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This project is initiated from the origin of National Quality Infrastructure
(NQI) and value chain, “Metrology”, i.e. National Measurement Laboratory
(NML) operated by CMS/ITRI to take the operational responsibility for
subcategorizing the project into four subprojects: Standard Maintenance and
International Equivalence, Development of Technology and System in Industrial
Metrology, Advanced Metrology, and Legal Metrology Technology
Development, then coming together to establish and spread widely the highest
national material measures and measurement standard with international
equivalence, to provide metrological traceability for industry and people’s
livelihood domestically, in order to assure the measurement conformance and
precision during the stages of R&D and manufacturing production, and thus
satisfying the traceability and calibration demands of measuring instruments in
national science and technology, industry, people’s livelihood, and safety and
security, finally keeping the NQI firm in our country. The yearly main work
items are pointed in the following:

® To maintain NML’s qualification of calibration and measurement capabilities
(CMCs) registered to BIPM-KCDB Appendix C for reaching global
metrology harmonization and mutual recognition, and then to enable our,
country keeping fair and free trade status in the international trading affairs.

® To focus measurement service categories of length, electricity, photometry,
fluid flow and some other related ones for emphasizing higher traceability,
ranked and more service demanding standard systems, inducted into the new|
measurement  technology  and equipment, and strategically
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replacing/renewing and improving/refining old and obsolete systems in
NML.

® To combine with national metrology standard, instrument development, and
industrial technology application, directed into the new/expanding standard
systems to develop based on industry demands, for evaluating and assisting
the precision manufacturing, semiconductor related industries to improve the
urgent measurement problem initiated needs in manufacturing process, then
enhancing and strengthening the capability of traceability chain, and finally,
providing the industry with much closer service through the dissemination of
metrology technology.

® To devote in the study complying with the international trend of advanced
metrology technological development, for establishing the advanced
material measurement technology, and researching and developing the
advanced sensing technology and optical communication frequency standard
technology, and at the same time to continuously perfect our country’s
autonomous capability in metrology standard technology, to assist domestic
emerging industry for upgrading the product quality and enhancing
international competitiveness.

® To comply with law enforcement agency for assisting in the legal metrology|
technology study for drafting and revising the technical specifications in
terms of legal metering units (devices).

Yearly Project Outcome:
® To realize and keep the designed framework of global mutual recognition,
and to establish the international equivalence of national measurement
standards
(1) Completed yearly planned work items for being continuously registered to
the databank on BIPM-KCDB website, to confirm the strength of our
country’s metrology technology and keep the international equivalence of]
the highest national standards.
<-Completed the participation in 8 international comparisons, and 3
comparisons registered to BIPM-KCDB databank. Within the framework|
of CIPM-MRA, it shows on BIPM-KCDB website totally 101 comparisons
registered to BIPM-KCDB Appendix B with 66 comparisons completed
and another 35 comparisons still in progress.
<273 calibration and measurement capabilities (CMC) items have been
registered to BIPM-KCDB Appendix C.
<~ Accomplished the third party peer assessment of laboratory accreditation
in both categories of Acoustics and Vibrations to assure the individual
quality systems and measurement capabilities.
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(2) Continuously keeping the interrelationship among the international
metrology institutions to maintain and reinforce the international NMI
brand impression on our strength in NML.

<~ Participated in the related meetings of Asia Pacific Metrology Programme

(APMP) and the International Committee for Weights and Measures

(CIPM) for assisting the linking and operation among the Regional

Metrology Organizations (RMOs).

— Successfully accepted as official observers in both Consultative
Committee for Length (CCL) and Consultative Committee for
Acoustics, Ultrasound and Vibration (CCAUV) by CIPM.

—Elected and holding the position of Member of Executive Committee
(EC/APMP), and elected as Chairs for Technical Committee for
Acoustics, Ultrasound and Vibration (TCAUV) and Technical
Committee for Fluid Flow (TCFF) for assisting the operation of APMP.

® Continuously perfecting the standard transfer from the highest national
standard, providing calibration services to support ten billions TWD dollars
of inspection, certification and testing market.

(1) Maintained the highest national material measures and measurement
standard to provide the quality activities required in our country’s
metrological traceability hierarchy.

<-Maintained 117 sets of measuring systems in 15 metrology areas and
associated environmental facilities to ensure regular operations and service

quality of NML, providing 4825 primary calibration services, and to
transfer standards and provide secondary calibration services, test and
certification nationwide, and that accrues to more than billions TWD
dollars of inspection, certification and testing market annually.

<-Provided 113 international calibration reports in English edition certified
under the CIPM-MRA framework to assist manufacturers passing the
supplier’s audit, and to allow their products bearing internationally
certified calibration or certification reports for the expansion of]
international market.

<> Strategically completed 7 system replacements/renewing due to expired
use or equipment malfunction/decay and 7 system
improvement/refinements to keep the systems in stable service quality and
in precision.

— Completed 2 system improvement/refinements for both calibration
system of standard microphones by comparison and calibration system
of impact vibration by comparison, and 2 important system
replacements/renewing for both calibration system of impact vibration
by comparison and calibration system of low frequency accelerometers
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to meet the metrological traceability needs toward the precision
manufacturing industry.

—Completed 1 system improvement/refinement for the gas measuring
system, and 1 important system replacement/renewing for the
nano-indentation measuring system to meet the metrological traceability
needs toward the semiconductor industry.

— Completed 1 system improvement/refinement for DC resistance
measuring system, and 1 important system replacement/renewing for the
alternating current measuring system to meet the metrological
traceability needs toward the electricity industry.

—Completed 1 system improvement/refinement for the total luminous flux
measuring system to meet the metrological traceability needs toward the
optoelectronics industry.

—Completed 2 system improvement/refinements for both high pressure
gas flow calibration system and air speed calibration system, and 3
important system replacements/renewing for the high pressure gas flow
system, air speed -calibration system and electric-magnetic field
measuring system to meet the needs toward energy resource, fair trade
and people’s livelihood.

(2) Disseminated metrology technology and knowledge to train and cultivate
the domestic manpower in metrology.

<-Completed holding 3 technology disseminating activities on smart

machinery application in cooperation with TAMI (Taiwan Association of

Machinery Industry) and PMC (Precision Machinery Research and

Development Center) to comply with the upgrading and development of

metrology technology in the precision manufacturing industry.

<-Completed 1 technology disseminating activity on precision machinery
metrology in cooperation with the major universities in machinery industry
in the middle part of Taiwan, Feng Chia University, National Chung Hsing

University and National Chin-Yi University of Technology.

< Completed the development of “Exploration Box for Metrology — Weights
and Measures”, including dimension measure — length, dimension measure

—volume, and weight — mass, for the concept of metrology science and the

measurement method. Provided the teaching resource of science and

technology education for the remote areas, totally 43 days for about 328

hours of education promotion, in order to shorten the educational resource

gap between urban and rural areas and allow popular science concept of|
metrology — weights and measures more widely extended.
® Assist the precision manufacturing and semiconductor industry for upgrading
and enhancing their international competitiveness.
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(1) Establish traceability and calibration systems to meet the urgent metrologyj
needs of the precision manufacturing and semiconductor industry.
<-To establish traceability and calibration systems in response to
international metrology trends and quality requirements.

—The 3-dimensional measurement technology is built to enhance the
domestic industry’s competitiveness by improving the accuracy of the
coordinate measuring machine.

v Completed the development of the step gauge calibration system and
measurement technology. The technique is built by using a coordinate
measuring machine, adjustable fixtures and a self-developed probe.
The step gauge calibration system provides the metrological
traceability of coordinate measuring machine for industries in Taiwan.
The measurement range: (10~1010) mm, and the measurement]
uncertainty: 0.28 pm + 0.40 x10° L.

v' A revised and simplified auto-tracking mechanism structure was
completed for automatic laser tracking technology development. The
revised and simplified design of the two-axes enables easier
adjustment of the axes to cross on the center of the reference sphere.
The elevation angle of -14° to +85°, azimuth angle of + 180°, radial
centering error smaller than 5 um, axial centering error smaller than 2
um, and radius deviation of the reference sphere in the range of £ 0.1
um were achieved. The supporting cylinder was made of invar steel.

v The chatter occurred during machining was monitored by using the
unidirectional ultrasonic sensors. The measurement resolution was
improved by utilizing the phase modulation algorithm. The frequency,
range of the ultrasonic sensor was 2 Hz ~ 7 kHz. Resolution of
displacement measurement was 4 um. Maximum of displacement
measurement was 8 mm.

v' The achievements above can provide immediate assistance to the
local machine tool manufacturers and coordinate measuring machine
manufacturers who require high spatial positioning accuracy,
measurement error compensation and chatter monitoring.

— Traceability of aerosol particles measurements for liquid particle
monitoring technology under 100 nm in semiconductor industries.

v An aerosolization method that can convert the colloidal nanoparticles
(NPs) into aerosol NPs was developed. The size and number
concentration of the aerosol NPs can be determined by using a
differential mobility analysis system (DMAS). This method was
applied to monitor and measure the colloidal NPs for the sizes larger|

than 10 nm, which are used in semiconductor and chemical industries.
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The nanoparticle sizes for the aerosolization: 10 nm ~ 300 nm.

v" A condensed module, which is applied in the particle counters for the
NPs, was developed. The particle size for the condensation was =10
nm. This development can also help to reduce the construction cost of
fine particle in-line monitoring system in semiconductor or chemicals
manufacturing.

v" A generation module for standard concentrations of particles was
developed. The generation module provided standard number|
concentrations for different nanoparticle sizes that is used for
calibrations of different kinds of particle counters. The standard
number concentrations also provided the reference values for the
consistency check of the measurements between different particle
counters. Particle sizes that can be detected by the particle counters:
60 nm ~ 100 nm; Particle number concentration that can be detected
by the counters: 10%/mL ~ 10%/mL; Uncertainty of measurement in
number concentration: =15 %.

v The traceability for the nanoparticle measurements was improved
through the developments of the aerosolization method and the
generation module for standard particle  concentrations.
Additionally, the developed technology and reference nanoparticles
provided the capability to validate the inline particle monitoring
instruments for particle sizes below 100 nm.

— Completed the development of the torque calibration system to provide
traceability for domestic industry.

v" A torque calibration system was designed and constructed with the
measurement range: 10 N-m ~ 5 k N-m.

v Completed the design and manufacture of double-balance-lever, in
order to let the balance in equivalent, due to the heat treatment after
forging deformation, so the left and right ends of the knife and
knife-seat group, using the activity of micro-precision, in accordance
with in £ 0.01 % (equal-arm balance length is 1000 mm). The relative
expanded uncertainty of the weights was within 0.001 %.

v The established torque calibration system provided traceability and
calibration services required for the hand tools, transducers, material
test machines, and TAF torque approved level Il laboratories.

< Extension of mature measurement technologies from established system to
provide the metrology solutions for industries.
— Dual-optical comb auto-tracking system for absolute distance
measurement was developed to assist the domestic precision
manufacturing industry to improve manufacturing accuracy.
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v Completed the dual-optical comb auto-tracking system for absolute
distance measurement by integration of dual-optical comb with
wavelengths of 633 nm (for tracking) and 1550 nm (for measurement)
with the auto-tracking mechanism. The relative frequency fluctuation
of dual comb was 0.64 MHz and bandwidth of the laser offset
frequency was 3.3 mHz. The resolution and measurement uncertainty|
for distance measurement were 0.1 pm and 0.2 um + 0.04 x 10% x L,
respectively

v After measurements and error compensations by using the
auto-tracking laser based absolute distance measurement technique|
(using the LaserTRACER) for the large scale five-axis machine tools,
the accuracy and the long-term reliability can be improved. Thus
enhances the competitiveness of the domestic machine tool industry.

(2) Support supply chain and promote localization of equipment]
manufacturing for semiconductor industry.

— Micro-bump (p-Bump) reference standard and white light profile
measurement technique were developed to assist in the localization ofi
semiconductor equipment manufacturing.

v u-Bump reference standards were developed to meet the calibrations
of optical instruments for p-Bump measurements.

Maximum height: (12.482 + 0.006) um; Measurement uncertainty:

0.3 pm.

Diameter: (19.167 £0.155) um; Measurement uncertainty: 0.2 pm.
v'White light profile measurement technique was developed for

numerical evaluation of three-dimensional topography, height and

diameters of the p-Bump. Two reference linewidths were used to

evaluate the system.

Linewidth standard (Line width 0.1 mm):

lateral resolution: 0.140 um; average measurement value: 100.017 pum

with standard deviation 0.125 um

VLSI step height standard (step height 8.078 pum):
vertical resolution: 0.100 um; average measurement value: 8.062 pum|
with standard deviation 0.003 pum; maximum height scan range: 100
pm.

v The developments of the the u-Bump reference standard and white
light profile measurement technique were aimed to enhance
manufacturing capability of the domestic equipment manufacturers.
The knowledge obtained from the three-dimensional shape
measurement technology, and verifications of the measurement
accuracy could strengthen the foundation manufacturers. The
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developed white light profile measurement system is comparable to
the foreign ones, and can compete with foreign systems in open
market.
—Measurement technology of nanoparticles in solutions was developed to
support supply chains of the semiconductor industry.

v Integration of different instruments for online monitoring systems was
completed with established standard procedures and verification
methods for nanoparticle in solutions. In practice, the integration and
methods have been applied to help the domestic semiconductor
industries or chemical industries to monitor the nanoparticles in
solutions, as well as the performance of the particle counters for|
equipment manufacturers. Through providing particle concentration
standards or nanoparticle generation module development, it ig
expected to effectively support the development of domestic]
manufacturers and enhance their development capabilities, equipment
costs, and competitiveness.

®Pioneer internationally leading technology research on advanced metrology)|
for establishing and perfecting our country’s autonomous capability in|
metrology standard technology.

(1) Developing the technology of optical communication frequency standard,
in response to the technical requirement of the high-capacity Dense
Wavelength Division Multiplexing (DWDM) for next generation fiber|
optics communication market.

<-High power with frequency-stable, multi-wavelength light source was
established. Micro-resonator and high power fiber amplifier was
fabricated. The generated comb was input to the Erbium-Ytterbium
(Er-Yb) co-doped fiber optical amplifier; optical power of 17 teeth optical

comb was amplified to larger than 0.5 mW. The frequency fluctuation of]
the 100 GHz micro-resonator comb was measured by the beating and
optical spectrum analyzation technique. The short-term (<1 s) and
long-term (~ 1 hr) frequency stability are less than 10 MHz and 3 GHz,
with respectively.

< For the fiber-optic communications, our achievements could be applied to
the wavelength calibration of the multi-wavelength light source related
components and instruments, such as DWDM optical communication
active components and optical spectrum analyzer. Combined with the
passive electro-optical modulator array with self-development optical
transceiver technology, it can be modulized as equipment for the multiple
service radio over fiber application.
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(2) Development of high sensitive mass sensing technology and efficiency|
measuring technique for particle transmission and deposition for realizing||
real time direct mass measurement of particulate matters to effectively
monitor air quality or control industrial gas emission.

<> Completed the assembly of mass sensing system for micro/nano-particles:
including mass sensing cantilever, particle deposition and sensing|
chamber, 2 kV high voltage source and vacuum pump. The pressure inside
vacuum chamber is able to achieve below 10 Pa, and the frequency drift of]
the cantilever resonant frequency is measured to be 0.16 Hz.

<-Completed sensing coefficient measurement of mass sensing cantilever:
PSL particles of nominal diameter of 506 nm were used to measure this
sensing coefficient. The reference deposition mass was 1.76 ng and
corresponding frequency shift was 74.955 Hz and the sensing coefficient
was determined to be 0.043 Hz/pg.

<> Completed pictogram (102 g) resolution mass sensing experiment: PSL
particles of nominal diameter of 506 nm were repeatedly deposited on the
mass sensing cantilever and its resonant frequency was measured after
each deposition. The sampling time and the concentration of PSL particle
solution were reduced to lower the deposition mass to be around 712 pg.
The mass sensing coefficient was measured to be 0.039 Hz/pg and
frequency drift 0.16 Hz equivalent mass sensing noise was found to be 4.1
Pg.

< An interdisciplinary measurement technology for particulate materials has
been developed in this project, such as a high-sensitivity mass
measurement technology, and measurement technology for transmission||
and deposition rate of micro/nano particles. For high-sensitivity mass
measurement, a high quality factor miniature mechanical oscillator was
developed using the MEMS/NEMS technology to enable the pico-gramif
resolving mass measurement. In addition, a specially designed particle
counting and deposition system, which is compatible to the measurement
system and capable of measuring the particle transmission and deposition|
rate, has also been developed. Technologies developed in this project can
be applied to particle composition analysis, novel mass spectroscopy
technology, virus detections and other fields where high sensitive mass
sensing are demanded.
The developed technology for pico-gram mass standards can be applied to
develop new instruments or devices for real-time monitoring the airborne
particles. The optical particle counting technology developed in this project
can be also be applied to new low cost, and compact PM2.5 monitoringff
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devices.
(3) Developing the advanced measurement technology for ultra-thin film
thickness, to realize upgrading semiconductor industry, to overcome

difficulties of measuring ultra-thin film thickness.

<> The project is aiming to design, develop, innovate an instrument for extract
thin-film parameters. Design and setup the long X-ray wavelength analyzer,
and fabrication of high dielectric constant thin film samples were achieved.
After analyzing, the thickness of HfO2 was 1.759 nm and that of Al.O3 was
1.854 nm. Besides, it realized an ultra-high vacuum of 4x107 torr, 0.834
nm X-ray wavelength. Moreover, a very small X-ray spot size of 200 um, a
high flux of 1010 photons/s-mm?, and a XRR measurement process were
also accomplished.

<-For advanced logic semiconductor manufacturers, they need the
non-destructive measurement technology for ultra-thin film thickness on
local area. For non-volatile memory manufactures, the technology can be
applied in high-density memory process. For opto-electronic companies,
the technology can be used on measurement of amorphous and crystal thin
films as well as metal oxide and organic thin films.

(4) Integrated IR scanner and pulse laser technology to establish non-intrusive

real flow rate measurement methodology.

<>The heating source originated from a laser-heated spot to achieve
significant reduction in heating area. The research provides an encouraging
methodology for the qualitative and quantitative evaluation of flow pattern
of mini-channel device in the field of semi-conductor and fuel-cell. The
clamp-on ultrasonic flow meter is not suitable for the small size pipe (O.D.
< 1/2 inch) due to the insufficient traveling time of wave. The technique of]
TOIRT (Temperature Oscillation Infrared Thermography) is not limited by
the size of measurement domain, thus the TOIRT could be a promising
methodology for measuring the flow rate of small size pipe. The curve
characteristic of heat convection coefficient and flow rate is established in
the condition of the common industrial fluids such as water, air, methanol
solution and nitrogen and the flow measurement error < 10 %.

<-An automated data acquisition and analysis program based on
one-dimensional heat transfer mathematical model was compiled by
LabVIEW. The program contains the curve characteristic of heat
convection coefficient and flow rate is established in the condition of the
fluids used in the semi-conductor and fuel-cell process. The feasibility,
evaluation of a non-intrusive flow rate measurement methodology to
achieve significant reduction compared to the traditional tube clip and wire
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heating method of measurement and data analysis time was completed. At
the same time, the feasibility test of fast real flow measurement in the
common industrial process was verified.
®To comply with law enforcement agency for proceeding in the legal
metrology technology study for drafting and revising the technical
specifications in terms of legal metering units (devices).

(1) A feasibility evaluation of the performance test and the harmonization
research of the regulation for the revision of CNPA 76 “Technical
Specification for Type Approval of Non-automatic Weighing Instruments”,
to meet the international recommendation from OIML R76:2006. In 2016,
the main research is feasibility evaluation of the added test items
performance test according to OIML R76-1 Annex B “Additional Tests for
Electronic Instruments” for non-automatic weighing instrument, and visit
the weighing instrument manufacturers at Taiwan and the foreign legal
metrology institutions of non-automatic weighing instrument. The
collections of relevant opinions and information as the references are
intended to complete the draft of CNPA 76 “Technical Specification forj
Type Approval of Non-automatic Weighing Instruments”.

(2) Established the required survey on ultrasonic gas meter and rotary gas
meter related verification methods and draft of regulation suggestion
documents. Evaluated the ultrasonic gas meter and rotary gas meter in the
range of 2 % ~ 100 % maximum flow rate, their metrology abilities have
met the level 1.5 requirement also using for daily business trade. The
development and confirmation for verification technology, had proceed in
this project provide the hardware requirement and regulation assessments

for BSMI while included the objects for verification.

(3) Completed the study of the ear thermometer international standards and
sampling test of domestic commercial new ear thermometers. According to
the requirements of ASTM 1965-98, the test result shows the maximum
permissible laboratory error is 58.3 % at a given blackbody temperature of
37 °C which exceeding the maximum error. The document of ear|
thermometer test procedures is completed which can be used as a basis for|
implementing test and for incorporating into management by law
enforcement agency in the future to ensure the health of people.
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% 1-3-8~ FROERFRAER 2
R

P
e | ERE | memE [foeidn| | £
EE ] gaons, |1t T
(m/s?) 5 5 Vert k

MVI(mis?) | (mvi(mis?)) (%)
200 0.0526 0.000485597 683 1.97 1.9
2 000 0.0526 0.000484626 679 1.97 1.9
6 000 0.0526 0.000485129 682 1.97 1.9
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¥ ¥ B 1.119214 200
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P A L AR EL
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lj—"’f’ziéf ?f; e A2 30 L;&:é Rx:f(r’Rs)=rXRs°
0 &R TR 5
2 af ’ 2 af ’ 2 2 2 2,,2
u?=| — | u’(r)+| = | v*(R,)=(R,Fu(r)+r?u*(R,) (1-3-8)
or oR,
v:"—i—'l‘,(
U, :\/Rfuz(r)+r2u2(Rs) (1-3-9)
PRI R EARTIEBAPHE L BRI TR 0 404 1-3-100 2R3

TR A 1-3-11 0 % 1-3-10 ffich &k £
CRER 2 AR BT EQ) -

r: FRIEELEET LR FE F o

Una * ASEAREHRE 2 FE 2 R -

Upe * Bt R BT F AR

UrsBl © TR TR EB2 ZH 5 2 LT R o

Urss2 - BB * T g+ 2 2 FE TR o

URsBs * T T IR BT LB Z * FE TR

. Uma Urs U(rs)B1 U(rs)B2 U(rs)B3 e ﬁ L
BALE | R r 3 FEXR Ure
uQ/Q

0.1 mQ 10 0.0001 1.48 1.15 0.05 0.012 0.0556 1.879
0.001Q 10 0.001 1.19 1.15 0.05 0.012 0.0556 1.660
0010 10 0.01 0.30 0.58 0.05 0.012 0.0556 0.655
01Q 10 0.1 0.31 0.58 0.05 0.012 0.0556 0.660
10 10 1 0.01 0.029 0.05 0.012 0.0556 0.082
100 10 10 0.01 0.020 0.05 0.012 0.0556 0.079
100 Q 10 100 0.01 0.029 0.05 0.012 0.0556 0.082
1 kO 10 kQ 0.1 0.01 0.020 0.05 0.012 0.0493 0.074
10 kQ 10 kQ 1 0.01 0.029 0.05 0.012 0.0493 0.077
100kQ | 10 kQ 10 0.02 0.050 0.05 0.012 0.0493 0.088
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PFEERER R d0A 1-3-12 2 £ 1-3-13 -

2\1311‘5"fﬂ7ﬁa-m| PR BB AR
R A 1p ¥ e £ 4R TR TR
2k
Veff B2 FETR U Ur
10 95 % 1.879 pQ/Q 4.2 uQIQ
15 95 % 1.660 puQ/Q 3.6 LQ/Q
90 95 % 0.655 uQ/Q 1.4 QIO
82 95 % 0.660 pQY/Q 1.4 QIO
17828 95 % 0.082 pQ/Q 0.17 pQ/Q
15550 95 % 0.079 pQ/Q 0.16 uQ/Q
17828 95 % 0.082 pQ/Q 0.17 puQ/Q
11801 95 % 0.074 pQ/Q 0.15 puQ/Q
13795 95 % 0.077 pQ/Q 0.16 uQ/Q
1533 95 % 0.88 pQ/Q 0.18 nQ/IQ
R4 T I RE i 2 R

100Q% 1000Q > FrefEt F 5 1:1

4 1-3-12 ~ 1000 QF fo ® £ 2t T i s B R AR
¥t L4
U@A Ums URs)B2 | URs)B3 | URsB4 | &+ Fx TR
Urc
0.5 0.035 0.012 0.0556 2.0 |
W/ | pQI W | no/Q | poio | 2063 peio

# 1-3-13 ~ 1000 Q7

P p A R Vet

Rk O

, ERFRTAU
Ei_‘i&urc E‘_/?J |: A r

1159

95 %

2.063 nQ/Q 4.1 uQ/Q
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o A F BEP EAFTR
% (170 ~ 700) kPa 2. #ip|# s & 5 2.5 x 10° » (700 ~ 7000) kPa 2 & ip| % & 7_
B L 35x10°% 4phE & BRI 4o T
a. =P AR
DHIPG7601 /& % B 4 3+ & %d o F 2 fRBRA4 5 ¢
P, = Zi M, ‘(1_pair/pstd)' 9.
AL+ (a, +a) (t-1)]

Hv

(1-3-10)

Pg: %% e P2 £RIRA

Mi:i2Be g2 FE NOQTFED AT
Pair - .'7;:,? ‘%)i ;

O - EEEE B R
VIR R
Ao EFdale® 2 25h
@p VR 2 BV Gl
et E AR 2 FOBE Tl
t: BRI FRane 2 A
tr:E R 2 YRR

Bt e 2 £p 2 AR 5

Zthi O [1_ (pair ! Py )]

A= 1-3-11
[P, + (o) — pur)- 90 -AN]-[1+(a, + e )-(t ~ )] ( )

H

A EFRE G oG

Mi @ Fici 2 2@ d g O £
g iR ESE
pair:?;??‘%}i;

posd - AR E R R R

awp s FREEREWR Gk
et FROEE R B E Gk
t: FRELEREM S ER
tr: R 2 2T ER
priRA BN T RA

Ah: S =6 F R hh 2ERRA =6 F & hy ehg R4 > Ah=hy-

\\\?’;r
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hz o

b. (170 ~ 700) kPa 2 % k3= iy

=1.247x10° m?% m? » & jp|

% 1-3-14 ~ (170 ~ 700) kPa = # &+ 2 FE 2 B &~ £ %

FE TR = kX Ure= 2 x1.247 x10°~= 2.5%x10° m?3/ m? »

BrE [ RFE [ BR[| g [FP RS @ichke |ci(|F.’:§xi) iR
1 - R
(Variability | | . .
interval ) (Divisor)
2M; kg
36511 | 1.76E-04 | t 2 | 880E-05 | 2.74E-02xP, | 2.41E-06xP, | 60
peir | kglm® 12 005 |3 | /3 | 289E-02 | -1.25E-04xP, | 3.61E-06xPy | 50
psd | kg/m® | goog 200 | &% | /3 | 1.15E+02 | 1.88E-08xP, | 2.17E-06xPy | 50
2
9 | ™S | 978913701 | sE-08 | t 2 | 250E-08 | 1.02E-01xP, | 2.55E-09xP, | 60
2
Re ™ | 4.90258E-04 | 8.4E-09 | t 2 | 4.20E-09 | -2.04E+03xP, | 8.57E-06xP, | 60
17
ot | 90E-06 | 1.0E06 | t 2 | 5.00E-07 | -1.50E+00xPy | 7.50E-07xPy | 60
L S 15 0.05 t 2 | 2.50E-02 | -9.00E-06xP, | 2.25E-07xP, | 60

B LR FEE A 9.876x100Py > 4 »xp d B:101 > ZE kK 95% 0 imEFFK 2
g’ F P

¥ % # F£ %2 U =1.975x105-Py = 2.0x105-P,
104 % 3 FE %R =U/Py = 2.0x10°S

# 1-3-15~ (170 ~ 700) kPa ##c i 5 »xm f4 Bag 2 FE s B » £ %

o~ g H i F3tE %2 FE | REIRT R 2 R
Xi (Divisor) A u(xi) ui(A) /A
Py Pa P 2.00E-05xp 2 1.00E-05%p 1.00E-05
ZM kg 6.811 7.90E-05 2 3.95E-05 5.80E-06
ty C 24.5 0.05 2 2.50E-02 2.28E-07
o + e e 9.10E-06 1.0E-06 J3 5.77E-07 8.66E-07
oL m/s? | 9.78913701 5.0E-08 2 2.50E-08 2.55E-09
Pair kg/m?3 1.2 0.05 \/§ 2.89E-02 3.70E-06
Psid kg/m® 7800 100 J3 5.77E+01 1.23E-08
Ah m 0.1001 0.025 J3 1.44E-02 1.61E-06
Pt kg/m® | 1.14E-05xp | 1.14E-07xp Jg 6.58E-08xp 6.45E-08
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Ug(A) = {ZI &:\)} - 1.228E-05

‘o

c. (700 ~ 7000) kPa z_ % %= iz
R R kR ER

Fd % 1-3-16 2 1-3-17 & ##

4,3 3L

i ASEARHIRE 2 FETA un = 1.134x10° m?/ m? >

Urg » AR $Hie & R 7 LR U= /(U7 +UTp)

=1.71x10°m?/ m? » £ B * /2 78 Ureme = kKX Ure =2 x1.71%10° = 3.5x10° m%/ m? -

% 1-3-16 ~ (700 ~ 7000) kPa £ # & + 2 F& ¥ & » & %
BrE | B | B3R | REREE | | ee |FEIRUE] @acadk | |alu) | A4 A
| BELHE D e c (Pa) v
A T | (Divisor)
2M; kg
36511 | 1.76E-04 | t 2 | 8.80E-05 | 2.74E-02xP, | 2.41E-06xPy | 60
Pair | kg/m? 1.2 005 | €% | /3 | 2.80E-02 |-1.25E-04xP, | 3.61E-06xP, | 50
pad | kg/m® | gogo 200 | &% | /3 | 1.15E+02 | 1.88E-08xP, | 2.17E-06xP, | 50
2
O | ™S | 978913701 | sE-08 | 2 | 2.50E-08 | 1.02E-01xP, | 2.55E-09xP, | 60
2
Re ™ 4.90103E-05| 8.6E-10 | t 2 | 4.30E-10 |-2.04E+04xPy| 8.77E-06xPy | 60
TE
@t | YOI goe06 | 10806 | t 2 | 5.00E-07 |-1.50E+00xPy| 7.50E-07xP, | 60
— t 1
| ¢ 15 0.05 t 2 | 2.50E-02 |-9.00E-06xP,| 2.25E-07xP, | 60

SR FEE R 1.005%105Pg > 4 ovcp d R:199 -k EIY 95% > i E FFK 2
%o /TR U =2.01x10%Py = 2.1x105.Py
AP 4HHE L A A TR =UIPg = 2.1x10°°

% 1-3-17 ~ (700 ~ 7000) kPa F#* 5 »x fs B2 rE T R A £ %

iy~ g i B2 %2 4 | R R | ApEIRE R AR Ui(A) /A
Xi (Divisor) B u(xi)
Pg Pa P 2.1E-05%p 2 1.05E-05xp 1.10E-05
ZM; kg 6.722 7.9E-05 2 3.95E-05 5.88E-06
t C 24.5 0.05 2 2.50E-02 2.28E-07
op + O uc 9.10E-06 1.0E-06 J3 5.77E-07 8.66E-07
o m/s? | 9.78913701 5.0E-08 2 2.50E-08 2.55E-09
Pair kg/m3 1.2 0.05 J3 2.89E-02 3.64E-06
st kg/m? 7920 100 @ 5.77E+01 1.20E-08
Ah m 0.0842 0.025 \/§ 1.44E-02 1.61E-06
pt kg/m® | 1.14E-05xp | 1.14E-07xp J3 6.58E-08xp 5.43E-08
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u; (A)

U,5(A) :|:Zi iA } | = 1.271E-05

@ LB P LR KD 4 A(A02)

ApREERP BRI LR S RESAADEREYE 0 EL R DI M FR:}&#@
KPR M entith b ~ 2 F ¥ O MR EFIER 2RI 2 RRTRE CFARE
TFEERE PR E A ENERERPES 104 F = kR H { AT 105 E
E KA R F RRIRIF R A ORI % > DAL A D ¥ iE .

AP g
ZAEE SR R D RS R e
* 4F 5§ & © (20 ~ 100000) Hz
e B 7 2% & - (0.08 ~0.30) dB (LS2/WS2/WS3/MM)

B.1 iz % :
o XA BRI BAEE D
a. ¥Rt EGY Tk S (LS2/WS2/WS3)

PR RGRE ARBRT LB AR 1-3-18 FREF L p HEEL LR FFE
FRGBE R 5l FHAFTRAFERTR 2 BT ERE L 23 RGN
Boh tATHRERI-Brl - AZ-Brli e iz - Bvidah > i R
% ¥ &£ IEC 61094-1 LS1 ~ IEC 61094-4 WS1 2. — & v T B8 $ 5L b (B F # 7 © 20 Hz
to 12.5kHz) » ## & IEC 61094-1LS2 ~ IEC 61094-4 WS2 2_ = &~ 2. - Zri T E N ¢ L b
(4 5 # % : 20Hzt0 20 kHz) 12 2 ## & IEC61094-4WS3 2w & 2 - Ee T 54 $ i b
(4 5§ B : 20 Hz to 20 kHz) -
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v

Bk s RAEE - FO R OIS R B2 mN e 2 RES R
%ﬁﬁ FR b BHRESR MR- F R FRE A B EPE Pree —%551?&

W EREEEFRELAZ FRENR -
FRES LR 2 FRE R S ;‘)Ew’iiﬁ'l,f'ﬁ*ﬂi%l TR FESERES LR G
fi AT B Sref = Vief | Pref » 13*%34 fu&j@%EIEszvx/Px°
F]hAp g B¢ s Bk Px=Prer> EEFFHE b2 5 BRETE G
VX
Sx = V Sref (1'3'12)
Sx A EFREFLRZFBREITAE > V/IPa

ref

Sref - m#-@?‘ o b 2 f- %”‘ﬁ'}i » V/Pa

Vi *‘HWMW??’“ ZERCEIER IR
Vier @ 5SROI TR OV
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At RS [V/IPa] it #‘ N REAcR Z®M[dBre 1V/Pa] (1T Fé??fﬁ—% T
FlEBEEFZa PREGRAREE T RBIFE - d W F %3
0+15) C> #Bj{‘f/,ﬂ)?i (50£20)% > ter PR~ F RS EFB D o

i %@%ﬁ%i&*%v<$@4ﬁiaia%2%11
M, =M +AM, +d [dB] (1-3-13)
M, =20xlog(S,) (1-3-14)
M. =20xlog(S,) (1-3-15)

Mot 2 FHed b 0 24 RRpEL 5 RE SR - dB

Mm:?%ﬁ?i&*éfﬁﬁﬁia@%;g,w
Mp @ BFHeEIRE & 5 b RATR F1% 5 B
‘*ﬁﬁﬁﬁ?h&ﬁﬂ%wgiﬁma@w@’m

Stk HHE AL 2 FRESCE » VIPa

Sr i &R BB 25 RER - VPl

P FE R A 47404 1-3-18 ~1-3-20 «
#1318+ - #e4 $ b (LSUWSL)7 /2 i A £ 4

“#e4 % ip (LSUWSL) i s
3% (H2) 20<f<40 | 40<f<8000 | 8000<f<12500 | | °
LR
gL 0.0300 0.0250 0.0550 200
BRBEFFEAL 0.0173 0.0173 0.0173 12.5
AR A 0.0046 0.0046 0.0046 125
BT RE L 0.0050 0.0050 0.0050 125
Yy
L] 0.0032 0.0032 0.0032 125
AR L 0.0006 0.0006 0.0006 125
BT R
BE S A h R R IEL 0.0052 0.0052 0.0052 125
R b TR AL 0.0052 0.0052 0.0052 125
PR} 0.0029 0.0029 0.0029 200
€5 £ 7l 0.0089 0.0089 0.0179 4
e £ HLE T AR 0.04 0.04 0.07
= 196 234 305
i E F 2 2 2
LR 0.08 0.08 0.14
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#1-3-19 ~ =

A2 - 3wt (LS2IWS2) 7 Fi % A £ £

= &2 - ¥t (LS2/WS2) R
# 2 (Hz) 20<f<40 | 40<f<8000 | 8000 < f< 20000 ]
HEE R
iR A 0.0300 0.0250 0.0550 200
BERPEFL 0.0173 0.0173 0.0173 12.5
BEREFL 0.0046 0.0046 0.0046 12.5
it PR 0.0050 0.0050 0.0050 12.5
% ﬂf @ 4
REEL 0.0032 0.0032 0.0032 12.5
R FL 0.0006 0.0006 0.0006 12.5
BAHTR B
TSR BT RAFL 0.0052 0.0052 0.0052 12.5
,am B b BT RAAEL 0.0052 0.0052 0.0052 12.5
T 0.0029 0.0029 0.0029 200
£ 4F £ B 0.0089 0.0089 0.0089 4
w &R FE R 0.04 0.04 0.06
F%pd B 196 234 237
o g B 2 2 2
BRI TR 0.08 0.08 0.12
41-3-20~ w A2 - #rd (WS3)H ez i A & 2
pd R
#F % (Hz) 20 < f<40 |40 < f<8000| 8000 < f< 16000 | 16000 < f < 20000
LR
iR 0.0300 0.0250 0.0550 0.0550 200
BRPEFA 0.0173 0.0173 0.0173 0.0173 12.5
BEPEEA 0.0046 0.0046 0.0046 0.0046 12.5
Bt REEFL 0.0050 0.0050 0.0050 0.0050 12.5
* ﬁ @ 4
RREFL 0.0032 0.0032 0.0032 0.0032 12.5
RRFAL 0.0006 0.0006 0.0006 0.0006 12.5
B TR E
TS oh BT RARKFL | 0.0052 0.0052 0.0052 0.0052 12.5
FRE R BT RAFEEL | 0.0052 0.0052 0.0052 0.0052 12.5
2 ALt 0.0000 0.0000 0.0041 0.0160 50
P, 0.0029 0.0029 0.0029 0.0029 200
€45 B 0.0089 0.0089 0.0089 0.0716 4
e LR TR 0.04 0.04 0.06 0.10
Focpd B 196 234 237 15
idE F) S 2 2 2 2
£ R F FETR 0.08 0.08 0.12 0.20

106




b. % % B 4 % i £ #I(LSLWSL/LS2/WS2/WS3/MM)
b T E GRS PR

/?'J % d ;F’}E/Eﬂé_iﬁ fﬁa
2L T BHR S AE TR R S AR RS A

ER 3P

LR R
43T 0 R 4 i

SEERFARBNTEEBTRS A T EE S R L F TR F R
M, = tou (1-3-16)
p
M.t $5eh o B&aTR > mV/Pa
|"Iout:gé’;u}kﬁ'* ﬁ”’%’! * /& > mV
p R ELBETRL - Pa
ﬁ%?%&ﬁ%WEﬁ$§ PlESE RS RS AT 23 MF 2§ p B
BE TR 2B ELD #M#“Kjﬁﬁ’%?®§4“i£@’fwB%ﬁ
YT ;\‘
M a,ref outref ref
M, (f
M().Hb bR E &R S P dB
a,ref
uout(f) :‘;45._,&.5'? ﬁ%j?fi;L@,dB
uout,ref
%D-ZW%$1%?@4wﬁ’w
ref

k6 BE 5 £ IEC61004-1 ~ IEC 61094-42. T % % & & kb g 3
R % 5 20 HZF1100 kHZ » 2 3

FETREASEZ
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21321 § LR S BRERG TR A E A

# 5 (Hz) 20 < £< 100000 pd R
h )f& e £ B
TRE PRI L 0.0002 200
zﬁw 2 o i Rl A 0.0133 50
B3+ #ﬁ(cross talk) s 252 0.0058 50
¢ }f& 4L
FoEE < Hm’fa% i 0.0335 50
,;sr/ﬁﬂw’ Frh 2 £ RPE 0.0664 50
BRIl BB F g 0.0202 50
S R BN A 0.0439 50
TERE 0.0000 50
REREE
Bpk SeehTh g B0 0.0133 50
&b FURB S 0.0398 50
LA ER 0.0777 4
3L 0.0029 200
w &R R TR 0.13
Foxpd R 31
wh F E3 ]+ 2
BRI FET A 0.30

® 3 @;—mﬁ L .?fb(F05) R
Pt oA FRRATR Y NP EIRF B SR T ERA B2
wﬁ@lzﬂ“wﬂﬁﬁlp?ﬁ”mé R Pl R T NMLe BN BRI R
LR R R AW ER S IR MR AR R R ek § L
%

NOECER A ATEEE Mt 2o

AEER oA KA 104 F 2 kS A R 105 &

w

AP %
’:«'\' @Sﬁ n- /B-:E.:. ,“ «ui - "’k’ @Sﬁ '?g/n E ,ﬁ «uPI‘l"
o £ R F 1 (15~ 12000) m¥%h (3 #/B 4 1 bar ¢ i T )

s BRIAFRTE 10.16%

o

TR L <1 °C/min

)
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o A IMEEIE BIREFI LT

BORF R B 13200 g B E- 2 8RR A(ZF PRI
& 4Kkgls > % > (%8 1.25) -

Q=4 x (277.3-272.5) x 1.25 = 24 KW ~ 25 kW

T MBS L BB L(2F PRSI 4kgls 0 % > ik 1.25)

Q=4 x (286.7-277.3) x 1.25 = 47 kW ~ 50 kW

O )

5 ook aR R
® R ’ 4o ey .
72 bar ¥
boa # f £
— 15,5 °C B e O A e
_ PP
LT 88.29 kg/m3 - v
TR h=272.5 kJ/k >50 bar 50 bar >10 bar - 10 bar
3.33kgls ' g 3T eff h=272.5 ki/kg 15.5°C J-T eff h=277.3 ki/kg 15.5 °C
\ / SE R0 61.18kg/m3  FRiRIEE 12.11 kg/m3
50.5 bar 277.3kilkg  10.5bar 286.7 ki/kg
115°C 7°C

F13-20 - # B f R 5 SF LW

Pt

b. /B F]F kLT
HRFE C BRENRAEREINF IR £F A RPFRE > A D
2l oo ¥ BAER T 0 FRB
%ﬁ’ﬁﬁﬁﬁfi@%g%@&fﬁoﬂwﬂ%ﬂm?ﬁ%r%ﬁ%ﬁﬁﬁ’i%
FRRFAETFREAFERDEAF DL R o B LR w S TR F hadfce 5 =
ERGFFELB L) i#ﬁ"\*’“l* 2RI TER TSR B
FE A AP LRy Sl L5 R TS Sk .uvf; g 200 m¥h ~ & 430
6000 m3h > % ;£ 3+ AR 4 6 bar > ji 5 1000 méfh i i T F R G 6
B E- PR TS F O5KW(ORH K T F 7.9375 kW)
EES R ER TS T 1BKW(E w T 5 9.96 kW)
&R ERIGR S R e 1-3-22 0 TR R s 4 B TR R 0.25

Cr I"hkTPEFral C-
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%1-3-22~ F R F hE A IR 4 (75K n % 200m¥h ~ & 4 30 bar)

- B 1 L | g B 2 R 1 o
w0 iR B R R iR R B R

0 ~4 | 253 30.38 30.44 22.43 26.7 28.09
B 1.32 -0.2 -0.1 0.76 0 0.44
1445 | 2398 30.58 30.54 21.67 26.7 27.65
B 0.73 0.3 0.09 0.32 0.3 0.34
24 | 2325 30.28 30.45 21.35 26.4 27.31
B 0.44 0.3 0.13 -0.01 0.1 0.22
3/4 | 2281 29.98 30.32 21.36 26.3 27.09
iy 0.22 0.2 0.12 -0.2 -0.4 -0.02
454 | 2259 29.78 30.2 21.56 26.7 27.11

SR E- A F RS R AT 4

2138 AR FRAFT B E- S FREES

AT Wik FIRSE Z 3 (R F]3)
(kg/s) (kw) (kw) (kw)
05 2.525 3.775 1.25
1 3.2025 4.45 1.2475
7.9375 9.5 15625
4 19.25 21 1.75

d b AR s S BB 2 8% T3 Solik(B) 1-3-21) 5 y=0.1536 x+1.1646 - H ¢ y %

. - v e
RBEAS X5 TR -

25 4
o ELFFK A
20 ' Py
g A FHEHF
X 15 13
wr , o
® ME(LER)
& 10 A
& L]
5
A 3 y = 0.1536x + 1.1646
0 —— —- — -
0 1 2 3 4 5

& (kgls)
B 1-3-21 ~ 4c £ E - 7 ' F] 5 SdicBl
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doH B -

7% 1-3-24 ~ % Pﬁ?ﬁ‘}é‘/m}"?

