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Transfer Standard Calibration Measurement

Comparison Traceability

Proficiency Testing

DUANN, JIA-RUEY

PENG, GWO-SHENG

LAN, YU-PING

YANG CHENG-TSAIR

LEE,HSIN-TSE

2)

(1

10
118

22

4) 18

118
4,282
335
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. 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 3,942 items. (2) To conduct 10 international comparisons, 22
oversea traceabilities,335 domestic traceabilities, maintained equivalence of 118
systems of the National Measurement Laboratory with international standards.
(3) To successfully initiate the International Mutual Recognition Arrangement,
vigorously participated in third party accreditation including photometry,
length, electricity, magnetism, microwave field this year. (4) To conduct 18
seminars, total 298 firms, 421 personnel were trained.
. Metrology Technology & Measurement System Development Project: to
proceed with the researches on Frequency measurement by femtosecond fiber
laser comb for realizing frequency standard, measurement system technology
in-depth study, two-dimension machine vision calibration system, primary
calibration system for low shock level, calibration system for probes used in
SAR measurement
. Legal Metrology Technology Development project: refer to the requirements
and developments on manufacturing and usage of the domestic and international
legal metrology equipment, to establish related regulation for verification and
pattern approval including the evaluation of water meter test equipement and
investigation, analysis of ear thermometer.
. In summary, NML presented 4 patents, acquired 10 patents certificates,
published 89 papers, issued 233 technical and training reports and resulted in
NTS 41,354 thousand revenue.
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1. APMP.EM-K4.1

Metrologia, 2009, 46, Tech. Suppl., 07004
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CCM.P-KS, APMP M. P-K& and APMP.M.P-K&.1 Pressure, nominal walee: 20 kPa
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El APMP.MM-K2 CCMM-K2 EUROMET.M.M-K2
EUROMET.M.M-K2.1 100 mg



CCM.M-K2 , APMP.M.M-KG, EUROMET.M.M-K2, EUROMET.M.M-K2.1 and APMP.M.M-K2 100 mg mass standards
Degrees of equivalence: D, and expanded uncertainty U/,
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The BIFK key companson database, Cclober 2003
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APMP EC/TCC meeting

2 / 2R E/EETE/ / TAF
/ / / /
3.
(1) APMP Executive Committee EC TC ( 98.5.1~98.5.4)
APMP (Executive Committee, EC)
EC
(Technical Committee, TC) 2009
EC TC APEC 2010
12
EC EC
APMP MoU EC
EC TC
22 JCRB APEC SCSC 2009
EC TC TC review 2009
APMP TC/DEC ( ) EC
APMP 200
NMI
(2) APMP Executive Committee EC TC ( 98.5.1~98.5.6)

APMP TCFF Chair



EC/TCFF JCRB SCSC DEC EC workshop TC Reports

2009 GA EC workshop report TC

EC/TCFF meetings GA TC
EC TC chair
TC chairs 2009 GA
EC workshop
EC TC Chair 2009

2009 GA TC Chair

EC-TCC
Workshop APMP DEC CCQM (Metrology in
Chemistry, MiC) Dr. Robert Kaals CCQM  MiC

Nepal Bureau of Standards and Metrology (NBSM)

PTB UNIDO NBSM 3-4 CCQM

GC

PTB NML

DEC meeting DEC Budget
TC chair 2009 APMP meeting DEC
training or workshops Dr. Samuel TCFF
DEC
DEC training sessions or workshop
NMI DEC NMI
loading DEC training workshop Dr. Samuel
TCFF  5/12 DEC 2009 APMP Meeting



(3)  CCL-WGDM 14

2009 CCL 14 2009 (

98.6.6~98.6.13)

BIPM CCL-WGDM 14meeting  CCL 14 meeting

CCL-WGDM 14 meeting

2009 35

APMP COOMET EURAMET SADCMET AFRIMET SIM

CCL 8
CCL-RMO
CCL KC RMO KC
CCL
CCL-WGDM
CCL-WGDM

CCL 14 meeting
CCL

Nanometrology, WG on MRA, WG on Frequency Standards

WG
WG Nanometrology
BIPM-K11
CIPM
4) 9th CCM-WGFF 7th ISFFM
98.8.9~98.8.16)
USA/Alaska/Anchorage
WGFF
Dr. Sally Bruce NVLAP

7th ISFFM

(KC, Key Comparisons)
CIPM

CIPM
NML
BIPM CMC

CCL

CCL

40

WG on Strategic Planning, WG on

CCL
CCL
CCL-KI11

VAMAS

1) 8/10~8/11 9th

2) 8/12~8/14 CEESI
53



3 2 3) 2010
A. 9th WGFF
WGFF NML
NML
Masaki Takamoto 22

APMP PTB INRiM LEN SP(

INMETRO SIM
TS Pilot lab.
Pilot

SP

Engel Dr. Krister Stolt

B. 7th ISFFM

7th ISFFM
development of Gas flow transfer standard”
CEESI 53
NML
CMS NIM CENAM

Micro motion Endress + Hauser ABB

(5) CCQM GAWG

98.10.30~98.11.9)

CCQM WGs 7

GAWG GAWG

FLOMEKO 2010

Key Comparisons CMC

Key Comparisons

WGFF Dr.
NMIJ KRISS CMS NIM
EURAMET) NIST MC CENAM

KC

Guideline 2

PTB Dr. Bodo Muckan Dr. Rainer

:”Use of Glass Capillary for the

49 80 )

NIST PTB NMIJ KRISS

FLEXIM

NML

ppb ~ sub ppb level



CRM

BIPM CCQM

N,O NOx NOy PFCs
GAWG WMO

(Intergovernmental Panel on Climate Change ,IPCC)

INMETRO 2001

WGs 80
GAWG NML
Dr. Kim(KRISS) Mr. Wessel(VSL) NML workshop
(6) APMP 2009 TC Chair TCFF GA ( 98.12.11~98.11.17)
APMP TC Chairs, EC/TCC, TCFF, symposium  GA meeting
GA meeting TC Chairs APMP TC Chairs ™ meeting  98.5
EC/TCC
Dr. Hino Dr. AKB TCQS
APMP quality system JCRB NMI CMC
JCRB inter-RMO TCQS
QS9 TC
Dr. AKB EC/TCC
KC carnet CMC
2010 Chair of TC Chairs Dr. Budovsky
9 12

(1) CNG (2) 3)



(4) )

KC pilot CCM-WGFF 2006
BIPM KC APMP TCFF 2010
WGFF
QS 2010 TCFF/DEC workshop
FLOMEKO APMP GA week DEC

VMI SIRIM NIMT CMC

NMIJ CMC Intra-RMO review
GA TC Chairs TC Chairs
KRISS Dr. Kwang Hwa Chung KRISS APMP
(EC) KRISS
Dr. Myungsoo Kim NPL Dr. A.K. Bandyopadhyay
(7) 25th APMP EC(Executive Committee) GA (Symposium,General
Assembly) ( 98.12.11~98.11.17)
NML APMP (Executive
Committee, EC) (12/13 ) EC
EC(12/18 )
2
(12/14~15) 1 (12/16) APMP 23
42 11 (TC) 1
(WGMM) 200
NML NML 13
2011
25 2012

2012 2009 APMP



Award
APMP

Chairperson

NML

EC

2.NML

APMP Award Dr. Chung
(EC) 8 2
(GA) GA
EC TC
TC GA TC Chair
TCFF Chair
EC

““NMI Directors = Workshop”~

EC

ISO/IEC 17025:2005

FY95
FY98

(Lims) Lims

12

118

25

GA



TAF

TAF

TAF
TAF
ISO Guide 34

(Lims) 100

Web Lims
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( EO1)

10V
(1) +1 Hz
+ 500 Hz
30 MHz PREMA
(2)
Dascon-1

(3)

4)

DATA PROOF
~90 nV (13 Nv) 1V

(0.09 ppm)

2004

Hypres

FY97
1.018 V



NIST
10V PJVS
PJVS NIM
KRISS 0.7V
PJVS PJVS

CONSTANT
VOLTAGE
STEPS

PJVS

FY99 10 V

NIST

NMIA
1 V. PJVS
PJVS

o o
™~ w
1 i

CURRENT {mA)
e
L

NMIJ
NMIJ
PTB
NML-SIRIM

(B

I |

L)

L1
| 1]

0
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1
1

(FY94~FY99

VOLTAGE {mV}
t
2

NIST

3)

10V

3
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3.FY9%4 ~FY99

( )
FY9%4
(High Pressure Compressor) | 3,789,975 :
FY9%4
(DID&FID-Methanizer) b} 3912632 :
FY95
(Force balanced piston gauge 1 | 3,480,800 1
for very low pressure)
FY97 |1ke 1 |5856,000 | 1
(1 kg mass comparator)
FY99" |10V
(10 'V Josephson Voltage 1 750,000 1
Standard System)
*FY99
NML 83

CO CO, CH; GCsHg

FY98~FY99
C08 6 ISO ISO 6142 CO; in N, 160 mmol/mol ~
1.0 mmol/mol (PSM) CO in N; 100 mmol/mol ~ 1.0 mmol/mol

