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1.Standard Maintenance and International Equivalence subproject:

(1)Maintained 118 sets of measuring systems in 15 metrology areas and associated
environmental facilities to ensure regular operations and service quality of the
National Measurement Laboratory (NML), to provide 4763 primary calibration
services directly to more than 1,700 firms, and to transfer standards and provide
secondary calibration services for over 6 million items in inspection, test and|
certification nationwide, and that accrues to more than ten billions NT dollars
of inspection, certification and testing market annually.

(2)Within the framework of CIPM MRA, NML participated 9 international
comparisons this year, and it shows on BIPM-KCDB website totally 95
comparisons registered to BIPM Appendix B with 61 comparisons completed

and another 34 comparisons still in progress and 270 -calibration and
measurement capabilities (CMCs) items registered to Appendix C since the

beginning of the framework, and additionally with 21 measurement standards
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traceable to foreign standards and 627 traceable to domestic ones proceeded
this year, through which work to enable our national standards achieving
international equivalence worldwide.

(3)In order to successfully promote the International Mutual Recognition
Arrangement as an honorable and dutiful member, we proactively proceeded
with third party accreditation, along with peer assessed traceability of our
measuring systems in 8 metrology areas this year.

(4)Hosted three APMP initiative projects and jointed two projects of European
Metrology Programme for Innovation and Research to enhance and exchange
the CMCs capability and associated technology.

(5)Completed 6  system  improvement/refinements and 5  system
replacements/renewing.

(6)Completed 43 system re-assessments as to the schedule of third party
accreditation.

(7)Completed 8 technology dissemination seminars in which 754 people from 354
firms participated.

(8)Published 6 editions of the journal, Measurement Information, and held 12
seminars to disseminate measurement and metrological information in which
214 people from 140 firms participated.

(9)Maintained NML website and received 324 domestic and foreign visiting
guests from 21 groups for guiding them NML tours to promote the
measurement capability and technology of NML utmost important and

imperative to our society and nation.

2.Development of Technology and System in Industrial Metrology subproject:
(1) Three-dimensional Measurement System & Technology
A. Technology development:
» Static three-dimensional measurement technology: Applied auto-tracking
laser based distance measurement technology and multi-lateration method

to measure six terms of error motion for each liner axis, which include three

rotational error motions and three linear error motions, and squareness for
three axis machine such as machine tool or CMM(coordinate measuring
machine). The measurement results can be used for positioning error
compensation by means of controller. This technique is adopted to construct
the CMM calibration system this year.
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* Auto-tracking absolute distance measurement technology: Improved the
mechanical structure for tracking and measurement performance upgrading.
Designing key point is focused on triaxial concentric and dynamic tracking
performance. A simplified duel fiber comb, which is less sensitive to
environment and fast distance measurement system are to be built.

* On-line sound frequency and vibration measurement technology: Measured
rotational error motion for spindle of machine tool by using multi-point
measurement data. Radial and axial rotational accuracy and precision, tilf
error motion as well as thermal deviation are to be measured.

B. Application fields:

The proposed system and technology can be applied to precision machine

manufacturers, such as & =, 7 &, ﬁ_fr, ¥R, iR, FAL, 2

and so on, and CMM manufacturers such as & p, »~%, & o, &5, 7

1 % and so on, and the companies which need dimensional measurement

technology to improve their products.

C.Goal and specification achieved:

« CMM calibration system: Measurement uncertainty of 0.21 pm + 6.31 x10
x L(k=1).

* Auto-tracking absolute distance measurement technology: Axial direction
offset and radial direction offset of the dual axes rotational mechanism (like
a gimbal mount) are smaller than 2 um and 5 um, respectively. Absolute
distance measurement uncertainty is better than 0.2x10°x L.

*On line sound frequency and vibration measurement technology:
Measurement uncertainties of axial direction and radial direction of the
in-situ dynamic rotational axis error motion measurement technology are
equal or smaller than 1.3 um and 1.4 pum, respectively.

(2)Power Metrology Standard System
A. Technology development:

Establish three-phase power, energy measuring technology to provide the

calibration services of active power, reactive power, active energy, and

reactive energy for power measurement instruments (power meters, energy|
meters and power analyzers) and AC power sources, and the calibration
service of voltage harmonics and current harmonics for power quality]

measurement instruments as well.

