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(X-ray Tube) (High Resolution Goniometer)

(Parallel Plate Collimator) (Detector))
(Domed Hot Stage for Four-Circle
Goniometers DHS 1100, Anton Paar) (MFC,
1,000 sccm) GN2 Carrier Gas
Kapton-window chamber ( X-ray ) pump

- (Low dielectric constant, Low-k)

(Porosity, %) (Pore size distribution,
1.3 nm) / NIST
#1 (reflectivity curve) 30%
38% ~ 40% pore size 1.2~1.3
nm (diameter)
(Hysteresis loop)
3)
: 2.03
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1. Measurement Standards for Nanoparticle/Nanowire Sizes and Functional

Properties

(1) The assessment of nanosilver reference material (RM) is achieved, which
is included the analysis of varient physical and chemical properties. The
nominal particle sizes are 20 nm, 60 nm and 70 nm. The RMs’ size
distribution are 2.1%, 1.4% and 1.4%, respectively. Based on ISO

GUID34, we completed production management, verification of]

measurement and quality documents. These RMs will be available as the

subject for the international comparsion, and also can supply for the
calibration of secondary laboratory and biological experiments.

(2)Measurement Standards for Ambient Suspended Nanoparticles and

Specific Surface Area:

- The calibration system is designed and assembled by CMS, including a
FCAE, a DMA and a CPC. The calibration system belongs to
nanoparticle size calibration system (D26).

The uncertainty analysis of measurement results is based on ISO/IEC
Guide 98-3:2008. The uncertainty sources from the measurement
instruments and process are considered and evaluated. The obtained
results show that the existing measuring system provides the following
calibration capability:
Calibration item: Detection efficiency of Standards aerosol particle
counter
Measuring range: particle number concentration from 10°> cm™ to 10*
cm” with particle size of 50 nm~200 nm

Relative Expanded uncertainty:

. Concentration Relative expanded uncertainty
Sl (cm™) of detection efficiency (%)
50 nm 3200 2.3
100 nm 1000 2.2
100 nm 3200 2.4
100 nm 10000 2.3
200 nm 3200 2.4

Confidence level: 95 %
Coverage factor: 2.0

(3) Nanoparticle/Nanowire Functional Properties Measurement

v



Standards:(Force measurement below 200 microNewton with
measurement uncertainty smaller than 5 nN
The uncertainty estimation for the electrostatic compensation force was
carried out, which includes the measurement/evaluation of every relevant
parameters. The minimum of the combined standard uncertainty is
estimated to be 4.8 nN. The old aluminum flexure stage was replaced by
a newly designed Cu-Be flexure stage, in which counter weight balance
mechanism was integrated into the flexure stage. The stiffness was
reduced from 18.3 N/m to 13.08 N/m. The force measurement system
was partly upgraded. The new gold-plated electrodes were instatlled with
the new configuration to allow multiple sensing degrees of freedom. The
measurement of the AFM cantilever’s stiffness was performed using both
the electrostatic sensing & actuating force measurement system and the
balance. The difference between the results obtained by two system is
less than 2%.
2. Measurement Standards for Thin Film
(1)Thin Film Surface CD Measurements and Characterization
-Developing the measuring technique of linewidth was carried out. The
influential factors of linewidth on this measurement technique will be
identified to estimate the uncertainty of the system according to the ISO
“ISO/IEC Guide 98-3:2008”, hereinafter called the ISO GUM.
The uncertainties with coverage factotor level of 2.14 and confidence

level of 95 % are calculated as follows:

0.5%

2.3

X12
ﬁ)Jr(

U=2.14[1.67*+ ( xL)? +X,°]"?

With
X1 Repeatability of linewidth
X> Uncertainity of stitching error

L Linewidth

(2) Thin Film Surface Geometric Metrology
-Integrated the present X-ray reflectivity and the newly built mass flow
controller system. The X-ray porosimetry measurement techniques
were developed, including a XRR high resolution goniometer, a X-ray

tube, a parallel plate collimeter, a detector, a rapid heating plate (Anton

\Y%




Paar DHS 1100), a mass flow controller (1000 sccm in total), GN2
carrier gas, a sealed chamber with X-ray Kapton windows, a pump and
a spectrometer to monitor the vapor ratio.

-The measurements of low-k porous thin films in structure characterization
were performed. Two key parameters, porosity(%) and pore size
distribution(most size population falls in the diameter of ~1.3 nm in
diameter), were derived for characterizing the NIST checking sample
#1. Due to vapor adsorption and desorption phenomenon, the
reflectivity  curves  exhibit  reversible results in  critical
angles(representing film desity) as vapor ratio changes, in which as a
result, the porosity(38%~ 40%) is obtained when films reach the
saturation status(30% toluene). Adsorption/desorption density curves
were then curve fitted based on Gauss function in order to get the pore
size distribution. After the equation was derived and replaced pore sizes
to vapor ratio from Kelvin’s equation, the pore size distribution was
obtaind and the main pore size was indicated as a main peak of 1.2 nm~
1.3 nm(diameter). From the hysteresis loop  between
adsorption/desorption density curves, the film indicates individually
distributed nano pores.

(3)Thin Film Functional Properties Measurement and Characterization

-Modified the displacement measurement of nano- tensile testing system

Displacement measurement:

The values of expanded uncertainty are listed as follows with coverage
factor of 2.03.
4.1%10° m (1 nm < Displacement 50 mm)

-Participate the VAMAS international comparison on nanoindentation with
five reference materials.
-Preliminary study on the measurement of fracture toughness for thin films
-To promote and develop the measurement standard for nanoindentation
method.
3. International Standards for Nano-Measurements and Nano-Products
(1) to establish and chair a new IEC TC 113 WG3 new working item (nano
product related) program: IEC / TS 62844 " Guidelines for quality and
risk assessment for nano-enabled electrotechnical products".
(2) Taiwan Nano Standard Council (TNSC):
a) Technical Working Area 1(TWAT) worked on three standard items:
1. Publication stage: publication Number TNS A001001, traditional
Chinese version of ISO /TS 27687 “Nanotechnologies-Terminology

and definitions for nanoobjects-Nanoparticle, nanofibre and nanoplat”
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2. Inquiry stage: traditional Chinese version of "ISO / TS 80004-3:2010 -
Nanotechnologies - Vocabulary - Part 3: Carbon nano-objects"

3. new work proposal (NWIP): traditional Chinese version of ISO / TS
80004-1:2010 Nanotechnologies - Vocabulary - Part 1: core terms

b) Technical Working Area 2 (TWAZ2) worked on one standard items:

1. new work proposal (NWIP): " Nano-indentation measurement standard "

c¢) 2 Taiwan Nano Standards Council (TNSC) and 4 technical working
group meetings meetings were hold.

(3) standards organizations participation
To coordinate the 7 experts participation of a total of 4 international
standard meetings, including ISO TC 229, IEC TC 113 and VAMAS,

participating in the discussion of about 50 draft standards.
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(1) 97 5 20 (VAMAS: The Versailles
Project on Advanced Materials and Standards) (MOU) Steering
Committee

(2) 97 10 28 (NIMS National Institute for Materials
Science, Japan) (MOU) Nanotechnology-driven advanced materials

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

material characterizations

3) 98 2 26 IRMM (Institute for Reference Materials

and Measurements) 30 nm Silica
(DLS) IRMM IRMM
9 3 IRMM DLS TEM/SEM

2 FD100  FD304

4) 97 11 NIST Nano-TiO;

(5) 99 IRMM DLS EM ERM-FD304
ERM-FD100

(6) 2010.11 APMP-TCL ~ WGMM
2011-2012 (APMP TCL / WGMM Supplementary comparison on
Nanoparticle Size) Pilot Lab NMIJ Co-pilot Lab

. EHS

(1) 97 8 27 (NIOSH National Institute for

Occupational Safety and Health, USA) (LOI) Collaborating on a

project to coordinate development of reference materials for engineered nanoparticles
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1. (American Association for Aerosol Research)
( 101.10.07~101.10.15)
2012 American
Association for Aerosol Research (AAAR) i
Calibration of a Condensation Particle Counter by Aerosol Particle Number
Concentration System with Uncertainty Analysis ”” "Green Synthesis and
Characterization of Silver Nanoparticle for Reference Material" 2012
(AAAR)

NMIJ ----Prof.
Pete McMurryi Pete McMurry

2. IMEKO 2012 World Congress (
101.09.08~101.09.15
IMEKO World Congress 20
(KRISS) “Metrology for green
growth” 9-14
KRISS IMEKO World Congress
(Invited Talk) (Special Session) IMEKO 24
New SI ( : Redefinition of the Kilogram)
IMEKO TC3

TCM oral session TC3-0-29 “Comparison of milligram scale deadweight forces to
electrostatic forces” TC3-P-22 “An economic way to have small
temperature variation controlled in mass measurement” TC5-P-5

“Geometric measurement of Rockwell diamond indenter using traced micro-CMM in

24



4.

CMS”
Thin Film 2012 Conference
101.07.13~101.07.18
Plenary keynote lecture 1.1““Bioactive and Antibacterial Implant

Coatings””, Prof. LeGeros Racquel, New York University, USA
(a) (b)

(texture) (coating)
(grafting)
1.2““Powered Paint: Nanotech Solar Ink
Based on Semiconductor Nanocrystals””, Prof. Brain Korgel, University of Texas at
Austin, USA (III-IV - CIGS/CZTS or DSSC)
(colloidal dispersions of nanocrystals)
1.3“FINE Surface Technology for Next
Generation ACE Functional Coatings””, Prof. Hwang Taejin, Korea Institute of
Industrial Technology, Korea KITECH R&D
Samsung LG  Hyundai
Oral presentation
MPF2224 Surface Mechanical Property Assessment of Ultra-Thin HfO2 Films
MPF2612 Determination of Young's modulus and Poisson's ratio of thin films by
X-Ray Methods
27th Annual Meeting of the American Society for Precision Engineering ,
101.10.21~101.10.26

27
10 21-26 ASPE
ASPE
ASPE
: AFM LINEWIDTH MEASUREMENT EMPLOYING 3-D IMAGE
REGISTRATION ON MULTI-VIEW SCANS (AFM)
( LWR) AFM

3D
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AFM
IECTC 113 meeting( 101.05.21~101.05.26
(JEITA, Japan Electronic &
Information Technology Industries Association) JEITA
JEITA

IEC 1SO

TC 113 WG3 Werner Bergholz

ANF( ) PT 111 ” GUIDELINES

FOR QUALITY AND RISK ASSESSMENT OF SURFACE ENGINEERED
NANOMATERIALS FOR ELECTROTECHNICAL APPLICATIONS>”

risk aspects(EHS)
(NWIP, new work item proposal)

ISO TC229 14th Meeting "Nanotechnologies" & Working groups
101.06.09~101.06.17

ISO/TC229 June 09 17 Stresa
180 28 JRC(
European Commission Joint Research Centre ,JRC
Ispra IPSC IES IHCP TC 229
GlaxoSmithKline, GSK Simon Holland TC
229 ISO TC 229 34 11
29 (IEC TC113, CEN TC352, REMCO ISO
TCs) 9 (BIPM, ANF, OECD, VAMAS, ECOS, ETUI, EC-JRC, IRMM,
IUPAC) 4 23 3 IS 14 TS 6 TR)
25 " ”
B to C (business to customer) 45

37th VAMAS Steering Committee (SC37) meetings
101.05.04~101.05.12
(Pretoria) (Gauteng)

26



8.