(PSM) 7




Pure materials from supplier

S P

,.x"f'-.ffacuurxrrx‘wx (_,,#'f e . 0
f: cleaning of } {x Calculation ::; 0 s FTIR, GC-DID, GC-FID
. Gylinders G e ,,x”/ Tmpurity .
i o ~. analysis "
r r \\\‘\ ,-'”{f -
P o -
Wit for cooling to RT Certified liquid ﬁtoredlin gloves bo\?,_,f’lmp,_,rity. Table ™
¥ _ ¥ . 1061
= . h . . /’-1-‘“ i . HHH“*-»HV;-'".##
Filling Station Weighing Filling Station
Pure Gas for Dilution program Targeted Compound
Certification of gas mixtures using monitors or GCs T
Uncertainty Calculation
ISO 6143 Regression Analysis
7.
4. FY98 NML
/
1 P04 /NPL 98.03
2 E23 /NRC 98.03
1 uo6 /NPL 98.03
5 002 /NRC 98.03
/ 3 005 /NRC 98.03
2 LO1 /PTB 98.04
1 LO02 /PTB 98.04
4 uo2 /NPL 98.04
1 P03 NPL 98.07
1 P03 NPL 98.07
1 D06 D07 DO08 /PTB 98.10
11 22




ICT/MSVP 82

/ / / 58
B-- 3
D-- 20
E-- 25
O-- 5
U-- 4
V-- 1
58
ICT/MSVP 82
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NML

33 %

1,871K
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NML



11
/

o000

-/



(Member)

HEXETHEETRE
TR A

NML Traceability for Electrical Measurement Standard

| EE

?:“LEﬁ%E E‘f’c’.@ﬁ%ﬂ
Josephson Voltage Cuantum Hall Resisitor
1018V | 0.09 uViv N SRR
0V 0.024 PV v D ——— Ct%@éz-%m
B ebH —
DC Eesistor
 EREEEHERE E
Solid State Voltage Standard |\Current Shum 0.1 mE-01 0 | 2~31 pla/c
103-10 kL2 018020 plaa
1LLO1E, 10V | 0.3 uv/v 100 kG310 MG | 512 [Li/ed
‘ Vﬁhﬁﬁ[ﬁ 100 Ricd-~1 TC3 | 0.09~0.4 mClCl
O s 3 T E T E 8
EEEE f “'—"‘ ACIDC‘JE Fesistor
DC Veltage el
AC Resistor
1 ¥ ~1000 ¥ |0.4 pW/V~0.6 mV/7 o
1KV ~200 KV 0.1 mviv ' A, 1 v ative Bride
F
Capacitance
1pF-1F @1 kHz| 3~230 pF/F
ERER L —a Gt
DC Current =3
10 ph~l pd | 00411 masa) Inductance
10 pA~100 A 10-47 pAfs 100 pH~10 H i
100 A~ 10004 | 3.4 mAJA 100 Heil kHz Ui nll

TS
TV, TCC.
KRB - BABIREE it AR aim | SR
AC Voltage / AC-DC Difference Single Phase AC Power/ Energy AC Cutrent / AC-DC Difference
1207240 %
Lan~1000% 14 sop uysw /504 A |10 -20 4
p @60 Hz 0.1 11~ 240 pbssdy
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05 Lead f Lag
10 FETERE

LS Quadigure [ied

Potertial M i LCurrent Soureg b Carvent
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=R SR/ S
Three Phaze AC Power [ Energy
Ao T
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2009

2)
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20

520

6)
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)
3)

NML

5)

16
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5)

10. 2009

1y
2) 3)
4)
6)
7)

11.

HINI 9 29 30 10 1
NML
NML 4~5
455 394



12.

98 17

12 1 98 17 /
115 221

13. 98



5.2010

NML 2010 10 11 2010 10 15
(The 15th International Flow Measurement Conference)
25 120 International Measurement Confederation
(IMEKO ) 35
IMEKO TC9 1978
International Flow Measurement Conference, FLOMEKO
CIPM (Working Group of Fluid
Flow, WGFF) FLOMEKO
FLOMEKO 2010 WGFF
30 120
2008 IMEKO TC9 Dr. Michael Reader-Harris
IMEKO TC9 Dr. Michael Reader-Harris
(
PTB VSL NIST CEESI IPT NMIJ KRISS
NIM )
IMEKO
35 IMEKO TC9 22
(

http://www.flomeko2010.itri.org.tw/)
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1 8
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3 6 6 SCI
10 9
5 11
15 18
3 1
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47,619
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150,000
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169,000
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. (FY98~FY101)

° RF 100 MHz
° RF
(D) RF
a. >3 km
cable
10 MHz 1 GHz 2
He-Ne 14
NML (100 MHz)
NML
AR EER

14.



Power (dBm)

(OTDR) 5.23

15. OTDR
b. RF 100 MHz
InGaAs
16(a) 100 MHz
(RF) NML 16(b)
100 MHz
After Transmission
0 Before Transmission 10
3
m
)
@
2
[S)
o
golot v v P TP NP PO R PR N (PN R
90 92 94 96 98 100 102 104 106 108 110 90 92 94 96 98 100 102 104 106 108 110
Frequency (MHz) Frequency (MHz)

(a) (b)



16 (a) (b)

Allen deviation 5%107" /sec

17

i4d ii
7 Fisolatr 7 37

SH nm f'&p
Iyl
P-APM Ring e pJ !
\ PZT  ErAmpifier :} PC

fiber laser (_ T f,

SMF  HNLF  SME  MoOFPFLN fiter

‘—\-;1{: - ool

S
M fiber transmission

measure freguency

17.
(phase-locked loop; PLL)
(PZT) 100 MHz 3.5 kHz
(low-noise RF source) T_EAF ORI kS f#ﬁrﬁl 18
19 (offset frequency)
“f-2f self-referencing” (fo) 140 MHz
(prescaler) (digital phase detector) (

) (error
signal) (phase-locked loop; PLL) (current
driver)

Kerr
Analog mixer

1GHz 1GHz

fs fiber laser 4@ BP

R=0dB | =7 dBm

Low-noise RF
source {1 GHz)

The RF standard: GPS

SLP 25 disciplined Rb clock using a low
PZT noise oven-controlled quartz
HV Pl LPF | oscillator to improve short term

stability.



f-2f

18.

fs fiber laser

fs fiber laser

10 MHz

1560 nm
100 MHz DRO

7999.999

CMS

999.999 MHz
or
1 GHz 7999.999 MHz

or 8 GHz

BPF (1050 nm) <5 Digital phase detector =-6dB
Prescaler Prescaler
BP [—pvE>—11 = 16 bP > 16 ™)
140 WMHz 140 MHz
Digital mixer
Current PI (Loop Filter)
Driver
19.
RF 20
. . ‘ 1 kHz i
100 MHY comb RF frequency
! counter 1!
: I
i Frequency i
'l stabilized

—{BP | Avr=>
LP

RF frequency |1 KHZ E
counter p——
RF
(100 MHz) CMS RbD clock
1 GHz New Focus
8 GHz trigger  CMS Rb clock
MHz synthesizer 1 kHz



(SR 620) Allen deviation local

1560 nm 100 MHz sS4 308 T 3 ~
8 GHz
trigger CMS Rb clock 10 MHz 7999.999 MHz synthesizer
1 kHz (SR 620) Allen deviation
local local 999.999 MHz
synthesizer 1 kHz (HP 53132A)

Allen deviation
SR 620 ( ) NML Rbclock

8 GHz Allen deviation< 2x107" /s

21

-13

©

Allan Deviation
2 4

T T T T T 1
2 3 4 5 6 7 89 2 3 4 5
1 10

Averaging Time, sec.

21. NML Rb clock



Allan Deviation

(fr = 100 MHz)

RF

SR 620 Allen deviation
3.x10" /s 3.8x107™° /s
i SR620-CMS laser-8-1G-CMS 10M-8257DMmix-local--7dbm-1] 3 single-NTHU-100MHz laser -8.1GHz+8.099999GHz mix to 1KHz-SR620
10 § 107
] < ]
. 2 R 510 i3 . 2 P ] 2 1
Averaging Time, sec. Averaging Time, sec.
(a) (b)
22. (a) (b)
(2) RF
a. RF 10" Vrms*/Hz
RF RF
RF 23
100 MHz comb
fs fiber laser &)-{BP FFT
\ synthesizer
DC FM port
1100 MHz comb |
Y @i (e FFT)
1GHz
i NTHU CMS synthesizer !
DC FM port



1560 nm (100 MHz) CMS
Rb clock 100 MHz DRO 1 GHz 1 GHz
900 MHz  Band Pass filter (BPF) 0 dBm
(PN 9000) local
1560 nm 100 MHz sS4 35 3 i~
1 GHz 900 MHz  BPF 0 dBm
(PN 9000)
(PN 9000) 100 MHz
24 200 kHz
40 Hz ~ 1 MHz 10" Vrms*/Hz (
60 Hz ) (~98 %) 107
Vrms*/Hz
tes o Retumed 100 Mz sgnal

Vrms*/Hz

€

S4.
O

v ®lele ura
LGS i
Gl

T
200.0k

24.

