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1. Measurement Standards for Nanoparticle/Nanowire Sizes and Functional
Properties
(1)Nanoparticle Topography, Distribution and Dispersion Measurement
Standards:
-Establish a Field Emission Environmental Scanning Electron Microscope
(Measuring Resolution of Instrument 1 nm).
-Develop the Equivalent Diameter of Nanoparticles by Differential
Mobility Analysis.
-Develop the Dispersion of Nanoparticles (Au, Ag, C, PSL).




(2) Nanoparticle/Nanowire Functional Properties Measurement Standards:

-Develop a Low Stiffness (the force constant < 40 N/m) Flexure

Mechanism.

-Use a Fabry-Perot Interferometer or Heterodyne Laser Interferometer to
Measure Sample Stage (Measuring resolution < 1 nm)

-Establish a High Resolution Sample Stage (Positioning Resolution < 10
nm Travel Range > 100 pum)

2. Measurement Standards for Thin Film

(1) Best Measurement Capacity Evaluation for Side wall angle (SWA), SWA
is equal to 0.87°(<1°).

(2)Bidirectional ellipsometry has been developed as a technique for
distinguishing among various scattering features near surfaces. The
polarized angular dependence of out-of-plane light-scattering by the
nanoparticles on wafer is calculated and measured. The measurement
range of nanoparticle diameters is 30 nm to 350 nm on 2 inches to 8 inches
wafers.

(3)A Galvanometer was designed for the THz differential time domain
spectroscopy system in order to obtain electric property of thin film. The
transmitted THz differential signals of the SiO, thin film with thickness of]
1.87, 1.39 and 0.44 um were measured. Refractive index of the SiO, film
in the THz range was measured with uncertainty evaluation. The measured
range is from 0.1 THz to 1 THz with signal to noise ratio up to 1000.

(4) Measurement of residual stress of thin film.

-The flatness measurement range of Fizeau interferometer is given as
diameter 102 mm, and its expanded uncertainty is 14 nm(with a 95%
confidence level).

-The residual stress of SiO; film (60 nm) is 485 MPa.

(5) Study on tensile test measurement of thin films.

-The static elastic modulus of CNTs/Polymer composite film is 1.82 GPa
(strain rate: 0.002 s™).

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

(1) Taiwan Nanotechnology Standard Council (TNSC)and four technical
working area (TWA) were founded. The council will collect and
integrate the standards needs and opions from the industries, academic

and government

(2) The D-liaison relation with IEC TC 113 working group 3 as an Asia Nano




Forum (ANF) representative were established

(3) Attended 6 ISO/IEC/VAMAS/ international standard meetings, collecting
the first hand information of the standarding working items and
participating the technical discussion in the meeing

(4) 3 working drafts of standard documents have been drafted

(5) The 1* version of Taiwan Nanotechnology Standard Council web site has

been online for test
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(1) Nanoindentation AFM DLS
AFM
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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
. 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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( )AAAR 28th (
98.10.25~98.11.1)

AAAR
( Aerosol Science and Technology ,
AS&T)
/
/
/ /
technical tutorial
711
Nanotech 2009 98.5.2~98.5.9
NSTI(Nano Science and Technology Institute) Nanotech
Conference & Expo 2009 2009 5 3 7
George R. Brown Convention Center
Fabrication, Characterization & Tools Advance Materials Electronics &
Microsystems Medical & Biotech Energy & Environment Business
& Strategy Fabrication, Characterization &
Tools Nanoscale Materials Characterization Evaluation of Uncertainty

in Nanoparticle Size Measurement by Electro-gravitational Aerosol Balance
5,000

Poster Session 200
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4.

5.

IMEKO 98.9.5~98.9.13

IMEKO 2009 2009 9 6
11 23 TC3
TCS TC3
1 mg 100 nN
"Sub-Milligram Weight subdivision and Application in
force calibration of nanoindenter “ 1 mg

1 KN
ASPEN 2009  22nd International Microprocesses and Nanotechnology

Conference , NMIJ/AIST

98.11.10~98.11.20

2009 Asian Society for Precision Engineering and Nanotechnology Conference,

ASPEN

Japan Quality Assonance, JQA

JQA Dr. Tomizo KUROSAWA
Jun-ichiro KITTA
CD
NMIJ
NMIJ Dr. Satoshi GONDA Dr. Kazuyz NAOI

2009 International

Microprocesses and Nanotechnology Conference, MNC

2009 Denver X-ray Conrerence NIST



98.7.26~98.8.7

Denver 58™ Denver X-ray Conference
Residual Stresses
4~6 sections poster
Stresses X-ray ASTM
high-k
ASTM

Chair Dr. Clayton Ruud

NIST polymer division building and fire research
laboratory NIST X-Ray
CD CD
NIST LER/LWR INTEL SEMATECH
NIST
6. 2009 Frontiers of Characterization and Metrology for Nanoelectronics

98.5.10~98.5.17

NIST  College of Nanoscale Science and Engineering,

University at Albany, NY 2009 Frontiers of Characterization and Metrology
for Nanoelectronics 1998 2

6

Sponsors  NIST semi SRC NSF APS IEEE 30
oral presentations 100 poster presentations

Metrology for Nanoelectronics

Polarized Optical Scattering Measurements of Metallic

Nanoparticles on a Thin Film Silicon Wafer

Mueller
50 nm~350 nm
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7. 22nd International Microprocesses and Nanotechnology Conference
, NMIJ/AIST 98.11.12~98.11.20

AIST/NMIJ(National Metrology Institute of Japan)
(Mass Lab.) (Nanoindentation Lab.)
(MNC)

8. Diamond 2009 98.9.4~98.9.12

20th European Conference
on Diamond, Diamond-Like Materials, Carbon Nanotubes, and Nitrides European
Diamond
1990 Crans Montana
40

“Influence of Plasma Post-treatment on diamond-like
carbon films synthesized by RF Plasma Enhanced Chemical Vapor Deposition”
(r.f.-PECVD) (Diamond-Like Carbon
Films, DLC Films)

9.IEC TC 113 Working Group 3 Spring Meeting 2009 98.4.12~98.4.17

2003 12 31



TC 279

)
ISO TC 229 WG4

TC 279 WG3

10. ISO TC 229 Meeting 98.6.7~98.6.14

Marriott Waterfront
Clayton Teague  ANSI
RTTI International (David Myers, dmyers@rti.org)

Simens TC 229 Peter Hatto 2005 TC 229
40  active projects 2 25  internal liaisons 6
external liaisons TC
WG2( ) 12 40
4 2 JWQG2 JWG2

Carbon nanotubes and related structures (SWCNT, MWCNT)
7 (PG1,2,3,4,6,7,8)
4 (PGS5,9,12,ISO/IEC TS 62607)
Engineered nanomaterials
2 (PG10, ISO/TR 11808)

Basic metrology at the nanoscale
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1 (PG11)

ISO TC 229 meeting 98.6.7~98.6.14

ISO TC229
(terminology & nomenclature, JIWG1)
ANF (Asia Nano Forum) Liaison Report