37th VAMAS Steering Committee

(Rare Materials Cycling)

VAMAS

CSIRO

37th VAMAS Steering Committee

VAMAS By-Laws

Plan Liaison reports Coordinator Report

VAMAS Strategic

By-Laws SC
Coordinator Report TWA
TWA34 CNTs TiO2
fullerene nanofibers 4
TWA2 TWA22
2012 IEC TC 113 meeting 101.10.14~101.10.21
IEC TC 113°¢ 7z
2012 10 15 19 Milpitas 7 TC
(ANSI, American National Standards Institute) ANSI
(ISO) (IEC)
23
TC 113 TC chair Greg Monty WG3 Werner
Bergholz ANF( ) IEC/TS
62844 *7 GUIDELINES FOR QUALITY AND RISK ASSESSMENT OF SURFACE
ENGINEERED NANOMATERIALS FOR ELECTROTECHNICAL
APPLICATIONS?~ comments
(
risk aspects(EHS) ) actions : a. 12/31
b. working
Draft(WD) (03/31/2013) graphene
graphene
ISO TC 229 graphene
(TR) TC TC roadmap

27



reliability reliability

l. NMIJ
101.06.253~101.08.18

( CPC OPC)
NMIJ ( )
NMIJ Dr. Sakurai

Dr. Sakurai

Dr. Sakurai

1. FY100~FY101 PMP

2. APMP VAMAS
1.
(1) CMM (101 1 -101 12
)
CMM ” geometric measurement of
rockwell diamond indenter using traced mlcro-cmm in cms” TOPIC863 XX

IMEKO World Congress Metrology for Green Growth September 9-14, 2012, Busan,
Republic of Korea.
(2) (101 1
-101 12 )
AK-100 ”
“ 10107C02483
3) /
(101 1 -101 12 )
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)

(101 1 -101 07 )

(6)

(101 1 -101 7 )

(Ti) (Cr) 200 nm

(7

(101 1 -101 6 )

AFM

29

X-ray Reflectivity

(desorption)
(
(Gauss
(Pore size
(Pattern)
AFM



(®)
(101 6 -101 12 )

9)
(101 8 -101 12 )

ISO 14577
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(
(
(

(

)
)
)

)

(10°  10%

(1 to 100) uN

Scholars, WWIC)

Ag 20nm-30 nm Cv 10
Jem® £ (5 ~10 %)
AFM
Ag 20nm-30 nm Ccv 10

(Woodrow Wilson International Center for

(Project on Emerging Nanotechnologies, PEN)

24 500 2005 54
2006 3526 2007 580 2008 803 2009 8
1015 4 18 259
82 30 35 50 27
2003
(nanoMark) 2004 2010 1
24 467 23
2009
CNT Ag
TiO, SiO, ZrO; TiO, SiO, Ag
ISO(International Organization for Standardization) (TC 229) OECD
(Organization for Economic Co-operation and Development) (

National Institute for Occupational Safety and Health, NIOSH)

Advanced Materials and Standards)

VAMAS(Versailles Project on
IRMM (Institute for

31



Reference Materials and Measurements) NIST(National Institute of

Standard and Technology)

1-1
SEM
ISO Guid 34 [1-1]
1-1.
Material Size Cv pH Zeta Ag
(nm) (Y0) (us/ecm) | (mV) (ng/ce)
CMS_S20C 21.8 2.1 % 7.7 486 -49 9.6
CMS_S60C 63.7 1.4 % 7.3 595 -58.6 6.8
CMS_S70C 70.7 14 & 7.2 574 -47.5 13.1
FY101 ISO Guide 34
assure
a) candidate reference material

b)

32



d)
e)
f)
& ISO Guide 31
certificates and statements
h)
i)
j)  ISO Guides 30 31 34 35
1-1
1-1
20nm 60nm 70 nm
-2 10 mL
1-2
1-2.
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CMS- S20C Nano silver particles DI-water | 10 mL CMS/ITRI
CMS- S60C Nano silver particles DI-water | 10 mL CMS/ITRI
CMS- S70C Nano silver particles DI-water | 10 mL CMS/ITRI

-

11

-

11

1-3

1-3

1-2

1-3.
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20 nm Citrate

NanoXact™ il IMW1032 1 L | Nanocomposix CMS-S20C
anoXac ilver

50 nm Citrate

NanoXact™ Sil IMW0039 1 L | Nanocomposix CMS-S60C
anoXac ilver

70 nm Citrate

NanoXact™ Sil DAG1293 1 L | Nanocomposix CMS-S70C
anoXac ilver

)
20 43 10000 particles/m’
1-4
1-4.
20 nm~ 1000 Nanoph
Sympatec 10
nm 0X
>2
TSI 3776 | 70615322
nm
MilliQ

4+2 o o o

35



1-6

10 mL

1-8

1-7
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AMBER VIALS,8ML,17X60
PK, 1l|]

00/CS ]
I :
in: United States

200/PK,
il

Country of Orlgin: United
| Lot Number: :

1-7. 1-8.

67 120
1-9

TR AT Z0 ke

Industrial Technology
Research Institute

NO. : CMS-S20C
Diameter:
Content:
Volume:

Lot number:
Expiration Date:

1-9.

1-10

37



1-5

(Reference Material)

328.1 nm
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1-5

nm —llg L pg/L

309.3 3 20-200
217.6 3 20-300
193.7 1 5-100
553.6 2 10 - 200
234.9 0.2 1-30

228.8 0.1 0.5-10
357.9 2 5-100
240.7 1 5-100
324.7 1 5-100
248.3 1 5-100
283.3 1 5-100
279.5 0.2 1-30

313.3 1 3-60

232.0 1 5-100
196.0 2 5-100
328.1 0.2 1-25

224.6 5 20-300

328.1 nm

16 8B R EORAA
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R ) 0.995 1-7
1-6
Furnace Program
Internal
Temp () Ramp time(s) Hold time(s) )
flow(c.c./min)
110 1 30 250
130 15 30 250
800 10 20 250
1700 0 5 0
2450 250
1-7
(ppb)
0 0.0013
2 0.0090
5 0.0214
10 0.0483
20 0.1008
40 0.2196
A 0.005
B -0.003
R 0.997
0.25 r
R%=0.997
0.2 /,6/’
0.15 /
0.1 / Z
O |
10 20 30 40 50
-0.05 -
1-11

85 % 115 %

40



pH meter

1

ohm Q!

Ampere

micro-ohm  pQ’!

Zeta-Potential

10, 84, 500

(IEP)

1413 puS/cm

0.4%

1-8

1-9

[H;0']

pH
30-50 mV
20

1-10 7

41

100 pL

Volt



1-12~  1-15 CMS-S-20C  CMS-S-60C

CMS-S-70C
100 1-11 1-12
Zeta
1-16
1-8 CMS-S-20C
Bottle No. (nm) (nm)
#1 223 1.1
#2 22.1 1.4
#3 21.5 0.6
#4 21.6 1.2
#5 21.6 0.7
#6 223 1.3
#7 21.1 1.1
1-9 CMS-S-60C
Bottle No. (nm) (nm)

#1 62.1 1.6
#2 62.5 1.9
#3 60.8 1.1
#4 60.8 1.2
#5 61.3 1.7
#6 60.1 0.8
#7 60.7 1.7

1-10 CMS-S-70C

Bottle No. (nm) (nm)
#1 69.5 1.3
#2 71.4 1.9
#3 71.1 1.4
#4 70.0 1.0
#5 69.7 1.8
#6 72.1 1.8
#7 71.1 2.0
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1-12 CMS-S-20C  SEM
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Mag = 5000 K &
ITRICHS SUPRA 60VP

200 nm

ScanSpeed=6 HNoise Reduction

Mag= 5000KX 200 nm

ITRICHS SUPRA 60VP

InLens EHT =10.00 KV ¥¥

ScanSpeed=6 HNoise Reduction

30mm  Date 13 Apr2012 Time 5 [

ixel Avg. System Yacuum = 6.566-007 mbar

3

30mm  Date 13 Apr2012 Time s [

el Avg. System Yasuum = 6.65¢-007 mbar

1-13

CMS-S-60C

200 nm

Tag = 5000 K ¥ 30mm  Date 113 Apr 2012 Time L—

ITRUCHS SUPRA 60VP ixel Avg. System Yacuum = 6.566-007 mbar

200 nm Apr2012 Time 162631 Lproy

.660-007 Mbar e

Mag = 5000 K X
ITRICHS SUPRA 60VP

InLens

ScanSpeed=6 Moise Reduction = Pixel Avg. System Yasuum

SEM

*

EHT=10.00 kv WD= 27 mm  Date :13 Apr 2012 Time :15:41:43 zpre

Mag= 2000KX 200 nm =InLens

ITRICHS SUPRA 60/P ScanSpeed=9 HNoise Reduction

el Avg. System Yasuum = 7.17¢-007 mbar

Mag= 2000KX 200 nm =InLens EHT =10.00 KV ¥¥

ScanSpeed=9 HNoise Reduction

27mm  Date :13 Apr2012 Time :15:44:06 ,prc.

ITRUCHS SUPRA 60VP el Avg. System Yasuum = 7.05¢-007 mbar
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SEM

7016007 mbar ITRICHS SUPRA 60VP

1-14

=7.7%

60.9 nm, Std =4.7 nm, CV

Mean=

=12 %

Mean=22.6 nm,Std =2.9 nm,CV:

59%

4.3 nm, CV=

Mean=

71.4 nm, Std

CMS-S-20C CMS-S-60C  CMS-S-70C

1-15
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(

Diameter (nm)

Diameter (nm)

N
a
1

65
24 - ]
CMS-S-20C 64
234 63 o
..................................... -
E
22 \:62-
........ R I SR =
©
1= 61
21 <
....................................... a
60 -
20
59
¥ P I T I 5 I
- o o o o N o
) © I = 2 S =
N N ~ S N N o
S g q g S S S
o o o o o o b=l
N N N N N N 8
74 CMS-S-70C
734
724
714
704
699 L deccccccccccccccccccdecccceceee.—.—-
68 -
[ee} n N (=] < n o
fal oS 9§ o o o =
2 o 8 g s S =
S S S I N I fal
8 8 g g g g S
o o o o o o —
N N ~N ~N N ~N 8

1-16

I-11

CMS-S-60C

2012/5/18+

2012/6/25+
2012/5/22+
2012/7/20+

2012/8/24-
2012/9/25+
2012/11/024

CMS-S-20C

CMS-S-60C

CMS-S-70C

1/100

1/100

1/100

(ng/ml)
(%)

9.60
112.40

6.82
90.80

13.06
115

1-12

Zeta

pH

(us/cm)

Zeta( mV)

CMS-S-20C

7.7

486

49

CMS-S-60C
CMS-S-70C

7.3
7.2

595
574

-58.6
-47.5

)

2012

11 19

(10°

10%)

46

/cc. £ (5

~10 %)




(Detection efficiency of Standard particle

counter)
50 nm~200 nm 10° cm™~10* em™
o) RETE B
(%)
50 nm 3200 2.3

100 nm 1000 2.2

100 nm 3200 2.4

100 nm 10000 2.3

200 nm 3200 2.4

95 %

2.0
100 nm (Optical Particle

Counter, OPC)
(Condensation Particle Counter, CPC)

