& ~Am 32
5 & H

/<

100-1403-36-  01-00-00-00-24

100

3/6

98 1 103 12

100 1 100 12

100 12



PG10001-0113

100-1403-36-
01-00-00-00-24

100-1403-05- 04

100 9801-10312
41,672
0%
( )100%

(

100% 100% 0%

35% 35% 0%
41,672 41,635 99.9%
275,034 146,627 53.3%

X

Nanometrology, Nanoparticle, Thin Film Metrology, X-Ray Technology,
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1. /
(1)
- FE-ESEM
95% 1.98
70 nm ~ 1000 nm;
0.3 nm ( 70 nm)
2.8nm ( 700 nm);

95% 1.98

10 nm ~ 60 nm;

1.4 nm( 10 nm)




)

3)

53nm ( 60 nm)

(S102, Ag)
/ (
microNewton , 100 nN)
1 mg (9.789+0.003) uN
1300
uN 7 nN
( )
100) uN
95%
2.54 nm
30 nm ~ 60 nm
nm
(

100 nm 300 nm

100nm 200nm U=8.1 nm
200nm 300nm U=18.7nm
95 %

(73.166 N/m)
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(Delamination)

3.

(1) IEC TC 113 WG3 ( ) Preliminary
Working Item(PWTI) (WD : working draft) 77
General quality assessment for nano-electrotechnical products™” (
PT113-111)

(2) (TNSC)

a) (TWAI)
1. (enquiry stage):
Nanotechnologies —Terminology and definitions for nanoobjects—
Nanoparticle, nanofibre and nanoplat (ISO/TS 27687)
2. (CD: committee draft): ”?ISO/TS
80004-3:2010 — Nanotechnologies — Vocabulary — Part 3: Carbon
nano-objects””

b) (TWA2) TNSC
1. TNSC ( :DTNS10002001)>~

c) (TNSC) (TWAS)

(TWAS)
3)

ISOTC229 IECTC113 VAMAS
11 50

1. Measurement Standards for Nanoparticle/Nanowire Sizes and Functional
Properties
(1)Nanoparticle Topography and Distribution Measurement Standards, and
Reference Materials:
-The Scanning Electron Microscopy Measurement System provides
(1)Pitch calibration
Minimum measurement uncertainty
0.3 nm (at nomical pitch of 70 nm)
2.8 nm (at nomical pitch of 700 nm)
Measurement range 70 nm - 1000 nm
Coverage factor 1.98
(i1)Particle standards
Minimum measurement uncertainty
1.4 nm (at nomical size of 10 nm)

5.3 nm (at nomical size of 60 nm)

I



Measurement range 10 nm - 60 nm
Coverage factor 1.98
-.Develop and study on the Aerosl concertraion measurement system
-Research on Fabrication of Nanoparticle Reference Materials (Si02, Ag).
(2) Nanoparticle/Nanowire Functional Properties Measurement

Standards:(Force measurement below 200 microNewton with

measurement uncertainty smaller than 100 nN

-A traceable measurement system for measuring voltage, capacitance and
length has been established. The capacitance gradient of the
three-electrode capacitor has been measured.

-An experiment of balancing 1 mg deadweight force (9.789+0.003) uN by
using electrostatic comoensation force that is auotmatically controlled
via a feedback control loop was performed. From the results of 1300
runs, the electrostatic compensation force has an average of 9.785 uN
and a standard deviation of 7 nN.

-The force constant measurement of a microforce tranducer was carried out
at the force range of (1 to 100) uN. The measured stiffness is 73.166
N/m.

2. Measurement Standards for Thin Film
(1)Thin Film Surface CD Measurements and Characterization

-Developing the measuring technique of line edge roughness(LER) and
Linewidth Roughness(LWR) in cross section shape was carried out.
The atomic force microscope (AFM) can be used to measure the
LER/LWR of specimen, and the evaluation analysis of LER/LWR was
performed. The best measurement capability (BMC) was estimated to
be 2.54 nm with a coverage factor k of 2.57 at a confidence level of 95
%.

(2) Thin Film Surface Geometric Metrology

-Study on distribution of particles on wafer (30 nm ~ 60 nm): the
deposition system for producing contamination reference standards was
greatly improved. The deposition time was shorten to several days from
20+ days.

-The uncertainty evaluation of nanoparticles on wafer characterized by
Polarized Scattering Analysis (PSA) for nanoparticle size on wafer
surface calibration system was completed.

Calibration item: Nanoparticle size on wafer surface (Polystyrene).
Measurement range of Particles Diameter: from 100 nm to 300 nm

Expanded uncertainty:

v




From 100 nm to 200 nm U = 8.1 nm

From 200 nm to 300 nm U = 18.7 nm

Confidence level: 95 %.

(3)Thin Film Functional Properties Measurement and Characterization

-The aim of this study is to provide the functional applications of]
micro/nano measurement system. The design concepts of gripper for
nano tensile test are presented in this study. It can be utilized to perform
the adhesion test for thin film materials. Moreover, scratch tests using
the nanoindentation system are used to find out the critical load. These
techniques can be used to expand the functional applications of]
micro/nano measurement system and measure the mechanical
properties of thin film materials.

3. International Standards for Nano-Measurements and Nano-Products

(1) to establish and chair a new IEC TC 113 WG3 proposal (nano product

related) program: Preliminary Working Item (PWI) "General quality

assessment for nano-electrotechnical products" (Code: PT113-91).

(2) Taiwan Nano Standard Council (TNSC):

a) Technical Working Area 1(TWAT1) continue two working items:

1. Enquiry stage: traditional Chinese version of ISO /TS 27687
“Nanotechnologies-Terminology and definitions for
nanoobjects-Nanoparticle, nanofibre and nanoplat”

2. Committee stage (CD): traditional Chinese version of "ISO / TS
80004-3:2010 - Nanotechnologies - Vocabulary - Part 3: Carbon
nano-objects"

b) Technical Working Area 2 (TWA?2) established 1* TNSC standard

1. TNSC standard (DTNS10002001): " NANOPRODUCT: METHOD OF
DIMENSIONAL MEASUREMENT OF NANOPARTICLES ON
SURFACE SCANNING ELECTRON MICROSCOPE "

c¢) 2 Taiwan Nano Standards Council (TNSC) and 2 technical working
group meetings and 1 joint technical working group meeting were hold.

(3) standards organizations participation
To Coordinate the experts participation of a total of 11 standard meetings,
including ISO TC 229, IEC TC 113 and VAMAS, participating in the

discussion of about 50 draft standards.
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(6)

(1)

Nanoindentation, DLS, Contact Angle
DLS AFM
DLS( )
(FY100)
(FY99)
PR AN RBIT EEE 2P REHI(FYIS)
(FY97)
97 5 20
Project on Advanced Materials and Standards)
Committee
97 10 28

Science, Japan) (MOU)

AFM

(FY98) &% F

(VAMAS: The Versailles

(MOU)

Steering

(NIMS National Institute for Materials

Nanotechnology-driven advanced materials

metrology research, X-ray physics and its industrial metrology applications, Nanoscale

material characterizations

98 2 26
and Measurements) 30 nm Silica
(DLS) IRMM
9 3 IRMM
2 FD100  FD304
97 11 NIST
99 IRMM DLS EM
ERM-FD100
2010.11 APMP-TCL ~ WGMM
2011-2012

Pilot Lab NMIJ
EHS

Nanoparticle Size) Co-pilot Lab
97 8 27

Occupational Safety and Health, USA) (LOI)

IRMM (Institute for Reference Materials

IRMM

DLS TEM/SEM

Nano-TiO,

ERM-FD304

(APMP TCL / WGMM Supplementary comparison on

(NIOSH National Institute for

Collaborating on a

project to coordinate development of reference materials for engineered nanoparticles
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1. FE-ESEM 10002 (Pitch 70 nm) ®
( 20 nm ~ PTB
1000 nm 5
nm ~ 30 nm) 100/04 SEM
10007 100 nm
2.5nm
100/08 SEM
100/10 SEM
100/11/24
2. 10002 ®
particle
100/04 pA




(5102, Ag)

100/05 SEM

10008

100/10-11 0.1

m~1 [ m 30 nm
CPC

10002

SEM

10003 A AFM DLS SEM

PSL 30 nm 1000 nm

100nm 30 nm 20 nm
4-5
100/06 Si0,/Ag

7
(O\Y

100/05 ptotocol
100/06
100/10

100/10




® 11
()
1. ) (1 2 5 10 20) mg?2
10 uN I mg
® 100/03 sensor
(1 2 5 10 20)mg2
100/04.
(1 2 5 10 20) mg
® 100/06 (1)
(2)
3)
(Femtotools FT S540)
g
® 100/07
100/08 I mg 10 uN
100/09 APMF
9/18~9/23 APMF 10/09
transient 100/10 11
100/11
( )
(1 to 100) uN
® 100/11 VME-bus IPC 10
® 100/12 AFM




()
1. Cross Section 100/02 (1) Linewidth
LWR/LER @)
7’AFM 2
3) , AFM
100/04 180
100/08 DI
2D
100/09 2D
100/11 2D LER/LWR
100.11~12 LER/LWR (Cross -Section)
100/12 LWR
2. 50 nm - 100/03 (1) AFM
Bruker ICON AFM )
NTT
50 nm 1000 nm 3)
(PTB) 70 nm
100/05 (1) AFM X Y 2
)
100/07
100/08 ”AFM
100/10 AFM Supracon AFM —
CD 50 nm-800 nm

crystal lattice AFM
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)

100/01 (1) TSMC

(HfO,/S10,/S1) (2) 2.5
nm HfO, XPS 100/02 (1)
ESCA HfO,
Angle-Resolved XPS
(2) TSMC
(HfO,/S10,/S1) 100/03
(1 HfO,
(RTA~500C, 700C, 900C)
X-ray 2) Tungsten
HfO, HfO,
(textured)
phi 3)

Angle-resolved XPS

Ceo etching XPS(

) 5 nm HfO,
100/04 (1) HfO, Cg etching XPS
(2) RTA
HfO, Psi stress
(a) XRD
, (b)
(Phi) 3)
GIXRD  Psi
100/05 50 nm HfO,
Psi GIXRD
stress 220 MPa 100/07 NIST

Porous Meterial

100/08 (1) NIST
(2) 2011 IEEE NANO Conference




(Poster presentation, 8/14~ 8/19) (3)
Dr. Germer & Dr. Sung, Li Piin

(

NIST
10010 JCCE
100/02 2010

NIST

A A T8 R A

100/01 Solidworks

100/02 (1)NIST

250 nm wafer

100/03 (1)
POW
(a) 4 2
(b) detector

100/04 (1)

100/05 (1)

POW

2)

2)

XY 4

10 mm

15

POW

(©)

30 ~ 60 nm

100/04

100/07 (1)
ASTM  BRDF
100/08(1)
(2) NIST
NIST

2)




100/09

100/10 (1)
100/11 (1) 100 nm
(2)
eta 100/12
() 100/02
500 nm
1.
(Thickness < 500 nm)

100/03
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2.