T T
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Frequency (Hz)



b. (1~100) kHz

RF
S mm
(5 ~236) Hz 1 Hz ~ 100 kHz 25
20 cm (> 100 Hz)
0- = 100 MHz local noise
= =100 MHz NTHU returned noise
T = = = 100 MHz NTHU returned noise (w/ speaker @ 5Hz, ~5 mm vibration spacing)
220 - = - =100 MHz NTHU returned noise (w/ speaker @ 9Hz, ~5 mm vibration spacing)
= == 100 MHz NTHU returned noise (w/ speaker @ 12Hz, ~5 mm vibration spacing)
1. 100 MHz NTHU returned noise (w/ speaker @ 236Hz, ~5 mm vibration spacing)
404 T e 100 MHz NTHU returned noise (w/ hand @ random, >20 cm vibration spacing)
~ ]
<
o -60
m A
) ]
& 80+
o
c ]
3 -100
@ -100
<
g ]
-120
-140
1 10 100 1k 10k 100k
Frequency (Hz)
25. 1 Hz ~ 100 kHz
3) 543 nm

540 nm  MgO:PPLN 26
80 uW 27
28 ( ) 543 nm



PPLN

543.5 nm color filter (10nm B.W. reflect 99.99%) T~70%,

26. 543 nm
100
80 -
2 60
el
5}
3
g
o 40
I
%]
20 -
0 T T T T T T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180
Fiber laser comb pump power (mW)
27. 543 nm
546.4-3.7=542.7~543nm (@40°C)
3000 |
~
S
@ 2000
N—r
>
=
n
T
= 1000 545.7-3.7=542 nm (@24°C)
540 550 560 570

Wavelength (nm)



28. 543 nm
4
NIST
29 25 Hz signal
local oscillator (LO) 30
31 (r)
)
r t
L= 2i x Al = 29972245 i 10864'24134‘“ 1_0573'8412 2 = 0.396865260.....m ~ 39.687 cm
n X

Fiber laser 1
Fp =92 20075 K-z —

b

Fiber laser 2 — f Optional
Rp =100 Wz ) wherapunls
[L2] / | 50:50

f/ ' coupler
s 1

(o & OF
— [ \

[ Signal ] /
! window
N

........ * ogcillozcope

Targed minmar

1550 nim
color filter 50 MHz

LPF




Amplitude (a.u.)

31.

0.020

0.015

0.010 +

0.005

0.000

-0.005

-0.010

-0.015

—— df=25 Hz

-10 0

30.

Targel mimor

25 Hz—

0.020—- ——df=25Hz

0.015—-
0.010—-
0.005—-
0.000 ]

-0.005

Amplitude (a.u.)

-0.010
-0.015 A

-0.020

-0.000010

25 Hz —

T
-0.000005

T T
0.000000 0.000005

-1*10° ~ 1*10° (s)

LO Signal

1
0.000010

50

(-10 ps ~ 10 ps)
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0.225 um

330 mm

440 mm

F2mm

32.

32

5.67x107



1 mm x 1 mm ~ 400 mm x 400 mm
0.5 um

0.5 pm + 2.0x10° L (k=2) (

¢ 400 mm x 400 mm
(1)
CCD
CCD
33
( 299,792,458
)

i

(650 mm/ 1 mm)

*

CCD
CCD



33.

Ly(+al)=1L,
Lyy=L,(1—al +a’T>...)

=L (1-al)( a’T* <<1-aT,..

Lm:
L20d1 20

d=FLy o T)

, OF OF

0
w2 =P, ) [a]<ua)2+[&—’;]2<un2

oL,
OF
oL

OF
l=-LT

[ﬁ]
OF

[571= L,

[

]=1-aT =1

(1)

(1)



X-Y
e X Y
B980784 X Y
k 1.98 0.128 pm 219
e X-Y
B980784 X-Y
2.45 0.122 pm
o7
Z CCD X-Y Z
Z
0.5 mm Z
[}
X -Y
0.6 um 0.6/24/3
% 50
[}
CCD 200

10

0.254

0.30 pum

0.005 um

k

10



0%

0.109 um

B980836

0.026 um

23

X1 X1
X,/243 10 %
CCD (2D
S50 um  Y:50 pm) 29 0.01 um
6 0.004 um(0.01//6) 28
( 286.6437 mm 565.677 mm)
0.13 pm 6
0.053 um(0.13/+/6) 28
X<l.4mm X<40(1)11)nm 400 mzrfx 400
Y<1.0 mm V<400 mm mm
(CCD ) «ccp )| cco )
X Y ° °
X-Y °

50

CCD
29



u(o)
(8 £ 1)x10°
/ +1x10°/ /m
0.577x10°/ /m 10 %
50 -LmT 20.3 20 0.3
-0.3 Lm
u(T)
0.1 0.1/2+/3 (=0.028867)
0% o0
025 (10 30 )
0.3/24/3 (=0.0866) 50 %
12 ( ‘B98040) 0.11  k
1.98
u(T)= /0.028867% +0.0866” +(0.11/1.98)>  =0.1068 x 10°  ( 26)
-Lma. a 8x10° -8x10°xLm
ISO GUM
OF OF OF
u? =[m]2(uLm)2 +[%]2(ua)2 +[E]2(HT)2
(2) U
7.
10pum X <14mm (0,18 pm)* + (8.72 x10 7 x L)’
I0um Y <1.0mm
10 um X <400 mm J(0.32 pm)? + (8.72 x 10 7 x L)?
[0 um Y <400 mm




10 pm x 10 pm
~400 mm x 400 mm

V(041 um)* + (8.72x107 x L)

t veft(ei) Welch-Satterthwaite
95 % k
8.
k
10pum X<l4mm |148 |1.98 1.98x/(0.18 um)* + (8.72x 10”7 x L)’
10 pm  Y<I1.0 mm
10 um X<400 mm | 293 |1.97 1.97x4/(0.32 ym)* + (8.72x107 x L)
10 um  Y<400 mm
10um>x 10um | 403 |1.97 1.97%/(0.41 um)> + (8.72x107 x L)’

~400 mm x 400 mm

2

400 mm x 400 mm
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34.
9.
X Y
(mm) (mm) (mm)
50 49.9993| 49.9994

100 99.9962| 99.9986
150 149.9977| 149.9978
200 199.9964| 199.9966
250 249.9953| 249.9958
300 299.9946| 299.9946
350 349.9935| 349.9936
400 399.9927| 399.9929

0.18 um/100 mm
23 20
T ( 395
0.8 um /400 mm)



squareness error (um)

SSSS oocoo =
0N Bh N OPN BN~ DN

'
—

The squareness error curve of the T-shapepattern reversal method

- - - Ulra-QV
— -+ — T-shape pattern standard artifact

y=-0.00207746 x

measurement position (mm)

35.

pm)
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200 m/s* ~ 5000 m/s*
<10 ms
[ )
2.0% (k=2)
D 200 m/s* ~ 5000 m/s>
<10 ms
A/D V.
A/D
Amax Vmax Amax
S — Vmax
Amax
37
m I-.I ;. [ I—,.! | Recarder
Iil. " L? ? o 12
11 '::,___
BE-
1 1 3 a'd 4oy | £ " linterferometer
| Optical table |

) | ra s r ; r i+ r, Fy r
L I o ‘ ! ) f £ . i i
Shock machine

1. Controller 2. Programmable DC supply 3. High speed electromagnetic hammer
4. Alrbome hammer 5.Trigger unit 6. PU rubber 7. Alrboms anvil 1. Accelerametsr 9. Charge arplifier

Irterferametar
10Laser 11.Ligh detectors

Recorder
12Digitsd scope | MISTR4 100 MHz 12 Bit M1 5022 210 MHz 16 bit



37.

a. B JR B s B
L 213 T Svaliay DC

( 0.2 MPa)

PU

Vmax ﬁi"‘—?#&ﬁ" /;;f);? fs’ifﬁ_ﬁrﬁl 38

38. RHF JE B R

(Modified Michelson interferometer)

(Mach-Zehnder interferometer) ( 39 40 )
90° ui(t)  ux(t) ui(t)  ux(t)
ui(t)  u(t)

@(t) =tan 0, (0)



D(t) = itan_lul—(t)

4r u,(t)
(Butter-worth)
Amax
41 42
Frequency stabilized b
12
- 19
He-He laser n ™ ¢ Lecelero meter
a S
Photo detectors 7 A4
.. s @ SO I
o0 14 T
[ S—
T Eﬂ @@ B
1 10 ]
013 Wollaston 1 H““E\\ Doy load
polarizer . Mon polarization
2 3 (@ Iris  beamn splitter
% N
)
15 Cilan-Thompson 16
polatizer
He-Ne Laser 2. Glan-Thompson Prisms 3. 4, 5.1/4 6.
8. 9. 10. 11. Wollaston Prisms 12. 13. 14.
15-20. 21
39.

40.



s aq e

sm'ﬂ"

Laser
interferometer

- WobEL 2210
anvil .
Shock force \/\/—
source r—
accelerometer I'%
Liser amplifier
interferometer NI 5922
wy (4] 4 N ( N (
L[] bl 4] (G KEAE
arctan, —] T —] . e %
B = fu#s g [ ozE) [ B [ClmzE A,
) &mlbl . S \ J .
—J = ( b h £
wlf) R £ Kig KA
accelerometer | MHEE [ EE [ .
o J .
41.

controller
gun
Hammer
Anvil

Accelerometer

Dummy load

Guiding rail

42.

