% | 25.99x107'? -0.32
/ LTRP-0051-BW | -1.80x10'? | 27.37x107"? -0.03
NMIJ-06 10.6x107"% | 23.9x10"? 0.22
SMU-1 2.6x101% | 21.6x1072 -0.06
EAM-2 2.7x10% | 25.7x10"2 0.05
MKEH-1 2.2x101% | 25.7x1072 -0.04
APMP TC
KRISS
NML APMP WGMM
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APMP SI unit

A.
Country Institute Acronym
P aoraary | Kort e g R e o | s
Participating Chinese Taipei Center g(z;rll\:ilzssgrement CMS
laboratories China National Institute of Metrology NIM
B.
- (Sheet resistance)
- Three boron-implanted silicon wafers of 5 inch diameters as 10 QQ, 100 €, and
1000 Q sheet resistance standards are used as traveling standards.
- 3 10 Q, 100 Q, and 1000 Q)
- 3
- (Four-point probe method)
C. / NML
- KRISS (Pilot laboratory) NML NIM KRISS (Pilot laboratory)
-NML 11 KRISS NML
Measurands Measurement conditions Measurement results
Nominal Model Test ambient ambient_re_zlative measurement ExpanQed
value current | temperature humidity value uncertainty
0o | 2SS ama | 219%C 50 % 10.083 Q 0.008 Q
0o | SRS oama | 2199 50 % 103.84 Q 0.11Q
1000 | MBI 008 g0 50 % 10512 Q 480

BIPM NML
ICAG (BIPM) 1981
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(International Comparison of Absolute Gravimeters, I[CAG) (1) BIPM

Watt-Balance (kilogram )
10% (2) SI
NML 2005 2009 2005 FGS5 224
ICAG-2005 2-3 FY100
Metrologia 48(2011) 246-260 2009 (ICAG-2009) 8
1 (CCM)- (WGG) CCM.G-K1
14 11 ICAG-2009 Technical
Protocol Draft A 2-8 (KCRV) 5

nGal 1 pGal = 10%ms™

2-3. ICAG-2005 FG5_224 (CRV)
AG N OpxStd xstd/VN Plot of the O
-098765432101234567890+
FG5_101 4 2.5%f1.5 0.8 | o * |
FG5_108 29 -4.3%x1.1 0.2 | * o |
FG5_202 11 -4.2+1.1 £0.3 * e}
FG5_206 3 -0.7£0.1 #0.1 *0
FG5_209 3 6.7+0.8 #0.5 | ) * \
FG5_211 3 -3.4+0.3 #0.2 * o
FG5_213 3 0.5%1.2 £0.7 *
FG5_215 4 -0.0+0.6 £0.3 *
FG5_216 3 -1.9%£2.7 +1.6 * o
FG5_221 3 0.5%#1.8 £1.1 o*
o= FGo 224 3 -1.1+1.9 +1.1 *o ~

FG5_228 2 3.0£0.7 0.5 o *
JILAgO2 4 1.9£1.5 0.9 | o * |
JILAg06 4 3.2#5.4 #3.1 o ¥
A10_008 5 -7.2%3.3 *1.9 * e}
IMGC_02 2 -0.3%#0.9 #0.6 | * |
FGC_001 3 4.6%2.8 1.6 o *
GABL 3 -5.2+¢1.7 £1.0 * e}
TBG 4 -4.6%9.9 5.0 * o

-098765432101234567890+

Key Comparison R
cer_nstine Offset of the Absolute Gravimeters vs KCRV
T e 20 —— andits expanded uncertain of AG (k=2)
- 2. NMIVAIST Japan
-5 215 VUGTK/RIGTC Czech Republi
o fosmr ?ﬁ:lna:;mpen 10 + { { {
- FG5-105 NRC Canada
- L KRISS Rep_ of Korea
- TUBITAK UME Turkey —_— 0 n
KC-11 [IMGC-02 INRiM aly © { { { { { [ { 1T: { { {
KC-12 [NIM-2 NIM C Q
KC-13 |JTLAg-6 BEV. ustria 110 i
KC-14 | SYRTE-CAG [SYRTE rance =
Pilot Study
r | Institute
-20
T
e 0123456 7 8 910111213141516171819202122
PGP-IRD-IGN . .
Lut. of Geodesy and Cartography Sequential number of the gravimeters
lax Planck Institute for Physics of Light | German:

2-8. CCM.G-K1 (draft A)
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NML
(1 /
NML / 100 8 17 8 19
Akihiro OOTA KRISS Dr. Hyu-sang Kwon
NMIJ APMP AUV V-kl.1
Dr. OOTA

NML

KRISS Dr. Kwon

2011 APMP

TAF

TAF

TAF NMUJ Dr.

Dr. Kwon

(APMP initiative project)




) (NIMT)

NML NIMT

NIMT NML

NIMT 5 Pathumthani

(piston prover)

15
NIMT NML
NIMT
9 ISO 17025:2005
2
(Non-conformity) 3 (Concern) 3 (Comment) NIMT

2 3
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3) NMIJ

NML [AJapan
(AIST) (NMI)) NMIJ
10 CIPM
[AJapan IAJapan Mr. Shigeyuki Baba (
) Ms. Yoko Fukunaga  Mr. Shigeharu Yoshii ISO 17025
ISO 17025
key competence
10 Line Scale Gauge Block Roundness Surface Roughness Flatness

Nanometrology CMM EDM Interfereometer Refractive Index

HRERFFAIFIHRINFRERY

key competence

10

4. NML

(1) APMP initiative project

APMP
NML (Joint Research
Project on Primary Shock Acceleration Comparison with Laser Interferometry) LPG
(Traceability Scheme Study for LPG Metering) 2
LPG
NIM NML
APMP
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NIM NML NIM NML