ISO

IEC VAMAS

TNSC
TNSC / /

A~C

committee drafts

TWA1(CD1000001)  TWA2(CD2000001)

TNSC
3 17 TNSC
TNSC TWA
TNSC
CD
TNSC TNSC
ISO TC 229 & IEC TC 113 WG3 ISO
TC 229 & IEC TC 113 WG3
%6 )
TNSC
TNSC
(TANIDA)
6 ASTM
TNSC 1,2,3,4 100/9/29
Nano

Labeling task force ISO

12




® 100/12/13 TNSC
TWA
TNSC
TNSC
TWAL1
o ISO TS 27687 -
(nano-objects) —
nanoparticle nanofibre
nanoplate 10
TWAI1
(CD1000001)
TNSC TNSC
® ISO/TS 27687:2008 —
Nanotechnologies — Terminology and
definitions for nano-objects —Nanoparticle,
nanofibre and nanoplate
11
TNSC TNSC

() ISO/TS 80004-3:2010 —
Nanotechnologies — Vocabulary — Part 3:

Carbon nano-objects 3

® 12 ISO/TS 27687:2008 —
Nanotechnologies — Terminology and
definitions for nano-objects —Nanoparticle,

nanofibre and nanoplate TNSC

TWA2

() TWA2
(CD2000001)

13




3.
ISO/IEC/VAMAS/ANF

TC

TNSC TNSC

9
12 = £
TNSC
TWA3 & TWA4
ISO/IEC
EHS Task Force

[EC/TC 113/WG3 Performance
assessment Padua, Italy , May 10 (Tue.) — 12
(Thu.) 2011, IEC project
PT-113 " QUALITY ASSESSMENT FOR
SURFACE ENGINEERED NANO
ELECTROTECHNICAL PRODUCTS "

12th International Meeting of
ISO/TC 229 “Nanotechnologies” 16th — 20th
May 2011, Saint Petersburg, Russian

Federation,
VAMAS SC36
100/9/29 IEC TC 113 PT-113

““QUALITY ASSESSMENT FOR NANO
ELECTROTECHNICAL PRODUCTS?”

IEC/TC 113/WG3 Performance

assessment , , Nov.7—11 2011,

14




IEC project PT-113 "
QUALITY ASSESSMENT FOR NANO
ELECTROTECHNICAL PRODUCTS "

13th International Meeting of
ISO/TC 229 “Nanotechnologies”
Johnnasburg, South Africa, Nov. 14-18 2011,

Saint Petersburg, Russian Federation,

/
TNSC

(NANOPRODUCT: METHOD OF
DIMENSIONAL MEASUREMENT OF
NANOPARTICLES ON SURFACE
SCANNING ELECTRON MICROSCOPE)

TNSC -
(nano-objects) —
nanoparticle nanofibre
nanoplate
(CD1000001) 2 TNSC
/ Committee stage
TNSC

(Enquiry Stage)
/

TNSC

ANF report ANF

15
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AFM

AFM

400

(1

(Dip coat)
(Self-assembled Monolayer, SAM)

FDTS
SAM
SAM
XPS
SAM
AFM
(Tapping mode)
(2)

(yield criteria)

Pt
Pt
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( )
(1). 583 6.02
Q). 6.92| 732
3). 125|131
14| 14.65
2.
12.66| 1.34 49 19| 02 14
100
1021| 4.44 71| 534 198 | 023 14.65
()
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(

).
1.
()
1.
(1) 18,604 44.6 18,604 44.6
(2) 4,651 11.2 4,651 11.2
3) 17,984 432 17,984 43.2
2. 233 0.6 233 0.6
41,472 99.6 41,472 99.6
()
1.
2.
3.
4,
5.
6.
7. 200 0.4 163 0.4
200 0.4 163 0.4
41,672 100 41,635 100
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95,984

224,200

95

320,279
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International Symposium on Measurement Technology and Intelligent Instruments

KRISS ( 100.06.28~100.07.05)
ISMTII2011
KRISS
X-ray
X-ray
KAIST KIMM
KRISS SEM,TEM
(X-ray SIMS) (DMA)
2011-APMF ( 100.09.18~100.09.23
2010 10
FT S540 UMTS
KRISS  Min-Seok Kim( )
CMS
NIM
NIM 2011 12 700
2000
633 nm
KRISS 2013 APMF

PTB -2011 Frontiers of Characterization and Metrology for

20



Nanoelectronics(FCMN) 100.05.18~100.05.29

Bessy PTB Department 7.2 Radiometry with

Synchrotron Radiation =~ Department 7.11 X-ray Metrology PTB

(Metrology Light Source, MLS) PTB electron storage
ring Coherent Synchrotron Radiation, CSR

(Far-IR & THz region)
bending magnet (optimize) Soft X-ray (~1841 eV < Cu tube)
Si (<Si k-edge )

monochromater plane mirror Soft X-ray (high spectral
purity & low beam divergence) X-Ray Reflectivity

2011 Frontiers of Characterization and Metrology for Nanoelectronics (2011

FCMN) 3D 3D video (CD-SEM) Muller Matrix
Ellipsometry (interfacial layer) More than
Moore Graphene talk
(layer) Raman LEEM Ellipsometry CVvD Graphene
Dark-field Tem (DF Tem) device Graphene spin

Silicon based Carbon based Frond-end

Back-end Channel Atom Probe
Tomography IETS (Inelastic Electron Tunneling Spectroscopy)

talk (Detected images are

sometimes distorted realities.)

4. 2011 MNC / (Nano/Micro System Lab.)
100.10.23~100.10.29

(1) () (3)
4) (%) (6)
(7 (8) 9) (10) (1)
(12) (13) (14) (15)

27P-11-91  27P-11-131
AFM TEM

X-Ray  DB-FIB System

21



5.

(Dr. Hirai)
(Dr. Tabata) (Dr. Tsuchiya)
- (Poisson ™ s ratio)
7
IEC /
(CVD) (Deep RIE)
/
IEEE NANO 2011 Conference 100.08.15~100.08.18
IEEE nanotechnology conference (Carbon)
(Graphene) tutorial Graphene

Summary of salient physical properties, leading graphene
synthesis methods and other interesting properties of graphene; update review of current

literature on electronic properties of grapheme, such as bandgap, mobility, grapheme

nanoribbons and edge structures etc..  Field Effect Transistors (FET)
graphene bandgap P-N junction standby power
digital application; zero effective mass (poor
velocity saturation) RF application (gate voltage)

pure graphene

7? Nanometrology & Characterization””, 77> EHS
(Environmental, Healthy & Safety) Standards””, ““Nanomaterials Characterization and
Applications 77, ““Nanoelectronic Devices””, ““Energy: Photovoltaic Devices””,
““Nanofabrication””, ““Nanosensors & Actuators”” EHS standards ISO TC 229
(since 2005) Nanotechnologies WG1-Terminology and
nomenclature (led by Canada) WG2-Measurement and characterization (led by
Japan) WG3-Health safety & environment (led by USA) EHS testing method
ASTM ES56 (since 2004) Standards and

22



6.

7.

guidance for nanotechnology and nanomaterials

Dye-sensitized solar cells Ti02 hierarchical pores  anatase
Scherer equation 27.9 nm particle
particle scattering
IECTC 113 WG3 100.05.08~100.05.12
CNR Padova CNR
110
TC 113 WG3 Werner
Bergholz ANF( ) PT 111(
PTO91) ”General quality assessment for surface engineered nano electrotechnical
products”. PWI(preliminary working item) IEC
WG3 33
(NWI) 24
( )
C )
web conference
Graphene
; IEC printing electronics  TC
WG3 TC 113 WG
ISOTC229 WG2 TC 100.05.13~100.05.22

Sokos
(FEDERAL AGENCY on TECHNICAL REGULATING on
METROLOGY, GOST R) RUSNANO(Russian Cooperation on Nanotecnology)
23
GOST R RUSNANO

ISO TC229 25 internal liaisons 6  external
liaisons 2005 TC 229 34  active projects 5

23



labeling . (CEN) TC 352
ISO CEN Vienna
(TBT)
( ) ISO CEN
transfer ISO
WG2( ) 11 30 2
2 JWQG2 13
VAMAS SC36 100.05.8~100.05.15
2011 VAMAS  NSF (National Science Foundation, USA) Technical

Workshop: Materials Metrology and Sustainability

Brazilian Initiatives in Materials Science: an Overview

2007-2010 Expansion of the
National Science, Technology and Innovation (STI) System Technological Innovation

in companies R&D in strategic areas STI for social development

Implications of the Increased Scarcity of Mineral-Based Materials on the Field of

Materials Science and Engineering

people planet prosperity

Materials Metrology and Metrology for Materials Testing

Calibration Lab  Testing Lab Materials Metrology

electrical energy meters Calibration Lab
Testing Lab

Measurement Lab

Metrics and Tools for Sustainability Assessment

NIST Engineering Lab Sustainability
Measurement BEES (Building for Environment and Economic Sustainability)
Economic
Well-being Environment Quality Social Justice

24



www.nist.gov/el/economics/BEESSoftware.cfm

Carbon Material Science: from Transistors to Agriculture

CNT SWNT Indian
Black Earth

Photovoltaic Solar Cell Material

Material/Surface composition: SIMS, AES, XPS---etc

VAMAS 36th Steering Committee meeting VAMAS
16 TWA VAMAS
9. IECTC 113 WG3 100.11.07~100.11.12

2003 12 31

SAC/TC279/SC1
CNAS

TC 113 WG3 Werner Bergholz
ANF( ) PT 111 ”General

quality assessment for nano electrotechnical products”

2012
2012
(TR) (TS) web conference
IEC printing electronics ~ TC (TC 119) IEC
TC 113 TC
( ) PV ( ) IEC TC 113
10. ISOTC229 WG2 TC 100.11.13~100.11.20
ISO/TC229 Nov.14 18 Gallagher
150 23 SABS
SABS Sadhvir Bissoon

25



(

).