B. Application fields:




Meet the calibration requirements of three-phase power, energy, and
harmonics for utilities, electricity meter testing centers, manufacturers of]
electricity meters and power equipment.

C.Goal and specification achieved:
* Three-phase active power/reactive power, active energy/reactive energy
Voltage: 110 V, 220 V, 480 V
Current: 10 mA, 100 mA, 1 A,5A,10A,50 A, 80 A
Frequency: 50 Hz, 60 Hz
Power factor: 1.0, (0.5 ~ 0.866 ~ 0.0) Lead/Lag
Expanded uncertainty:
Active power: 70 uyW/VA ~ 0.21 mW/VA
Reactive power: 70 yW/VA ~ 0.21 mW/VA
Active energy: (0.10 ~ 0.24) mWh/VAh
Reactive energy: (0.10 ~ 0.24) mWh/VAh
* \Voltage harmonics/current harmonics (Phase A, B, C):
Harmonic-to-fundamental ratio: 2%, 10%
Frequency: 50 Hz, 60 Hz
Harmonic number: 2, 3, 5, 10, 20, 30, 40, 50, 64
Expanded uncertainty:
Voltage harmonics: (0.31 ~ 0.63) mV/V
Current harmonics: (0.24 ~ 0.48) mA/A

(3)Semiconductor Multi-parameters Measurement Standard Technology

A. Technology development :
Establish ~ Semiconductor  multi-parameters  measurement  standard
technology, to apply to measurement of TSV and u-BGA in 3DIC process.

We can have information of analysis on TSV depth by using reflectometry

and on p-BGA profile by using the projection morie method. Such
information of analysis can be as the reference for the evaluation of yield
rate in 3DIC process.

B. Application fields :
Currently foundries, IC packaging, testing manufacturers and even BGA
factory, are actively stepping forward into 3DIC field, and the associated
process and testing equipment of 3DIC markets are growing rapidly every,
year. The developments of process and packaging technology in the

domestic semiconductor industry have been changing from the traditional
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two-dimensional wafer (2DIC) toward three-dimensional integrated circuit
(3DIC), to make products with better market competitiveness. Strategic
alliance Sematech of semiconductor manufacturing technology in 2011
announced the challenges of measurement of 3DIC stack, including depth of]
through-silicon via (TSV) and height of microbump.

C.Goal and specification achieved :

* Establish u-BGA profile measurement standard technology

* Evaluate u-BGA profile standard method

Diameter of sphere: 250 um

Uncertainty of diameter measurement: 0.05 um

Uncertainty of height measurement: 0.068 um

* Establish high aspect ratio TSV measurement standard technology

Evaluate TSV measurement standard method

Aspect ratio > 10:1 @5 pwm diameter

Uncertainty of depth measurement: 0.068 um

(4)Study of the Measurement Techniques for Mid-Temperature Thermal Source

Equipment and Thermophysical Propertiy Measuring Instruments

A. Technology development:

A-1 Mid-temperature standard thermal source equipment

To develop the design and manufacturing technology on a compact
mid-temperature standard thermal source equipment in the temperature range
of (40 ~ 350) °C, several technologies were established under the demand of]
miniaturization target, which includes, a) design technology on the material
and structure of building a standard thermal source module with a limited
size, b) design and manufacturing technology of mechatronics under 4

limited space, ¢) modulating and integrated technology of thermal source

modules, controllers,  temperature  control mechanism, and
temperature-controlled device. It can be applied to a customized design and
manufacturing technology to provide a stable temperature standard thermal
source or applicable as a temperature testing device, to improve the domestic
R&D technology on the precise mid-temperature standard thermal source
equipment.