Marriott Waterfront

Clayton Teague = ANSI Clayton
side effect NNI ISO TC229
nano-object (TS) safety practice (TR)
RTI
International (David Myers, dmyers@rti.org) Simens RTI
””Turning knowledge into practice”. TC 229 Peter Hatto
2005 TC 229 40  active projects 2
25 internal liaisons 6  external liaisons TC
WGI( ) 10 conveyor
Clive Willis ISO
( ) ( ANF )
nanostructured material nanostructured
manufactured process  engineering material roadmap
redefine priorities ( ) building beyond 201 1( emerging )
the approach for nomenclature ( IUPAC  joint statement of
intent to collaborate )
VAMAS Steering Committee Meeting 98.5.11~98.5.16

(VAMAS The Versailles Project on Advanced
Materials and Standards) 1982 F 7 (

) (G7)



VAMAS

Steering Committee (SC) SC
97.5.20 MOU VAMAS VAMAS
Steering Committee Meeting
SC chairman Taiwan (Chinese Taipei) BIPM
13. NIST, E. Fjeld Company 98.8.2~98.8.8

NIST, Nanometer-Scale Metrology Group
E. Fjeld company

NIST, Nanometer-Scale Metrology Group, Precision Engineering Division
Dr. Andras E. Vladar (SEM Project Leader)
NIST FEI Nova 600 NanoSEM  Helios DualBeam

SEM
NIST E. Fjeld  NIST E. Fjeld Mr. Chris
Howe Mr. Edward T. Fjeld( )
Chris
air lock chamber Zeiss

14. 73rd IEC General Meeting ISO/TC 229/ JWG  ISO/TC 229 Rr B

98.10.17~98.10.24

ISO TC 229
73 IEC IEC TC 113

ANF JWGI
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JWG2 WG3 WG4
IECTC 113 WG3

ANF IECTC 113 WG3  D-liaison

ANF IEC ISO TC 229
70
TC 229 ISO TC TC
ISO
BSI ISO
NRC Dr.
Jennifer Decker JWG2  metrology check-list TC 229
NMI ISO TC 229
NMI ISO GUM
Dr. Decker

ISO/TS 14253-2:1999(E) [Procedure for Uncertainty of Measurement
MAnagement (PUMA)] rough estimation and iteration

NMI
WG3 ( ) WG4 (
) JWG2
WG
WG4 ( )
NIMS(National Institute for Materials Science) X-Ray
Metrology for Thim Film Characterizations 98.8.24~98.11.20
XRR
(interface structure) (buried

surface)

NIMS

/ (important factor to solar cell



applications) NIMS

()
1. NIOSH Dr. Stefaniak, Aleksandr B
Reference Materials
2. SCI Materials Science and Engineering: A
()
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(1)
3 )
()
6 )
3)
98 1 -98
Labview

( :073985774)
(4) AFM
98 1 -98 12 )
AFM CD(critical dimension)
Labview SWA
SWA

Wall Angle, SWA)

Q)
12 )

International Coordination of Nanoscale

J. Daniel Whittenberger

(Side
AFM



(Bending beam)

(Geometrical optics) (Residual warpage)
(6) (98 1
98 6 98 7 98 12 )
high-k X high-k
Amorphous AlLO;  HfO,
HfO, HfO,
20 hlgh-k A1203 HfOz 5 nm
(7 (98 1
98 7 )
(8) (98 I -98 7
)
(NMEMS)
(S10,) (SisNy) (Al, Ag,
Ni...)
(N10) (N11)
9) 98 1 98 12 )
1991 Sumio lijima
(MPL) (MDL)
(MWCNTYS) (Parylene-C)
( 5 nm)
a b 800 °C
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(10) @8 1 -98 7 )
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Films, DLC)

(Nanoindentation Measurement System)
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SEM SEM FY98
FE-ESEM FE-ESEM
1-1 1 nm ( 15kV 1-2)[1-1~1-3]
(  2Pa 133 Pa)
(520 mm () x 300 mm (H)) FY99
fi

SUPRA™ B0/60VP

The large cylindrical chamber with 2 refined 6" super
eucentric stage and 8" integrated airlock offers theg m;é”
perfect solution for full e |
wafers and cross sectional
semiconductor applications, and for users who need to
image a variety of large samples. The SUPRA™ 60VP
makes it possible to image non-conducting specimens
without specimen coating, therefore minimising prepa-
ration time and increasing throughput.

1-1 ZEISS 60 VP FE-ESEM



Mag = 45000 KX 20 nm WD = 20mm  EHT=15.00 k¥ Signal A = InLens Date :10 Sep 2009 Time :18:52:56
SUPRA 60VP-30-76 Noise Reducti Busy Chamber Status = Pumping (HY) System Vacuum = 9.82e-007 mbar

1-2 SEM :<1.0nmat 15 kV, WD 2 mm

in-lens 1-2 15kV
1 nm (1kV)
1-3 SEM

02kvV  0.1kV 1-4a 1-4b



Mag=200.00 KX 20 nm WD = 2.0 mm EHT = 1.00 kv Chamber Status = Pumping (HY) Date :12 Sep 2009 Time :15:49:45
SUPRA 60VP-30-76 Noise Reduction = Line Int. Busy Signal A= InLens  System Vacuum = 9.28e-007 mbar

1-3 SEM :<1.7nmat 1 kV, WD 2 mm

I WM AN LA
1-4a :<35nmmat02kV, 1-4b :<4nmat0.1kV,
WD 2 mm WD 2 mm

( 15

1-6



Mag- 20000 KX 20 nm
|SUPRA 60VP30-76

1-5 SEM VP mode principle 1-6 SEM :<2.0 nm at 30 kV
pressure 28 Pa
gold on carbon
polystrene sphere (PLS) PLS
1-1
1-1 CMS-PS-100
CMS Nominal Mean Coefficient of | Solid Content | Vial Volume
Number Diameter | Diameter | Variation (CV)
CMS-PS-100 | 100 nm 109 nm 4.9 % 1% 10 mL
1-7 () PLS SRM

100




NIST RM 8012 SEM
PLS ( 1-8)

SEM

1-8 NIST RM 8012, Au nanoparticles

(shape) (Aerodynamic)
(Viscous Fluid) (Drag Force)
(Stokes’s Law)
GEIRSE T+ 58 SR
(Dynamic Shape Factor)

(Equivalent Diameter) 1-9
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(Volume-Equivalent Diameter)¥ % #% # & ® /& (Mobility-Equivalent Diameter)
Flet I * B 4 A% R T

Fd #04 RFFT AT

d ,Cd
=Py d,)

= 2)
pO da C(da )
_ds Cd) o
dv C(dB)
C (Slip Coefficients) d,
(1.0 g/em)
(Settling Velocity) dy (Bulk
Density) dg % EH PR E T
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D [1-4]
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k (Boltzmann Constant, 1.38 x 102 J/JK) T n
(Dynamic Viscosity) (Impaction)
(Sedimentation) (Relaxation Time)

d [1-5]



7= p,d2C(d,)[(187) (5)

Continuum Regime [1-5]
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A (Mean Free Path) o f y
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) @3 At o4 ARET @
M dy [1-4]
12 t ‘
pod. C(d)) = ppdiC(d,)] Kk )
(7 (8)
ppdy C(d,)
tz t
pOda C(dg) = L 4 (9)

K C(dy)

(Transition-Regime Effective Density) p! d, d.



pod. Cd!) = pidy C(d}) (10)

(10 © p.