EREEE

4R - 3 op[iR R

R T E R LB(E%ETF)

(kg/s) (kw) (kw) (KW)

05 2.3825 4.25 1.8675

1 5.055 7.05 1.995
9.96 13 3.04
22.915 30 7.085

d P APIREE BB 2 RS

¥+ I (B 1-3-22) = y=0.3582 x2-0.1113 x+1.8025 >
Ho y;;/ F ]+ ’Xm?ﬁﬁlf—r °

35 ,
30 o Bk A
s 25 A PHEHF 3
& 20 L
;g;_ 15 % BN (L ¥=‘)
¥ 10 1 y=3582x2-0.1113 + 1.8025
0 s >
0 1 2 3 4 5
£ F(kgls)

B 1-3-22 ~ e £ B - R T S

AR B RFHOEE AR ERFEIARE TR

ARAFETR TR EFA40E 1-3-25 2 £ 1-3-26 -

21325 BRF ARk Bimi Bk

P i (Case A)#= [Fl | & i & (Case B) 4 7]
2 4 B 20 %d X SR T | 20 Yok £ SR 2t
TR A 0.16 % 0.16 %
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L 2}

Z‘\ 1326 rsfiﬂe ‘a/n’E‘f éfb EE—T“KEA\’E‘%\

36% * /FE- L&;‘uﬂg '? =4 fﬁ?f% - i‘ ,iJ QV nozzle ? K’,:'r% *gﬁ% ,E’;L 7% ‘jtll Vnozzle E E‘} }i
w1 Case A : 0.068 % Case A : 0.068 % 454
" RTINS

e Case B : 0.065 % Case B : 0.065 % 851

u(P.) Case A : 0.021 % Case A : 0.021 % 57

=51 R ERIEAS
" Case B : 0.026% Case B : 0.026% 92

(=) R ERIER Case A : 0.025 % Case A : 0.025 % 231

F7) R 0.02 % 0.02 % o

& F A e 0.00017 % 0.00017 % o

Y It S 0.004 % %
(Vo) WA RHD Case A : 0.080 % 814

Vo EEREIRTA Case B : 0.079 % 1461

(), ! Case A : 0.080 % 814

Qupoz G R TR Case B : 0.079 % 1461

K i E T 1.96
. Case A : 0.16 % Case A : 0.16 %
U TR FE TR
Case B : 0.16 % Case B : 0.16 %

’f&_l_ ﬁ vl—»(FlO) &5

T HE j\ a} FEREE R T R e E o e Bra 52

&%ﬁi?‘]ﬁ”ﬁﬁl%’ﬁs I EFRZ DN s LN RE

= z
ERSLBZAOE R DY R BRI ZHBESRLEFRBPIE TP UL
=

EHEZ2BMARBREL L TERFA o o L RE R F iFen

¥
LA AMAZL 2 REF AR EDERSZF FFNKRPINEERE S8 AP F %

hREREY R RFHKZREFREFFCC D 30ms> AkRkraEE27iE 60

mise & 453104 2 B 2= b i 823 ij“FK SRRl R 2R B AT 105 &£ %

RGP A S O s A

V2l

AP
A EHRNAD FEE R ERD kMRER
e 2RFH :(0.2~60) m/s
e TRIFFEETAR 05%
s FimamA<1l%

B.1 iT= % :

o AR F K E

112

= b ik



@ﬁﬁii“ Bk fué,;’f]%_ v A B L E RS B AT IR 5 FL R F iét&;}: # e
K5 o bR AR R Y FAETG DR B BB R OF & SR F 5 0.2 m/sz 60
M/s » & 45 B IRE ~ PR R ~ RIGEE R E 0 IR N G B R LR e ST
P RET AR AL o R R RIS D T kb S b F60 mis o bR S T v T
O=350 mm -

B11-3-235 B i 3% H K4 0 P RGEE L R AP L BE O R RF NG A B
3R RN o BI1-3-245 BOF RIE R P IRHORE F R 2 F AR F PN SR
T RS F 353 ¥ M Fin(lowturbulence) it & v ax b GRH- A o Al o i F 2R

REREERTT M

TR e
SRS TR

-. T a4y $ kit K(LDV)

B 1-3-23« bR R EH

ARE T S F D

(@) & 935 (b) 8%
B 1-3-24 ~ 5 b iF RIE® P IR FOR T F &

c R FEEESRFRA L L ERFE R EFHE02~60)m/s . FincE gL 1%

BB FREERY CRI K VATOF AR - K AR E ARRFE
SRS o B EE T FX0.57~0.66 #IV55 RATE S T G AERT o BlL-
3-25% AR FKARFET  RFEMRENT Z T 5350mm s XA R E SR @R
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PAEBEORRRITEIRLA WU v s RB UG FRIEMM Y KB
PALE » VW iTa VALV LR o

B 1-3-25 AT B B K K BET

TR F B F T E(0.2~60) mfs > BT 1-3-26 B HF S 2 ibriE S v ¢ i R M
o RS A2HZ 2L PFR FRBIERY RS 60mis; B 1-3-27 2R3 E ; K T
AR R R R S e (081 1) S AL #GA)EERKE L BRI EY Y
ﬁﬁ*?’%%%Kﬁﬂﬁﬁﬁﬁﬁ’M%%3iﬁﬁﬂia?&%§4ﬁh&%ﬁifﬁ
ELAKIEIRE PCF PRI R F AR AR 0 bR RIEE K Un A 4oB] 1-3-27 7 7:< 0.7 % o

90

80
70
60

(m/s)

50
% 40 |
2

30
20
10

0

0 10 20 30 40 50 60
# % (Hz)

M 1-3-26 - b 84 5 b i 0 ik B M

[uN

o o
o N o ©
T r

e 2o o o o
> w
T
.
.
.

w
T

turbulence intensity (%)

e o
BN

® Turbulence Intensity

o

o

10 20 30 40 50 60 70
Air speed (m/s)

BI1-3-27 ~ ibrsgéc i 0 ¢ oo id R o K5 M 05
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i

Sl B
% 7 g8t ¥4 ik & (Laser Doppler Velocimetry, LDV)® ] j suh & 12 g2 2 & ¢
FlE FRR#EE EOMER K PR EFRERER 0 TR F R RFE RN B F
PR e €A 7 &kfimﬁiilﬁl o LDV &k kP £REFI Ok #E S Vi FliE o

B R b i R D

V., =V, xoxe (1-3-18)

tunnel

HP Vig : LDV £ p] % 58 7 ek &
Vinnel - LDV 0B s 53 & (88 F b F PN 2 b #
0 H iR A E O~ hig & 5
e EROF M BT E N hig 1 TS

4y

PR PRI RA bR R 0 T BRI RO s BN Lo

BN EN LDV Bk FP EA R EE AMIAT A7 5

>

UM ) _ UV, (UGO). | U(E) oy
Vv = (( ) +( s ) +( . )%) (1-3-19)

tunnel ldv

# 1-3-27 % 2 RIFEZEAE 200 mm 2 K TE R A G 0 AR ?'J%F%](O.2~60) m/s z. % &
#FRAG o AE R=02 80mmFREPF - BESApF T HE I mET AL 011
% o % 1-3-29 % ERIBEYFHE 200mm g2 £F i A A 0 A% R=021 80 mm § F
R BB AR R E T TR G 014% -

# 1-3-27 ~ % £ RIFEHLE E 200 mm sz R T g R A TF

kT FEAE mm #kE 1 #R 2 #R 3 @#RA4

80 0.1942  0.645  4.965  59.935

60 0.194 0.645  4.966  59.906

40 0.1943  0.645  4.964  59.885

20 0.1938  0.645  4.964  59.886

0 0.1939  0.644 4967  59.896

T 39 R 0.194 0.645 4965  59.902

AL (m/s)(r <80 mm) 0.00021  0.0002  0.0026 0.02
FHAEE 2 FE R %(r<80mm)  0.11 0.03 0.052 0.03
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# 1-3-28 ~ % £ R[EAErEE 200mm 2 LB E R A G

% JERE mm #R 1 #R2 #R3 #HA4

80 0.1934 1.382 4.646 59.988

60 0.1938 1.381 4.645 59.99

40 0.1936 1.382 4.640 60.100

20 0.1934 1.383 4.639 60.122

0 0.1931 1.383 4.635 60.112

T 1o B 0.1934 1.381 4.64 60.062

#® X (m/s) (r <80 mm) 0.00026 0.0006 0.0045 0.067

AEEE2 mE R %r<80mm) 0.14 0.043 0.098 0.11

ARERAEEIARATGRES S 05% 2 TR AL E A 40k 1-3-29 -

% 1-3-29 b #inE AT RETAEAS T Z

?FEER KR u(xi)/xi (%) Vx
LDV Bk i# £ B % 5% 0.075 46
1 LDV # 4 &1 0.046 10
2 £ B fE T 0.06 50
e e 0.024 1490
1 M B i P 0 0
2 BREBLIIR 0.021 ©
3 F oo 5RO 0.06 999
4 WE R A TR 0 o0
bk 2T 0.22 14
1 Ay L7k
B A ¥ 0.14 4
2 R T I AT ) 0.11 4
3 phe ik R A WA 0.13 9
LDV & S RIR F P R 4P $HHE
AR 0.234 18
e B 2.10
TR FE TR 0.50
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4. SR E R TR
W TERFHAE S5, x5 5 A%k
AP
A DRRFVER R R
B.le 2 PliRE % ¢

@ﬂ« /I/_w_;}'mu vb/?]pé“l‘%'&?%\ 1330°

E%‘Eg— > éﬂ%£ :565\’ 1/{ °

Z\ 1-3-30 ~ rﬁfifﬁ - ar_fo I /w?] f‘%%

Ry =8 ke R R Y
H i ‘\va.*p’i bR
% & =25 kW % & =25 kW
R =70 bar(Z '+ 105 bar # /& B4 2) 'K /RPI3# 105 kg/cm2 (bar)%ﬁi?' 4F 2
A B 300 m3h(E sk AT AR E) 47 7R B R F 300 m3/h
H T
¥ & =5 OkW # F =50 kW
it /& =50 bar(Z # ' 75 bar /& |3 2) KR BE TS kg/cm2 (bar)%ﬁ B4R 2,
AR & & 3000 m3/h(? R T RS 6”? HMFKE F 4 m % 3000 mé/h
(Qz2 ThFEE & KRS BB
AP
A TR R F ) R KR R
B.ie X2 Plig g ¥, ¢
ISR R % oA 1-3-31 .
% 1-3-31 -~ V‘ﬁfﬁ R K BIFRR TS
YR Bl ot %

whiE(Am/s 2 60mis)fFp 0 biEDG R A
025%rp » b #(0.2m/s 2 1m/s)k=Fp > b ik

B RIGEE R RS (e ¢ o BRI T
ZOcmgjf':J%] ’ ?4’;150mmg§é@p\ =% )

23 R E05%p 52 ¢ wdir 20cm WRET R B#EHIRL02% Fhe

P ’vpﬁdvra*&&%fbf@tLO.Z%up\ o Boig i 0.2% -

TRz 1% Fore A s 05%% 0.7%

BlEEL T 3R _@#@1 02m/s 3 60m/s LDA 2 RlRlz#E R & = F7 & 0.2m/s
3 60m/s

N VIRIOAN |

P\

/ﬁ%g‘;ﬁ%&-%ﬂ%%}_ ﬁ.__@ t"‘_.< 5011.1

EEH EFR £ % 500 p

B (e B e £9 fF2 ) 0.68

i B v o prgpe 068
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Bz = i IRd L Jfe i % 5 | 7R3 18k skt

AP R
757:;\' rf%ﬁ“gtj?%ﬁ”l"‘ ﬁ;&} ﬁ ébe FF Eﬁ.‘

R BT o

Bkt~ BEZ PlAR S,
B P B0l 3Nk SLIPIRRBR T S F Ao d 1-3-32
F. 1-3-32 ~ R de 0t Bk SRR ER e R %
B 2R PR T %

% @ 200 /s> & 100 000 m/s?(% 5 fE & 5 |9 el & 200 m/s? 5 4.5% > 1000 m/s?
200 m/s> ~ 1000 m/s> ~2000m/s®> -~ 3000 = 1% 2000 m/s2 % 25% - 3000 m/s2 E
m/s® ~ 4000 m/s> ~6000m/s> ~8000m/s®> - |1.2% > 4000 m/s® % 0.03% > 6 000 m/s?
10 000 m/s®> ~ 20 000 m/s> ~ 50000 m/s?> ~ 100 |1.28 % > 8 000 m/s = 0.29 % - 10 000 m/s
000 m/s?) A FEEFE A A E 1019%’20000m/s = 1.1 % > 50 000

oS %P

m/s? 5 0.02% » ¥ % *FL£5%'1P\

Er i pE R 2 g EF 4320.05ms 2 3ms

PR 4 0.134ms & 2.4175ms

GG B AT <5% o (FAHT R bl g

P RIS BEAE 4%

10 = 78 > B x 2282 £ 8)
A2 wFE L > B iple i EZ/F[<3% F R R 4eid B JE B+ 2.96 %
@)= TRAGT B RE S RHR i kBT
AP
EREN riﬁ»?ﬁ»ﬁig?]:“. 2Rk b R K SR o
B.le 2 BlipSE % ¢
2 R jﬂ'.li Rk SLplR % c E % rd 1-3-33 -
# 1-3-33~ 2w ;‘Mi%] Az Rk SRR Tt
% TR R T
TiRgN 10pA 3 2A RN 10pA 3 2A
#F 1 20Hz 2 10k Hz #g 5 120Hz 2 10k Hz

BrER 1 <0.85%(<2A)

BrRER 1 <0.072% (<2 A)

(e

Bl7 B 1mV 1 1000 V
F 1 10Hz 2 1 MHz
FE R

3
e Bl A
b2 :<0.33%

=REE 1mV I 1000V
#g % 1 10Hz = 1 MHz
TR A
Brrk 1 <0.30%
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BG)yz=+ TFEF%E TR L0 R L%kt
AP R
A TR PRAFFAIRE G K R
B.le 2 pliR it %
g T VA BB IR |28/ Jc % % 4o 4 1-3-34 -
F1-3-34~ % F A B F TS BRI E S
B T AL RIERER T %
;gm;g,g;wGHz % 8GHz i%’**iﬁ;wGHz 2 8GHz
*ﬁ L 17 F 0 120 W (Min.) *E iﬁﬂ d1# %1 125.8 W (Min.)
1dB@ﬁ%%%~ﬁ : 120 W (Typ.), 100 1d8@ﬁ%%%*ﬁ - 120 W (Typ.)
W(Mln) 105.9 W (Min.)
2FFka g 3k 4 B R 0 -20dBcat 120 W2 FEsd ik & 3 Fgse ik % 2 fiim  -29 dBc at
(Max ) 120 W (Max.)
3rF 2 B 58 dBm (Typ.) 3P A B2 (57.6~59) dBm (Typ.)
()%= = T MOHp 4oz AT k3L ) R (S K SLBR T
AP L
wow MO 4eid R0 A ) Rl R B e
B.le 2 Pl % ¢

AE 4o i ARk SRR R e Ao 1

3-35 ¢

% 1-3-35 ~ MHF Ao ik Ak SUPRER YT R 5

5 T RIS
T Ty F ikt 4 54851N
B~ {742 255 mm F Pl ~ {742 300 mm
B4 E 2kg F P 3.35kg ¥ I ¥ ¥
FiRE4 F f4bar 3 55 bar F ORI Te s 4.8 bar

CEEREE L A AR X

AP
24 T2 L RARR &% FF
B2 Bl %
5ok R B Op] kLRI o

\‘.El

wHEE B o

1-3-36 -
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% 1-3-36 ~ 2 K BA R PR kPR
o [T AT PRl e g &
it (Zqﬁe‘v) F F:<30nN 2 R4 F e 18 nN
N Z
« #E#: < 0.05 nm/sec w0, nm/sec
Bl 4 (Xih): FFm:<35uN FORA B 223 0.912366 uN
Bl =4 (X #) @ &8 2m:<2nm FRF F 23 1.06015 nm
5.1 Ak Suf sy 22 ?i—i—f » 8%
(1) < ki & A(FOl)red 1 1%
N S 1By
TIPRABEIRATALE S A SRR ERFT I FERARTL
MR EARERT AL
i EXE
% 26000 KgHEH 2§ F f=2 FA e > BplERTBIFL 4k hnE

Prit i * 6000 kgAi & 17 i 7 R b
2 4134
(2) e gin g & 5 (FO1 ~ FO4):c & 1 |

o it Riiag

B w3
b R AE o] BRI

B P1500 kgA € 4 18 7 R T B %
F£ %% 0.05 %:1/2 -

QERT G W~ T+ FERERZ TR S HFERREDL G
b?]#*’ﬁi; ,: ’«L‘}»/{d{pi’ﬁiW|n XP,J kU
o fRA %
Rt g -ﬁﬁfﬁ_%ﬁﬁiiﬁ?ﬂﬁu R EL AT LT ER
TRt R TENERE I H L BRI FER > T RREF L &
Al EeF R #?%*’Eéﬁi’”# HERATTFERIERZT R @ AL
R G o Bl ARS AT S M WInT k SenBlinARst 0 2B R e i R AT
EREC R E AR I o
(3) MR ¥ E & 487 fe i B(FO7 & FO8):c £ 1 i%
® /:‘(‘ %’Lb%jr;i—g‘ FFH%E
B RE BN FRIERY R BEFRE - JEFEE & NBARED
@R FIRARE RS I Ee ﬁiﬁh*i@%‘&é%%é@ﬂﬁ@_ ES AR
FAEEH - HBERE A o iR C BEFLTFIA LA BY AR
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REFB2FoTh afp B A RPN IMAE > @S0 F20H
E L
* R R
BB REFL 2B - L X2 WHET L= BINE 2 85 RIS
JRZ2 2t B AR RS RERZ D FT RIS R I F S
BECSF v 25 R -
a.ficds B B

FROB N 2 EE Y TN IS B R T e B M R
w3 Rl p BT EERT @W@%Wﬁ#uo%ﬂfﬁ&&iﬁiﬂ%ﬁﬁﬁ

i KR B EONZ B FFOFF2 4o » ¥ *hgde 3 R Bor E50

TRERA LR 1% § 62 S s i R
P AR T B2 B nE BRI R Y TR o
(4) MR F W E fA(FL2)-BR 4 ZHEAFE L FPVTY):cL 1 iF
o ki iiFrr il B4R
104 B 2 2 BB RAR 8 07 HOET 7 B (NIST) #hi 7 chzb b 58 gl ot 3> B2 2R
B2 feRas s irBga iy - R LRFeRFFEEED
EARE e Bk A Tz—ﬂOWMQyHm\ﬁﬁm\@’MNﬁwn—ﬁ

e

Bk T MR R B R AT > ZRNMLE R R WERILHIEZEAR o
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_mnmwumhg&@wﬁﬁ;%LQW£ AR AR LI
(9.52mm) - #F 2 F s 0 FREKIEY  REBELTEA- LRRRRERSERY
GEE > T RANE LABRFTURARE PR RERFIRFI R FRL TP
A TE F A E N RR EREATEREE AT o R RINE K- oo Al gk R
ﬁ%*ﬁ%%ﬁ&’@iQ%W%’$ﬁQ§NW%ﬁﬁ?ﬁ’ﬁi*%ﬁ&%@

AR BLUEAREFEFH LSRRI FHERD BEDREE
AARD A L] RRAIFEERG e BF ARG AR TP EZREREG RS

121



$HRE R R B R R o fdle ks 2RI > Rk M ) PRR R IR
3R - KA 0 AR R O BRI R SR BB )
T (APC) ™ M 3% — A AU ko4 ih B 2 HEon g o
(5) ~ F& &Rk %(M03)ix i 1
o i piL
81000 kgi# A HC L i ™ T]% 8 2B E AL 0 X 2R T ITHEFL FRICRA
ng WP FEA DG E 2 hE A n B B MR # .a%—*’"%rﬂlil Ig’
#1000 kg,zz,%fnﬁia#ﬁ% PHEEEF A2 TEF{H AR T
E T o A MR -
b.10 kg §" £ v i ki ] T Maec i o R HchhF XM H B THY F RRELE Rk
BAE TR R0 0w  J Sartoriustit B R R E B 2 F o
o 2 %
AR DHITRR FAIT P R UG AR EFRE T EFERID RX K
B mARET I FE T FER A B A EE R {3 P RIS I AR
BB o e g B s o 2403010742 & (71000 kg Bk Bodp B K B
PR
b.10KgH £ v+ #e ki 4] T Mo HAJE > Sartoriusf B A 2 P HEF kB A 5 E R

B R Biteh o 3k g S Sartorius & A R 2@ Kk k- SAThE AT Mo d LR R R
FHE LR TR R o ¥ %NML’Sartoriusi b M.‘?’-_ﬁ}‘ i FMM*"@%EAW
¥ #?ﬁ“m@ﬁﬁ Ble ¥ R RBEIHHER > 7 TR B2

FAh o L RE FE R g adRl T oo

(6) T 54+ 3% BB R 53R (PO6) B 4k fe it se 1 i
o itFit IR
atF KR 2§ R4 ARELIKPaF|1I0kPa > d 3 B L~ > F 5 FlEH 40 BRa @K
AR ERBETHF NI ET - PP EZ RS- XA RERORE o
bk 3URE 3 R EI7T cm> SR EZ W F 55 kbmahprg > 7 5 R4

. Rk %

aich F N G FE R RERKE S B LY SRR > e R
=3

Eﬁ%ﬁ#l]%k%tlﬁfizi ) ]{‘L— B F\ U 2,,\-4‘:/)?&@1; m*k_l_ y % *ﬁ‘kﬁ/ﬁ?%&ﬁfﬁ
E]& o
bicd it THNERR P2 ARATES S BAYANE S T ERE

R4 od 2FPG 86017 ¥R 4 & Bl# 5 47 j2 ¥ ,Tﬁﬁ PB- TR RiET GEER
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BRE ftdhts e W AP HREIRAARE FATEZ I EIAITER BB ETAE
G3PR 18 59mMPa+3.0x10°xP s PH = :iPa: s r A et A kBT £
4v1 Paf|10 kParAPMP & "2 1 44 o
(7) 45 58 B4 % 3 (T101):c & 1 i%
o iMLiFI LR
HEE RV R AR BRI REET R R RO RAT R gtk
co % 8 £ #(800 'C ~ 2000 C) - iE & %1000 C b 2 ARPHHFAR &
PRETRERTERGREL S Mo
* R R
FE AR RIF R EATRYHEBE  F U ARAFRE T ABE AR
(Charge- coupled Device, CCD)B~ X fi-#% 4 P2 4f = ¥ #-CCDF it %{@g@] T
e 5 BT o
Wikt o SR R ECCDT WA > T B4R fﬁfi&é’?ﬁﬂ}i
P2 AR LAKCCDA R > R W " %7 50 CCDF Pl SHE & 3+ i 7l 2 ¥
Go R RS RARATS G- BEEAL RIEFEEALT X v B § l“fé_
RIYEH IR el RIpE -
(8) & PR B k2 (TO4):c i 1
o hiiiFir iR AL
TR GRAANERASY B RAELREES K Ao E) N L
FAS R CHREE S wp o NML TR B3y il i £ 0 £ en
ErERE T B PiE300°C HamEBE R e o
° fRAZ R
FEHEFPLEIRFELFECRIEWMEAEG SR ORI RF E S L
w A IR DR AR o Bl %ﬁﬂ BoRfE L TR D R R F Ul =R .
BN FEFRSHEE TR ADICRG K B R B RIREERTR L
A it §oecfaA>300°C i B L g R
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S ARV ERFFRELSA

(m)~zactERagx

[ >f2dpwd > phag]
103 # 3 P & 104 & B p & 105 # B p &
R iz Mt o BiplHpe o oCMM H i k5t BRI 3 A (o= s R0 2y Hjiv o
AR Imx1Imx05m> | & :04um+0.7x10°L FEALE D
B RIf247 A 1 0.1 pm o p B HEE STF HHRIESR ¥ pl§ ® : (10 ~ 1000) mm
o1 2 F B E FHPIFEHN e TR FEETR
# | BRIFRETE D 1x10°L e B R | 0.4um+0.5x 10°L
i e g e s ip WAL Spm o phh L o B S R
*‘%‘ SRR G HREE-F AT Ktr | 2um; BRI GHREER | f245 2 1 0.1 um
Z HiF T ®E <2 KHz BlAFER AR 103x10°L . | B AEEA

Ho|eT G Bkt BpIHAE (e F FAE  REERBHE | 0.5um+1x10°L -

1 =R orInsitu & i dh iR AL | FHE ~ RE B PIHTE
(1 x 1) mm? ~ (4 x 4) mm? RIS L BB FE | B —In-situ 4 1 FEIR IR ¢
R348 1 0.1 pm YA S3umo phe L BB | BECHERE D Sum
ERIEAEME ]2 1 um *FEF R =2 um e AL 1 8mm

#g 5 1 20 Hz ~ 7 kHz

[+ P ]
o Z R R D B
Fesfter » £ R4 F © 10 mm ~ 1000 mm
R AR 04 um+05x 100 L (L 5 Biplpedg > Himh o)

o B P HLS BTG HRIEERAE D 245 R 0 0.1 um
Bl AR AR 1 05um+1x10°L

o M b FHE >~ REE R BMEF
VER M 245 Sum o B = E 8mm s #F 1 20 Hz ~ 7 kHz -

[HEF+5]
1 =2 & R 82a g P
104 2 R 2 A A ERRIDE K EE S 3105 A2 AT i HAiR
WL T eF R FRE LR ERBACR 2-1-1 AT 0 kBRI o
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‘ S fir ‘

& E(m) 5
o AL = Ni[) /5 12 ”.fpf & ()iffier rmal +al Abbe * ()[n rigger O!rlfign_.-l
L REHAT - .
I 37?,7*frff + (ﬂat‘r’giLB & a[rfe:farmmion + a[gmlgeb,'afk + “S repeatability
‘ MeP#it 18 48 42 56 £UAL & 4 ’ AL RS ML B @IERE 4 Amm
— N BT F R
| HAAE ST Ao ¢ BHHE B dum
i F
My 7 RAT M E

{ S A AT & ’ oyt * TE LB AR MR » B2 Bpm
Sy, + FTRBE » B Hum
[ 4% ]' Ol rigger + P SRR A 3% BAr Aum
it Oloiign 4 * FERIRF "‘MZZ- EHEE B4 Aum
Oluign 5+ CMMAS By $1 8 3 2 E*—"Lé 3R Aum
tormation © FESTHE AR IS 1B BEYAL s Brpm
O gangeblock * HHALIE * B B pm

Seaprabitiny © E R EALLE > Efx Bum

[ 45,
& S E 0 10 mm to 1010 mm

B 2-0-1 R s St v

(1) FERRD kAR

(L % is&d&&%ﬁ CH Gt o bldel 2 R R TR & 0.68 um)
(2) FEARFCR kB

PR kB £ C RIEHT SFRR(GLE 633nm > 2mW) 0 A BTG &
SEL s - F (e PRI A KB A F S UAMG Y )E g WIFEE(f A B2
LR HEE - TqFHE) BY A B2 4 F HE - TaF HEEFES - BFH
B o BB E AR 2-1-2 977 o A f#&’*f Fd BT L RIF SRR > F1E R
BRSSP L GEL (oW 2-1-2 P WA ) 0 B (0 2k R)BBRIE(T 2 L)
BIEE s BenpRsEE L oao RS TIALTIFGRPE o IFES Y SRR X 48R
B3 FELeRBEAE S Lo FIAFAFPRLEE A 4 hd B << B R %k Az (L)
L,=2(L+a0) » %4 kenkfz(l)s L =(L+2a0) » #53 KApigis 5 L(H7 L5 #
RIBEHE s a 53§ k2 Fé“ﬁﬂﬁﬁé}ﬁ'—é? TPk DR L 2 B AR g  BRGH A  EE
AN E O S FEEFPRI] A1 BT A A ] AR A M P T 23 B 2-1-2)
dO T F A SRR R e GRS R R S R

ar
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BE sk

Bl 2-12 ~ el i sk

(3) FyRALE AZA
FE AR h S o R 5 24 R g B & 4F % & CMM(Coordinate
Measuring Machine » CMM) i 5 # #+ {4 & » 1t ® 42 5 4o @) 2-1-3 #7577 o J it $ ¥ 95 27
A e R BRERRR L BRI 0 B T RER R IR
HECMM I Zd =8 o & Ly - % Qj&ﬁﬂr}ﬁﬁ&%},%l{w%w%{
Bl 2-1-4@FF LRIIAP ¢ FPFETIRZ AFFER LI R LR BRAEL
BFLELIFE 2 8B e r o CMM §1MEﬁbW’%$iﬂ§%€ﬁ
FRAFA S CMM 8 23 & * 003 2 G B R PR EAES » N o
RIEFA AR o CMM ok (7 ff st 4ol > fed A f fcde 2R R R4k 17 B dl
QUINDOS 7.0 > %% Wl 2-1-4 (b) > fie & AR R R PP A HH F24 £ "MOVCMM
UWEMTDﬂ#”W’@ﬁ’ﬁ%w’ﬂﬂ'&{EZ%z@wxﬁﬁY%ﬁxﬁj
EEER o R ERIE DI R S p AR (Y B 2-1-5) > e & iR
PEdic® FEBRR (s > R RIBR T r Y 2 F73E > BRI E A E S A

-

g
2

g

i -
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Bl

i {rnm) a
: =
h: N

,%‘] 2'1-5 ~ ﬁ,{%’é’\‘fﬁ‘ﬁ‘{g

@) BplH TR TR

FERLIET 52 BRI A RT AT ES40k 2-1-1 %77 » HE R A T RTR
fe3V 5o

NA
Li = [1+ as (20 - ts )] (512 no i j + 5|__abbe + 5|__ probing + 5L_a|ignmeﬂtB+ 5|__a|ignmemA+ 5L_yp05ition+ Srepeat (2_1_1)

He

Qg ¢ PEALBUEE Bl
N © F sz 8iclkp
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nair : *‘ZJ} %Eﬁﬁ%‘#ﬁ‘k«j—_ﬁf .