A-2 Rapid measuring spparatus of ZT performance of thermoelectric materials

The measurement technique of ZT performance of thermoelectric materials

was established which can be used to the development and quality inspection
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3. Advanced Metrology subproject:
(1)Nanometrology

of thermoelectric materials. The measurement methods of the three
parameters of thermoelectric materials (Seebeck coefficient, electrical
conductivity, and thermal conductivity) are integrated to a testing instrument|
by this technique. It can effectively save one half of measuring time,
simplify the preparation of the samples, and avoid the effect of the
performance variability of materials after machining. Meanwhile, in order to
reduce the effect of various pressure to Seebeck coefficient and thermal
conductivity of thermoelectric materials, the automatic pressure-clamping
system is added to the testing instrument which will help improve the
reliability of ZT performance of thermoelectric materials.

B. Application fields:

B-1 The R&D results can be widely and flexibly applied to a thermal source of
standard temperature, temperature testing, temperature calibration and other|
related fields to meet the needs of producers, academia, and industrial
customization.

B-2 For domestic manufacturers, to provide to the demands of detection
techniques for ZT performance of upstream thermoelectric materials (for|
example, China Steel, Porite Taiwan Co., Ltd. ,Solar Technology, Kinik
Company, etc.) and for thermoelectric module packages of wholesalers (for|
example, MP1 CORP., Long Win Science & Technology CORP., Wise Life,
etc.).

C.Goal and specification achieved:

C-1 Mid-temperature standard thermal source equipment:

Develop the design and manufacturing technology on the mid-temperature
standard thermal source equipment in the temperature range of (40~350) C
with a stability of + 0.02 “C within 30 minutes.

C-2 Rapid measuring apparatus of ZT performance of thermoelectric
materials:

* Temperature tolerance range: (27 ~ 127) °C

* Range of sample size for the clamping system: length (8 mm to 22 mm),
width and thickness (2 mm to 4 mm)

* Clamping force range: 25 N to 50 N
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€ Measurement technology for particle concentration

A. Technology development :
The ability to measure the particle number concentration can be improved
from 10° cm™ down to 1 cm™ by developing the technology of measuring low
concentration particle in gas phase. The 100 nm particle number

concentration of 1 cm™ corresponds to 10° m™, which is the maximum
concentration limit defined by 1SO-14644 regulation. One of the used
diluters, consisting of a fine needle valve and high performance HEPA filters,
was developed at CMS. The self-made diluter can provide a 10-fold
concentration dilution with low background particle noise under low,

concentration levels. The measurement system for low particle concentrations
adopts a two-step dilution structure and a recursive calibration method, which
allows a traceable calibration with uncertainty of 3.7 % for particle number|
concentration of 1 cm™,

B. Application fields:
The measurement of the particle number concentration is often used in the
fields of semiconductor, biomedicine, food, and precision machinery to
monitor the environmental cleanliness in the cleanroom. For example, the
widely-used optical particle counter is used not only the environmental
cleanliness, but also the detection of possible particle contamination or
leakage in the machines. It results in an urgent demand in the monitoring and
calibration of the measurement at low particle concentration levels. In
addition, to simultaneously monitor the particle size distribution,
concentration, and species is a developing objective to meet the
manufacturing process need for industry.

C. Goal and specification achieved:
The goal is to improve the ability to measure the concentration of particle
number from 10% cm™ down to 1 cm™ by developing the technology of
measuring low concentration particle in gas phase, which includes the
design of measurement system, the hardware setup, and establishment of
dilution adjustment, the evaluation of detection efficiencies, and the
estimation of corresponding uncertainties. Besides, a high dilution factor,
1000:1, has to be confirmed during particle source dilution in the
measurement system.