/ Daniel Adams Mary

Gulumian from NIOH EHS
EHS
ISO TC229 27 internal liaisons 9  external
liaisons 2005 TC 229 32 active projects 15
labeling (
(CEN) TC 352 ) CEN transfer ISO ISO
WG2(
) NMIJ Toshiyuki FUJIMOTO 11 30
2 2 JWG2 14
: PG10 Nanomaterials —
Quantification of nano-object release from powders by generation of aerosols( )
ANSI (TS) TS
ISO

National Institute of Standards and Technology(NIST)
X-ray Porosimetry 100.06.13~100.09.21

Metrology Material Laboratory (MML) Polymer

Division, NIST co-polymer
(Line edge roughness, LER) Synchrotron
X (Small Angle X-ray Scattering, SAXS)
X (X-ray Reflectivity)
(polymer low-K )

adsorption/ desorption hysteresis loop, pore size distribution multilayer
electron density profile pore
size Mass flow
controller (MFC) Heating plate UV spectrometer data

(single layer structure fitting)
/
(swelling effect) 1%

26



(Toluene uptake) v.s.
Pore Size Distribution (PSD)
Curve fitting function
function (P/Po)

Kelvin 7 s equation pore size

1. FY100~FY101 APMP
2. NIOSH: National Institute for Occupational Safety and Health, USA 2011
““Nanoscale Reference Materials for Environmental, Health, and Safety Measurements:

Needs, Gaps, and Opportunities””

(1) AFM (100 4
-100 12 )
AFM (30 nN£10 nN)
Oliver  Pharr 25
2 4
(2) AFM (100
1 -100 12 )
AFM AFM
AFM
CD
a. AFM
b. Tip Check
c. AFM Tip
d. AFM Tip
e. Tip
3) AFM (100
5 -100 12 )
AFM

27



a. AFM
b. Tip Check
C. 50 nm
d. AFM Lithography
e. AFM Tip
(4) XRD (100 1 -100
12 )
(Lapping)
( )
(Friction Sensor System, FSS) High-resolution =~ XRD(Rocking curve)
(Lapping)
(HfO, thinfilm) Phi alignment
XRD peak shift Psi Stress
(5) (100 1 -100 7
)
XRR  XRD
C60" etching XPS ~ HfO, preferential sputtering
(6) (100 8 - 100 12
)
XRD TEM SAED HR (Ge)
(Sb) XRD
(Ge) (Sb) High-resolution =~ XRD(Rocking
curve) (Curve) X-ray Reflectivity
(7
(100 2 -100 12 )
(8) (100 1

100 7 )
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(DLC films)

(Residual stress)

(9) (100 10
100 12 )
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(

)

FE-ESEM

nm ~ 30 nm)

)

)

FE-ESEM

10 nm

30 nm <

70 nm [J

)
700 nm [

)

11

( 20 nm ~ 1000 nm

(Si02, Ag)

10 uN

24

(k 1.98)
30nm U= 1.4nm(

60nm U=53nm/(

(k=1.98)
700 nm U = 0.3nm(

11000 nm U = 2.8 nm(

30

1 mg

10 nm

60 nm

70 nm

700 nm



(

(

(

)

)

)

50 nm

Chemical, Japan)

(5102, Ag)

(ethylene glycol,

(PVP, Mw = 10000, Aldrich)

Citric acid

Stober

1-1

(AgNO3, 99.9%, Aldrich)

EG, 99.9%, Aldrich)

20 nm~70 nm

30 nm

20 nm

(Tetraethoxysilane, Shin-Etsu
(I-Arginine 98.0 %, Aldrich, USA)

(Cyclohexane 99.5 %, Scharlau, Spain) (>18.0 M)
1-1.
Material Capping agent | Size Application
Silver PVP 20 nm Engineering
Silver Citrate 20 nm Engineering
Silver Starch 20 nm, 50 nm NanoToxicology
Silica Non-coated 30 nm Engineering
/
100 10 uN 1 mg
A8100 04 (1 2 5 10 20)mg
A9 100 06 ( )
A10100 08 1 mg 10 uN
A11100 11 ( ) (1to 100) uN
FE-ESEM
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(spot mode)

NIST

(ISO GUM) [1-1]

X, = R%X'" (1— 0, 6T, + a1, 0T) (1-1)
Xc: (nm)

Re: (nm)

Rm : (nm)

Xm: (nm)

0x (

oR : (h

0Tx : ()

0TR : ()

1SO16700:2004(E)[1-2]

X, = % +E (1-2)
E
(ISO GUM)
X, (1-3)
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uf(Xc){ij ﬂRJ{i] u2<Xm>+(a—] (R +iPE) (13)

OR. ox, oR |
(1-3)

o _ X
oR. R,

af _ RcXm ~ _ Xm
6Ri’}'l - R}fl - RITL

o _R _,
oX, R,
1 u(R,)

(National Institute of

Standards and Technology)

B (B-type)
NIST
1-2
(nm) (nm)
8011 9.9 0.1
8012 26.9 0.1
8013 54.9 0.4
10 nm 30nm  u(R.) 0.1/2=0.05nm 30 nm <
60nm u(R) 04/2=0.2nm R=10%
50
2 u(R,)
(pixels)
(a) (pixel) u(R,)
+ 1 pixel
u(R,)
J2/3 pixel = 0.816 pixel R=10% 50
50k 1 pixel = 2.24 nm
100 k 1 pixel = 1.12 nm
M(1 ) P nm
P=112/M

M k
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u(R ,)=112/M x0.816 = 91.4/M (nm)
(b) u(R,)

0.1 nm

0.1/(24/3) = 0.029nm
R=10% 50

(©) u(R,)

1-1
0.1071 nm/s

Image

1-1 ” »
2.6 +0.1071 nm/s X 2.6 s
= + 0.2785 nm
0.2785/x/§ =0.162 nm R=20% 12.5
(d) u(Ry)
100 S,
u(Ry) =S, /100 100-1 = 99
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iu Rm):_%\/uz(Rp)+u2(Rr)+u2(Rd)+u2(RS)

aRm m
X
= 8353/ M7 +0.027+ 5,2 /100
3 u(X,)
(pixels)
3.2.2 S2 100
af 2 2 2 2
=2 u(X,)=Ju’(R,)+u*(R)+1u*(R,)+u* ()
— \/8353/ M2 +0.027+S,” /100

4 u(E)

ISO 16700 [1-2]
u(E) = 0.005x X, 20 %

12.5
(3)
u.(X,)

10 nm 30 nm

x [ s? s2 x Y )8353
u, = || = | | 22 4+0.057 |+ 22 +0.000025X, 2 +| | == | +1 (—+ o.oz7j

R, ) 100 100 R, M?
30 nm< 60 nm

2 P P 2
u, = X 1[5 4002 |4 52y 0.000025X,* + | 413333 0,027
R, ) (100 100 R, M’

Welch-Satterthwaite Ve

(
i1 V(xi ) (1-4)

(Expanded uncertainty, U)
(5)
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U=kxu, (1-5)

k (Coverage factor)
1-3 10 nm
200 k 8.8nm 100 0.86 nm
1-4 60 nm 50 k
58.5nm 100 2.6 nm
1-3 200 k 10 nm
TYPE (nm)  of (o
u(X,) — ox |iu(X,-> Vi)
ox,
(R.) B 0.05 1 0.05 50
(Rm) 0.494 Sl 0.494 63
(Rp) B 0.457 -- -- 50
(R)) B 0.029 -- -- 50
(Ra) B 0.162 -- -- 12.5
(Rs) A 0.086 99
(Xn) 0.494 1 0.494 63
(Xp) B 0.457 -- -- 50
X)) B 0.029 -- -- 50
(Xa) B 0.162 -- -- 12.5
(Xs) A 0.086 99
(F) B 0.044 1 0.044 12.5
u:. =0.71 nm
Vo= 128
k=1.98
U=14nm 95%
1-4 50k 60 nm

TYPE
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(nm) O (nm) V(X))
u X. aXi
) |1M(X,->
ox,
(Re) B 0.20 1 0.20 50
(Rn) 1.854 -1 1.854 52
(Ry) B 1.828 - - 50
(R B 0.029 - - 50
(Ra) B 0.162 - - 12.5
(Rs) A 0.26 99
(Xon) 1.854 1 1.854 52
(Xp) B 1.828 - - 50
0.6 B 0.029 - - 50
(Xa) B 0.162 - - 12.5
(Xs) A 0.26 99
(F) B 0.293 1 0.293 12.5
U, = 2.65 nm
V=110
k=198
U=53nm 95%
1-2
»
1-2
+ 1°
u(R,)=(1-cos(I°)R, //3=8.79x10° R,
20 % 12.5

1-3
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1-3
+ 1°
u(R,)=(-cos(I")R, /A/3=8.79x10°R_
20 % 12.5
1-5 70 nm 100 k
70.12 nm 0.082 nm 70.41 nm 0.988 nm
1-6 700 nm 10k
702.8 nm 0.85 nm 698.8 nm 1.5 nm
1-5 100 k 70 nm
(m) o (o
TYPE nm
e v(X,
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(R.) B 0.0035 1.004 0.0035 50

(Bm) 0.929 -1 0.929 53

(Rp) B 0.914 -- -- 50

(R)) B 0.029 -- -- 50
(Ra) B 0.162 -- -- 12.5
(Rp) B 0.006 -- -- 12.5
(Ru) B 0.006 -- -- 12.5

(Rs) A 0.036 12

(Xn) 1.029 1 1.029 60

(Xp) B 0.914 -- -- 50

X)) B 0.029 -- -- 50
(Xa) B 0.162 -- -- 12.5
(Xo) B 0.006 -- -- 12.5
(Xu) B 0.006 - - 12.5

(Xs) A 0.442 12
(F) B 0.352 1 0.352 12.5

ue =1.43 nm( 10 Ue
1/10)
V=113
k=1.98

U=03nm 95%
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1-6 10k 700 nm

TYPE (nm)  of ()
u(x,) — ox, |i|u(x,-> Vi)
oxX,
(R.) B 0.0035 1.004 0.0035 50
(Rm) 9.152 -1 9.152 56
(Ry) B 9.14 - - 50
(R)) B 0.029 - - 50
(Ra) B 0.162 - -- 12.5
(Rp) B 0.062 - -- 12.5
(Ry) B 0.062 - -- 12.5
(Rs) A 0.425 12
(Xn) 9.167 1 9.167 50
(Xp) B 9.14 - - 50
(X)) B 0.029 - - 50
(Xa) B 0.162 - -- 12.5
(Xo) B 0.062 - -- 12.5
(Xv) B 0.062 - -- 12.5
(Xs) A 0.671 12
(E) B 3.494 1 3.494 12.5
ue = 13.4 nm( 10 U
1/10)
Vo= 111
k=1.98

U=28nm 95%

70-1DUTC(S/N 3555K0208)
1-4 1-5
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(70 nm)
+70.60
+ 7040 £ il
F70.20 | m et e e
* L 2 4 *
~ 17000 ¢ ¢ ¢
E ®. ... Y A e ... e. ... ... ? SR ? S
~ +69.80 o o * e o * 0
* * L 4 L 4
+69.60 £ ... —.._.. @ e e e e i
G040 [T e
+69.20
+69.00
+68.80 e
(=) N o — O o o~ o O <t — N )
2 = & o S = = & S = a§ a g
Vel [a) [a) [a) O O O O o~ o~ o~ o~ [e]
S S s 2 S S S S = = = <= 2
(= (=2 (=2 (=2 (=2 (=2 (=2 (= (= (= (= (= (=
s 2 =2 2 2 = 2 = =2 = = &2 =
1-4 70 nm
(700 nm)
+ 704.00
0200 [
e o m e
+700.00 ¢ * ¢ .
~ * L 2N 4 L 2K 3 L 2K 4 * L 2
E 469800 [T ¢ ¢ FO
~ ° o o 3 * o
+696.00 § .
F 004,00 .
+692.00
+690.00
+688.00 e
[N [ag} on — O o o~ o O < — [=2) vy
S = & =® S = = o S = & 4a g
) ) ) ) o o o o o~ o~ o~ o~ )
S = 2 & S S = S = = = =S 3
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
s 2 2 2 2 2 g2 £ 2 =2 &£ &£ =
I-5 700 nm
100 nm (Optical Particle
Counter, OPC)
(Condensation Particle Counter, CPC)
100 nm
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2.5 nm 1-7  NIST

(diffusion ion charging)

(electrical mobility)

Ultrafine Condensation Particle
(3~100 nm)
Particle Counter, CPC)