O avbe - TREFRELPEATA 4 chle PSR LS

1)

L_ probing

1)

L_alignmentE

1)

L _alignmentA

o

Srepeat

. e g Y -
L_yposition * y %'KL—P%%&. ’

DRI kB2 BRIEAEN o

P EFEA e R T R R R L

DR AR B L oArid S ehsk3E(cosine) A (7 misalignment error)

DR A T 7T S DR RIEA

2 2-1-1 - PERRD AR BRAETEASE
Ex ik £ 2R BACindk ERFFEZA
T it 2 #ie(N) 1 0.57735 0.00123 pm 0.00071 pm
@ Stk £ (Lo) - 791x10%°um 158 L pm® 1.25 x 10°L
Z A 475 5 () - 1.59 x 107 -0.9997 L 1.59 x 107 L
2 - 1.00 x 10°8 1 1.00 x 10°8
2 +0.05 °C 0.0289 °C 9.53 x 107 °C' 2.75 x 10°8
& +100 Pa 57.74 Pa 2.68 x 10 Pa't 1.55 x 107
iBAR +5% 2.887 % 8.50 x 10 % 2.45 x 1078
Fo A& 2 (Olermal) | 1.08x10°L  3.12x 107 L 1 3.12x107L
e B 3% Z (Olabbe) 291 x10%um  8.40 x 10* um 1 8.40 x 10 um
I 19 % 35 £ (Olprobing) | 6.00 x 102 um  1.34 x 102 um 1 1.34 x 107 um
o i(ﬁf;:;fg Pa - 6.22 x 10°L 1 6.22 x 1091
K2 | e 108 440 x 10°L 1 4.40 x 10°L
T2 | 152x10°L 440 x 10°L 1 4.40 x 10°L
CMM # # 22 8 jp| % 2_ i
% 22 (Olaign o) - 1.95x 107 L 1 1.95 x 107 L
kS 478 x 107 L 1.38 x 107L 1 1.38x107L
LI w 478 x 107 L 1.38 x 10°L 1 1.38x107L
s AL 4d am @ A 2 1L
¢ i??if;iif% l 0.19 pm 1 0.19 pm
BEHE S 1 0.66 pm 0.191 ym 1 0.191 pm
BARE | 00393 yim/1.98  1.98 x 102 um 1 1.98 x 10 um
£ Bl £ 47 1% (sreaptavility) 0.05 pm 0.0289 pm 1 0.0289 um
£ B T (sreproducibility) 0.21 ym 0.21 pm 1 0.21 um

R TR
k=1)

0.28um+04x105L (L 2 € Rleedg» Hid 2v)
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2. PP BE B8 HHRIEEH
(1) p 3 BE S8 HR R L E
v A L B G gk e F-14°1 +85° K Tt 1+ 180° A ETR R R S
+01pum > ABERDF T L FBH T 0 Bt o2 S iEZ [ 3 5 um - fhe 3
£ 2um s
V OBk R SRR A FMRE<LHz AP S EHE 9 064 MHz » BRIfEN R
0.1 pm ;
V BRA AT 02um+0.04x100x L (L & B plEEY o H =L o)

(2) B B3 BLT 5458 iRl EH T 4
BoEE T STE SHRIBERNE AR S 7 0 RS HREEE B g B A R o A
P e o
VOBt SRR
%o - Bl AL gk k (4o B 2-1-6 #7570 F BHER * ~F 274 % 256 X60 mm?) »
He - zHr» 2P padd g ¥ - 2R Ee ot ot R inig
I i £ NG £A47 59 & 100 MHz > gt e £ 17 kHz o #5017 x5 90
mW’&ﬁﬂﬁﬁﬁkﬁmﬁ’zﬁgﬁm%$kmﬁ’wij & BOAT TF kg
"ﬁ‘ﬁ_;_<60f$°

B 2-1-6 ~ | Al i gk drendt o 238 5 T HE L 5 T M E

SR ERTEHPEEE R o ER P SRR R RN HE L4 F
hi @ e pdpt P APFUFRET Y F5TIRE - SRR hip i

FARF A b AkHz T (£ A L 5KHZ 5 5) 0 B 2-1T BT R 1 iR L
FEF - HF V% PP v iE > HARE 33mHzZ ()3 E P HREL

Hz) o H#— 54 53 Sdp g > “7iR) 8 ddp 5L (FWHM) & 15kHz > %
M T SRR S TO0HZ » Flpt #rp] (7 crdp AR T A & Lk p kT (8
SR B R R ERT SR JRAT P Ak R e I SR B 4 3] AKHZ 12T e
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10
& e
Ry oo 33 mHz
10 #8473 %100 Hz "
99.3% & 0
3 |0'2—- & 10
4 50
:3:; lo.\_ 02 -01 00 01 02
w % (Hz)
ii 10"
10° —
%
10 I I I
130.0 130.5 131.0 131.5 132.0

4 % (MHz)

B 2-1-7 ~ &M 4 i £AF 5 > ¢ i B E 3.3 mMHz

ATFAF NP RRT AR B R R BB R X R RE
MOEFHER S A ATAN R RET SR RS > B 2-1-8 B or %k kR4
OB Senge i 7 RO B SIEE AT F 9 5 SOMHZ fi s 57 it 14
MWeo p o 8 - ¥ 912 4 cnd 3%t A h i dd 3R Ryvpad fgivim f 5o
AR e YR E - YR E - R kg L A iplie ksl
Rl 1 mBESE > RIBERTE SRR A AL TR A0R] 2-1-9 7 0 W o R A R TR §
LEFRRIEER em o AT ERIREY SRR TR G o §REERFR A
WTRHEAREF IR P Lum; F R R MR A FER A P 0.1um > B RIPFR
7+ %100 4 °

80/2052 4 %

80/20 coupler <ﬁ
/ \
( 50/50 coupler 1
\\

\ 50/50484 %
e
\\\f// WDM
— BT

B 2-1-8 ~ > i 4k 8 F A4 ik B F 5 2F R
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<

. \ N

\O/O\
)

B (pm)

T
100

10
RIFEFR] (sec)

B 2-1-9~ & F A FERFBIEE A BRI Im 2 B %

Bl A RIEE G A w0 2 ##&r?] 2-1-10 #7512k kb > 0T 0 R R W) A
sz_“.'.f@_ |
3

BIEER ) 0 11 FPGA + B~ 1 3 40 T 351 #cF| 500 (1 5 P~ 25 § £ #cdy) > 7
L3 ﬁt,m G B R A AT AT )3 0.5um o #-FPGA + & § B %
fi FRERGEZR Imo RIEETIEE SN S 0.95093m e T HE L 5E 2 EAF RS
FEE R X 5 016 ume 2 7 1t g i 2 d4- Allan deviation § #hig 3 5 £ Rl Bio
22 FPGA &R % v fi o AT IB=8 b a5 (5)4e 5 )& § = ehia5(6]4e 500
=) > % 2 Allan deviation 3+ 5 % % 437 o

RIEF E (m)
A (n)

B 2-1-10 ~ /|- 3] 1+ Bk 4G $HRIBESE 2 P~ 2 1T B > + b & SOREER %

LR et SRR

B ek e L e B 2-1-11 from (¢ FORIBEER) AR A e 4R AR T A

L fEph s T SRIEERE ~ S FIIRE o BRI G HREES S e o L S 2 R B
4@ 2-1-12 #r57 > H ¢ k£ 1550 nm g bk * ki 78 ¥HRIEE 0 A & 633 nm eh

i ETE!'J—EL’* KRBFPBEHO 2 FEI AR LB RS DT LR & DR~

+ % = ¢ & k4 (Dichronic Beam Splitter) » 3% 4 k443 ¢ £ v E 4k & 1550 nm
TEETE AL 63B T EH KL I HBP IV EEIFAET R RR FES
5 BER IR 2 B4R 2-1-13 1T o A ARILA MR E VR AR R B B AR
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foor AP ERY KT RERITHEFORITE R > GRPIS TG HET HE R4
BosP-14" 2304 85° 0 R ARKATF-10"2+60° 0 2RI gL > FE R
PR TG AR I R R T LR R AL FOUE
LBV i+ 1807 -

B 2-1-11 ~ e 4n 8 $HplEn g & gl in & B & K B

q"‘* R85 P36 54
)

" mamAME
I
P T

ORI /7 (633nm) | ]
\ 7 — ‘
A4 3k 5 7 :] : BT B
g ASUBIER N 45° 4L A 3 ‘
1550 nm % # K% @ - — ?1 m ] @ MK B
e : - — | (BB B)
L ' N N L%
LM v N Bactes ERAES
st e R e U miem Ak
ey "

~H % i [eesasranys e '

— % Bk

LA

@ Btk i

B 2-1-12 ~ fsk g $HRIBES & oo & B & W
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XA
AL 5 K%
=18 A
(633 nm)
FHACE S AR B4 EH AR
(1550 nm) (1550 nm)

4545 A 45° 4546 K

LA R

B 2-1-13 ~ BER4n.8 HHpFE 2 RIFEEE K 3 B

BHE

G B T SR SRR B R RR S  Bk hed 2002 im0 2R R AR
Rmf > 4250 5

AL = SADM + SLMA + SBF + STS + SRF (2'1'2)

Spom © T HPIEERE R AR > R PIEEREARE T R a0 AR TSR
& BB T AT d Allen Deviation & s 1F 3| » £ £ (4 B2 TR
% 0.14 pm + 0.04 x 10°L ;

Siva P EEEEHE kR A R(AHREIR )R S DR R FRTR > A RATR
¥ gk G P2 B fhe B IRL AE25um i o Eihe o L A5
um o Bl 2Nt v Pkl %R ) > 0.003 um ;

Ser P S FIzksk e Ak 4> A3 P R Y RFIR2 SR 2T L ) 0.10 pm
BR R R AR L AT AR DA FE R 5 4BA A o BRI 2 /€ R 5 0.029
pm ;

Sps 17 SIS HE NS HEAVU R T S IR AR 5 7 o R Z 9 5 254 mm>

FOPE Ghlics 144x10°L(UK) > H¢ LEiH#EER > Ei=imo K 3o
B (Kelvin) o %3 Flsk - &£ & 5 127 mm 4Fhm Flie £ 45 0 2 200 %
#i 12x10°L (UK) - Bk B RliEA2? AR 5+05K> %4 Fzk Fl#
RS A Ak R L R R B 5 009 um e A FHL L 127 mm > #oEE
AL EE S e (Z 2 e) PRI REE S 0076 pm o B R s L
B il B A& S 255mm. ¥ 38 £ B3k FIA & SUE R ATl T A ek
ALEEE S 0.166 um ;

Spe * W F LA L T A BRI A UL RREERP 2 0170 um (k=2)
Hgp A AR S 0.085 um o
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# 2-1-2 ~ p B3 BE S HRIEER T2

ERAFETRAE R

Eax- ik RiE 3 #5T 2R
*FETR % 3 *RETR
7 SR EE & (Sapm) - 0.14 um+0.04x105L 1 0.14 um + 0.04x10° L
& § 2 I (Siva) 0.003 pm 0.002 um 1 0.002 um
%4 Fl3k
0.100 um 0.029 um 1 0.029 um
% & 254 # £ (Ser)
S HEHOIE 55 i (Sts) - - 1 0.118 um
%3 Fsk ks 0.091 um 0.053 pm 1
BaE 4 0.076 um 0.044 um 1
AR 0.166 pm 0.096 pm 1
WP & 548 (Sre) - 0.085 um 1 0.085 um

e &R TR
(7 & $RlEE > k=1)

0.2 pm+0.04x10°L (L % Bipliedg » Emi 2 v)

w BT FEE R
(# & B 4pEE > k=1)

0.13 pm

3. ﬁiﬁ*fﬁ‘#ﬁ —E!l_/

1B in-situ PEaRHR R TR * AR 4 e MAR R L RIE
7o BRI L BB 2-1-15 07 o sEmRp e

[E=Sgees

(1) s FHE ~ drde BRI FTRA
v ERPEF $H  2Hz ~ 7 kHz

V kX ERIEHE

* 4 um ~ 8 mm

V BER = EE

4 um

RIESEE NS P

/ﬁpéﬂfﬁ\%ﬁv

Fl4pum e

EJ /ﬁ; ]L%r;b‘ﬁg\— f‘t Ll ‘!"

RE AT FY REQ6 C)FRT RED LS 346 mis
BRI EARD AT MR T Y g AR R By B fie

o e I RS

VP ¥ g AR T o
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PR BT AR T S PR R T
FE 54 B E (Kurtosis) F 2 A% TR &
PERCRE S D ET o Tk

2R 7 V4o @) 2-1-14 1

PP * rﬁ #ﬂ w f&i& Gl AR FF‘"}"} ‘&’T*j’ ﬂ*fF' :t2 A2 F B D& (40 kHZ)
12417 Bg oo AR WRERETE B2 42
(Time of Flight):* & & BB P 17 & el g % 4p 23 B0

EFERHEEE A

VHRZEPIETR o F
P s J)PE s HETLFERMELE 4 0

'f )}" F%Fm‘ﬁ‘f‘fzz‘
i RARGETR



| s AAt & —>]  LabVIEwses

¢ v

425 it A2
BicH < #E A || Insituse 1 apgR kR A 7
P A\
7 &
7 B/1 %

Bl 2-1-14 ~ 1 2 # In-situ v 1 FE4R P12 2 7 3 B

23 e A

) o4 L

Ik

2 As ~ 25 g e

Yo
Bl 2-1-15 ~ 1 E 4% In-situ ¢ 1 §74R & #I% 7 L

(3) Ap it iy i
BFHGUSLRILAD T fRA T R 2 AW e, T AT T S

¢Mod = (00 + @M COS((Ot + (05) (2'1'3)
478

N 2-1-4

bu =" (2-1-4)

@, CfERAR S BEMELS ]

PUAR B PG R 0 0 nkL B AR I 0ye(t) 0 T LRI L B AR A e
B e

Puos = Acos(at, ) - Bcos(at, )+ C, (2-1-5)
A=, C0s @, (2-1-6)
B=¢,sing (2-1-7)
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@, =tan™ g (2-1-8)

PR s Rz e bl RO ASBNCoadciEis > PR E S Eape
CfERAR T L PEIR A o

4) 7ER%

BRI ¢ RE e @ REF VI FRFFSFRAGERE FREE
%@ZL%H%yﬁ%ZHMﬂ?H&ﬁ%#ﬂ% PPEid o R 2 deid REALT R
ViRt RIBCEE T 4 o LA 4 BRENSLEFIRFTEGFTRS > JI ¥ IFFL 47 RE P
bl e A WARRPIICE RRUEL > A T TRE TR LB RER AW
FHRPFERER LR S5 40R 2-1-17 2 B 2-1-18 757 « iRtk RIHC oM DR T %2 %
bo@) 2-1-19 #r7 > B %ﬁpﬁ1.2HZ~7kHZ’d*“?kHZ%ninB’aﬁ*m%E%
S TKHZ - F PR R ey sl 7 21 2B F40B] 2-1-200 A4 B 2 iR R
ﬁ@?u%ﬁa?ﬁﬁﬁﬁiwiﬁiﬁﬁlﬁiﬂ’ﬁrtgﬁﬁﬁﬁﬁﬁ%%ﬁﬁ
ERAFLE v RF 7 SR e BACT MG H T 7 L R ue AL D
TR AT e
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EAERAFETA 02 um
FRERIALA 03 um

[3i7= %]

1.9 k@ Bs 2 R R 2 Jis

(1) 5 R s8Rk suh I 24

6L EE AT S BT AR R REa A4 kT HiER ] L BRE LR

F A2 (S A FHE A AR kAL R T ML L B F
ERIFEELE RS
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Iy : B4 & B R E@naskisE
o:%ﬁ%@&’¢€@%m%ﬁiuﬁ%*ﬁéﬁﬁ%2

lac @ =+ 2 Es MEL > AEPSD R EREFFE LD ERF R
S FHiERAE

Ko: Ko=2w/A > A & ke 5 £

hay * iRl REEESEY SLnip$t 8 & o

Bk B R R A SL(doB] 2-2-2 B 2-2-3)H v kT oz atk AR 2

*E F R ACE S L8 KRR Beif e (R e T i sLaiEg) 0 H Ak 2-

-1 s AERF R G REFHFTANTEZZ PR LI HRHINAD BRTEBIH
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1 PaR R 50X
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Biplps > JEd R R B B AERF L R BN FRRD
oo - ok B2 k5E R 5 R H B B (Peak Value) o F5 4 i Mrﬁ}@\/#&
égz?ﬁi'%@ Ried LT AL A Kz ko g KD
% -@i B %ﬁ'#ﬁ'{h’ﬁg"&an%\ L. = “@1%@,& , F%ﬁ?@f’?}fﬁﬁgg : —f%ﬁlpl ,
B plin AR e 2-2-4 47T o
| I =E
4 fcﬁaum
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FOEHLE

- |
~ Z® &(Frames)
]
W

'7 BEXEE
| E% B Y
a1 l SFHETHER

]

BATSFEERE z
4 +
Za I3
t-1: 3 T ¥ i
#ETE A B
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SHIRTREE TERaSaEE,His

B12-2-4 ~ &% Fds £ RIS AZR]

(2) & £+ HRE Rk nE RS S
BORl A SRF PR AR R TR T g R B R RGF 0 1% VLSI Standards = &
“+ 4] 17 iR 2 ¥ (SHS-8.0QC) % & 5 8.050 pm % 50X v k- i 4kie 7 30 = £ 47 £
Bl G ARk T LT §RIEAR TG Ry KT IR FARE R P gk T
100 pm it R FER 0 30 X €47 BT E 5 100.017 pm o & £ 5 0.125
um; BRNA RGP EE L SB R TS 8050 umo H 30 X FAFERTHE L 8.062
um > &8 X 5 0.003 pm o H A5 50 E Bl % 4B 2-2-5 2 B 2-2-6 1T o
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(c) (d)
T 8 8 4
= A =
lﬁDJH ‘]ll}s < >,
m RS
A B () " A B (um)

B2-2-5~ HFERFTERES (@ VLS HHEH 5 (b) =2V REPIESE
() TR FE%TARE:(d) EREEINRFTR

(a) (b)

VL.

Voight

Standars
Modal ¥ SHS-B..0 QC
Belie 5233-51-15

4537

S (m)

7T EERE (um)

B 2-2-6 - &L BRI % (@) VLSI 85 5 () = 2V REPILEE
(c) &irl%5% 1 ARME
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¥ oeb s At d A w3 20 um ~ 30 pm £ 40 um £ p-Bump X o AR 2, J] £
f = 5% (Thermal Reflow Process)®l (£ fp fl & & + > W iFR & S &)k 3 Lofag > £
w6 kE A RB R AA BT 30 K £AFBRIRIGE 0 & 50X F 4G k
KpEF R L2 HHFEES 0.1 um > B £ R % 2 40 47 TR Ao B 2-2-7 #57 ¢
v 20um B p% % T3 A L (12.482 £ 0.006) um ~ E /< % (19.167 £ 0.155) um ;
v 30um B R%E % T3 A L (15.965+ 0.004) um ~ E /£ 5 (23.696 + 0.181) um ;
vV 40pum BpEE D T3 A L (19.307 £0.007) um ~ E /£ % (36.068 £+ 0.163) um -

EX20 pm sample EHZ30 um sample E%40 pm sample

B = B

0‘0 |1I28 2253

E 1§20 um sample E 30 um sample E &40 um sample

Height Diameter [Height Diameter |Height Diameter

EVG 12.48g] 19.167 15.965 23696 19.307) 36,068
D 0006 0.155 0.004 0.181 0.004 0.163|
%] 2-2-7 ~ H‘%—?—“ 1= ’E /? /? pé‘ = %

® % B TR e 12 v [f](wafer)iRlsE 5 0 32 67§ [f].5 4 (Under Bump Metallurgy,
UBM)thg R & B S €47 4RI E - 2 * 50X + i SLE e IX R &L #Fd 2 (7425 25um>
FH TS 0lpm> T 2EHFERIB0K > BFLE- LR VREREF 40
Bl 2-2-8 #71 > BRI BEE LTS S Ark 2-2-2 85 4 2-2-3 %770 F R EBIZ 47 H<6nm
(Lo)& s s8Rz £i71<30nm (Lot » 7P & SA s L Hants 5Bl &
BREMAY BRITAZEREF > PEIERY F AR -
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eemrssangE
.

Bk d SRS y

o ihsinsihsin

ght (um)

S B S

——
Sincz=ins

0 10 20 30 40 50 60 70 80 90 100110120
X axis (um)

B 2-2-8 ~ UBM £ R|7)j e & § R & E LA 47

% 2-2-2~UBM £ RS 5-3 REE S P#HcE

®AEZRIE (um)

| 4753 [ 4755 | 4761 | 4.751 | 4.761 | 4.758 | 4.76 | 4.757 | 4.761 | 4.759

i?f 4763 | 4.753 | 4.754 | 4.758 | 4.765 | 4.763 | 4.761 | 4.757 | 4.765 | 4.756

" T4758 | 4.754 | 4.752 | 4.754 | 4.752 | 4.752 | 4.763 | 4.75 | 4.755 | 4.761
X* o 5 R £ RE (um)

o 25.082 | 25.984 | 25.986 | 25.952 | 25.971 | 25.967 | 25.963 | 25.977 | 25.958 | 25.979

= "11'25.950 | 25.938 | 25.966 | 25.957 | 25.989 | 25.986 | 25.976 | 25.972 | 25.975 | 25.945

" T25.06 | 25.071 | 25.987 | 25.977 | 25.979 | 25.984 | 25.954 | 25.953 | 25.957 | 25.965
Y=> w % & ERE (um)

— 126:667 26.74 [ 26.725] 26.693] 26.718 | 26.705 | 26.721 | 26.701 | 26.685 | 26.684

£ 5671 [26.731 | 26.707 | 26.724 | 26.715 | 26.706 | 26.697 | 26.714 | 26.667 | 26.673

" 726678 | 26.686 | 26.756 | 26.701 | 26.709 | 26.691 | 26.705 | 26.693 | 26.697 | 26.694

% 2-2-3-UBM E Rl h-§ A& E EA{liciE i

F R (um) [ X* % % AE@(um) | Y> %% E(@um)
I aE 4.757 25.969 26.703
L 0.004 0.014 0.021
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(3) ¥ kb fs ik B ifl A FE AR R

Bk ERRZ B3R BRI RETAR TR S R Aod 224 417 0 BRI FEEAER

RN

I-i = Srepeat + 5L_reso|ution+ 5L_Zpositi0n + 5L_s (2-2-2)

He

Srepeat + ¥ AR 2 B R EZRILAFIE

S resontion * 4 2o B RIENT R RIEL
§L_zposition -z %Llf_;ﬁ—}; )

%2244~ v RE KRR R ERIL AR &

3R TE2 R (R FRITAASE
u(x) Ci | ci| - u(x)
CEER Y 0.0034 um 1 0.0034 um
© EAF1(Srepear) 0.0018 pm 1 0.0018 pum
© JET R (O resotution) 0.0029 pm 1 0.0029 pm
ZphT 5% R EHFE LR (S gposition) | 0-0035 um 1 0.0035 um
LR RS, ) 0.0136 um 1 0.0136 um
£ ? /2 %A =0.0144 um

BOkRKZ RA BRI ATE SR 40E 225 45 > HEPIA IR TR

SAe G

I-i = Srepeat + 5L_reso|ution+ 5L_xpositi0n+ §L_ yposition+ §L_s (2-2-3)

H 9
Srepeat - 7 EEmARRZ KR ERILATE

L _resolution . /:2‘ "l‘f“‘i ’J( T }lﬁ’" ‘)ﬁ' ﬁ/"g_ /E'J ;f-rl ;

S

L_ xposition X P EA

%)

. N
L_yposition ° y %'Ll-—pi‘?n ’

L_s : Jf%l")‘% i rﬁﬁ‘)i;y‘i °©

s%)
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22250 KK TR BRIZ A FETA R 4
&

FE R X W7 g ATl | P FETRAE

u(xi) Ci | Ci |- u(xi)
8ok ER T A B REE 0.0841 um 1 0.0841 pum

© EAF (S repear) 0.0724 ym 1 0.0724 um

© J3T B (OL resotution) 0.0427 um 1 0.0427 um
X ghfs 0L 5 FEZ R (S position) 0.0076 um 1 0.0076 um
Y b 6T 53 FEF R (S, position) 0.0192 ym 1 0.0192 um
R EER(S, ) 0.1616 um 1 0.1616 um

B2 2R =0.1824 um

(4) pBump % £ & P72 FE T R TG C
FiEv KB ERE T pBump % 2 B> pBump &% 22 3 B R TR T

ek drdk 2-2-6 977 > HEPRIFFRRTRTR AR S G

LI = Srepea’[ 5L_system (2-2-4)

Nud
'S

repeat : uBump TR 3R /?JEZ’E e
O gysem 0 BB R R F R ERIFEL

% 2-2-6 ~ pyBump #- % * 3 R £ B2 A TR TR £
» TN, h N\ _EL
3 FE R X BRI TR | R P RETAASE
u(xi) Ci | Ci |- u(xi)
5 kR B R FE TR (S gyeem) 0.0144 pm 1 0.0144 um
uBump 3 2 3 B B B E A 1 Srgpenr) 0.0061 pm 1 0.0061 pm

2P F /EE R =0.016 um

uBump 153 % 2 B T BRI F FE R TR B K Ae A 2:2-7 om0 BB R R R
Ié‘ﬁi} rvr .

Li = Srepea’[ + 5L_ system (2-2-5)

St
AnS

repeat HBumP i “g Hz AR RE 7?';3 e
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2.

Ol ostem - ¥ EWERE RIRZ TR ERIFAL

% 2-2-7 ~ pBump 3 & 8 T2 83 IR TR £

W' TR | TR *FEE R AP

LR IRX
u(xi) Ci | ci|- u(x)

0ok Bk B R A AR TR (O gyetem) 0.1824 um 1 0.1824 um

uBump 52 % B £ R E 4 (S epes) | 0.0089 pum 1 0.0089 um

7 /EE R =0.19 um

vosk Sk g F Gt R R B

(1) &>

K F SR E R RIR A RypHRPIREEL ]2 TR T UL G S kB2
BEpst o 5 REEV IR RBIFF R REE > JIF R L Pk PR Rd R
R AR AR T R SRR L e BT RN Bt
Befor Sk REEEA A TIRFR? BB RS DF L kad FH RS
VMR AT Sk R B R o AR S BB F SR Y KRG NG kool b
S BMCHLIF SR E ) R BN 0 T Y Sdg BB MR o Ao 2-
2-9 #1577 > kR (Light source) ;i & € 4 (Collimator)z & {8 > d % — B 4 k4% (Beam
Splitter) i 16 &F fic 4~ 4. (Objective) » S22 48 5+ » HF Spkd % - BALEA £ 5
Rooo—Ed B R B (Camera) i 0 VO REELR FRIZEEE 5 ¥ - i 24Tk
s (Fiber) # 2 % 3 & (Spectrometer)fjc @ B~ 18 F k3 > & m 22 5 D4 h sk 8 Bk
Slice Flpt o AP E R LR MR LHMS 0 RRIRESHZ 30um -

(a) — ] kR

[] A4

WAL B
N w2

L] AN AT

ook A

/|

TEE AR FLIE
LUk

B 2-2-9 ~ () F 5 ik 1ok B ) 22 (D) B oh
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(2) & kR
BRI ABT 2R 5 e KR AT AP EEpai B 4oRl
2-2-10cd W HPAFH AT AL P A DB 7 A 2 B F ORI G
B A E g s A% ks 4T o LR e + 32 % (Lateral Interference
Theory)u. ,TJ'{F}L,Z PRk HTHfrRSEDm F2 0L LR R Foant p) 1t
e »Pﬁ*W"m%Wﬁ“%%%%mé AR S P AIF S kR T S
FRPFAR X o ¥ ¥ B FL R INNF SR BT TEINNE B T AT 0 d A A b R K BPE
ﬁwaﬁiQ%gﬁ%%%{m%ﬁiﬁﬂ’Eﬁﬁﬁﬁﬁﬁ%iﬁﬁ%%’QF%
HeERE T AR ZBAE s doT N
R() = (Ryq + Ryym) + [2im cos(2kd,;, — &,)] 0.2
= (Rua +2Rm) 1 3 JRoR,y c08(2k(d] — 7)1+ [23yRus Ry, 082K (d,gy — i1 )]
=

n=m=1L

~

Fom AL AN ZENE SR A F LG G F R FDEET HE
B bk A PR Ry S F MBS Atk BB Bk
B F STk ARF Henig o T LA IR R o JEF M RETIE SRET R &
PR AL R Ak ol MEE B BIFK B R o F BkiE bz L AR
SR RT 0 B M AR KRR U IVFR AR 2w VAR R 2T A
BF ST R R ARE o TR SR AT 2 E R RE L IRER -

¥

Eoxide(F& "5 & &)

(3) ik sigrd
AER RIS 5 L) 3 UREMER  EF RO FEE > T UERRE Gk
HiR:2). Hich T AR KR F & L A iy (Flexible); 3). M & ehi 45
YT A R F B B SR o
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(4)

4RI

Pk Bk RdE * 83 kiR 0 fie £ 400 nm ~ 850 nm sk 3 K ~ 2.2 um/pixel 8
GRPIE A BF L AR o PEIERRAE EHI S 5.05um F AR 5 801
um-PET B %4 A 5 & 5 106.6 um- ¥ i # &% & 5 101.4 nm- £ ;| 2:(Spot Diameter)

*op e B AT
Spot Diameter = 50 (pixels) x 2.2 (um/pixel) / 4 x (objective magnification) = 27.5 um

BRIZE X o hof] 2-2-11 9757 o R PR K SR Rliedr o TIHE F R R T o kP
EVETERER L 142Mse A W IGER BRI G 0 doB] 2-2-12 1 0 SF
30 LT U E N TEE L 79.9um 0 & X 5 0.007 pm e A fp i I4TC SR
B o 4ol 2-2-13 #F > 30 LHcHpF EV F T 5E 5 532 um s %L L 029 um -
p @ CCD Size % 2048 x 1056 pixels ~ pixel size=22um > ® & * 4 &34 > =& P
%Eﬂ? # 1126 pm x 580 pm o PET %5 € B> & > 4@ 2-2-14 #7510 > 30 L ez 7 7
T2E 5 106.6083 um > % X 5 0.0004 um o ¥ i B RE F P G 0 4@ 2-2-15 #7

A

7 0 30 Lfdp v (FLmE 5 10152 nm > &% £ 5 0.01nm -

B 2-2-11 ~ £ RIBE~ /]
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BB (B8R )

!
Ne RG we RO we Rm Re

¥

B e (D)TSV iE & £ B R 4o 56

JE.- 3
L

3

Bl 2-2-12 ~ (Q)TSV & 5 # 4 ek >

5

L
=

(b) i = # 3%

Q..lll!ﬂﬂﬂﬂ.’.l.l!.

& Pl

2::‘:
i

TSV 35t

] 2-2-13 ~
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R 4t 438 & (counts)

(a) (b)

= B E L g
= CF
i
i
. ‘~.

(R R) BB (R)

W 2-2-14 ~ PET 5 & # il R 4o 7o

l— CurveFtt — Orign I

1.4
M 12
e Pifeisiviafeviiiiiikisrevesgivetlus Bivsinpivivess Jesavevivie e Tees
T B T ey o
ot
Ece S T T S SR S

04 . : 3

. -

0

450 S00 S50 600 650 700 750

EER(EFR)

B 2-2-15~ 5 *# ERE R R4FTH

(5) R * A& XImiw -~ 5 B ApH

pritayfadr ity - BER SRS v SRS WoiFR
oo S of AR RIOE B A RO R T S AR MCBL(SEM) Bt 18 kiR £ 0 G F A
B EARALPF kB A R E R BIBLIFR 0 F F 2R > 2R~ B v
FAHPE TP RN EHE AL T RN YEREFASIEL o p W
B A TSV IERE BRI ERRRIS S o 4ok 2-2-8 977 o K& 2-2-8 @ A E
R 20 RRFE RPN ERB CERE BRI AP VRIS T
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B
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4 2-2-8 ~ TSV /£ & 2 B Ep

A

j2) » -
A & Lasertec (TSV300- | Rudolph (NSX 320 (;‘1‘;‘:;‘:*;333 SCI (FilmTek ITRI
IR) TSV) - 2000M) (TSVChek)
BRI TSV)
_ s> [
: o == i
a4 | I il g
4 ph Y d — . _
’f‘%}-r:'&@l o [ = L o r — —/l . - h'llll B =
N BN\ Wl N
= v : Hoi
Ji ¥ EHAEK A T G kT Bk Stk BA ik ot Rk
;,li-F{ 1.3 8% 1.0 8% 8 ~1.7 8 % 0.4 8 #~0.7 & 0.65 &3k ~0.95 &6 0.45 & 3 ~0.80 # %
& )25 K] 4.0 4% 5.0 Ak @ (TR 10 £ % 30 Mk
#HA(EIL/ Z30) 3, 3L #3L 33, $3l
E @S Bk 20:1 10:1 15:1 9:1 16:1
iR B ~1.0 # 0.3 sec ~1.0 sec ~1.0 sec ~0.2 sec
4t v AR AT B 0.1 4 % 0.3 # 3k 50 &k 0.1 44 3% 0. 148

[ %2R B e )

1 5BERFERTSVER TR ABFR@ * kg0 K ETfii(Spectroscopic Reflectometry)
FotbBll E BB FHERDY - Y S 2BHEAHEFHREPIEBIFT
SR FIRERYERAL O MNP EPFTI AR e LIV B q,)ii%:é‘ B 2 ARH o gt 2
i ek UFATSVIFRETR > 2 £ B ERlagd >
CRCE SIS R g) T

2. HiEA* 9 K¢k EE P (White Light Interferometers)#jtr » kB~ p o g3k b en T + &g
Mg F ¥Rl > BE- HHBERFRAERT M EFT R pBump A5m 0 T A 45
duBump 3 R @ * 3HE A& i B p# -k & P (Automated Optical Inspection, AOI)
FaFd w4 A TR ARRE R R Fle R s B2 A SR 4 o

Bl E 2 8

(=) F %t LRIFEHF
[+2RP#]
c HEEE F R
¢ GRS PR TR
o WM SRR AL R ERE > #H 60nm 1 100 nm ;
(7 %]
1§ B2

10 nm ~ 300 nm
%3 10nm z .+
TR TR =15%

RIFLHERE* 2003 i ¥ o+ R
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1)

Rk sz E

APFL R BAIY FHFBIRDE O RRRYPRFFHEIF Y RFSRS
IV s F 2 £ A T #H R A 17 ik (Differential Mobility Analysis, DMA) % 4t 3k
+ 3+ ¥ % (Condense Particle Counter, CPC) & | 2 F b+ 2 p i 2 S kR~ F o F it
Fprna i a4 Ramig o g B L S N i&—f?i?‘li%i&#é%ﬂ: ko dr@] 2-3-1 From 2
fa#s 4 (Driving Force) » & 12 B3R 3 $F F Wi IF 18 17 e o BFipl2 fiol R RIFIR
HA A mIAS2 A 2{fcDMAZ CPC ¥ » L7 8| st b s 54 o ™+
pzr;ﬁ‘ﬁr-p BRI > AFEEZ R KRS 8- EZLTE 0wk

B P kg F A 2. R Ei e (Polyether Ether Ketone, PEEK) iF 5 75 i B2 4434 o 4o
264%#0E”¢%Wi@ﬁﬁﬂ%@“iﬁ%@%z$ﬁﬁ’@@$%“@ﬁﬁ;
P - Kok 5 R EATRRIZ R R R A R R R RRE S R
ﬁ%—ﬁ%ﬁ%ﬁﬁﬂ%mﬂmdmwouﬁu%é$m°Lﬂ;ﬁ%ﬁ%ﬁZG&ﬂf

7]‘, o
KA
1 - ¥ S en o o e 1
| |
1 1 £
BB [k | Fﬁ;‘:q ]

r | |

b o o o e [
P Y e
- | o

A /}\ /';:L_ T /I\m—fu

LS ST

V4

B 231§ & ds i kg R %K 7 4 W

Il

(2) # F#5(10 nm ~300 nm) % &k 2 FHiv 22 £ R

AR AT 2 R A (10~ 300) nm 2 # oF AR rLplgE g Ho 2 i 2 R
G4 PR E g 2 f S ) DMA 2 CPC 2 RISIR/m 2 B kR 2 A F
BE AR 2-3-2 2 A 231 AT o L RETEMER ARG E BRI T
(10 ~300) nm 2_ % F k3 o
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2.E+05 4 0E+05

~ 10mm % # 4k F -~ S0mm RE KR HAT
= =
E 5 E405 7(a) — —30mm &4 2T E 3 05405 (b) — —100nm FELMF KA T
§< 2 N | R 60 nm % % AT E ~~~~~~~ 300 nm FR TR KA T
£ 2
s L.E+05 =2.0E+05 |
[= ]
1 =
1
S Er04 - ¥ 0E+0s |
- 2
ol .
0.E+00 sl 3% 0.0E+00 [ S S P
5 ) 50 10 100 1000
A4 (nm) A2 48 (nm)

Bl 2-3-2~ F it Fhcledrfe DMAS £ 17 P ARLZ A+ 2 it g kAR A 7 B

% 2-3-1~ it B e DMAS £ B 7 s 2 F o+ 2 R TR IS8 & B1E B

R 24 £ RFeHrbked | RFefripd
s £ iplis L R L
(nm) (nm) (nm) (nm)
9.4 11.88 £ 0.18 46 51.40 + 0.00
29.6 31.1+0.00 102 101.8 £ 0.00
59.4 59.4 £ 0.00 296 289.0 + 0.00

Ao g 2 MR kR B RS
z.tf!l_ PligAe" » 2 f k3 € Flg i BAem HERH P ER T Lt ohigiE
2 F kG g FIFE LR A %*#F g gy P AT E ORI RS B RR
PR FEFFLE BT RA AR AR RS2 BRY BT RERR
Wi d i fERAIREIRRY 2R IEEERETERZ F BRI REER
AR o AR R CF L % 549 (Polystyrene Latex, PSL) » s 4 %] % 5 50 nm ~ 100
nm 2% 300 nm 2 i T R KRG o B R LI M LT UREZ AT
% (Thermogravimetric Analysis, TGA) £ 4F 5 =t B[3# PSL B] 2 & » M & R4sia iz @
23 AR FHEER L E AR BRI AATER RS IEERE A
o FEFARFIEREBRIIIF23EE 0 FEENL TR LR A A IR
Ppoo Bt AR EERERDPIF ()T AR ERIIFTREL L FLEFREA
HF Be® kR (Caerosol) 2 (Fipl R & E R (KB R P 3 8 kR > Ceolloid) 2- +* 1E(%)
e (2-3-1) A1 0 gLt BT R R P A ARF AR I BRI ERRLE Y o 3
AT PSL 273 % 2 £ P|E38 E4r & 2-3-2 #77) o

i)

Wi
13>‘«
rq\\v

n= Caerosol % (2_3_1)

colloid

156



42-3-2~ B S PSLIEE A Rz ) - B ER BRI EE S E &

®E LR Thermo 50 nm PSL Thermo 100 nm PSL | Thermo 300 nm PSL
o 24T B (nm) 46.0+ 0.0 102.0 + 3.0 293+ 6.0
B iR 2 Fe s (nm) 51.4 + 0.0 101.8+ 0.0 289.0+ 0.0
Ceolloid (#/mL) (4.14+0.08) x 101 | (3.70+0.07) x 10° | (2.36+0.02) x 107
Caerosol (#/mL) (3.20+£0.09) x 10° | (6.32+0.09) x 10° | (1.70+0.07) x 10°
n (%) 0.0077 = 0.0002 0.0171 £+ 0.0002 0.0108 + 0.0004

B. 10 nm 2 % i+ 2 B P& 0 BRI E

b FER 2 Z RO BRI T I 10nm 22300 RS o F s A
% ¢ * 4 BB International (BBI)=> @ %74 A jc 5 10 nm- h4-#&E kR 2 £ 2k
B ul G 570 x 10 #imL 2 576 x 10° gimL % & &4+ > #-H Hf# 4 5 27
kR > RAFR LR RS 2-3-3 957 > % P paeR R WHRZ R BT IRA
A H Bl(4e Bl 2-3-3 H7on) 0 BT R RIHAT P RUL R KR BB 4 BRI % -
Fd e TR ER SRR o A FRE I RERRE > TE2 - R ER(CF
2-3-4 #t7) H¥ £ 7 5 y=9017.9 + 8.29 x 10° « x » &+ 4p b % #H(Correlation
coefficient) R? % 0.9979 - ,‘{ﬁfr} 79(2-3-2) 2 ;4 (2-3-3)3+ & & H if jpl & *2 (Limit of
Detection, LOD)#? z_# & *I(Limit of Quantitation, LOQ)» 3+ & 4 % 4 %] 5 9.90 x 108

#/mL 2 3.30 x 10°#/mL -
LOD =35, /b

LOQ =108, /b

(2-3-2)
(2-3-3)
H

Sah e EMZ RFEREL (5 274 x 10%)

biiER2AF (&5 829 x 109)

%2-33-100M 2 4 A3 57 AR S SR kR

R (FRERS| FREERER®QML) | HERC EEER #ML)
100X 100 5.76E-07 5.70E+10
500X 500 1.15E-07 1.14E+10
1000X | 1000 5.76E-08 5.70E+09
5000X | 5000 1.15E-08 1.14E+09
10000X | 10000 5.76E-09 5.70E+08
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1.E+06 1.E+05

= — ) ——1000X
E 5E0s 100 E 1E+05
E 500X FI R | 5000X
feros | || = 1000X g - - -10000X
g - - -5000X g oEr0 Blank
fﬁ B0 — —10000X fﬁ AE+04
ol 25405 Blank B 2 E+04
0.E+00 D — 0.E+00 PSSR
5 50 5 50
HL4E (nm) 4% (nm)
@233~%;L E;g’fg_‘ﬁ#gﬁDDMAS B A p\_:.kg: BBl 10 nm 2% ‘]l$‘f2_'+7‘}“ =
WEER AT E

s 6.0E+06

£

LI B

#® g 4.0E+06 T '

3 Q.

£ 206406 -

) § |y =8E-05x+9017.9

N i R”=0.9979

@ 0.0E+00 B '

0.0E+00 2.0E+10 4.0E+10 6.0E+10 8.0E+10

RETRARTFHREIRE
(particles/mL)

B 234~ FH0 280 BRI AEERZIRFERLIOMZE X &k F2%ER

PERTEM AL 2 BT F R R R e S
10nm> ¥ ¥ #Fu 2 K g3 2 hoMEBIER 5 9.90x10%#/mL> £ & ER X 5 1.00

1) % kT e S £ Im A
SEEE AR A é.’-%s—’g’pi/?rﬂ%ﬂl-—/ﬂ‘** ABFIE T T fE o — A 41?5%

PRAEIRANG AR AV MA LA RT RIS - éiff(Nucleatlo )& F
iv 4% (Nucleated Condensation)dp ehA_d 7 § A = 43 i 4z o &3
P W A EEF ZTRET 0 AT T RERAR

)—
2
e

aamz@ﬂ’ﬂ»4mez%w@J
ﬁﬁﬁ*éﬁ@’ﬂ% gz A da PP I RigiRin P RBZFF0F
BAZ s 2 (e ﬁ%#“@ﬁi T oM iE AR B FIR L M) 2 Rk B

d\

’kii?i”%i*#ﬁﬁi&%ﬁ PEE P R B R SO RIF o F B AN RS
R R *%+ﬁ4@%~i%ﬁ%#ﬁfﬁéﬁé*%ﬁmkﬁi’&ﬁ

F ¥ LR 77}1’-,\,,3@@5«}“_—»7 73__;’“‘;35.|ij ,“'“/}*{”L‘:«'\']/ o EMPER KRR
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AU REBIL L EFATRE L RFL > AR ;‘}?ﬂ‘iﬂiid&%(Growth)o
Flpt s GEFZFAPLFIZRBIL CZAPLFRBWEEs ZA LR L 4 H
P ESTRELD ARSI gi@fE“’Tiﬁhﬁfﬁ#* Fopd b 2 oy
(Saturator): oo SR AP e fr i F FRRART NS RIFRELHE 2
# % (Condensor)e x FiR i U BB PR T E R P 2 F TR (TS H IR 4
W’aﬁﬁﬁ’mﬁﬁw°”““WH%*9W7m§ 2o F 2 nk R T A

WY 2SR R ART RS R R R RS R S

S

\

Bt AR IRLE LEE20mme £ ARG 80 mmo At 2 FEE LD 7 AR
(N-Butanol) 7 § - B3k d & fovp rHE » 2 Z 5 ¥ @ 353 Az & {osBk & (Super-
Saturation) » ¥ jiF 3K T 5 0.3Ipme i F ~E R B AZApfr2 #;5B] & 1 COMSOL % 4=
12§ 48 & 4~ 15 (Multiphysics)#c #8 i (732 8 4 47 ¥ 5 * 7raf - ¢ 3= 5 (Navier - Stokes)
= 2352 K sn(Laminar Flow)#:3] » ¥ & 2 #43 ~ #3233 472. COMSOL 3+ & 4l
A EHN o MORASEY 2 ;‘#Liiﬂfiiéf@f?;ﬁ%] CF(EF)BERY RS F Bk
fedfriBie 0 B ERTERZREFP B Rt 245 c 2 7B FRr s
4 B Mt 2003 & Magnusson & 4 273 z«i@:lﬁl »o@m AR 2 AR iR - HE