- [d—j C@y) _ p, C'(d)) an

t t 3 3 t
dB C(d B ) K = C (dB )
t
mp dg pP
(Differential Mobility Analyzer, DMA) d, 4
K’ (doublet) (triplet) 4
K' B
d' EHFRE L,
d,
dv, doublet dv, triplet
A5 1y , < = t t
+ ﬁ} éj }i ERY e dB, doublet dB, triplet (7)
~ t t
C(d,)~C(d}) 4 K doublet
t
Ktriplet 1 - 1 O
Mobility Size Distribution of NIST RM 8011
? C
!\ =B Cd) dy| d,
) d, Cdy) d,| d
E J W dv,singlet = dB,singlet = 982 nm
5 A 3 1/3
_5 l \ N‘ dv, doublet — (2 X dv, singlel) =12.37nm LERER
b= | Sheath Air
£ I \ dp goupier = 14.10nm HETE|
@ J High
§ &,\ \ @;@( K goubor = B, doublet =1.14 l/ || D\vl Polydisperse Aerosol
g V ! v, doublet
g I 3 1/3
) \ i d, iper = (3% A Goge) ~ =14.16 nm -
o]
AV I T dB,triplet = 15 10 nm :
iy dy =0
/ ! H\m‘ — K\riplet zM=107 ! . ST
0 5 0 15 20 v, triplet | b= RERE
Mobility Diameter (nm) b Mmﬁhbpi&; ol
t t
1 - 1 O 4 Kdoublet Ktriplet

(M -
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)

(2) Institute for Reference Materials and Measurements (IRMM)

(DLS)  IRMM

IRMM
3)
(980521)
4) PS
300nm 500 nm DMA DLS

2009

(Van der Walls force)

H BB TS Y A P Bk

EARE ISR AR AR ERERE A

P2 RCRE AP N AR

(Electrostatic interactions)
(Chemical bonding)

Fenpd W @I R A

3
D N R PR T

TR A = I
RN N Nl R R R
LR T A 2 AR T g g) 4

78 %573 -1 & 4 (Keesom interactions)

- (London dispersion)

-

m

100nm 250 nm

ek

oL EE

(Molecular adhesion)

(Liquid bridges)

A

7 ®

p

AL R Fad BB RS

g3 4p
sl 4 T oG

(Debye interactions)
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P T L RARL 2P S € FE e T

o @t RS
[1-7] %% #3 = 2 (Imperfection
of the crystal structure) # @ &t =% *f(Adsorption of ions onto the particle surface) &t
(Ton dissolution) 14 % % & 7 #(lonization of surface sites)

DLVO ®# 7 H_d #8 ® Deryagin Landau[1-8] Verwey
Overbeek[1-9]% #= 7 Bfp-Lic & 41 H E;n*n—' iR FFZ g gitad Fage
BreoB h L RN ERCEd NP IFCFEFLIREAEFR AR AR F
FtbAeiEie ivh 4 2 fFRT R EA EET ZREERHE T ER SRR
(Flocculated) DLVO % &3 B2 jEe i g1 4

(Potential energy
curve) 1-11 CEILEA B g B2 R 0 R
+ B2 pedendpdes Bt Bl A R AR g
T4 g FIEEAES A2 R PRI FIERF FLeAAARTR

TRA A RS EZETERT Eaas RS A 1ok i
FIph g2 ke RIF 2 - AciEd (Secondary minimum)
F F sk Mo 2 A R R P o B URCR B RE P
B s 2R R B pu’?ﬂ%’r‘{% A DS IAR T 1Y
B 3ok B2 # a0 XU s PRE R 2 & Hi(Energy barrier) (Coagulation)
IR CAVSIP S 3= T (Primary minimum)

fod B rORGUR O AP R B X TR e v I A AR
(Primary maximum)

[1-10~1-13]



Prmary Maxnum (W - i
Encrgy barmer (a)
§_
=
Qﬂs—-
-
Secondary
hirseraem ;‘vﬂ_na
Frmary Minimum
1-11 [1-10]
(Surfactants)
(Steric Hindrance)
agglomeration flocculation
aggregation

steric stabilization

1-12

electrostatic stabilization
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1-12
(Surfactants)
(Steric Hindrance)
(1)
()
3)
“4)
(2D) (3D)
(gold-silica core—shell; GSCS)
crystals) (plasmonic waveguides)

FY99

(photonic



(Cavitation)

1-13
(LEO 1502H) (TSI 3076)
(Noritake G1/4-18) (TS13077) (TSI 3080L)
(TSI 3776)
LEO 1502H
120 kHz
TSI 3076
Noritake G1/4-18

(Scanning mobility particle sizer, SMPS)

TSI 3077

mCi -85(Kypton-85)

TSI 3080L



TSI 3776

TSI 3080L

TS13776
CPC

|
|
|
|
|
|
|
|
|
|
|
|
|
|

b

o ‘..m!ﬂ!mﬂ“lw.\\Imlul.ﬂl\.w\

1-13
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) /
FY98 10 pN
1. ( ) <40 N/m
(
) FY98
(Flexure Hinge)
[1-14] /
(leaf type)
(notch type)
1-14
beam
beam
Capacitive position sensing and
® : Notch flexure hinge electrostatic force actuation
1-14
I-15
[1-15] 184 N/m 16.3 N/m



7x10 .

ol ]
§5 Stiffness: 16.32 N/m |
c 4 |
O
Q 3 1
—

QO
'D 27 B
A ]
% 20 40 60 80 100
load (MQ)
1-16
(Al 6061) 1-17



= 2
Al 6061 disk electrode A=1178.1 mm
d=0.5mm

C ~20.86 pF

Housing and insulating spacer

1-17

[1-16][1-17]
2.5 nm
1-19 S=1.26x10"°
m/V AD conversion 16-bit full-scale £10 V
AV =20/216 =305 (uV) AV x S=0.37 (nm)
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Fabry-Perot




VME-BUS 1 nm

3-Axis Beam
Interferometer Bender

Recelver

e
High  Beam  He-Ne
Resolution Splitter  Laser

Interferometer

Flexure

1-21

VME-bus  HP10897B ( 1-21
1-22)
032nm(  1-23)

High Eesolution
Flezure stage Interferometer

EBeam Spliter

HP5517C
HeMelazser Head

Eeam Bender

Eeceivers A-Ase Interferometer

1-22
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110 - ol

-12 4 v\

14 - / W

-16 T T T T T T T T T T T

0 20 40 60 80 100
number count
1-23
3.
10 nm 100 um
10 nm 100 pm
( 102 um 7 nm) VME-Bus
18-bit 5.0 nm( 12count)
102 pm 1-24 HP10716A 7 nm
100 Hz 78000
100| — g 2
€ / £
% . §-15 'J
g 40 'E , /
20| % //
S //20 80 100 120 ° 00 720