Counter UCPC
Chen et al.,1998 (Condensation

(Optical Particle Counter,

OPC) CPC CPC
CPC
CPC
CPC i ¥ n 2 £ % 47 § "} # 7 3+ (Faraday-cup aerosol Electrometer, FCAE)
1-6
HI LO
CPC
FCAE CPC
CPC FCAE
ISO/WD 27891 CPC FCAE (reference
FCAE) CPC (reference CPC)

FCAE

(1) ISO/IEC 17025
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(2) (National Measurement Institute)

CPC FCAE (Multiply-charged particles)
CPC CPC
Fed-Std-209E ISO-14644 1-8 1-9
Fed-Std-209E  ISO-14644 ISO
0.1 um 5 pm
ISO ISO Class 1 ISO Class 9
1-7
1-8 (Aerosol generater) 2 4 # i3 "} 3
(Neutralizer)
DMA i8R E 1= @& ik F (CPO)
BRI e BB (Flow splitter) CPC
Aerosol electrometer (Faraday-cup aerosol

electrometer , FCAE)

1-9 SI
1-10
CPC
ISO 15900 CPC
1.5 90 % 1-11
DMA
-C
Z, :V_E:q—c (1-5)
E 3rm-n-d

p
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Ve E dp p
DMA dp
Cy(2)=2.C,,(d,(Z) (1-6)

CPC :
CN,CPC (2)= ZCN,p (dp (2))- Nere (dp (2)) = CN (Z)z¢p (2)- Tl crc (dp (2)) (1-7)

p=1 p2l
¢,(Z) DMA Mye  CPC

FCAE
Cyrear(Z)= ZCN,p (dp (£)): P Necar (dp (£2))=C, (Z)z¢p (Z) P Nyear (dp (2)) (1-3)

p=1 p=1

d1(2) 17 1-8

Cycec(Z2)=Cy(Z)- ¢ (Z) Ncpe(d,(Z)) (for the test CPC)  (1-9)
Cy reas (2)=C\(Z) - (Z)  Ncap (d,(Z2)) (for the reference FCAE) (1-10)

CN,CPC,ref (Z) = CN (Z) : ¢1 (Z) *NCPC,ref (dl (Z)) (fOI' the reference CPC) (1 -1 1)

FACE CPC

d,(2)) = Covcre(2) d (2)) (1-12
Nere (d( ))_m Nrcar (d(Z)) (1-12)

ISO 27891

ﬁ_J(ﬂcpc] ("_fj Ly PR R

77ref 77CPC 2 rl
n= CN,CPC,I /CN,ref,l

r, = CN,CPC,Z /CN,ref,Z

1-10 1-11 30 nm 4x10°
10 CPC 30nm  0.831
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1-7

NML
NIST
DMA
12000 /c.c. = 4.8 %, (10> 10%  Jee. £ (5 ~
3000 /c.c. + 6.5 %, 10 %)
500 /c.c. x 27 %,

Charged particles

Preamplifier

Flowmeter |
- | Electrometer

4 =

Particle-free air

16 #4254 § BE T
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1-8 Fed-Std-209E

Class Limits

01 hm 0Zlm 03 m 05k m SHm
Class natne
WVolutme units WVoluthe units WVoluthe units WVolume units Wolutne units
31 |English| (m7) (7 () (7 () (1 () (7 (m) (7
Il 350 091 757 2.14 30,9 0.875 1.0 0.283
1.5 1 1,240 35.0 265 7.50 106 3.00 353 1.00
2 3,500 991 757 214 309 8.75 100 283
2.5 10{ 12,400 3500 2,850 7500 1,060 300 353 10.0
I3 35,000 a1y 7,570 214 3,080 875 1,000 283
3.5 100 26,500 7500 10,600 300 3,530 100
Ii4 75,700 2,140( 30,900 875 10,000 283
4.5 1ona 35,300 1,000 247 7.00
IS 100,000 2,830 618 17.5
5.5 1aona 353,000 10,000 2470 70.0
L] 1,000,000 28,300 6,180 175
Ig.5 | 100000 3,530,000 100,000 24,700 700
L7 10,000,000 283,000 61,800 1,750
1-9 ISO-14644
Mamimutmn concentration limits (particlesim® of air) patticles equal
to and larger than the considered sizes shown below
%ﬁﬁ:ﬁ; 0.1 pm 0.2pm 0.3 um 0.5 pm lpm 5040m
[30 Class1 10 2 - - - -
[30 Class2 100 24 10 4 - -
[30 Class3 1,000 237 102 35 8 -
[30 Clas=4 10,000 2,370 1,020 352 a3 -
[30 Classs 100,000 23,700 10,200 3,520 8312 29
[30 Claszd 1,000,000 237,000 102,000 35,200 8,320 293
[30 Class7 - - - 352,000 83,200 2,930
[30 Classsd - - - 3,520,000 832,000 29,300
[30 Classd - - - 35,200,000 8,320,000 293,000
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9

10
g
10
S oS0
! ~vlagy
g 10 .9
- — .'\-I&: = R
8 ol Gy
it 10 = Clag, =8 b
g s Lisg. 6. ""-r%?ﬂ% S e
§ 10 S?% O - s
LS T i e
= - ~— ~—
R o i e Yo
T =
E 10° $0Chy , O e i e
S, L .
€ 10 500y, o e
- . e e
107 1 | | T |
0.1 02 03 05 1.0 5.0
Particle siae, D { ¢z m)
1-7

Po-210
Neutralizer
CO, —Electrospra
Aerosol
Filtered Air Generator Make-
Supply up Air
Compressed Air
Electrostatic @
Classifier with| | o Mer [Magrosg
nano-DMA )“ 15 Um| Electrometer
Flow 73 Test CPC
Splitter “in
1-8
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LT LTI PP E

1-9
[ Particle Volumetric
charge Voltage Particle size
. flow rate
lconcentration

National standards (and definitions of the Sl units)

K 7'} A 7}
Calibration laboratories
3 A A
. Particle size
Volumetric
flow meter Voltmeter reference
material The range ISO
A A A A 15900 covers.
)
Reference
FCAE DEMC
A A
The range ISO
CPC 27891 covers.
under
calibration
J
1-10 FCAE
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1 4
n(d,)

n(d,)

Detection Efficiency

An(d,) efficiency curve |

—ieAd  —si—Ad

0
dl dz
Particle Diameter
1-11 CPC
Reference
Instrument

Calibration
aerosol

Flow splitter
Tube A
Mixer
Tube B
Test
CPC
1-12
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Reference
instrument

Flow splitter
! Tube B
Calibration — wmi
aerosol s
Tube A
Test
CPC
1-13
1-10
Particle number concentration
10° cm™
Measurement 1 2 3 4 5 6 7 8 9 10
number
CNFCAE 3.93 4.02 3.96 3.96 4.00 4.03 3.99 3.95 3.94 3.95
Cy,cpc 3.31 3.29 3.28 3.30 3.29 3.28 3.31 3.30 3.31 3.33
1-11
Concentration ratio
No. 1 2 3 4 5 6 7 8 9 10 Mean

T 0,842 | 0,818 | 0,828 | 0,833 | 0,823 | 0,814 [ 0,830 | 0,835 | 0,840 | 0,843 | 0,831

) (SiO2, Ag)
Stober [1-3] 30 nm
(Tetraethoxysilane, Shin-Etsu Chemical,
Japan) (I-Arginine 98.0 %, Aldrich, USA) (Cyclohexane 99.5 %,
Scharlau, Spain) (>18.0 MQ cm)
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0.0455 g 345 g 60 160

rpm 4.2 mL 288 g
20 h
1-14 (160 rpm, 320 rpm, 480 rpm)
1-14 SEM 1-14(a).
160 rpm 1-14(b). 320 rpm 1-14(c) 480 rpm 1-15 DMA
SEM DMA (160 rpm)
( 320rpm 480 rpm)
( 320rpm DMA 23.3 nm 480 rpm DMA

(a) 160 rpm (b) 320 rpm

(c) 480 rpm

1-14 SEM
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NCU Si02 160 rpm

0
(a)
E LUl Ldmm |
0
o (0) 480 rpm
1-15
1-15 320 rpm
pH
3 pH SEM
pH 3 1-16 (¢) pH 5
Dodecyl Sulfate) SEM

o (a) pH=1

52

NG SI02 320 pm
18 =
LE S
AT |
0
(b) 320 rpm
0
0
DMA
1-16
1-16 (a) pH 1 1-16 (b)
1-17 SDS(Sodium




1-16 pH SEM

0 o (b
1-17 SDS SEM
1-17(b) Xmean=24.3 nm
S=2.1nm DMA mode 25 nm
( 1-12) (AgNOs, 99.9%, Aldrich)
(ethylene glycol, EG, 99.9%, Aldrich) (PVP, Mw = 10000, Aldrich)
PVP
[1-4][1-5]
22 ) 120 7.5
Tl/min 30 (1-14 1-15)
2HOCH,CH,0H +32CH;CHO + 2H,0 (1-14)

2Ag" +2CH;CHO E>CH3CO—OCCH; +2Ag +2H  (1-15)
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1-12

Chemicals AgNO,, Ethylene glycol, PVP
Temperature 120 °C
Time 30 min
(
1200 rpm 10
0.45 1-18
(SEM)
(ICP-OES)
Dissolve AgNO,;+PVP+EG

at room temperature

Ag® Ag*
AgP Ag* 9°Ag

— Ad°Ag* o9 00
Heating then Ag® Ag* Nucleation ®" Growth ...
reduction

1-18

(100 )
7.5°C 120 °C
1-19 (a)
(d)
1-20
27.3 nm

54

(b)

(DLS)

(©)



(©) (d)

(a)

(b)

20 4

Count

N

| alf

NN

-selfmade

T T T T t T T T
12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

273nm CV=16 %

Diameter (nm)
1-20 PVP
1-21
22.5nm 1.1 nm
.
1-21 (DLS)
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1-13 DLS
1 2 3 4 5 6 7
2nd cumulant diameter (nm) | 22.04 | 21.53 | 21.2 | 22.85 | 22.28 | 22.87 | 24.81
Distribution width (%) 11.24 | 15.32 | 31.38 | 25.7 | 18.19 | 13.96 | 13.15
136 + 5 pg/mL
1-14
(136 £ 5) pg/mL
NO;5 760 ppm
Cr <1 ppm
pH 7.3
SERS
FY100
( ) B-
B-
(hydroxyl group)
(2 mmol) (0.16 mmol)
1-15 (8 mL) 80 [ 30

Uuv

56
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1-15

/min
mmol mmol mmol mL
B3 2 04 0.16 8 80/30
B8 2 0.2 0.16 8 80/30
B9 2 0.1 0.16 8 80/30
B10 2 0.05 0.16 8 80/30
B7 20 04 0.16 8 80/30
0.8 10:10:1,
0.7 /\ t=30 min
0.6 f — 10:1:1,
0.5 =~ \ t=20 min
0.4 "' \ 10:5:1,
03 1\ \\ =20 min
i N \ N\
T = "-...___
i i
300 500 700
1-22 uv
o 1 JPDS:04-0783 - -
o 2|0 3|0 4.(} . flgcg) 6,0 - 710 5:0 300 400 w5a(]‘(])e]eng ?g(l)n) 700 00
a. 20 nm EDS b. 20 nm uv