-8 8 i & 7 (Heterogeneous Nucleation) et & o 5 71 3% = B 2 prid) - # “F
g b e A5 B % pho (850 BR) & iT % (A2 45 fodHoA] 75 B B % PR 300 2)»
BRnd e 2 E 2 (SRT @RS S B ORER - T BRENR > BT TR
Fapgipmao-i o I%ﬁr’ Py o Biog B?mm_f;?i S B R 2 A =
B = +%(Homogeneous Nucleation)f % 14 #& s 4 ik 42 T o

B 2-3-5 2 10 nm =+ 3RS BN R~ LAREH - J Bl7P o B 7 REFTD] > 3
R E U 10nm e o BEF A RS BB Ar 0 1 IR R i d A ‘Fr/fi%*
SR T AR > FUERSENCRE 2T ERe RIS S 6 um 2R F
BTk P Mokt B A - AR B I BB R TR TR F T LR %1 %
F BT o4 MY SV RET] o %?ifﬁqﬁ%?ﬁg—? Ps BITHRS B AR
R ARSI o Tl AR 2 I R AR BT o GRS (S 2 R IF R AR S o

oy
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RPE
AR R T=15 C 4e#if & T,=40 C ;
i Q=03Lmin £ & L=8cm; ?—4Lr2mm

& e outlet

L/2
L/4
—inlel
—z=1idL, Th=40 C. Te=15 C
. =020, Th=40 C, Te=15 C
0 —oullet, Th=40C, Te=15C . .
2=1/4L, Th=28 €, Te=17 C 2 roinlet
+.\J

==t Th=38 ¢, To=17 C Pl W IS
= ~guilet, Th=38 C, Te=17 C

10?
g ,.5 1 15 2
4w ( ) <107
L B == r(m '
» T Rl F

Bl 2-3-5 ~ 10 nm o3 508 B G S K 4B %)

=

() 7 F kSRR oy
ARF AR RES RGP 20 CBARBRE R Sl ARG
FEHEP L MRS AT R R (Ao B 2:3-6) » 17 4Bk Y e 7 A fo B ekl
be#hoo i 7 pR(N-Butanol) 1 Eip f i S foE § o0 B U RS B
Feds S Pl o SR R R TEAGTTEL RS ELRER A, T
i ,Eaiiéi,ééﬁ.ﬁﬂiﬁﬁﬁiiﬁ)ii% 3;']& ’ }}{‘J’%s-‘ﬂ hEEZ fﬁ"fragk'i’ e
AL TR #s

Y ;F‘ ARk nZ®B

(3) # kB F BB B EFF AN PR
Bl 2-3-7 & £ 2-3-4 A5 A F RS RB RO RS 2 S SRS
RS2 RIZ R R AT £ o do@] 2-3-7 #757 » 10 nmM AU B ] R F R S R E 2
Lw@ﬂwm,ﬂw,a@%BHlOmMWﬁ%%@?ﬁﬁ%%“j%”%gﬁ;
PHE RE RV REHE A FLERRELRE BT T HT S 00 RT ko

prap AN

MA RS RSN ERT IR EA BE LRI B T Do B R
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T2 VR adF R 0 Flet sz o BBIIONMAU BF o £r R € Frd s sl o Flut ok B
PP EFEFEALF 0 A RF AR T RABHEL e FHREF A BR T
40°C 2 15°C > 2Rl S A RIFIERARE B £ ~ 3 2um ik > P BBI10nm
AUt s Sa gD B TR A G S epm 2 R F -

— 10 nm4 % kB T REERE H
3.5E+ i
. - B £ THESOPOTE
=.||9” > r'lﬁ f g 30E+04 | g seniunsororussis
ki ; - 't:“; 2. 5E+04 | B EEgeR
4 F 3 8B (0PC) # & £ 20E+04 |
g 1.5E+04
&5 ST =
ﬁ 1.0E+04 F
# 5.0E+03 |
=4 . : = o
Je 54 T3t % % (OPC)+ 3k 4 % QL+ D
& o & & R
PO L L
s gb b g ¥
o O o W A
¥ 3% 55 1% 9 48.(d)

B 2-3-7 ~ 7 K SR e BlER

0 2-3-4 Z AR FERABFRRBEZPRITERA,T L

Gk | 300nm = d< | 500nm = d | lum = d < | 2um = d <
Feiz (d) 500 nm < 1l um 2 um 5 um

R P
# % (OPC)
#* 5@
#mL)

0.09+0.48 0.01+0.07 0.02+0.15 0.00 + 0.00 0.00 £ 0.00

L

# % (OPC)+

A EFR
i (#/mL)

0.01+0.04 0.01+0.09 0.01+0.09 0.00 £ 0.00 0.00 £ 0.00

mRES
kR 0.20+0.13 0.44 +0.27 0.31+0.16 5.59 +1.89
(#mL)

27988.56 *
2114.30

(4) 7 S deF R 0 R P 5 Rl
2ok SR e RS pRE S 4 5 £ BBl 10 nm Au ke 0 & =X i R pE R
w54 I 0w Bk S 2 #ic B (Condensed Particle Counter, CPC, 2 % 3|55 : TSI
776) i a 2 » st {75 b A dbz 75k &4 Bp kR R RIS H(Ar R
2-3-8) o WP FRIEE BT O > BRIGEF T TIBW R F 44.22 %3 68.36 %
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BRI 9 Fiplz T e plredk 2 57.9 % 0 £ 2 10 nm Nanoparticle @ jp|»c &>
50 %2 B & °

2T ASHEREBBIIONM &2 KT 2 EpraFd R
(74 TSI 3776 CPC % 1538 i)

140

120 J

100 ) |
)

1 B2 % (%)

B 2-3-8 ~ 2 RS U HC R RS RIE B

3 RERFERA AWK ER TR
AP FRERIERA AW e A4 2 60nm T 100nm > kA § R 5 10%#/mL
Z210#HMLZ 53 R ETRBOan A RPEARENN PEE T ERRE I
BRfFE TAFERTUERERFR S - AR T R2p B FRGFE P H
B R R ER e RREERFIRRS B ORI BTN TS L
LA AE > BTy RESRAEGL - FEENWRY > B S fE o PN SE
(Syringe) ~ i & E(Mixer)~ it B &R 4] B H 8 @ 25>l SLampzt & p 3T 4o )
2-3-9 -

\

LB b e 0 24 R B R 3 Thermo 50 nm ~ 100 nm £2 300 nm 2. PSL % %
R RIFEAFR B B EARFEA A RTATES cF A RS UHRER
4 ¥7 ;% (Thermogravimetric Analysis, TGA)i& 7 F 2 £ & 8 ° TGALW%‘?_?_/F'U%!IE&
FF P22 AT RREERA B RS NE BRI o d MR B A FRE A A 2
LLREREZ R BEERT B & FERIEE %ésii?é_lfﬁiﬁ‘“‘ v REBRSEN 2
FHzE e rid 2 TGA 2 TARE S P v’L’r:".z_ngﬁDiscovery TGA - 2 7 £ B2
gt HpE 2 g NML R @R 82 /58 TR S e R B R L85 ()
ﬂ£ﬂ$ﬂDTmm~@W$£EZ%OT;@@%ﬁ%# ?ﬁ%%k’@ﬁﬁ1

3

FURRET G EERSE R BB SR 2-3-10 7 c BRIFLZREHZE4 Y5 50
nm : (1.070 £ 0.002) % ~ 100 nm : (1.070 £ 0.002) % #¢ 300 nm : (1.040 + 0.020) % -
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Seoeld o,
I

i

||
|

B 2-3-9 8 3 kR A4 HeX T B(Z)E P NEt (+)

| 157 = 5 —
Lo Thermo 50 nm PSL oo (| W _ Thermo 100 nm PSL  ~%%)
o 80 12 —mwa | |2 80 = — B3
<7 vl < 70| ;—09
- 60 ' A 60! -1y 3
ol 0 | el ofp} 50 "
wy T e |
20| 0—0;00 i = =0l 2 00300 350 00 450 500
10| EECC) 10| 7 BEO)
0: - — — = = - - ey P —— 01 — ————r——r———— e —
0 100 200 300 400 500 600 700 800 900 0O 100 200 300 400 500 600 700 800 900
BIE(C) BE(C)
100, -
i _,, Thermo300 nmPSL ~#¥!
~ 2 2
SN o £ — — B3
70 §0,9 ~
-j:\’ 60 ol \ e
) 50 patl
a0
\J‘M 30% 03
20! 0.0+ — o -
; 300 350 400, 450 500
lg; ? BE(T)

BE(C)
B 2-3-10 ~ TGA i#|:& Thermo 50 nm ~ 100 nm % 300 nm PSL ;§ & £ & 5-& & % i 2 15 B

A E MR Y P HCE(ROR/2IL 5 RIONIKS-42B)it i+ £ & 21l < 1
‘i 3k & 41000~ 3000) #/mL > - e F ¥ 3 FAins PSL % fdod H kR B9 8
£CV% 4 %5 50nm:252% ~ 100 nm : 0.83 %2 300 nm : 1.20 % » ¥ F £ 4y 21k
B k% 4oRl 2-3-11 #75% o

—
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50 nm HE LHE R T

100nm B X2 BE T+

F14=2682
Bk E=2
AT £=083 %

Wy T T o T
it L
41000 | f “\ b=
ol | #m=1391 | il
0] d AEEE=IS \ “1o00 |
AR E=252%
0 k oo

5 10

0 5 1q 15 20 E
# ] (min) # 4 (min)
300 nm § ¥ 2 4% ok F

4000

3000
b
#2000
F F34=3203

1000 A £=39
FARE£-120%

0 5 10 15 20
8  (min)

B 2-3-11 ~ & %2 Thermo 50 nm (% ) ~ 100 nm (& + )£ 300nm (= ™)
A IR ) fiﬁi%l a2 5% @

gk RARMGER A A KAST R NIEL AR Y e F B2 PR EAT S A AR
¥R 0 3 H 1945 SEMI C77 ¢ chR TP &1 1SO GUM i 3= f2 /> (7 877

P

FERRTE o pHpS PRSP T S 2N AT

2 (2-3-4)
N 5 FRIRE (et F 2833 8E 0 2 R0%/3504 % & RION/KS-19F 2
KS-42B) & n =t 45 R £ ¢ #7E 7 hip 33 Rk #ep R R andic® 0 Np 5 R8RS
ERAL e A S ok S P kR licE o HET J V(2-3-5) &
Vo U
v, +v,) U, +U,)

N, =N, xrxr,=N;x (2-3-5)

BHY No i Rirdcg ER > Fd R T2 EAECWERF BE op M2 R4-ER
PR oO0EFEEZ > o5V (2-3-6)47w o H P Vp i PSL 284 - ¥ d &2 TSR T
Do & o

N, = CuPo _ CMgpo :Ecr\gpo (2-3-6)
Ve, Ay, 7 Dopy
6 p

nifery & p &0 4 e s R RIFR WK FOFE o LRAT

- (2-3-7)
V, +V,

oY1 U (2-3-8)

2 U,+U, U,+U,
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el
-

T3

Un( sk K2 ) — 7 (FHeth)
LR

(HenigmE)

ﬂw’i—rh*

3 fh K

No( #HAER AR IR

e

BT HE

— —

" T BN N CEMR

AR ;1

Ni( AR AR SR L)

m
—~
s
,Eﬂ-
S
S
R

lu

i ’%& il F‘ﬂ PR

U (M b )

B 2-3-12 ~ #.3 E )?:ﬂi%l NHCE 1 T R B

#ja D)4 L

Vo :1pL/min(% -

ko Beik 2)

Vi 1000 mL/min (% - Ff fFf 422k £)

Uo :1000 mL/min (% =
Ui :50 pL/min (% =
Uz :20 mL/min (% =

i Az ok £)
i B4 2)

AR K R)

N2 = 7.8x10%3x(0.001/(1000+0.001))x (0.05/(1000+20))= 3900 #/mL

P2 PR AREL B B ST 1 8 2 58 (2-37) 82 (2-3-8)30 5

#5 (2-3-4)1 » ISOGUM trit 3h: R 425 ¢ 7 @AY 2 & B 4 FE TR 4o

U, () _ (u(N)jz+ uN,) |
n N N,

UN) S EAFRIB2 A REE R » 235 = NdoT

He Sy

u(N2) =

u(N):%
CEEET iR -

oA FEREER AL 23 TR T

(2-3-9)

(2-3-10)

#-8(2-35) 3 3 (2-3-8)F » 3+

u(r)

u(r,)

uNy) _ [(uC) ) (w0 Y, (we) ) (uDy) Y |
NZ - CM pO pp N Dp

3-11)
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BRSNS R B AR T 0 M FEHBRB LT AL L o

AT EERE A TR S k4T £

* TR R 1P ¥R 7 TR [ EEAFE S PFEEIRASE
u (NN, 5.433 % 1 5.433 %
u(CM)/CM 0.163 % 1 0.163 %
u(p,) g 0.065 % 1 0.065 %
u(p,)! p, 0.061 % 1 0.061 %
u(DD)/DD 1.080 % 3 3.241 %
u(r)r, 4.333 % 1 4.330 %
u (r)r, 0.466 % 1 0.485 %
u (N)/N 0.259 % 1 0.259 %
ip 4t e & 7 F TR U =5.440 %

166

% 2-3-5+ 7 * 423 3+ E RION/KS-19F # 5 50 nm PSL 2 3> #coe % 7 78 28 A £ %
PRERAR | EEEIATE | @Rk | ARTAASE
u (NN, 7.285 % 1 7.285 %
u(c,,)/C,, 0.163 % 1 0.163 %
u(p,)! p, 0.065 % 1 0.065 %
u(p,) p, 0.061 % 1 0.061 %
u(D,)/D, 1.946 % 3 5.836 %
u(rir, 4333 % 1 4.330 %
u(r,)r, 0.466 % 1 0.485 %
u (N)/N 0.796 % 1 0.796 %
W S 2 FER UST.329 %

% 2-3-6 ~ F ¥ k4 3 #cE RION/KS-42B € 2] 100 nm PSL 2 3+ #csc 5 2 R 2 R A & %



% 2-3-7~ F * s+ 38 E RION/KS-42B £ 2 300 nm PSL z_ 3+ #icsa 5 7 FE € B A £ %

FRERAR | WHEBEI YA | Ak | AmIAAE
u (NN, 6.011 % 1 6.011 %
u(c,)/c,, 0.871 % 1 0.871 %
u(py)! p, 0.065 % 1 0.065 %
u(p,) p, 0.061 % 1 0.061 %
u(D,)/D, 1.349 % 3 4.048 %
u(r)ir, 4.333 % 1 4.330 %
u(r,)r, 0.466 % 1 0.485 %
u (N)/IN 0.385 % 1 0.385 %
ARt & 7 FE R U=6.024 %

¥ S B eoip e L 2 TR E LT FHREER L PRLZ E AT
Tt S E A2 0 (50 ~ 300) nm 3o & g hE R A FE
Bk P O05%2 BRI R T 0 1nE TS k=2 #H EIm4eT 4 237

BRI g

Fed

% 2-3-8~F * FHENERI(B0~300) nm 2 HacF BRI TR TR ESE

BRIE " ,
- B 2Rk U (%)
(Rg/315) | PSL 2 #is
RION/KS-19F 50 nm 0.023 14.66 %
RION/KS-42B 100 nm 1.024 10.88 %
RION/KS-42B 300 nm 0.965 12.05 %

rﬂﬂ—L s &fél%”"éﬁ iﬁi—}%"—g{wl‘zllpm =S ) ‘F' &F—TZ B Z_ r‘g * —fﬂ—’i’-“‘l‘gtag/a}
%t 50 nm F| 300 nm e F R A TR F< 15 % B gy 5 &3 1S021501-
3:2007 mec(< 20%) PLAh s 2 R FREER A B2 kR A P AETR F R

HF P EF R T R<15% -

[ k3R k¥ ez ]
"EEFLEMEer N 16nm 10 nm o faer P FE R T3 BB ok B gk
EORIE-GARRR PR PRFATHTORE G o A1 FEF AT I BFHIL 0 & 16nm
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17

(1) BF B* *o-Ri3R > R F 5@ Bic B F k(H202) 2 7 ik (H2SO0s) 3 £ RI* i i 3+
#c % (Liquid Particle Counter, LPC) » = & & B 40 nm 12+ 35 ;

(2) WAz? B EA R SRR (RERZ PR BT HERRE) T R
= v i 150 nm -
J@ﬁﬁﬁﬁiﬂﬁﬁ?gxﬂ’

FRFOBRPEFIEAEES 3R
‘%%wﬁﬁﬁﬂ%h+£%@ﬂiMﬁ’éﬁm*
PEZZBARVPEFIERBRES > o g Bk £
oRT B ERRY LT ERERLF AR TR %%ﬁ%%ﬂ?:g:&
2 F Rz iy FOFB- HEEAPM BT T d Bt LA ¥
2 ART R .

o
o5
3%

Ar' S
i%

AT o E R F B F ERET R 10 mz ok gk G o HREET
BlY T EERT = 10 nm ® BB EER L 990 x 108 #/mL 2 2 kT o mrg B2 3k
RSN T RS 10 nm 2 F Bk 0 BT SR F P E TR S HGRT TR AR
RERAMZ F 9+ TRIFEMIRL B2 AH - Pw AR PFTRRENRE Y
23 & %44 1SO 215012 B2 % o B G P ¥ AL EGERI 2 F Y Rk kR

e

\“‘\ﬂ

~

A

—
'(
=
We

&5 > &4 p A& JSRLifeSciences *r4 & > #F 5 0.2um~10um - & 100nm 12 7* » > 3¢
O R RS 2 WA A NMI 2 2022 & 5 10 5 AR ACEL I R R Ak
?3:3?1"‘: i 0 420 50 nm AR & o Fl o g ;‘,"Mgv‘ P RRERR A S P F R

FHRE- BY FooRERREE S 2 i FERAER - & 100nm 1T ek e RIE o R
B— W pd it el A RRROS QSRS B fzAp w E R 100nm 2T R
RE L AP AL o Lt o PR R - R R RARRE TR ERERF R

PHEARTTHEEHARY > pERRERPB L RFETHEE S BRY -

==

4y

(z) > 2EREF RSN
[+#R P #]
i BRI BRI
Jixidra mEx A, F #1 4= B © 50 N-m ~ 5 kN-m
e 4 @i :+0.003% (745 H)
e X I E AW 1000 mm : 1000 mm ; 3F:E£ 1 0.01%
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s FATR (T AR SRR R
PAEEEHE L AR £ 3 0.01 %
e ERA TR 0.05%

(453 %)
1 jdtbea mXna » 2RFF 10 N-m~5KkN-m

B12-4-2 > Aafe s B (Rp A5 Lmitid F i)
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Bl 2-4-3~ % T 7 i £ (BIP A3 Limitae 1 B i)

Z .

W%@ m/l;na/ b. ¢ .'! :
B\ >/

B 2-4-4 ~ xyz = " 45 4p e & BI(RI P S FL L it d F 2)

1l
Bief g

B 2-45 i3 B e £ WM P AR Limite 1 )

Bl 2-4-6 ~ 42 BRI £ ) 4 2t
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2. 4 @4 1 +0.003 % (i
ER = G als g1 R SRR

(1) Fmehfh g~ i3 3 R 2R P B iah Lo
(2) /zﬁ%’%*ﬂfgfiim‘ﬁ For %3203 50N ~ 10 %2 100 N ~ 10 % 200N % 20 %g 300 N
£ OO EM  Hie 1 prh 12093 A A > ¥ Auli2 T £R BRI R4T 4
2-4-1 %757 > BRI E B TIEBINL A BEEAL L0 #4355 P $<0.003% -

AL

A TE

ERARRE | BEE (kg) | 2RIE (Ko) = £ & (kg)

50 N 5.10848 5.10848 0.00000
100 N 10.21696 10.21696 0.00000
200 N 20.43393 20.43393 0.00000
300N 30.65089 30.65089 0.00000

= o f=

ﬁ';:‘ D PRI

=TS e ~iET)

et

S

B EMER0eS kg

B 2-4-7~ + T K 2 et B
3. 2 T £ A 1000 mm : 1000 mm ; w3F:E£ ¢ 0.01 %
LA R T TR S OB EIT R, > T 2 s L3 v R 7 R R AR
mﬁt B 4o 2-4-8 om0 g d R E RIS+ # X T & & 5 1000.0176 mm ;
# < T E R 5 1000.0140 mm - & & fe3FiEE£ 0.01 %2 & foo

Bl 248 % % 2 £ 2 sh 8L e W
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4, 2R s« f FagaciR LA £ 3 0.01 %

7C R R R s BRI E 3B v enT 7o g RER R
 F AR ) 2 0.01% -

(1) #4425 § (5000 N) & ¢ " Tp)3#

Bt td RS 2 E P (Ao 24-9) B BT G BKT MR ] 2R E
LT LB PR S AT

l

=+
~

2-4-2

l

B 2-4-9 ~ @42 4Ei% § (5000 N) F A28 "Rl W)

% 2-4-2 ~ @ 348 § 4(5000 N) & 57 1% 11

-

Z(Q) | =2EMVIV) | vE2EMVIV) | &5EY
0 0 0 0
50 0.00019 -0.00019 0.01
20 0.00008 -0.00007 0.004
10 0.00004 -0.00004 0.002
0.00001 -0.00002 0.001
0 0 0
(2) 7 4=4Ei% ¢ (5000 N-m) & 5 L3
Bl EBE L Ao ufad s s A BT 422 2455000 N-m) > T fRE
FER T s R A AR 2 L BT s A B RIS R 4o T £ 2430
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Bl 2-4-10 ~ § 4= 4E7% £ §4(5000 N-m) & 574 *Lip] 3% B]

7 2-4-3 ~ 5 £=4E% § §4(5000 N) #& 7%

% #5(9) zEE(AMVIV) | +82E(AMVIV) | FRTE%
0 0 0 0
5 0 0 0
20 0.00002 0 0.004
40 X -0.00002 0.008

5. f=4F % Mixw AR drd) 2. T rEEiE £ + 100 pm 2 p
PR AR 4] en T FBh 2 F S O kAT O % 60 4 1 £.(0.03 £ 0.01) mm > #pru T
HrEh PPRp A £ 10 um o F 3 PR At 10 um 2 p o S A BT fREE e

Bpr T AR RN R )Y 6 ook 2442 pAE R BRI S ES T AT RD Bo

244 iR BR T ES TP D

PN
[1=)

# 2 (Nm) RUN1 RUN2 47 12.% ("F) RUN1 RUN2 €A% (i3)
1000 0.39506 0.39491 0.038 0.39285 0.39266 0.048
1500 0.58620 0.58612 0.014 0.58341 0.58313 0.048
2000 0.77608 0.77609 -0.001 0.77202 0.77168 0.044
2500 0.96357 0.96377 -0.021 0.95733 0.95735 -0.002
3000 1.14806 1.14840 -0.030 1.14188 1.14176 0.011
3500 1.33040 1.33001 0.029 1.32353 1.32345 0.006
4000 1.51170 1.51136 0.022 1.50550 1.50547 0.002
4500 1.69199 1.69160 0.023 1.68772 1.68780 -0.005
5000 1.87295 1.87325 -0.016 1.86958 1.86963 -0.003
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e

TRl T A L 0.05%
B HF2

BREE

SRV A

T,

fem

M: & 4
g

d
= FxL=2Mxgx(l-5

pE 228 ’F'T

T fE'J {&'Llp 'f;%'&\?% 2-4-5 #1537 > HE v P 7

DRRIE BN 4 ik RS

) x Ly x (1+ aAt) x cos @ +ZM,

Lo: % THf45 chE &
d: z;
D: &+
01 X TR T &
ol E R WOE ik
At: BplEARGER R (C);
Me: 4 464 ¢ 3% Mp~ Mr A 3% ;
Me @ A &5 1% BPR S & $HE % T GrBL B2 Tehp 48R 4
Mg : B 5018 U(X BLE R 1% chde ) Bid4 4F) o

% 2-4-5~ ppiR R g

Bl 2. BB AR TR A B

+

A

3 FE R R X 7 TR [EEgKE PFETRSE
u(x:) Ci | Ci| - u(xi)
M 1.785E-3 9.7877 0.01747
Lo 1.016E-5 4999.9878 0.0508
1.507E-6 510.734 7.697E-04
2.715E-2 -0.638 0.0173
D 0.40415 9.597E-5 3.88E-05
At 0.577 0.057 0.032889
cos ¢ 3.168E-7 5000.08376 1.584E-03
Mt 0.02041 1 0.02041
Me 0.4811 1 0.4811
Uc = 0.50 N-m
2R TR =0.02%
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) Sk PR R A

[ 244w = prfz ]
104 & & p 1% 105 # & P &
o AR FRIEMCE] M (EAS<Imm) | o RREEAF SR £<10GHz
fff © %L E E$5R §E 100 GHz o kAEAT i £ <10 GHz
jf{g_ o 4k Eki>8 B o ¥Uiis 505 mW
[#= 2P ]

TR B A FRET R F R kg
R XIRIFEAFH L £<10GHz
o %k HEFE4E B £ <10 GHz
o 2 A H Tk F>05mMW o
[#77s%]
1.5k 3 U8 AR B PR 7
S RABHF T RN SRERR FTEESHEE DR M F AR
PE A BRI F T E ORI R kA By i AT
(1) B # F G F3+ Fpw
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7 o R A UM R KRR
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22 R
[»&RP ]

s RFKFEELRF A FLERFTA<ION
© RAEH R AR F R FOOHEE AT LR <10 %)

[ % %)
LR £ R PR AR B

¥ FE' ¥ MEMS/NEMS 4 ¥ £ 3= P g i A £ Jr B4 52 % £ (Static
Deflection) 2. % it ¢k » 7 ¢ ¢ H & E:—v‘é_i—ﬁ%‘ft'l‘i%%% o4 BXIRE2 g REIR

v

BEINT LT 5

1 |k
f =— |—
N on

HY ki x4rF2HEPF B(Spring Constant) > me = LR F2 E2cF & 5“7 L ik
EFESHEMS ) REFFFHRBEF 1T LM G
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(3-2-3)

+F 50103 B 3 10441}2;54:‘5(;
i*%##%%#%)i(Deflection)\% | i Q EokE: B AERR AL
F AR R 2 AR ] «wvuwtﬁ@ Hw%umif%* Wl R AR

(a) [ _— -

2. MEMS/NEMS £ $& B 2_ 2% 3+ 4] % »

cff’
{
%~?
G
S el \’E‘F
3

(d)

0T E

1 Silicon mmmm Conductor doping
mm 510, 7 Interconnect
— Piezoresistor doping Metallization (Al-Si-Cu)

Bl 3-2-1 -~ F &g pIRAFEL & ®iFiiE

CORFIRZEE AL TRA RIS S BRI S EARAT RS N Y
SOI & Fli& = 7 & & ipl ﬁﬁﬁlﬁllf cn ARl & A 5Bl 3-2-1 4t ehT AR
(1) 2RFF2E252 K825 k(=3 8 Si0) iTa s fimaps FEe md
FEFE A o
(2) miE~EA A7 2 mgS kR H~ 2k (device layer)ig 7w & > 10k @A)
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@I‘E-‘;‘i’ RO AF Pl AL S A 300N B2 SiO B %k 0 & xS
LI o b M YT GBS E éi‘@lf’r%é PR B 2 A2 S 8che™ 150 keV o
90 nm ;% > 5 x 10% jons/cm? T % H Y & S 22 50keV o 90 nm iE > 5 x 101
ions/cm? 1% 5 RE G B S8 Bl F R EA B L 26.04 Qfsq ¥ 199.92 Q/sq -
(3) At agr 300nm G2 £HK S T HARETE L ERE TR
(4) RAED KEHY o
(5) RAEEY & By *Ef FA % o

1.20E+01 I I
y =771.22x + 0.7655

.\_1 .\_1
%
Y\
l" l

7

1.00E+01

8.00E+00

6.00E+00 /

4.00E+00

2.00E+00 7
0.00E+00
0.00E+00 2.00E-03 4.00E-03 6.00E-03 8.00E-03 1.00E-02 1.20E-02 1.40E-02
Tin (A)

LRV

1.20E+01 i I I
y = 742.24x + 0.6854

1.00E+01 7

8.00E+00 /

6.00E+00

TR (V)

4.00E+00

2.00E+00 /
0.00E+00

-2.00E-03 0.00E+00 2.00E-03 4.00E-03 6.00E-03 8.00E-03 1.00E-02 1.20E-02
R4

5 (A)

Bl 3-2-2 - g+ e R 2w BBFESES
(FreiE A B 5 771.22 Q2 742.24 Q)

GREHMERREE 2R kS R B R A WG R 3-2-3 2B 3-2-4 0 §
PR L EF R BTG ES 2 o RAFTERYEEE TR(EF T E-3KV)%

4ot F 4F 7 t&(Brass electrode) » 8 4 @ F 0 —gF'“Lrﬂ R Mo Fp A R ok
Q% BRLIZBIIIEFF AL F v fUEFEFTRHEIE THFTRHFTIE
FZFERBIRAE AR BRI TR IEZRIOPA T > LikF L
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NW25 Swagelok 3 #i %

NW16 ;% i

A angle valve

Butterfly valve

Flow meter + Aerosol in

Tee angle valve anglevalve  Tee

Tee
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BIPRAEZRET > R ERFTER BIRA R #%Eﬁﬁff R HETR T
PEIRIFFET ARG ST EZ BRETL B 326 F M EIRAE T2 12 Rl
’ ﬁ-;aamHz,@;ﬂwsﬁzoﬁpmw

282.3591

1‘%—23 0 16 HZ

282.359 A

282.3589 //
282.3588 /\

282.3587 /

B \
282.3586

282.3585 \

282.3584 0

% 44T % (KH2)
-

2 4 6 8 10 12
£ i) S5 (measurement index)

B 3-2-6 ~ FEERIBAEE R F RS %

B A AR A4 B E

4] 327 #t » 417 104 & 9r B2 4R SR 506 nm 2 R e % A
Mekipi > BT FEERZNMLEZFRESRELF HE L4 K85 TiF
SfeE A NMEE TG  RET TN S MR MR BB GBS
AR T RE M IRE 0 B BT BB R R A B SE DT H Y o A kR
L g ¢ oo ML T RA § 0 TF L § 506 nm 0 E 4F F o Mok E ) &
#-7 3F & = 3 %% 2 (Doublet ~ Triplet) 2. i 4 i b

KR

B E o L LR
3.0 Ipm
l 6.0 Ipm ‘l‘ A4 P
Bi® THEREGESE
A
6.0 Ipm
RS PEEL | LSlm 30pm
(CPCl) v
3 F R iFHACR
B B oal %ok
Ak ik E 2 1.5 Ipm re L|/H“
(CPCZ) <

B 3-2-7 ~ #1E % SR
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ol 3-2-5 2 R s BATEERCERE 2 F RFACR T E R s =
chm BB I A T E R G A BEHE I 506 nm H SR ¥ 4 +1 xg T ‘5;5§ ¥ ke
R RATRA G - Fd R @mww@ﬂﬁéii$?@’%am&vﬁﬁ$@
TR B F o a ff YRR G

FREFER PHERBRSET RS 1(CPC1)—%’iiiéi‘f%#r¢i4 P 2(CPC2)23#

o RGP FFHEBL2ZFEAZE ZFRFMETEZR A MPRER 5
SRIFEE22HEMNACEZTELFRIFMOETEER A AAF R EL S
AR EEE B R R o ANERR IV HERER L E > f L FE PR
EF R o WA AR RARL 6 ALY R ok R e -

?%@Fﬁﬁﬁﬁﬁﬁﬂﬁ&é4 2 HORIER > LR £ 2 ok A R
RE 2 o SHGF AL ng 2 0 F 0 @R f L TR ERHE - 2 fol
kB f’nw? VPR R P A A 2 Mok 8 B R 3-2-8 o & ATk F B2 CPCLl CPC2
Mokt Bk UM o d B¢ TR CPCL# fy2 3 #ic & 110 %5 ~CPC2 & #)2 # # 4
5 30 %F o *VAfE 5 A 4B2 15 0 @B 30 CPC 2 ikl Bk 4 5 23836 3 -

—
G

EH

506 NM*t 4T B2 gk S i

150
- RS P ELCPCZ T #ie

120
110
100

90

80

70

+ #

2 Rk 5 E2(CPC2) 2 kS #
40
30

20
10

0 50 100 150 200 250 300
PR (S)

@l 3-2-8 ~ CPC Jk & v 4[]

4)911&,’?’&'_ A

EF o 4 54 ¥% (polystyrene latex, PSL)#+ i® PATEREH AT ER P
F oo rie 2 PSLAF 2 ALE /25 506 nm > £ %A 5 1.05 glem® » H 3§ 4% (1
5 071pge F5%MA SRBEFIFHEERSGNTERRRA R EKE o 5 - 0

*
RS P RET ERE B oad LR R IER > 8§ S SRER S P EER
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FEEFF G AR A AR EEEZ MO E R o A RS I ER
ERALE > f R F IR > T LA S A R Mok iR o o
RER S % 4o @] 3-2-9 7o 0 s W B9 25,500 #F PSL AT AE T RAFREL 0 2
BEFE G 18Ing HERZ EFEHIHASE S TA55Hz » FER B FACTEHE L 0.043
Hz/ pg -

0.4 T
oss | f,=281.8680 kHz | [t |/, =281.9429 kHz
¥ ¥
0.3
’37 0.25[ : O\ - 1
3 4 .

otst A 5r=74.955 Ha |10 !

0.1

]
1
1
1 ]
1
1
1
1
1
1
0.05 : ! 1 . :
2805 281 2815 282 2825 283 2835
% (H2)
Bl 3-2-9~ FER PIRABELREF RS *
1.2, T
data
14 —— data2
data3

47 5 (kHz)

B 3-2-10 ~ B 2 & i v riRI 1 2 & 4RAE 5 BRI ¥

MEEMB TR BRI RER S 2 R > B A FEE 4 & 10,000
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Wi?’%ﬂﬁér§@§m§?§§M? o ] 3-2-10 & #7ipltH 2 & JRAF 5 & PR
o B 3-2-11 5 d A B E A7 iF FoTE R FIEHT 5 27535 Hz > ks

#ic 9 Hz/ pg: o p* Gl L5 pl 8 2 £ 3RAE FEH fen
016 Hz» 77 i stz T2 ERIF AN 95 4lpg> T St FE ZRFFTAT

&
R
N

28228

R OO s e e e s i -
N 28224 - : 3 - ‘\_.:_ R
LTV E
T

L e ................................................................. \..‘.-:..: ........... e -

28218

L=
£
(=

282.161

Rl 5t
Bl 3-2-11 ~ M H £ 38 Fooft el 7 2 5 SR R

[ aefiFT]
FRASEF T AP RMAEEBRERFRTIRR > 2 2 T FBFEER -
3@uu?£@ﬂ%§xmwa341g»u’ FALERFR@RTLA
[RB2 455 ]
£ 4T 506NmM 2 PSLAF 2 Ak FTER BT % A KET L F TRA £
PR iR e A RER A -
CETFEN-Y)
P BR300 2 BT 0 2 - X FEUH L RN D
FHEERIZHA60 A4 a2 Edmp s o T8 TR -
(381 FpEndn]
FHERBFER DR BTG R L TEL LR F R F Ao 2

EBERI SR AT MME S s FAT

F_‘~

i
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[R5 vt g2 ]

Howe R HFAE & NML p FERRE W B
LA R pE R Fopk e e A TRk R
cFMETE * 2 MIT: s LR AR e mAMFE NI | RFRARF
R E Y o NEMS # 3= (uN to nN)& il REEERF | BURETA
BOFEMRIE| SHTEHRE TR & 7 41012 g
7 R <10 g AR 4x10%2g = + 3 10%g 2
« £ B NIST : B Al 4 8 B © A KT
Quartz-Crystall E Y B R I F ¢ RFK
Microbalance VEIR £ B HAp B R 3K
TR R R AR
B <10%?g G X
* i 2. PMzs
ER& e

(2)~ F%E R E RSN

[248%2 428 P )

e RAF AT HFBEE (= §F M4 HFO2 = 5 L4 TiOx 4 = § 1 = 48 ALO3) 5 & {218
siv HAER C(0.8~2)nm;

* RAMPBASIHM L ER 2 KE 0 ¢ P RBHE A GRS

s RS REAMEERGE B AR AT ¢ X R RBRRFEARE S R
Fr (XL 10.8338nm) -

[#F7+5%]

L gag 2 o WARSR G & 2L (Node)sE & | = (Moore's law)$ 5] - 22 % A 2T
BE~ e A2 BRHE G g FRAURGRAEES G
R FIEER - >« B PR RIS S PFRA > Bl 3-3-1() PR £F > F 4
q;e»ﬁ“ -+ 2 Bl ﬁ* Sfpd RE R R 3-3-1(b) £+ FEREHTR ) S L €

Fa R FI TR R R BRE R LB R R~ RRUR Y oS BB 4 o
R XX EMA TR R R PR EMAEP 5 AR Rk & (ellipsometry) i
FENERER CHEFIADERPA L EEZRELHDERETR 2 5 {7
FPHfE 2R =Y WRKBERTLEHEHNLKEREFFR > HER B LI
% V7 &+ B picse (Transmission electron microscope, TEM)i& 7 & it > 12 &E%:/%_}ifﬁiﬁ‘

EEEAS)HLE A TR BRI KL AR TEM coig Bl % & > 5 TEM
SR PE KBRS OR RS B o A TR 2 X kA G F SN
(XRR)» FIXkALmp L g HE g Fz e iz fafEizad 2k
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AR R R 7 G R B HETH S Ak Gl PP - B XRR k¥R
%WWX%%ﬁ%%iiuiéﬁﬁﬁ@mbéi’E%ﬁﬁw;QEMW’X%
%%;8&&@V%MﬁX%ﬁ§£%i%$ﬁ%ﬁ’&%%£&~ﬁﬁﬁﬁiﬁﬁ

BRI FanfEir R H - EWE R AN 5 2 A ehEN v o F D] R
WHAEE R wd LM G AT EWE RS R E BT ]2 3nm

AE 3 Inmo ptpE XRR BRI a2 B0 - B2 ER DT HEFD -

A d o A aE(Al)ie X SFAE 5w %R (1.487 keV o L £ 0.8338 nm) > i 4c £ iR
ERFRF > TR AL R E XRReRFHE PR 2 BH%KFE APpHRIT B XRR K & #
* Cusei®ikih % Ale v BRI 4R 083> 2 FH Cuie(0.1~65)R 18
BB > Al #-849](05 ~ 345) R - e £ h Xray £~ 2 » £ £ XRR #
HEE AR 20 A R FRFEFRFERCEFIHERDER RAERG BRE XRR HjiF
LB PR T ENEF P AEE IV HRE M BRI R .