100 nm

2.5 nm 1-13  NIST
(diffusion ion
charging) (electrical mobility)
Ultrafine Condensation Particle Counter UCPC
(3~100 nm) Chen et al.,1998
(Condensation Particle Counter, CPC)

(Optical Particle Counter, OPC) CpC
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CPC

CPC

CPC

CPC i ¥ m 2 £ % 47 § "} # 7 3+ (Faraday-cup aerosol Electrometer, FCAE)

1-17
HI LO
1-13
NML
NIST
DMA
50 nm~200
| om (10°  10Y /e
12000 /c.c. + 4.8 %, + (2.3 %~2.4 %)
3000 /c.c. = 6.5 %,
500 /c.c. £ 27 %,
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1-17 i P 547 § Ba R 2

CPC
FCAE CPC
CPC FCAE
ISO/WD 27891 CPC FCAE (reference
FCAE) CPC (reference CPC)
FCAE
(1) ISO/EC 17025
2) (National Measurement Institute)
CPC FCAE (Multiply-charged particles)
CPC CPC

Fed-Std-209E  ISO-14644 1-14 I-15
Fed-Std-209E  ISO-14644 ISO
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0.l yum 5 pm
ISO ISO Class 1 ISO Class 9
1-17
1-14 Fed-Std-209E
Class Limits
01 m 0dhm 03U m 05 m SHm
Class name
Wolume units Wolume units Wolume units Wolume units Volume units
%1 |English| (m® () () (# () (f () () () ()
M1 3500 091|757 214 300 0.875 100 0.283
1.5 1 1,240 35.0 265 7.50 106 3.00 353 1.00
M2 35000 001|757 214|309 875 100 7183
2.5 1of 12,400 3500 2,650 75.0 1,060 30.0 353 10.0
3 35,000 091  7.570  214| 3,000 &75 1,000 28.3
3.5 100 26,500 750| 10,600 300 3,530 100
14 757000 2,140| 30,0000 8§75 10,000 183
4.5 1ona 35,300 1,000 247 7.00
IS 100,000 2,830 613 17.5
MS5.5 | 10000 353,0000 10,000 24707  7O0.0
L] 1,000,000 28,300 6,180 175
M6.5 | 100000 3,530,0000 100,000 24,7000 700
L7 10,000,000 283,000 61,800 1,750
1-15 ISO-14644
Mamimum concentration limits (particlesim?® of ait) particles equal
to and larger than the considered sizes shown below
Classification
- 0.1 pm 0.2pm 0.3 pm 0.5 pm lpm 50pm
[30 Classl 10 2
[30 Class2 100 24 10 4
[30 Class3 1,000 237 102 35 8
[30 Class4 10,000 2,370 1,020 354 a3
[30 Clazs5 100,000 23,700 10,200 3,520 532 29
[30 Clasz6 1,000,000 237,000 102,000 35,200 8,320 293
[30 Class? 352,000 83,200 2,930
[30 Classa 3,520,000 832,000 29,300
[30 Class9 35,200,000) 8,320,000 293,000
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10’
B
10
o * o, 5
E e 50 Cli; :
E 10° ¢80cy, . g
5 5 ixa sﬂ - 3{}@% *
o 10 A s .
E | . 5 5 ) .
O 4 g, =
o 10 c.}{:i.}ss : o 9 o
E 10" 900k o o
= ; i = *
2 10° -#50c, : © . ,
(= . 2] < .
ﬁ 10 FBOC"F!SR T o L
=1 0 L] L
10" 1 T . 1
01 02 03 05 1.0 50
Particle siae, D { ¢z m)
1-17
(3
BimEa B2 AL B A BARFIHHE

HEPA Filter

250

EHRTHER

HEPA Filter

1-18
1-18
E R
DEMC  #H#lE T R&RE
(CPC) £ ip| st pF e =+ B8
CPC Aerosol electrometer
aerosol electrometer , FCAE) 1-19
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BaAA
B THEE

(Aerosol generater)

(Neutralizer)
=
(Flow splitter)
(Faraday-cup



SI
1-20

A A
L] L] L]
L ] L ] L ]
W;ﬁ;#%@@ﬁ%ﬁ]wﬁ&ﬁﬂw @%%‘%i]
1 Y 1
wmear |[ 2ex W[ =ex [} =2
REARES% FEEAH ||| BEARAS || HERZL

A F AR AR B T

wOE B A B K Lo
#% R Cyrear

Z sk te F Al 4 4 (D26)
"""" A2 Rk T3t B B AR EARE

Cy=Cyyee (@ P, T, D0

Cx DA B TR R
2 FRE  om?

Cyrear + B8 B AR BB T
2 FRE > cm?

7 CRER TR HE
Z AR AR F

0 ik EARRB T e
Z ¥ » L/min

P ERERAB R
ZBEHh »Pa

T ik EARAB TR
ZBE K

I LR RERABER
ZER A

2 A ot B R
HERECY

1-20 FCAE

CPC

ISO 15900 CPC
1.5 90 % 1-21
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14 | An(d,) efficiency curve

o

Q

=

] Ay

g M) ;

)

(@)

0 — A
dl dZ
Particle Diameter
1-21 CPC
DEMC
Ve q-Ce.
=—==——- (1-5
" E 3zn-d » (1-3)
Ve E dp p
DEMC dp
Cy(2)=).Cy,(d,(Z)) (1-6)
p=l
CPC :
CN,CPC (2)= z CN,p (dp (2))- Nere (dp (2)) = CN (Z)z ¢p (2)- Tl crc (dp (2)) (1-7)
p=1 p2l
¢,(Z) DEMC Nepe  CPC
FCAE

Cyrcae(£)= z CN,p (dp (£)) P Mecas (dp (£2))=C, (Z)z ¢p (Z)* P Mecar (dp (2)) (1-8)

p=1 p=1

di(2) 1-7 1-8

Cr.cec (£2)=Cy(2)-$(Z) - Ncpc (d,(Z)) (for the test CPC)  (1-9)
Crrcae(L)=C\(2) -9 (Z)  Ngcae(d,(Z)) (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)
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FACE CPC

Nepe (d, (Z))—L() Nrear (d,(2)) (1-12)

N ,FCAE (Z)
FACE CPC Tepe
Cyerc(Z)
Nere = Teear B[, (2)- p1(1-13)
CN,FCAE (Z ) p>1
FCAE
FCAE
Carcar CnFeae Ircae (1-14)
C,
Cy.reae = O = Treae (1-14)
e Opcak "€
e Qrcak FCAE
(1-14) (1-13) (Multiple Charge Correction)
MCC=Z¢,(Z)-p CPC
Cyerc(Z)
Nere == =€ Oreng “NMecar B MCC (1-15)
IFCAE (Z)
Cy.cre(2) CPC cm”
Ircae(Z)  FCAE amp
e C
Orcae FCAE cm’/s
Mecae FCAE
B
MccC

(ISO) ISO/IEC Guide 98-3:2008 [1-2]
(Combined Standard Uncertainty)

u’(y) = Z( ')u(x)+2zzaf fu(x,,x) (1-16)

11/1+1
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Cycrc(£)
== ‘.- . -B-MCC
Mcre Lene () Orcae Mreae " B (1-17)

= f(CN,CPC s Lecag » € Orear s Mrcas» B>MCC)

11 CPC FCAE
FCAE
FCAE FCAE FCAE
CPC Tlrep
Cyerc(2)
Ncre :INLC(Z).e'QFCAE Necae - B-MCC = Nrep "€ Opeag " Mec b, - B-MCC
FCAE
= (N> € Orcar> Mrc» by B, MCC) (1-18)
Nvep = C crc (Z)/[FCAE (Z2)  Necas=necby e FCAE FC
btr
uc(Nerc)
;
0
w2 (nee) = 3Ly (x,)
i=1 ax,‘
Of 2 > IN of 2 of 2
= (—— + (=% + +
(anrep) u (nrep) (86) u”(e) (aQFCAE) u” (Orcar) (anFc) u” (M)
Ly m,)+ gy + 2Ly ucc)
ob op oMcCC
tr (1-19)
CPC Nepe
%
[”c (Mcpe )]2 _ [u(nrep )]2 + [”(e)]z n [”(QFCAE )]2 n [“(77Fc )]2
Ncpe Nrep e Orcar Nrc (1-20)
u(b, u u(MccC
b, p MCC
1. U(Nrep)/ Mrep
CPC FCAE (Luminar

55



Flowmeter, LFM) 30
CPC FCAE
1-16  1-20
1-16 w503200( Trep)! Nrep
3200 cm™
1 2 3 4 5 6 7 8 9 10
0.985 | 0.984 | 0.983 | 0.979 | 0.98 | 0.975 | 0.988 | 0.981 | 0.985 | 0.980
0.98239
0.00374
10,3200 Mrep)! Trep 1.20x107
9
1-17 w100,125( Mrep)/ Trep
1000 cm™
1 2 3 4 5 6 7 8 9 10
0.986 | 0.986 | 0.925 | 0.914 | 0.984 | 0.997 | 0.992 | 0.964 | 0.937 | 1.007
0.96933
0.03270
100,153 Mrep)! Mrep 1.07x1072
9
1-18 110032000 rep)! Nrep
3200 cm™
1 2 3 4 5 6 7 8 9 10
0.994 | 0.989 | 0.989 | 0.986 | 0.956 | 0.988 | 0.994 | 0.978 | 0.987 | 0.985
0.98474
0.01101
U100,.3200( Mrep)! Trep 3.53x107
9

56




1 - 1 9 U, 00, 1E4( nrep)/ nrep
10000 cm™
1 2 3 4 5 6 7 8 10
0.979 | 0.988 | 0.981 | 0.980 | 0.981 | 0.977 | 0.984 | 0.987 | 0.979 | 0.966
0.98019
0.00613
u100,1E4( nrep)/ nrep 198)( 10-3
9
1-20 14299,3200( 77rep)/ Hrep
3200 cm™
1 2 3 4 5 6 7 8 9 10
0.983 | 0.968 | 0.978 | 0.984 | 0.994 | 0.994 | 0.988 | 0.956 | 0.987 | 0.987
0.98179
0.01195
U2003200 Mrep)! Mrep 3.85x107
9
2. e u(e)/e
2010 CODATA e
1.602176565x10™" C [1-3] u(e)le  2.20x10°
0% o0
3. FCAE OFrcAE U(QFCAE)/ Orcag
FCAE
LFM
FCAE
FCAE LFM T, P, CPC
T, P, FCAE LFM FCAE
FCAE QFCAE
A 3.2.1

FCAE

57




Orcne = O -%-%PﬂQLFM,R,TpPZ,Tz) (1-21)
Orcae  FCAE L/min
Orrm L/min
P, CPC kPa
T, CPC °C
P, kPa
T, °C
FCAE
u(QOrcar)/ OrcaE
F120225A [1-4] 15 Limin 95 %
0.19 % 1.98