1-23SEM  EDS UV
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100

Intensity
3
N

111 JPDS:04-0783

200
220 31

20

¢. 50 nm

30 40 5'0 6’0 70 80
26 (deg)

EDS

1-23 SEM

Signal A= InLans

1-24 SEM

419

0.04

T T T T T T
300 400 500 600 700 800
‘Wavelength (nm)

d. 50 nm uv

EDS UV

fir i [ o e T w

304 N
§ N Ag-B05
204
€ §
3 p § §
o
104
0 N. ~
2 4 6 8 10 12 14 16 20 22 24

Diameter (nm)

(20nm 50 nm)
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() /

[1-7] 1-25 (flexure
pivot) (parallel
mechanism)

monolithic flexure stage L .

sensing/actuating
| electrodes

1-25

(100 kHz) 50 Hz
1-27
1-28 [1-7 1-8]
c, G x Je
1dC _,
-~y 1-16
fe 2 dx ( )

59



1-27

dcC
fo = 2@ Vv

x=0

a

dC/dx

(1-17)

(Proportional-Integral-Integral)

flexure stage

Va
fe
Va
differential capacitance " electrostatic force
= control filter

Vi + Vysin ot

sensing/actuating

readout circuitry

acluation a

mplifier

—y

1-27

va_w,‘v <I—‘ Val

v
RF transformer 1/, sin wyt

V, sin wgt
~)

OP Amp AC amplifier ™

electrodes
RF source
V;sinwqgt P
) 1
N
[ G

~

AL

0,0, . B S, S

=
]
=

\‘L |
~
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1-1 =——V v Va
(-1 S 2 dx
Vs V="Vt ]FE
1 dC 2 2
=——W +vi+2V v, 1-18
fomg Vet e2v) (1-18)
Va2 vf 2V v
Vs 9C _5.46x10" F/m
dx
20 20mV 180 mV [1-9
1-10 1-11] Va
Vavs 1-29
DC 2.8 % & ACE T R

" | | N
e — g i s e
g S | |
. | |
é-ua ;ﬁ"-ﬁ‘i ‘
gus r it z‘ | i £ 3
g-uaf ‘

8 [ 0 5 7 25 3 35 .Is s _5 T T a— %0 500 ) 7000 7050 Ti60 1150 1200

time (0.025) w10' time (s)
1-29

10 N 200 uN

SI
Je=mg g
g
(free-fall method) g 1991 2009
g 2=19.789140 m/s*
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OIML R111 E1
OIML R111  El
B990569  B990850
10 5 3 1-15
3 nN

1-30

62

119886

2010 8
I mg

25

2010



1-15

(mg) (mg) (mg)

1 1.00096 0.00030 1.98
(mg) (mg) (mg)

1 1.00109 0.00030 1.98
(mg) (mg) (mg)

2 2.00116 0.00030 1.97
(mg) (mg) (mg)

2 2.00113 0.00030 1.97
(mg) (mg) (mg)

5 5.00116 0.00065 2.23
(mg) (mg) (mg)

5 5.00124 0.00065 2.23
(mg) (mg) (mg)

10 10.00134 0.00048 2.21
(mg) (mg) (mg)

10 10.00201 0.00048 2.21
(mg) (mg) (mg)

20 20.00075 0.00027 1.98
(mg) (mg) (mg)

20 20.00157 0.00027 1.98

(1-16) dCldx
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dCldx

1-16

3002A00362  B990494 D16
HP 5517C

MY47023454 34410AMY47023454 Agilent Standards

Agilent 34410A
00700227 E2271 NIST Traceable Reference
AH 2700A Capacitors (TRC)
(1-2) Vb Va
Va Som
dCldx
( 1-28)
+2 um
1-32(a) 1-32(b) ( 1-32(b) )

(5.46+0.13)x10® Fm’!

(one standard deviation)

AH 27004
50 Hz-20 kHz
Ultra-precisian
Capacitance Bridge

ST unit: volt (V), farad (F) and meter (m) _

| =T s
Calibrated | _ _ -
:
L

volt meter 1 Calibrated capacitance bridge

- | Laser interferometer
volt (V) dC/dx (F/m) P

1

Electrostatic force F. *%Vz

dc

1-31
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2500

2000

1500

1000

500

]

2500

2000

1500

(¢}

3000

{wu) Juewsoedsip

g
{4d) eoueyoeden

234

i
L

-

o

2500

2000

1500

1000

500

(=]

(4)) souelpEdED [ENpISal

time (s)

1-32

10 uN

1 mg

mg =9.789 uN

f=

1 mg

OIML class E1

5000

-33

ABA

—_
£
<
= ~
N >
on —
on 1
1 —
— ~
<
S~
+ | N
N
, |
<
I
1 ©
b}

Ja fa

777 uN

N
Ay,

785 uN

9

1300

1-34

9
7 nN
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Displacement (V)

Electrostatic force (UN)

(a)

Count

100

&.75 9.76 977 9.78 9.79 9.8

A, (UN)

1-34 1300

66

1.5
I
1
/f \\
° | /
-0.5 H
x| U
- '50 50 100 150 200 250 300
Time (s)
12 (b)
10 'le
. ﬂ/ f \\
6
) / N = fof 2 2 \
j fl ] s
¥
_20 5‘0 100 150 200 2‘50 300
Time (s)
1-33 1 mg



Femtotools (FT _S540)
200
N (1 2 5 10 20)mg
FT S540 (FT _S540)
FT_S540 FT-SDAO1
FT-SDAO1 FT_S5O
1-35 (FT _S540)
FT S540 IPC
1-36 1-37
1-36 FT S540 1-37 FT S540

73.166 N/m
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FT_S540

250

200

150

100

10 Hz

1-36 FT _S540

‘ —— Balance reading (g) —=Displacement (mm)

0.02
0.015 {? {? PT
0.01 : ] J
0.005 L ﬂ n ! o S o P
. 1
=)
-0.005
M icro-N ew ton Force sensor FT540-2212
197
147
97
47
-3
Second
FT_S540
(‘mico-N)
20
180
160
140 |
v >
10 ¢ / y= 73166 - 11992
0 *
m &
ol /
Y 0
0 I
0 0.0005 0.001 00015 0003
(mm)
=73.166N/m

1-37
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FT S540 1-38

BALANE (fricoN)
20
18),
i) . A/,
w ’/.
:IZ),
g I N y=0970-+ 238
o _— RRO9M6
| /
D~
o+
0o D H H & W W W W W A
FORCE (ricoN)
1-38 FT_S540
FT _S540 R 097
2011APMF FT _S540
FE-ESEM
(pixels)
FE-ESEM

mg/m’
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PEL 5 mg/m’ 10 mg/m’
PM10 150 g/m’
#/cm

(Vincent, 1999) Oberdorster 2000

Oberdorster 2001
Teflon fume, 15nm, 50 g/m’
homogeneous nucleation

condensation coagulation

spray and dry method
electrospray system cone-jet
radioactive neutralizer droplet explosion
4 nm 1-39 30 nm
1-40

30 nm: JSR STADEX SC-0030-A

Pneumatic nebulizer
(JSR Aeromaster V)

Latex conc 105 wt%

dN/dlogDp (#/em?)[e4]

Electrospray
(TSI Model 3480)

Latex conc. 10-3 wt%

dN/dlogDp (#/em*)[e4]

1-39 30 nm Aerosomaster

10 nm
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(

)
1-41
K 141
1-41(c)
1-41
FY100
) /
FY100

in Mixer —> » out
Filter Filter
Valve Ambient air
Compressed air
1-40
(SiO2, Ag)
1-41(a),(b) 100 K 40
Nanocomposix 1-41(d) BBInternational
BBI
Nanocomposix
12 nm

(d)BBI

71

(b)

(c)Naocomposix



1 mg
10 uN
10

() FE-ESEM

Monte Carlo

Monte Carlo

DMA
«C )
«C )
FY101
() (SiO2, Ag)
VFM
FY101
ISO Guide 34 [1-12]
assure
a) candidate reference material
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(

(

(

(

)

)

)

)

g) ISO Guide 31

certificates and statements
h)
i)
j)  ISO Guides 30 31 34 35

FE-ESEM

2

(TEM)
TEM

SEM TEM

FY100

FY101
(Si0,, Ag)

TEM SEM

OECD((Organisation for Economic Co-operation and Development)) ISO
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(

)

NML

FY100

NML

nm

(d)

ISO Guide 34[1-12]

(Grounding guard)

SDS

NML

ISO Guide 34

SMA(Styrene Maleic Anhydride)

(a)

(b)
(©)

74

25



(

(

)

)

Cross Section LWR/LER

oo
=
Sl

Log R BT R B Rk S s T

30 nm ~ 60 nm

(Thickness < 500 nm)

LER/LWR(Cross-Section)
2.54 nm (k=2.57 W=50 nm

0.96 nm)
( PSL) 100 nm 300 nm
95% k 1.99 100nm 200 nm

8.1 nm 200nm 300 nm 19 nm

20 nm

O0mN 500 mN

ImN 9mN 100nm 400 nm
(Delamination)
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(

)
(Critical dimension, CD)
Critical shape Top CD
Bottom CD Height  Side-wall angle SWA ( 2-1)
CD
LER (Line edge roughness) LWR (Line width roughness)
LER
(CD)
LER (line edge)
( 2-2) Bo)
Top ’
Height
Sidewall
Angle
}‘7 Bottom 4,{
2-1
N — I —
Yl Xx_Cp, >.(CDj - CD)”
il > LWR =3 |2
: 1 ¥Yeo b 1
Side Wall Angle
g > i (
i D
: < >
~ e > | HRE
[ — > X
2-2 LER/LWR
(SEM)
(TEM) (AFM)
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0.1 nm TEM TEM
(Dimpler)
(CD- Scanning electron microscopy,
CD-SEM) CD SEM
2D
LER/LWR(cross-Section) CD
Soluris CD-SEM
LER/LWR(cross-Section) Cross
section [2-1] CD-SEM Foucher Model
X3D from Veeco Instruments [2-2]
SEMATECH  NIST CD-SEM
top-view LER/LWR(cross-Section)
[2-3] CD-SEM  Top-Down
[2-4, 2-5] X3D SEM
AFM LWR(cross-section)
(Supper sharp tip) AFM
180
LER/LWR
AFM (Type: DI 3100) AFM (DI 3100
Controler) (Peizo) (Type: NanoScope Illa)

2-3
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e

g Sy b M sy Comntr

[2-6~8]
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(DI

[2-9~14]

Germer

[2-15~18]



[2-8~20] 2-4
a Nsph
d t nsio2  Msi
A 6 6,
O
Jones S (1) [2-21]
EX") explikR)(S,, S, | E)° "
E;‘cat R Sps SSS E‘:'nc
R k = 2n/2
(1) S
a B
(Mie-surface double-interaction model MSDI)
Stokes ®j G=0,1,2, 3)
n
PL n p
s 2)
7 =tan"(®,,®,)/2 )
PL 3)
P, =02+ D% /D, (3)
‘o y .
<
nanoparticle d
' thin film i’
2-4
PL=1

PL=0
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532nm  ngp=1.59 (PSL) ng =4.05+ 0.051