(a)

B 3-3-1-@P3A &5 2&amh 4 2R (b) £+ a5
AP E A ABATHIE(CF M D F CRAZF o) EREE Y
T ¥ {7F % ;8T F 8 s (Transmission Electron Microscope TEM) 2 T + i £ 4
% % 3 ix (Electron Energy Loss Spectroscope, EELS) 4 47 ° T BAE R s )
TR B IR T (P 4 0 F P A E £ lfv‘?]?'\ﬁ’ AT RRERE? CER
T EHRFATERATS A A%z ANk B RS TEM A58 %404 3-3-1 -

% 331 % 1% ¥ HEARIFE SRS TEM & 47

Sample ITRS Al,03 ITRS TiO; NDL Al,O3 NDL HfO,
#am ITRS =F{E_$3 ITRS — & {E8k NDL =& {E_$8 NDL Z&{tss

AlL,0, Tio, AlL0y
Si0,  Passivation Si Si0,  Passivation i Si0,  Passivation

si

)y Passivation

TEM
ZBEAE TR
e 2

FCTEM 4459 > ¥ up lgg 0l 5 v 4h~ 2 F C g = 5 Mo gpeniie L
d 21 +4 % ﬂf’l-}ﬂ}’t; k'Ej‘i&mrgﬁﬂ.,’*g{mg#—”!‘f"b%°F‘/’I"’fg"‘i—l:
W EELS $% M2 ER A4k 332 d AT EF RTFHRFIFLREE

Ziﬂ
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A e gliFz § 0 Z ARy
AR R A NRFHRFIREATRS K 7 %

i 1.702 3 F ¢

5 R W Z

§ L4k @ 1) 3.715
TR Tz F P EENER G

2121 2 % ~ 2 F IR WE R 5 2392 2 F o
#3323 TV EEAGFEL RS EELS $% 12 B R~ 45
Sample ITRS ALO; ITRS TiO, NDL A, O, NDL HfO,
3 ITRS ZHIE_R ITRS — & (bt NDL =s|{E_$8 NDL —#{L$8
oy s | 5 TRl W ] W luo] =0, | 5 oo, | se, | f*
EELS e A | = | '
EFREREK| !é W EUEsRE E |
i || I . @
d e ! bt e S
Thigj%ess 1702 nm 3.715 nm 2121 nm 2.392 nm

Fpr > X EMMY 3 AT VAN =F 42 -
P12 47 0 4o 3-3-3 ¢ XRR nfR & Bffdrd P b 791
TR B e BRET 0 ERISEREARE TR -

F ivgpiEnie s XRR g
R BREEE S s

%‘ 3-3-3 "5 G?#gt/—:n?—XRR MA “L’f# Eg]ﬂ b"i%’éb Eg]q

Sample ITRS Al,0, NDL Al,0, NDL HfO,
B ITRS = &1k — 44 NDL — & {k — 4= NDL — & 1LE5
Al,0, Al, 04 HfO,
Structure si0, Si0, Si0,
&hHE
XRR
YO 52 S Sl 3
TEM Thickness Si0, 4.316 nm 4.205 nm 3.576 nm
i T B
ST E HK 1.702 nm 2121 nm 2.392 nm
XRR Thickness Sio, 4.163 nm 3.543 nm 2.421nm
YR e
s s HK 1.854 nm 2.581 nm 1.739 nm
BTG AT 60 SPR Parratt chi@yh o — A Bf X kd T L r FIFF 20 6 B
R LB F25mh0 6 54 0AF b P TS FE DX ks TN X &b
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FR2RFFI3nha s F 2300 F o A TE > BAF2HAF 35 bk v
FIAFLEAF 20 G 3 2MAF - MATHE o5 B BAEERGER 7
EE- w2 AN e 250 3-3-1 3 258 3340 B Rugn R A FF n-1 24 nhd
RES R RAEZAS N cad T hlk | A FRA o

Rmr—l + Er—l,?z

R_ , =a,_ 4[ ]
TR F ] .
R, =al (B V) (3:3-2)
EY—[_;g - j:g_l j:r
o (3-3-3)
I _|&"f
I, |E »

K- B2ATOERRG  FHAELAE XRF SFRFEHPERRE FlPpp 2t
F B X ks fi?- X873 ko~ § ot ’F"g‘i«‘]“" Xkm 3 4reddF B0 g1
B R BE X kRAnE A B s T R E X R R HEE 0 EE X
k8 % 8 % Bk (Mass Attenuation Coefficients) & (wp) » & £ &t £ = Jz % #c(mass
energy-absorption coefficient), uen/p #ii £ 1.5 keV B4 w4 4.022 X 10%(cm?/g) -
4.001 X 10%(cm?/g) » %% # (p=10= g/cm®) ¥ & 1.7325 cm il%"f‘: BRI 12%R o FprE
LARBEZYHRT . et > BRERERFTRFEPTEL > 54 E 0 4B
3-3-2(a)2 W] 3-3-2(b) » A B & 1 S #h(0)2 (B Bn(20)F B v 24k LB wpE o $
S BB R BME L1008 AR 2 L 0 £ B E S 20 Mk 5 R B
fhs 20 BPF 0 F935 A 47 2N 3-3-50 7 F 5] 1.3681 X 1045 B £ o

2A0 = 2Axsin(0) /R (3-3-5)

(@) (b)

20 rotation axis

6 circle
reflect X-ray

0 rotation axis

20 rotation axis

0 rotation axis

Bl 3-3-2 ~ % & 4h(0)22 1R F #h(20)F (@)1 » & (D)5 £ £
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£ & m”i}%-fi*’k’ﬁl /’7\’}'?1524’]‘#&)""&7@333'}’@334 /ﬁf\ﬁ\') ¥ l!'ﬁf'JX

%? N AR NN L i BV ﬁ,ﬁ?mmgo R A RN 1% e A §F 5k
%ﬂ&Xﬁyﬁi’i£4ﬁiﬁ‘&&“ Tt 2L BEREY £ 3 Xeray
KRR MRBEET P S WERPEHEY P @3 B340 o

(a) to pump X-ray tube (b)
Sy X
monochromator X-ray tube
XK E

BXm

chamber
ed

supporting
<R

monochromator
By

Bl 3-3-4~ £t KA A2 & A 47 = HRALE P 2% (a) Rk AL R 2 (b) Ak )

WOLERE A 3345 XKz HLET R

KRS BEEFRHEE BXFR
FFA 0 R BT F (P T fie o
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Parts X-ray source package and monochromator

ol XEHFEHSEEN R

SPECs GmbH XR50 MF X-ray source
FOCUS 500 monochromator

Status
ARRE

Installation Report [E&
Characteristics

KBS

i

« In combination with a XR50 MF X-ray Source: Spot size
variable between 200um (146 x 98um at 10W max.) and
>1mm (180W max.)

¢ Photon flux : 1010 photons / mm”2 x sec

3 3-34~Xkmz Hk g‘f‘ ﬁjaé—ﬁ,ﬁ’.q;

AEAHRE AR o X hknrd ] &)t RABIE K5 200 Eok o 2@ d
Wkl kAR § RF TR R T E R E G ki B 4% 10°
B%F o & X-ray < fi# & 5 (Bruker)~ # 2 #(Incotec) ® # & & & 54 @9 2x 101
photons/s-mm? » & s F 3 ¢ FaE ek x fokF 25 B R AR > #3152 x 109
photons/s-mm? o 4o 3-3-5 X k kpa+ /| 22 kif £ #75F o

The spot size (20%) estimated at the camera monitor to about 150-200pm. +

Measured photon diode current (not at correct sample position at mounted diode) rveraxven
S spotsize 20%
Spot size d.| Power P { Diode Diode Spotsized: | Photon flux: |-
[um] « W). Current« | current ITRI [um]- [ph/s*mmA2].
| [nA]+ ITRI nA.
146x 98- | 10. 48. 36, el
169 x 120+ [ 20« 96 . 70- | [~200. 5.2x101% ]
n.a. 500 n.a. 210  \cledd
300 x 263+ | 60 » 226+ n.a.. n.a.. .
400x 412+ | 100+ 501 « n.a.. ~700 with tail-

B 3-3-5 X kkpa4 | &kig B

-~

3-3-6 5 X % 4454 5 #3c H3EB 4] - 4 3-35 5 & sk L EAT

B E
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LI1A«=
9999.74 V « =
7500 W «
0.00 % « =

a7 - Arc protection

7.97 bar « =

22.70°C =
218818V« »
-363.59 V « »

2.00 Count  1.00 Count « » ]

0.16 A «
| AR MA <

The UXC 1000 will switch off the high voltage and emitter current (water cooling remains on) in
either of the two following cases:

*  The Arc Limit (arcs per minute) is exceeded.

+  The voltage during this procedure drops below 5 kV.

W3-3-6 - X & 4 {1 5 g1 TR 41

%335 EE T REEE

controller and power supply system
(from manual)

EH TR E RS
(B : FRER)

Parts
ZHAY

Controller Power supply
bl TRt Ees
CCX 70 UXC 1000

Cooling Water Controller Universal X-Ray Controller for XR 50 MF

Status
#ﬁ 7.5 Specifications

Table 2 contains a list of general specifications for the CCX 70,

| [Proper ____Jvawe ]} Feature Value

Size 19" rack, 3 units height, 360 mm depth.

Weight Takg, Size 19" rack, 3 chassis units
Power 24 VDC from UXC 1000 (no mains pam\r: w;lght 145 u

Water pressure measurement 10 bar. S

Water drain 1 cm above tank base. Power consumption 1300 W max.

Operating water pressure 35-10 bar.

Particle filter Fitted to input water line—observe correct direction!

d 3R R RN S X R R b2 F 7 P & 173250m)]*f,ﬁh4 1/2 3
BT A AT EBESTRF R IEYSBEZ L NI HEEEE A g
BRACFREELBRA EF 2108 F(torn)E s A MRS T LT 107 s o

Yk

FRIBLIBH B R EHE S > & - B AT AP ERS > ERRSRM
f&_iﬁ'ﬁi%fﬁé OR ~90 & ~180 & ~270 & m W R EHk 5 0K ~90 & -~ 180 & 2 270
BoBx16gE  FIL R E ] 808K > 4B 3-3-7 ¥ ¢h4c @] 3-3-8 #roF 0 % -
‘:#W’itw (ground) ¥ - =HZ RIHFE&F%® > &SRS 0R ~90 & ~ 180 & 2 270 &
P H LB 20 Mook e

BOIUAEL R A (S 0 27 R AR S o HEBRRARY - BE T 16 B of el 0
EE#E 50 2?9?”]“&-%‘1‘? 5 16 & F 345 .a‘ﬁti—d H18EpF L IFNGF -
321 SR FpE e LG 2 90 B 0 F BRI 2R 5 W) 183 RALE 5 ¥

.4\“

b
7
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£t det 2T IRARANR A 1B S A P AR A R T A T R
BERL

1. Meter mounted on the 26 arm
2. Probing the surface of 8 axis

The difference (SOC) is < 80pum

@6=0" (26=0’,90, 180", 270"
§=90" (26=0°,90’, 180", 270)
6=180" (26= 07,90, 180, 270’)
6=270" (26=0",90, 180’, 270’)
(16 points of data)

L E RO RS R o R RE e

2. Probing the surface of B axis

The difference is < 20pm
@ 6=0', 90, 180', 270

BI3-3-8-FRBEZBHMH D Bl SRS Ed

AP EFEEL AL - B H R B R R FRE A R T
SHAF R S A B SR - LT S NB S DM ET Y TS
PR A T A YRR T T AT AR A I RS 0 SR

gL A A NR LT E -

i TRl (on-site testing) = & - BliE X kkRE i » BFHRT AT E 1.2 %
#EF73ZI0PF T4 LBREERTRI 1 REFpLiE2T R %\vifémiﬁué 10
ELR BETRE AS67 Ko 7 pRE Sk By g & & 7 (Mylar window) 4 5t
BEZRH RS R SRR SEE S DL R B 20 Mk~ BRI ERAS R &
o £ 3 B 80 Mok o
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A RN > A MER ¢ L AIEERY BEE IS

fr#ae s ettt S B H B R > EdpE T :«Vﬁﬁ%]ﬂ: %= ASCII £ 5¢

L 7 :‘f;ll ’

(4 7

mmmm TogrREI0 A = A BRI A R ] Xk gk 2 s g ko sdr )
#’;%p"]%} :’ﬁ BRI R R ﬂiﬂ dF s ckmr ko] UE o BB R BFSRHE Pk AL
£ Kﬂﬁ%?éﬁﬁ‘éﬁ%%ﬁﬁﬂﬁ@ﬂ%@%“%ﬂ’“5&%ﬁ%9

Bis MR SEFFER 0 B 339 FEBESTR T @A ERL 02T 12

B e e omoa R R X R F sk Gk R R

100% - 180

r Lol
. (wavelength)
| i [ thizkunesx iretative angutar difference)
160
I bi a=k-2.2 Al target
| o) =%'7 2 o
L ! | g 140
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423 Az in B (USM) %57 2§ K RpIRE 2 AR E(BOD)L £ | A v

% % (m'/h) 0D (%) 10D (%) 40D (%)
3 -0.09 -0.15 20.20
7 0.26 -0.08 0.12
15 0.01 0.03 0.11
30 0.02 0.0 10.08
60 0.09 0.12 0.13
105 -0.08 20.20 0.11
149 0.05 011 20.09

13 g3 m B(USM) PR # > T3 b B FRRE R HER T ERY
BOHRLE ERE Y Ark 42440 BIER R dod 4-2-5

3424~ @ P5E H SRR
3 & HESCEE 3 i ESCEE
gk
T 5 90R § 6

%425 A in B R B AR > RREL AR E@BD)LEF A

5% (m/h)

FF x1(%)

2T w 2 %8 (%)

BTG 2 553 (%)

3 0.61 0.66 0.81

7 0.10 -0.11 0.36
15 -0.04 0.09 0.15
30 0.00 0.04 0.06
60 -0.28 -0.28 -0.11
105 -0.46 -0.40 -0.16
149 -0.42 -0.27 -0.13

14 424 k83 10D 2 # 5 3 % £
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10D % # ~ 1D E#47 ka5
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e | 10D & # 4oz s — 1D § 4k Tq
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: - &
—— - — ~— -
PP | 1005 — 100§ §r s
#(114">2") - 90k $Eg s L1 Al it

3427 RIAFEFIDE H 93 P EFEEHARELRLIEF AW

18 (1% |2k |[AFT | L [ FTh (4o g% | 4vi |4 [ 405 | 4]
i | ERte [Te 2% 2% %2 | 2%F | (114" #0173 |3%E |3%E
Lon | Bgp |BR4c L | &tgp |4 L ->2" nyon
) P |FE | ) @2
(%) | %) | (%) | %) | (%) | (%) (%) (%) | (%0) | (%) | (%)
3.05 |0.29|-0.05/021| 0.29 | 0.28 | -0.03 0.29 0.16 | 0.15 |-0.03]-0.05
747 10.19]0.13|0.00| 0.00 | 0.23 | 0.09 -0.05 -0.09 | 0.14 |-0.07 | -0.06
1502 [ 019 /009 | 0.14 | 0.13 | 0.14 | 0.09 0.16 -0.02 | 0.11 |-0.10| -0.07
30.14 1018017020 | 021 | 017 | 0.13 0.19 0.10 | 0.05 | 0.00 | -0.05
6032 [ 016|016 | 028 | 033 | 0.17 | 0.12 0.20 0.05 |-0.02|-0.10|-0.08
10539 [ 0.15]0.21 | 027 | 031 | 0.09 | 0.18 0.21 0.14 |-0.01|-0.09]-0.07
15043 | 0.13 019|026 | 0.26 | 0.03 | 0.15 0.22 0.11 | 0.00 |-0.13|-0.11
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% 80D E ¥

#2429~ FEF R ET AR E

= FE;BJI)@E

& (mPh) | 0D (%) 10D (%) 40D (%) 80D (%)
2 -1.57 -1.51 -1.49 -1.54
5 -0.97 -0.98 -0.95 -0.68
10 -0.87 -0.89 -0.36 0.48
20 -0.55 -0.37 0.41 -0.48
40 -0.30 -0.39 -0.19 -0.09
70 0.35 0.25 0.49 0.16
99 -0.23 -0.02 -0.32 -0.09
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22 # 3 NE3 254 10D B ’F‘: TR P =y B S S Rt
’Ff Bk FAod 4-2-10 0 PR S & 4-2-11 2 £ 4-2-12 -
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F4-2-11~ 5 VB3 A4 10D 2 p A PER R R RIEERRRR
Pk ¥ 3 10D Sel%%Ep FBTe 2% | # P\?lmZ*g%E
(%) (%) (%) (%)
2.0 -1.51 -1.37 -1.37 -1.36
5.0 -0.98 -0.92 -0.95 -0.93
10.0 -0.89 -0.77 -0.75 -0.74
20.0 -0.37 -0.13 -0.09 -0.08
40.0 -0.39 -0.13 0.12 0.13
69.8 0.25 0.48 0.26 0.27
98.5 -0.02 -0.27 -0.52 -0.50
‘v 3% B 3% 1 %% Epde |4 %X (1] 4o %)
BIFR I F L) 1/4"->2") (3"->2")
(%) (%) (%) (%) (%)
2.0 -1.51 -1.40 -1.36 -1.53 -1.33
5.0 -0.94 -0.94 -0.93 -0.96 -0.93
10.0 -0.78 -0.79 -0.76 -0.83 -0.83
20.0 -0.22 -0.18 -0.13 -0.28 -0.18
40.0 -0.34 -0.30 0.06 -0.42 -0.24
69.8 0.52 0.52 0.42 0.30 0.51
98.5 -0.20 -0.21 -0.28 -0.14 -0.20

#4212~ 3R A 10D B

eI PR KFE ARG L BT A

RIRE I teldfep | PTG 2% | AR TG 2% | 4 3%
(m°h) (%) (%) (%) (%)
2.0 0.14 0.14 0.15 0
5.0 0.06 0.03 0.05 0.04
10.0 0.12 0.14 0.15 0.11
20.0 0.24 0.28 0.29 0.15
40.0 0.26 0.51 0.52 0.05
69.8 0.23 0.01 0.02 0.27
98.5 -0.25 -0.50 -0.48 -0.18
o et # 3% 1 45 4 ool 5 X vk o]

(m/h) (%) L0 A(%) | (114>2")(%) | (3"->2")(%)
2.0 0.11 0.15 -0.02 0.18
5.0 0.04 0.05 0.02 0.05
10.0 0.1 0.13 0.06 0.06
20.0 0.19 0.24 0.09 0.19
40.0 0.09 0.45 -0.03 0.15
69.8 0.27 0.17 0.05 0.26
98.5 -0.19 -0.26 -0.12 -0.18
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B b e R LR 0 SRS SLF AT A NG

A \Tzls—?#’wmf& 45
N T

(American Gas Association, AGA) # # 7 AGAReport8 = ;tig {7 ;Lsi C Fl R a Nl
A AR TR R AP B E R B R BRFEY BV BN LR

N
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R TIARE RERROIRF AL TUTMEI DRGSR Do
A 5

%4213~ MK ER T RG24 4

g RV A :}./,,\ﬂe’?;f]q_ :t\ﬂﬁ 1 %ﬂeﬁ 2 z\ﬁkﬁ 3 Jaﬁk,r 4
FALpF FARALp L FALF FARALoX
(%) (%) (%) (%)

C1 Methane iz 91.3261  90.8994 93.1652 91.1692
N2 Nitrogen % 0.0762 0.0660 1.9000 0.0511
CO; Carbon Dioxide - % ivpk 0.0000 0.0000 0.5000 0.0000
C2 Ethane T iz 5.2924 5.4094 2.7666 5.4220
C3 Propane PR 2.4475 2.6829 1.4261 2.6012
H.O Water K 0.0000 0.0000 0.0000 0.0000
H.S Hydrogen Sulphide y BN 0.0000 0.0000 0.0000 0.0000
H, Hydrogen i 0.0000 0.0000 0.0000 0.0000
CoO Carbon Monoxide - i Bt 0.0000 0.0000 0.0000 0.0000
07) Oxygen £ 0.0000 0.0000 0.0000 0.0000
iC4 i-Butane 2oz 0.4533 0.5051 0.0851 0.4156
nC4 n-Butane I 7z 0.4043 0.4372 0.0846 0.3409
iC5 i-Pentane F Az 0.0000 0.0000 0.0384 0.0000
nC5 n-Pentane i Az 0.0000 0.0000 0.0340 0.0000
neoC5 neo-Pentane Froiz 0.0000 0.0000 0.0000 0.0000
nCo6 n-Hexane gt ez 0.0000 0.0000 0.0000 0.0000
nC7 n-Heptane i Rz 0.0000 0.0000 0.0000 0.0000
nC8 n-Octane I F'% 0.0000 0.0000 0.0000 0.0000
nC9 n-Nonane I 0.0000 0.0000 0.0000 0.0000
nC10 n-Decane i 5z 0.0000 0.0000 0.0000 0.0000
He Helium % 0.0000 0.0000 0.0000 0.0000
Ar Argon & 0.0000 0.0000 0.0000 0.0000
= 4 54 (%) 100.000  100.000 100.000 100.000

BRISRAE™ 2 5 R PR A RS 2 S s Tk 1l E®Z 5z d
REFEEZE R EH e R A R e WRIRGE R > 0 231 2 o 3t
4-2-1> 3 E A B R EHHEE -

ﬁi#%%i¥3*ﬁﬁﬁiﬁﬂﬁ@ﬁﬁ&£Eﬁ%@@ﬁi@ﬁ“moi@%

E (%)= (Vb1 —Vb2) / Vb2 X 100(%) (4-2-2)
Vor @ 8 R eyt BRI AR B
Vbz @ % = > Scd- B 0 DAk R
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%4214~ % B 5 1 W%

=28 4L

FE 5

TR RN v i y
ARFE|AFRY | AET | ¥ EH ’;;;F iwwif I EL
2 }——.%,L,,/éﬁ }——2,_,,,/? -+ A R v o+ g R 0,
2 (C) (kgf/cm?) ® (i ¥ = (i ¥ Vbl(m3) Vb2(m3) )
10 10 0.97121 0.97121 11.15220 11.15220 0.0000
20 20 0.95145 0.95145 20.96520 20.96520 0.0000
30 40 0.91727 0.91727 41.02940 41.02950 -0.0002
40 60 0.89438 0.89438 60.59270 60.59280 -0.0002
50 80 0.88179 0.88179 79.07290 79.07310 -0.0003
%\' 4‘2'15 ~ X )’L 5f4 2 ﬁ}/\ ;ﬁ -2
c”\Lﬂ H REe2L ~ = = &H-mY y
TRF (A AFERY | AR | Sz ‘:‘;;;“ iwif WEHEL
}‘W o 2 }‘ zm /,/?: )— 2,_, /,/?: -+ g JR ¥ 0,
BR(C) | (kgflem?) | B iidie | R e Vo1 (m®) Vbz2(m®) E(%0)
10 10 0.97077 0.97077 11.15690 11.15690 0.0000
20 20 0.95068 0.95068 20.98140 20.98148 -0.0004
30 40 0.91588 0.91588 41.09000 41.09010 -0.0002
40 60 0.89253 0.89253 60.71570 60.71583 -0.0002
50 80 0.87965 0.87965 79.26240 79.26251 -0.0001
% 4-2-16~ 2 R F 3 KR ERSE
S e Tl BE R Y y
TRty mia% w2 g | E awgif PHEL
./‘W o 2 P /4{\ }‘ 2,—1 /,/?: -+ g R g -+ 2R 0
2R(C) | (ffem) | Beopinge | Bginge | R TR EG)
10 10 0.97486 0.97486 11.11400 11.11401 -0.0001
20 20 0.95783 0.95783 20.83220 20.83223 -0.0001
30 40 0.92872 0.92872 40.53610 40.53620 -0.0002
40 60 0.90972 0.90972 59.58970 59.58985 -0.0003
50 80 0.89974 0.89974 77.52000 77.52020 -0.0003
2 4-2-17~ 2 R 5 4 W% ES
TRFE|AARFERS | AETH ([ FZOHM |G EREY | F2CH (PHEAL
B(C) | (kgffem?) | Eapiede | Raginge | Eaf | SR | E(%)
Vb1(m3) Vbz(m?’)
10 10 0.97112 0.97112 11.15310 11.15314 -0.0004
20 20 0.95130 0.95130 20.96840 20.96846 -0.0003
30 40 0.91698 0.91698 41.04190 41.04201 -0.0003
40 60 0.89398 0.89398 60.61890 60.61899 -0.0001
50 80 0.88132 0.88132 79.11460 79.11473 -0.0002
233 BV E BHMAFL S AP
c MR EVEREOMARFESFELFA001%T o g FEALIERG =
vV OH SR
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% 4-3-2~ % ﬁ;é_%ﬁi,% * B8E 33 CNS ~ ISO £ GBT 1% # 2 4 47

L A 7];;é_fx’ﬂ_/ 18 B i oo ISO L R
%g,)% AT FKA -- 80601-2-56:2009
. CNS 15212-4
[V 3 I A . _
EVRSEER 1A CNS 15212-3 GBT 21416-2008
, . CNS 15212-5
- ’]‘ A B gy 2L - 1=

h3+% k45 ASTMEL965:98 ~ EN 12470-5:2003 ~ JIS 4207:2005 4| 24 &3R4 -
FHEHIA RIGEICA BT AT AR 0 drd 4-3-3 977 o & 4-3-4 L BRI RREFF TR

LN RN

% 4-3-3-~3

mF

|2l %
g &

SRR SR R

ASTM E1965:98

EN 12470-5:2003

JIS 4207:2005

(34.4-42.2) C

(35.5 - 42.0) C

(35.5 - 42.0) C

B A

2 898 & (36 -39) Cre;
MPE=+0.2 C
2 RE R <36.0 C#
2R R >39.0 Ch*
MPE=+0.3 C

(35.5-42.0) C :
MPE=+0.2 C
AL R
MPE=+0.3 C

(35.5-42.0) C :
MPE=+0.2 C
Ad L E R
MPE=+0.3 C

S (R i

(16.0 - 40.0) C

(16.0 - 35.0) C
85 %+

(16.0 - 35.0) C
(30 - 75) %

P PIRBLIE T A

*

LA 2 R

iy

(16 - 18) “C---<50 %
(16 - 18) “C--(90 - 95) %
(24 - 26) “C---(40 - 60) %

(38 - 40) C--<25%
(38 - 40) “C-~(70 - 75) %

(16 - 18) C---<50 %
(16 - 18) “C---(80 - 85) %
(24 - 26) “C--(40 - 60) %

(33-35) C-—-<25%
(33-35) “C-—-(80 - 85) %

(17+1) C-- (30 —-50) %
(17+1) C--- (70-75) %
(23+2) “C-- (40— 60) %
(34+1) “C-- (30—50) %
(34+1) “C-- (70-75) %

LA TR IERET 4 o
7

FIA 2 P AR ER T

AWEFEIHERLE

4%

X5 %’\‘ZJ—_" )

BEAF TN AT

L Bf(2 MK W R)= B(350 C~37.0 C 410 Cafgr RN 2 FEE3 8-

% 4-3-4~ 2 97\: 'ﬁﬁ pii

w2l

LREEEREL 2L R

£ R ASTM E1965:98 EN 12470-5:2003 JIS 4207:2005
, -k F (Water bath) .
2 Ry T < =
2R FE R <003 C k=2 <0.07 C,k=2 NA
RBRBFET R AP NA ZRERK T ZRHERR LA
& [iplE* (37+0.5) C (37+0.5) C
PR HBFEE TR AFFL LB EMRRA T AN MBI LE N RI R IR EAF(10£05) CHER

EREY i > BIRE CRFLAINHEF B RFEHTREER KA0£05) T

6 - SRE
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mm2014FEHIBHAE mm2017FEHIBHE -—FEEHEE
4,500 12.0%
4,053
4,000 -
3,500 /N 3,403 0%
3,000 2 _ 5 8.0%
1 2500 = - -
@ 2,000 o 1,872 0%
Ed 1,546
7T 1,500 4.0%
1,000 912 / 985
2.0%
O el 0.0%
FaER thER/IEN  P/RER  EAHME =i 25k
Bl14-3-1~ 23k FRh B A E7 F0 5 R~ 47
it EitaE g %H%ﬁ{&ﬁ‘bf;ﬁ u;i'ﬁﬁ{spﬁm?ﬁﬁ, ,ﬂé;g% 3»\.’15 +3 & o
f%ggﬁﬁwfrm’;}féiﬁ BARERTN Y BT 2T 5 ST LR A
EXC IS TN I fn%“”iﬁ?@%@ﬁ%imiiﬁ
dFRBMAFAEC: ARSHARR  ARNFLAEIHPMRF T 270 RF 7 5
300 442 ¢ ) g ¥ 0 B4 OEMIODM 3 4 » A& 5 3¢ I FH > 4 S p 2
ARARYEEE - LA LLEETRY FHLLRP - H -

2435 L HFHEFRARLERG + ¥

¥ i+:575 f"ﬁf"ﬁ g~
- 2010 2011 2012 2013 2013
i ¥ 1 ¥ 1 ¥ 1 ¥e | B EF%)
3
“(g—gl 1.207 762 1.308 1,345 2.03
- 5)
p(fl 3)§ 4,877 4,268 4,503 5,897 11.00
¥ g
( 41f1) 858 772 707 2,854 0.00
=h
éz%;;) 633 581 571 663 2.32
4r %)
(1709 ! 104 77 94 100 -165.00
(f? 5)’? 462 375 432 586 5.00

245



DO F R BN A G ER R IR A R 2 AT D
%%%W%@mg@@%%gﬁ$zu%w FREMAEREDTS - FURAEHE
SR LHE ﬂiﬁﬁﬁ%?%?+§i%7 G@&%gﬁéiéi,pﬁ
%"%migrﬁgij')‘ RE LG (OUIAR S A#H & R R ‘f&ﬁu—*—iﬁ ;

Qiei ¥ % #wﬁw’uﬁlM%?ﬁﬁﬁ**’”>W%fﬁ%@@’@%éﬁ
gg_a\gx ,ii-}}g r"gg,/;s,,ta r’%ﬁ‘?/__“ 2 5 1) ﬁrpgn 4 AR o
BHIEA SR Feh R AR ERPAER FHAL FRFHAL
Bt ek BLBRF AT I AR SO0OT -HO-F 0O O+ Oz & Oi{ff )
i R RTFHAEAR LI FURMB 4 145 S FRRAEEY 4 B
B2 AR R0 G SR PR RS RS 4 7
A AR A R A TS
SR A RAAT AR (0T AET S SR )8 R SR (0
Fs?ﬁ‘ ——'\‘{gu‘;’_;‘]')"—& &‘F{ o ] ¢ "ﬁ‘"ﬂ | \"W'/_w_p Z \1343*4 14?\7 5 5
oA RS AWEPER Y eI P 4Fo MAY 7 A5G 18
PR AR GEEI D SRS R GEA TS SRS - 4 436 5 AP R

Il m)z Bl e 5 AL A o

%

P\ —=\

20436 REF (I Il B2 Bl pier B AL A

12910 Nz | 12910 Il & | 12910 | &
FREVAR | woam gy | R 83 WEs | PR AMEY
LT RS
e 47118 11/21 312
Fpr figp 14 4 3
B 4 2 1
~RAEF 8 8 1
¢oRrrEd R 5 AR 1 12 1
FRE
T
TR 4 1 1

246



IAFP AN HEITUERE 2 1070 PEHESRE T 4 o
% 4-3-7~ 32 3¢ ﬁ/EFLﬁ'f‘l }Aif@\ﬂ ka%ﬁfﬁf%\

ﬁi BMpE LR
FHBNEA |0 PRBELNRPMANEENG WY 3 REC S U E R
i* «u“l{@ FL ALY A R BT EVRAASDET 0 BTGP
L DRI o

c FaRARPAASTEIFAFRLEL O AFTHERS

AR rFRZ T |0 KTIR
IR PR R | o RGP ¢
B 2 ﬁ*‘#@n% AR |- BimH
P B VREE 2ok | o ASTM E1965-98
*oepl AR » EN 12470-5:2003

HFRL g
13 %o

‘?2‘

&O*§%ﬁ&$

BOFFF BT

20
cAEO fHILHF APV fr;&

A i Y 5 TFDA 3p 2 l‘*%]

* ROSSMAX(SHANGHAI) INCORPORATION LTD.

* ONBO ELECTRONIC (SHENZHEN) CO. LTD

B \4 LR

hd X P REANEE

£

2016 & 9 " ik > A 5.

2 H 4o

L LR @li*" 9 %o LHA4oT

* COVIDIEN MEDICAL PRODUCTS (SHANGHAI) MANUFACTURING L.L.C.

* LIVING SCIENCE CO., LTD

* HANGZHOU SEJOY ELECTRONICS & INSTRUMENTS CO., LTD.

247



* AVITA (WUJIANG) CO., LTD

* ORIENTAL SYSTEM TECHNOLOGY BOLUO PLANT
* BAI LU HEALTH CO., LTD.

* Fudakang Industrial Co., Ltd

%m@%&ﬁ SV gEE

,&O Fﬁgﬁi;}iw >

c AR O%
e &t O %

>
7}
N A

a

1434

K

/ILF —7»

2

f

AN
A

AN
2,

BT T 1 Fo fH T

g A
:J

:J

N\
=

.go4%%gu@
OR%Ey A
*FOFFPHARPG!

S

f
* FOFRPHLRT
o T 0,15%7};;1&5;;),\7; 0

S

T4

" K

—

3
N

3
N
Y

7\
> P

3
il

© O R P PHL
'iﬁ30§%&9
B OFERBER
*AEFF OELT
BIP R Y R
* BEURER GMBH & CO.

* KEY TRONIC CORPORATION(F O %)

* KENDALL, ADIVISION OF TYCO HEALTHCARE GROUP LP

3
*ﬁ LA

N A
7 4o LHEAT

LA

Wi

* Truly Instrument Ltd

2.3 ‘\"gﬁm_p /?J é‘_’ \%:‘1"-}3!‘13%?&
LRI AR P L BN FAoT o
211 &Rl R

248



o] 4-3-2 7o 0 AR ERIRD - kAR IER AL 2 A% o AL

5RE KL bR @W$~?4?&ﬁ*$‘ﬂﬁwﬁﬂﬁm“o

P EE

B AA S

TFHERE

\ - e ool -
SEBE
R B

X505 A o 2L T 0 B 4 -
R E 370 C

B 4-3-2-2FER AT

B p R g o Ao 4-3-3 o 2 DAL A RERA T Yl 007 C 0 A
BT TS0 M EIE - & & 1R 2 i il R(E)2 & 4 & fu2 Ao Bl 434 =

I ©°

| ITS 90 [ FRiB AR |

r 3

| KRIS I A A<0001 C |

|

HEEEEE gt REALE<004 C
& TR A, AR s £ E<0.01 C

| FRMBIHER B, FHRE007 C |

| FA MBI |
B 4-3-3 ~ B ;N RER 2§ PR iE R R

249



+02°C £007°C +0.04C +001°C +0.001°C

. B SRR AR el i R 2 7R P2
CE b mrs b srawm [ Ged aemn e DREHEE
wEE (1 e ) (38 2.40) R) ()

B 4-3-4~ B NREIE - LSRR D FET R G R

212 RI#KRE T R

% 4-3-8~ BNHET EFRRETL ZHME L
RE A |EE EXE i3
# ¥ : (10~90) C &
rrea=oolc  |TT
#F :(340~430) C
PRETAE=02 T
#F :(340~430) C
7 FE ¥R =0.07 C
LEFHREE 1 |2 AR =007 C 13 R
& ATkt
FREPER R

R E &

I A L Ao 1

B

iRk H+2 ey | 1

IR

CE USRS 1 |#4rk1 25 °C
i# A :(10~45) C

PHIBA C(25~95) %
AT R AR SR A AR R R A DR R R -

& * A pEY o

BB E 1

* o
2 Rhes

213 &% 58
2131 itk &

21311 % AER 24250 L3785 - HFEE2e LEFF52 315 -
21312 B ERIF 2 APM AL E ST LATEA 7 LT e
21313 %A FRE2 £ B EEA D FREEFTHRESTLLER
21314 plRH 7 AEFRIRRRARZ RERY P T o
21315 wARFAFNHEF AT LAV HRANFEEZQAoET FF) -
21316 FREBEXRT  ARRAFHFLT FF0E o
21317 AFEED NP D NN F RIS R (kT )
21318 RAF UREBGGEFRE BT AR FHEGUGEFRREE o (57

B P TR R

250



21319 FRIEZ ARBRFIRIFETHEEL P FU R LA(FULIF T AT
> F R (TR o
2.1.4 Rl 2
2.1.4.1 s AdridoB) 4-3-5 477 ch B PR 2 R E 2 TR SR R K E B -
2142 +RZMBpEE-KHEM R URRERER > T AT R RM AN
(F ApE) > FP-2 R L B R kb o
2143 ERIPFHE SR AT0.02 Crop 30 44800 0 o AR (T EIRIED o

lﬂfkéiﬁ PR REET T2 Jéﬁﬁiﬁié%&?z\"‘ °
2144 #P2 R bsuzhats o £7 g BT A RE L MG AE R -

2145 #P B2 MGHERGHER 2 FRIEHEMHER » L0 T e
RGN b & Ry - o L

HeA g $£7%

(1) EREUEHEHZ TR PSR BF I HER

2 FEARFZTRFEREG T ZERFEI0F  FR BRI L D
BPEVERBRFET LA EFEFTIER A REAREEFIS
Bl FAIEREL TIEHE

@) FEAFFFRERF > RINRFEDBLHATNEE > FREAERFE R
WAL A0 F RS -

(4) RIEpEd BT FE

(B) F XL LRAIPAEPE 2 2 E60 ~4h 0 ik TP

(6) # X FPBdppF > FTRLUEART LT R P v o

(7) REE TR LE @A LR R P FRRES

(8) BRI B iRz RIL4cH 4-3-2

(9) B 7R AR i Bl o B 4-3-3

(10) B SRR E & PR 2 4 A TR § RAo ) 4-3-4 o

2.2 @P\?}%’ BNRR A B EEmp
HEFOBOZ2£OERP 27 p #pr G F P 2 B SREE - 445 = EN12470-
5:2003 # 4| XA SR (T RGE(F B TR R B L E)  WORIEP FAT
2>1

r';_E_l \Jgt‘:

LR A

ApliEz TRYEPE R L 35 °C~37 °C~38 C% 41 C o pliEmskiisit 4 (23+
5) °C > An4HB AR 5 (50£20) % > 4 pliEz |2 % B4o@ 4-3-5 757 o

251



I 2 40 % Tl 2R B R

Bl 4-3-5~ ‘b A E URHE O RPEZ KR 7 R R

RPIL B G0 SR 8 IR LR S 2 (kT )

BRI EEREE S FAT AR MR A HNES J (%Q-J B frrERL

ERE) A FERET APRBRIRIFRTFEE L A(FRBRFFRYTE
FRE o BlFEE F 40k 4-3-9 2 £ 4-3-10 #1577 o

#4-3-9 42 RE R ERMANHEEFERAFLEA - (FEERR)

#i
A B C D E F
22 (C)
35 -0.3 -0.3 0.2 0.9 0.0 0.2
37 -0.3 -0.3 0.3 0.0 0.1 0.3
38 -0.1 -0.2 0.3 0.1 0.2 0.3
41 -0.3 -0.2 0.4 -0.1 0.2 0.3

#4310 42 HERZ ERNASHEERAFALAL - (VEERR)

G H I J K L
E(C)
35 0.8 0.8 0.1 0.1 0.1 0.8
37 -0.3 0.9 0.3 0.2 0.2 0.0
38 -0.1 0.9 0.2 0.2 0.1 -0.1
41 -0.3 0.8 0.3 0.3 0.3 -0.1
B GVRR IR L B A T o

252



S BT RATEE SR A3 R RREM L S IR 439 2 2
4-3-10 B0 A 45 5 % 4o

TAER 35 TR ANt L EL 1333 %

ZREER 37T CR o> Agdid~ n3Fi4 1 583%

TR A 38 TR ALME A RIFEL 1250 %

TAER AL TR DB L EL 1 83%

PRIEE AT B A EL TR o P ITRE A DGR KT Firdp > 2RIl Mo

253



x =
E- 2 PR AN PEREBERET R 256
RS - FE AN REREFH 257
EZ s MBI EAEERY A - & 258
2B v B 13 5 = T o 263
P2 T~ BT B AT = T A s 264
HEIZ 2 8 302 = T2 o 266
P2 = 8 TR 2 = T2 oo 279
A S B AR P E GRS T E 287
FEE L BT 2 B B35 R 289
MEL R FRREFIEE TR TREPEIEF F I3 F e, 290
M L s B T I R B 3 A 1 B 291
it L o V105 EREEFALR R LT B A s 294