U(Oyy)/ Oy =(0.19%)/1.98=9.60x10*  (1-23)

t 120
P120173A [1-5] 94.977 kPa-101.099
kPa 95 % 0.006 kPa 157
1.98
u(P)/ P, =0.006kPa/98.4kPa/1.98=3.08x107°  (1-24)
P120174A [1-6] 94.977 kPa-101.099
kPa 95 % 0.006 kPa 157
1.98
u(P,)/ P, =0.006kPa/97.6kPa/1.98=3.10x10"°  (1-25)
T120181A [1-7] 19.978 °C-21.974 °C
95 % 0.026 °C 2

u(T) /T, +273.15) = 0.026 °C/(21.58°C + 273.15) /2 = 4.41x107°  (1-26)
t 60

58



20 °C

TZ QLFM
0
FCAE OFCAE u(Qrcar)/OrcaE
U( Orenr)/Orear =[(9.60x107*)* +(3.08x107°)* +(3.10x107°)* + (4.41><10*5)2]% (127)
=9.62x10™*
121
4. FCAE u(Mec)/ Mec
FCAE
FCAE
[1-8] U
u= E (1-28)
0
D L 0
P
1£<0.009 P
P=1-55u" +3.77u (1-29)
1-21
1-21 50nm 100 nm 200 nm
(nm) 50 100 200
0.99805 | 0.99915 | 0.99960
CPC
FCAE CPC 600
FCAE FCAE

CPC FCAE

CPC 600 FCAE

1-22
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1-22 I/l( UFC)/ 77FC

60

(nm) 50 100 200
(em™) 0.07 0.46 0.45
(cm™) | 3167 19806 19773
0.99998 0.99998 0.99998
0.99803 0.99913 0.99949
u(@pe) = A=1:)/N3 | 1.14x107 | 5.05x10% | 2.94x10™
u( )/ e 1.14x107 | 5.05x10™ | 2.94x10™
FCAE
n-1=599 n 600
5. u(btr)/btr
10107C01646-1-1-01 [1-9] 95 %
22 mA/A
u(b,)/b, =(22mA/A)/2=1.10x107  (1-30)
t 60
6. u(B)/ B
1 4 DEMC
FCAE CPC
CPC
FCAE
CPC
1-22 FCAE
CPC r
C
7’1 — _N,CPC,I (1_31)
CN,FCAE,I
EN, CPC,1 CPC EN, FCAE, 1
1-23 FCAE

FCAE



CPC )

N,FCAE, 2
EN, CPC,2 CPC Cy ,FCAE,2 FCAE
B
B = \/Z (1-33)
h
r 2
ulp)/p
u 1 u(r 1 u(r
[ (ﬂ)]zz[_ (1)]2+[_ (2)]2
B 2 n 2 on (1-34)
30 r
CPC FCAE
30 72 B
1-23  1-26
Flow spllitter
‘ Tube A
Calibrati?n — Mixer Calibration
aeroso I aerosol
Tube B
1-22 1-23
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1-23 u50w)/ﬂ

1 2 3 4 5 6 7 8 9 10
Cy.cecr (em™) | 3292 | 3323 | 33342 | 33186 | 3351 | 3341 | 3309 | 3335 | 3350 | 3315
Cyreaer (6m®) | 3274 | 3314 | 3369 | 3236 | 3323 | 3365 | 3319 | 3335 | 3356 | 3298
r 1.006 | 1.003 | 0.990 | 1.025 | 1.008 | 0.993 | 0.997 | 1.000 | 0.998 | 1.005
ri 1.00251
ri 0.00989
u(r) 0.00313
Cy.crer(em™) | 3307 | 3299 | 3296 | 3322 | 3312 | 3322 | 3326 | 3352 | 3322 | 3333
Cyreaea(m™) | 3317 | 3331 | 3293 | 3308 | 3332 | 3339 | 3303 | 3358 | 3326 | 3326
r 0.997 | 0.990 | 1.001 | 1.004 | 0.994 | 0.995 | 1.007 | 0.998 | 0.999 | 1.002
r 0.99874
") 0.00499
u(r) 0.00158
B 0.99812
uso(B) B 1.75x107
9
1-24 u,00(B)/ 8
1 2 3 4 5 6 7 8 9 10
Cy.crei (em®) | 9774 | 9791 | 9805 | 9828 | 9835 | 9872 | 9833 | 9846 | 9841 | 9837
Cy.reaer (€M) | 9793 | 9827 | 9776 | 9778 | 9820 | 9883 | 9910 | 9850 | 9854 | 9855
r 0.998 | 0.996 | 1.003 | 1.005 | 1.002 | 0.999 | 0.992 | 1.000 | 0.999 | 0.998
ri 0.99917
ri 0.00354
u(r) 0.00112
Cy.cre2(cm™) | 9866 | 9892 | 9832 | 9871 | 9879 | 9837 | 9855 | 9864 | 9895 | 9810
Cy.reae>(M™) | 9862 | 9894 | 9871 | 9859 | 9863 | 9853 | 9844 | 9821 | 9925 | 9801
r 1.000 | 1.000 | 0.996 | 1.001 | 1.002 | 0.998 | 1.001 | 1.004 | 0.997 | 1.001
") 1.00010
") 0.00243
u(r) 0.00077
B 1.00047
u100(B) B 6.79x10™

9
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1-25  w00(B)/8
1 2 3 4 5 6 7 8 9 10
Cy.cecr (em®) | 3192 | 3208 | 3191 | 3201 | 3202 | 3192 | 3205 | 3196 | 3206 | 3193
Cy.reaer (6m®) | 3186 | 3201 | 3192 | 3192 | 3180 | 3207 | 3187 | 3155 | 3184 | 3146
r 1.002 | 1.002 | 1.000 | 1.003 | 1.007 | 0.995 | 1.005 | 1.013 | 1.007 | 1.015
ri 1.00487
ri 0.00599
u(r) 0.00189
Cy.crer(cm™) | 3001 | 3222 | 3205 | 3216 | 3219 | 3205 | 3213 | 3239 | 3213 | 3225
Cy.reaea(6m™) | 3222 | 3204 | 3186 | 3209 | 3242 | 3179 | 3182 | 3232 | 3214 | 3250
) 0.993 | 1.006 | 1.006 | 1.002 | 0.993 | 1.008 | 1.010 | 1.002 | 1.000 | 0.992
r 1.00122
") 0.00650
u(r) 0.00205
B 0.99819
u200(B)/ 1.39x107
9
7. u(MCC)/MCC
1 p dp
d DEMC p
FCAE
FCAE p
p CPC
CPC
u(MCC)/MCC
DEMC Ubeme DEMC 3
DEMC 2Upemc  3Ubemc DEMC
DEMC FCAE

3
Cy (Upenme) = Mecae ZCN,,; (dp (2))- p(1-35)
p=1

Cy QU ppme) = Meeas

CyBUpemc) = Mecae “Cy

Cy 1 (d((ZQ2U ppyc))) (1-36)

1(d,(ZBUpgyc))) (1-37)
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CN, p(dp(Z(U))) DEMC Z(U) p

Cv(Upemc) DEMC FCAE
CvM2Upemc) DEMC FCAE
Cv(3Upemc) DEMC FCAE
fold}
1.E+00 ]
.-'1'.::::" ”‘”m":—-*“"k\ - - -5
1.6-01 "% S oA s
e J RS S o 5 5 a5 |
P T I
1,602 el A AT -
oo AT T =2
- 5 .! s . "’ » o+ 2
1603 AL o, -
t'::"" "'l' */;ii —*5
A Al s
1.E-04 = -
1 10 100 1000 d
1-24
DEMC Upemc 2Upemc  3Ubemc FCAE
(Boltzmann Equilibrium Charge
Distribution)
1-24 FCAE  2Upgmc 2
FCAE UDEMC 2
FCAE UDEMC 3 36
37 38
S2(d (ZQ2U peyc )
C,,d,(ZU =C, ,(d,(Z2U
N,2( 2( ( DEMC))) N,l( 1( ( DEMC)))f«l(dl(Z(zUDEMC)))
— C‘N (2UDEMC) A f2 (dl (Z(2UDEMC )))
N rcar fl (dl (Z (2UDEMC ))) ( 1-3 8)

€y ZU e ) = (23U ey ) 2O o))

J1(d (Z(BU pgyc)))
_ CvBUppnc) | f5(d(ZBUppuc)))
M rcar S1(d(ZBU pye))) (1-39)
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Coor (A (Z(U ) = 20 3.0, (Z(U e ) =3+ Co (s (ZUpn)

1 reae

Si(di(Z(2Upemc))) DEMC
S(di\(Z(2Upgmc)))
S1(di(Z(3Upgmc)))

Cyv(2) p
35 36 37

Cy(2)= Cy,(d (2)
pel (1-41)

¢,(2)=Cy,(d,(2)/Cy(2)

MCC=3[¢,(Z)- p]
pel (1-43)

u(MCC)  MCC-1
MCC  MCC-+J3

(1-44)

600 DEMC
FCAE
FCAE 32
1-26

DEMC
DEMC

S(di(Z(3Upemc)))

(1-42)

(1-40)

DEMC

#(2)

u(MCC)/MCC

DEMC
FCAE 600
FCAE

DEMC

600
38
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126  w(MCC)MCC

(nm) 50 100 200
V) 693.2 2453.1 3073.6
(nm) 50 100 200
Cy Uppric)/Mcar (em™) 3318.9 9981.6 3182.6
V) 1386.4 4906.2 6147.2
(nm) 72.7 150.5 324.4
Cy QU porie) /M (em™) 16.352 4.6058 4.9709
V) 2079.6 7359.3 9220.8
(nm) 91.1 194.6 440.8
Cy QU i)/ Mreas (em™) 4.6665 1.3229 27675
C,.1(d (2))(em™) 3316.1 9978.9 3175.2
Cy,(dy(2)) (em™) 1.4121 1.1852 2.5741
-3
Cy;(d4(2)) (ecm™) 0.02552 0.09527 0.76703
Cy (Z) (cm™) 3317.5 9980.2 3178.5
#(Z) 0.99957 0.99987 0.99895
$,(Z) 4.26x10™ 1.19x10™ 8.10x10™
#5(Z) 7.69%x10° 9.55x10° 2.41x10™
MCC 1.0004 1.0001 1.0013
u(MCC)/MCC 2.55x10™ 7.96x107 7.45x10™*
599
HNcrc

[uc(nCPC)]Z :[u(nrep)]2+[u(e)]2 +[u(QFCAE)]2 +[u(77Fc)]2

Nepc

50 nm

Nrep e Orcar Mrc
b
+[”§) tr)]2+[”%3)]2+[“;j/\[4§§)]2

3200 cm™ 100 nm

1.13 %

1000 cm™ 3200 cm™ 10000 cm™ 200 nm

1.11 %
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(1-45)

1.16 % 1.13 %

3200 cm™
1-27 1-31
1.17 %



1-27 50 nm 3200 cm™
o TY
’ PE u(x)| | v(x)
xi

u(Trep)/ Mrep 1.20x107 | A 1.20x10° | 9
u(e)/e 2.20x10% | B 220x10% | o
FCAE u(Qrcar)/ Qrcak 9.62x10™ | 121
9.60x10™ | B 120
chl 3.08x10” | B 157
ch2 3.10x10° | B 157
chl 4.41x10° | B 60
FCAE u(nec) Mec 1.98x107 | A V3 [ 1.14x107 | 599
u(by)/by 1.10x107 | B 1.10x107 | 60
w(B)/p 1.75x107 | A 1.75x10% | 9
u(MCC)MCC | 4.41x10™* | A V3 2.55%10% | 599

CPC Nere 98.24 %

Ure 1.13 %

Vel 67

k 2.0

U, 2.3%
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1-28 100 nm 1000 cm™
o TY
’ PE u(x)| | vix)
xi