2-5 532nm Nd:YAG
6;
p 0. or
( )
p
( )
Mueller Mueller w:4w [2-9]
4
16
(Fourier transform) 3 x 3 Mueller
Mueller o
¢-=0° ¢ = 180°
n ¢
(ISO) ISO/IEC Guide
98-3:2008 [2-22]
Lockin ampiifie
Goniometer
Sample
Black curtain
tlc we poL wp L P M
2-5
S lfldm 2 KRtz 4 a0 5 3 =4k 0p) 5 b
B & 54 v S #ic Bidirectional Reflectance Distribution Function, BRDF Mueller

ALt Bk B AT R Rk BT < ) PR TR

Bz n

80



S-S
Dc:DS1+ﬁX(D52_DS1)+E1 (4)
D, nm Dy (100 nm)
Dy, (200 nm) nm S, n
S, (100 nm) n &
Se> (200 nm) n &
E;
(ISO GUM)
Q)
2
0 (D,) = {[ 2 J uz(Dﬂ>+[ A j w3(D,)
s1 s2
of ) o \
+ EJ uz(Ss1)+(aSSzj uz(SSZ) (5)
1
2
+ %} u*(S,) ++(;i1j uz(E1)]
S — (SX_SS’I) :(DSZ_DS’I)
N (SS2 _SS1) ! (SS2 _SS1)
) (6)
1. (D) =|(1= 82 -u*(D,y) + 8,2 12 (D,y)
2 2 > 5 (6)
+(=(1=8)- Dy J -t (S,) + (= Sy - D ) -u?(S,y)
+ D2 u*(S,) + 12 (Ey) :
(6) LA FETRIRA 40T
1 (100 nm) u(Dyy)
B (B-type) NML
(D,) 101.0 nm u(D,) 1.014 nm
2 (200 nm) u(D,,) 1 (100 nm)
NML (D,,) 200.4 nm
u(D,) 1.014nm
1 (100 nm) u(S,y)
(a) (b)

81
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0.006813

0.010918
u(Sy)  0.012869
2 (200 nm) u(Ssz) 1 (100 nm)
0.005820
0.003060
u(S,) 0.006575
u(s,)
0.006813 0.010918
u(SX) 0.012869
u(Ey)
-0.18 nm 1.30 nm
u(E;) 1.30nm
d bt 22 IR R A 7L 5N(6) 100 nm 200 nm % B ¥ 2 {Fp)ke
Fihe SHRE TR 2-1 82 1.99
95 % 8.1 nm
200 nm 300 nm % B ¥ 2. Fplk S 100 nm
200 nm
EEEET TR 2-2 79 1.99
95 % 19 nm
2-1 100 nm D< 200 nm
X; u(x;) Ci u,(D,) =|C ] u(x;) Vi
1(100 nm) Ds1 1.014 nm 1-Sg 1.014x(1-Sr) nm 50
2(200 nm) Ds, 1.014 nm Sk 1.014xSg nm 50
1(100 nm) Sa 0.012869 -(1-Sr)xDr Nm  0.012869x(1-Sg)xDr NM 21.0
S 0.006813 125
Saz 0.010918 125
2(200 nm) Ss2 0.006575 -SrxDr NM 0.006575xSrxDr NM 18.9
Sai 0.005820 125
Sen 0.003060 125
Sy 0.012869 Dgr nm 0.012869xDr nm 83.8
S 0.006813 50
Sa 0.010918 50
E; 1.30nm 1 1.30 nm 20
J(3.559x (1-82))* +(2.016x S, )* +3.65°
Veff 82
k 1.99
8.1 nm

_(5.-8) 5 _(Da-Dy)
(52-S0) F (S-S0

R
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2-2 200nm D<300 nm

X; U(Xi) Ci ui(Dc)=|Ci|u(Xi) Vi
2(200 nm) Ds, 1.014 nm 1-Sg 1.014x(1-Sg) nm 50
3(300 nm) Ds3 1.932 nm Sr 1.932xSg nm 50
2(200 nm) Se» 0.006575 -(1-SR)xDr nm  0.006575x(1-Sg)xDg NM 18.9
S 0.005820 12,5
Sas 0.003060 12,5
3(300 nm) Ss2 0.019921 -SgxDr NM 0.019921xSgrxDr NM 17.6
S 0.008334 12,5
S 0.018094 125
Sx 0.019921 Dgr nm 0.019921xDg Nm 70.3
Su 0.008334 50
Se 0.018094 50
E; 5.23 nm 1 5.23nm 20
J(2.650x(1 = $2))* + (7.666 x S,)* +9.08
Veff 79
k 1.99
19nm

_(5=S2)  , _(Dy-Dy)
R~ R~
(55=5.) (S5=5.)

30 ~ 60 nm
g0 Fl 2 & 2 58 Hok 42k sz 3 & FF 440 B 2-6 ELIMEG R
(Electrospray Aerosol Generator, TSI 3480) (Charge Neutralizer, TSI 3077)
& B4 5 L 47 R(TSI3081) (Controller Platform, TSI 3080)
2+ #ic B (Condensation Particle Counter, TSI 3776) Fi B2 £ gD THFEH
Bk F ol dd 3 i E 0B F
A4 2 T iR N k¥ ok S S 1Tk % (Boltzmann) YRR
PIE G T8 22 apERd HAAREL§ Mokl R BhAf a7 b

Plez B A MO R R A ¢ BAS AR LV Pl SR PR B
Ed A4 2 R LT R E Aok ik &

o
2
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ek
2-7
ER el
(F) (F5)

E Rl

(£3)

+ + + + + + + + + + +

E Rl

F.=q-F

E Rl

2-7
FE

E Rl

E 2 K pok q
(7)
(Elementary charges)e

84




g=n-e

e=1.602x107"°C
Ll d, Op

Fg Fy ()R C))

3 oF ok z ok ok
% SF ok

(Reynolds number) (R <1)

F,=3r-n-v-d,
n v 7 o ok
1 Nl (12)
F - 3r-m-v-d,
CC
C. (Slip correction factor)
[ e il g} RN <
Fo+F,=F,
ER Y N Pr
Ce CINENC)

85

Pr

g
(6)

(8)

% SF ok

)

(10)

% SF ok

(Stokes’s low)[2-23]

(1)

% SF ok

(12)

E g
(13)
% oF pok d,

ER e



L _(Pr=pr) g Ced;

B 187
26 12
40 cm
12
20 nm
)g 20 nm
2-8
Bk A ok R 4 T = o
E % %ok q P Pr
sk d, Ce o
©) 3ok Mok B hE R

86
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(15)

(4)



— . . . 2 . .
V:(pP pF) g CC dP+q E CC (16)

18n 3zn-d,
(Load cell)
+1 mm
500 mN
(Aluminum)
10
2-9
2-9(a) 2-9(b)
lem?
2-9(c) 130 [
(Epoxy) 2-10
2-11
(a).
2-12
2-12
IP 12
(b).
2-13(a) (b)
2-13(a)

(Load control mode)
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2-9 (a) (b) () 2-10

100 + 20 nm

400 £ 40 nm
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IS

a

4 (Si) 525+ 15 um

(E-GUN)  (Au)

1 cm x1 cm

* hys

Segment Plotted
)

2-15 2-16

2.73 £0.16 mN)
9.0 mN

(T1) 100 £ 20 nm
400 + 40 nm

2-14
(Scratch)
3 (
(Lateral Force)
(Critical load)
(Au-Si) / (Au-Ti-Si)

741 £ 0.29 mN

89



(a)15 -.

215 (Au-Si)

(2)1500
2-16 / (Au-Ti-Si)
()
AFM LER/LWR AFM
( 2-17)

) ( 2-18)

NIST
180

3D ( 2-19)

(2)1500

SEM SEl 50KV %5000 WD 6.1mm

(b)5000

(6)5000

<
SEI 5.0kV X5,000 WD 5.6mm

(b)500
(2)1500  (b)5000

[2-24]
3D

2-17 AFM
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2-18

First s=can
[before rotation]

=

| : 1 z
Imiage flip
X
Second scan

[after sample rotation) ¥

2-19 3D
3D
3D
3D 2D LER/LWR
2D 3D
Cross-Section 2D 3D
2D Cross Section
LWR
Cross Section 2D LER/LWR
(D 180

2-20
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0.0 1: Height 1.0% || 0.0 1: Height 0%

2-20 180

2)
( 2-21) cross-section ( 2-22)

Poa Detn Zoom. B Inputs

Planefit Made

Planefit Order

Planefit Z threshold direction es

Planefit Z threshold percent ~ 0.00%
L Add higher order cross terms for Off

Reload

0.0 1: Height 1.0%

2-21 3D

ection
300

Pan Diata Zoom

200

-100 ii i
200 [ i
am. i i

100 200 300 400 500 600 mm

Spectral Period 0,654 Spectrsl Freq 1.53 12
Spectral RMS Ampl 51.7 nn Temporal Frey: 0.00 Hz

60
50
40
30

- nm i, ...
0.0 1: Height 1.0%% 50 100  1s0 200 250

2-22 cross-section

3) ( 2-23) cross-section
( 2-24)
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T . ! r 1
0.0 1: Height 108 o 1: Height 1.0

2-23

250 ¢ 20
200 m
150 150
g 10 £ 1m
0 0
0 ]

5o 20 400 00 800 100 200 30 40 30 &0 70 &0
40

jriny} T

2-24 cross-section

(4) cross-section LWR LER
LER/LWR LER (Line edge roughness)
(line pattern) ( 2-2) (line edge)
(3 sigma)

LWR (Line Width roughness)
( 2-2 ) 2-2 LER/LWR

V2

LER=3 fM
n

77\ 2

LWR=3,/—(Wf —#)
n

Xi
X
Wi i
w

LER/LWR

U= uz(W)"‘ “2(5)
¢: LER/LWR
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w=3 M(sz w=X)

n

uz(w)=g[uz(w1)+u2(w2)+u2(w3)+...+u2(wn)]
n

W20 = [ (w )] = 2P (w )]

n n

LER/LWR

4 nm

u =——=116nm
(p1) 2\/5

20 %

”(Pz)

(I %)

(50 nm)(1%

u(p,)= 7 ):0.29nm

20 %

3

n
LER/LWR

[1.19]=0.16 nm (n:512)

u(w) =

”(51)
6
nm 4724nm 4231 nm 45.31 nm

0.967 nm (237) 5
J6
LWR ule,)
+2 +4 46
0.18 nm

u(w)
512 4 nm
Vpm2 = 12.5
+1% pm=50 nm +(50 nm)x
Vpm2 = 12.5
13
4735nm 4535nm 49.21
2.37 nm 6
LWR 6 LWR

2.54nm (k=2.57 w=50nm)
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(

)
o ] F & stk )k BA 47
2-4
6,
. &
¢r n
30 ~ 60 nm

20 nm

2-25

95
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(

(

)

)

LER/LWR(Cross-Section)

90 AFM

) AFM

2 nm~5 nm
180°

2-26
(Field of View)
or
ASTM E1392-96(2002) [2-25]