L R RAEEFIRET R ERRE AN R ERE R, 303
it L SR RBEERE TSR FTEE LA L ITREP (e 353

255



- ZFH AN PR RERA RAL

BB (5 40) LA AR R S LERR L
KL kB LA o H | E|kE| HE OB K
(2 & 4)
BRF UEI kA .
1 |(High pressure air flow ; Bl 5| 1 | 3,320,000 | 3,320,000
temperature control system) BT
R W 1R ,
2 _ = | 1 | 6,000,000 | 6,000,000
(Closed -Loop Wind Tunnel)| & ip| ¢
[tz L SN % %
fwl’ ﬁi} PN _—y_p]x;*b
3 |(Shock Accelerometer 20 » | 1 | 3,480,000 | 3,480,000
System) BT
RRTECATE R R R
iy 2y
4 |(AC current source and 20 = | 1 | 4,740,000 | 4,740,000
measurement system) BT
P fo 5 3B o B ©
5 |(Solid State Power - =~ | 1 | 8,650,000 | 8,650,000
- ] S
Amplifier)
PLAE 4o i L % 5L
WA SRR o 1A
6 |(Low-Frequency Vibration ol ~ | 1 | 3,899,000 | 3,899,000
System) LR
2 KRR E R A =353
7 . . = | 1 | 3,900,000 | 3,900,000
(Nanoindentation System) | & :p|?
S5kNm#2m=x T\ e L
8 |[#s(5kNmTorsion | J:‘ ) % | 1 | 4500000 | 4500000
Standard Machine) R
R R B AT R puy
1 F~fx
9 |(Film Thickness and ~ | 1 | 8,000,000 | 8,000,000
. R
Composition Analyser )

B mp
1A% RBLALY 2 541 #F S o

2. AP EAL N300 F I TRE > A HFE R FLEHME P ERIIRRRY T

A o

256



R - g AN RERAEGE

RERK LA
(¢ 13 %)

s
So R

ERE S RS FEE | Hi | %

|k

O

o REAPEAERB00F I TRE A HEE R FERME P ERIIR Y
& L

257



i IEBRE # HAE 4
e 2B g ERid
=
AR F(E 4 2 kK R F € 2016.03.07| i ;“% EoR ﬁ:ﬁw}* 2 B f3[29(0)
< (Nanoscale 2016) ¥ # # #% -03.13/7 = R A T E
o SPARXIA ¥ F &%ﬁvﬁo
AAEREHRE S e
FheR FIT P ERRA IS 2F % 3 2016.04.02 £ RAE B XA NML £ 8328 v | 27
dh~ (NPL) %2 % 4c 2016 W 7' 47 & -04.10/9 = Tfzp A NMI Hisa 8 2 #
L pE A ¢ (EFTF) € 3 HEL o
Sde € 3k 3[4t 2016 E iR R 2016.04.11 | % ﬁ;;x-; MApMEE > Y | 30
EA TN VEERE - Yl K g -04.16/6 = 2R E kR AR
< (EMN MEETING ON AR RPEHEIFAFTEE
OPTOELECTRONICS 2016) B 4o
LW | LS ke T (NMIM)# = 2016.04.19| % * i 4 S HF T L R --
FHEEAA |[RBEET % 2P ETE -04.22 3 o %A NML 25 % -
AF) (peer review) L i#:=% B 3
FAv € R~ T S A 4L R T 2R TR BLAT T f 2016.05.16| ¥ ¥ f |= ‘& ® WO R RE R KRR 28
R (PTB)# 742" £ i st 2 &+ -05.25/10 £ PR AR A L E R gﬁumf
c R RAHE S (TIM % LA REEEE Y o
workshop) » & 212+ 4p B &k B K
Fof ooz pH
HFER N e
%t § K DR K W 2016.0530| % F ¢ |HF MHRE A T < PR e B HRd /g 5
[Hg 3 e Hped | ¢ maes 3 -06.11/13 FAAEBRZAKFLR LR LAY
¢ , (APMP TCAUV TCI % 1) Rogsko 22 A% e d 4
workshop) s 2 %4 dy 23+ E &2 BRI EREMEL NS LT
S (APMP)E ¢ & 3% -
%€k RS LR e/ %‘ % |2016.05.30] ; Lot ES AR X R -
(a8 w4 |RbAgf At | g e -06.04/6 = FlRE AT R AR
HZ*%%) |3t ¢ (APMP TCAUV TCI WAEG T o A WP
Workshop):# # LR o
Sde € 3K 2 APMP # {7 4 R (Executive ?‘ X |2016.06.05| & 3. & %8 APMP £ 4 4> %2 & 37| 9(1)
Committee, EC) ¥ & » % 4c -06.11/7 = rHuW L ERFHAFLER
2016 I = R E Y £ IR WM G TR
2 ApM A E EAKBEEITRE -
Sode § ko~ AL S 4o BB NG IR BT 7 B K 2016.06.20 TfE o T AT A 2 BATH|3(D)
s (PTB)# fazk = 7 £ A7 L& -06.29/10 VIR R U
% x ZHE RIS T EAMLAR

4% T3 PTB 3 5%

52 ARM 4 -

258




A ikpF CLE 4 PR | St L 1 v
e 4 B e Rkt S EE
=
Fhv € kB [T sy pPE e Ry R ) [2016.06.21 F Aoy 2% ¥ BEV| 25
Fth = 2FZBEV)ZERAFHREE P -07.02/12 w3 R A BRI 2
TP HFY EIRFE Y S R S % (sl o =S A b [ = L S B
2016 # 1 £ 8 2 B R C 1Y
fe# & p1# 3 ¢ (TEMPMEKO
2016) % # @
F4e € R 4% R E 7R (BIPM)E | £+ ] [2016.06.25| = & * % NML & & B I§ %4 3%(11(2)
&~ JIE 73 £ (INRIM) & -07.08/14 Ao WEREETARE > UK
pr2. TR 5788 % 5+ 2016 % EAREEE S » ] 7
gL e
F4v € 3k S4B R B § A (BIPM)E | %+ 4] |2016.06.25| £ + & NML &2 2 F B 4| 26
&+ F1B 73t £ R (INRIM) & -07.08/14 Se AR B R LR B ATE
yr2. T3 578 5 5+ 2016 % Fw%*@z])l%&ﬁié,ﬁo
Fode § | B4 2016 H B TR ERIF| 4o £+ [2016.07.09] 3F & s REH BT e[ 6)
ERC EE S -07.17/9 = TR PR T
S €3k %4v 2016 # % TR BRI | 4 £+ |2016.07.09 4 NML % B3t 4528 5| 6(2)
¢ 2Lk -07.17/9 = R E WP A% 2 BN
Q/” °
S €540 2016 F MR FIREF & | 2R |2016.07.22 B AR Bk 3 P TZ B R BN|22(1)
Lh= A EREFHE FHhY B4 -07.30/9 = RATHEEFME oo
f
%4 € R %40 2016 2 MR RIEHER % | £ R |2016.07.24 & NML R gz e sE & < 1(1)
X EREAE -07.31/8 = g BLBRFFREHLE
EAER R .
%4 € R 5402016 F MR 7L & F 5% | 2K [2016.07.24| 3 B R SR NN A0
R E -07.31/8 = EZRELRLLDR A
B R BRI AT 1]
LS R e RARERN
Fode § | B RS 041 e 6| AR [2016.08.20( BEEEREHES S0 R EEE| 23
i INTER-NOISE 2016 #7 3¢ ¢ % -08.27/8 = B R B AR B R R B
% %= o 2 #L3x SPEKTRA = 2 B ETE f o
PRe RS &R
Stv § R | S4B L 2 B RN HAEREA| P & [2016.08.21 1R 2 K B A KF E 4R 31
% 4 ~ L2+ |34 ¢ (IEEE Nano 2016)% % 4 -08.30/10 4 %2 «:waaﬂ A SERTE
s ORI ¥ S LE N = E RN IR Eriial K
P AR R REAT R FEREL 2 1 FR
(NMIJ/AIST) HEE -
4 € F LI NIM 2 NMIJJAIST 32 | @ B+ [2016.08.23 B iriE Tt 2L p & g B A1|10(0)
TR GHER VBRI GRS P A|-08.31/9 = FERBEOFIES E 2 AR
?héévfirmsla\;’i;;?_»?Ei o R kg B RN

259




GE 4 IEPE I 4 HE | Rk | R A E g
E Y B e Rt | $rma e 2 b3 457
=X
B AT eI g R AR5
She H H|FE LD IS gL F e kI | £ R 20160827 HAts | X H 4 5 A|F A L A Stk R B 29(2)
2 A £ 73+ ¢ (SPIE Optics + -09.02/7 = ST Ak M S E -2 R
Photonics conference) EEIE - VS e R T2 AR o
i T p ANMUZ A RAR S | P& (20160004 25 |1 b 2 8 #|4es B & APMP 32 $ix(3(2)
g -09.07/4 = AT P 2T B LT fER AR
F a4 WFT R AEFRBIRR
54 3k Flek B L atRia A B €| 2R [2016.00.17| & F v |k ff S AF [ in 3 dead 2 g ap it %o B |15(1)
(CCPR) i/ m g3k % &£ & -09.25/9 = HoERL ] P RS Ak B
ik B B ARR -
$4v €3k |54 CCM-WGFF ¢ % ~ 5§ & | /2 [2016.09.20( FRv & |in B AF 3 B[ 2%~ 2 HiFin > 7 2R| 8
M L SRR S SR -10.01/12 Ry AL BATH B B T
Fhwr o FHIEHP AR = A
EREER - KB NML FEE
PR
%4 § 3k~ 3| %4 FLOMEKO 2016 # 34 ¢ | /' [2016.09.25| 2 = #f [in & & 5% f |#ies 3 205 1 f3in £ £81(24(2)
*H 2 Gl ?w*v ® e -10.01/7 = % 4 HHF B o
5t § R S BEE TR E e B |2016.105( 2 p4 2 2t B H|ARE P &R UERBRR LA 32
(OIML)?;? 15 B~ ¢ ER% -10.23/9 = W B A IE|e g 0 & NML % o
244 R ¢ (CIML)% 51 EREE
f ﬁ;ﬁ °
Fhe gk (B4 ¥ 10BN E QgL | L LA 201610183 &P | pE B B[t a F M 2 L AH|LLQ)
oo S LAWERE | W [-1024/7 = WEEAF|IRLBREFREL 2R
R 7
Sl b H LA B ERFHLR 100 Bl (20161018 BT | A EFEH BBELAF RS H R 7
PRI § R(CCL-WG) ¢ 3 > &t #552 |1p¥ ~ 4(,)-10.30/13 e B AT |2kl s B (CMC) % 4p 3 3
LIE RN B RERT A B |= ERE- ¢ ?#grﬁg;}izﬁ"‘iﬁaﬁﬂﬁﬁ%%
¢ IMEC ~ v 4 & BH o £ 0 A% il
g ~ 4L R Bruker ~ 1¢ B % =1 4~ BRSBTS T
BEBFTIRE TP 2P o
Sobv € FC T B4 TR P RIRE R K A 32 B 46[2016.10.22 | tRA A |3t F A F|Sor R ERE T RARA| 2
TR B4 7 4 4 RNMI B |-10.3009 = x s BRI 2 B
director meeting) & % L3 4t R TnEREITHPE o
53 21 3 38 4k ji7E5 7 Fa( PTB) ~
S L A
4 g3k |54 APMP 2016 # B Hiid | A%s  [2016.11.00| thekvs |1t B 47 5 5 W B R HEHE B 2 L8| 20
B (TCQM) § k& L gha fFie -11.16/8 = B 2.4 AR 2 dp T T 2 ﬁﬁﬁ -
HHFH § Gk REREER
$4e € R Fohof iR E I (TR A%g (20161110 Fkd B R R A B2 L X A HZE CREAIBT| 16
€ ~APMP 2016 :§ /& $ 5% -11.17/8 = m R m'f H%E A ? 2k R
(TC§ = #it g » * F 5 L f R R R A AR

260




IS 1EPF h A L S $AE 2L
=Y B e Bire|pimeaie ey 45
=X
PRI E + B B ILITE A kAR
4 -

$ic gk %4 2016 APMP ¢ R+ §| 4% [|2016.11.10| EAHD |F /4 [ 4 [[4F 4 AE A A BRI 21
GA) ~ FE+ 2 HFZL R -11.17/8 = PR R REERER B Hh TR H
(TCM) ¢ & ~ HF - & $ivt B A B E AR T &4 0
R (TCMM) ¢ 2 2 773t € 2 5% Fo BRAR AL F HpEE
EHIFIEE o MR AL -

S4c €3k %4 APMP 2016 83 et /| A%s (20161010 i BT |43 e d st /| B3 A2 ik /4R 5 (AUV) AT 5 24(1)
B L | (TCAUV) $ii -11.17/8 = ST B[ Ty AR B A K
GRER Rl R S St ] R FEHHRES A KR
g+ - Ml BR o

Fic gk (%4 APMP 2016 ¢ B % €| 4%s (20161110 % 3¢ |¥3 /4R # 4f|#E 0 TCAUV 2 /& » 2ot I % | 14
(GA) ~ B Az 5 b i -11.18/9 = BRARL] (B R BRI A L.

1 f (TCAUV) ¢ % 2 & & #
WA E

4 gk |44 APMP 2016 ¢ R < §| 4%s [20161110|M Ay |k f F 4 |[H B R HEEF B k| 18
(GA) ~ T & #its£ A (TCM) ¢ -11.18/9 = 2 /4 A MRQEFE 2 4p M B )W
RUFTT G R T S AT FREAG |[HEAEFTRUL AERY

% o Sk o

%4 € R %4 APMP 2016 ¢ A + €| 4%& [2016.11.10| gk s i R AE B 4|3 2 2 @ enam 2 B & 2| 19
(GA)~ i & 344 | (TCFF) ¢ -11.18/9 = B LA %3 TCFF AR » ¥ %2
REF R L 6 GRS GIRMMLITER
- FEBERG o

$be € 3k %4 APMP 2016 7 mftid | 4%& (20161111(3% &P R R A B #F|(2 T £ 4 1 § 2 & 32| 12
R ¢ (TCEM)Hiisr 3t ¢ &2 ¢ -11.17/7 = B HRA] o TR E R A E R
RESFE PTG E S o B I o

e € K %4c APMP 2016 & B it | 4%s  [2016.1111| 3 F [£ B 47 8 3|0 & & BRAF B H8 B s 3t3h| 13
B¢ (TCL# a3t ¢ 2 ¢ 3k -11.17/7 = BT B BT LR A

EAEE BT g o HERABREER

F4v € & %4 APMP 2016 % & &7k i5| A%e  (2016.1111| A % | £ 47 8 F7|W B B H R B 345 %15 |15(2)
b+ F4 B (TCPR) ¢ 3% %2 4= -11.17/7 = %3 SR L -«;'qt z jiﬁf? =
HEEREPIFEE S o oo kR

F4v € 3k %4 APMP 2016 &k sidk| A%s  [2016.11.11( % &-ak |5 F & S |44 NMI ;;fﬁ?,:a B2 k| 17
#eE B (TCQS) ¢ 3% % # 3 -11.17/7 = B3 AP I = A I -l [
€ SFERMFEEETRE CMC)z 58> it &=
SBE o i B o

%t § %4 APMP 2016 ¢ A + €| A% [20161111| F2 A [ F 2 & ¥£|{2 EC 2 A 1A APMP % ¢(9(2)
(GA)~ 71 | :k(EC)~ & -11.19/9 = AR AR FEELRREHHTER
o1 vt g (FG EE HEL gk WAL B R
workshop) ~ APMP-APLAC it B HHFL N o

4 ;élgﬁﬂ?;ﬁg.l ﬁ‘"ﬁ_‘_g;i’«

261




ERE N~

#p

o~

=]
>~

*

e

e \\?{r

A

7‘94_“7’5

~ =

(PTWG) 2 5 & $iir= 3t & %

%4 APMP 2016 ¢ fi ~ &

(GA) ~ =& Hir 3t € 2 B 1

o

»J._aﬁ\g\,ﬁ_g F Agz—' gi

2016.11.15
-11.19/5 =

%% NML 1§ & & APMP +
¢ FeRRERE TS

jads FEE A

4w 283 B xRt EHh
iE(APLMF)«& g24prika

IF ngFi)fpéa

2016.11.22
-11.26 /5

x

WO B ATE TR R
S R EABE o fAEb D B 48
Fﬁgi%’*?%‘gﬁlm,y
o A FRAARM TR -

£ B3R

IEPE

T

3

&=

ALZ B NIST i (7 TX % pt
BRlHAE, BT o

e

-11.11/92

x

2016.08.12| i

FrRagpeis i
TR R L A R 2
By, s Rp X LEp
CDz =% -

262




e s B E - T

MEJIERG 4 #)

B |k Y =B FPA A R RS | B 4 g | AR
i e G g ]
H 45 &5 | &R | ’
1 [20161017 [X kg8t 2 f7ét 5% P xP P 6006768 |20160916|20341014 | = p&3+ &
B -
=) O " e .
2 120160616 |X k£ Fcbt2 £t P HR P ZARE| 1538565 |20160611(20341013| = pE3t €
Rkl -
e G g N
SN R P , ,
3 20161130 |X k5782 H7ht 55 7 = EP 2R 9,297,772 |20160329|20340524 | = p& 3+ &
Bl -
#5437,
kAR P 22 & . y
4 |20161004| w3 |FP | ;2m®  |EP2051053|20160907 | 20280117 | 1% 2 s 4*
= =4
@4 11¢ 344 )
LN S Y P B wRA A | Y R A
Bl %, % 0% %%,
RIBEEXE 2 H eS| o
1 |201610430722.X (20160628 | | FlR P ELmg| B | P R | AEPE
=

FIEIE SN E S
RIEEE R 2 HOplpE | - s m
2 1105114460 20160513 gl ae gL gp |PEAR|AFVE
FER
3 |105100083 20160106 |#: 45 4+ iz i @ EARE Bt
kB X AR
4 1201610000000 |20160705 | Fh 4 3 RO R B
BIEE

O% a7 27 23 FrdF 1Rt 4LR 623D REfIAF A

263




% T

~ B - A

CAERZARALE R 19% 2 FAFR L FIEEE N EN475916048 % 0 T 4%

%% 104 & fue > e

£ 23 %

o

ehgE R B ANPFL8166048 0 AV U FRF L7 k2 2 &8 ’**'14:1;\65055727u’1£47§r]60%@&(% 903,343 ~ H ) -

g g ooy ‘% T
% Y Wi ppp | eOE D e | s | B i
=X (=) = 35 ( # R
(~) [% (=)
1| st an k5 B R RN T Horde g 720,000 | 720,000 | 432,000| 104
Q4 e BB L » A
2 | B787 SKIN 2 {14 i 3% 2 Hojheid # i3 Pk g 500,000 | 500,000 0] 104 |
YN
3| R o B pe A g RS TEEE B 280,000 | 280,000| 168,000| 104
4 | % & bumnin 2 T ELR RK 3 H AR T o R Hopie g 1,000,000 | 1,000,000 | 600,000| 104
- ? © e 360 F ~ 0 ¥
&‘ ﬁ‘:‘:’L s ’J( _'B_ \:7J- el /ﬁ‘ ~‘§A‘L‘L§‘= i -ﬁ '%E 2 = /’( L'(ﬂ)\ = 2z
5 k = Jf‘f EEwt e %0 A 540,000 | 540,000| 216,000| 105 |180 + =% & » Az
P 4 B BAER R E E
6 | # Hin Bk pE 73 Fedy o 130,000 | 130,000 78,000 | 105
7 | F C B EEE K R AR P BT ERLE Fr 104,762 | 104,762 62,857 | 105
) Q3 = BB L » A4
8 | MEEIEIE B PR ¥ % i Horie 200,000 | 200,000 0] 105 |
AL °
O | 37 AR Y 2K AT P A R SRR B 1,130,000 | 1,130,000 | 678,000 | 105
10 | = gL5* 404 & B R R TS IR i H_ Py 120,000 | 120,000 72,000 | 105
Technology application for measuring mechanical
11 _ a Lk BIE | R 120,000 | 120,000| 72,000| 105
properties of thin films
r AL Q4 = BE L > At
12 | 7 R 3 B BB L P TIE N g 100,000 | 100,000 0| 105 v
v ”
13 | 6D & Pl Pt SR | B 1,000,000 | 1,000,000 | 600,000 | 105

264




poa poan . # R

% Y Wi wgps | BAE L e a@ s | B9 i
- IO A ES N

A 4‘15 );" Eﬁ ) E
14 | % & O R % 5 iRl HRE 1R @@ | faeEiE | 200000 | 200,000 0| 105 ?,;0 RER AR
15 | ok F kTR R R IR BRI R ¥ HE 143,810 | 143.810| 86,286| 105
16 | B A& R % St iR S| R 300,000 | 300,000/ 180,000 105
17 .i'vi_,ﬁxg B Rk A # B R 192,000 | 192,000| 115,200| 105
18 | Ik B 52 BRI 37424 22 H TR B PRIE T4 | siesfE | 400,000 | 400,000 | 240,000 | 105 | 2016
19 @,—g PR E SR A R E e b4 B R 700,000 | 300,000 | 180,000 | 105

A #3 % ;ﬂ:—'_ ’ E
20 | HHsmmEEEE AT R ER AR REPE | BalpH | HeRR 350,000 | 350,000 0| 105 9;0 FEE AR

A #3 % ;ﬂ:—'_ ’ E
21 | b MU WS ¥ T ST | fammi | 130476 | 130,476 0| 105 9’x4o TERAE
20 | 2isapis ST E TPl & R BT 5 2 AT - EIES 300,000 | 100,000/ 60,000 | 105
23 | Yekk 5i5a B B P A T8 H i fEiE LG ERAE S 105,000 | 105,000 63,000 | 105

2 3 8,166,048 | 3,903,343

265




¥t i+

= AR a3
7 ‘@%Q"‘ ﬁzﬁ

%< 50 f ~ Fit

W 57 F > 832107 |/

(D EEaFEREERAT 645 (AMDI 135 (7 105 SCH: AP B 22 % MHE ¢ 9% AP 205)

BN - (k] € R/B T LA #* &P P HW | TR mE. | SCIIF &
1 |Zintl4piv & 4 Tessera Alemneh Journal of electronic 20160329 5 £ # A~ | 075A50039 | 1.798
Cal-xEuxZn2Sh2 % 7 1+ |Wubieneh,Pai-Chun Wei, i materials
(i % ,Yang-Yuan Chen
2 | E2 TR | ke International Journal of| 20160301 | 13 ENEY I~ | 075A50077 0
1 Thermophysics
3 |fI* m+ 4 Bacs £ IR John A. Dagata,Natalia NIST Special 20160701 | 26 iR # 73~ | 075A50163 0
Fef SR E S 2 |Farkas,Prem Kavuri,Andras E.  |Publications
Vladar, % 2. ﬁ:,Hiroshi
Itoh,Kensei Ehara
4 |APMP.T-K7 -k = tp 2t B |34 ,Rod White,Jun Metrologia 20160616 | 92 Ny A=~ | 075A50209 2.5
g ¥ Tamba,Kazuaki
Yamazawa,Mong-Kim Ho,C M
Tsui,Ghufron Zaid,Aditya
Achmadi,Kee Sool Gam,Hafidzah
Othman,Nurulaini Md Ali,Kho
Hao Yuan,Ye Shaochun,Hans
Liedberg,Charuayrat Yaokulbodee
5 |APMP.L-K3 " 445 £ % < . :
& = JT Metrologia 20160608 | 29 e #7#m =~ | 075A50214 2.5

266




75 = i e % § R/ LA #F4p | T AW 7] FAL4S |SCIIF &
Metrologia, 2016, 53, Tech.
Suppl., 04006
6 Takashi Shimada, #c+% & it i%
N it ,Karin Bittner-Rohrhofer,Victor
COM.FF-K2.2015 4, 1247 J. Medina Lopez,Roberto Arias  |Metrologia 20161001 | 99 e HIw#m=~ | 075A50218 2.5
R.,Fabien Ribere,Linda
Rowan,Simon Dignan
T ph o R AN A
TR RPIET M EEA RS R A8 ML T, . o
SELYEPETARN it Displays 20160213 5 2 F #Twm~ | 075A50219 1.903
FE g LR
° 3P * ﬁ it Foaam REE R 2 Sensors and Materials | 20160523 | 14 P T~ | 075A50220 | 0.489
X5 RPE
9 |FrarEAg vESR (Zan 5 Smart Science
T EIREERFATRIZ 20160627 8 |" EAR| HIHm 075A50221 0
BHREFRRE
10 |APMP.L-K3 it 3R 2 252 | 2T Metrologia ENES g | 075A50214 25
Metrologia, 2016, 53, Tech. £ K 29
Suppl., 04006
11 [ g R ¥ Takashi Shimada, #*4 % ,Fti&  [Metrologia e 7%= | 075A50218 25
CCM.FF-K2.2015 %, %48 4 | Karin Bittner-Rohrhofer,Victor
J. Medina Lopez,Roberto Arias iz B 99

R.,Fabien Ribere,Linda

Rowan,Simon Dignan

267




I = LA % g RID T AL #40 | FHE| RY 5w T % [SCIIF &

12 |y oy hpt s ﬁ?;% FEEAE BEA TR A8 mL >, |Displays N I~ | 075A50219 | 1.903
€ORHEY RIET 2 SRR | ARARE 5
FEL P BT AR *H 5
SRt N LR R

13 |3D &\ g phadg s 4 |32 TR R Rl Sensors and Materials . y B | #H7#Hk> | 075A50220 | 0.489
EKFRPE

14 |o#FET ez hipE My B FFfomls Xig1 42 g )| 20161001 | 4 FAE| PT%H~ | 075A40091 0
TR BB SEE

15 (2500 ~ 3000) nm sk 2 4= % | E %k, FlIE ERUEN X £ 20160430 | 5 |¢ F3R| HT%H=* | 075A50044 0
2R

16 |» REHgstt 24 E (HAR i Az H 20160401 | 6 |¥ EAW| HIH | 075A50047 | 0
Blic 4 2 F B E g

17 [RiRARE &4 B%IF |1 Fak 8 RE o, Ligd A2 4T 20160401 | 5 ELR| #HT%~ | 075A50048 0
#

18 R AR R F & (HRS R T’ BRITRET T 20160501 | 9 |* FXE| W% | 075A50053 | O
FE Rk s fagT o
& &4 B

19 #Epf224 2pFy |FRhem¥ R IRp el (ERIFHE" T 20160502 | 6 =R F| BT | 075A50065 0

20 |4 TR RS RIL EE ERIFTAE T 20160701 | 7 =B HA T | 075A50078
B FEER AT

21 |LED BB ™ &9 sdi Mg hraits® BRI T 20160901 | 9 |¥ EAR| 7% | 075A50080 0
TG 2T ;L“

22 |FMERRGREERE (2R TRIFTEY T 20160129 | 6 =3 | BT | 075A50086 0

23 |»F ﬂ#;\ X SN KK (T ERIFE T 20160301 | 5 F3F| #T%H> | 075A50094

268




s o g | wtn [Ta[ MY | # | FReR [SCIF @

i

LT HIENGEL HET MLy Fam ERIFED A 20161101 8 |¥ EAR| HTHm= 075A50096 0
BEFRELIENARE
[ B E:

NML & Ji Ptk £ o) 5 |A24048 % = 3 BRI T 20161101 | 6 |* EAR| #HT%m = | 075A50097 0
s

L AEFRRR (FEI PR RH iRl A 20160901 | 5 | FAE| #E= | 075A50134 | 0
el g

BESERBEFHINY (FEI Pl Fm2 BRIFAE" T 20161101 | 6 |¥ FAE| HTH< | 075A50140 0
f

S LR LY S e N SR S S S N 20160101 | 12 |¥ EF2®| #7%H* | 075A50145 0
PTRLRZ AT S R R

PRRELZTHEY M MEIuE 37 aan Bl g 7 20160701 | 5\ EAE| MHT | 075450159 ) 0
PR e R

FEFER LT

MEAR 4 F TR R AT ERIFgE? T 20160701 | 5 |* EAW| #Iwm= | 075A50165 0
Pl HEE % R4

BEATLEERET R R T RES BRIF R T 20160301 | 8 |¥ EAE| #HTH* | 075A50167 0
(R R Y e <A

1%

FEEFLLEI T |1 5 ERlF gy 7 20161101 | 3 |® ER| ¥I% | 075A50177
FRASEREE — FH T ERBED BT 20161101 | 7 |* EAF| BT | 075A50178

Bz A7 2 473

EAHRERIEIRTE (AT ERIFABE" T 20161101 | 10 |¥ ¥ ®| #H 7w | 075A50186 0

269




IE =X oy 8 I’Fiﬂ" € R/B T LA 4P F#c| AW ) TR | SCIIF &
s &
35 |HREREE YA ke 58 S 5,1 Tk TRIFNE T 20161101 | 5 |* #x®| #HT#H* | 075A50210
36 | AC-PIVS T RE®E |l ¥ CPEM 20160713 | 2 | *t &= |F3€#H =< | 075A50006 0
MAF LR RS2 A B
R BRI
3 IMART HENEA LT [FEP ML Y HCEIRF X |Conference on 20160713 | 2 | *t& =% | #3H§# > | 075A50074 0
FRAR A A 4 Precision
2R R A RE Eletromagnetic
Measurements
33 L4 RE R 2 ap Internation Conference | Pt gy | 075A50108 0
(R S A ) N TS I 2 M A of Floe 20160926 1
» Measurement(Flomeko
i )
39  INML f s brdf 4eig 2yt (M Py g 3 ¢ InterNoise 20160822 | 6 WE |3 € @~ | 075A50125 0
B B
40 |- fETEA R E 23 (Pl E2D TEMPMEKO 20160627 | 1 w3 g & | 075A50126 0
ST gL MR B
Al Rp R+ 2 TREGAFE (RLE I S National Conference of| 20160727 | 11 | # & |#31 ¢ 3%~ | 075A50143 0
B 2 A 4T B4R 3 Standards
Laboratories,
International(NCSLI)
42 R RRD 2 AT | F4E ML, KE, 2% [National Conference of| 20160726 | 14 | # R | #3 ¢ %> | 075A50147 0

R

Standards
Laboratories,

270




7 = LH T4 § &/Y T LA FAP | T R 57 ] TR e |SCIIF &
International(NCSLI)
43 Internation Conference B |3t %Y | 075A50168 0
TR R BF WL RE 3 2,1 4,550 2 ,Bodo of Floe
W2 MfiE Mickan Measurement(Flomeko 20160929 1 6
)
44 1L EH LT FRARR Bk IV T ERA TEMPMEKO 20160629 | 10 | # @ |[F it @ < | 075A50211 0
e 47
45 |p 4 BFTWESABEN (FRTEr A S B A Y FAREREG SRS | 20160625 | 4 EAF| A g% | 075A50036 0
247 3 1A H et g
46 |REARE 1SO 17123 i * ++ |2 5 & AL B AL D, [BIE 2 T | 20160825 | 9 AR | A5 Y | 075A50073 0
SRR REBEREZF R FY R TR RS EF
*
AT g kI EERCFY S | EFRCERERSE FIF, |ARA B3RS | 20161101 | 6 AR | 3T €2 | 075A50082 0
A U RE TR 2 (T it e
48 | L maud Rl R R (|3 AR ERP Aok AR BT | 20161102 | 4 EAR | A €%~ | 075A50099 0
g B RS it
TR FRE EAHE
AR = B
49 |E AR TR f 2k (JRR SRR E rREFEY FF | 20160819 | 5 EAR| 3 g% | 075A50100 0
RFF A A W g
0 MegafmEy Rk FRRE.PE R daoaoa gt 8 B FT | 20161102 | 5 EAW| 3 €% | 075A50101 0
k) e
51 PVTt st g% |58 7 Ao gLt BB AT | 20161102 | 5 EX |3 % | 075A50102 0

g

271




SIEN A T4 g R T LA HAPp i By 5w T shEL | SCIIF &

52 |AC-PJVS M FR R ML FEp Ak gt FNFT | 20161102 | 5 AR | A3t € @2 | 075A50107 0
P RBEREZFAY g

53 it - F 4kl |EVH.Y RS B 35k 1 AT A 3 | 20160825 | 4 EA | A § %< | 075A50114 0
i 3 aiakal |

S4 R R ERFAER |MER YR FREFEAY 49 | 20160818 | 7 EA | A g & | 075A50115 0
i W g

S5 [T RRERE (R FY R A RE R FE, ARSI EFF | 20161102 | 6 | ¢ FAR| A3 %< | 075A50123 0
i Mg g e

56 INML M 4e i 2 T i |3 TR, 362 R, 3¢ A g3t FFT | 20161101 | 5 AR | A3t € %2 | 075A50138 0
£ 3t

57 |E B R(00KkV)A R B2 |\FRILE Ak BL- @ B AERT | 20161102 | 3 | ¢ EAE| A E % | 075A50142 0
PR e it g

58 |E£ & £k saTh 5E & FT,HORE e AR kA AL § B AT | 20161101 | 5 ZAR| A3 g%~ | 075A50144 0

R

59 12012 & 3 2014 &R E T R R, 2 Sk -8 Ao gl g 8T | 20161102 | 7 AR |3 €Y | 075A50154 0
R A it ¢

60 | % 558 b FACRAEF B |k G 24 At Bt E 8 T | 20161102 | 6 EA | A3 g% | 075A50155 0
BRI AR A 1T g

61 |43 RI2ZAEIAT (EHEMFRERL A HE  [FRS AT | 20161103 | 5 EAR| A E#H* | 075A50162 0
G 2k

62 |¥rAlBEAFSBRESF | L PEARS EEE > EA | A §H > | 075A50169 0
T FEd el km? e 8 e 20161125 | 6

63 |2pdrEe s RAEE (KESRAE Aatd B R | 20161102 | 4 P FAR| A3 3R | 075A50170 | 0

4

272




7 % i % RS #4p  |Fi| ® 47 ) FH % | SCIIF &

64 |\mggpd gy |ndF e E fmikr AR BB BT | 20161102 | 4 ¢ EAR| A3 €& | 075A50185 0
PR it g

QAL EHIFBEAT 3430 KEAHT5E(5 1 £ SCH: AHNEE e 145 P E 65)

5 =% LA ¥ &R LA FHp || AW | FA%® [SCIIF i

1 |7 PRl BT HSE (FI+ % 58 %,35% 782 [, [Journal of Mechanics | 20160420 5 E N0y # A~ | 075A50010 0
R E L $ ¥4 37 Engineering and
Automation
2 |rEPrrfmAs FRm MR EL YR Applied 20160412 | 15 L A~ | 075A50035 | 1.484
LaserTRACER :& 7 ISO FERE Sciences-Basel

230-2/-6 RliE 5% % 2 BE T

3 |mrtipad 24k E |ET 4,43 # Kaoru Kondo Sensors and Materials | 20160622 | 6 P& A=~ | 075A50076 0
REf2Zp BRIl

#

4 |FHFHRETIEY (ZRBFIAC ELFEE |The Journal of the 20160430 | 4 (W | 7%= | 075A50188 0
i BRR 2 B R Coordinate Metrology

Systems Conference

S Al 2 f"}#&ﬂ% g;& T4 A B & ARARE European frequency 20160405 | 1 =R |3 g% | 075A40205 0
ERCEE i F R L and time forum

6 |pRipESHFLIHAS (R R I FEABTMRAE  |The International 20161003 | 4 |¥ = R|F 31§ @~ | 075A50041 0
15k s Conference on

Computing and

Precision Engineering

273




7 = - T4 g RIY T LA Fip | F&| AW ) T % [SCIIF &
T A R B % JRARGE 32 3%, #5464 |The International 20161001 | 4 |¢ FAR|F 1€ %< | 075A50045 0
T RTINS AR Conference on
W52 g HHR R T Computing and
Precision Engineering
8 Ml Ak FICE |ZEBIRE LR E RS % |IEEE International 20160524 | 1 |* FA W |3t €% | 075A50058 0
LR 2 kT E R Instrumentation and
Z s * Measurement
Technology
Conference
9 | kFF HRIT a B R |BALE PR RE G The International 20161001 | 7 |¥ FAR|F 3t €% | 075A50075 0
B FIViER 2 ER Conference on
Computing and
Precision Engineering
10 |# - LaserTRACER z &1 4] & ¢ B 4 &= european society for 20160602 | 2 = | A3 g%~ | 075A50079 0
ERIRICDE F BRI R precision engineering
TR & nanotechnology
11 | B p #2firer 2T (MER IEEE International 20160524 | 1 |? FAR|F 31§ %> | 075A50105 0
Rl ikt R R Instrumentation and
Measurement
Technology
Conference
12 s F SR AR FR |8 RS AR SPIE Optical 20160829 7 3 ® | #3tg#m~ | 0756A50112 0
FFAVIERERIZ R Engineering
13 |SPIE Optical Engineering  |Mario Tapilouw Abraham,3 2 |SPIE Optical 20160830 | 8 (W |#3 €% | 075A50113 0

274




7 = LA E % VRIS 4 Fhp o | T AW ) TR |SCIIF &
2016 773t € 2 - RIF (R AR R, T Engineering
MELF L2 6 kF gk
Sl >t PSS Bz HEA)
£ P
14\ per R ek B3 | B2EER H ) AR A 3 The International 20161028 | 5 EAR| A3 g @ | 075A50151 0
e Multi-Conference on
Engineering and
Technology Innovation
15 |TSI Model 3775 .24+ 35| 4+ & B F #3751 € | 20160923 | 1 FAF| 34 €%~ | 075A50156 0
FEZPASR R R
16 |- fEaAzhe Fotd i |25 mAaE The International 20161001 | 4 EX®| 3§ % | 075A50160 0
+ WiE 2 R %ﬂ\ BRI REY Conference on
SNIFEE k2 P EEA Computing and
Precision Engineering
17 |2 ﬁﬁ -E RTR Y F M |MATE,Z %R EEL™ | The International 20161001 | 4 EX |3 % | 075A50161 0
ik g 7 1SO 230-2/-6 B Conference on
; 5% 2 JZJS Computing and
Precision Engineering
18 |FEd 3 kR G AFRR (MERSEF The International 20161029 | 1 EXAR| 73 €% | 075A50189 0
fi e+ 3 BB ok Multi-Conference on
Engineering and
Technology Innovation
19 FAFHALEWLIER I IinFEE 72 iRl £ HaS | 20160301 | 3 FARE| ¥T%~ | 075A50012 0
P BT 7|

275




I = - " § R LA LR ) FtsmEe |SCIIF &

20 |pEYEHGHFHREY |ZERBALIMEILSY TRlIFEr T 20160501 | 6 F3 /| ¥ | 075A50013 0
%1 B 45 1SO 230-2/-6 B3
C RN A R xS

21 |- wz z aEkaR R (¥ £ s TRlIFEr T 20160701 | 5 FARE| ¥T%~ | 075A50017 0
Pt

22 |\ kEF MR BEL (RS TRIFE? T 20160502 | 4 FA@| ¥T%~ | 075A50051 0
R IR R R R

23 |voroar Al YRR |3 R Smart Science 20160627 | 8 EAR| PT%> | 075A50221 0
rERBERFLERZ
BHTEFRRE

24 | FHEHBRT LY FEMIFER 2AB RAE  (HedRaEsid | 20160521 | 5 EAR| 3 €% | 075A50049 0
TR EAFY ¢

25 [ F sz R4 HEIRS (2R HR L PR EMNETR Y EAR AP FE | 20160708 | 3 ELR| g% | 075A50059 0
F e Borf v 3 2 e 1A €
2 B

26 |2y p R ERRR (SEFETE REAR H RS € | 20160521 | 4 EXAR | 73 €% | 075A50067 0
Wi 3 e E ok

27 | %R Bz re R opl ko IFEHEE KRR FY EF LN BRAS FPEF | 20161101 | 5 EAW| 3 €% | 075A50133 0

Wiy G AN F 31 €

28 |ief FOERHESMECE |HATRLEH IS L7 EE  |ConferenceonFine | 20160923 | 3 |® FW |3 %% | 075A50141 | O
v 5 Mk F 2 s A Particulate Matter
w2 AT (PM2.5) & Healthcare