NIM
NML
APMP
APMP
( - )
3C
(2) NMIJ Dr.Katahada 1
A HE S B
LS = eR P 8
Bt TRy
NML 2010 11 APMP-TCL
WGMM (APMP TCL/WGMM Supplementary
Comparisonon NanoparticleSize) NML Pilot Lab NMIJ Co-pilot Lab
NMLJ
Dr.Katahada 100 8 15 ~9 14 NML
Differentia IMobility Analyzer (DMA) NML NMIJ
DMA
90 27
NMLJ DMA technical protocol
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Buffer Solution

mL uL

Buffer Solution

Hm pm) 1~2cm
Volt

nebulizer gas

Electrospray lonisation (ESI) and lon Source

Overview
Mass
Inlet Spectrometer
lon
(LC System) o
Region
2-9.
2-10
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+1 +n +1
+n +1 +n
+1

CMS-300 W/O DMA Filter

» é
09 |

\

|

T
|
|
|
- \ |
% 05 +
| J |
g 03 | [
7 02 | H +++ | |
, 4
2_; N ‘||||| ||..,..,,J.,,,J,,,,.,’J, ,\,,l..I||,|||l,.I e
ter (nm)
2-10.
+1
DMA
DMA moment total number mean diameter standard
deviation skewness kurtosis 2-11
log-normally distributed asymmetric Gaussian distribution distorted triangular
distribution ANOVA test 81 mean diameter 27

NMLJ
"IRepeatability Reproducibility Reference PSL particles Data analysis methodology
Voltage Formula of charge distribution Formula of Slip correction Effect of Brownian
motion Effect of evaporation residues
CMS DMA MSVP
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CMS 300 nm

<total number>  <mean diameter> <std.dev> <skewness> <kurtosis>

3000 1.88683126e+04  2.79500615e-01 5.64175295e-03 -3.84465780e-01  5.74548469e+00

= EXP.
//\ —FIT_AG.
2500

[\
[
[\
o\

3000 3500 4000 4500 5000 5500 6000 6500 7000

)

Concentraction for 10 Sec. (#/c.c

Voltage (V)
2-11.
3) NIST
NIST Dr. Randolph E. Elmquist NML
NIST 2 nQ/Q NML
2-12 NIST graphene
NIST (

http://www.nist.gov/manuscript-publication-search.cfm?pub 1d=907725)

Graphene production for electrical metrology
Wiytwarzanie grafenu e potreeby metrologhl slekiryezme)

FAMDOLFH B, ELMOQUIST Y, TIAN SHMEN ¥, GECRGE B OJONES, JRUY,
FELIPE L. HERMANDEZ-MARCHIIEZ, MARANG & RESLY, snd DA B NEWELLY

Authors would like to acknowledge Dr. C.-F. Huang, Industrial
Technology Research Institute, Taiwan, Prof. Chi-Te Liang, Tai-
wan University, and Prof. Li-hung Lin, Chiayi University, who pro-
vided GaAs devices used for the measurements shown in Fig.
2 and Fig. 3; and also Dr. Qingkai Yu from Center for Advanced
Materials and ECE, University of Houston, who provided the CVD
graphene for the measurements shown in Fig. 4. A portion of this
work was performed at the National High Magnetic Field Labora-
tory, which is supported by National Science Foundation Coope-
rative Agreement number DMR-0654118, the State of Florida, and
the U.S. Department of Energy

2-12. NIST NML
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12806 4515

12808 4085

« Gingie GBLE DOTHE
12808 S0TS = S erages

12906 4058

12906 40385 =

12906 4015

Resistance (L)

12808 3885

12006 3875

12208 2968

128083835
& 8.2 &4 88 8.8

Magnetic Flux Density {T)

2-13. NIST NML

NIST NML
NIST
NIST NIST Prof. Drew THz
NIST NIST
NIST THz
NIST NML QHR sample
INMETRO QHR
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22011 11 11 10:59
: randolph.elmquist @nist.gov

Dear Rand,

Thank you very much for your information. We will be very glad if our device could be helpful to
INMETRO. You can send the suitable devices to INMETRO. Could you also let them know our contribution
in these devices? Just as what I have mentioned, our team focused on checking the repaired DCC bridge at
CMS since July. Now we are planning to compare the resistance ratios by using the DCC and the potential
meter shown in the attached file. Of course, more quantum Hall devices will be fabricated to study the
potential meter. It will be our pleasure to share the experiences on fabricating quantum Hall devices of
different material s/mechanisms. We have tested NIST's programmable Josephson voltage system (JVS)
assembled by Dr. Sam Benz's team, and the 1.018 V measurements show the consisterncy betweens NIST's
system and our old JVS within the uncertainty of the latter orne. In addition, Drs. Sam Benz, Alain
Rufenacht, and Sherry Cho have visited our lab and helped us to solve some problems about the
programmable JVS. We thank NIST for the helps on electrical standards, and we hope tohave opportunities
to expand the collaborations. My team will suggest some possible collaborating ways soon after some
discussion.

Thank you again for you information.
Best regards,
Chun-feng

: Elmquist, Randolph E. Dr. [randolph.elmquist@nist.gov ]

22011 11 10 10:26
; ctliang@phys ntu.edu. tw
: lihung@mailncyu.edu.tw; ; ; ctliang@phys.ntu.edu.tw; £98222050@ntu edu.tw; Real,
Mariano A

: FW: Quantum Hall Sample Information
Dear Chun-feng and Chi-Te,
One of the things we need to dois to fully characterize the best of the samples that you sent us. We have
been very involved with the graphene project, and I have not run the US QHR system since June. Since it
would be useful to compare samples against our QHR, we might plan on running our system in late
February, and continue when Mr. Fan-Hung Liu arrives. He could get some experience in this type of
process, if you think the characterization work would be suitable for Mr. Liu as an effort of a week or two.
I received the email below from a colleague at INMETRO, the Brazilian NMI. They are searching for a
QHR sample as a back-up for their QHR standard, which they purchased recently. Is it possible that we
could supply a sample for INMETRO if we find one that is suitable among those that you have sent or
among a later batch of samples? NIST would not ask them to pay for the sample, but I don't know how this
would affect you and our collaboration.
Please let me know what you think ofthese ideas.