7.5°

96

10

AFM

40~60 ( SWA

220 nm



A

Z=>o

diy E 1392

FOvV

L e \
.. SPECULAR
\‘ BEAM
Q
N N\ APERTURE
P _ STOP
8 ~ \
/ /‘ - ‘ ‘\ .
STOP
SOURCE OR \
SPATIAL
DETECTOR
FINAL FOCUSING OR
COLLIMATING ELEMENT
NORMAL
2-26
n ¢
6 ASTM
E1392-96(2002) [2-25]
um fundamental
Gaussian beam z
w, r’ ikr?
E(x,y,2)=E,-—2-exp(— -exp{—i[kz—n(z)]— 17
(x,y,2) = E, w2 p( wz(z)) p{-ilkz—1(z)] 2R(z)} (17)
z z’
n(z)=tan"'(—) Gouy phase shift w(z)=w, I+—  spot size
Zp Zr
22
1/¢e* R(z)=z(1+ z_};) w, beam
W
waist Z, = 7 0 Rayleigh range
w, x/EwO A
2-27 e Z>> 2z,
C)
O=tan@="0-_* (18)
Zp TW,
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2-27 Gaussian beam

2-19 W, ®

2-28

2-28
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()
CD 45 nm
CD (Line edge roughness, LER)/ (line width
roughness, LWR) LER SWA
LER/LWR cross-section ~LER/LWR
30 nm 22 nm AFM 2~5 nm CD
CD-SEM TEM
AFM CD
50 nm
superahsrp
AFM
()
A T I RV
2-29
(a) o S (b)
(c) B (d)
(e) ®
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100 nm n

2-30
100 nm

100



-IIIIIIIIJIM

SE= == s
=== =

o

2-30

30 ~ 60 nm

2-28

(< 20 nm)

10 um

)

(

ISO 14577
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)
) ISO IEC VAMAS
) ISO/IEC/VAMAS/ANF ~ TC

()
1. : ISO TC229 WG
ISO TC229 WG
2. (1) (2) ISO TC229 WG2 (3)
VAMAS
3. : ISO TC229 WG3
()
FY98
SEMI
UL
4 (TWAS) 40 ISO/TIEC/VAMAS
10 ISO/IEC (Asia Nano Forum, ANF)
VAMAS

1. ISO/TC 229: A-liaison through ANF (& 2 £ 4##)
Liaison officer: & 7 %
WG delegate: 3 7 % (T #RE), WG2 delegate: k3% 38 T #1%)
WG3 delegate: #5 & B (B #712), WGH delegate: 3R 3 (& K)

2. IEC/TC 113: D-liaison in WG3 through ANF(<-T 2 £ )
Liaison officer: ;%42 ¥ (5 X)
Registered experts: 38 F % ~ R 2L - Bk

3. VAMAS (Chinese Taipei, % % )
Representative: f& % 25 (T 5 %)
Delegate: 7Bt 4, 1§ B B (T #Fx)



Chinese Taipei \
ANF VAMAS
(meet oncely A-liaison (meet oncelyear)

e s Acliaison
[§ i Al
“&T D-liaison o

. N

ANF
Taiwan Nanotechnology Standard Council, TNSC ear)

IECTC113 1SO TC 229
@ V [ & + (meet twicelyear) (meet twicelyear)
b U
B u
-7 @ -
\ Industry Research  EHS Related Institutes) We3 i
S IEC Delegate Health, safety
G environment
5 NEL WG2 WG4
Terminology, Measurement, Material
nomenclature characterization specification

1 2 4
(TWA1) (TWA?2) 3(TWA3) (TWA4)
Terminology and Measurement & Health, Safety & Materia|/c9mpopenﬂpr
Nomenclature Characterization Environmental oduct Specifications &
Performance

40

e |

3-1
FY100 TNSC
Taiwan Nanotechnology Standard Council, TNSC 2011
3 17 100
( / )
TNSC
(
) TNSC (2 enquiry
stage)
1. 7 7 77TNSC 2/3 “
2. TNSC
3. : — (nano-objects)
(nanoparticle) (nanofibre) (nanoplate) Nanotechnologies

Terminology and definitions for nano-objects Nanoparticle,nanofibre and nanoplate

ISO/TS 27687:2008 TWAI TWAI1

103



4. Method of

Dimensional Measurement of Nanoparticles on Product ™ s Surface Scanning Electron

Microscope TWA2
ISO/IEC
FY100 TNSC
Taiwan Nanotechnology Standard Council, TNSC 2011
12 13 100
TNSC
TNSC (1 final stage)
TNSC
1. TNSC D

NANOPRODUCT: METHOD OF DIMENSIONAL MEASUREMENT OF
NANOPARTICLES ON SURFACE SCANNING ELECTRON MICROSCOPE”

100 (TNSC) (TWA)
1.TWA 1
(1) (TWA 1)

Terminology and Nomenclature

10 ( ) 10%
50% 40%
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2)

ISO/TS 27687:2008 — Nanotechnologies — Terminology and definitions for
nano-objects —Nanoparticle, nanofibre and nanoplate TNSC
12 TNSC
ISO/TS 80004-3:2010 — Nanotechnologies — Vocabulary — Part 3: Carbon
nano-objects ( 4 ) TNSC
100 8 16 14:30 ~ 16:30
6 202
A. ISO TC229 WGl
B. CD1000001 Enquiry Stage (ISO/TS

27687:2008 — Nanotechnologies — Terminology and definitions for
nano-objects —Nanoparticle, nanofibre and nanoplate
)
C. ISO/TS 80004-3:2010 — Nanotechnologies — Vocabulary — Part 3:
Carbon nano-objects 2
A. ISO/TS 27687:2008 — Nanotechnologies —
Terminology and definitions for nano-objects —Nanoparticle, nanofibre and
nanoplate 11
TNSC TNSC ( TNSC
TNSC )
B. ISO/TS 80004-3:2010 —
Nanotechnologies — Vocabulary — Part 3: Carbon nano-objects

3 TNSC
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C. ISO/IEC 80004 Nanotechnologies—Vocabulary series 10
3 (Part 1 Core terms,Part 2 Nanoparticle, nanofibre
and nanoplate, Part 3  Carbon nano-objects) 3 (Part 4
Nanostructured materials,Part 5 Nano/bio interface, Part 7 Diagnostics

and therapeutics for healthcare)

TWAI Part2 Part3 ISO
( 4 )
. 100 9 29 10:00 ~ 12:00
3117
( (TNSC)
100 )
A.
B.
C. TWAI-TWA4 ( )
D.

( ) Nano Labeling task force
( ) ISO-TC118 WG4

()

A. ( mail
) TNSC TNSC
TNSC
B. TNSC
ISO

C. Si0, Ag
2.TWA?2
(1) (TWA 2)
[ ]
° Measurement and Characterization
° 9 ( ) 56%

22% 22%
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2)

100 9 29 10:00 ~ 12:00
3117

( (TNSC)

100 )

A.

B.

C. TWAI-TWA4 ( )

D.

( ) Nano Labeling task force
( ) ISO-TC118 WG4
()

) TNSC
TNSC
B. TNSC
ISO

107
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3.TWA3
(1) (TWA 3)
[ ]
° Health, Safety & Environmental issues
° 11 ( ) 28%
36% 36%
( )
2)
° 100 9 29 10:00 ~ 12:00
3 117
( (TNSC)
100 )
A.
B.
C. TWAI-TWA4 ( )
D.

( ) Nano Labeling task force

108



( ) ISO-TC118 WG4

()
A. ( mail
) TNSC TNSC
TNSC
B. TNSC
ISO
C. Si0, Ag
4. TWA 4
(1) (TWA 4)
o
° Material Specifications
o 6 ( ) 33%
67%
( )
2)
o 100 9 29 10:00 ~ 12:00
3 117
( (TNSC)
100 )
A.
B.
C. TWA1-TWA4 ( )

D.
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(

)

A.

B.

( ) Nano Labeling task force
( ) ISO-TC118 WG4

()

TNSC
TNSC
ISO

(TNSC)

( mail

TNSC TNSC

ISO

1-1

IEC VAMAS
IECTC 113 WG3

Preliminary Working Item(PWI)

nano-electrotechnical products””

(CD)

)

7? General quality assessment for
( :PT113-111

(WD)
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NOIMALIVE FEFEIENCES ... ittt 4
Terms and Definitions ... 4
B NMANOSCAIE ..o 4
3.2 NANOMATEIIAL ... 4
3.3 NANO-0D O CT et 4
3.4 Nanostructured materials ..o 4
3.5 NaANOPArtiClE . .o e 4
3.6 NANOPIALE oo e 4
K B A N\ = T Lo} 1] = PPN 5
3.8 House of Quality (HOQY) . .cuiiiiiiii e e e 5
4  Quality assessSmMeENt MOAEI .. ..ot e e 5
4.1 Quality Requirements ANalysSiS...... ..o 6
4.2 Quality priority analysis (house of quality t00l) ........ccooiiiiiiii e, 6
4.3 Quality benchmark table...........oo 6
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TNSC ( :WI 1000001) 12 (enquiry stage
draft)

ISO Terminology-Nano-objects WI 1000001
TWA 98.9.1
/ /
ISO
(
/o )
TNSC ( :WI 1000002) 5 (CD: committee
draft)
Nanotechnologies — Vocabulary —
Part 3: Carbon nano-objects WI 1000002
TWA 99.10.29
/ /
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(
/ / )

TNSC (  :DTNS10002001) TNSC  ( )
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2-5 1005-1007 2011

7EHS
2-6 0928 2012
2011-2012
A. 2010.11 APMP-TCL ~ WGMM

(APMP TCL / WGMM
Supplementary comparison on Nanoparticle Size) Pilot Lab NMIJ
Co-pilot Lab

(a) 100.4.15
(b)
APMP TCL Ms. Siew Leng Tan
APMP WGMM Dr. Cho
KRISS Dr. Kim
NMIJ Dr.TakatsujiltAPMP TCL Vice Chair) 3 NMIJ

PTB Mr. Tobias Klein
CSIRO Dr. Asa Jamting

(©)

117



20&1 9\ 1(‘) o ‘ 3\ 9\ 12\
APMP
APMP ( (
)
20 o Nano Siver (281
100 m Poyatyrane 2k (ISR
300 nm Polystyrene laex( ,JSR)
E.

Laboratory Contact Person Instrument
CENAM SALAS, ANTONIO SEM
CENAM SALAS, ANTONIO SPM
CENAM SALAS, ANTONIO DLS

DFM Dirscherl, Kai AFM

ITRI/CMS Weng, Han-Fu DLS

ITRI/CMS Weng, Han-Fu SEM

ITRI/CMS Weng, Han-Fu AFM

ITRI/CMS Weng, Han-Fu DMA

INRIM Picotto, Gian Bartolo SEM
INRIM Enrico Emanuele AFM
KRISS KIM, Chang Soo TEM
KRISS KIM, Chang Soo DLS
KRISS KIM, Chang Soo DMA
LNE Motzkus, Charles DMA
METAS Felix, Meli AFM
NIM Sitian, GAO DLS
NMIA Herrmann, Jan TEM
NMIA Herrmann, Jan AFM
NMIA Herrmann, Jan DLS
NMIJ Misumi, Ichiko AFM
NMIJ Takahata, Keiji DMA
NMIJ Takahashi, Kayori DLS
NMIJ Sugawara, Kentaro SEM
PTB Klein, Tobias TSEM
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11.

12.
13.