40 60 ) 2 4 [ B
Voltage on PZT (V) Voltage on PZT (V)

1-24



1-25

1-26
( 1-16)
2.5 um 60 um
(nominal
value)
1-27 10 uN 1-27
10 uN 0.65 um
16.3 N/m 10.6 uN

1-25



CPS displacement ( pm)

Downward force, k=14.24 N/m

[t
o

3 T : :

¥}

Upward force, k=14.08 N/m

CPS displacement ( um)

I i i
0 5 10 15

I I
20 25

i i
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25

30 35 0 20 30 35
Electrostatic force (1N) Electrostatic force (uN)
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(

)

)

1-7a  PLS 1 kV 0.2 kV
10 kV
PLS
) PLS PLS
PL PLS
1-28
Sl Units
S| Derived Units
Metrology
Institutes T . -
Calibration Techniques — Traceable Sensors
(e.g. EAB, TDMA, TDLS) )
__ Uncertainty
0 7 Evaluation
Certified Reference Materials
e.g. Polystyrene Latex
1.0 Fobey ) __ Calibration with
CRMs
Industrial Measurement Methods
Applications (e.g. SPM, TEM, SEM, DMA, DLS)
__ Measurement
Results
L Medicines Catalysts Propellants Pigments Ceramics ... etc.
1-28



-Calibrated Material Standards, CMSs) CMSs

/

100 nm, 200 nm,

250 nm, 300 nm, 450 nm, 500 nm 1-2:
-CMSs)
CMS Nominal Mean Coefficient of Solid Vial
Number Diameter Diameter Variation (CV) Content | Volume
CMS-PS-100 | 7 100nm | [] 109 nm [149% 1% 10 mL
CMS-PS-200 | 71 200nm | [] 181 nm [11.6% 1% 10 mL
CMS-PS-250 | [] 250 nm | [] 237 nm [124% 1% 10 mL
CMS-PS-300 | 7 300nm | [] 285 nm [11.8% [11% 10 mL
CMS-PS-450 | (71 450 nm | [] 457 nm [12.6% 1% 10 mL
CMS-PS-500 | 71 500 nm | [] 532 nm [123% 1% 10 mL
() /
()
1.
SEM
FE-ESEM SEM SEM
SEM ZEISS SUPRA
60 VP ZEISS SUPRA 60 VP
SEM
2.
(Transition Regime Mobility
Density) p, Pr
m
Pp = 7P = (12)

(Equivalent Mobility Volume) V',




= (13)
Vs nd ;3
(7 (12
C*(d
K' C (d B)
(14) (11)
P. =Py (15)
(10) (13) (15)
podizC(d2)=§—mPCde) (16)
T dy
(16) m, dy d,
+ K' pp[1-18~1-20]
m, d,
(Differential Mobility Analyzer, DMA) d, 4
Kl
(doublet) (triplet) 4
K' 1:2
4
() /
<40 N/m
(Wire-cut Electro-Discharge-Machining WEDM)
150 pm WEDM 50 um
150 um
16.3 N/m
()
1.
SEM SEM

1-7a



SEM

(Scanning Mobility Particle Sizer, SMPS)[1-21]

(Aerodynamic Particle Sizer, APS)[1-22] (Electrical
Low-Pressure Impactor, ELPI)[1-23] (Gravimetric
Methods) (Tapered Element Oscillating

Microbalance, TEOM)[1-24]
(Aerosol Particle Mass Analyzer, APM)

[1-25, 1-26]
[1-27]
[13]
2% % # 4 2, %5 (Dynamic Shape Factor) i (High
Aspect Ratio) ( ) K
[1-28, 1-29]
[13]
1000V  DMA
4000 V
()

FY100

100 nm



(

) /

)

Ilnm FY99
FY100

3 nm

2.5 nm
300 nm

PID

Interferometer)

standing mode

(1)

)

3)

FY98
FE-ESEM
FE-ESEM

[1-30, 1-31]

1 nm)

1 nm

1-25  NIST

)

FE-ESEM

<] nm

(Homodyne



(a) (b) T

1-25. (a) Single image acquired in 11 ms frame time (50 ns pixel dwell time); (b)

Traditionally averaged 70 images; (c) The same 70 images averaged with the new,
adaptive method (right). The lateral field of view is 4617 nm.

(Differential interferometer)

Abbe 1-26(a)
1-26(b) (c) NIST ESEM



Proc. SPIE 5375, 199 (2004)

Bayonet interface for Helix
detector
(Modified for reference mirror)

Reference laser beam

{3mm diameter)

Helix detector
(bayonet
mounting)

=N

Main laser path
(3mm diameter)

16 pixels = 1mm

(Courtesy of Fjeld)

(Courtesy of NIST)

1-27

1-27 SEM



SEM

P.
SMPS-Impactor
)
d, d;
Pe = Ps
a p.
b. SMPS
c. SMPS
d. b d
SMPS-ELPI
ELPI SMPS
pt
SMPS-APS(-TEOM)
SMPS APS
nm p.
pt
SMPS-APS

TEOM

Pe
( )
(Quasi-Monodisperse)
= ‘_"_’ -4
( SMPS) (
Pl
pt
SMPS-impactor o)
d, d
p.
p.[1-32]
o) [1-33~1-35]
- (
) pL[1-36, 1-37]
600 nm 1000 nm 800
TEOM



(Apparent Density)

V, APS [1-37] SMPS
[1-38]
DMA-+Impactor
1992 [1-39] DMA (Cut-Point)
(Inertial Impactor) o)
DMA (Condensation
Particle Counters, CPC) 50% d,
d, dy d,
o 4% NaCl p. =1860 kg/m’
Pp 14% [1-39] NaCl
DMA+ELPI
[1-32] DMA+ELPI dy (75
nm < d, < 280 nm) d! (16)
D, D, =222
DMA+TEOM
DMA+TEOM d, mp TEOM
(5 pg/m’)
DMA+APM
DMA APM -
[1-40]
100 nm 300 nm
P
Pp
bok ¢ dofid ) E pr
DMA-+Impactor
DMA-+impactor NaCl p. =1860
kg/m’ p, =2165 kg/m’ 14 % (7 (14)

d'=175 nm d4 =111 nm ' =1093+0.035 3 %

Continuum Regime Kk =1.08



DMA-+Impactor

DMA (Aerosol Mass Spectrometry, AMS)
(Aerodynamic Focusing Lens) d, d! pl[1-41]
Pp

K=+Vrk'x! [1-42]

K/ K’
500 nm)
DMA APM
(Pycnometer)
()
FY100

t

K K~K!