DC

200 m/s*~ 5000 m/s’

i

Optics table

Interferometer

PU

<10 ms 43 44



200m/s’> 0311m/s 1000 m/s> 1.143m/s 2000 m/s>

0.979m/s 3000m/s> 1.321m/s 4000m/s> 1.645m/s 5000 m/s> 1.983 m/s

10

2.5m/s
2000 m/s> 10

Red Rubler- &2 B vs EEH

W30 40 50 60 0 80 10 110 120 w3
BAERE V)
T = o SE
© X:1983643 us Y:598.0774 mV < X:564.5752us. Y:195.7494 mV
Time 1
0.63 024
v v /Q g
Real Real \
20,07 = -0.06 S—e——————
-6.835938 ms. 8.773804 ms -6.835938 ms 8.773804 ms
= JRETET —olx]
@ X:213623 us Y:498.8833 mV ¢ X:503.54 us. ¥:166.4245 mV
Time1 Time 1
054 021 - . | . { + ! ]
X + 4 v A
Real Redl ;o\
— -0.09 . + - . {
-6.835938 ms. 8.773804 ms. -6.835938 ms $.773804 ms
- =T EET
© X:274.6582 us Y:350.6364 mV' © X:534.0576 us Y:124.7399 mV.
Time 1 Time 1
04 0.16
v v /é‘ T
-01 = -0.04 S ——————
-6.835938 ms. 8773804 ms -6.835938 ms 8773804 ms
= B O BT
< X:3509521 us Y:116.0182 mV' & X:381.4697 us Y:39.44261 mV
Time 1
0.16 0.048
v Vi i T i + + 1 i
R e el \f
-0.04. ; = 0012
-6.835938 ms. 8.773804 ms -6.835938 ms $.773804 ms

(a) PU 0.8 ms

() PU 2 ms

44. PU

BLACK Rubber- BiA B vs HE{E

0 50 & 70 0 0 100 1100 120

BAEE W
= =lofx
© X:564.5752us ¥:195.7494 mV.
Time1l
024
m———— e
-0.06 il
6835938 ms 8.773804ms
=l =lofx
© X:503.54us. Y:166.4245 mV.
Time 1
021
&
Real T
-0.09 + B i I
-6.835938 ms. 8.773804 ms
© X:534.0576 us Y:124.7399 mV. !
Time 1
0.16
+
Real
0047
-6.835938 ms. 8.773804 ms
= =T
© X:381.4697 us Y:39.44261 mV
Time 1
0048
s
Real
-0.012
-6.835038 ms. 8.773304 ms

(¢ PU 3 ms



10. 2000 m/s> 10

NO. m/s> mV ms mV/m s”
1 1990.5 201.94 0.636 0.10145
2 1987.6 201.78 0.639 0.10152
3 1986.4 201.49 0.646 0.10143
4 1985.1 201.14 0.634 0.10133
5 1985.8 201.43 0.638 0.10143
6 1987.0 201.18 0.638 0.10125
7 1991.5 201.44 0.628 0.10115
8 1992.3 201.85 0.642 0.10132
9 1989.3 201.39 0.638 0.10124
10 1989.8 201.94 0.643 0.10148

2) <2.0% (k=2)

ISO (International Organization for Standardization) BIPM (International

Bureau of Weights and Measures)

(Endevco 2270/133) ISO
16063-13

A/D
A/D A/D
(Hum and Noise)

<1.1 % (k =1.96) 11



11.

T R fgf MEBLFEEELBRESHE % 2l le s o TR R E S B
200 | 1000 | 2000 | 3000 | 4000 | 5000 et | 3 | - 200 | 1000 | 2000 | 3000 | 4000 | 5000
B st | m/s* | m/s* | m/s* | n/s? | m/s® m/s* | mis* | m/s* | m/s? | m/s? | /s
U, Am BN & ] o9z [oosos [ oosst | o3 [ oosts [oawse |+ [ 1 [ 1 [iensmsnanens| oneas | oosos | oosst {0103 | noste | oo
B, t A Bde A QBN A H EE A A6 2 pg | B | 00305 | 00061 | 00030 | 00020 | 00015 | 00012 | #% |3 | 1 m 00176 | 00035 | 00013 | 0ODIZ | 00002 | 0.0007
U,y ! b d A B NSRS HEE TR AT e | B| 08 | 08 | 0z | oz | o0z | oz |4z 1 m 04 | 04 | 04 | 04 | 04 | 04
B, b A AT 92D AN A F A A4 A2 FE | B |000002000002|0oon02| 0000z | o000z om0z | #a | 2 | 1 200 ooooot| 0oooot | noooo1 | ooonot | ooooot | aoono
U, hReReHEE AL NE B | 0nz37 003 | ans37 | o0s3 | nozar | nossr | s || 0 m 00433 | 00433 | 00483 | 00433 | 00483 | DD4s3
B, b %E e (Hum and Noss)#t §8 T 808 4 BN A L HE & | 00494 {00494 | 00494 | 0029 | D0azs | nnass | 1 [ 1 9 00494 | 00494 | 00494 | 00494 | 00494 | D049
U, ! AR AR BT IR I AL Bl o2 [0z | o2 | 0z | 02 | 02 |me|sA] 0 m 01155 | 01155 | 0155 | 01155 | 01155 | 01155
B, ¢ il A SR W B A Bl oms | oois | oors | oo | oois | oows |AsB) m 00106 | 00106 | 00106 | 00106 | 00106 | 00106
U A SSRGS IR TN ALY B| oos | oos | 005 | 005 | 005 | 005 [mm|F| 1 m 00289 | 00289 | 00289 | 00289 | 00289 | 00289
B,y Al AN RS AR A S A ATAE B | B 0M3 | 0243 | 0243 | 0243 | 0243 | 0243 [ |f3| 1 m D.0403 | 0.0403 | 0.0403 | 01405 | 01403 | 0.1403
Hp  BEESAREEEAEE FAEATRALYE Bl ot [ o1 | o1 | o1 | o1 | o1 [EBW[A] 2m 00577 | 00577 | 00577 | 00577 | 00577 | 00577
U G HEASERSAERBEN ST e AFynapg B| 0025 (00126 | 00012 | 00013 | ootz | ootz | ma [B] 1 2m 00073 | 00073 | 00007 | oooo7 | noo7 | nonar
U, BEEKARHEEEHTE T ALYE B| ootz | ooz |onzes | nozea | onzes | nozes | |45 1 2m oooes | nones | aois | 0ots | oois | oois
U0 | BEEE TR MRT IR i R TR AN Bl oo | ooz | oos | oos | ame | oos |ma|JE| 0 2m 00462 | 00462 | 00462 | 0046z | 00463 | no4ea
B, B R R ER A ERATE B | 0ns37 003 | ans37 | o083 | noesr | noss7 | s |45 0 m 00462 | 00462 | 00462 | 00462 | 00462 | D042
Bs A RHE R R ER AL ERATE Bl 04 | 04 | 0s | 0a | 0a | 0a [mr|f] 0 m 0z | 02 | 0z |01 | oz | oom;
By | SESERH R A IR E B | anoog |nonng | nooos | nooos | nooos | oooog | #a | 2 [ 1 200 00004 00004 | 0.00D4 | 00004 | DODO4 | 0.0004
U,y ¢ Ry d e BN 12408 S 3 o ik % B ALE A9k 2 94| B | 0.00002(000002| 000002 | 000002 | 0.00002 |n.ooooz| &4 | 2 | 1 m 0.00001| 000001 | 0.00001 | 000001 | 0.00001 | 0.00001
IR AL, % 02 | 051 | 0% | 04 | 04 | 0%
FuB & p 480 474 552 547 543 556
— TR IR TR IR TR
HHBLRSLAY % 102 1.01 1.06 107 107 107




900 MHz 1800 MHz 1900 MHz

Sensitivity in Free Space: 11 %

Sensitivity in Tissue (Conversion factors): 12 %
Frequency Response of E-field: 8 %

Receiving Pattern in Free Space: 1 %

Isotropy Error in Free Space : 1 %

Dynamic range: 1 %

1800 MHz 1900 MHz 900 MHz
(TEM cell) 1800 MHz 1900 MHz
SAR

45 46

47

900 MHz

SAR T~

45. SAR



Signal Generator

HP 83640A
i To
Waveguide

Amplifier Filter Directional Coupler
AR 1S1G4A Agilent 11688A Agilent 778D '
Power Meter HP Power Sensor

438A Agil 482A

38 gilent 848
46.

47.

TEM Cell(900 MHz) (1800/1900 MHz)



TEM Cell 48
TEM Cell TEM Cell
TEM Cell
49 50
51 TEM Cell 52
Signal Generator Power Sensor
HP 83640A Agilent 8481H
Filter Microlab P I N \
LAI5N SEEEERNE
‘.\ 1 1 1 1 1
TEM Cell
Power Meter HP
438A B
48. TEM Cell
54.7° _\4
Linear translation \3 PR

Power

sensor

TEM cell

stage e ! 1
- |
]
]

Rotation stage \2

< RF input

Low pass filter

Centre conductor



49. TEM Cell

SAR

50.

Low pass filter

p 54.7°
(3 GHz) R4
’ 1

Directional coupler Probe i E;
1

/ Power sensor

In-series adapter

Probe insertion depth

Linear translation stage

Waveguide adapter Straight Waveguide load

51.