14.
15.

16.
17.
18.

Laboratory Contact Person Instrument

PTB Bosse, Harald SPM
PTB Krumrey, Michael SAXS
A.
VAMAS Interlab Study TiO, BET
SRM 1898
B.
2009 2010 NIST VAMAS

34( (Nanoparticle Populations)

AAIPharma, USA (Bob Whittle)

BEL Japan Inc., Japan (Masayuki Yoshida) M

Delta Analytical Instruments, Inc., USA (Michael Riley)

Dupont, USA (Rick Maynard)

Environmental Protection Agency, National Risk Management Research
Laboratory, USA (Chris Impellitteri)

Federal Institute for Materials Research and Testing (BAM), Germany
(Peter Klobes)

Food and Drug Administration, National Center for Toxicological
Research, Center for Phototoxicology, USA (Paul Howard)

Hiden Isochema, UK (Mark Roper) M

Horiba Instruments Inc., USA (Amy Hou) M

Industrial Technology Research Institute, Center for Measurement
Standards, Taiwan — measurements conducted at Particulate Technology
Laboratory, TLIRI, National Taiwan University (Ta-Chang Yu) V
Korea Research Institute of Standards and Science, Republic of Korea
(Byung Il Chot)

Micromeritics Instrument Corporation, USA (Jeff Kenvin) M

National Institute for Occupational Safety and Health, USA (Aleksandr
Stefaniak)

National Institute for Occupational Safety and Health, USA (Mike Keane)
National Institute of Standards and Technology, Engineering Laboratory,
USA (Chiara F. Ferraris/Max Peltz)

National Physical Laboratory, UK (Richard Gilham) V

Quantachrome Corporation, USA (Riaz Ahmad) M

University of Cincinatti, USA (Hafiz Salih)

119
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FYO98
FY99 NIST SEM
SEM SI
ISO TC 229 8 Physical state of
Material ~ (agglomeration/aggregation) Chemical composition

Size/distribution Shape Solubility/Dispersibility Surface Charge Surface

Area Surface chemistry

ISO TC 229
OECD(Organization for Economic Co-operation and Development)
( National Institute for Occupational Safety and
Health, NIOSH)

VAMAS(Versailles Project on Advanced Materials
and Standards) IRMM (Institute for Reference
Materials and Measurements) NIST

FY98 100 nm 500
nm
FY101
ISO Guide 34

) /

(Nanomechanics) (Nanotribology)
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/
(Young,s modulus) / (plasticity)
(the force constant of cantilever)
FY100
10 uN I mg
ISO (Surface
chemical analysis — Scanning-probe microscopy — Determination of
cantilever normal spring constants) [1-13] ISO TC
201/SC9/WGS ”Under development”
[1-14]
FY101
()
(Cross-0Section) LER/LWR
LER/LWR(Cross-Section)
2.54 nm (k =
2.57 W=50 nm 0.96 nm)
LER/LWR -
()

RN ER R EE SRR NN E R e

100 nm 200 nm 300 nm

( DMA )

95% 1.99 100 nm 200 nm
81 nm 200 nm 300 nm

19 nm 200 nm
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International 100.6.28-
Symposium on 100.7.5
Measurement
Technology and
Intelligent
Instruments
KRISS
2011-APMF 100.9.18-
100.9.23
-2011 100.5.18-
Frontiers of] 100.5.29
Characterization and
Metrology for
Nanoelectronics(FC
MN)
PTB
24 100.10.23-
100.10.29
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(MNC 2011)

Technology(NIST)

X-ray

Porosimetry

IEEE NANO 100..8.15- 5
2011 Conference 100.8.18 Az R4
IEC TC 113 100.5.8- 6
WG3 100.5.12
ISO TC 229 WG2 100.5.13- 7
TC 100.5.22
VAMAS SC36 100.5.8- 8
100.5.15
IEC TC 113 100.11.7- 9
WG3 100.11.12
ISO TC 229 WG2 100.11.13- 10
TC 100.11.20
/
Institute of Standards 100.6.13-
and 100.9.21 Hez_ = 4%
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20080828 20110824 12/230,340/7845214
2

20110325 100110439

20110928 100135073
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2010/06/29 |Class. Quantum Grav 10
(SCI)
Absorptive and Conductive Cavity 2011/02/17 |Journal of Physics D: 6
Cathode with Silver Nanoparticles Applied Physics (SCI)
for Low-reflection Organic
Light-emitting Devices
A Force Measurement System Based 2011/03/15 |Measurement  Science 8
on an Electrostatic Sensing and and Technology (SC1)
Actuating Technique for Calibrating
force in a Micronewton Range with
a Resolution of Nanonewton Scale
FPGA 2011/07/01 7
2011/09/06 5
The Microforce-Sensor Calibrated 2011/09/20 |Proceedings of 6

with Precision Balance in CMS

Asia-Pacific Symposium

on Mass, Force and
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Torque
Surface Characterization and 2011/05/31 |Thin solid films 4
Nanomechanical ~ Properties  of (SCDH
Diamond-Like Carbon Films
Synthesized by RF Plasma Enhanced
Chemical Vapor Deposition
Effect of Multi-Walled Carbon 2011/03/01 |Polymers and Polymer 10
Nanotubes Addition on Mechanical Composites (SCDH
Properties of Polymer Composites
Laminate
Layer Structure Variations of 2011/03/24 |Applied Surface Science 7
Ultra-Thin HfO2 Films Induced by (SCDH
Post-Deposition Annealing
Nanoscale  Surface  Roughness 2011/01/15 |Optics and Lasers in 7
Characterization by Full Field Engincering (SCI)
Polarized Light-Scattering
Grating Pitch Measurement Beyond 2011/06/20 |Japanese Journal of 4
the Diffraction Limit with Modified Applied Physics (SCI)

Laser Diffractometry
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/
2011/07/01
2010/11/20
CD 2011/09/07
2011/09/07
2011/09/07
Film/Interface Thickness of X-Ray 2010/11/30 |JSPS-DST
Metrology Analysis Based on GA
Simulation and Film-Stack Models
High-k  Thin Film  Thickness 2011/05/25 |International Conference
- o on Frontiers of
Variation Under Post-Deposition Characterization and
Annealing Investigated By X-ray Metrology for
Reflectivity and X-ray Photoelectron Nanoelectronics
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Spectroscopy

The Mechanical
Diamond-Like

Properties  of
Carbon Films
Synthesized by Radio-Frequency

Plasma Enhanced Chemical Vapor

2011/04/12

International Conference
on Metrology and
Properties of Engineering
Surfaces

Deposition

Layer  Structure Variation of 2011/08/16 |IEEE NANO
Thermal-Processed Thin HfO2 Films

Using X-Ray Reflectivity and X-Ray

Photoelectron Spectroscopy

Implementation of a CMOS MEMS 2011/10/27 |International

Lorentz Force Actuator for Optical II:I/I;ICIZ(;EZE(;;SIZZSYand
Scanning Stage Conference

Nanometer Scale Grating Evaluation 2011/07/01 |International Symposium

with Small Angle X-ray Scattering
(for Critical Dimension

Measurement Application)

on Measurement
Technology and
Intelligent Instruments

Non-contact resistance measurement

of  Chromium  nano-film by

2011/11/22

TACT 2011
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Terahertz time domain spectroscopy

Nano-Scale force Studies of PSL 2011/11/25 |International
Spheres on a Si Subtract Using Microprocesses and

Nanotechnology
Atomic Force Microscopy Conference
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2011/10/18 82

- 2011/11/07 12

- 2011/11/07 72

2011/11/17 10

100 APMF 2011/11/16 26

ISMTII2011 KRISS 2011/07/22 12

2010 2011/02/15 16

AFM 2011/09/05 23

AFM 2011/11/07 39

X (XR) 2011/11/08 12
(X-ray Porosimetry, XRP)

2011/11/16 17

NIST 2011/10/14 23
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24 MNC 2011/11/21 20
PTB 2011FCMN 2011/06/07 8
2011 IEEE NANO 2011/10/14 8
LER/LWR(Cross-Section) 2011/11/17 16
--100 2011/12/05 37

--AFM
2011 ISO TC 229 I[EC TC 113 2011/11/04 7
2011 ISO/TC229 2011/11/04 17
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2011/04/14 24 71
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2011/06/02 7 8
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AFM

Atomic Force Microscope

APMP |Asia-Pacific Metrology Programme

ASTM |American Society for Testing and Materials

BCC Business Communications Company

BET Brunauer, Emmett, and Teller BET

BIPM  |Bureau International des Poids et Mesures International
Bureau of Weights and Measures

BNM  |Bureau National de Me‘trologie

CEM Centro Espanol de Metrologia

CMS Center for Measurement Standards

CPC Condensation Particle Counter

CRM Certified Reference Material

CSIRO Comm.onv'vealth Science and  Industrial ~ Research
Organization

DCIC  |Drift-Corrected Image Composition

DLCA |Diffusion-Limited Cluster Aggregation

DFM Danish Institute of Fundamental Metrology

DLS Dynamic Light Scattering

DMA Didderential Mobility Analyzer

DUV  |Deep ultraviolet

EAB Electro-gravitational Aerosol Balance

M Field Emission Enviromental Scanning Electron Microscope

GUM Central Office of Measures (Glowny Urzad Miar GUM)
POLAND

GXR Grazing Angle X-ray Reflectometry X

ICT Instrument Calibration Technique

IMGC |Instituto di Metrologia ‘G. Colonnetti

IRMM |Institute for Reference Materials and Measurements

ISO the International Organization for Standardization

KRISS |Korea Research Institute of Standards and Science

LDV Laser Doppler Velocimetry

MEIS  [Medium Energy lon Scattering

138




METAS |Swiss Federal Office of Metrology and Accrditation
MSDS |Material Safety Data Sheets PR E >R A
NIM National Institute of Metrology
NIST  |National Institute of Standards and Technolog
NMi Nederlands Meetinstitute Neatherlands Measurements
i
Institute
NMIJ  [National Metrology Institute of Japan
NML  |National Meausrement Laboratory R.O.C
NPL National Physical Laboratory
NRLM |National Research Laboratory of Metrology
NMIJ
NSF National Science Foundation
OELs  |Occupational Exposure Limits
OFMET |(the Swiss Federal Office of Metrology
PIV Particle Image Velocimetry
PFG-N ) . .
MR Pulsed Field Gradient Nuclear Magnetic Resonance
PTB Physikalisch-Technische Bundesanstalt
RLCA |Reaction-Limited Cluster Aggregation
RM Reference Material
SAXS |Small Angle X-Ray Scattering X
SE Spectroscopic Ellipsometry
SEM Scanning Electron Microscope
SPIP Scanning Probe Image Processor
SPM Scanning Probe Microscope
SRD Standard Reference Data
SRM Standard Reference Material
STM Scanning Tunneling Microscope
SWE Single Wavelength Ellipsometer
TC Technical Committee
TEM Transmission Electron Microscope
TSEM |Traced Scanning Electron Microscope
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B Scattering
B SAXS

SAXS
line width

XRR
SAXS

LER/LWR
(Ra 0.3 nm ~ 1.0 nm)

CD-AFM (50 nm)
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um) ( :10 nm)

AFM (50 nm gratings)
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