€ Multiple ultra-thin film and critical dimension characterizations

A. Technology development:
The non-destructive X-ray reflectivity (XRR) is applied for thin film
thickness characterization. For the high-k dielectric/metal gate multiple-layer
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structures, the XRR technology can analyze the thickness, density, and
interface roughness. In addition, the TEM and EELS analyses are applied to
verify the thickness and heavy-metal-diffusing condition of interlayer.
Three multiple ultrathin high-k/metal gate reference material specimen had
been deposited by atomic layer deposition. The target materials are HfO, -
TiN and TaN, and the structures are HfO, 1.5 nm/interlayer/Si ~ TiN 1
nm/HfO, 1.5 nm/interlayer/Si and TaN 0.9 nm/ TiN 1 nm/HfO, 1.5
nm/interlayer/Si with single layer thickness below 1.5 nm. Transmission
electron microscope (TEM) and electron energy loss spectrum (EELS) are
applied to perform the thin film thickness and composition evaluations.
Furthermore, non-destructive X-ray reflectometry (XRR) can characterize
film thickness, density, and interface roughness. The analysis indicated the
XRR can provide a high-accuracy, reproducibility, consistency, and
measurements with traceability.
B. Application fields:
Based on the semiconductor and optic-electrical fields applications, the
reference material can provide high precision interlab and in-fab equipment
monitoring and calibration to make sure the measuring ability,
reproducibility, and accuracy of in-fab XRR. In general, reference material
can guarantee the traceability and precision of XRR results.
C. Goal and specification achieved:
High-k/metal gate multiple thin film characterization and reference material
fabrication:
v' Analysis of the HfO, reference thin film
v' Characterizations of TiN and TaN ultrathin film thicknesses and
interfaces
v’ Fabrication of multiple ultrathin film: number of layer >5 layers, the total
thickness of multiple ultrathin film structure is around 10 nm with single
layer thickness < 3 nm

(2)Highly Sensitive Mass Sensing Technology for Micro/nano-particles
A. Technology development:
An interdisciplinary measurement technology for particulate materials will be
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 will be developed using the
MEMS technology to enable the pico-gram resolving mass measurement. In
addition, a specially designed particle counting system, which is compatible
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to the measurement system and capable of measuring the particle
transmission and deposition rate, will be developed.

B. Application fields:
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 particle counting technology can be also applied to new lo
cost, and compact PM2.5 monitoring devices. The picogram mass sensir:g‘
technology can also be applied to other fields that require highly sensitive
mass detections such as particle composition analysis, novel mass
spectroscopy and virus detection.

C. Goal and specification achieved:
The following tasks were completed: a system for measuring the resonant
frequency of the piezoresistive cantilever. Resonant frequency and the
associate quality factor were measured to be 282.35 kHz and 2206 + 78,
respectively. With the knowledge of the spring constant 24.02 N/m of the
cantilever estimated by thermal noise method, the corresponding
fundamental mass sensing resolution is 3.46 picogram. The mass sensing
resolution can be further improved by implementing phase lock loop
detection method. A subsystem for depositing micro/nano-particles on the
cantilever was completed and tested. Nano-particles of diameter 500 nm
were successfully deposited on the cantilever. An optical particle counter
prototype was designed and fabricated capable of measuring particles of
diameter ranging from 200 nm to 5 um. The OPC prototype consists of a
blue laser diode as the light source, a silicon photodiode as the scattering
light detector and a FPGA based pulse height analyzer.

(3)Research for Optical Communication Frequency Standard

A. Technology development:
100 GHz multi-wavelength optical communication light source technology
was developed. It included laser fabricated micro-resonator technology,
tapered fiber production technology, and optical comb generation and
measurement technology by coupling laser into resonator. In the case of
micro-resonator fabrication, CO, laser was used for processing the quartz
glass, with simultaneous control of processing and annealing parameters to
develop the high Q value (Quality Factor) micro-optical resonator. Finally,
the 1 um thin taper fiber stretching and high efficiency coupling techniques
was also developed.

B. Application fields:
In addition to apply the miniaturized optical resonator for the compact optical
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frequency comb system, the most important application will be focused on
the development of multi-wavelength light source of the related
equipment, such as DWDM (Dense Wavelength Division Multiplexing)
optical communication active components. Combined with the passive
electro-optical modulator array with our own self-developing optical
transceiver technology, it can be modularized as a multiple service radio over|
fiber equipment.

C. Goal and specification achieved: Fabrication of the tapered fiber was
completed with the thinnest diameter of about 1 um and transmittance > 85%.
Laser fabricated quartz ring resonator with a diameter of about 0.68 mm and
Q > 10" was also completed. Finally, the laser coupled optical resonator was
completed to generate optical comb with numbers of > 50 and spacing of ~
101 GHz.