U(Mrep)/ Trep 1.07x107 | A 1.07x10% | 9
u(e)/e 2.20x10% | B 220x10% | o
FCAE u(Qrcar)/ Qrcak 9.62x10™ | 121
9.60x10™ | B 120
chl 3.08x10” | B 157
ch2 3.10x10° | B 157
chl 4.41x10° | B 60
FCAE u(nc) e 8.75x10™ | A V3| 5.05%10* | 599
u(by)/by 1.10x107 | B 1.10x107 | 60
w(B)/p 6.79x107 | A 6.79x10* | 9
u(MCC)MCC | 1.38x10™* | A V3 17.96x10° | 599

CPC Nere 96.93 %

Ure 1.11 %

Vel 63

k 2.0

U, 22 %
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1-29 100 nm 3200 cm™
o TY
’ PE u(x)| | vx)
xi

u(Trep)/ Mrep 3.53x107 | A 3.53x10° | 9
u(e)/e 2.20x10% | B 220x10% | o
FCAE u(Qrcar)/ Qrcak 9.62x10™ | 121
9.60x10™ | B 120
chl 3.08x10” | B 157
ch2 3.10x10° | B 157
chl 4.41x10° | B 60
FCAE u(nec)/ Mrc 8.75x10% | A V3| 5.05%10* | 599
u(by)/by 1.10x107 | B 1.10x107 | 60
w(B)/p 6.79x107 | A 6.79x10* | 9
u(MCC)MCC | 1.38x10™* | A V3 17.96x10° | 599

CPC Nere 98.47 %

Ure 1.16 %

Vel 70

k 2.0

U, 2.4 %

69




1-30 100 nm 10000 cm™
o TY
’ PE u(x)| | v(x)
xi

U(Mrep)/ Trep 1.98x107 | A 1.98x10° | 9
u(e)/e 2.20x10% | B 220x10% | o
FCAE u(Qrcar)/ Qrcak 9.62x10™ | 121
9.60x10™ | B 120
chl 3.08x10” | B 157
ch2 3.10x10° | B 157
chl 4.41x10° | B 60
FCAE u(nec)/ Mrc 8.75x10% | A V3| 5.05%10* | 599
u(by)/by 1.10x107 | B 1.10x107 | 60
w(B)/p 6.79x107 | A 6.79x10* | 9
u(MCC)MCC | 1.38x10™* | A V3 17.96x10° | 599

CPC Nere 98.02 %

Ure 1.13 %

Vel 65

k 2.0

U, 2.3%
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(

1-31 200 nm 3200 cm™
o TY
’ PE u(x)| | v(x)
xi
u(Trep)/ Mrep 3.85x107 | A 3.85x10° | 9
u(e)/e 2.20x10% | B 220x10% | o
FCAE u(Qrcar)/ Qrcak 9.62x10™ | 121
9.60x10™ | B 120
chl 3.08x10” | B 157
ch2 3.10x10° | B 157
chl 4.41x10° | B 60
FCAE u(nec) mrc 5.10x10™ | A V3| 2.94x10% | 599
u(by)/by 1.10x107 | B 1.10x107 | 60
w(B)/p 1.39x107 | A 1.39x10° | 9
u(MCC)/MCC | 1.29x107 | A V3| 7.45%10% | 599
CPC Nere 98.16 %
Ure 1.17 %
Vet 71
k 2.0
U, 2.4 %
) (1 to 100) uN AFM
FY101
(1) 5nN
1-25 (a)
1-26
1-25
( )
(b) 1-27

71




AFM Cantilever load-Button
18.3 N/m 13.08 N/m

(©)

(d) [1-10,
1-11] (Grounding guard)

t Calibration of cantilever stiffness

New electrode configuration
for H-ax s position sensng

1-25

1-26
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1-27 :(a)
(b) AFM Cantilever load-button
(Ruby Sphere)

1-29 Jm

Je

73



Loop filter Electrostatic force
driver (N/V)

Capacitive position

e # 7 El

Flexure stage

sensor (V/m) X (m/N)
1-29
_ 2 2 @ 2 2
A e =So AV, Av, + 8,4, (5 + bjAvc +SoViu (1-46)
S() A() Vb
a b Vstd

(temporal variation)
Af;dc

u,(Af.,) = J(3.2-10*°)2 +(6.8-107"°AV?)’ +(1.4-107* AL, )’
= J(3.2-107°)° +(0.73A12)* +(1.4-107* Af.,, )*

1-32

74

(1-47)

) Av,



1-32

75

Uncertainty u(y) Sensitivity o
Component Combined Coefficient Contribution to u(f,)
) Source Distribution Standard Standard . % cfu( y)2 (N)
Uncertainty Uncertainty ! 8}’
u(y)
4-107™" A e
So Repeatability Normal 4.10"? F/m e 1.4-107 A e
F/m S 0
5 6.1-107" (Av,
28,4,v,,Av, )
B Repeatability | Normal 0.0001 0.0001 s +10Av;)
+ S,4,Av; o 2
=6.1-107"Av;
) 3.-107" (Av,
So Ay V.o Av, R
A Repeatability Rect. 0.0001 ;o +10Av))
+0.55,4,Av; 0. 2
=3-107" Ay,
S, AV, + _
+10 'V 16-bit 0T0nh (27+9-107Av,)
Av, DAC Rect. 0.087mV | 0.087 mV 28,4, (ﬁ + bjAVc 107
Resolution 2 =27-107°
Low fr S, A; (a+2b)Av, _
Veo oW Y Reet. 29 mv 29 mv o4 ) 7.9-107" Ay,
dc drift
Surface
otential Rect. 0.17V
) b 017V 28,v, 1.7 x 10°
HV amp DC
R Rect. 2.9 mV
offset noise
Xn
f m Afedc
f;u = _Afedc - kxnt (1-48)
Xnt (temporal variation) 8 300
Xt 0.33 nm
4.3 nN (k=13 N/m) 1-33



1-33

Source uncertainty

Standard uncertainty (N)

Capacitance gradient S

1.4-107*Afoge

16-bit DAC resolution 1.0-10°
Surface potential vy, 1.8-10°
Displacement noise x,, 43107

Combined standard uncertainty:

u(f,) = \/(4.8-10'9)2 +(1.4-107°Af,)° N

(iii) AFM

ISO

chemical analysis — Scanning-probe microscopy — Determination of cantilever normal

spring constants) [1-12]

Under development””

ISO TC 201/SC9/WG5

1-31

1-32

[1-13] FY102
AFM Cantilever
(OM)
oM
1-32(a) 1-32(b)

450 N/m 4.57 N/m

(a) (b)
1-30 AFM Cantilever (a)
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1-31 AFM Cantilever

8 1 T T 1 1 10
y
7 - 1ob » 4
// -
- -

8 o //
@ 50 5 .|
N

. =~ P

£ P z 8 P
L. . @ o
5 8
D o 4| o 4
© i < s
LN - 4 1=4.37 x-1¥10
o -
w o 2 T ]

2| s il o

. 7
e -
1 o 4 o -
'
H i H i i i i 2 i i i
02 04 a8 a8 1 12 14 18 18 a5 1 18 2 25
Displacement (m) x10" Displacement (m) x10

(a) ()
1-32 : (a) (b)

() Ag 20 nm-30 nm Ccv 10

FY101 ISO Guide 34

assure
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() (107 10 em™ + (5 ~10%)

OPC CPC

() (1 to 100) uN AFM
()

1-33 7

B A
(Analysis of Variance, ANOVA)
(Between bottles ) (within bottles) 1-34
1-35  1-36 SS (Sum of Squares) DF

(Degree of Freedom) MS (MSpgottie) (MSyithin) (Mean Square)
95 % P 0.05 ANOVA

1-34  1-36 ANOVA

1-34  ANOVA (CMS-S20C)

Source of
SS DF MS F P>F

variation
Between Bottles 7.2 6 178
Within bottles 4222 35 1‘29 0.99 |0.44
Total 49.4 41 ‘
1-35 ANOVA (CMS-S60C)
Source of ‘ ‘
.. SS DF MS F P>F
variation
Between Bottles 25.55 6
o 4.25 0.09
Within bottles 75.88 35 516 1.96 .
Total 101.43 41 '




(

1-36  ANOVA

Source of

SS ‘

(CMS-S70C)

variation
Between Bottles 33.8 6
o 5.64 0.08
Within bottles 95.82 35 2.06
2.73 3

Total 129.67 41

)
AT I
1-34 FCAE
1-35
+1 pA -1pA +0.5pA
-0.5 pA b
DMA

1-34

79

1-35 FCAE



(

(

(

12000
10000 — — = DEMCon
8000
RE 6000
4000
2000
0 120 240 360 480 600 720 840 960 1080 1200  Time (sec)
1-36 DMA
) /
Counter
weight Cu-Be 18.3 N/m 13.08 N/m
10 5
)
SEM
ISO Guid
34 ( )
)
DMA
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(

(

(

)

)

)

AFM

FY102

AFM Cantilever

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

NML

NML
FY101 ISO Guide 34

I1SO Guide 34[1-12]
(107 10 em™ + (5 ~10%)

FY100

FY101

(minienvironments)

81



(bulk gases)

FY102

(sequentially sampling)

(diffusers)

CCD

82

(200 nm~1000 nm)

ISO 14644-1

(1000

AFM Cantilever

Cantilever type

AFM Cantilever



(

(

(Lattice step-height) ( 0.3 nm~ 100 nm)

50 nm I pum
0.06 x W+2 nm (W: )
(mass flow system) ( 20000 sccm
N»)
( 2 nm)
300nm 500 nm
)
50 nm 1000 nm
180 B B Rz amid &
A BEG A E ARz R il e R R LS R AT
95 %
2.14
o
U=2.14[1.672 + (ﬁ)2 + (O'SA) x L)? +X%]1/2
Vs 243
X
X>
L
)
XRR X-ray porosimetry
XRR Goniometer (X (X-ray Tube)
(High Resolution Goniometer) (Parallel Plate Collimator)
(Detector)) (Domed Hot Stage for Four-Circle
Goniometers DHS 1100, Anton Paar) (MFC, 1,000
sccm) GN2 Carrier Gas Kapton-window  chamber (

83



(

X-ray ) pump

(Low dielectric constant, Low-k)

(Porosity, %) (Pore size distribution, 1.3 nm)
/ NIST #1 (reflectivity curve)
30% 38% ~ 40% pore size

1.2~ 1.3 nm (diameter)

(Hysteresis loop)
500 nm( )
(ICT) (MSVP)
2012 VAMAS
)
(Critical dimension, CD)

Critical shape Top CD

Bottom CD Height  Side-wall angle SWA ( 2-1)

CD

84



Height

Sidewall

\ Angle

}—; Bottom —'{

2-1
(SEM) (TEM) (AFM)
0.1 nm TEM TEM
(Dimpler)
(CD- Scanning electron
microscopy, CD-SEM) CD SEM
2D
CD
Soluris CD-SEM
cross section [2-1]
CD-SEM Foucher Model X3D from Veeco Instruments
[2-2] SEMATECH  NIST
CD-SEM top-view
[2-3] CD-SEM  Top-Down
[2-4, 2-5] X3D
SEM
AFM
(PeakForce Tapping Mode) (Tapping
Mode) (Damping)

180
ICP(Iterative Closest Point)
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2-2

2-3

ICP ) % 38 4

[
I
)
’
)
I

1

2-2

Icon system

Acoustic/vibration iso:!ation and workstatio

LW%QA%%

- —

2-3 (DI )
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()
(mass flow system) ( 20000 sccm

N2)
( 2 nm)

(mesopores nanopores)

(mesopores nanopores) RC delay

(a) Porosity (b) Nanoparticles in cells (c) Nanowires in cells
2-4 Dye-sensitized Photoelectrochemical Cell (Nature Materials, VOL 4, June 2005)[2-6]

(Porous Thin Film)

>
20 A ) NIST Practice guide[2-7]
X /
(Critical angle)
(2'1)(2'2) pvac ( ) pvap (
) Proluene ( ) 2-1~2
¢ ( . %) Pim ( )
Prac = pﬁlm (1 o ¢) (2-1)
Pvap = P film (1 o ¢) + ptoluene¢ (2-2)
(%) (

7~10 ) 2-5 (D

(MFC 1000 sccm ) (2)
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GN2 Carrier Gas (3) XRR Goniometer ( Kapton-window
chamber) (4) pump (5) (6)
(Domed Hot Stage for Four-Circle Goniometers)
2-6

MFC2  Bubbler?