(Free Molecule Regime

DMA (20 nm
APM (ELPI )
P
i BE R EB T chb 4 A RF]S T
Pr (14) % 417§ 4
FY98-99
FY100-101

NML

(Si0s, ZnO, TiO,) 1-28
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1-28

FY99

I mg




SWA LER

SWA (<1°) (0.35 pm < <1 PMm)
30 nm
(thickness<100nm) (strainrate  0.05s™) (strain
rate 0.05s™)
()
0.87°(<1°) ( ) 95% k=2.78
( 0.2 um-1 pm) 10
nm
()
30 nm ~ 350 nm
Ra= 10 nm ~ 5000 nm 2 nm ~ 50 nm 2~12
(
PZT
CCD A/D
102 mm (4 inch) 14 nm
95%
(Galvanometer )
THz (
<10 %)
()
(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) (o)

Height

Sidewall
Angle

2-1
Line Edge
Roughness (LER) Line Width
St Roughness (LWR)
3o deviation of an
edge from a line fit 3o deviation of width
to that edge

2-2  LER/LWR

(SEM)
(TEM) (AFM)



0.1 nm TEM TEM

(Dimpler)
(CD- Scanning electron microscopy,
CD-SEM) CD SEM
2D SWA
CD
Soluris CD-SEM
SWA 1° cross section [2-1]
Foucher Model X3D from Veeco Instruments
[2-2] SEMATECH NIST
CD-SEM top-view SWA
[2-3] CD-SEM  Top-Down
[2-4, 2-5] X3D
SEM
AFM
(Supper sharp tip) AFM
(LER)
AFM (Type: DI 3100) AFM
(DI 3100 Controler) (Peizo) (Type: NanoScope Illa)

2-3



DI 3100 controller

2-3 (DI )

2-4

PR R
RS 15

1L
W 1RE
8 WA AT R

It

) B B $LA3)
Z o0

)



nm R,=10 nm ~ 5000 nm
2~12
2-5
a
d Ny
er
[16]
E;c'at _ eXp(lkR) Spp SSP E;nc
E:cat R Sps SSS E;‘nc
R k= 2n/\
p S

Escat

30 nm ~ 350

2 nm ~ 50 nm

2-1

Einc

N

2-5

30 nm

100 nm



0 =60 =45°
30 nm 100 nm
Mueller
Mueller

2-7

0° ~180° 2-6 8  Mueller
9,
n B
n B 30 nm
n B

08 —

06 —

04 —

Normalized Mueller matrix element

(a) 1'_ WHWI'__

100 nm

G

Normalized Mueller matrix element

—— M
—— My
—=— my
—@— My
—O— My
—o— ms
—XK— My
4| —A— my

2-6 Mueller

60 90

0, (degree)
(@) 30 nm (b) 100 nm
¢)"
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80 — o 5 —
)
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=
70 |— —
Particle diameter
— — — —30nNm
| 100 nm |
O Exp. data
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0 30 60 90 120 150
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2-7 n P 9,
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1.4

12 —

08 —

06

04 —

-AN/AY, (§,= 09)

02—

MSDI! model
@® Exp Data

w2 m 3mn/2

50 100 150 200 250 300 350 400

0.25 pm 90 nm

(Yield)

(Fizeau)

I =1,+1 +2,I 1, cos(9) 2-2



I=1,+1 +2JI,1 cos(@+7x/2) 2-3

I,=1,+1 +21 1 cos(0+x) 2-4
I=1,+1 +2I 1 cos(0+37/2) 2-5
I, I, 0
6 =tan” Li=h 2-6
11— 43
(2-6) -r/2 r/2
(Phase unwarpping)

SiO; (60nm)

4k g # (Atmospheric Pressure Chemical Vapor Deposition)
05 FHEFaotels 1.3~1.5 2) BE R
B VEALAF ELF M Torch(
) Torch & % B * 650 350 ~850
Si0,

Hyg+1/20,, X’ H20¢)

SigtH,0¢ A SiOgt 2Hy g



i 2
l-v 3l ¢,
E, Vv, ¢ [
o t
E
525 m 60 nm 2 cm; " 181
_vs
GPa (
) Stoney equation 60 nm 485
MPa
TU/2
Tt 3711/2

2-10 Si0O, (60nm)



2-1160nm  SiO,

2-12
2-12a
2-12b
21 nm
nm 2-13

(Energy Dispersive Spectrometer)

(N11) 0.05 s

(FETEM)

(Bamboo-shape)

11.75 nm

58.46 nm
(D-spacing of (0 0 1)) 0.35

(Chloride)



2-14
0.20
2-15
0.005 s
0.002

1.40 GPa

S ym
0.002
1.65 GPa 0.22
2-17
0.16
107 107

4.54 GPa
1.82 GPa 0.31
2-16
0.001 s
0.002

29.58 %



Engineering Stress (MPa)
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80
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60
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40

30

20

Q
0.000 0.005 0.010 0015 0020 0.025 0.030 0.035 0.040

2-14

2

= Parylene-C, data1
© = Parylene-C, data2
+ Parylene-C, data3
= Parylene-C, data4
Parylene-C, data5

Engineering Strain (mm/mm)

24 +

Engineering Stress (MPa)

-

.

Test-1 at straln rate of §*1
Test-2 at slrain rate of 5*1
Test-3 at siraln rate of 5710

i I 1 i 1 1 1 i

O
0.000

2-16

5x107°

4064 ¢008 0012 0G16 0020 0024 0028 0032 (0036 (040

Engineering Strain (mmimmy}

10 Hz
2-19 0.002

0.18 0.13)

Engineering Stress (MPa)

5]
T

=]
T

@

@

s

= Test-1at strain rate of 10°
« Test-2 at strain rate of 10”
+  Test-3 at strain rate of 10°

[~

0 1 1 L 1 1 1
0000 0002 0004 0006 0008 0010 0012 0074 0016 0018 0020

2-15

102

Engineering Stress (MPa)

3.14 %

36
» Test-1 atswain rate of 107
50 L + Test-2 at strain rate of 107
4 Test3 at st rate of 107
24 b
e TR e —
.
18 P e R L
el
12
6
o i L L H 5
0000 0004 0008 D012 D016 (020 0024 ©028 (032 0036 5040
Engineering Strain (mm/mm}

2-17

107

1.64

3.14 %

4.5 mN
2-18

1.59 GPa (



50 50
m  Test-1, slope=182 . m  Test-1, slope=1.67
451 o Test2, slope=1.65 45 * Test-2 slope=185
40 4 Test3, slope=1.46 o a0 4 Test3, slope=1.44
— Linear fit of Test-1 o5 - Linear fit of test-1 o
& 351 Linear fit of Test-2 ..0’.’ & 35k Linear fit of test-2 s A
= —— Linear fit of Test-3 l:l" at = 10 Linear fit of test-3 [E
T § Al strain rate of 107 e e § U1 At strain rate of 167 e A
o - ;,-"' [ g
= 25 L L A = 5 ,/,“',v”
5] f Ay A oy A
= o A g 20 'y
£ 20} &% ' = ey i
5 .. ‘.‘ g A b
215t & {:: £ 15k {'f
2 3 ;’;!d 2 e
wiol e® w1 ) 2"
05 ‘W 05 &&&‘
0 L : L 1 00 . . L -
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0000 0.0005 0.0010 0.0615 0.0020
Engineering Strain (mm/mm) Engineering Strain {mm/mm)
2 -3
2-18 10 2-19 10
(Galvanometer )
THz 2-20
( <10 %)
2 pPm ~ 0.1 pm)  SiO;
Si wafer 2-21 ( Si
) THz THz
LIA( )1 5 kHz  THz
(reference) LIA THz (~20 Hz)
(differential)
Ti: sapphire laser]
[
Delay line
7/
Sample on shaker ([