Best regards,
Rand
4 NIST (PJVS)
NIST (PJVS) Dr. Sam
Benz Dr. Alain Rifenacht 2011 11 7 10 NML PJVS
NML NML

PJVS
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PJVS

u NIST Dr. Sam Benz 100 11 07 NML
Quantum-Based Voltage Synthesis and Noise Thermometry
NIST

Dr. Sam Benz

Dr. Sam Benz

» Review Josephson Quantization » DC and AC voltage standards

» Arbitrary waveform synthesis » Noise thermometry

» New Research, including Superconducting, high-speed, low-power digital circuits

B PJVS NIST

ANIST PJVS
PJVS NIST
(1 V-10V) (NISTVolt-P)
Y (CIVS) 0.02
ppm ( 0.1 ppm) 10V
10V (
I LV/mA) NSIT
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Array

B. PJVS
AFRBIELS 3 H 5 210V Array I-V Curve
1 23 Array
Warm-up Array
Cool-down 10 V
10V
PJVS
C. PJVS
NIST NIST
Warm-up
Cool-down
Array 1-V Curve 1 2 Array
(> 8mA) ( NIST
NIST )

(Gain & Linearity)

19.39 GHz -2.2 dBm

D. PJVS
Warm-up 1
2 Array Cool-down
(1V~10V)
NISTVolt-P 1~10V
10V (
1 uV/mA) 10V
PJVS (1V~10V)

E.PJVS NIST
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Dr. Sam Benz NML PJVS (NISTVolt-P)

NML
Dr. Sam Benz NML NIST
NISTVolt-P 1~10V PJVS /
NML PJVS
%) Korea Research Institute of Standards and Science, KRISS
Dr. Myungsoo Kim NML

Green Metrology Next Generation Metrology Creative Research Program KRISS

KRISS 2-14

400
2 /
@

5 i — i

1474 140 1484 140 1945 2000 004 2000
Budget of KRISS (100 Mil Won) Personnel of KRISS (permanent)
SRl R il rh Ll i i L5 il

R0 o e i {5 07 1660 2365 | 5303 | 11,736 | 11,292 17531 | 20,75%
Budget {IBI M1 Waw) | 164 Alh i A Meh | G v4al [1,105.9
Personnel {Fomsn-nty | A4 Eal AU a3 adg | EY ah4 393

2-14. KRISS
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(6) (National Metrology Centre, A*STAR) NML

A*STAR 9 NML Mr. Chua Hock Ann
Mr. James Ling Dr. Tung Siew Kong
(7 NIMT
NIMT NIMT
NIMT
NIMT
NIMT ( Piston Prover) NML
NML

NIMT




(1

APMP Executive Committee

100.06.26~07.03)

EC TC Chairs TCC

EC

2008 APMP

(Executive Committee, EC)

EC TC
Initiative Project Evaluation”
NML
)

EC
> EC
> APMP Chairperson

NMIA EC DEC
» APMP KRISS
> (JCRB)

CMCs” APMP CMC

- 69 -

TCC /

APMP (

EC

(Technical Committee, TC)

(Liaison between EC and TC Chairs)
“Criteria of APMP TC
TC

5,000 TC

Chairperson
EC DEC
12

APMP

“Workshop on the best practice for the review of



> 1) APEC

2) TCQM  APLAC
APEC FSCF PTIN TCQM Chair
3) APEC FSCF PTIN APLAC AQSIQ
4) APMP-APLMF MoU APMP
> APMP NMI Directors
> EC DEC TCQM
food safety capacity training center Dr. Samuel
EC  TC Chairs
> 14 EC EC TC
TCC
»10 TC 1  Working Group  Chair
» “TC Initiatives” a)
“TC Initiative” b) Dr. Miki
”TC Initiative” /
»DEC ( ) DEC
> APEC APEC SCSC(The Sub-Committee on Standards and Conformance)

FSCF PTIN(Food Safety Cooperation Forum Partnership Training Institute Network)
APEC FSCF APMP “food safety capacity training

center”

> EURAMET GA 2011 6 APLAC GA 2010 12
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(2) BIPM Meeting of NMI directors ( 100.05.23~05.25)

Meeting of NMI Directors

a. CGPM

Organization, SASO

b. CIPM

Dr. Robert Kaarls

c. BIPM

BIPM/OIML(

Network

e. 55  Member States

Associated
KCDB d.
States

f. SI Unit

99

Meeting of National Metrology Institute Directors,

5 25 BIPM

55 Member 32 Associate
Saudi Standards, Metrology and Quality
CIPM MRA 4

CGPM

CIPM
CIPM

YILAC( YISO( )
ISO

BIPM JCTCM JCGM DCMAS

Medicine  Device

CIPM

Associated Members 135 /
(a. b.  CIPM MRA c.
CMC’s KCDB) Member

Member States
7
SI Unit

PTB ”The present situation of

the redefinition of some units of the SI and on the draft resolution of the CIPM on the

possible future revision of the International System of Units, the SI”

kilogram mole

ampere kelvin
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2015

g. BIPM CGPM
CGPM BIPM
CGPM ( 10 17~21 24 CGPM
BIPM kilogram 4
watt balance
planck BIPM ”The BIPM activities

towards the redefinition of the kg: Status report on the watt balance and plans for the

future dissemination of the kg” kg

h. 24  CGPM BIPM BIPM Prof. Michael Kiithne

“The programme of Work 2013 to 2016 and the long-term perspective of

the BIPM”

1. CIPM MRA
“Economy” “State”
“State” “Economy” Taiwan  Hong Kong
CGPM
CIPM Dr. Barry Inglis
“State”

j. BIPM OIMI( )

BIPM OIML BIPM

“Rapproachement BIPM — OIML: where are we?”