MFC1 Bubblert Mixer ol
—-— |
1

- |
i

Spectrometer

Analyzer

Gonlometer

r
1
1
1
1
1
1
1
1
1
1
1
1
1
i Sensor
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2-5
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VOFPROTEC PC-540  MFC READOUT POWER SUPPLY
1 = 2
(Y - no

(2)XRR Goniometer Sample stage
() Carrier gas (d)
(Mass flow controller)
(1.2 nm~1.3 nm)

( XRR
Critical angle 2-7(a) (b)
) I nm XRR
2-8
#1
(Hysteresis loop) ( 2-8 )

(Gauss function)
Kelvin’s equation (2-3) (P/Py) (ro)
(Pore Size Distribution) 2-9
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Intensity (cps) @

Intenstty (eps) "=

N

2V y 1
e =7 (2-3)
RT In(P/P)

X-ray Porosimetry (1000 sccm)MFC ( 400 )

100 sccm (3~5 sccm) toluene
1~2 min 6~10 min chamber ( pump
) (reflectivity curve)

30% 38% ~ 40% porosity pore

size 1.2~ 1.3 nm(diameter) (nano-sized pores)

36000000
0.27T-100sccm_after 400C heating-closed-pump 1+6
0.24T-100sccm_after 400C heating-closed-pump 1+6
0.21T-100sccm_after 400C heating-closed-pump 1+6
25000000 0.18T-100scecm_after 400C heating-closed-pump 1+6
0.15T-100sccm_after 400C heating-closed-pump 1+6
0.12T-100sccm_after 400C heating-closed-pump 1+6
0.09T-100sccm_after 400C heating-closed-pump 1+6
16000000 0.06T-100scem_after 400C heating-closed-pump 1+6
0.03T-100sccm_after 400C heating-closed-pump 1+6
0.00T-100sccm_after 400C heating-closed-pump 1+6
9000000 —
4000000 —
1000000 —
o
0.15 0.20 0.25 0.30 0.35 0.40 0.45
Omega (Degree)
27 T-100scem_after 400C heating-closed-pump 1+6
36000000 — 24T-100scem_after 400C heating-closed-pump 1+6_de
21T-100scem_after 400C heating-closed-pump 1+6_de
] 18T-100scecm_after 400C heating-closed-pump 1+6_de
15T-100sccecm_after 400C heating-closed-pump 1+6__de

12T-100sccecm_after 400C heating-closed-pump 1+6_de
09T-100sccecm_after 400C heating-closed-pump 1+6__de
06T-100sccm_after 400C heating-closed-pump 1+6__de
O03T-100scocm_after 400C heating-closed-pump 1+6_de
00T-100scem_after 400C heating-closed-pump 1+6_de

25000000 —

0000000000

16000000 —

29000000 —

4000000 —

1000000 —

0.45
Omega (Degree)

2-7 (a) (b) 0% 27%( )
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2-8

2-9

Film Density(gfcm3)

Physisorption Isotherm

1.450

1.400
== dsorption

1.350
/ == Desorption

1.300

1.250

1.200

1.150 /
.

1.050

1000 T T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040 045 a.
Vapor Pressure P/Po

/ (Hysteresis loop)

50

Population (relative unit)

Pore Size Distribution (Gauss)

—e—Adsorption

——Desorption

1 3 57 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45

Pore size (A)

(Pore Size Distribution)
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(Material Metrology)

(Notches)
(Voids)

(Stress intensity, K)

[2-1~2-7]
(Fracture mechanism)
2-10 a.
(In-plane)
c. (Tearing mode, Kjy;)
K, =0+ pna
o p
K;
(B) K;

(Plane strain)

(Kic)

92

(Opening mode, K)):
(Sliding mode, Kj)

(Out-of plane)

K;

(a)

Kic (K1)

(Plane stress)

(2-4)



(Gz =0)

(e,=0)

(Compact tension specimen)

Vo

P.S
<o~}

P.S
K= (BV;S/Z

(Size criteria)

a

w

)
J

(Single-edge-notch bending specimen) C-T

(Kic)

[2-17]

93

[2-15, 2-16]:
(2-5)
(2-6)
Sfta/w)
(2-7)
(2-8)
(2-9)

ISO 13586 [2-17] ASTM



[2-18, 2-19]

(Load ratio

criterion) - (Crack growth
initiation) (Fo)
2-12 - S
S 5% (Finax)
(Fo) Fs
Fs (Fo)
F
— <101 2-10
e (2-10)

" -*
Tvilk I pe 11 Type 111
yt N

X

Opening mode Sliding mode Tearing mode

2-10

94



Fracture toughness, K

 Plane Stres-l:in [ N — - /
Mixed “\Medium o 7
Mode
KIC Thick
| Plane Strain 1
Thickness, B
2-11 2-12 R
[2-17]
(Epoxy)
(LEFM)
(Pattern)
0500 nm
a. (Parylene)
2-13 2.1
2.1
500 nm
(gauage length) 20+ 0.2 mm

2+£0.02mm | 1+0.01 mm
500+ 10 pm | 250+ 5 um

60 and 120 degree
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(Parylene)
2-14
1)
400 pm RCA
?2) (Silicon Oxide)
RCA B fp P E N B R M BRpE JI*IRNF L2 AE
Lk 2 2§ PP hRaid Vgt a sk H3 208098 > AR
1100 3 R ELEL % 5 5Sslm 7.5 slm
WA R ¢ Zp R AR EE R ES R
160
A3 parylene C
1~100 mTorr 500nm  parylene
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Engineering Stress (MPa)
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(strain energy release rate)
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VAMAS
VAMAS KRISS Dr.
Han NPL 2-21
(Tungsten) (Fused silica) (Bulk Aluminum) (375
nm and 1400 nm, thin films aluminum) 2-22 10 18
Triboindenter 10
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3.7 %
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Cy 245
ISO 14577
Pmax
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E ( Reduced modulus)
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- 2-23

(Contact stiffness, S) -

(E)) 2-11
g _JrS 214)
284
2-14 2-13
0.29 0.17 0.345
P=a(h-h,)" (2-15)
dP
S = 2-16
dh " 210
2-12 2-14
A(h,))=C,h> +Ch, +C,h> +C;h!* +C,h"* +C;h!"° (2-17)
(Machine compliance, Cj)
ISO 14577-4 2.4 pm/ N
72.5 GPa
2-24 2-17
ISO 14577-4 h/t. alt, (Coating
hardness) (Coating modulus) h, t, Ap
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VAMAS 2-3 2-5

1400 nm ISO 14577-4 2-6 2-7
40
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23

Applied loads 1 5 9.9
(mN) (mN) (mN)
Young’s modulus 73.06 /0.64 73.06/0.22 72.75/0.26
Average / Deviation (GPa) (GPa) (GPa)
Hardness 10.21/0.18 10.13/0.09 10.17/0.08
Average / Deviation (GPa) (GPa) (GPa)
24
Applied loads 1 5 9.9
(mN) (mN) (mN)
Young’s modulus 306.12/10.10 310.88/7.90 281.75/5.07
Average / Deviation (GPa) (GPa) (GPa)
Hardness 7.91/0.15 6.54/0.05 6.06/0.06
Average / Deviation (GPa) (GPa) (GPa)
2.5
Applied loads 0.1 1 5
(mN) (mN) (mN)
Young’s modulus 50.75/4.54 54.55/2.53 58.25/2.43
Average / Deviation (GPa) (GPa) (GPa)
Hardness 0.79/0.06 0.39/0.01 0.43/0.02
Average / Deviation (GPa) (GPa) (GPa)

2.6

(375 nm-thick)

375 nm-thick Aluminum Coating

H, GPa Er, Gpa
Linear Fitting (Basic Total) | Linear Fitting (Basic Total)
Intercept 4.74 Intercept 88.13
Adjusted R? 0.6606 Adjusted R? 0.8745
2.7 (1400 nm-thick)

1400 nm-thick Aluminum Coating

Hi, GPa Eir, Gpa
Linear Fitting (Basic Total) | Linear Fitting (Basic Total)
Intercept 2.34 Intercept 73.92
Adjusted R? 0.2786 Adjusted R? 0.8013
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L AFM

AT
d AFM

L=(Ln-d)(l+ adT)cosO

a 58x10°

La

0.5°

L= (Ln-d)
ISO GUM

ui (D)= [;TL

m

20°C

Ly
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AFM
AFM AFM
(1) u(Ly)
5
5 X, 5
X
u(l)) —
( 1) \/g
(ii) AFM u(Ly)
L A( 2.8) 1024
AFM i nm
1024
u(Ly) = 4 20 % ULy =12
2) T T — Y 2) —
1024 x 24/3
95 %
2.14
2.8 AFM
L
A(nm) (nm) (nm)
L 100 512 0.5 0.14
100<L 200 1024 1 0.29
200<L 500 1536 1.5 0.43
500<L 1000 2560 2.5 0.72
(iii) AFM u(Ls)
AFM PTB 70 nm
0.0035nm 2.8 um ( 2:8x0.0035 _ 14 hm)
0.07
0 28 um
0.5 % u(Ls3)
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AFM SEM

SEM SEM
70 nm 700 nm  0.15 nm ( )
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ISO GUM
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L. od
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f I
5.
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f I
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2-10 ( 800 nm)
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Kapton

(1) X-ray window X-ray
2 mm X-ray
( 20000 sccm
) Kapton
X-ray 2-33

X-ray window

Kapton
1000 sccm) (

2-33 (a) Kapton X-ray window (b)X-ray (
) 7000 CPS 5000 CPS( Kapton)
2)
XRR Goniometer +90° 0.5
kg
20 liter MFC 1000 sccm 1 liter
100 scem( 2-34 ) 2cm x 2cm

/ ( 7~10
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(a)

2-34

3)

WPEROTEC
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Error

Fs.