Galvanometer
driver

f,

2-20




2-21

2-22 THz Si  reference
~3 mm
1.87 pam 2-23 FFT

0.1 THz~1 THz

o
R

—Si
— Differential signal of SiO,(1.87um)/Si

) Argplitcljjdeéa.ug o
g 8 8 B B

<3
S

=}
8

Time delay (ps)

2-22 THz Si  reference Si+ Si0,/S1
1X1078 T T T T
A Differential signal of SiO,(1.87um)/Si |
1x10™° b

S 1x10™

& SIN~1000

g s0” MAA N
& 110} V vy W\

x10M

10—15

05 10 15 20 2.5
Frequency (THz)

2-23 THz Si+ S10,/S1

Si+ S102/Si
Si102

2-7

1000



SPRNLARNY P -
2rdv Qav)-(n—1)
Q@
,C
2-7
2-24(b) Si0,
10
ol O DTDS of SiO, (1.87 pm)
sl - - - n=2.1 (Literature value)
o 7L
2ol
o 5} (a)
=
§ 3 o 0 n A ~
5 2F--- -2l nre g DTS
ol

O n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n
01 02 03 04 05 06 _07 08 09 10
Frequency (THz)

2-24 (a) 1.87 pMIm
<1 Mm
thickness variation 2-25

2-26

(b)1.39pam

i n 0\ ; d
2-24(a)
(Si bulk)
(@)

10
] O DTDS of 1.39 um SiO,
! - - - - Literature (n=2.1)

c 70

x

% 6| (b)

‘é 5

= 4 |y

8 3

2
0 1 1 1 1 1 1 ! 1

01 02 03 04 05 06 07 08 09 10
Frequency (THz)

SlOz THz

0.5 pm

(~2.74)  bulk

0.57+0.20 um

o o0

0.0

OoC OOu © O UOOOé
)
0 OC

2-25 Si

01 02 03 04 05 06 0.7 0.8 09 1.0

Frequency (THz)

3 mm

2-7

local

(~2.1)



(

)

AFM

=
o

n,,=2.74+0.59

Refractive index
O N W M 01 O N 0 ©

Frequency (THz)

2-26 0.44 pm  SiO; THz
SiO,
1000 Si0, THz
AFM
J&; SH ( )d
2-27
AFM Tip
2-27
0, d ( ) B AFM



% > h-tan(6, + f§) AFM

B=1° D O=T7° ( yd =100
nm 201 ( h<201 nm) 2-1
2-1
p= 7", 6, = 7 Maximum #
d =100 nm h <201 nm
d=150 nm 7 <303 nm
d =300 nm h <606 nm
n>2 2-28
n h 0 AX
SWA
h

& :

X scanning direction

n-AX =h-cos(SWA, —0,)

2-28

(512 x512) X,Y,Z

SWAL = (92 — 91) +e1te = 0 +e1t¢€; 2-8

0, Line2 0, Linel
0 (92 - 91) €1 & 2-29



SWAL

2 2 2
uf(SWAJz{aSWALJ (0 )++(—65WALJ uz(gl)+(aSWAL] (s, 2-9
00 0O¢, O,
OSWA, _ 1 OSWA, 1 OSWA, 1
00 og, oe,
Line1: h
v, =ax, +b
- N SWAL
Line2: Y2 =¢X,+d
SWA, =6,—6, =6 =tan""'(¢)—tan "' (a)
2-29
o 0, y=py+pbx By B 2-29
. a Tyl v T .
Line 1 a b L}:(Xl X)) X, y, Line 2 C d
c _
{d}:(XzTXz) leTJ’2 X1:[1 x1] X2:[1 xz] 0

o(0,-0,)=tan"'(c(a)) + tan"' (o(c))

Syt -E ) e@x, -EXD
N, -2

tan ™' (

N N, Line 1 Line 2 fitting



ue

Nanoscale AFM-CD Standard

0.2°
0.2°%2 0.2°%2 o
u(@,-0,)=—"-= 1 =035
6,-6)=="7 NE]
20 % 12.5
o 2-30
_ Z
g =SWA, —tan” ——L— 2-11
,+oX,
oX,+X, =—4=
cosox
— ZL
" tan(SWA,)
(2-11)
Z Z
g =tan" =& —tan"' —=£ 212
1 s XL
cosx
89° a + 2.5°
SWA, =89° Z, =250mm a=%2.5° X, =1454nm & =0.001°
u(el)zm =0.0006 ° 1
V3
0.001°
20 % 12.5

pS



(e2)

uf(SWAL):(aSaLeAL] u2(0)+(

2-30

&

OSWA,

2
u (SWA,) = \/u; +(0.0006°)* + S(%)

Welch-Satterthwaite

4
u

Y = sl u(e)T

= v(x)

(2-12)

Ug

54.12° 54.49° 54.44° 55.26°

55.83°

s(€2)

s(€2)

oSwA,

J ”2(51)+[ oe

(
0.699°

Ug

J ”2(52)

0

Veff

s(€2)
2:31)

(6)

Ug

2-13

s(€2)



0.87°(k=2.78)

Stepheight

Step heigh

i 2
r Vhe aver agec
in t
LEVEL MEASURE | RESTORE

Mstart] ) & &) || Ftenozcse 5001 | ginctiope Con.. [ Namseune n. Tlvsendysten | LyGHI5Np:

2-31. SWA

(0.2 um 1 pum)
10 nm 2-32:

(um)

0.20 0.26
0.50 0.58
1.0 1.20

B2 8 19 | e sonon]Gremmmesa:, gon

(a) 0.2 pm




(

)

100 mW
2-33

30 nm

2-33

(Fizeau)

Measurand

P

A
h=—a¢+0h, +oh
47Z'¢ rf re,

h
A (Laser wavelength)

W
8hrf

8hrep

uz(h)=z{%} 10(5) =Y le, u(e)

Class 1

ISO/IEC Guide 98-3: 2008 [2-6]

2-14

2-15



u(A)

2-16

AK-100 ( ) 632.8nm  He-Ne

Ao 632.991 nm

n (Refractive index of air)

15 101,325 Pa (CO2)
Volume (Dispersion) [2-7 ~ 2-9]

n =1+10" [8,34254+ 2,406147-(130-0°)" +15,998~(38.9—0'2)‘1]

o (Wave-Number) (

2-17

0.045 %

2-18



Ay
~30
2=, 14107 (0.601-0.00972-1)- p] o 1o
? 7 96,095.43 (1+0.0036610-¢)
n, p (Pa) ()
(23 £ 1.5)
n,(21.5 °C, 101,325 Pa) = 1.0002700
n,(24.5 °C,101,325 Pa) = 1.0002672 220
|”zh _”ﬂ’ _7
u(n,)= =8.12x10 2-21
(n,) NG
+50 hPa
n,,(23 °C, 96,325 Pa) =1.0002553
n,,(23 °C, 106,325 Pa) =1.0002819 222
‘nph _npl’ -6
u(n )= 7 67%10 223
) 23



u(n) =\/u2(nt)+u2(np) =7.71x107°

He-Ne

nm )