29 |gE4f4E 5 BKNM 4248 R s B Fi% ) BT Aws Bt B SR | 20161102 | 3 | ¢ FAR| A E@H < | 075A50174 0

Y

g

276




I 8 T4 € R/ LA #FE P T AW 7 5 TR %5 | SCIIF &

30 |- A piRiEFasy MFTEFFE M4 TAE | FARFREE 20160126 | 1 |¥ FAR|F 3t ¢ | 075A50194 0

W8 FARET B2 7Y
@R)mp BTy A0 REMANAY N2 K RAMNY 25 R EHE AL RPEHELR)
= in e § R A #4p | T HY A TR |SCIIF &

1 |58% 4 %5 owerkpey  |Seanl. Blamires, 3 1-2%,% & Scientific Reports 20160524 9 # R A5~ | 075A50090 0

Lrkk 5 4 LR R ﬁ ,Soren Toft,David
Raubenheimer, & i% %
2 |t 3tk ghii :n DWDM 2 |5 ® 38+ 33%’ M & 31, |Optical Engineering 20161031 4 iR HA#H= | 075A50095 0
4] 100 GHz fic e & 4 424848 35 8 [ 3540

3 |100GHz Fpez ki * § ¥ % 557 2,7 Ay A, |[ZRTAE T 20161101 | 6 |® EA®| HTH > | 075A50104 0
HECERA A HE FRARIE 2F B4 AT

4 | g3 LT RUWA | ZRY ERIFTE T 20160901 | 7 |* EAR| #HTH > | 075A50182 0
XS -5 ey

S |AMBREEMERRL (P X A AR T %, |[EMN Meeting on 20160413 | 2 FB | FHE@m | 075A50011 0
”f"& 1] 100 GHz R4 F ¢ |35 42 £, &546 75 Optoelectronics
Y {7 _{‘f;ﬂ"‘ 21

6 |fi*3appeerieiF (P EHZ,IRE NanoScale Proceeding | 20160309 | 2 AW |3 €% | 075A50022 0
R 4 B g XY $ 45 b=
s %me 42 Rk

Ttz BiERSFE MABARS L E R ﬁ IEEE NANO 2008 20160824 | 3 P& |3 €% | 075A50136 0
B Rz R %fﬁ*#"

8 |[WiFm R el AR |2ay The Annual 20161124 | 2 P& |3 €% | 075A50212 0

277




5= LA Al & RIW T LA #FAp [T Y e P e |SCIHIF &
3N BT 8 Conference on
Engineering and
Applied Science
9 | XERFHRXRR)E | {3 ET4, Pl F,28%4, |34 2SR E | 20160512 | 2 E | A3 %2 | 075A50046 0
T 4 P (TEM) > % gt X 8| R, 6 52
WMEATVHER S A
P g
10 [41* CFD A% b iF £ 5 2% % 248, % K2, i1 % DR EA A EF | 20160820 | 9 EAR| 3 €% | 075A50111 0
& 8
W g » e ek |7 % ¥+ % 557 2, A&3%, |AOIForum & Show | 20161020 | 11 | EXB| 4734 3% | 075A50119 0
v sk 4 B B FEARGE 2 B 46 AT
12 41 p o g samis |384r Taiwan Precision 20161111 | 2 EAR| 3t €&~ | 075A50184 0
LI L Technology Workshop
@) A BHHEREAE L EEP DL E)
M5 | LA e & I LA #4p  |F#| R 2 FAtsE. |SCIHIF &
1 R F R38R (o r 12 T2 22 15 B 20161107 | 15 |¢ &3 F| H 7%= | 075A50198 0
SRR SR

278




S s RS - A

AR L (MSVP)54 > ~ KRR L (ICT)AT > ~ BpdFE 2 41 & > B3P 1R PR TH2
QD FERaFrRSER AR 3 113 B(MSVP5L0 &~ ICT 44 & ~ FpedE £ 19 )

3 =x R AdpY W e S EXRE R R e % F | TR
1 |§5 5HE R HRIEAR R 20161116 | CMS-RP-157 | ¢ = | b4 |FlH 48, F <o 12 | 073900136
2 |Mn B BB AR RERL L2 20160303 | CMS-FR-1381 | ® * | 4% |FFr i 54 | 073940071
3 |mBERAAFET SR LA TR TRHAL 20160308 | CMS-FR-1742 | ® = | 2% |58 F & &r 3 20 | 073960107
4 |3 A RARIRARA 20160318 | CMS-FR-2112 | * » | 2% |L & fF i F 26 | 073984315
5 |REFmBEEYSFTLA LSS 20161011 | CMS-FR-2568 | * ~ | 2:48& |0 & k& % %¥, | 17 |073A02398

FI
6 |FY101 1 FYI0ANML A% 7 a 17 20161116 | CMS-FR-3666 | ¥ ~ | 48§ |#F% ML 42 Sa: | 63 |073A50102
T FRNLORES 20160606 | CMS-FR-3584 | ® =* Bw (Eve 12 | 073A50104
8 11043 NMLAEZBAAENAFT WL 20160630 | CMS-FR-3588 | ® =* i A D T ke 15 | 073A50114
9 RN A BIFRALE 20160803 | CMS-FR-3597 | # = | 246 % P R % 49 |073A50124
10 |Varenna Sumemr School 2016 3" #4F 4 20160725 | CMS-FR-3596 | * ¥ | 2% |¥ 54 073A50130
11 [k A 49 R AR 20160920 | CMS-FR-3630 | ® ¥ | 4% |7 F3& 8 |073A50143
12 |2 in g = &Pl i 20160901 | CMS-FR-3625 | * * | 2§ % P 7 i 72 | 073A50145
13 |mppe ¥ - P (2-0 A A)%ES S S T2 | 20160923 | CMS-FR-3632 | ® < Wy (Ep 073A50157
A 'F#—}ip 7l
14 |3 %75 B 8 5 1 mdp & 2016 20160830 | CMS-FR-3622 | ¥ = | =% |E2 2 14 |073A50146
15 [105 & & NML p 3RfE4n 55 £ 47 2 20161005 | CMS-FR-3638 | ¥ * | 4% [H &kp,3 58 62 |073A50170
16 [t #5488 PR i 4 20161123 | CMS-FR-3672 | * * | #% ML > =z 13 |073A50178
17 [ AR F RPN i 4 R HR 2 20161121 | CMS-FR-3670 | ® = | 2483 |3k % ¥l 15 | 073A50194
18 = RAF+Ea g 8 Btz 20161128 | CMS-FR-3675 | * = | 24483 |2 < 10 |073A50216

279




I = 2 Advp wWer sl | (BRI E % F | T
19 | & kg ohid § AR E 8 P4 T PR 20161230 | CMS-FR-3735 | ® = | 248 % Mg 63 | 073A50293
20 | e g AR AT S -V G2 20160906 | CMS-ICT-034 | ¢ < | 244§ |mii~ 18 | 073760007
21 |4 BRHARE BE 20160802 | CMS-ICT-040 | ® * | 4% 3R 5% 11 | 073760068
22 RGP R SR D AR 20160106 | CMS-ICT-031 | ® = | 228 % |Hi-& 21 | 073760083
23 Rl AR A - RS 20160913 | CMS-ICT-088 | ® * | 4% (AR & 11 | 073770030
24 B D BRI ARG 20160831 | CMS-ICT-139 | ® = | 25483 |30k % 28 | 073800027
25 B R AR 20160714 | CMS-ICT-187 | ® % | 2% |H =P 10 | 073810017
26 |ZRR k soEgE N ARR R AR 20160420 | CMS-ICT-204 | ® = | 2543 |EP i 20 | 073810063
27 |k 7 R P B 425 20160803 | CMS-ICT-298 | ¥ * | 244 % |[thv 3 27 | 073820093
28 |dviE MR ARA — 1 BGE 20160909 | CMS-ICT-234 | ® = | 248 M ik~ 30 | 073830038
29 duiE LR AR R -IE R EE 20160909 | CMS-ICT-237 | ® = | 2482 (AR & 11 | 073830045
30 |[Fih 3 REFAERDEABE—T &5 20160901 | CMS-ICT-238 | ® ~ | #:§% |p2é 38 | 073830046
31 |3 2 B et 425 20160714 | CMS-ICT-241 | ® < | 2:48% |&Hi=p 14 | 073830049
32 B3 Rt BRIEAAE-PIBTRZ 20160901 | CMS-ICT-242 | ® = | 248 % [tk % 31 | 073830050
33 |EnEe kSRl ARA 20161110 | CMS-ICT-252 | ® < | 248 % |42 4048 22 | 073840042
34 |Medow s Bkl AR 20160419 | CMS-ICT-272 | ® = | 2§67 |H & 10 | 073840109
35 Mﬁifféﬁw RIARR -1 2 20160909 | CMS-ICT-314 | ® = | 483 (AR & 10 | 073860044
36 |t Lmu AR —GE 20160908 | CMS-ICT-319 | ® = | #48% |12 F% 29 | 073860085
37 1% fﬁ% B R F BRI AR - RS 20161228 | CMS-ICT-325 | ® = | 2:48% |2 2 29 | 073860115
38 MU e AT ﬂﬁ — I 3 ip TR 20160908 | CMS-ICT-327 | ¥ < | 244 % |3 ¥ 25 | 073870004
39 |7 :5 B Rl & kel 42 5-100 kHz ~ IMHz & % #% | 20160831 | CMS-ICT-349 | ¥ % | -4 @ |f24%4% 38 | 073900007
40 [F RS EERA (R R RE 2R 20161115 | CMS-ICT-359 | ® < | 2% L WZ 25 | 073900068
A1 e A D AR S -1 5230172 20160909 | CMS-ICT-368 | ® * | #48% (AR & 11 | 073900117
42 |\»RERE A 20160721 | CMS-ICT-372 | ® = | 248 [5E w5k 1 | 073910026

280




e LA Adp g BB S BE B RS E % F | T
43 b it Bp] s SR PR ARS-F AR B2 20161228 | CMS-ICT-405 | ® * | 243 (MR 23 | 073930130
44 |GR G S R R R s SR R 20160118 | CMS-ICT-407 | ¢ = | % |7 ¥ 17 | 073930196
45 |ein B Rk spor Ry e {lF ke AR E 2 20160303 | CMS-ICT-415 | ¥ = | 2L4% |[F& 2 22 | 073940095
46 |7 et BRI ARR 20160910 | CMS-ICT-447 | ® = | 4% (AR & 19 | 073960230
A [ REERDT AR 20160901 | CMS-ICT-449 | ® = | 2448 % |30k % 15 | 073970083
48 | 4o id AR ALK —4p iF B 2 20160822 | CMS-ICT-462 | ® = | 248 M ik~ 22 | 073986157
49 | FERER A BRIALE-EREFER 20160810 | CMS-ICT-469 | ® * | 2% |[B# % 39 | 073A00756
S0 |4 kg sid § MR RS 20160104 | CMS-ICT-476 | ® = | 2% | § i, ki ¢ 16 |073A10073
51 %5k pd FFAARIAES-T H2 20160831 | CMS-ICT-485 | ¥ ¥ | 244 % |38k % 23 | 073A20205
52 |FFFHMARETELRLEFERKZEAS-F-L 2 20160908 | CMS-ICT-493 | ~ | 248 (s 5 %3 FIG AL, | 27 |073A30179

K
53 |Hpaing# R AR(A0mMA T 80A)RKE 425 | 20160108 | CMS-ICT-504 | ¥ ~ | 2:48% |B3f 4o 79 |073A30312
54 ¥ g2 m P oa Bip% (10 mA ~ 80 A) R it 42 A 20160108 | CMS-ICT-503 | ® * | 48 % ¥4 33 |073A30313
5 |FMERAFAR REABAR-KHZ 20160421 | CMS-ICT-506 | ® < | 4% |%% % 30 |073A40079
56 |AiEE PRI E ARR 20160816 | CMS-ICT-517 | ® = | 4% |FEE . F35 22 |073A40118
57T |4 Tm it B R ER 20161103 | CMS-ICT-523 | ® = | 4@ |z 14 |073A40158
58 &£t R ARR 20160506 | CMS-ICT-513 | ® = | 448 ® |56 < 5,32 4% 14 | 073A50037
59 | MR F MR E R AR — G2 20160722 | CMS-ICT-515 | ¥ % | 2:§% |5%R+ 4 Hu# 12 | 073A50050
60 |= TR 20160816 | CMS-ICT-518 | ® = | Zbis @ |3ns8 s B4 5 PFR4E, | 14 | 073A50077

A
61 |F #NERER4 H(PG-7601) % & 425 20161128 | CMS-ICT-524 | ® = | 2% |[ZWE 23 | 073A50080
62 |2k g i kd FHBEERIAESm FAH | 20160831 | CMS-ICT-519 | ¥ < | 243 |micd 19 | 073A50128
63 [$ b §RBIAERDT RS- FE 20160912 | CMS-ICT-520 | * = By gl 18 |073A50152
64 |dei R AR L v RGE 20160909 |CMS-MSVP-035| ® < | 245 AR & 30 | 073760027

281




3 = LA Adp wWer sl | (BRI e % F | T
65 |1 R R R A SRR 20160104 |CMS-MSVP-019| ® = | 2% |& -# 13 | 073760044
66 | & kigst i s XiFHBAREER TGS 20160509 |CMS-MSVP-065| ® = | 2% 2@ ¥ 5% 3, % 44 | 40 | 073800028
67 |ZLR kSEi N AR TR 20160420 |CMS-MSVP-074| ¢ = | 24 % |[EP 7 17 | 073800094
68 | 4o id R SRR AR S R 20160906 |CMS-MSVP-079| ¢ < | 24 % | i~ 19 | 073810029
69 |H3 R BRI KATRIL - R 20160831 | CMS-MSVP-093 | ¥ < | 2L48 % [§iik i 37 | 073820024
70 | 5 8 Rk SR AR 2 20160607 |CMS-MSVP-169| ® * | 248% |k~ & 47 | 073820092
Nl B e F AR 20160817 |CMS-MSVP-109| ® * | 2% |[H =P 19 | 073830021
72 135k 3 REFRARDL LAFTEIFL-TH2 20160901 [CMS-MSVP-117| * = | 244 % |30k 5 p 2 4 53 | 073830068
73 heig R kST AR A -IE KPR 20160909 |CMS-MSVP-116| ® ~ | 4% AR & 21 | 073840006
T4 1B R R SRR AR 2 20161110 |CMS-MSVP-130| ® * | 448 |42 404F 25 | 073840073
S Ak A RaEE LR 20160303 |CMS-MSVP-167 | ® * | 2% [P ¥ F1 4§ 10 | 073850067
76 || okin® T adRd ALk 20160303 |CMS-MSVP-172| ® = | 2% [iL& f 56 | 073850095
TT Mg be s AR ) P 3R 2 — v s 20160908 |CMS-MSVP-186| ® * | % |2 Fix 45 | 073860093
78 R § R E Rk 3Tk 4R 4 —Piston Prover 20160301 |CMS-MSVP-187 | ® = | 248 % |[the & 38 | 073860094
79 [BRFMIAE REGERLFLE 20160303 |CMS-MSVP-189| ® * | 2% (2 2 29 | 073860112
80 | 4rid R kAR ARL — I ERapiTE 20160908 |CMS-MSVP-198| ® * | 248% |2 Fix 39 | 073870011
81 |+ F & &Pk 5™ 4R 4 -Mettler KC1000 & +* 4% | 20160810 |CMS-MSVP-199 | * ~ | 48 % |f&# % 10 | 073870012

%47 ID5 & =448
82 | F A mz i $(FOB) 7= fo 47 4 20160301 |CMS-MSVP-227 | ¥ = | 2.8 % [th~ & 45 | 073890123
—iR g
83 |23 Bk T4 -100kHz~1 MHz T % 155 20160831 |CMS-MSVP-232| ¥ < | 2548 |42 4R84F 30 | 073900011
84 |Z B AMINE AT RIFL R 20160303 |CMS-MSVP-242| ® = | 2:48% |2 2 15 | 073900098
85 |t ek # F TR AR 20160803 | CMS-MSVP-246| * < | 248 % [th~ & 21 | 073900133
86 |‘ri RHE kMRS -T FipiTE 20160909 |CMS-MSVP-247 | ® = | #48% | R & 28 | 073900135

282




N A A D p o W2t s EXEL it T | TR
87 |»R¥RE FATRHE 20160721 |CMS-MSVP-251| ¥ = | 24 % |3 & 5 18 | 073910027
88 |3 R BRI IAFERFL—PBTRE 20160901 |CMS-MSVP-256| ® < | 254§ [§hik % 58 | 073910061
89 |@ s AR AT ITRIFL 20160512 |CMS-MSVP-266| ¥ < | 244 % |M it 41 | 073910082
90 |hif Bipl kAP RAFL-F M B 20160303 |CMS-MSVP-289 | ® < | 2% |k 18 | 073930129
N |HGE B HIE L As R F R TR IFEL | 20160601 |CMS-MSVP-297 | * % | 24 |= 3 33 | 073940036
92 |jR#s R kTR AR - R 20160913 |CMS-MSVP-298| ® * | 4% (AR & 23 | 073940077
93 |MAFJRE R MR AR L - KGR 20160909 |CMS-MSVP-300| ® * | 48 (AR & 24 | 073940085
94 T A BRI AT EHFL 20160910 |CMS-MSVP-328| * * | 2L4% |4 R & 15 | 073960240
B I REERDT HFTHES 20160901 |CMS-MSVP-330| ® = | 48 % |50k % 32 | 073970082
96 el 4vid Rl F HITRFEL —ApriE R 2 20160822 |CMS-MSVP-342| ® < | 2:48% [P ik~ 28 | 073986126
O |fERBAAZ B(2500) 11 % MiFimdF 4 20160309 |CMS-MSVP-346| ® * | 2548 % |[f7 iy 24 | 073995146
B |MBRFHEERE TR L R E 2 20160301 |CMS-MSVP-350| ¢ < | 24483 [tk & 46 |073A02073
9 |4 kigitid FHREREITEHRL 20161121 |CMS-MSVP-355| ® = | 248% |% % i 57 |073A10094
100 [ 5up pd FFACRRE FAFTR ?F%-" iz 20160831 |CMS-MSVP-373| ® = | 25483 [k % 34 |073A30113
101 |EAp i # F &P 5 3(10mA T 80A);=74R+% | 20160108 |CMS-MSVP-386 | * ~ | 248 % |34 60 |073A30317
102 |HEAp2omg s B0k %(10mMA T 80A):TR4R2 20160108 |CMS-MSVP-385| ® ~ | 248§ |[#Fifd4o 25 | 073A30320
103 |F Rk R AR AR &R AR :%*F—r-' Eis 20160421 |CMS-MSVP-390| ® < | 2483 |63+ % 32 | 073A40080
104 |2 nv B OB X HTRER (TR L 20160205 |CMS-MSVP-395| ® < | 5% [md > 13 | 073A50027
105 |£ ¢ it ? FEE R ERIFL 20160509 |CMS-MSVP-396| ® * | 2448 |3& < 5,38 42 15 | 073A50036
106 |/ 5 48R B 3 R PR AR L - 2 20160722 |CMS-MSVP-397 | ® < | 2:48% |2 %, fﬁ W 20 |073A50051
107 |= T qm kAR 20160816 |CMS-MSVP-399 | ® < | b4 ® (dph B 55 2534, | 19 |073A50081
wE Y
108 | gg @ #F - A (2-2 e Rk RSk ~ $53 | 20161025 |CMS-MSVP-403| # ~ | % A& FIF % 25 | 073A50109

B RIS

283




% = A AdUp Wehy | BT (BnEs e F | TR %%
109 |7 48 5% ,gg@ 4 3+(PG-7601/1974):" f 4f £ 20161128 |CMS-MSVP-408| * ~ | 8% [¥]4 & 25 |073A50126
110 |2k £ s stk BB P L HTRHL—3m | 20160901 |CMS-MSVP-400| ® * | 2L48% |MscE 42 |073A50127

LRSS
111 |3 TS g B4 3 i w1 4 20161104 |CMS-MSVP-407 | ¢ = | 244 % £ 25 |073A50131
112 135 b 3 REFNARD § AT HRL L G2 20160912 |CMS-MSVP-401| ® = | % |24, 50k 5 34 |073A50151
113 | 5% % &4 3+ (PG-7601/1998):% 2 4¢ 4 20161128 | CMS-MSVP-409| ¥ < | =% |§14 & 24 | 073A50156

(AL R HEMFERELIT 3 17H(UCT3 & ~MSVP4 &> ~ &EpsdE 2 10 &)

7 = L Adp Bt e =3l A SN f’r—g Bl TR %L

1| # A& a2 ) Al e i G WP EEH 20160205 |CMS-FR-3567 #e (st F]5 % 3R Fc 424048, | 11 | 073A40199
¥4 A

2 |FHREIELPERG 20161111 |CMS-FR-3663 o2 (A% B ARSI AR | 17 | 073A50044
Bwit

AR B o Rl 2 A RERER 20160705 |CMS-FR-3591 R 14 | 073A50103

B R S e e S S EcE S Bo S | 20160907 |CMS-FR-3626 LRI Et v R Pt SN 13 | 073A50150

P AET R Y

S |p BB ST RS phEd s L B RBUFEES | 20161103 |[CMS-FR-3659 e |2 (MR 22 m R R, | 23 | 073A50171
3

6 |p B ek 3R R EEARAE | 20161024 |CMS-FR-3647 LS T RS R, R E, | 11 | 073A50175
Rl2 22 F AR %

7 |5 eZd kT HALRE Rk AR 20161104 |CMS-ER-3660 oo |z |32 % Mario Tapi, %% | 14 | 073A50190

BOREVH FIVRERY EREE HER AR 20161102 |CMS-FR-3656 v B A4 11 | 073A50191

9 |2 R EHET 2> FRBELRYHN 57 5 20161110 |CMS-FR-3662 R R R L 69 | 073A50198

284




BN oy 8 A& p Hp # B4 S5 FE | BREs T'FTS‘ Tl TR
10 |In-situ 4c 1 ¥F 4R th iRl iR 2 20161124 |CMS-FR-3673  |* ¥ |[2:#% 3% = &, 2 Fi&, 4005, | 9 | 073A50202
X eI
11 |3 35828 b r Bt 42/ 20161103 |CMS-ICT-522 R Gk S 11 | 073A50059
12 |ppptes 425 20161230 [CMS-ICT-526  |¢ = |2:4g% MR FEEH3L ™ | 12 | 073A50193
Fim
13 |paEfl AAREA-EHEE 20161230 |CMS-ICT-525 P sn AR 16 | 073A50244
14 12382t p b rERD AT EHRA-TF 8 F £ | 20161103 [CMS-MSVP-406 | * |2548® [k § BK#E S 10 | 073A50119
Pk
15 A pRIEDT AT RES 20160816 |CMS-MSVP-398 |* ¢ [24s% | E FIA Y 19 | 073A40238
16 iy fes s samhapd 20161230 |CMS-MSVP-411 |¥ % |2548% 3% f AT 4 8, |17 | 073A50192
3w
17 |pefr a4 20161230 |CMS-MSVP-410 |° = |2:#% |[MAF 21 | 073A50245
Q)BT REHIFTT A 15 P(HMEL 5 H)
I = LA Adp T R L _?Elj Flic| P
1 |41% IMD % % & 7952 X-RAY F 54k 347 3 20160623 |CMS-FR-3583  |# ~ |xpwm |2&47, @53, P F, | 28 | 073A50105
=k
ZANGE RS F R & SN 20161021 |CMS-FR-3645  |* < |[2:#% |¥13 %7 @y 5 7F 4, | 11 | 073A50179
At A ARE 2
3 |RFE kEOF SRR AT L R GRS | 20161028 [CMS-FR-3650 ¢ ¢ [P wm |F15 % Ew A MAST | 10 | 073A50184
o ARANE 54 4T
4 |zim xS n R Bl 20161220 |CMS-FR-3690 e 2R |FER 4N ,8 218, | 16 | 073A50199
Y
o PR RS SO L 20161117 |CMS-FR-3668 PP |BaEER A 5% PR | 34 | 073A50200

285




(4). T L g R A

P37 »(MSVPO i ~ICTO i ~ FsgE4 7 i)

i ki ALY wems | #7 |[BnEs e Fic| FHBE
1 |#5 # G ® A A g s FEA 7 (OIMLR76-1 | 20160705 [CMS-FR-3590 |# © |smwm | RWE 177 | 073AB011E
(2006) : 3+ B fodprd £ — )
2 Mediti B RS HIERAP S R 20160923 |CMS-FR-3631  |* * |48 |7 ke # 6 | 07350160
3 |OIMLR76:2006 2 L2 T+ & 4 l3#ATH 254 | 20161130 |CMS-FR-3677  |* * |2% |l jiefid 5 21 | 073A50176
F R FRL
4 | b ARE NI R AE R OPRALS - Sk R 20161031 |CMS-FR-3652 e (i [Reods, A 14 | 073A50180
S A AF B R HIRPF H (R ) 20161101 |CMS-FR-3655  |* * |248% | g ke ¥ B P ——
LAt o S R0l R 20161115 |CMS-FR-3665  |* © |2 |tk # FER 1 07350206
TR g R RS TR TR E | 20161208 [CMS-FR-3714  |Y ¢ | R E 157 | 073A50207

286




i E RPN 2 g/;}iﬂfﬁi}% R gléﬂ'éﬁ?}%ﬁ* ?ﬁ%\

7 Y e -z 2% R %t
s (de~ig) sw | pk | K
Ny =3 -“]l g
1= % 2 RIBIF T € - A AT 105.03.07-105.03.08 F74 20 24
, [ISO GUM R ipl7 £ Tk &2 523+ A .
VR AR Ad 105.03.15-105.03.15 77 8 13
3 ISO GUM & B # F& T_R& 27 53t e
HETY € — A#HIT 105.03.16-105.03.17 AT 10 14
He1¥2 FEPRERF IR .
g [T FEARBREL 105.05.03-105.05.04 3 21 a1
FHF 3 &
5 |4 plHierT i § 105.05.10-105.05.10 377 9 13
6 (2016 7 ;' & ipIPHTFT I § 105.06.29-105.06.29 377 9 13
S R X 105.07.01-105.07.01 377 16 25
8 | % B IRIFATETIF € i FEIT 105.08.09-105.08.09 377 16 32
9 [ERRBRIFIFE 105.08.24-105.08.24 37 26 41
o Mo (PM2.5) B ip] i ¢ .
10 |, 105.09.06-105.09.06 77 12 25
11 | 2 2RI B RE it ¢ 105.10.28-105.10.28 5 18 25
12 |R 2 ERIBIF ¢ 105.12.23-105.12.23 575 4 30
[oar 169 296
R TLst SR TR S
2016 & # BB B #hE £ 2 E R .
1 105.03.30~105.03.30 77 38 75
FHF
2 FEWRIET BEE & (018 105.04.12~105.04.12 o 25 34

287




o
o~

T

" B iy i #2 75 IR

-4

s (de~i) v | gk | Ak
FEBRREY BIEF L (57 ) 105.04.22~105.04.22 i 46 73
TEBREY HE L (53 ) 105.04.29~105.04.29 OB 20 35
2016 4% % 3 & T € 105.08.23-105.08.23 o® 70 127

Rl 7B & # 8 9 % 2RI PRI*

B SRR L ¢ 105.12.22-105.12.22 354 23 e
520 & F 3+ R ABH AT € (+479) 105.05.18-105.05.18 374 31 | 167
T 253 | 567
R AR PR

%f% RS TRARBREERL T s 00.00-105.00.00 L 18 39
ol 18 39
R 440 | 902

288




CEARYE

l; )J_

\/LJF
& % o
ga| P | ER - gL | B 4 AT P |
(7% %) ¥ itie (% #) (%, #%) (7% #) Hiw | & B R | AR it g
’H,
]| FlB A | " R FE | e | E | R |E| R | F A p
g Bzl 3| (TH) FpELT P A ; S
A3 g wlh R | & | A (| | (R | B | | B | Ro| < | B |
FRRFERER R 1 0 35 29 113 34 23 | 21 20 | 902 | 22
A EE BEw B 3 2 10 20 17 3
e B R 0 | 2 4 8 |5 3
i R HE B 0| o 1 0 7 2
g5 3+ 4 4 50 57 142 42 23 | 21 20 [ 902 | 22
& 3+ 8 - 107 184 - - - - -
P (1) HAARIAT- Y o A& TR AN - R e S ATHE R -
(2) g—?‘? ’}EK %i%ﬁiﬁg{”gﬁ]ﬁf",ﬂiﬁﬁ & a o -z,—, ﬁ, v P%—\i‘ /':%_] E]J"" _&}i\:‘ ;]Jﬂ; o
() Fied g 7 B~ FRF L g P g R -

289




Vg (% L

CB PR R R % RIS %

£ 21 &
.:‘/Lf.v ~

105 & ¥ it #c g (i)

g | oams | gpRe | NMLR| E?;;ﬁ 5y
1 2 % 1039 129 47 1215
2 # 287 6 1 294
3 k2 429 22 5 456
4 Vi 3 134 2 1 137
5 B R 95 53 14 162
6 B R 62 35 5 102
7 A < 68 55 0 123
8 E & 23 14 0 37
9 = £ 331 37 0 368

10 £ B 826 61 7 894
11 g 19 21 23 63
12 i3 308 21 4 333
13 B 119 52 29 200
14 L3 31 8 0 39
15 w2 312 73 17 402
|3t 4083 589 153 4825

290




it SR EFEREEIZ R EFT
IR AFAREL R AT LR FRER == -
er D 105 &

L 12| 3|45 6|7 ]|8| 9 |[10]11]1
A EIRTH
odk I JRTE — (1) = () e B) (%)
N RTINS —— - e~ e e el )
odE TR BT —— === == ==0
o2k  #7 NML 2k e e e e e e e e e 1 ()
o THTRE ~ A Lir ______________________(é)
ot {7 M £k — e (9)
B.R™%= % F
LESNTIE R o4 ______________________(1)
oI (7 M H —-— 2
C.k shids
o fr 5 %"mlf%#i—tzz} ———(ll——= =B ) =)
CEITPIREPE G A (5)
-:;E‘-ﬁ??,‘%ﬁghikx—%?*&,,\ ettt (6) e (7) ettt (8)
T
EBIZE ICT 2 MSVP === L= —==010
EFBLADE ——————————————=—={
oL 4 e e e e e e (12)
oy 7 F [0 3 i ______________________,(1'3)
o i MpF iR/ A ‘
BT A ——r———(14) == (1%) ~=r———=(16)
REOL KD 4R e i (17) e (18) e (15'9)
AR s —_— g_rOL I — (21) — _(2;2)
FORE R T 23) et _(Zﬂ______(z?)
el e (g@) === =28
R AIE === === 0 ====0D
-hoiE BBk S ——— (32— _(33)_—=(3‘I1)
S —— ey W E5))
ERF A% 2506 50% 75% 100%

291



&R PN 105 #
1 e B 2 [3]as[6]7]8]of1w0f11]12
A= R Fp kLB HiE
RS ——= (1|‘; —— ()= -(?‘;- ==(2)
o p B HUE G R BE RN e e 5 e e () e (7 ) _|_ — _(lg)
o 472 o wEie RN ml e 4p e 4R

i;;mﬁ%w]ﬁ e e e e (11) 2 (12)
B.X H 4 5 & S dc R R E
Vs
* wBump AR R ) y——m—— () =)
e e a0 a0
o u-Bump & =i = === =(8)
C.j Wi £ RIHE v
MRERIUA S SR U A —a—aw  —a—a— )
o 3 R - _.--(4‘;_-.__(5‘;____.i___-._(G)
c RAY T FEER B HRR |\ ) |

e e ()= T = (== =(9)
M
o SKNiz4F & 5ok 24 0% — —pr-—a— ) —r——r—y — 07— ) —mr—r — Y
o iBp e == = = =)
. maTe e )

" igj e ; )/Lﬁ 24% 50% 78% 100%
3.7 Fy% J“E_ﬂ;ijn"i‘?ﬂ 3 A 38
e R P 105 &

1 E5 P 12345678 ]ofwof11]12

AT SR SR 0 i —— () = ———T= (?) === (:?)

BAFRFTERRSKS e () == ) === O

C.HEWE B £ R4 ) —— (2)____(31)

D.2b& » N0 & £ R — T () =—T—r= (é)

(,;fgfﬁ - ;Vf% 25% 500 75% 100%

292



4% T3 B B 2R

4 105 &

TR

a1 i®3E p

A.CNPA 76 £ 74 R76 (2006 )
A

1% 340 % 1247 1 (R76 4% B

%ﬁ-ﬁg%‘fi},}) _-I——-I__--__(l)

2.% FaL € T

|
—
D
"1
i
—~
@

SR E T _—

BAZH % 5 3% f £ Al
R ]

LAz ik § £ 3t i b e

F}g%?ﬁ‘%gg,g — e o (. e o -

f— -(1)

2F R A E R KA
PR % = e (2)

3+ e The & #a

Fyé—?ﬁ/ﬁkiej- X %;%}g{é_ — e o (o . . o o - e ] = (3)

2y
drgE RV RTRE
PR § % === (4

C. 238 16 ¥ Rl F §

LEEHR A Y

2.8 B iRlE H A ——==r= )
RPN BRI 2 A4 |

BREF A% 18 % 49 % 82 % 100 %

293



HiEL ~ 1058 A SEFALAALY B
R FETLFETE (44)

h A ARE RS

105 # B[ Jwitzt 4 % 4 []

Hv R

| LR e

R E 7

F]’;

3

AL R

1A% g i 2 v 4p

ﬁﬁﬁéfﬂﬁ-ﬁwwm
o FE AT PR EE 4 A i
EREM > & LR R ﬁi 2
ERIRBEARE F R &%W%w?é%
EHWA T E -

#%ii
R -

~

i

B
® H_i

\“‘b
N

\*V

AY

L RRE R B RS R

HLAF 2R NPREFET %3
Mg H o L3 NML E5% S B R
PRz R E R 0 HERP) A X34 2
IR o vt B AR e R R

B
E
B

ﬁi’%ﬁ J—ﬂL_tJLf_rg\,%\ﬂélEF“
?iﬁﬁ&éﬁm%?%ﬁw¢%¢%f
FRP MBI HEEER > BRI P R

o

»b4 ég\,}%ﬁ),l.},

JLVL‘]-’;

E#LRF T2 ii/ﬁ? LAY H& i h
Bl - s gl 4} ’-L NML ¥ #-3%F 5§ 14
’Lﬂﬁjﬁpggg%;} ’531L YA ¥ H B 2

4

3 EMLs e IFF!LF“ 2 fa it 9 P FE
ERRP AL ECHEN G NEAPR F&Q*JL
fﬂﬁba¢‘ifiﬁﬁﬁ A 35 2 AR B -
Rk WAk ) ERIRP XN R f
$2 o8 EeHY wa@ﬂpﬁ§*¢%%3&
b E i d 2 R AL RS

s
1~ o©

ﬁf%“ﬁhmwwﬁfééaﬁﬁgﬁ@
Wl B LA A REAR %A 2 o AT

%%%ﬂrﬁﬁﬁm°
R#E RRPLe 2 R A ERafes i w
Mo 872 G E BARM R 2 3T
),L_ﬁij;/{,{q—ﬁﬂ"‘ ) L_J-EJ#:,«:?;; M g]mf%ﬂfr,,r}
w2 T 0 R RIS RL ﬁxﬁ%f'}’fg
AR FEE Y AR E TR RA AT
T2 AR > e R U R Y A
RERTEL L WA FHHM LT o
@t R edpiFo 3 1051231 p W Hp A2

Fitgwmc # 2Rk 4T H(SCI105) > &
FRE P 3R AT NML #3258 4 3+
Y R R i R

R RRER S

>

liFpREE > 7 gL

FLANMPEDR ¥ o
- @& * — B word §* A (*.dotx) o B A3k
AL P RADOR T AR RS L A R

P
v R
L

G - RoER|E
R EREPF o Dot ERFNE B

2AE NML A5 F2 /A R
AR E M6 R EEMER > BT 300 F

=

Ry wEFYHECRME BHFLAHFE -
FTRHE Bk BRI BARE minE

B kA o o B L 3

294



B G AR E R N Y s &
2 E2. T ARM o

247 %k Y 2 px o EEA L

RHEAHITH Mo AREFHEL g &8
BREFBBFAERATFTY rE 42 258
FLBEE SR FRRERY Y B AL AT

o % 2 ;}’511’"}‘]& Jébng%’éﬁiﬁ
A
342 REARMAT AR RUL R AL M- v 2E L A -
AR P RIIRP CHEPFF R 3 205 B R E R RFE B AE 2N 0T -k
BOAH- B ORLIARRTR LR E|BEFLGD -
fE;2 A %u— o
5.P.255 [ A #i Ak AT P AR why|B L A B o BERRCE B R UR R
iaﬁ‘—g\’f‘?%#{? ﬁ%%“ﬁp%é’;rﬁﬁﬁﬁiﬁé%’ %#\’i’:a\'%

p_Bump K A iR e ?l (T2 % e 3P A 2B
Bk TR B Rk SR 2 2 H P R

=3

B R B TR P e =

R o £ o
uBump %5 R 8 # 4* Fg = 3% ((Thermal
reflow process)) @l (7 & F 4 & » B 5§ 2 i<
20um~30 um f= 40 pm = fEHRFE 0 1 B ik
MK ZRIERY o iR R
Moo hrF 20 KFHRER FILLET R
fﬁpBump A% A E S feR R aE i?'J °

6.P.37 » QV?NBT-T”%$3F?’“ﬁﬁﬁ“E L Rd Do BT - RBRFLBL o
Pra-gT” T RRA gt e B
x7 o

7.PA46-48 > (235 AT R — IR P o B RA L
—@)];Jq/,{l;’ = ﬁ\m I x;;f_p Fgg&fg‘; o

%

24

P.A46-48 - (2)3E A T e - BIE P ¥ 5 HRZ

RIEAF2 RILT 839 Flikd ISO/IEC 17025
ALS ZAEFHMEB TR EMAEZ T E B
TR MBTHG L THRELEY
PoRERIRFE FRTAELERE > 4

8.P.49: ()% Fr e o
e SN

T- PR R

BRUEFER PO PR Y P
EEEAN.CEE E AR S N AR
FREZD UM LR USSP RS
Y A ek AR R S e I
g g £ MEEHF P SRk RE
ZEBFERFRD S A E R TR

295




i3

=2,

3 p

X

Eir2 B MO P L BAY
WP AT AT - R R o

$9 -

0.P.43-57 L ifif 7 I RALRE AT LR
bl4e t p.49 3.% profci J???Jf%%i"‘ P IR E T

AR o AT R G R R HHR R A
4IRS Pl R T B R

1.p43-57 kT4t 2 1 (F35 p > EIFHP
REFEREFREF 2L B2
2.3 il KA G LM TP -
M105 & ~ i mpTtgp Lz 2
B TR R R pEREE D G
F)AERE R L ¥ LR RG E v e
FEBR 2P TR A ALF T SRR
Rz v 5 (2 RERRIKA -ERF
LY S S DR TR S AL
A ~Epii sk pbadge {3
MARETREFHE R B O PYEHLI R
Fr REFREFPE Ry B2
Rt A%

A
,u“z{(

10.P.95 2z & » 3 423V3F § AR5 > ® BEL T K
SR LTy A

&

BHE B4 #0T- REiFLBD

I

11.P.116-118 » 74 4 fobe B8 > £+ ¢ © 4

S (T gpe) v Nekdrplpy
e AP R NS R AR 4

toieF AR AR -

BaE Bdqn o #od b ootz A%
S REEELBD -

13P125 ffs- 7> T Bplg S BT de |EHEL A4t o 0T - kg RFEdie o
Bt 0 AW215¢ rFA Ak 44

FR -

14.P.134-135 > = A2V 54k o

BHE Rdgl o #07 - mEEFL L o

15P.138 [~ & & p£]7 B » o2 R i

ER

%

B R 3o [# & 0 R0 25 R it
R L e L P S
fOESTHEPN TR o

’

16.P.139 » = 23V {£554% - hx,y Bec 2 hxy °

BHE R4l > #2007 - R REL (L -

17.P.141-143- T £ % 7 &% > pee 5 T £4F
Fopla3 T TERMHR ) wdph L
B0 B AR S DA BAER 9

R HE R da o H p143 T EIITEAH A

L EREAFNL ) B R DLF B

B MR T - REEEL(IHFE YR

o

18.P.144 - [F] 2-2-8 Hch & 4 chph 3 [ 3 48
‘j\/Jw ’—‘-F%];%-’b{o
20220 sk TS B FRBEL S 0 TRS

AR ?