2-35

(b)
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PC-540 MFC READOUT POWER SUPPLY

(a) SLM (b) SCCM 1 liter 100 sccm
100 sccm 6 min 6 min
2-35 100 sccm
(£0.00 bar)

—| 100 scem

114



(

(

)

)

(Low-k)
(Swelling effect)

(TEM)

115

<1%

X-ray

AFM

PECVD
NIST Practice guide[2-7]

TEM
XRP

DUV-UV

( 1 pm)



(

300 nm

(Reference
materials)
()
30 nm 22 nm AFM 2~5 nm
CD CD-SEM TEM
AFM CD
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AFM
)
(mass flow system) ( 20000 sccm N2)
( 2 nm)
(a) /(b) ( 2-29) Critical
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(a)
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2-36 X-ray (Critical angle) Omega (a)
(b)
Linear  Square root
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)

)

)

(TWA)

ISO/IEC/VAMAS/ANF  TC

FY98
SEMI
UL
30
4 (TWAS) 40 ISO/IEC/VAMAS
10 ISO/IEC (Asia Nano Forum, ANF)
VAMAS 50
2012
TNS
2012
MO017001-2012
— nano-objects
NS .( jects)
(nanoparticle) (nanofibre) 2013
A001001-2013
(nanoplate)
2012/11
2012/11
TEM 2012/11
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IEC TS 62844 Guidelines for quality and risk assessment for 2012/10
nano-enabled electrotechnical products
FY101 TNSC
Taiwan Nanotechnology Standard Council, TNSC 2012
7 19 501 101
TNSC TNSC
1 . ~ £ >
18 0 12
CNS ISO3 reviewcycle /CNS
ISO/TS policy
2. TNSC
e 7 TNSC TNSC
TNSC
( )
3. 1(TWAT1) ( )
FY101 TNSC
Taiwan Nanotechnology Standard Council, TNSC 2012
12 17 101
TNSC
1. ( )
2. 1(TWAT1)
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100 (TNSC) (TWA)

TWA 1
(1) (TWA1)
[ ]
° Terminology and Nomenclature
° 10 ( ) 10%
50% 40%
( )
2)

ISO/TS 27687:2008 — Nanotechnologies — Terminology and definitions for

(13

nano-objects —Nanoparticle, nanofibre and nanoplate

2

° CNS
B SO 3 reviewcycle
B CNS ISO/TS policy
° - — (ISO/TS 80004-3: 2010— Nanotechnologies —
Vocabulary — Part 3: Carbon nano-objects)
101 7 8 TNSC (Draft Council Standard
(DCS))

e  Nano-product Taskforce Leader Taskforce
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101 1 18 14:00 ~ 16:00

6 202
A. ISO TC229 WGl
B. ISO/TC 229JWGl
C. Nano-product ( Taskforce )
D.
1.

( ISO/TS 27687: Nanotechnologies- Terminology and
definitions for nano-objects—Nanoparticles, Nanofiber and
Nanoplate)

2. — — — (Carbon
nano-objects)
(ISO/TS 80004-3:2010, Nanotechnologies — Vocabulary
—Part 3 : Carbon nano-objects)
A. ISO/TC 229JWG1
a. ISO/TS 80004-1:2010 Nanotechnologies -- Vocabulary -- Part 1:

Core terms

b. ISO/TS 80004-7:2011 Nanotechnologies -- Vocabulary -- Part 7:

Diagnostics and therapeutics for healthcare

c. ISO/TR 11360:2010 Nanotechnologies -- Methodology for the

classification and categorization of nanomaterials
d. ISO/TR 12802:2010 Nanotechnologies -- Model taxonomic

framework for use in developing vocabularies -- Core concepts

4 TS 3
TR
B. Nano-product Taskforce Leader
Taskforce
C.
a.
6 TNSC ( 5 )
b. — — — (Carbon
nano-objects) TNSC R ( 4
)
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TWA 2
(1)

TNSC

101 11 27 14:00 ~ 16:00
6 202
A. ISO TC229 WGl
B. ISO/TC 229JWGl
C. Nano-product ( ) (
D. (ISO )

A. Nano-product
B. ISO/TS 80004-1
Nanotechnologies—Vocabulary—Part 1 Core terms

(TWA 2)

Measurement and Characterization

22% 22%
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()
° or 7 12 2 00 ~4 00
( 20 )
A.
B.TNSC ISO
C. --
D.
A. --
Task Force
B.
TWA 3
(1) (TWA3)
[ ]
° Health, Safety & Environmental issues
° 11 ( ) 28%
36% 36%
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)

TWA 4
(1)

101 12 5 10:00 ~ 12:00 ()
A. ISO TC229 WG3
B. ( TEM
TEM
(TWA 4)

Material Specifications

67%
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33%



)

° 101 11 29 14:00 ~ 16:00
238
A.
B.
1.  Report the status of ISO nanomaterial specification
2. Discuss the working items of ISO Nanomaterials specifications: (1)
Generic Specification for Nanopowder, (2) CNT dispersion determine
the conversion of ISO spec to Taiwan Spec.
() ISO IEC VAMAS
IEC TC 113 WG3 Preliminary Working Item(PWT) 77
General quality assessment for nano-electrotechnical products™” IEC
(NWIP) 9 ( :IEC TS 62844
) comments
( risk aspects(EHS) )
comments
1. ( House of Qulity(HOG)
) 2. EHS EHS
working Draft(WD) (03/31/2013) 09/31/2013 committee draft(CD)
() ISO/TIEC/VAMAS/ANF  TC
ISO TC 229 IECTC 113 VAMAS 7
50
ISO TC 229
TC 34 11 29 ( IECTCI113,
CEN TC352, REMCO ISO TCs) 9 (BIPM, ANF, OECD, VAMAS,
ECOS, ETUI, EC-JRC, IRMM, IUPAC) 4 124 (3
(Is) 15 (TS) 6 (TR)) 25
ISO TC229 IECTC 113 1JWG1) 16
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JWGI1 (Terminology and nomenclature)

80004 10
ISO TC229 IECTC 113 2(JWG2) 15
JWG2 (measurement and characterization)
JWGI1
9
3(WG3) 13
WG3 (EHS)
WG3
(PG14)
/
/
4(WG4) 6
WG4 (material specification)
WG4
WG4
IECTC 113
TC 17 15 7 ( ISO TC229
IEC TCs) 3 (ANF, IEEE, SEMI) 3 1,2
ISO TC 229 9 (1 Is) 1
(TS) 1 (PAS)) 23
IECTC 113 3(WG3) 32
WG3 (performance assessment)
WG3
( LED PV )

(TNSC)
TC 30 4 ISO TC 229

127



IEC TC 113 2 ( )

3 ISO/IEC
IEC
: TNSC 2 3 ) CNS 1 (1
) CNS 11 38 (7 )
: ISO TC 229 1JWG1)
TS 27687-2008 - Terminology and definitions for
Published &
PGO1 | nano-objects - Nanoparticle, nanofibre and nanoplate o
revising
(future TS 80004-2)
TR 12802-2010 - Nanotechnologies -- Model taxonomic
PG02 | framework for use in developing vocabularies -- Core Published
concepts
TS 80004-3:2010 Nanotechnologies — Vocabulary — Part ]
PGO03 Published
3: Carbon nano-objects
TR 11360:2010 Nanotechnologies — Methodology for the
PG04 Published
classification and categorization of nanomaterials
ISO/TS 80004-1:2010 Nanotechnologies — Vocabulary — ]
PGO05 Published
Part 1: Core terms
TS 80004-4 - Vocabulary - Part 4 - Nanostructured
PG06 | materials, Published
including nanodispersions
PG0O7 | TS 80004-5 - Vocabulary - Part 5 - Nano/bio interface Published
PGOS TS 80004-6 - Vocabulary - Part 6 - Nanoscale measurement Under
and instrumentation development
TS 80004-7 - Vocabulary - Part 7- Diagnostics and ]
PG09 Published

therapeutics for healthcare
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TS 80004-8 - Vocabulary - Part 8 - Nanomanufacturing

Under

PG10

processes development
Gl TR 14786 - Framework for nomenclature models for Under

P
nano-objects development
TR 17302 - Framework for Identifying Vocabulary

PG12 | Development for Nanotechnology Applications in Human | Drafting stage
Healthcare
Vocabulary- Part 9: Electrotechnical products and system Drafting stage
Vocabulary- Part 10: photonics components and system Drafting stage
Vocabulary for science, technology and innovation ]
o Drafting stage
indicators
Nanotechnologies- plain language guide to terminology Drafting stage
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: 18O TC 229 2(JWG2)

PGO1

TS 10797 Nanotubes -- Use of transmission electron

microscopy (TEM) in walled carbon nanotubes (SWCNTs)

Publication

process

PGO02

TS 10798 Nanotechnologies -- Characterization of single-wall
carbon nanotubes using scanning electron microscopy and

energy dispersive X-ray spectrometry analysis

Published

PGO3

TS 10868 Nanotechnologies -- Characterization of single-wall
carbon nanotubes using ultraviolet-visible-near infrared

(UV-Vis-NIR) absorption spectroscopy

Published

PG04

TS 10867 :2010 Nanotechnologies -- Characterization of
single-wall ~ carbon nanotubes using near infrared

photoluminescence spectroscopy

Published

PGO5

TR 10929 Measurement methods for the characterization of
multi-walled carbon nanotubes (MWCNTs)

Published

PG06

TS 11251:2010 Nanotechnologies. Characterization of volatile
components in single-wall carbon nanotube samples using

evolved gas analysis/gas chromatograph-mass spectrometry

Published

PGO7

TS 11308 Nanotechnologies -- Use of thermo-gravimetric
analysis (TGA) in the purity evaluation of single-walled
carbon nanotubes (SWCNT)

Published

PGO8

TS 10812 Nanotechnologies -- Use of Raman spectroscopy in
the characterization of single-walled carbon nanotubes

(SWCNTs)

Cancelled

PG09

TS 11888 Determination of mesoscopic shape factors of

multiwalled carbon nanotubes (MWCNTs)

Published
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DTS 12025 Nanomaterials -- Quantification of nano-object

Under

PG10 ) developmen
release from powders by generation of aerosols
t
TS 62622 Artificial gratings used in nanotechnology -- Under
PG11 | Description and measurement of dimensional quality [developmen
parameters t
TS 13278 Carbon nanotubes -- Determination of metal
PG12 | impurities in carbon nanotubes (CNTs) using inductively | Published
coupled plasma-mass spectroscopy (ICP-MS)
) ) ) Under
TS 16195 Nanotechnologies — Guidance for developing test
PG13 ' o ‘ ‘ developmen
materials consisting of nano-objects in dry powder form
t
TS 17466 Use of UV-Vis Absorption spectroscopy in the )
o ) ) ) Drafting
PG14 | Characterization of Cadmium chalcogendie Semiconductor
. stage
nanoparticles(Quantum Dots)
PG1S (NWIP  passed) Measurement method matrix for | Drafting
nano-objects — The M3 project stage
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: ISO TC 229 3(WG3)

TR 12885 Health and safety practices in occupational

PGO1 ) ] Published
settings relevant nanotechnologies
ISO 29701 Endotoxin test on nanomaterial samples for in ]
PGO02 . . Published
vitro systems, Limulus amebocyte lysate (LAL) test
ISO 10801 Nanotechnologies -- Generation of metal
PGO3 | nanoparticles for inhalation toxicity testing using the | Published
evaporation/condensation method
ISO 10808 Nanotechnologies — Characterization of
PG04 | nanoparticles in inhalation exposure chambers for | Published
inhalation toxicity testing
TR 13014 Guidance on physico-chemical characterization
PGO5 | of engineered nanoscale materials for toxicologic | Published
assessment
TS 12901-1 Occupational risk management applied to ]
PGO06 . _ o Published
Engineered nanomaterials Part 1:Principles and approaches
Under
PGO7 | ISO TR 13121 Nanomaterial Risk Evaluation
development
TS 12901-2 Nanotechnologies - Occupational risk Und
nder
PGO8 | management applied to engineered nanomaterials -- Part 2:
] development
Use of the control banding approach
PG09 TR 13329 Nanomaterials -- Preparation of Material Safety Under
Data Sheet (MSDS) development
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TS 14101 Surface characterization of gold nanoparticles for