1x1077

u(lo):T

(2-17)

A, =3.66x107 (nm)

A

u(2) \/ Sj umo)] +(2—ju(n)j

=\/ iumo)j +(‘f° u(n)j
n n

1x107 x4, (A,

1
_\/ 1.0002686

1.0002686 *

2 2
(3.66 x 105)j ; (ﬂ(ml < 106)j

=4.88x107° (nm)

n =1.0002686 23 101,325 Pa

R%=5% A

2 2
v, = %x(%) = %x(%) =200

uw(y)
PZT
Yy PZT
(Linearity) PZT
(nonlinearity) s
e

a'=a+¢

224

632.991

2-25

2-26

2-27

2-28



§'= -+ 50

o¢ s

82
tan @'= (1 + 7] tan ¢

op=¢'-¢ = %2 sin2¢ (rad)

IntelliWave

PZT (90 £ 1)°

/180 (3-23)

_ (z/180)

5p = =~7.62x107 (rad)

¢

u(5¢)= 9+ 4.40x10° (rad)

Nl
PZT

[2-10]

ulg, )=1.81x107 (rad)
ulg, ,)=2.90x10™ (rad)

ulg, )= 4.53x10" (rad)

ulg, ,) PZT

2-29

2-30

2-31

Phase Shifter Calibration

(TT/2 £711/180) rad E=TT

2-32

2-33

A/D CCD

2-34

2-35

2-36



ulg, ) A/D

ulg,.) ccp

(2-33)~(2-36)

u(g)=u’(0¢)+u(g, , )+u’(g, )+ ’(g, )

= J(4.40x10°) +(1.81x107 ] +(2.90x10* ] +(4.53x10° ] 2-37
=4.89x107
R %=10% W
2 2
V¢Elx(@j =lx(@j =50 2-38
2 R 2 (10
u(oh,)
[2-11] /] HOIC/102 mm TF/ ZA010903
PV(Peak to Valley) 0.0494 A\ (A 632.8 nm)
Vrf
PV/2 0.0494 A/2
u(oh,)= =
RN N
(nm) 2-39
0.0494(632.8)/2
= =6.4
J6
2 2
vrf;lx(@j _L @j =200 2-40
2 R 2\ 5
( R %=5 %)

u(oh,,,)

rep



PV 1720 A 20
0.0502 A PV 0.0118 A

vrep

PV/2 0.01184/2

u(oh, )= =
(o) 3 3 (nm)
0.0118(632.8)/2
= =22
V3
2 2
Vs ;lx(@j =l>< @j =200
2 R 2 5
( R %=5 %)
uC
2-26 2-37 2-39 2-41 (2-15)

u,(h) =\/(%)2 -uz(ﬂ)+(4—’;j2 12(B)+ (S J+12( )
=\/G—”j2 (4.88.10°) +(%j2 (4.89-107F +(9.0)* +(1.3)

T T
=6.7 (nm)
Welch-Satterthwaite Veyr
Vo = M:
eff 4 4
w'(2) , i), w'ohy) u'loh,)
v, Vy Vs rep
~ (6.7)"
(4.88-107) . (4.89-107)* . (6.4)* . 2.2)*
200 50 200 19
=246
U u k

) k=1.97 v, =246

PV

2-41

2-42

2-43

2-44

95 %



(

(

)

)

U=kxu, =197x6.7=14 (nm)

(Geometrical optics)
(Residual warpage)

THz >1 wm
I pum
1% 0.2 um
SWA 90°
SWA
(<30 nm)

(Deviation) 107

(Bending beam)

10 nm I pum
5%



(

(

(

)

)

)

<l pm

Si0,
CD 45 nm
CD (Line edge roughness, LER)/
width roughness, LWR) LER SWA
AFM
LWR
22 nm AFM 2~5 nm CD
SAXS CD CD
(<30 nm)
500 nm

(Thermal stress)

local thickness variation
THz

(line
LWR

30 nm
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ISO: International Organization for Standardization

IEC: The International Electrotechnical Commission

VAMAS: Versailles Project on Advanced Materials and Standards
ASTM: American Society for Testing and Materials

ANF: Asia Nano Forum
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98 (TNSC) (TWA)

1. TWA 1
(1) (TWA1)
[ ]
° Terminology and Nomenclature
° 10 ( ) 10%
50% 40%
( )
2)
° 98 8 14 14:30 ~ 16:00
16 223
A. TNSC
(TNSC)
B.
C.
D.
TWA 1
(A)

(B)TNSC



1. TWA

ii. TWA
E. TWA' 1
F. TWAI1
A.
B. ISO TC229 WG1 ISO/TS 27687:
Nanotechnologies- Terminology and definitions for nano-objects
9 10 ISO
TC229
C.
D. TNSC
E.
98 9 29 ( ) 14:30 ~ 16:30
4 4006
A. 98 1
ISO/TS 27687: Nanotechnologies- Terminology and definitions for
nano-objects
A. ISO/TS 27687: Nanotechnologies- Terminology and definitions for
nano-objects —
(nano-objects) —
B. 10
ANF summit TC 229
e-mail 10/13
ISO/TS 27687 10/17 ISO TC

229
10/13 (TNSC) TS 27687 ISO



)

o ISO/TS 27687: 2008 —
Working Draft 5
® 12 10 ( ) 10:00 ~ 12:00 16 223
3 ISO/TS 27687: 2008

Working Draft



TWA

(New Working Item Proposal)

ISO Terminology-Nano-objects

TWA

98.9.1

ISO

TWA

TWA




2. TWA?2

(1) (TWA?2)
o
° Measurement and Characterization
° 9 ( ) 56%
22% 22%

( )
(2
° 98 5 26 ( ) 14:30 ~ 16:00

16 223
A . TNSC
(TNSC)

B.

C.

E.

TWA 2



(A)
(B)TNSC

i, TWA
ii. TWA
E. TWA 2
F. TWA2
A. 6/26 TNSC
(TNSC)
B TNSC6/26 TWA2

)



3.TWA3

(1) (TWA 3)
[ ]
° Health, Safety & Environmental issues
° 9 ( ) 45%
22% 33%

( )
)
° 98 9 11 10:00 ~ 12:00

16 223
A. TNSC
(TNSC)

B.

C.

D. TWA 3

E. TWA3

A.
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F.
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4. TWA 4

(1) (TWA 4)
°
° Material Specifications
° 6 ( )
67%
( )
2)
° 98 11 6 ( ) 10:00 ~ 12:00
16 223
A . TNSC
(TNSC)
B.
TWA 4 Material specifications
C.
TWA 4
(A)
(B)TNSC
i. TWA
ii. TWA
D. TWA 4
E. TWA4
A. material specifications

TWA

33%



(

)

B. ISO

titanium dioxide calcium carbonate

ISO
C. Silicon dioxide
roadmap
D.
( )
E.
F.