3) Macroscale 2011 conference CCL WG-MRA Meeting (
100.10.02~10.09)

Macroscale 2011 conference

-7 -



CCL WG-MRA Meeting CCL Macroscale 2011
conference METAS Dr. Ruedi Thalmann PTB
30 Macroscale 2011 conference

Non-Contact Length Measurement of Gauge Block Using Free-Running Fiber Laser

Combs Wafer surface roughness characterization by goniometric optical scatter
instrument
CMM
METAS
CMM METAS PTB

CCL WG-MRA Meeting

review 10

linking MRA

NPL

pilot lab
EURAMET TCL chair
CCL
2 NML CCL-MRA
4) 24 (CGPM) ( 100.10.17~07.03)
(World Organisation for Animal Health, OIE)

3

CGPM
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Professor Etienne-Emile Baulieu

/

10/17 1. Opening
10:00~17:30 2.
3.CIPM
4. CGPM
5.
6. CGPM
7.
8.
9. CIPM ( )
10. OIML, ILAC, WHO, WMO, IFCC, TAEA, CIE
NMIs NABs
11. CIPM
- SI
- SI
12. BIPM
-2013~2016
- BIPM
13. BIPM Working Group on the Dotation of the BIPM
10/18 14. CIPM MRA
09:00~13:00 15. Associate
- Associate
- Associate
16. Republic of
Cameroon, Dominican Republic, Islamic Republic of Iran, Democratic People’s
Republic of Korea
17.
18. BIPM
15:00~17:30 < ( )
10/19 . BIPM
13:00~18:00
10/20 (CCL, CCM, CCTF, CCEM, CCT, CCPR, CCRI, CCQM,
09:30~13:00 CCAUV, CCU)
15:00~17:30 < ( )
18:00~20:00 Dr.Kaarls
10/21 .
09:00~13:30 19.
20. CIPM
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21.
22.
23.

CGPM

» BIPM 2013~2016

. BIPM

2013-2015

11 577 000 euros in 2013 11 693 000 euros in 2014 11 810 000 euros in 2015.

BIPM 1)

International Atomic Time macroscopic electrical

quantum standards

2)

5)

2015
» CIPM

CIPM MRA
3)
/ / / /
4) CIPM MRA CIPM

CGPM CIPM

BIPM

CGPM CGPM
(kilogram) (Kelvin) (ampere) (mole)

(kilogram)

Planck
SI CGPM kelvin

kelvin Boltzmann CIPM 2011
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2015 CGPM

BIPM CIPM CCPR, CCQM, CCT SI
BIPM (WMO) 2010
WMO CIPM MRA  WMO GAW CCQM

> Associate

[ICIPM Associate State

1) 2013 BIPM 0.05% 0.1% 2)
CGPM  Associate State CIPM Associate State
90% Associate State CIPM 2013

Associate State

Associate State

o 1999 Associate States and Economies 2000 2002
Associate Economy BIPM
CGPM 2007 23
CGPM ”Economy” CGPM Draft Resolution
E Territorial Entity Associate Economy
CGPM

> CcC

O “©o7 secondary
representation CCTF

JCCL  CCTF JIWG

Recommendation 2 — CI-2009

CCTF

ITRS (International Terrestrial Reference System)
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)

2011 APMP 2013
APMP (100.12.02~12.09)
e APMP TCEM workshop TCEM
TCEM Workshop NML
/
(Technical Committee for Electricity and Magnetism) NML
NML /

»APMP.EM.BIPM-K11.3 (DC Voltage 1.018 V and 10 V. Pilot: KRISS) 2010
NML KRISS

»APMP.EM.K1.1 (DC resistance; 1 Q and 10 kQ. Pilot: NMIA) 2010

NML KRISS
»APMP.EM-K5 (AC Power. Pilot: NIM) 2010 NML 2011
12
APMP / Workshop
NML
APMP NML

BIPM (Bureau International

des Poids & Mesures) = CMC (Calibration and Measurement Capabilities)

CMC
NML
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e APMP TCL workshop TCL

(Surface Roughness) APMP Key Comparison

APMP.L-K8 (Piloted by NMIA of Australia) APMP Key
Comparison APMP.L-K4 NMI
( ) NMI
TCL chair Siew-Leng Tan from Sigapore
TCL TCL chair Takatsuji Toshiyuki from NMIJ
NMIJ CMM metrology
X-Ray CT TCL 2 CMM gauge block  training
courses CMM
metrology X-Ray CT NML
e APMP TCAUYV workshop TCAUV
1) AUV
CCAUV
2)APMP NML AUV.VKI.1
AUV.V.K3 NMIJ NIM NML
AUV.A.S1 draft B NIMT 3)CMC
NML 98  renew Intra MRA review  Inter MRA

review

5) APMP initiative project ( /

-78 -
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APMP NML
APMP initiative project (
e APMP TCPR workshop TCPR

APMP

NML

(NIM)

Comparison of Spectral Diffuse Reflectance

CCPR

e APMP TCT
)

APMP.T-K8

/

AUV
APMP.AUV.V.K3

NML

NML

APMP K5 Bilateral Key
NML
APMP

TCT workshop NMI

NMI



NMIJ Dr. Tamba

NML APMP.T-K8
APMP.T-K8 MBW/RH Systems Mr. Bob
Hardy APMP.T-K8
2) TCT APMP.T-K7 Final Report (Draft A)
11 3 APMP.T-K7
Final Report (Draft A) co-pilot
11 21 NMI TCT 3)
YAMARI NMIJ
4) APMP
Symposium BIPM
e APMP TCQS
TCQS APMP
CIPM MRA RMO QS(Quality System)
TCQS

(QS Status)
» APMP Guidelines for Accepting a Quality System

» APMP QS Review Process Flowchart

TCQS TC WG2
QS review QS review NMI
APMP QS review
e APMP TCM
APMP TCM /

CIPM TCM
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(Mass-Related) TAF /