52. TEM Cell

12
12.
( ) 900 MHz 9.0 %
Sensitivity in Tissue 1800/1900 MHz  10.0 %
( ) 900 MHz  12.6 %
Sensitivity in Free Space 1800/1900 MHz  10.2 %
6.3 %
Frequency Response of E-field
1%
Receiving Pattern :1°
1 %
Isotropy Error
1 %

Dynamic range




(0~2.5) T (2~4.2) K

1~20, 2~50, 5~100, 10~200,

50~1000 (cm3/min @101.325 kPa & 0)

(1)

TOS8
TOS8

MOS

(0~2.5)T (2~4.2) K
PTB
/
TOS
(Si-based Metal-Oxide-Semiconductor structure) /
53

54
50 pA



(edge states)

Undoped GaAs 10 nm

n-type Aly3Gag;As 50 nm
Si:1x10"® cm™

Undoped Aly3Gag;As 15 nm

Undoped GaAs 1 [ Jm

Undoed Aly;Gaj;As/GaAs 2 nm/2 nm
20 periods

Undoped GaAs 0.5 Jm

Semi-insulating GaAs (100) Substrate

ohm

54.

55

(mobility gap)

53.

1200
1000
800
600 -
400 r
200 |

PL 175 ( 2.57) ( 2 K)

(strong localization)



(2)

200

150

~ 100

50

55. PL 175

=48 & g i

70 ri4g & e d Al e

a. 18 & "R 32

NML ( 13) E2mep2 SHE3C )
ANSYS®
AT A R#A7 6 Rl#* FLUID30 8-Node 2= s 8~ ( 14)

YRS AP R RRE A Bt R g s v BRI 2 & ( 56) E =g rAA
y iSRS
( STHELZmE BN 2 5 RS 1 250 Hz 1kHz

4kHz 3 BHFALEThafortd A45F 5 120 jRIBE BE RN TG g2

13. : mm

L/D V/A
[Hz] [D] [L] [A] [V] [R] (1]




CPL 3048/UA 1413 20 -7k | 18.6 | 15 876.5 4075.7 | 0.806 4.650

14.

Component | Element
tem | Name Type

Material Material Properties

Density(DENS): 1.21e-6

The speed of sound(SONC): 3.43e5
Sound absorption(MU):0.0

UX, UY, UZ, PRES if KEYOPT (2) =0
Density(DENS): 1.21e-6

The speed of sound(SONC): 3.43e5
Sound absorption(MU):0.0

PRES if KEYOPT (2) =1

1 Gas | Fluid 30 air

2 Gas Fluid 30 air

Component #1
Element 1

Component #1
Element 2

56.

B A 3%
i 1 &

FSI

57.

58 250 Hz 1000 Hz 4000 Hz
1/4



4000 Hz

( 5%

(receiver microphone)

58(c))

60

(250 Hz) 1000 Hz
(transmitter microphone)
( 58(b)

(scattering)

59

60

NODAL SOLUTION

NODAL SOLUTION
STEP=1

SUB =100
TIME=.100E-02
(AVG)

NODAL SOLUTION

STEP=1

SUB =100
TIME=.250E-03
PRES (AVG)
RSYS=0

DMX =.106E-04
SN =-.014286
SMX =.013821

-.392E-03  -.174E-03
-.283E-03

—
-430E-04

-.657E-04

-.002083
-.00:

.260E-03 .478E-03

-.001037

—
.104E-04
156 -.513E-03

.001057
-534E-03

—
002104
001581 002628

-152E-03 .369E-03 .586E-03

(a) 250 Hz

58.

(b) 1000 Hz

NODAL SOLUTION

YTEP=1

gUB =1
FREQ=1000

REAL ONLY
(avE)

=.501E-07
Z53E-03
=.265E-03

.Z33E-03
.254

. 255
E-03

-03 .258E-03 Z61E-03
L2357

. LZ64
E-03 .260E-03 JE-03

-03
.265E-03]

59.

SPL

-.014286  -.00804
-.011163

-.001794  .004452 010698
-.004917 001329 .007575 .013821

(c) 4000 Hz

SOLUTION




(Probe

microphone) HP8904A Multifunction
Synthesizer 250Hz 1kHz 4kHz (Pure tone) 15
(1~9)mm I mm
61
250 Hz
1 kHz 4 kHz
(diffraction)

61

(A Probe microphone B Receiver MicrophoneC Coupler

D Probe insert position E Transmitter Microphone)



15zl

)
250 Hz
0.05 dB
4000 Hz 1000 Hz 250 Hz
(Z3)
15. ( dB)
250 Hz 1000 Hz 4000 Hz
Mean STDV Mean STDV Mean STDV
Z1 | 73.37 2.63E-03 | 73.14 | 7.16E-02 | 70.91 | 8.62E-01
72 | 73.37 1.03E-03 | 73.27 | 7.29E-02 | 72.84 | 3.95E-01
73 | 73.37 6.08E-03 | 73.14 | 6.47E-03 | 73.50 | 2.22E-02
74 | 73.32 3.77E-03 | 73.29 | 3.02E-02 | 74.04 | 1.90E-01
(3) 1 to 1000 (cm®/min @ 101.325

kPa& 0 )

(Critical flow

Venturis, CFV) (Laminar flow element, LFE)



(National Institute of Standards and Technology, NIST)  Wright et al.

CFV (Laminar flow element, LFE) 1 L/min
1 L/min
(Center for Measurement Standards, CMS)
1 L/min NIST
20 LFE
CMS NIST LFE
LFE LFE
1 cm’/min to 1000 cm*/min @ 0, 101.325 kPa
0.35% 30
a. LFE
4 2 2
a8 W ZB) e (1)
16 L-R,n(T,0)
Ry T
Qactial =n- P1 : Zl (2)
1o ®
Z 1 RgaxT Zr Rga,YI;
Q . Rgax ’ T Z (4)
=n Pr -
_Quup(T.B):2 s
7 R-1(T,0)
P, /P, /P,: / / 101.325 kPa
T/T,: / 273.15K
Z1/Z,: / (compressibility)
n (molar flow rate)
Qr / Qactual: /
L:

R:



curve -

° I ==

Cs

mean free path

b. LFE

LFE

channels) 2-channel

4 Pt100

300 kPa

molbloc

mensor CPG 2500 (two

3

Pt 100
0.01



100 kPa
%

PEEKSsil

LFE

( 63

+5um

+2um

channel

(6)

300 kPa

LFM

2 kPa 1 Pa 0.05
100

2 kPa 100 kPa

PEEKSIl

+25um

OMC) Q

glass

o PEEKsil

Stainless steel



63.

AQ — Qnom + tolerance B Qnom (6)
Qnom Qnom

Qnom

Qnom+tolerance \ (tolerance

effec)

Q Qnom Qn0m+t01erance
( O)Onom
IDactual IDactual
PEEKSsil
( O)Onom
16.
Material IDpom(um) | Tolerance(um) | ( @)/ Onom(%) IDctya(m)
PEEKSsil B,C 150 +5 +14 152.7 - 154.0
PEEKsil D,E 150 +5 +14 151.4-151.9
Glass A,B,C,D 100 +3 +13 102.7 - 103.3
Glass A,B,C,D 252 +2 +3 252.6 —253.5
stainless 175 +25 +72 188.4
d.
PEEKSIl
16 kgf cm (1.6 N m)
25 cm’/min 2.5 cm’/min 150 um (ID) x 100 mm
(L) 154 cm’/min 8 cm’/min 200 um (ID) x 100 mm (L)

MF Meter factor,

0.03 %



150 pm (ZD) x 100 mm (L) 2.5 cm’/min

25 cm’/min 150 um (I/D) x 50 mm (L) 5 cm’/min 50 cm®/min
0.02
0.02
LFE
LFE
e. LFE
Re <500
Reynolds
number MF MF, MF
(7 MEF,
LFE 0.15
MF, MF,
MFp=a+b-Re+c-Re2 (7)
Re Reynolds number
a,b,c
MF, meter factor

LFE



1 cm®/min to 20 cm’/min
1*0.1mmID. X50mmL X 1.98 mm O.D.

5 ¢cm’/min to 75 cm’/min 2 ¢m’/min to 50

cm’/min 5 ¢cm’/min to 100 cm>/min
1*02mmID. X100 mmL X 1.97 mm O.D.

15 ¢cm’/min to 300 cm’/min

3%0.252 mm [.D. X 125 mm L X 1.97 mm O.D.

105 ¢cm*/min to 1100 cm’/min

7 *0.300 mm [.D. X 150 mm L X 1.97 mm O.D.

O

050
QY

64.

LFE (2 ~ 100) kPa
Oring
Oring
Oring




65.