4. Legal Metrology Technology Development subproject:
(1)The international technical standards for water meters such as OIML R49 and

ISO 4064 and the domestic meter standards for cold potable water CNS 14866
were all revised in the last few years. Due to the electronic-based water meter
devices were introduced in those regulations and technical recommendations,
the related regulations for type approval and initial verification have to be
revised. This study, therefore, aims at the reconfirmation of the test capabilities
that were established in the past years, the differences between the OIML|
R49:2013 and OIML R49-2006 and the fees of added electrical performance
test for type approval. A draft of revised technical regulation was also
submitted to BSMI for further discussion and enforcement.

(2)The OIML R137-1&2 were published in 2012 and newly amended in 2014 for|

general gas meters, while the OIML R31 for membrane gas meter was
superseded. The new recommendation could be applied to gas meters of
different principles including turbine, ultrasound and others. Also, gas meters
may be divided in three accuracy classes and the MPEs are dependent on
applicable accuracy classes. The present regulation is corresponding to the
class 1.5. The requirements for type approval and verification between R137
and R31 are found basically the same. A comparison table was completed and
submitted to the authority for further discussion. The initial performance tests
of the ultrasonic and turbine gas meters indicated that their accuracy met the
requirement of that for the present regulated membrane gas meter in the
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flowrate of 2% to 100% of Qmax. It means that both the two types of gas meter
could be considered as applicable gas meter for utility use.

(3)This project is the feasibility evaluation of the performance test andjf
harmonization research of the regulation for the revision of CNPA 76
“Technical Specification for Type Approval of Non-automatic Weighingf
Instruments” to meet the 2006 edition of OIML R76 international
recommendation. In 2015, the main research is feasibility evaluation of the
performance test according to OIML R60 “Metrological regulation for load
cells” for the load cell module of non-weighing instrument, and this study will|
provide as the reference to revise the draft of CNPA 76 in 2016.

5. NML acquired 3 patent certificates with 3 patents filing, published 93 papers,
issued 218 technical and training reports, provided 4763 calibration services
and resulted in NT$48,887,235 revenue.
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= Q[30, 0.12L] nm
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() EwE Rl ks (kiitgs 1 D22)
AP
=R ENCE R R AL L BT R
£ ipl4~ F (1.5~ 1000) nm -

e AT A 01l (@15nmz = & v ERER) -

B.1 iT& %
R PRk SLATE AR R

3 1-4-6 ~ R R 5 AT ERF O A

7B ks Rk S
2RI 5 = p#
s T E R AR gL
v ki it i R HA) @R P
LRk [ER D W AT R B
R £ 250 nm ~850 nm 190 nm ~ 2100 nm
R R B (15 4 48) P-(4 = 48)
R b 10 nm ~ 200 nm 1.5 nm ~ 1000 nm
* FE TR 0.11 nm 0.10 nm
- — N

= *”m;w:&;%{k

J
B 1-4-11 ~ D22 & Su7g 3K A B &k SL )

o = A J;E'_‘}_%_-E-_ /?'J'? ,55}(15 nm ~ 1000 nm) % ,,‘ ““*“J— %Eﬁf‘

REHIRER G Dk~ PR By ~ R PRI 2 S RAR A RS AR RS
ARl E BABARD 2 K AA PidcR 1-4-12 ¢
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BB EA KT HE BBREAAEHE
(1.5 nm) (1000 nm)
+160 ——— MMM +1004.40
e T S I A A e e e e e
+1.55 ®
! $ . +1004.20 ¥ -

. +1.50 § . . €Y 2+1004.10 U e LI *y
R T . S ~+ 00400, ¢° *®¢ o2
R e e T G08100 Rt et e e i S
M g sy & +1005 80

’ +1003.70
+1.35 +1003.60
- - - R R - R o 2
% X X ®2 2 g & 32 F F F g
2 3 & 3 3§ ¥ ¥ ¥ 3T T ¥ %
= F R = g 8 gl'g9 88 B8
HBALE A 518 HEAE A A R
(400 nm) (100 nm)