NML APMP
e APMP TCFF workshop TCFF
TCFF (1
(2) TCFF NML
(3) TCFF NML (NMIA)
APMP TC Initiative (4) TCFF NML Pilot Lab.
(APMP.M.FF-K2) 1M 3 @ NML
APMP
APMP NML
NML
NML
e APMP TCQM workshop TCQM
NML

TAF

-81-



APMP/TCQM ”8th APMP

Workshop on Metrology in Chemistry” NML

ISO/IEC 17025:2005

FYO95
FY98
1. (D27)
(D28) NML
100 nm 300 nm
(Polarized Scattering Analysis, PSA)
10 nm 60 nm 70 nm 1000
nm
2.NML 118

25
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(Lims) (Lims) 100

Web FY99 Lims

TAF

TAF

TAF

TAF

ISO Guide 34
ISO Guide 17043

118
118 /

-83-



(1) (

CCD
299,792,458

PI ( NML

A. Hp

window

DOS

D17)

10
CCD

10

DOS
Hp

window

2-16. D17

10

-84 -



10 m

N

!
!
I
!
)
!
_l
|
I

t-test 10

10000.120
10000.100

UCL=10000.087 mm|
10000.080
10000.060

*

10000.040 @ ¢ * '3
10000.020 = -~ T T e . - — g% ‘_.‘_._..’_ ______
10000.000 * o 0 ¢ L 2R

9009080 P = = =ttt e meamsimaemscassesimisesimssmiemssassmssmsiessessmsiestaceemasnsnnstanns ¢
mm mm e omm mm o mm omm o= omm o= LCL=9999.959 mm|

Ac=10000.023 mm

9999960 ju mm mm mm mm Em EEm EmEm mm mE EEm EmEm Emm EmE mE mEm ==

9999.940

9999.920

89.04.10
90.02.05
90.04.24
90.12.10
90.12.10
91.02.26
91.04.29
91.06.10
91.08.19
91.09.16
92.03.25
92.04.28
92.05.29
93.05.05
93.08.18
93.10.01
94.01.05
94.02.15
95.05.13
96.10.15
97.02.25
97.10.29
98.02.19
99.04.09
100.10.04
100.10.05
100.10.06

2-17. 10
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) AFM ( D19)

FPD
2010 2 FPD
250
AFM

1) XYZ 2)YZ
A. Y EHbhsE L SV
B. Z SERAZE TR REE BERHA
C XY

2-18. TAFM

D. ( 1 are-sec) XY

-86 -
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90°+1.45" XY

(b)
2-19. (a X b 'Y )
E. PIstage
PI XY stage 10 um
1 5
X 10 pm Y 5

1-21~1-24

Pl

2-20.
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fafEHmEC(un)

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.00

frFFFEEC(um)

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

-0.02

20

20

X#h AR 2

40 60
FAmE(en)

2-21. X

40

Yo RASeHRE

60
FAME(Lm)

2-22.Y

.88 -

80

80

100

100

120

-~ E#

120



(nm)

3.0

2.0

1.0

0.0

-1.0

-2.0

-3.0

-4.0

-5.0

XY

/.\./.’__.\I\.
/o/’\’\ ——Y
~ v ‘\\‘\ - X
N\
0 10 20 30 40 50 60 70 80 90 100 110
(um)
2-24. XY
TAFM
*PIstage X 0.1275 pm / 99 pm
Y 0.0616 pm / 99 pm
Z 0.35 um /5 ym
*P[ stage XY l4nm~2.1nm Z 5 nm
. PI stage 5 nm
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*PI stage 60 pm

1 nm

. 90°+1.45"
3)
F11
A.
B. LDV LDV
C.
0.1m/s 0.5m/s
4)

37’

-90 -

X 1 nm Y
( F10)
(LDV)
LDV
( F05)
500 m’/h



)

(6)

NML FO8

- (Sonic Nozzle)

( F11)

0.1 pL/min 10 mL/min

(Programmable Josephson Voltage Standard PJVS)
NIST (Quantum Electrical Metrology Division)
PJVS

-9] -
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PJVS (Sampling)

(<500 Hz)
PJVS
NMLE 7 %3 TR R &EE R i £
TECO AIT
10
Boulder PJVS (
2011 6 12 7 1) NIST 2011 11 7 10 NML
NML
PJVS 2-25 (Microwave
Generator) (Microwave Amplifier) (Voltmeter) (Bias
Source) (Scanner) (Computer) (DACs)
(Cryoprobe) (10 V Chip) PJVS
PJVS

ﬂ = == —
I Microwowe p.--i || e He——=&

1 H Generator | 570 |I 5 f ke II I
I.i HAd ke SOz :I - Il! o _I

: : 5

- . GuisF DG Power [T >

2-25 PIJVS
PJVS (18.3 GHz +1.92 dBm)
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2-26