(Taiwan Nanotechnology Standard Council, TNSC)
1SO / TC 229 IEC / TC 113
(Technical Working Area, TWA)

(TNSC)
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MS Windows 2000 server( 1G)
MS SQL Server 2000( 15M)
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1 0 1 0 0 2 0
-1 -0 0 -1
4 4 6 1 7 11
3 5 1 &8 9
2 2% 3 6* 0 5
* 2 SCD | * 6 SCI (* 8 SCI
2 5 4 9 6 15
5 10 6 10 12 22
2 3 3 6 7 11
(
)
17
3 2

Institute for Reference Materials and Measurements

(IRMM)
(DLS)

577.665 )
AFM SEM DLS
240 2,587  (

NML
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(DHISO Terminology-Nano-objects
«C )
() _
(nanorod) ( )
3) _
PCsBM ( ) 3
www.tnsc.org.tw
APEC
| Economy-1 | | BIPMICIPM | | Economy-2 |
National l ; National
Metrology [ EUROMET/ |/ Metrology
Institute (1) APMP ...

L

X-accredited
i Laboratory

I T NP

Industry

APEC Forum

Institute (2)

l

Y-accredited
Laboratory

Industry
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118
2-1
2-2
2-3
2-4
2-5
/
3-1 0521
3-2 0911
3-3 1201
3-4 0714
/
3-5 1013
(
3-6 0805-0808
3-7 1007-1009

2009 APEC Nanoproducts Measurement Technology

190.476 )
(
(
/ /
11
10
9
)
2009

6
)
100 )
50 )
50 )
32
15 26
19
)
8
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3-8 1201

4-1 0417 Development of
nanometrology at CMS/ITRI

Institute for Reference Materials and Measurements (IRMM)

(DLS)
98 2 26 IRMM 30 nm (Silica)
CMS (DLS)
IRMM
Measured Value
Test [nm] Average Measurement
Sample [hm] Uncertainty
No. 1 2 3 4 5 6 [nm]
0164 130.73/30.77(30.03 [29.92 |28.93|28.91| 29.88 2.18
068 130.54|29.07 | 32.00 [ 29.65 | 30.04 | 30.16 | 30.24 2.55
8 - (D07)
- (D08) (D21) (D22)
(N10) ( )(NI1) (V05)
(F11) FY98 240 2,587 NML
/
FY98

SI



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
(Nanomechanics)
(Nanotribology)
/
/
(Young,s modulus) / (plasticity)

(the force constant of cantilever)

10 uN( )
() 7z SWA
LER SWA (<1°) (0.35
m < <1 Mm) (SWA) (BMCO)

BMC 0.87°(95% k=2.78)

(AFM) CD

( )CG 2
30 nm
(



30 nm ~

2 nm ~ 50 nm

( )‘6
(thickness<100 nm)

rate  0.05 s7)

(N11)

Si02
0.1 THz 1 THz

350 nm Ra= 10 nm ~ 5000 nm
2~12
(strainrate  0.05s™) (strain

(Bending beam)

0.05 s
THz
1.87 um 139 ym 440 nm Si0, THz
THz
1000 Si0, THz

>1 um <l pm






(FE-ESEM)

ZEISS SUPRA 60VP:

WD 2 mm
<1.0 nm at 15 kV
<1.7nmat1kV
<3.5nmat 0.2 kV
<4.0nmat 0.1 kV
® Resolution(

): WD 2 mm
<2.0 nm at 30 kV
® Acclerating voltage:
0.2 Kv to 30 kV
® Electron gun:
Schottky Field
Emission
® Specimen chamber:

520 mm X

300 mm

® Specimen stage:
Eucentric
goniometer stage 5
axis(X, Y, T, R, Z)
motor control:

X: 152 mm, Y: 152
mm, Z: 43 mm,
Rotation: 360°, Tilt:
-15° to 60°

(]

Energy Dispersive
Spectrometer (EDS)

® Resolution( ):

® Specimen: 8

12,000

11,959

11,959

FE-ESEM

98 2

(4

(SEM)

USD309,800)




( AAAR 28™98.10.25-
AAAR 28th
) ‘ Conference [98.11.1
/
* NanotechNanotech  |98.5.2-
2009 2009/ 98.5.9
* IMEKO IMEKO  [98.9.5-
2009/ 98.9.13
° ASPEN2009 |ASPEN  [98.11.10-
22nd International
Microprocesses and 2009 98.11.20
Nanotechnology 22nd
Conference Internationa
NMIJ/AIST .
Microproce
sses and
Nanotechno
logy
Conference/
* 2009 Denver|3009 98.7.26-
X-ray Conrerence Denver 98.8.7 X-ray




X-ray
NIST
Conrerence
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o 2009 Frontiers 2009 98.5.10- 6
of  Characterization F ti 98517
and Metrology for rontiers oh>e..
Nanoelectronics Characteriz
ation and
Metrology
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Nanoelectro
nics/
. 22nd122nd 98.11.12- 7
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nt,ematlona Internationa (98.11.20
Microprocesses  and
Nanotechnology 1
Conference Microproce
’ sses and
NMIJ/AIST
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logy
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*  Diamond 2009|Djamond  |98.9.4- 20 8
2009/ 98.9.12
*  IEC TCIBHEC TC 113(98.4.12- ?
meeting meeting/  |98.4.17
* IS0 TC 229180 TC 229/98.6.7- 10
meeting meeting/  |98.6.14




/
* VAMASIVAMAS ~ 98.5.11- *  VAMAS 1
Steering Committee .
meeting Steering 98.5.16
Committee
meeting/
* IS0 TC 229)IS0 TC 229(98.6.7- ) H
meeting meeting/  [98.6.14
. 73rd IEC|[SO/TC  (98.10.17- ‘ 12-
General Meeting 13
ISO/TC 229/JWG 2290WG - 198.10.24
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/
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3
D22.X 98.11.20
X-Ray Metrology
for thin Film
Characterizations
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20051213

200510129617.4/Z1.20
0510129617.4

20091104

P07980030TW

20091130




/

Nanonewton  Force  Generation  and

Detection Based on a Sensitive Torsion

Pendulum (SCI)

2009/04/01

IEEE Transactions on
Instrumentation and
Measurement

Measurement of the Cotton—Mouton Effect
in Nitrogen, Carbon Dioxide

(SCT)

Oxygen,

2009/08/05

Chemical Physics Letters

Evaluation of Uncertainty in Nanoparticle
Size Measurement by Electro-gravitational

Aerosol Balance

2009/05/03

Nanotech Conference &

Expo 2009

Nanoparticle Size Characterization of 100
NIST SRM 1963a by

Balance

nm
Electro-Gravitational ~ Aerosol
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CEM Centro Espanol de Metrologia

CMS Center for Measurement Standards

CPC Condensation Particle Counter

CRM Certified Reference Material

CSIRO [Commonwealth Science and Industrial Research Organization

DFM Danish Institute of Fundamental Metrology
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Korea Research Institute of Standards and Science

LDV Laser Doppler Velocimetry
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SRM Standard Reference Material
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TC Technical Committee
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VNIIM |DI Mendeleyev Institute for Metrology
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