B L e ————— +9810 —0m—— ——————

—591%0 _____________ = FO8.00 | mi gy
_+397.70 te e’ 00, ot +97.90
£+397.60 i = +9780 ¥ F Sov ¢ o
g . E . . ee e

ot 39750 £ O e SIS T TR I R R %
R 18 L e s e s S e e . LTI ot S e i i o S o)
4439730 & +97.50
+397.20 | +97.40
+397.10 +97.30
& 2
3 hu
£23332=2322328232=2322328333833 || = 3333323333332 g

B 1-4-12 ~ D22 % 3L %+ iy B

B-E:}-%-/ E’-L&j\/}ﬁp: K A‘ﬂ——?% B‘-Lfg %* T rw

u,(t) = \/uz(t'G)+u2(.9¢)+u2(5t)+u2(6¢)+u2(6a)+u2(5g)

DR RIERE R G L5 nm Gz § bR AR S b ket E - BUEIRT 07 TR X

e BIBEKR A B L AR A x’#(éd}iso),w%’,s/w\ jAT ey 5 1T
PFETRA R FAvk 14T & BT A

W \“
—; —ﬁ
| %

u, (t) = /(0.0115)* +(0.0032)? (o.044)2+(o.005)2 +(0.02)* +(0.000043)* nm

u,(t)=0.047 nm

U (t) = k =< u_(t)

Ho
U(t) CERC-F R R FTE PG FETR
u.(t) DR PR PR AR TR

BEEEAFERA ST oA B S 445 d L@ IEE TS 5 1975 24 95 %ehif:
WK o R g P FEER G
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2 FFETR A E

147~ Fw B R 5 1.5nm 2
u * FETR R PFEEREA | WFAG | AREEAEAAE | pd A
| A e 2
u(,) o * ' A t 0.0197 nm 4
Bk B ERE S B
IVRL AR L
u(e,) | AT A t 0.00179 nm 4
ORI S WS- N
IPELN AR TR U
u(o,) WETF 5 t ]', A Normal 0.049 nm 590
B iR A
IPEVN AR TR U
u(s,) TR A Normal 0.0001 nm 590
~ Stk i £
u@d,) Bl E B B Rectangular 0.0024 nm 50
u(s,) | AREHFETE B Normal 0.00016 nm 29
R
B AR TR U (1) =0.047 nm
3 r%pd R
ul(t)
F(t)u(%)u(5)u(5)u(5)u(5q
0.047*
0.0115* 0.00324 N 0.044* N 0.005* N 0.01* N 0.00001“]
4 4 590 590 50 29
=445
& E F1 5 K(t) = tos(445) = 1.97
R 2 e A U(r)=kxu,(t)=1.97x0.047 =0.10

(5 s g L 002)

%
§

(4) 2k EHREFRD L5

AP
TR A

WERBEFRDE KT LE LR
5?'1% & : (1~20000) Im

TR 15%

* £iR7

B.1 (¥ & :
R A IR IRID G [ R 2
N E R T R S

o R phit
¥ st fé\lﬁ p3RID g PR RAF L AR A TR
BRI ERZE HE AR o B AR Y 7 R F]+ (Spatial Correction Factor
SCF)i3 & » 4rgkdd5% LED %2 %3 £4¢ 7 35%L R
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JJz @K @©.0d0
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K(8,0)% # ATk 37303 B8R

FRATRPCL NP AR AR RER IS HERL RIS R
Bl oo §iREIEY LED Eehg kg wgmiguﬂod%ﬁﬁm,%%gﬁi#
ok & RF S LED B EEHEVN AR A G AR PF RS G S e
GV KA o

FATRP B PRE T R ARERE T AR A o I A
TRP IR PR R KRB 1-4-13 87 R F A AR E A FRRR AR FFRF
AR Tk L PREAE A TR RN > TR RS %W&WﬁmﬁA%”"ﬁ IR
IR FIN ISR R R G A MR A BRI F I R
ii*%%%ﬁﬁﬁwm’@ﬁﬁbﬁwmﬁéﬁﬁ%’%@L¢Mm@@°%1\
T 34w G R 2 AR BEE ORI BART SRS BUER) o % 2 AU
B - BT o F ORI R RS N o F & w‘w Tl ®m 3R HE
2 FRHEHF R A0 B2 P F R ERFREPFT RELELF L EF
AT E PR A IR IR A2 KA P % Ao R 1-4-15 A1 o