BHE R &R 0T - R RE L Ry
GRES

kE2 e TRELE e TR X 3w
FREEY e R A RS2 ] T

296




#* £ E2 7 i p
o EAERE AT E TR DR o B R
i)
19.P.145 » @] * HI0% > Mt b B o BaE Bdpn > 8207 - w2 gt
B
20.P.146 » = Az 4REL 0 ¥ PELA WA o () [RHE RApD o TRV S THEY 2T
AR A NEEL NS RAE # < L flexibleo #3t™ - iR &g ¢ v o
21P149’z\224“ﬁ””f‘r1§'«1—\5fﬁ*¢\?’ R ’%‘iﬁiﬁ.!_’ﬁ}?ﬁ*‘?}im/ v R R K-

P -

T - R ERARL Y T o

22P.168 > % 2-4-4 ¢ > £ B RIEL LA -

BatL o

23.P.169 » = A2 3\ 3 L5 o

B fdpd » #0742

24PAT0> TA RHER B PaF jep Fo TRIEHMHE gt > Hpm i B A kg
RIcE @34k o RIEE* PxEiddorgd - » 07 - k%
2P eF TAKBBRRY PRE | IR E B
o o
25.P.178 » [4LirI#7]T % - 7 “& BN |R#HL ﬁﬁ+ £ T, TR 2
dn R0 w0 MENM H el 0 %v_‘?—a # < % flexibility -
26.P.179 > [t ] ™ = ehd > Fli o] [R#AE R LA H#B37 PLI79 2 ;TFK L 4ot
TEP REEEE 0 Aot et » P & PR R Sl A

e 4 -QEE é_iLwauxﬂ“‘ﬁE’ i#
W BT HAR R R RH IR R A R
e

27.P.184-185 > iz T 3 A B “3.7 & A |BHHEL Adpl o B I Ao
%‘:’;% o
28.P.220-221 » A iRFE AT 5 AN RE? AV zum e~ L Pattern Approval & Type

Approval - “,45 BN ) AR BIRBaE
fc R ALE S B UREOL KA H -
WREGEE e R EFINRE %

v @ AN e

e

_;_ o

29.P.221 > EFB BT A BEAG o

TR RR AR REL o & TREFE

Bk B2 BB GREER RS 2

B s HE W [ "

PER N £ d < E

30.P.232 > = AR UaAHREL T OREE e Rk AL RAp L o Bl SUREFRET 5

Beo ? A s o ‘g-vz/\ %—35E"?T~hﬁ$$—§{i
LERER G- A BRI B o P

31.P.233 th= 2N 21 p232 2 BN 2 ARk 0 &
& DI X ?

BHEL R4n 03 der T I o8 0 %
Wg p232 > A 4v b 3 ARNHEEE 0 p233 R R

FE QAR Al g3 e LB A A

297



Lo 3t T - MR KRR D g o
32.P.234 » = A2V 4k R 5 o BH#EFap > #2007 - mEEfFL 9 e

-
év°

CxH

LAF 2 3 57 S 4g5 R IAR A R AR 33
e TR 0 REdR A iR R 9 5 Ay
m> X HE5L8mm: BRI E2 4k 4
g £ BEL Y 0.4 um e e iE IR E R
duik B o doie £ i i%ﬁ WR? R SRR Y

24ums s RVEINLR E)04um?

B#d R etk 4ol & | o7 0 g R E
Plodici i RE > FHF T ERSER
ZfFAS T EINEHERIE o A F
dvid B 1% HP 35670A 4F 3 & 47 R
Boo E AT RN E i BT BLE SR S A
P (BB - S FL) FIrTERFAE
B2 A AR T R o

AR @20 04um G RHE A4 o o
Rl 5 B * LB G A MHE(<10 Hz)pF 2 32
um@8 mm 742 > B £ B 5 X 1 kHz pF2
0.02 um@1 pm 7 #2425 i FARR 71 F 7R
B enie g B RS S BT e E
BAHRAPF A T I fRAT R hL R E o B
T o RERRL Y B3R 2-1-17 2 ApR P B
‘:zyup’i °

RN

PIEE S SR Pk IESE: o5 100 SR 70 I T oY
B % s AR 2 T fgrekiR A 2 +100um e @
P2 Trgied 24001 umeH L B 4pl-
B REG W

FTEAET R aE kS )2 T e
WA AKX S 100 g m e kBTG R
TR 3 s i RAT O % 8 4 1 2(0.03 4
0.01) mm > - fFghig £ 5+ 10 um > H30 g
# o

3. F RAFH 2 KD PRI~ P Rdc s 41,090

2 105 # 12 7 31 p o+ » AFE B PRIFT

+ A3 110 RS Hs 40,248 F &> |~ 5 43,640 F & o
PrERFHELZES g P2
Diﬁ
BITAR R T éi%@% B#L R4 01 105# 121 31 p 2 44
263,731 HAmE s 10 ANFEEN G2 |TE =R EL Y i 308,437 F & FIE B Kk

% 307,639 + o arrudg 4 798 F A T H
A3t E R A #i 307,639 F

E] f:!"ll"l/{ ’

2%:115';!%)\33\& Efl e
B o s T o

BIRA o F A TR

BBt B #AZ - 101.10.24 TR £ B R
;[:;? 1;\-‘3:%5%& Fr R g‘:ﬁJ g A
PR A R BALE 2 NML #i

BBEHTE o R 2RI 2 T

298



= m

A& Fondpih s BEE R T A B
m .

! ;}7; 105.12.02 . IR =L £ 3 > [ omoas

% I q—/t’f‘vz X £ A 4F 20D B

0107 & BP0

T E R V- P;ﬁ— : {gﬁit‘:ﬁﬂ%ﬁ
X R~ MEBEI L E I E 2 05%%5 P
B iR E o Bt A d 2
M P RY 1540 F & o

3%36?%%kﬁﬂby%ﬁﬂWﬁﬂ’%ﬁ
9y 35 2. 105 & P HRdo ik 103~105 £ i

B MR E o URkmEE S o

ROt BB o ot | oot frE R JRIE
XEXPERG BB Andsr > EREE
FEY 4 o B MA P T 105 &
12 7 31 p o+ A& B f o~ fiead 48,992 + =

z

> i & N

& FF 3 #icz. 16% -
4% 36T B REA o AHAFH - Jn [BEE RS R AR Y
AT IR 0 B X S vy 105& 2
PRl REFREEE T -
EZXH

lLARBAFERNELI R LA
D& FEp F e AR
Mook g s i g £AZ Y 161 = o
Qe FHEMEJEE* R 5 > 3 172 H
i & 5,786,048 ~ o Hjtrr & {38 R I0 4 42 1E
FTEHF =L 2w 2 8apRy EREF A
17 F18 B o
(BT E A8 F AR  cdae B f1 el * = G Rk
oo ERERER IR ERA KT L
TR 4R o

a3 TE

(DR ohig i 5 s B 7 R
10T PR R
PRAE o

Qe & JIHR A ALEF §
SEERE AR &
?'6 cNMLzF 2 &4 4> #

B RARE ks pT e
BEREERGE BEAREMT

THE R Z g;;.t«};ﬁmﬁt]o

Q) #E Rk FEWRH S BTH kg i
e %Xﬁ%—%‘f‘?ﬁm P SR

ﬁéﬁ&?

£ A

(

1«3\;3' =
= T
I W E R

1\

=

(\x,

ﬁﬁﬁﬁ:&?\?\“

F"

B
B

TR E

e A Ry
3

N
P2

2. A F BB B AR

(D)= = ERIFIT? cp B3 B G &8 1R
FEE AR P M R BRI HATIE S I HE AT
ERwgEaof LRz - pPw i A%

ATREER B AR D AT AR

FR EF e Ak A 3R R
 oehd] o
RQPFERRAIM A P T HMTERA KT 7>

B#E R o 2 A RIERY 4 > it
Be? AR DA KD HRT HoxE
Bk AR BT G R R
BEZRETERRANAEE R
o X IEE AR AEFRHH R 2

o

s

299



# E ¥ 7 B p
AFHEHIEE -
3. P B HiEE B A TR (1) B3 R A3-5 37 mpthsi G| 8
DiZEHEFFERSBARY D OBAL R | HEF 9 BENMLEETE 2 3 £4F

L0 414 k AHATIRIR S B 1 Y J1 R e

P25 T PRI B S T

& ° SRTE oA LB E ARt HN R
Qupep B Brg 2 S AP E BART AR R o PORRIE T i 4
R IR SPSRER - 3 2L & ) A U 4 AW % ﬁ%%ﬁftf—ﬁ%ﬂ:zﬁéﬁxé’é PRA%F
AR 4 RBREFE ¥ o
@)m P B HFERE RAF EFEWPRE & | rk L A 7TR ’}')H’\? 3«# EXSH N A Y
27 PEPLE P o MR Ep ok 2 @il & BT
FoOALEATFTENY R EEEEFE
Bl e O (o 2R A WA | JEL 2 ) SR
W - R S R TR 2 SR E
BT FORt 105 # 5 0 Ao 0y 542 A ¥
B FTITHR %A\Iﬁ*f S THARAFL
RAFRFERREG R w248
Vs ;ﬁ»ﬁ&fi ﬁu‘%’a.«w
“ﬁ'%\"‘
1337 2 [RE vt ] & (p. 179)
Popee R HoAE L NML p # TEH A -
jnes | RpE emm Bk e A 7 fodk e
cT L [CEZRNIST\E 3 |of|? 2aipu t (o3 #F (T o)y [oppEriaasd
B R R | ORAE RAT TR A A S RA(EPFRERE< kU AT 3
2 kg [ FRAEE L BREFEDS 3GHz)z ki * % | 2% DWDM %
A2 170 um AE R R LE KR I AR SR

(Q=2x10°) ~ 220
um(Q=2x108) ~

FEAL AR
L¥RE B

860 680 um £ kfr o B F L E e DWDM #z & &
um(Q=6x10°) (Q=1x10") » k4r | 1 * A& drip > B | EERK S 100

* % & Cornell Fge % 100 & % 680 um GHz » #» % L %
University \SiN GHz - (Q=1x10") > krf e | X &% o
LERRA) L % 100 GHz -

P

A, 4758

pum (%J EHE S T
§E 407 GHz)
(Q=5x10°)

Mo g RAT R A A
B R ERFEGDS R

E AR SR B oA
- S g

300




it =

[ X k48R B* [»cF ]

TR 2R iR

FHPEI L AERERAR N T oS IR ERENE ) T4
HA R4 21280 230k gl > & Eh gl 4 4L 4 40

.1

o1

25 F oo = B B REREEAEAR S R BB 2 ORIE
FREEAEZR oAt 21 LN AL ADAE R X
EFE Gty 1R ZEFREAZHRARDERE > L FF AAHEOR R
B gz Ft o pAERERE RATRR S BT R RN £ 1B R R RE
M TAFRF 9% 324 B&% v d3hpEygmpg RoBARP L2124
BAFNESSET 0 HARED Foadd o

2. A A H DI EW B it A tani B2 s

% aE)
«3
—t
&F
‘_.
\'\1 -
i
=
X
:lf:t

B TERAER RIS B A RAST )  BE e

%?m@ﬁ@%%Wﬁ*)ﬁﬁ REBAE 25 S hE AFEAA BB TT L AIRTA

¥, ré{f“ifﬁﬁﬁﬁ HP 2 - é_;é SHET  BEYIHRBRAERE

BERBRAETENUASHEI AP Ne 53288688 AT - WEFE 1 &

AFEREE > FILIAEFMAEFE 2 sk o Bl Eauz g 2 0 7 (5Bt

aEBE e DA i Rty R H s R L0 %*ﬁjfiﬁ%‘rl,’iﬁi%ﬁé
A¥

o o %
- (.
LS

PR A Bh At GMEAE C TPHS
BoouBRAAERL S mEALAEEE

301



302



it Lz R BEEEERE T T ERNHEE L £ E R R
105 & & B Fk £ ik 3 s 2 8RR b il £ 4 R IRAE
) ) " rroa s/
PR £ R AR R v fetz | 101 | 102 | 103 | 104 | 105 | % = & san Al gamm
] N p gy RBLHE | ER | ER | ER|ER | ER |REO e
(1) 0.06 dB (20 Hz to 40
Hz) > 0.05 dB (40 Hz(#
%) t05kHz) - 0.08 dB (5
(1)1 #Fe4(# & IEC61094-1  |kHz(# #)to 10 kHz) »
Bole o B
‘ LS1P) 0.12dB (10 kHz(# %) TENE R
B E 5 i A02 £ AO3
# & 1 20 Hz to 12.5 kHz to 12.5 kHz) o ,
b 3 3 | AOL L 83.06.30 23 | 1 | 19| 5 | 23| O CI B
5 (2) 1/2 #+4(#* & 1EC 61094-1 |(2) 0.06 dB (20 Hz to 40 (Condenser B
LS2P) Hz) » 0.05 dB (40 Hz(? Microphone) PRl 2E
#3120 Hz to 25 kHz %) to8kHz)-0.11dB (8
kHz(# %)to 20 kHz) -
0.20 dB (20 kHz(# %)
to 25 kHz)
(1) 1 #+4(# £ 1EC 61094-1 LS1 |(1) 0.12 dB (20 Hz to 40
and 61094-4 WS1) Hz) » 0.08 dB (40 Hz(?
#F % 1 20 Hz to 12.5 kHz %) to8kHz)-0.16 dB (8 104 £ % 4%
L5 (2) /2 #+4(#* & IEC 61094-1  |kHz(# %) to 12.5 kHz) TFENE
B vt $i e | A02 |LS2 and 61094-4 WS2) (2)0.12dB (20 Hzto 40 | 81.05.25 |k (Condenser| 151 | 132 | 71 | 103 | 129 | © % ;’?oi;ﬁg
I #7 % 1 20 Hz to 20 kHz Hz) - 0.08 dB (40 Hz(# Microphone) it j
(2) 1/4 ¥4 (i & IEC61094-4 |7 )to8kHz)+0.16 dB (8 -
WS3) kHz(# %) to 20 kHz)
#3120 Hz to 20 kHz (3) 0.12 dB (20 Hz to 40
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Lo & £ 91 B A RERA gkima | Vx| 101 | 102 | 103 | 104 | 105 | ¥ = ¥ i LA T
B R g CS . . . . . . - S R g PR
e =R * U KB ER|ER | ER|ER|ER REO|
Hz) - 0.08 dB (40 Hz(#
#z)to8kHz)>0.16 dB (8
kHz(# %) to 16 kHz) »
0.20dB (16 kHz(# %)
to 20 kHz)
&S #
(1) (90 to 120) dB re 20 pPa (31.5 & % (Sound
(6] e a .
" Calibrator)
Hz to 16 kHz) 1)@ * # ©0.14 2 & 5t
= - Ul 7 ¥
. (2) (90 to 130) dB re 20 pPa (250 u e
L el H2) dB - p BT RIZE 1 0.08 e ®
Eei k| A03 ‘ dB t0 0.18 dB 81.12.07 |(Pistonphon | 196 | 182 | 192 | 211 | 211 ©
(3a) #g % 250 Hz (124 dB)=¢ 1
e (3a) 0.2dB (3b) 0.2 dB e)
kHz (94 dB or 114 dB)
to 0.6 dB (3) & §
(3b) #F =% 31.5 Hz % 16 kHz (94
(Sound
or 104 or 114) dB
Level
Meter)
(D)1 &+ (* & 1EC 61094-1 (1) 0.16 dB (1 kHz to
F 5Lk P LS1P 3.15kHz) - 0.17dB (4
Boh g ) ) ( TEN 104 15 4%
d & A #7 & ¢ 1 kHz to 10 kHz kHz to 10 kHz) » )
.| A04 o 103.08.11 |k (Condenser| - - - 4 5 © D21 Bk
B3R (2) 1/2 &+4(f* & IEC61094-1 |(2)0.16dB (L kHzto5 . ,
] Microphone) PR I3 o
I ks LS2P) kHz) » 0.17 dB (6.3 kHz
# & ¢ 1 kHz to 20 kHz to 20 kHz)
B 272t
D (Gaussmeter)
B %R | B01L|50mTtol5T 0.01 % (4p %) 81.12.28 it 83 | 98 | 102 | 117 | 134
Fopl ks T
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P 015 B S sz d | P2 | 101 | 102 | 103 | 104 | 105 | % = ¥ can|nsal gme
st U3R 4 3 , 3 PR 2 X
™ =R i p0 | EEE [ ER | ER | R | Er | Er w0 -
(Standard
Reference
Magnet)
1) i+
(1) 0.78 uWb to 2.6 ) i
, . (Fluxmeter)
B £ R (1) 104*Wb to 2 Wb mwWh L
) B02 82.09.15 |(2) #F% | 14 | 10 | 11 | 10 | 13
ke (2) 0.001 m? to 1 m? (turns) (2) 21 mm? to 0.0027 m?
F8](Search
(turns) .
Coils)
% g3t
(Gaussmeter)
(1) 1 mT to 50 mT (1) 0.38 % (48 %t) (2) ot
MR (2)1mTtolmT 0.36 % t0 0.48 % (#p %t) e
, B03 82.04.19 |g48 116 | 134 | 139 | 156 | 147
Bk (3) 0.5 mT to 50 mT @ (50 Hz to 1((3) 0.09 % to 0.47 % (4p
kHz) ) (Standard
Reference
Magnet)
R AR R
FEFE 0.04 mPa + s to 2300 3+
o COl [l mPa+sto2x10°mPa-s 80.06.30 ) 13 16 13 12 1
b R mPa - s (Rotational
Viscometer)
CO : (10 to 200000)
pummol/mol 104 & m &
A% ¥ 5 & CO; : (100 to 300000 , RMP 27 fe B
#’”’i* B 2: ( ) 0.08 umol/mol to 0.12 S ALF Wk s F:&FT' p
ik & £ #]| CO3 [umol/mol 83.10.26 - 4 11 | 10 | 27 | 14 FAE o &z E
, mmol/mol K2 RE e
i CHa © (100 to 100000) LR EE R
pmol/mol 5 .
CsHs © (100 to 50000)

305




rroa s/

I8 e ke % iE‘J%@] 3 REAA gkima | Vx| 101 | 102 | 103 | 104 | 105 | ¥ = ¥ g A % sranm
= ] p 3y RELH | ER|ER | 2R | ER | #R |REO e
pmol/mol
0, : (1000 to 250000)
pmol/mol
NO in N2 : (50 to 2000)
pmol/mol
SO, in Ny : (50 to 2000)
pmol/mol
C2HsOH in Air : (137 to 547)
pmol/mol
104 & p &
(1) CO : (0.0 to 0.1) mol/mol (1) # Wik ?2: “f‘ﬁf i
CO; : (0to 1) mol/mol (1) s i R i Ri¥kog ﬁw;%;ﬁ;é N
—— CHjs : (0.00 to 0.05) mol/mol ( (0 to I ERE P 5 .o —105
10 |* =" co7 |100) wLEL) - 84.08.10 |k~ # 4| 42 | 46 | 48 | 63 | 33 ) o
4 E ) (2) fRlF =@ v £ 8 1 ik
CsHsg: (0.00 to 0.02) mol/mol ( (0 to| kR AT R " )
% i+ 5105 & 11

100) %LEL )

(2) A% 1 0%10100%

OFR

e
it gg

1R T

GREIII

410 i o
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) Py g R jozma | verz | 101 | 102 | 103 | 104 | 105 | % = ¥ gan | vara| gsmm
= (P p 2 RELH | ER|ER | 2R | ER | #R |REO e
(1) =45
(1) g5 48 COiNN2:0.1%102.0%
COin Nz : (0.001 to 100) CO,inN;: 0.1%to 1.5
mmol/mol % P
COzin Nz : (0.1 to 160) mmol/mol |CHs in N2 : 0.1 % to 1.0 1) =2 ;f-pi% fm o
CHgin N : (0.1 to 100) mmol/mol|% # % (CO g 1'04 P
CsHs in N2 ¢ (0.1 to 50) mmol/mol |[CsHg in N2 : 0.2 % to 1.0 in N2 ~ CO; 103 & 4 §
CF4in N2 : (100 to 3000) % in N2 ~ CHa S .
wmol/mol CFainN2:0.1 % t0 1.0 % in N + CsHs ; " 1 qﬂ ) 'j'
SFsin N2 : (10 to 1000) SFeinN2:0.2%to 1.5 % inN2 ~ CFy M ,é . .
TR pmol/mol NO in N2:0.5 % t0 2.0 % in N, ~ PR
RREF NO in N, : (50 to 2000) SO,inN; : 05%to 1.5 SFs in Na ~ e
1|0 Co8 83.10.26 _ 18 | 27 | 92 | 65 | 39 5 2104 & P&
L Y pmol/mol % NO in Nz » B E
E R SOz in N2 : (50 to 2000) 0zin N, : (1 to 10) SOzin Ny ~ f’i o s :
pmol/mol pmol/mol : 1.5 % to 3.0 O2in N2 ~ ;:/07 2058 f ;
Ozin Nz : (1to 10) % ~ (1 to 14) mmol/mol : CH4 in Air) Bl A
pmol/mol ~ (1 to 14) mmol/mol (0.2 % to 1.5% 2) %= it g);i ;
CHain Air © (1 to 20) mmol/mol  |CHg in Air : 0.1 % to 0.5 Fg ’”ﬁﬂh coi .
(2) % %4 § 4 (CO+CO#CsHs |% (CO+CO+ j };f N g{;
in N,) Q) 5+ F 4 CaHs in No) A

CO : (5 to 40) mmol/mol
CO; : (50 to 160) mmol/mol
CsHg : (100 to 1600) umol/mol

(CO+COz+Cng in Nz)
CO:02%t008%
CO2:01%to05%
CsHg : 0.5%101.0%

L
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S e . Grmmad | PRI 2 102 | 103 | 104 | 105 o -
o | SRLis € Pl §° ) LRI 5 RE 2 P P P P ES R E =
e
(1) mEF3Egmiz £33
BF R R 7 R W ek W ke
R TR AREL R T A
TERLA ARG RE SRR P &‘)""%M 108 &4 5
B i R Bl S edh kAR 1% 24 & o )
12 |5 wk s AEM G TREER S EEFW (1)0.2%to 1.2 % 102.05.24 |* HEE 4 | 4 | 25 | 20 CEARR
I ERID BT 2B (2)0.5% 10 1.0 % (CHg in _ :i'w»lOS &
(2) CH4in N : (0.1 to 10) Ei gi:si:]n e
cmol/mol N2)
CsHs in N2 : (0.1 to 5) cmol/mol
COzin Nz: (0.1 to 16) cmol/mol
(1) 7 &8k
(1) COin N2 : (1 to 100) i ﬁrﬁ X o
FAERR pmol/mol E;C(;) n N i\n ?3 154:; :_: :
_ . 2 = il
AL €Oz in N2 : (500 5000) (1) 1.2 % t0 3.0 % N2 - CHain Wis - 104 & 4
13 [ 5 452 pumol/mol )13 %102.0% 103.12.18 Ai) - - 3 6 S o
BTk CHa in Air : (0.1 to 2) cmol/mol @) 4L £ B 105 &
(2) C2HsOH in Air : (90 to 1200) ) o
B A5k # 2 7 3k BPRIE o
pmol/mol (C2HsOH in
Air)
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T8 e ke % iE'J%@] 3 REAA JesLm A ¥ fr2 | 101 | 102 | 103 | 104 | 105 | % = % g A % sranm
= 75 g RELH | R | ER | 2R | ER | 2R |REO N
S [(39)% +
(0.5L)4Y2 nm
Moo [(39)° +
(0.6L)41"2 nm 1 B
B B4 1 [(40)7 + (=
14 D01 |0.5 mm to 100 mm 76.04.26 19 24 19 29 20
Ik ke (0.8L)41¥? nm +1)(Gauge
Y45 1 [(40)2 + Blocks)
(1.9L)3¥2nm
Limmmi3a3Hii=2 5
AL R E
o Jole i o B
s [192+ (0.3L)2]*2 nm > L frjw“% i DOL % ke
15| D02 |0.5 mm to 100 mm H omm oz SRR | 82.07.20 0 2 3 1 2 D23 )k sd %
Kk C o #1)(Gauge e s a7 g oh
£ R B B2 IR 2
Blocks) o
i o
1 *® o2 x
[(0.132)? +
(0.00136D)?]"2um > D %
Hoomm 2 R joc e
s (1) % %:1mmto200mm |- (1) %4~ %’;”:‘iﬁzi
16 i‘;E'J , | DO3|() 4 4 1mmto20 mm (2) & % :[022?2 +| 760422 |(2) #%-~ | 12 | 32 | 11 | 35 | 10 A \1034,;#&
- (3) 2 3 :20mmto100 mm |(0.013 D)’]*2 um > D % (3) £

H = omm z g o
—:-]»

() & #R:2x
[(0.088)% + (0.00136

ERI- Ko
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3 R “ma A | FRD 2 102 104 | 105 s g v
O i 3 2 Pas e
Py - A RS - RE L4 P P KA A
2L 2
D)?]*2um-D 5 ¥ i+ mm
ZER e
1044736
LA I 4
%2;104 & 6 *
T 9 H_ A
(1) R gtsg R < HA 10 0
% 5 0.01 mm to 200 mm 1 gl 3y AR i o &
|| R AR (2) iy < ~HRF < 0.01mm [74.2%+ (0.159L)T* o RE AR
17 , nm->L % ¥ mmz2£| 83.07.27 . 126 77 188 x . .
s to 500 mm B A B~ MHCEL 105 & # & &
(3) gt < < 001mm" G ek £ E
to 1000 mm Hbe o ¥z W
F®ERE
t& % & 50 & >
SIEE N L o
2. 13-
&R B .
18 1" to 45° 0.29" 79.04.12 | % B HAR 2 2 3
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HL L, e - R Gsad | vz | 101 | 102 | 103 | 104 | 105 | % = % O ORI I
R s R z > = : e
o | LR e Py | RELH | &R | &R | ER | 2R |24 |mEO #” e
(1) =%
1) 4 5490023
- (1)3# to72 & (120°t0 59 EZ; N 7 fzg" 585 (2)
19| D07 |(2) 0.1°to 360° # e 840630 |4#R%-@3) 7 | 5 |12 | 3 | 9
A (3) s i(a
(3)3 & 1072 & (120°t0 5°) RUEN-T
%) 1 0.04" e
#(E K
Lian (1) -6' to +6' (245 & 0.2") (1) 0.4" 33T %
20| | D08 |(2) -1°to +1° (347 & 17) @) 1.3" 76.05.31 |(Electronic | 22 | 25 | 31 | 29 | 22
s (3) -1°to +1° (j2 47 & 2") (3) 2.0" Level)
nn Ml & B D
o i SEN LA 2
21|, |D09 (% A = 600mm 0.28"(0.82 pm /600 mm)| 82.07.10 |§# -2 4| 24 | 0 | 33 | 18 | 41 :r:&
B L N —E’-_i—ﬁ_‘ . »ﬁ_ z ]
5 MARE
ERARE TOfEr < 4200mm; 2 FA # ()3t
2 [FPRE N E ¢ MA e m 760410 | PF e e | 11 | 13 | 13
Bk kR 0 pumto 2 um Ao~ L
# s M)
Ra *Rq : [5%+ (13R)?]*? Fom e R
— nm > Rmax ~ Rt *Rz : [20? ki
23 ;‘J;J . .| D13 |Ra : 0.01 pm to 20 ym + (13R)2]¥2 nm 76.04.28 |(Surface 47 | 40 | 48 | 64 | 48
R ,ﬁ NI . .
= R: &3 %> Mum 3 Roughness
H = Standard)
M ER [0.8%+ (0.4L)4]*> mm > L T RlEE R
T L H = km 2 £ pliEag (Electronic
24 | % Eter | D14 [0mto 432 m 84.04.12 | 19 | 14 | 10 | 14 | 11
L (f247 2 0.1 mm) Distance
[1.02+ (0.4L)7“2 mm » L Meters) « 2
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p

101
# R

102
#R

103
# R

104
#R

105
# R

2T/
Wk
=L 4

4 A

%

2 H i km 2 & plEESE
(317 & 1.0 mm)

=k % (Total
Stations)

25

AR
% E oo

"
PO

D15

0°to 360°

0.7"

84.04.14

RO S
(Optical
Theodolites)
N 2
&
(Electronic
Theodolites)
iR
(Total
Stations)

21

17

13

16

15

26

»
&
ok
e

r:
=
\"A
o

D16

@) ;
THz)
(2) £
THz)

£ 633 nm (& 4 & 474

633nm (2 4F & 474

(1) 0.03 fm
(2) 0.002 fm

102.03.20

(1) &2 %
3 5 H(F

B 2R
Fr)(2)
AR A
ERGIC T

B FE
i#1)

18

19

17

17

26

27

bl

)
&
=

sz
IR

D17

(1)0.1mto10m
(2)0.1mto3m

(1) [5.952+ (2.63L)4]V2
wm

(2) [5.88%+ (2.75L)°]*
wm

L:wm 582 8
£ R

86.04.18

1)
& (Standard
Tape)~(2) %
(Invar Bar
Code Staff)

26

27

33

22

104 & %] =
Ll IR
o Ean
g 0 105 £ 5
TR
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37 e s e & £ i 7 G REER gkima | Vx| 101 | 102 | 103 | 104 | 105 | ¥ = ¥ e N —
) ¥ JB| e z = PR - =Y h,
= |’ F"f‘f"ﬁlg E/# AL g ]i:gg;%‘;_ Ep |lep |2 |2 | 2R F:A?i@ *—%” EER
(1) =5 > BB R P
E ) 1 2.0 x [u¥(Dy) +
62+ (5.6 x 108)2 x D2]¥2
nm
(1) 45 : 0mtol0m » & BB e 2 RAL R
o e Fp¥) 1 2.0 x [W(DY + ,
15 °C 1030 CAp#iBA 40% | o (2.9 x 1092 x D2 Q) &5+
to 60 % /& 4 : 85 kPa to 105 kPa - ' Hi&R(F HRE
(2-1) 0 mm to 15 mm (%47 & : D irimiE s B N B
- - e
get+w|  [02um) e D) ®)Leser
B E »
28 |k & x| D18 |(2-2) 0 mm to 30 mm (fZ+7 & : / Mi L t 90.10.01 |Interferomete | 50 38 51 57 63
" By 2 AR iR o
s 0.1 um) 3R N-~Q2 24
(2-3) 0 mmto 30 mm (f247 & : | . z ¢+ % (Dial
BERE(ZFRPE)O0L .
1.0 um) C R R (R Indicator
(2-4) 0 mm to 60 mm (f245 & : R Calibrator)
0.1 um) ®):01C o saHiR
- B :10% B4 :16Pa
(2-1) 0.34 um
(2-2) 0.46 um
(2-3) 0.73 um
(2-4) 0.81 um
1) & e
(1a) AFM : 0.13 nm to ;@) fﬂk(iitz
o (1a) AFM : 50 nm to 25 pm 1.7 nm '
Egisgrand Standards)
29|, | D19 |(1b) ¥esf5% 1280 nmto 10 um  [(1b) ¥es45% : 0.009 nm | 91.08.01 - 11 12 13 11 14
SRR A e E
’ (2) 50 nm to 1000 nm t0 6.3 nm g & %
(2) 3.3 nmto 20 nm T '
(Grating
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MR & b R BEEE | T 101|102 | 103 | 104 | 105 [F 2| |
R < E z S R B
RS S 27§ B pu | kB [En R | ER R ER wwo| T o
Pitch
Standards)
(2) &F &
& 2 (Line
Width
Standard)
AR R e —ig
BFEE(<50m) : 4.8 2
mm> ¥ FEd(<25km) : e E
e i FEA(= 25 km) N
mm
30 | f& & 4 | D20 |0 m to 25 km o 92.10.08 |f#Fkh % izk| 60 | 7 11 | 6 | 16 Lengna > A
) L (2) & it 4t T iz—ag ¢ ¥4 NML >
o 7B REA(< 50 m):4.8 mm =
(3) Hgrw¥aix: TRRS .
mm
(1) =& 0D
< 3pum) : [3%+
(1.2D)?]2 nm
L8 AN(D =3 : B L o
R (1) %% :001umto100um | -2 ¢ um) i
31 D21 i [9.5% + (3.6D)?]*? nm 94.05.02 |(Step Height| 123 | 163 | 154 | 164 | 173
&5 (2) #4*5% £ 0.01 pmto 50 um .
(2) 45 B2+ Standards)
(3.2D)4¥2 nm
D:mzERE Hix
gm
— (1) 1.5 nm to 1000 nm (1) 0.10 nm 1 =3
32| f“" D22 |(2) 1.5 nm to 200 nm (2) 0.02 nm 91.08.01 |& fEafE®| 96 | 91 | 121 | 84 | 95
RN
’ (3) AT 4 5 20nm (3)0.3nm 5 (SiO,
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102
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# R

104
#R

105
# R

ER R J)
AR
e

A

# L

Reference
Materials:
Spectroscop
ic
Ellipsometr
y)

(2) &
®/ 2 (SIOy,
HfO,, Al.Os
Reference
Materials:
X-ray
Reflectivity)
(3) ‘K iE
W
[ :
SiOCH » 3¢
E :2nmto
200 nm]
(Porous
Thin Film
Standards)

33

LR
WAL

%, 4
S

D23

(1) 100 mm to 600 mm
(2) 100 mm to 1000 mm

(1) [84? + (735L)41¥? nm
(2) [65%+ (285 x L)
nm

L:mm % H =z B3

95.11.22

32

15

31

38

25
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37 e s e & £ i 7 G REER gkima | Vx| 101 | 102 | 103 | 104 | 105 | ¥ = ¥ e N —
I TR B : H IR ; 3T
" =R e Py | kEoa |2a|2a 2R 2R |28 |2z0 #” .
i
(1) 585
TN %5 £
’:’é B ﬁ;&r/: ,\/735 :)’
e s (1) 0.1 um to 10 pm (1) 26 nm B B
34 |t <4k | D24 96.0628 | (2 % | 1 3 3 2 1
) (2) 0.1 pmto 10 um (2) 37 nm i i
JhokL FHN VAR
aﬂaﬁ 2_7% &
R ER
(1) [(0.36)2 + (1.66 x
L)2]1/2 um > L % %RpEE
(1) =& :10pmx10pumto1.4 |A > & = m
-4 mm x 1.0 mm (2) [(0.63)?+ (1.66 x B e
35 £+ | D25 [(2) - % : 10 um to 400 mm LY2um > L % s§EE | 99.02.03 |(Image 19 | 17 | 19 | 27 | 27
b (3) = :10umx10umto 400 | > iz m Standards)
mm x 400 mm (3) [(0.77)%+ (1.66 x
L)2]1/2 um » L ‘; %;‘1‘&}—:.{
B Hi=m
LN R
(1) 3.3nmto 34 nm zf Ej i .
(2) 2.5 nm e
(1) 20 nm to 1000 nm % -~ PSL)
i (3) 1.3nm
EX S il (2) 100 nm to 500 nm [Standard
36 , D26 (4) 100 nm to 200 nm( # 95.11.24 . 20 30 17 23 27
gl x5 (3) 20 nm to 500 nm 5):8.1nm Particles
(4) 100 nm to 300 nm Bl (Polystyrene
200 nm to 300 nm : 19 1l
nm .
(1) # i %
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|k : , Jedma | Ve | 101 | 102 | 103 | 104 | 105 | % = ¥
P RELH | 2R | 2R | 2R |28 | £4 [EO

T2
(DLS)

@ T+
F
i+ (EAB)
() s R
bR A AT
i (DMA)
(4) 29 %
Qg
e

ok 5
(Standard
Particles) -~
e 5 3t
(la) #4¥ :100nm; & A& :lcm? ¥ =
to 1000 cm-3 (1a) 3.7 % (49 %) (Standard
(1b) & : 50 nm to 200 nm ; j&|(1b) 2.2 % to 2.4 % (4B Particle 104 # 9 * 25
D27 | & : 1000 cm to 10000 cm-3 #1) 100.04.25 |Counter) 3 6 6 3 13 PIERF R
(2) -75 mV < Zeta T = < 75 mV|(2) 2.7 mV 1) % % & R A

(#.1= > 20 nm) (3) 2.1 % (4 ) F kR 2R
(3) 5 m?/g to 550 m?/g (1% # 3
FEE2
iR )

(2) Zeta =
= B p(E
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P RELH | 2R | 2R | 2R |28 | £4 [EO

F ook
)

(3) %%
it 2RI (e
Fi)

(1) B+ kir 8 RE 5 (1) Bk
£ p] 100 33 #4182 3
o (1) 4+ 2 42 0 10nmto E’f , ,f“l
R T 60 nm i =N (Standard
T B cE | D28 , , 2) - et B4 | 101117 |Particles 5 7 9 | 11 | 10
R (2) SEEHRIE ¥ 2 S §E 70 nm to (/,)‘, . f, b )
B4 1000 HLARFE 2 FRRFE T A (2) s B

IR R R AMEER > Y # = (Pitch
7 e i Standards)

AR R
o E
4 (Solid State

o \oltage 104 & &7 %
RER | E0L 1mVio 10V 50 nV to 98 nV 81.06.30 21 6 8 15 10 A

Standard) ~ = L

ERRRA
(DC Voltage
Meter)

FR A TR
wEE
L~ Solid Stat
olid State
10V £ |E03|1V~1.018V 10V 0.3 uV/V(4p $) 81.09.01 i/olt 19 | 16 | 19 | 12 | 16
o age
B
J Standard)~ &
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| A : , fokemd | Fierz | 101 | 102 | 103 | 104 | 105 %= ¥
P RELH | 2R | 2R | 2R |28 | £4 [EO

%(C
\oltage
Standard)

Earn R
6 UV/V to 0.7 mV/V & = (DC

E04 |1 mV to 1000 V RVVI0 0.7 mVIVGR | oo g 05 |F 5 ( 99 | 102 | 113 | 94 | 131
#1) \oltage
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e
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[Pl =k

EinERA
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R R A
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|k , Jedma | Ve | 101 | 102 | 103 | 104 | 105 | % = ¥
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=
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(2) 0.3 pQY/Q to 18 uQY/Q
(Ar )

88.06.23

(1) %=
fe =
(Standard
Resistor)
)
TE /KL

z =
7 oA

72

66

79

58

59

327




iz x/
| ks £ 91 B A RERA gkima | Vx| 101 | 102 | 103 | 104 | 105 | ¥ = ¥ | A T
i J z £l ™~ 2 X R
iy = - Pl | kB | ER | ER | &R |Ea | Ea |mro|n) e
=g 2
ESRIE
fe =
(1) =4pF »zR # 5 ¢
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Bk s & 1110V~ 220V ~ 480V L o
mvar/var » &4 B A PR TR o
& ot 10 mMA~100 mMA~1A-5A-
(Three-Phas
10A~50A-~80A
_ e AC Power
#g & 50 Hz ~ 60 Hz
Meter)
7 Z F)4 1 0 Lead ~ 0 Lag ~ 0.866
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(2) 2.9 % (40 4)

83.03.15

(1) #eim
B 3z
2+ (Hot
Cathode

16

21

17

105& 47 &4
i it 5105 &
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80 o MO02 |1 kg 0.032 mg 76.04.23 |z %5 7 4 5 11 3 .
R % s BBk sz
B R
20 kg *+ 105 &
1)0.88mg~1.7mg~ 3.3 1 7 %7 iz
L FEE (1)2kg~5kg- 10kg - 20kg | g d i g L
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5000 kgf to 50000 kgf (50 kN to (Force
- 2x10*to 3 x 10 (48
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