Oring Oring

66.

molbloc



(4)

1 cm’/min

0.13% 0.06% 0.35%

(Bayesian Theorem)
(Monte Carlo Method)
(Conditional Probability)

(Continuous Random Variable)

S xy,e,x,,0) h_l[f(xl |9)}T(9)

S (XX, j@[ﬁf@ |9>}z(9>d0

72'(9 | x17x27'--7xn)

xl, x2, ..., xn f(x|0) m(O) (Prior
Probability Distribution) =(0 |x1, x2, ..., xn) (Posterior Probability
Distribution) ﬁ f(x,10) n
L(O\xlijlx2,...,xn) x1,x2, ..., xn 0
(D) O |x1, x2, ..., xn)

h f(x, |9)}ﬂ(9)

67



Measurement Function

}

Input Quantities

|
¥ v

Data, Likelihood Function Prior information for @

Bayesian Theorem &
MCMC

A 4

Posterior Distribution
Expected Values & Variances

l

Sensitivity Analysis
67.
ISO GUM
100 mm
d=01+ab)-! (1+a,0,) 4)
l 20 (mm)



6 20 ()

L 20 (mm)

a (M

& 20 )

4
gzﬁs(l a0)+d )
1 ab)
30
sa © ()
00 =0-0, (6)
da =a—a, %)
(8) ISO GUM

(=f(l,,d,a.,0,6a,80)=0 +d—( (3a-0+c, -50) (8)

©)
(10)

L0 _a(0-80)+d
(1 Ga+a,)d)

)

d=u+e; =l(1+0@a+a,)0)— (1+a,(0-80)+e, (10)

Random Variable

(11)

P, | (,5a,a,,0,0,,50)



P, |0,0a,0,,0,0,30)-P({,0c,c,,0,0 ,00) (11)

P(t,5a,0,,0,0,,50|d.) =
[P(d|0,50,0,,0,0,,80) P((,50,,,0,(,,50)d! dda dad0 dl, d50

WinBUGS
100.000032 mm
( ) 25 nm
VBA 100.000030 mm
(24.95nm) WinBUGS (24.86 nm)

47 nm 48 nm



17.

A/B
u(x;) u(x;) (nm) Ci u () (nm) U x)
u(ly) B 2.1 953+ 013 s 1 953+ 013 L5 50
u(d) A/B / 10.31037827 1 10.3104 49
u(c) B V3 | 0.000000578 / ol 0l 50
u(6) B / 0.127843655 ol 0l 101
u(da) B 3 | 0.000000578 / ol 0l 50
u(50) B 243 0.0029 0.0000109 £/ 0.03161 £ 50
u(f)=20nm k=199 U=40nm Vo= 89
18. WinBUGS
node mean (mm) sd(nm) 2.5% (nm) median 97.5 % (nm) start sample U—(nm) U+ (nm)
d 0.000038 12.16 14.27 38.02 61.78 1 1000000 23.74 23.77
100.000032 24.86 -16.95 32.03 81.14 1 1000000 48.98 49.11
s 99.999994 16.11 -37.55 -6.03 25.58 1 1000000 31.52 31.61
19.
node mean (mm) sd(nm) 2.5% (nm) median 97.5 % (nm) start sample U-(nm) U+ (nm)
ds 0.000038 9.70 19.18 37.99 56.94 12001 15000 18.81 18.95
/ 100.000032 23.70 -14.38 32.06 79.24 12001 15000 46.43 47.18
£, 99.999994 15.98 -37.39 -6.15 25.63 12001 15000 31.25 31.78
20. VBA
Shortest 95 %
Method ¢ (mm) u(s) (nm) . y
coverage interval (nm)
Present results| 100.000030 24.95 [-19.07 , 79.39]




Probability density [1/ngl

8,618

8.616

8,614

8,812

8,088

8,086

8.6884

a.6882

68.

HST ' ' ' o '
PDF —
ERF ———
[CIT —
CDF
=188 =58 a 58 108 1;8 208
Value of output [ngl
VBA -
d=Y-X
d
Y (°O)
X (°O)
ISO GUM

21

24

Cunulative probability

(12)

°C)



21.

O
u(y1) t 0.0170 9
u(y2) 0.0029 50
u(Y) 0.017 10
u(xy) 0.015 50
u(xz) t 0.006 468
u(xs) t 0.002 468
u(x4) 0.00035 68
u(X) 0.0170 82.26
u(d) 0.024 35
k 2.030
U 0.049
22. WinBUGS
Mean Sd MCerror 2.50% Median 97.50%
node start sample U- (°C) U+(°C)
O (O O O (O O
X 29.992 0.016 0.000 29.960 29.992 30.024 90001 10000 0.032  0.032
Y 30.009 0.017 0.000 29.975 30.009 30.043 90001 10000 0.034 0.034
d 0.017 0.024 0.000 -0.029 0.017 0.064 90001 10000 0.046 0.047
23.
Hode Mean Sd MCerror 2.50% Median 97.50% sart sample U- (°C) U+(°C)
(O (O (°O) O (O O
X 29.992 0.016 0.000 29.960 29.992 30.024 90001 50000  0.032 0.032
d 0.017 0.018 0.000 -0.017 0.017 0.051 90001 50000 0.034 0.034
sigma.y 0.020  0.005 0.000 0.012 0.019 0.033 90001 50000 0.006 0.014
Vo 30.009 0.006 0.000 29.997 30.009 30.021 90001 50000 0.012 0.012
24. VBA
Shortest 95 %
Method d() u@) () coverage interval ()
Present results|  0.0170 0.0240 [-0.030, 0.063]
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1. CNPA 49

(1)  OIML R49:2006  ISO 4064:2005

(ISO) (OIML)
ISO 4064:2005  OIML R49:2006
CNPA 49

(2)  OIML R49:2006

OIML R49:2006 11 4
CNPA 49
CNPA 49
CNPA 49
(3) CNPA 49

a. OIML R49(2006)

OIML
R49(2006)
b, OIML R49(2006)
TAF
CNS
14866
c. OIML R49(2006)
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(1) ASTM E1965-98 EN 12470-5:2003 JIS T4207:2005

( n n 4~9 )

25. ASTM E1965-98 EN 12470-5:2003 JIS T4207:2005

()

ASTM E1965-98

BS EN 12470-5:2003

JIS T4207:2005

1. Scope

1.1 intended for intermittent
measuring and monitoring of
patient temperature

1.2 addresses assessing the

subject’s body internal

temperature through
measurement of thermal
emission from the ear canal.

Performance requirements for

noncontact temperature

measurement of skin are also
provided.

1.3 Sets limits for laboratory
accuracy and requires
determination and disclosure of
clinical accuracy of the covered

instruments

1 Scope

Specifies the metrological and
technical requirements for clinical
infrared (IR) ear thermometers with
maximum device for intermittent
determination of human body
temperature. This standard applies
to devices that when taking
temperatures are powered by a
power supply either internal or by
mains and that provides an
indication of the subject’s body
temperature through measurement
of thermal radiation from all or part

of the ear canal.

1 Scope

The infrared ear thermometers
detect temperatures of or near the
eardrum, use an infrared detector,
are capable of measuring actual
temperatures, convert them into
actual temperatures or body region
temperatures, display them digitally,
and are driven by the internal power
source. This standard excludes those
thermometers that are incorporated
in other equipment as a part of
system, or those thermometers that
measure the skin temperatures
instead of temperatures of or near

the eardrum




ASTM E1965-98

BS EN 12470-5:2003

JIS T4207:2005

1.4 performance and storage limits
under various environmental
conditions, requirements for

labeling and test procedures

4. Classification

4.1 IR thermometers may be
classified into two types: “ear canal
IR thermometers” and “skin IR

thermometers”

5 Type of thermometers

IR ear thermometers determine
body temperature of a subject via
thermal radiation of the ear canal

and/or tympanic membrane

5. Requirements

5.2.1 An ear canal IR thermometer
shall display a subject’s temperature
over a minimum range of 34.4 to

42.2 °C (94.0 to 108.0 °F)

6 Requirements

6.2 Range of displayed
temperature

The IR ear thermometer shall cover
in all modes the range of displayed
temperature from 35.5 to 42.0 °C

4 Requirements for construction
4.1 Range of displayed
temperature

The range of display temperature
shall include 35.5 °C to 42.0 °C.

5.3 Maximum Permissible
Laboratory Error

5.3.1.1 For blackbody temperature
range from 36 to 39 °C 0.2 °C
5.3.1.2 For blackbody temperatures
less than 36 °C or greater than 39
°C 03°C

6.3 Maximum Permissible

6.3.1 Maximum permissible error
within ambient operating range
Shall be 0.2 °C

6.3.2 Maximum permissible error
under extended operating
conditions

Shall be 0.3 °C

6.3.3 Maximum permissible error
under changing environment
operating conditions

Shall be £0.2 °C under changing

ambient conditions.

5 Performance requirements
5.2 Maximum allowable error
5.2.1 The maximum allowable
error under basic ambient
conditions

5.2.2 The maximum allowable
error outside basic ambient
conditions

5.6 Ambient Conditions

5.6.1 Operating Temperature Range
5.6.1.1 from16 °C to 40 °C

5.6.2 Operating Humidity range-for
the operating temperature range is

up to 95 %, noncondensing.

6.4 Environmental requirements
6.4.1 Ambient operating conditions
The minimum ambient temperature
operating range of the IR ear
thermometer shall be from 16 °C to
35 °C and the relative humidity
range shall be up to at least 85 %

(non-condensing).

3 Definitions

a)Vocabulary

8)basic ambient conditions
Environment with a temperature
range of 16 °C to 35 °C, and a
relative humidity of 30 %RH to 75
%RH (without dewing)

5.8 Display and Human

6.5 Indicating unit

4.2 Unit of minimum display




ASTM E1965-98

BS EN 12470-5:2003

JIS T4207:2005

Interface

5.8.1 Resolution-The resolution
of a display shall be 0.1 °C(0.1
OF)

6.5.1 Digital increment

The digital increment of the
indicating unit shall be 0.1 °C or
smaller. Testing shall be

performed by visual inspection.