15

{25

Woltage read (L)
R

2.5
5
-7.5
-1
(2.5
15 L
-7 B G <3 2 -1 0 1 2 3 5 & 7
Bias current {mé)
(a)
subarray njj Ip_BIAS In_BIAS p_WIDTH 0_WIDTH n_WIDTH ic
23 16 800 9.81 mA -B.80 mA 2.64 mA §.86 mA 2.58 mA 5.61 mA
22 16 800 B8.78 mA -8.78 mA 1.82 mA B.50 mA 1.84 mA 552 mA
21 16 800 8.86 mA -8.87 mA 1.76 mA 8.88 mA 1.76 mA 553 mA
20 8 400 8.71 mA -8.71 mA 1.92 mA §.38 mA 1.92 mA 5.50 mA
19 5 8.28 mA -8.28 mA 2.68 mA 8,40 mA 264 mA 555 mA
18 18 8.43 mA -8.43 mA 2.50 mA 8.80 mA 2.52 mA 5.56 mA
17 54 8.62 mA -8.87 mA 2.62 mA 712 mA 3.34 mA 5.56 mA
16 162 8.48 mA -8.48 mA 2.30 mA §.76 mA 2.28 mA 5.54 mA
15 486 8.45 mA -8.44 mA 234 mA 818 mA 234 mA 560 mA
14 1458 8.43 mA -8.45 mA 1.98 mA §.00 mA 1.96 mA 5.55 mA
13 4 374 8.78 mA -8.78 mA 1.86 mA §.58 mA 1.88 mA 571 mA
12 16 800 8.88 mA -8.80 mA 1.68 mA 8,76 ma 1.66 mA 5.50 mA
11 16 800 8.75 mA <8.74 mA 1.78 mA 6,28 mA 1.80 mA 551 mA
10 16 800 8.83 mA -8.84 mA 1.76 mA 8.54 mA 1.74 mA 5.54 mA
09 16 800 8.63 mA -8.63 mA 1.80 mA 8.20 mA 1.80 mA 5.55 mA
08 16 800 8.88 mA -8.88 mA 1.66 mA §.68 mA 1.68 mA 5.56 mA
07 16 800 877 mA 8,77 mA 1.76 mA 8.22 mA 1.76 mA 5.58 mA
08 16 800 8.84 mA -8.85 mA 1.68 mA §.58 mA 1.66 mA 555 mA
05 16 800 8.61 mA -8.61 mA 1.72 mA §.02 ma 1.72 mA 5.50 mA
04 16 800 8.92 mA -8.81 mA 1.80 mA 8.04 mA 1.80 mA 5.62 mA
03 16 800 8.86 mA -8.87 mA 1.84 mA 8.82 mA 1.86 mA 561 mA
02 16 800 8.84 mA -8.80 mA 1.50 mA 2.9¢ mA 1.52 mA 3.28 mA
01 14 958 9.10 mA 8.10 mA 1.58 mA 5.84 mA 1.56 mA 5.56 mA
(b)

2-26. PJVS (a) Critical Currents (b) Margins Table (At ITRI)
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2-27 NIST
Margins 1.50 mA (
Margins 1.0 mA)

Yoltage read (pv)
[ ]

2.9 T 7 T] T T (T T T SO
5+
7.8
-10
-12.5
-15-—— — — ; | . i
4 8 4 3 <2 4 0 | 2 3 4 5 &8 7 g 9
Bias current (ma) :
(a)
subarray njj ip_BIAS in_BIAS p_WIDTH 0_WIDTH n_WIDTH le
23 16 800 8.34 mA <8.34 mA 2.04 mA 8.58 mA 2.04 mA 6.85 mA
22 16 800 5.02 mA -9.03 mA 198 mA .86 mA 1.84 mA 8.72 mA
21 16 800 9,18 mA -9.15 mA 1.78 mA 8.26 mA 1.76 mA 8.71 mA
20 8 400 8.93 mA -8.95 mA 2,10 mA 7.82 mA 2.08 mA 8,65 mA
19 6 8.44 mA -B.48 mA 2.96 mA 7.82 mA 2.96 mA 6.65 mA
18 18 8.60 mA -8.61 mA 2.68 mA 8,24 mA 270 mA 6.68 mA
17 54 8.71 mA -8.71 mA 2.50 mA B0 mA 2.52 mA 8.67 mA
16 162 8.77 mA -8.77 mA 228 mA 8.48 mA 2,32 mA 8.57 mA
15 486 8.72 mA -8.73 mA 2.42 mA 7.44 mA 2.42 mA 6.66 mA
14 1458 8.87 mA -8.69 mA 246 mA 7.46 mA 218 mA 8.62 mA
13 4 374 9.02 mA -9.04 mA 1.98 mA 7.84 mA 2.00 mA 8.82 mA
12 16 800 9.19 mA -8.18 mA 1,60 mA 8.08 mA 1.60 mA .66 mA
11 16 800 9.04 mA -8.04 mA 1.76 mA 7.58 mA 1.76 mA 8,68 mA
10 16 800 8.14 mA -3.14 mA 1.68 mA 7.88 mA 1.68 mA 6.66 mA
0% 16 800 8.93 mA -8.95 mA 1.80 mA 7.46 mA 1.78 mA 6.66 mA
08 16 800 9.17 mA -8.16 mA 1.66 mA 7.88 mA 1.66 mA 5,68 mA
07 16 800 8.02 mA -8.02 mA 1.80 mA 7.40 mA 1.80 mA 6.69 mA
06 16 800 8.13 mA <8.14 mA 1.668 mA 7.82 mA 1.66 mA 8.70 mA
05 16 800 8.87 mA -8.86 mA 174 mA 7.22 mA 1.74 mA 8,589 mA
04 16 800 8.17 mA -8.18 mA 1.90 mA 8.28 mA 1.80 mA 6.76 mA
03 16 800 9.05 mA -8.05 mA 1,96 mA 7.82 mA 1.6 mA 8,76 mA
02 16 800 9.21 mA <817 mA 1.84 mA 8,38 mA 1.78 mA 5.58 mA
01 14 958 89.43 mA -B.43 mA 1.80 mA 7.78 mA 1.80 mA 6.78 mA
(b)
2-27. PJVS (a) Critical Currents (b) Margins Table (At NIST)
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PJVS Trap Flux (Ie)
Critical Currents 2-28 PIVS

Subarrays

15
125

o
L]

4
n

REe

b
in

b
R
b

Yoltage read ()
<o

5
in

ed

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 f
Bias current (ma)

2-28. PIVS Trap Flux Critical Currents

PJVS (DC Flatspot

Measurements) 2-29 0.8 mA

an

60

40 .