Under

PG10
nanomaterial specific toxicity screening: FT-IR method development
PGI1 TR 16197 Nanotechnologies - Guidance on toxicological Under
screening methods for manufactured nanomaterials development
TR 16196 Nanotechnologies - Guidance on sample Und
nder
PGI12 | preparation methods and dosimetry considerations for
) development
manufactured nanomaterials
NP 16550 Nanoparticles - Determination of muramic acid )
PGI13 ) ) ) o Drafting stage
as a biomarker for silver nanoparticles activity
TS 13830 Guidance on the labeling of manufactured
PG14 | nano-objects and products containing manufactured |Drafting stage

nano-objects
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: 18O TC 229 4(WG4)

PG ISO/DTS 11931 Nanotechnologies -- Nano-calcium Publish
carbonate : Characteristics and measurement methods soon
ISO/DTS 11937 Nanotechnologies -- Nano-titanium
PG2 Publish soon
dioxide : Characteristics and measurement methods
ISO/TS 12805 Nanotechnologies -- Materials specifications
PG3 ) o ] Published
-- Guidance on specifying nano-objects
Work
PG4 TS 11931-2 Nano-calcium carbonate -- Part 2 | transferred
Specifications in pigments and extenders to WG7
ISO/TC256
Work
PGS TS 11937-2 Nano-titanium dioxide-- Part 2: Specifications | transferred
in pigments and extenders to WG7
ISO/TC256
ISO/DTS 17200 Nanotechnologies — Specification for )
Publish
PG6 nanoparticles in powder form -- Characteristics and
soon
measurements
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:IECTC 113 3(WG3)

IEC/TR 62632 Nanoscale electrical contacts and Under
interconnects development
IEC/TS 62659 Nanomanufacturing - Large scale Under
manufacturing for nanoelectronics development
IEC/TS 62607-3-1 Nanomanufacturing - Key control Und
nder
characteristics - Part 3-1: Luminescent nanoparticles -
) development
Quantum efficiency
IEC/TS 62607-4-1 Nanomanufacturing - Key control
characteristics - Part 4-1 Cathode nanomaterials for lithium Under
ion batteries - Electrochemical characterisation, 2-electrode development
cell method
o ) ] Preliminary
PNW 113-145 Guidelines for quality and risk assessment
. New Work
for nano-enabled electrotechnical products
Item
PNW/TS 113-148 Standardization of test samples for Preliminary
carrier transport measurements in thin-film organic/nano New Work
electronic devices Item
PWI 113-128 Nanotechnologies - Reliability Assessment Preliminary
of Nano-Enabled Photovoltaic Devices Work Item
IEC 62565-3-1 Nanomanufacturing - Material o
) ] ) Preliminary
specifications - Part 3-1: Graphene - Blank detail
) ] Work Item
specification
IEC 62565-3-2 Nanomanufacturing - Material o
) ] ) ) ) Preliminary
specifications - Part 3-2: Graphene - Detail specification for
Work Item

nano-ink
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IEC 62565-4-1 Nanomanufacturing - Material

0 specifications - Part 4-1: Cadmium chalcogenide Preliminary
semiconductor nanoparticles (quantum dotes) - Blank detail Work Item
specification
IEC 62565-4-2 Nanomanufacturing - Material

" specifications - Part 4-2: Cadmium chalcogenide Preliminary
semiconductor nanoparticles (quantum dotes) - Detail Work Item
specification for lighting applications

. PWI/TR 113-68 Framework for Nomenclature Models for Preliminary
Nano-objects within IEC/TC 113/ISO/TC 229/JWG 1 Work Item

3 PWI/TR 113-70 IEC nano-electechnology Standards Preliminary
Roadmap Work Item

" PWI/TR 62565-1 Nanomanufacturing - Material Preliminary
specifications, Part 1 - Basic concept Work Item
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: TNSC

TNS
MO017001:2012

— (nano-objects)

TNS A001001 (nanoparticle)
(nanofibre) (nanoplate)
] Under development
(carbon nano-objects)
Under development
CNS TNS M017001:2012
IEC TC 113 Guideline for quality and risk assessment
) IEC TS 62844
NWIP for nano electrotechnical products
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ISO IEC

ANF 15
ANF
ISO IEC
ISO TC 229 category A liaison  IEC TC 113 WG3 category D liaison
IECTC 113
(ISO IEC)
ISO / TC 229 IEC/TC 113

ISO/TC 229 IEC/TC
113 BIPM VAMAS ISO/TC201 ISO/TC 202

IECTC 113
IECTC 113
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2-6

2-7

2-8

A.

w

0704

0809

0809
10
0920
11
0921

1002

2011-2012

12 31
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(APMP TCL / WGMM

Supplementary comparison on Nanoparticle Size)  Pilot Lab NMIJ
Co-pilot Lab

APMP

2011

2012 3 6
(DrafttA) 11 11 APMP

VAMAS
KRISS NIM NPL

18

buck tungsten single crystal

buck silica (quartz glass)
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bulk aluminium single crystal
aluminium coating on sapphire (375 nm)

aluminium coating on sapphire (1400 nm)

2012.3.31
F.
KRISS
KRISS 09 WGMM
KRISS Dr. Han
(Reapeatible)
G.
10 -
(D07) - (DO08) (D21)
(D22) (N10)
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FY98

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 FY93 — FY9%4 (Dynamic
Light Scattering, DLS) FY95 — FY96
FYO95
(Differential Mobility Analysis, DMA)

(Electro-gravitational Aerosol Balance, EAB) FY101

DMA DMA
FCAE (Condensation Particle Counter, CPC)

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
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nm

FY101
ISO Guide 34
() /
(Nanomechanics) (Nanotribology)
/
/
(Young,s modulus) / (plasticity)
(the force constant of cantilever)
ISO
(Surface chemical analysis — Scanning-probe microscopy — Determination
of cantilever normal spring constants) [1-12] ISO TC
201/SC9/WGS ”Under development”
[1-13]
FY102
()
50 nm I um
95 % 2.14
o
U=2.14[1.672 + (ﬁ)2 + (0'5 /o x L)? +X%]1/2
J5 243
X
X
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()
XRR X-ray
porosimetry (Low dielectric constant, Low-k)
(Porosity, %) (Pore size distribution,
1.3 nm) / NIST
#1 (reflectivity curve) 30%
38% ~ 40% pore size 1.2~ 1.3 nm
(diameter)
(Hysteresis loop)
()
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/
101.10.07-
101.10.15
(American
Association for
Aerosol  Research)
IMEKO 2012 101.9.8- /
World Congress 101.9.15
Thin Film 101.7.13-
2012 Conference 101.7.18 HcE R
Asia Pacific 101.11.21- /
Metrology 101.11.29
Programme (APMP)
27th Annual 101.10.21-
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/

Meeting  of  the 101.10.26
American  Society
for Precision
Engineering ,

I[EC TC 113 101.5.21-

meeting, 101.5.26

ISO TC229 101.6.9-
14th Meeting 101.6.17
"Nanotechnologies"
& Working groups

37th VAMAS 101.05.04-
Steering Committee 101.05.12
(SC37) meetings

2012 101.10.14-
IEC TC 113 101.10.21
meeting

/
NMIJ 101.6.25-
101.8.18
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20120127 13/359,585
20120308 13/415,526

/
20070821 20120312 96130825 /1357628
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2012/01/01

Inter-Laboratory Comparison of
Optical Properties Performed on

Intralipid and India Ink

2012/04/28

Biomedical Optics

2012/01/01

A Gauge Study for Dynamic Light
Scattering and Differential Mobility
Analyzer Instruments(SCI)

2012/08/27

Journal of testing &
evaluation

2012/03/01

2012/03/28

2012/09/20

2012/01/01
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2012/01/01 4
2012/10/19 10
2012/11/13 27
Calibration of a Condensation 2012/10/09 |American Association 1
Particle Counter by Aerosol Particle for Acrosol Research
Number Concentration System with
Uncertainty Analysis
Green Synthesis and 2012/10/11 |American Association 1
Characterization of Silver for Aerosol Research
Nanoparticle for Reference Material
Geometric Measurement of 2012/09/12 | XVII IMEKO World 1
Rockwell Diamond Indenter Using Congress
Traced Micro-CMM in CMS
Material removal mechanism of 2012/03/12  |Wear 7

Cu-CMP studied by nano-scratching
under various environmental

conditions(SCI)
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/

Reliability assessment of ultra-thin 2012/09/30 |Applied Surface Science 6
HfO2 films deposited on silicon
wafer(SCI)

XR  XPS 2011/12/23 9
HfO2 2011/12/21 - 8
Mechanical Properties of Copper 2011/08/01 |International Journal of 13
Micrometer Pillars Fabricated by Electrochemical Science
Intermittent MAGE Process(SCI)
Variation in Protein Intake Induces 2012/02/20 |PLoS ONE 9
Variation in Spider Silk
Expression(SCI)
Deformation of polystyrene 2012/05/14 |Proceedings of SPIE 9
nanoparticles under different AFM
tapping loads
Implementation of Complementary 2012/06/20 5

Metal-Oxide—Semiconductor

Japanese Journal of
Applied Physics
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Microelectromechanical ~ Systems
Lorentz Force Two Axis Angular
Actuator(SCI)

Determination of Young's modulus
and Poisson's ratio of thin films by

X-Ray Methods

2012/07/16

Thin Films Conference

12

Environmentally induced post-spin
property changes in spider silks:
influences of web type, spidroin

composition and ecology(SCI)

2012/01/30

Biological Journal of the
Linnean Society

Post-secretion processing influences

spider silk performance(SCI)

2012/05/23

Journal of the Royal
Society Interface

Surface ~ Mechanical Property
Assessment of Ultra-Thin HfO2

Films

2012/07/15

Thin Films Conference

12

Uncertainty evaluation of pitch
standard calibrated by Scanning
Electron Microscopy (SEM)

2012/11/13

AFM  Linewidth  Measurement

2012/10/24

Annual Meeting of the

Nguyen Van
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/

Employing 3-D Image Registration

on Multi-View Scans

American Society for
Precision Engineering

Thai

2012 2012/09/03

2012/10/9 16

2012/10/22

2012/10/22
- 2012/11/9 10
- 2012/11/9 34
NMIJ 2012/10/29 30
20 IMEKO World Congress 2012 2012/12/03 14
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AFM 2012/7/5 17
AFM 2012/8/21 57 Nguyen Van Thai

2012/11/12 15

2012/11/9 19

X (XR) 2012/11/20 6

Thin Films 2012 2012/8/9 13

VAMAS 37th Steering Committee Meeting 2012/10/29 9

14  ISO/TC229 2012/10/22 25

IECTC 113 2012 2012/10/31 5
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C~)

2012/5/22 22 32
2012/6/4 16 27
2012/7/4 7 7
2012/8/9 12 31
2012/8/9 10 29
2012/9/20 11 19
2012/9/21 9 21
2012/10/2 7 7
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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
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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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VNIIM

DI Mendeleyev Institute for Metrology
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16. SEM
TEM
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SRM 1963a (100 nm)

Au: SRM 8011 10 nm
SRMS8012 (20 nm) SRM
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PSL: JSR (30 nm-1 pm)
TiO, AIST (15nm 250 nm)
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