The unit of minimum display
shall be either 0.01 °C or 0.1 °C

JIS T4207:2005 Table 1 Maximum allowable error

Display temperature

Environment

Under basic ambient conditions

Outside basic ambient conditions

Minimum display temperature<35.5 °C 0.3 °C +0.3°C
35.5 °C<display temperature<42.0 °C 10.2 °C +0.3°C
42.0 °C<maximum display 0.3 °C +0.3 °C

temperature

Table 1 of ASTM

Operating Temperature Relative Humidity (%6)
16 to 18 °C (60 to 60 °F) less than 50

16 to 18 °C (60 to 60 °F) 90 to 95

24 t0 26 °C (75 to 80 °F) 40 to 60

38 to 40 °C (100 to 104 °F) less than 25

38 to 40 °C (100 to 104 °F) 75 to 85

Table 1 of EN

Operating Temperature (°C) | Relative Humidity (%)
16 to 18 less than 50
16 to 18 80 to 85
24 t0 26 40 to 60
33 to 35 less than 25
33to 35 80 to 85
(b)
Requirements ASTM E1965-98 EN 12470-5:2003 JIS T4207:2005

Volume of water bath

2 L or greater (A1.3)

L(c.4)

A minimum volume of 3

Approximately 5 L or more

Stability of water bath

within + 0.02 °C (A1.3)

within + 0.02 °C over 1 h(c.4)

Better than + 0.02 °C /hour

Spatial uniformity

within £ 0.01 °C(c.4)

Small than 0.01 °C

True temperature of

the water than + 0.03

An uncertainty no greater

°C by an

An uncertainty not greater
than 0.03 °C (k=2) by an

NA

The uncertainty of standard




immersed contact
thermometer traceable to a
national standard of

temperature(Al.3)

immersed contact
thermometer traceable to a
national standard of

temperature (c.4)

thermometer selected from
among resistance
thermometer, thermistor
thermometers, glass
thermometers, or
equivalent thermometers
should be & 0.02 °C or less.

Emissivity of

blackbody cavity

approaching unity (A1l.1)

Greater than 0.95 in the
wavelength range from 8 um

to 15 um (c.2)

0.95 or more

Radiance temperature

An uncertainty not greater

Shall have sufficient

of blackbody radiator than 0.07 °C (k=2) (7.3.1.1) |performance

(©)
Clinical ASTM E1965-98 EN 12470-5:2003 JIS T4207:2005
trial
Age group | 1) Infant-newborn to one year 1) new-born up to 1 year NA

2) Children-greater than one to
five years

3) Adults-greater than five years
old.

2) between one year and five years
3) older than five years

No. of The number of subjects in each The number of subjects of each age

subjects group is sufficiently large to group shall be sufficiently large to
minimize the effects of random minimize the effect of random
components of the measurement | components of measurement error
error. For example, paragraph i.e at least 50. The total number of
19.3 on Bias in Practice subjects shall be not less than 100.
recommends 30 or more test In each age group at least 30 % of
subjects. the subjects shall be febrile

(temperature above 38 °C).
Clinical Clinical bias is a mean value of a | The clinical bias At;, and its
bias set of individual clinical biases standard deviation specify an

obtained from a representative
group of patients.

To evaluate clinical bias, at least
two measurements should be
taken from an ear canal by an IR
ear thermometer under test, and
the other should be taken by a

average difference between
temperature measured by the device
under test and temperature of
subjects as measured by the
non-predictive contact reference

thermometer. Three consecutive

readings should be taken by the




Clinical

ASTM E1965-98

EN 12470-5:2003

JIS T4207:2005

trial
reference contact thermometer. same operator with a time interval
) L . — less than 1 min.
To determine clinical bias (X, ), |
At, =— z At
a mean value of ear to reference n's
differences for all subjects in the | Wwith
test group shou'ld' be ca.lculated. At = li (t, ~ta)
The value of clinical bias should 393
be accompanied by a statement Where Aty is the bias of subject i
of uncertainty, which has a t;; 1s the reading of subject i
meaning of one standard tri 1s the reference reading of
deviation and generally is subject i
calculated as root-sum-of-squares | n is the total number of subjects in
(RSS) of standard deviation of the corresponding age group
data and other uncertainty
components. The standard deviation of the
clinical bias s, can be calculated
> (At ) ~n(ar,)?
. _ i=1
by:s, = P
Clinical Three sequential IR readings Calculate the clinical repeatability
repeatabilit | should be taken in the same ear according to equation 2 below.
y of each subject by the same The clinical repeatability

operator to determine clinical
repeatability Sr.

Dy=tinj-tis;

Do=tisj-tioj

Da=ti1j-tis;

Where ti1;, tipj, and ti3;, are the
first, second, and third IR
temperature readings from the
same ear canal of a subject
numbered j.

X.2.3.3.4 The following formula
should be used to calculate the
pooled standard deviation Sr of
all D;; for all N tested subjects:

~ 1<~
Sk :HZSRi
i=1

With S, = R

Ri

q

With R, = max(t;) - min(t;)

Sy is the estimated standard

deviation of the readings from
subject i
n is the total number of subjects in

the corresponding age group




Clinical
trial

ASTM E1965-98

EN 12470-5:2003

JIS T4207:2005

1j 1j

N
> (D} +Dj + D7)
_ i=1

Sl’
6N

where Sr the value of is the

measure of clinical repeatability.

Rgi is the span between the
maximum read temperature and the
minimum read temperature of all
taken readings of subject 1

L is the total number of readings
per subject (L=3)

q is the proportional factor q
(L=3)=1.65

t;; 1s the reading j of subject 1.

2)
n n ION 25 )
26.
/
ASTM 1965-98 | (0~100) °C
EN12470-5
JIS T4207
2005
ASTM 1965-98 | (32.2~43.3)°C | 1.
EN12470-5 2.
(M
Office 2)
ASTM 1965-98 | (32 ~43) °C L.
EN12470-5
2.
M
2
3.
1300




1300
x22x12~350000

1)
2)

ASTM 1965-98
EN12470-5

Ear/Forehead
mode
(34~42.2) °C
Scan mode

(-22~80) °C

ASTM 1965-98
EN12470-5

(34~42.2) °C

4.

(1)

2

APLMF

"

APLMF

”Survey on Infrared Ear Thermometers” APLMF

n

APLMF

41~82 )

" 28~40 )

41

13




(3) "COMPARISON MEASUREMENTS OF INFRARED EAR

THERMOMETERS AGAINST THREE TYPES OF BLACKBODIES” 10/31
TEMPMEKO & ISHM 2010( ! " 83 )
NML
APMP
CGPM BIPM (CMCO)
FY9% FY97 FPD
NML

CIE IEC ICDM

PTB NIST

NML
SI



NML

)]
(CMS)
5.23 km RF (100 MHz) (fr=
100 MHz) SR 620 counter Allen deviation
~3.8x107" /sec (3.1x1073 /s) PN9000 100 MHz
fiber laser 40 Hz ~ 1 MHz
< 10" Vrms¥/Hz ( 10 Hz ~ 200 Hz
5mm) 1 Hz~100 kHz ( 1 kHz~10 kHz
10 dBc/Hz ) cable
10 MHz
1 GHz 2
(2)
(AOI)
TFT PCB
400 mm x 400
mm (95 % )
k
X<1.4 mm %
V1.0 mm 85 1.99  [0.22 pm +1.74x10°L
X<400 mm 105| 199  |0.28 um +1.74x10°L
Y<400 mm
400 mm x 400 mm |[242| 197  ]0.56 um +1.72x10°L




3)

(Mach-Zehnder interferometer)

NMIJ KRISS
2.0 %
PU
200 m/s’
1000) m/s*
APMP NML
APMP
(4)
WiMax
SAR
245 GHz 5.8 GHz
SAR SAR
NPL

SAR

NPL

)

ISO 16063-13

PTB

(200 ~ 5000) m/s>

(500 ~ 5000) m/s>
(500 ~

NML

SAR

900 MHz 1800 MHz 1900 MHz

(dipole)

NPL



“260900” 1k[ ] i=
0.1 ppm
CCC
[
[
LFE 1 liter/min
80 kPa
0.35
[
ISO GUM
ISO GUM

(1)
NIST

4
DCC
NIST NIST
0.01 ppm
( )



NML

(2)
FY97 FY98
(Pitch)
SEM
3)
(200 ~ 5000) m/s*
(200 m/s> 10000 m/s?) (200
m/s> 50000 m/s?) IEC 29,000 m/s”
12,0000 m/s* 30,0000 m/s’
4)
SAR
(5)



(adiabatic)

(wave action)

(particle velocity distribution of the source)
(1)
2) 3) 4 () (6)

(rounding error)

EXCEL



CNPA 49 OIML R49:2006
OIML R49:2006

CNPA 49
CNPA 49

APLMF

ASTM E1965-98 EN 12470-5:2003 JIS T4207:2005
APLMF

CNPA 49

APLMF
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B.
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1 N
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5 SPIE 2009 98.02.21~
03.01
8 98.03.17~
03.26
IA Japan 98.03.02~
03.07
NMIJ Fluid Flow group NML
(NM1J
)
27 1.APMP TCM 2009 98.04.26~
1651 05.01
2. NMIJ
7 Asia  Pacific 98.05.01~ NML
Metrology 05.04
Program(APMP)Executive
Committee
11 APMP 2009 TC 98.05.01~
Chair,DEC ,NBSM 05.06
symposium & lab tour NML
22 98.05.31~
Asia-Pacific  Symposium 06.06
on Measurement of]
Mass,Force and Torque
2009 ,
9 CCL-WGDM CCL 98.06.06~
06.13