.
-ant

o -
-

-2l

Yoltage differsnce ()

-60

-B0

-1o0

-120~ !
0.8 0.5 0.4 -2 i 0.2 0.4 0.6 0.8
Dither current (ma)

2-29. PJVS

1.018 V (FLUKE 732B)
2-4

- 95



2-4 1.018 V

mA)

0.28 ppm PJVS
0.1 ppm
PJVS
2-4.PJVS JVS 1.018 V
PJVS JVS
1.018135662 V 1.018135950 V
0.28 ppm
NML NIST PJVS PJVS
Multiple Margins
18.3 GHz +1.92 dBm
NIST Margins
1.50 mA ( Margins 1.0
1.018 V
1.018 V
028 ppm 10V

NIST PJVS
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101325 Pa
dT
AT =—— -
p dp (pmeas
Py /
d—T :ITS-90
dp
20 kPa
0.4 mK
NIMT KIM-LIPI
NML
2010
(BIPM)
)

0.001 mK

Py)
SIRIM 2007
/
3x10° Torr
+ 5SmK

-97 -

(ITS-90)

(D
(D
1.4 mK
NMI
99.9999 %
PLC
(



(1)

furnace)

Axial Uniformity (mK)

plateau

offset (three zone

—+—In ---Sn —@-2n

50 100 150 200

Distance from the bottom of the thermometer well (mm)

2-31

160 mm/180 mm

2-31 In, Sn, Zn

- 08 -



2.1 mK +3.9 mK +8.8 mK

(2) plateau

plateau
plateau 10 plateau
mK + 0.75 mK 10 8 2-32~ 2-38

plateau

plateau

+ 0.05 mK

0.20
0.15 -
0.10
0.05
0.00
-0.05
-0.10
-0.15 |

(T-Taverage) at In fixed-point, mK

-0.20

4 6 8 10 12

Plateau duration, hrs

2-32 Plateau

-99 -

14

+ 0.5



(T-Taverage) at Sn Fixed-point, mK

(T-Taverage) at Zn fixed-point, mK

0.20
0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15
-0.20

0.20
0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15
-0.20

- 100 -

4 6 8 10 12 14 16 18
Plateau duration, hrs
2-33 Plateau
2 4 6 8 10 12
Plateau duration, hrs
2-34 Plateau



3)

N
o

1.5
1.0
0.5
0.0
-0.5
-1.0
-1.5

(T-Taverage) at Al fixed-point, mK

-2.0

(T-Taverage) at Ag fixed-point, mK

”Uncertainties in the SPRT Subranges of ITS-90: Topics for further research”

b
4 6 8 10 12
Plateau duration, hrs
2-35 Plateau
4 6 8 10

Plateau duration, hrs

2-36 Plateau

2010 CCT-WK3
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O T(Tpeak' T1/F=1)

1/F=0

O T(Tpeak' T1/F=1)

Raoult’s Law of Dilute Solutions

2-38
2.8E-07 1.5E-07
0.0
? Tsetting:'2 K
01 Sn fixed-point (Tye— 66- Tir=1) = -0.085 mK
v E stimated mole-fraction impurity concentration = 2 .8E-07
E 02 -
F 03 -
§ -04
[
-05 -
-0.6 | | | |
0 1 2 3 4
1/F (Inverse liquid fraction)
2-37 2°C
0
-01 | ? Tsetting: -1K
Snfixed-point: (Tye-166 - Tip=1) = - 0.046 mK
é -02 + Estimated mole-fraction impurity concentration = 1.5E-07
I-03/
n
e -04 -
£ 05 -
-06 -
-0.7 :
0 2 4 6
1/F (Inverse liquid fraction)
2-38 1°C

- 102 -
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UT(Tpeak- Trr=1) LT (Tpeak- T1/r—0)

CT(Tpeak- Tr/p=1) U Tsetting ( 2-39)

- 1/Fpeak-1/F=0 = 1/Fpeak-1/F=1

-0.02
-0.04 o
-0.1

-0.12 /r\/
-0.14 .
-0.16

-0.18 ~
-0.2 ‘

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0
A'1-‘setting, K

mK

2-39 IT(Tpeak- T1/F=1)
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2-5.

FY100 NML

V03 /PTB 100.03

uo6 /NPL 100.04
E26/E20 /PTB 100.05
0:45 005 /PTB 100.05
E10 /NIST 100.07

PO1 /PTB 100.07

P03 /PTB 100.07

P04 /PTB 100.07

NO3 NO04 NO5 /PTB 100.04
005 /NRC 100.08

D03 /PTB 100.07

uo6 /NPL 100.10

12

15

104 -




118

NML 3,839 /

152 1,776 2-40

39 1%

2%
15%

4% \[:

2%/’7
o)

3C
7%

38%

4%

AN

6% 2%

2% 7%

2-40 NML

(SGS) (ETC)
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(D (GPS)

GSM GPS GIS GSM
GSM
GPS GPS GSM
GPS
GPS
GPS 2009 GPS
1 PND 4100
88% 3610 NML (International GNSS Service
(IGS) Tracking Network, 436 stations as of 13 Nov 2011) 2-40(a) GPS
GPS 2-40(b) 50

2008 Al 8 18:4520

(a) 1GS (b) NML_ IGS
2-41 NML

)

6000

3)
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NML NML

98

1000 1200 80 %
03% 0.5% NML
30

1200

1000

800

600

400

200

2-42

) ( ) 2011
« » CNS 14777
42 FERIEE T CMS
NML
NML

(5)
ZEESL E AR EREE R R
(D ( )
(2)

5

NML
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€)

ASHRAE 90.1 HVAC (ducts) (grilles)
diffusers (Air Terminal Device, ATD)
4) TAF
)
2004
ODM
NML
11 18
NML

2.520

1875 5 20 17

46 (Metre Convention)

(Member) 26 (Associate) 2

2004 520
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520 5 19 5 22

> 520
5 19
34 110
> 2010
2011
1)
2) 3)
4) 5)
6)

100 5 20

2-44 2011
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1) TAF

().