NML




1 2009NCSL 98.07.25~
Workshop and 08.01
Symposium
10 9th CCM-WGFF 98.08.09~
KC 08.16
APMP NML
ISFFM
10 9th CCM-WGFF 98.08.09~
7th international 08.16
symposium on Fluid flow NML
24 ISFFM , 98.08.11~ 2010
, 08.16 ,
24 ISFFM , 98.08.11~ ,
, 08.16
17 Inter-noise 2009 98.08.21~
08.30
15 BIPM 2009 98.09.15~
09.23 NML
(ICAG-2009),
CCM.G-K1
the 7th 98.09.20~ NML
ANMET Meeting 09.23
2 Meeting of directors 98.10.05~
of NMIs 10-year 10.16 NML
anniversary of the CIPM
MRA
26 CCQM 2009 GAWG 98.10.30~

11.09




13 2009 Asia-Pacific 98.12.06~
Microwave Conference 12.11
(APMC 2009)
12 2009 APMP TCEM 98.12.11~
SIRIM 12.17
14 APMP 2009 TCL 98.12.12~ APMP NMI
Workshop 12.17
4 2009 25 APMP 98.12.12~
EC(Executive 12.19 NMI
Committee)
Symposium General
Assembly
11 APMP 2009TC 98.12.12~
Chair TCFF 12.18 NMI
symposium&GA
16 APMP2009 TCAUV 98.12.13~
meeting,Symposium, 12.17 /
SIRIM /
19 APMP 2009 TCT 98.12.13~
Workshop 12.17
18 APMP 2009 TCPR 98.12.13~
meeting,symposium 12.17
SIRIM
21 APMP 2009 TCM 98.12.13~
Workshop 12.17 /
23 APMP 2009 TCFF 98.12.13~
Workshop 12.17
25 APMP 2009 TCQM 98.12.13~
meeting 12.17
20 APMP 2009 TCQS 98.12.13~
Workshop 12.17
APMP , 98.12.16~ "APMP Award"
"APMP Award" 12.18 NML




29 International 98.04.18~
Frequency control 05.03
Symposium/European
Frequency and time Forum
(IFCS-EFTF2009)

29 The conference on 98.05.31~
Lasers and 06.06
Electro-Optics(CLEO
2009)

6 2009 The 12th 98.07.05~
International ~ Conference 07.13
on Metrology and
Properties of Engineering
Surfaces

1 2009 NCSLI 98.07.24~
Workshop and Symposium 07.31 NML

NMIs
32 98.08.25~
09.01

31 IMEKO XIX World 98.09.07~

Congress 09.16
PTB.
32 APMP  comb 98.12.12~ NML
workshop, 12.14
98.11.15~ ,
Polytec 11.22
PTB
33 AIST NIM 98.12.06~
12.12

33 98.12.22~

NMC 12.25
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NIST

>

programmable

voltage standard

AC

Josephson

98.08.30~
12.02




( 10 )
( 2
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20090715 20090611~20261114 1310831
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20091008 20090901~20270420 |7,583,866
20090709 20090505~20270403 |7,528,358
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20090707 20090621~20261213 1311049
20090707 20090611~20261228 1310841
(4 )
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20090402 98111073
20090406  |12/385,323
20070515 |EP07251989.5




98.11.30

1 48 98
2 29 98
3 150 98
4 500 98
5 169 98
6 300 98
7 150 97 98
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43 46 89
(43 17 SCI 16 26 )
( ( 33 11 SCI 10 22
1 |Probing Insulator-Quantum Hall , Journal of the Korean|2009/7/13| 4
Transitions by Current Heating , ,N. Aoki,|Physical Society
- Ya s
2 |Enhanced Inelastic Scattering in a Hybrid , Journal of the Korean|2009/7/13| 4
Ferromagnet/Semiconductor System ,N. Aok, Physical Society
/ s s
3 |Final Report on APMP.M.P-K6.1 ,Wu|Metrologia 2009/3/5 | 16
Pneumatic Key Comparison from 20 kPa|Jian,Tawat Chan
to 105 kPa in Gauge
Mode(APMP.M.P-K6.1
)
4 |Establishing an Invar Leveling Calibration , Journal of the Chinese|2008/7/14| 6
System Institute of Engineers
5 |A High-Emissivity Blackbody with Large , ,|International Journal of|2009/1/31| 7
Aperture for Radiometric Calibration at Thermophysics
Low-Temperature
6 |Electromagnetic Source Azimuth s L IEEE Photonics| 2009/9/1 3
Measurement Using Electrooptical Technology Letters
Electromagnetic Field Probe
7 |Comparison of Different Measurement , Metrologia 2009/6/2 | 5
Methods for Transmittance Haze
8 |Performance Test of KOH-Etched Silicon s Flow Measurement and|{2009/6/10| 5
Sonic Nozzles Instrumentation
9 |Fluid Metering , Encyclopedia of] 2009/8/1 | 11
Microfluidics and
Nanofluidics
10 |Optical Investigation of Nitrogen Ion , Vacuum 2009/2/2 | 3
Implanted Bulk ZnO
11 |Characterization of ZnO Nanowires Vacuum 2009/2/2 | 4




Grown on Si (100) with and Without Au

Catalyst Si(100)
12 2009/6/17| 5
13 2009/1172 7
7
14 2009/12/1| 5
15 2009/9/1| 5
16 |6.7MN/IMN 2009/9/1| 5
17 2009/1/6 | 4
18 (2006 2009/1/6 | 6
19 (VIM 3) 2009/7/1| 6
20 2009/3/1| 3
21 -R 2009/11/1| 5
22 2009/7/1| 5
23 2009/7/1| 2
24 (NREL) 2009/7/1| 4
25 2009/9/1| 4
26 (2007 2009/5/1| 6
27 2009/3/2| 6
28 2009/7/1| 7
29 2009/9/1| 4
30 2009/11/2 3
31 2009/19 | 7
32 2009/9/1| 4
33 — 2009/7/1| 5

XRR GIXRD




( 10 6 SCI
)
1 |Application of Computer Vision and Laser , ,|Optical Engineering 2008/12/9| 10
Interferometer to 2-D Inspection(
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1 |On the Quantum Master Equations for March Meeting 2009/3/16
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Plastic Fiber Utilizing Terahertz Time-Domain| Conference on Optics
Spectroscopy and  Photonics in
Taiwan
4 |Probing Two-Dimensional Metallic-like and , Conference on| 2009/7/27 | 1
Localization Effects at Low Magnetic Fields , ,Gil-Hol|Electronic Properties
Kim,D. A.lof Two-Dimensional
Ritc Systems
5 |Characterization of Subwavelength Plastic Fiber , SPIE Photonics West| 2009/1/28 | 1
Utilizing Terahertz Time-Domain Spectroscopy| 2009
6 |Self-Referenced Er-Fiber Laser Comb with 300 s International 2009/4/22 | 3
MHz Comb Spacing 300 MHz , Frequency  Control
Symposium/European
Frequency and Time
Forum (IFCS/EFTF)
7 |The Immersing Effect of Hanging Structure in , Asia-Pacific 2009/6/1 | 10
Density Measurement , Symposium on
Measurement of]
Mass, Force and
Torque (APMF2009)
8 |Use of Glass Capillary for the Development of , International 2009/8/14 | 6
Gas flow Transfer Standard , Symposium of Fluid
Flow Measurement
9 |Octave-Spanning Fiber Laser Comb with 300 , Conference on Lasers| 2009/6/2 2
MHz Comb Spacing for Optical Frequency| |, and
Metrology 300 MHz Electro-Optics/Interna
tional Quantum
Electronics
Conference
(CLEO/IQEC 2009)
10 |Simultaneously Transfer Microwave and Optical Conference on Lasers| 2009/6/3 2

Frequency Through Fiber Using Mode-Locked

and




Fiber Laser

Electro-Optics/Interna

tional Quantum
Electronics
Conference
(CLEO/IQEC 2009)
11 |Two Shock Machine Simulations Prestudy for XIX IMEKO World| 2009/9/9
Primary Low Level Shock Calibration System Congress
12 |Characterization of Subwavelength Terahertz 2009 2009/1/21
Plastic Fiber Utilizing Terahertz Time-Domain
Spectroscopy
13 - 2009/6/6
14 2009/8/25
15 2009/8/25
16 ISO GUM 2009/8/26
17 2009/8/28
18 , 300 MHz 2009 2009/1/21
19 AOI Forum & Show | 2009/11/5
20 AOI Forum & Show | 2009/11/5
( 1 1)

2009/11/21




193

(173 )
16 80 76
1 |10V 2009/3/30 | 07-3-87-0097 18
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5 2009/7/6 | 07-3-98-2763 17
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8 2009/9/28 | 07-3-98-4729 15
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143 2009/6/23 | 07-3-95-0057 31
144 - 2009/7/2 | 07-3-84-0154 17
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170
171 2009/11/23 | 07-3-91-0089 38
172 2009/11/23 | 07-3-80-0028 45
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3 98.3.3-4 20 |19
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5 98.4.2 15 |12
6 98.5.20 10 8
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8 98.6.23 19 |15
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