NML

(TAF)

MLA
3)
5)

2-45 2011

24

- 110 -

TAF

)

(MRA)

2)

4)

59%

2011

6)



). 75% 15

3). NML

i T 3 =232(FY82)— 1.13(FY93) > 0.59(FY100) &8 & .o

2-46 NML

2-47 NML
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NML
&8 2 100

20 NML

BIPM

97

-112 -



LED

2-48 100

100.08.02

L

NM

NML
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i BIPM

*LED
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-115 -

100

NML

16



2-6. 100

100 12 31
NML NML 101 NML
100 9 9
102 4 11/25 102
3

FY102 237,996

TAF
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100 12 31

102

101

100 9 16
12/14

) FY102

5 )  FYlo4
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100 12 31
100 10 27
8
(15,000K)
100 10 27 100
101 100

101
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100 12 31

3.
103
1. 103
2. SRB
1. 100 10 27 100
100 100
101
2. 102 4 9,500 100 11 22
/ FY102~104
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100 12 31
12 2011 APMP
BIPM 2013  APMP

103

SRB
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100/9/9
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On the Direct Insulator-Quantum Hall , , |Nanoscale 2011/3/28 |7
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Kannan,

,Gil-Ho

Kim,

b

Properties of]
Two-Dimensional

Electron Systems
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Reflecting Hollow Waveguides to Tunable Laser and
Terahertz Notch Filter ’ Electro-optics
Mid-IR Saturation Absorption Spectroscopy 2011/8/1 |1
of H3+ Molecular lon(H3+ ,
) ,Takayosh|OCPA7Internationa
1 Amano, |l Organization of]
Chinese Physicists
and Astronomers
Self-referenced 400 MHz Femtosecond 2011/1/26 |1

Erbium-doped Fiber Laser Comb(
400 MHz )

- 170 -




73

(70 )
29 31 10

1 (DHI PG7607) 2011/11/10|07-3-A0-2377 23
2 2011/11/7 |07-3-A0-2424 16
3 2011/5/30 |07-3-A0-2073 27
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14 2011/7/15 |07-3-91-0062 32
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16 - 2011/7/15 |07-3-90-0135 27
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19 2011/4/12 |07-3-87-0002 35
20 2011/7/15 |07-3-83-0068 59
21 - 2011/7/15 |07-3-84-0006 22
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52 2011/7/21 |07-3-83-0038 33
53 - 2011/7/18 |07-3-81-0056 19
54 2011/7/11 [07-3-80-0027 28
55 2011/4/19 [07-3-79-0020 43
56 - 2011/7/15 |07-3-78-0046 33
57 - 2011/7/11 |07-3-77-0030 10
58 2011/7/11 |07-3-76-0007 23
59 2011/12/7 |07-3-76-0083 18
60 2011/12/2 [07-3-76-0088 15
61 [FY95-FY99 NML 2011/11/3 [07-3-A0-2421 58
62 2011/10/31[07-3-A0-2412 14
63 2011/10/26|07-3-A0-2416 13
64 2011/10/11]07-3-A0-2398 13
65 2011/12/15(07-3-A0-2398 13
66 2011/9/2  [07-3-A0-2373 62
67 NIST 2011/7/18 [07-3-A0-2321 14
68 g 2011/7/15 |07-3-A0-2320 23
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69 2011/3/28 |07-3-A0-0041 18
70 2011/1/18 |07-3-A0-0046 11
(1)

1

1 2011/11/17|07-3-A0-2452 11
(2 )

2
1 |LPG 2011/8/22 |07-3-A0-2313 26
2 2011/12/2 |07-3-A0-2389 18
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C~)

1 - 100.03.29 32 | 17
2 ( 100.05.17 26 | 14
3 100.05.30 21 | 15
4 2011 100.06.21 9 8
5 100.09.14 26 | 13
6 100.09.15 16 | 11
7 100.09.27 23 | 16
8 100.10.04 25 | 15
9 () 100.11.08 28 | 16
10 () 100.11.09 29 | 17
11 520 ( 100.05.19 110 | 34

345 | 176
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« ~)
- 100.05.20 6 6
100.06.08 6 6
100.08.02 97 46
2011 100.12.13 206 71
315 129
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)

1 274 1,903
2 154 956
3 40 279
4 620 TATT
5 545 6,749
6 460 9,046
7 9 644
2 65 584
9 93 652
10 216 1,806
11 361 2,554
12 184 2,261
13 130 1,404
14 118 1,280
15 155 936

3,494

s ) 38,531

152

(

- 176 -

1,776

)




C ) «C )
33 | 27 |70 19 15 | 454 | 15
4 4 |1
2
37 | 31 | 73] - |19 15 | 454 | 15
68 92 15

(1)
2)
)
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FY100

S

> 21
"z

i

SR s R B AT
HAE B A T

3/4
100 O O n
A
1.
2.P41.
MSVP  / 1. 68 8 )
39 25
29 17
2. ICT/MSVP 2
10
10
ICT/MSVP/ 73
73
3.NML 12 14 (
) FY102
( 3 5 )  FYl04
1
NML
B
4,
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NML

NML

NML
NML

NML
FY101

(74 )

FY98

En
49~53

FY99

NML

92 %

15

FY96

(8.8

78 %

NML

6. NML

SCI

60
100

34

14

FY95~98 NML
5~12

NML

NML
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/
/o
NML
NML
7. NML
NML
GRS
NMI
NML
S.P‘9 ~= & ~= & ~= &
9.P‘21 ®s £ ®s £ ®s £ ®s £
10.P.135-136
11.P.145 1-4
10 °C
(
2
1.366%)
(3~3)
°C
400.5 MHz
C.
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230 bRBEMEFERE F kR

R BRI BB ERER F
13.
14.
15. 118 NML
( )
16.
NML
D
17. 11/30
154,390 136,071 88% 100%
100% 12/31 154,390
100%
18. 17
15 117 100.6 NML
1 1 118
19. 350 12/31 68 8
44 12 345 5
335 26
32
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FY100

101 1 6 10
223

NML

or 1 10
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