-En\r Idn

W

(8) fk~kp 2 el (b) # A3kt 2 ek
Bl 1-4-13 ~ FEdhsS 4 2 3k p 30355 8RR
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FHRARAEQ w—t
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Bl 1-4-15 ~ 5 A TR N 30355 Mk B 8 RS %

c 2R ERE G AERP TR
PRAFIRE FALHEY KT FREFGE> LT IREZ0Mfp A GFL
ARk R B R R ) Bl s s Rk M2 L 2R
Bl i BT BROE ) BB EIELE S Sg2 vt b G ik R B A
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B2 AFHBA ST 0 AN B A o FRGPIEE TN A FHORIR
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PR ERIE BRI ERER SRR KRB LSO ERFRAFRL T KW
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B SMPFREIRE 3 ALV EL 25— Ak 2 R BRAMAE 2P
KB B3 A uR A B e A

LA RS SRR T SRR N R AR L R A
o B o~ b2 SkIBEPEE > BN & R ALE EMM TR R TP A BRIt
ER- S i E Ak G

. ) P
nonlinearity = c 1 1
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HAPERAELARLL BRI LG B S RS2 g
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Im) > g PR 20139% 5 Skt £ £ (100 Im 5 2000 Im) - g 2
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BAEFEE
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w40 005 ¥
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¢ ki FEE % ¥ &5
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0.15 = 73000 0.15
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= 2= 43000 =)
0 = 57 P o=
20.05 ¥ = 33000 005 W
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B 1-4-17 ~ 2 kid B 45 4k §ip B2MPR 2R

(2) FATRP VA K F B F IR

FAnR RS PR E RS SR R G RFIRRIGH I A AR 2
HE  FHEE ST EL miw"r%}io—&m?' Cw AR A TRAR S PR R IR ST AR A
PR SR RAR] o F R RO A TR ERIB TR PR B A TR
el A g T NG AL kE SHF 2R ﬁ/,,\;j;p\ IMF BEH T AR i 6
PR kT A A IR e AR L TR BT R AR K %
HYMR2h T UREFER e FE YR AE > TV RE S e K E BF o kil
£ 520000Im 2 kima lomzfAaski 2 A S 5600 & TR RS 30
min e Fgt > FATRR RSk F B ER 2 ERIEER T EREY 5 3em
PP BBR G 1200 Ix > FaEF RS 72he d 320nm 3 1320 nm #FEIp o E W
BERZIEEL 001% T ABRIFREP R HFAIRPD IS K F 2 P
i) o F ks 2kl R R RIFE R 4 E T 20000 Im

FEAEIARENEE GELEETF L85 d0d 148 P AR L LT
B2 kg BRI AMIA S L0% B E e
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# 1-4-8 ~50W £ £ FEE P F FETR A T4
FE TR KR B ApEHERE |FRGEDRETLASE|R J R
Xi ApeldEA W) o |lelu()  |ux)
Tk 23 TR U(Dy) 0.440 % 1 0.440 % | 1333
i rE 2R Ur(t) t 0.265 % 5000
Ao TR U(01)] &2 0.130 % 50
R R A U(Q2)] =7 0.120 % 200
kiR te G L B2 R U(S) 0.052 % 1 0.052 % 14
ke B BEAFE u(w) t 0.038 % 4
TRE I FTA u(P| B 0.034 % 50
Wl B R B e Ulf) &) 0.012 % 50
ke ? 2R Ulf)| B2 0.002 % 50
WESERR IR H B A U(A) 0.035 % 1 0.035 % 7
k4 02 BLE AT Ud(Wa) t 0.031 % 4
TR FEILE u(d)| =Y 0.017 % 50
GBI RE R R R M TR
0.345 % 1 0.345 % 76
u(C)
jnEERRATEA UL U(Cs)| 1 0.224 % 10
B g B2 ek U(CY)| &5 0.262 % 27
HEEEL g R 2 A U(Cy) t 0.017 % 50
¥ EEFEF LA U, =047 %
$ 9Ch § B ver = 258
Juj,_%’r]—r k=1.98
ERArET R U=10% (GHE-kE 5 95%)

o BT A T A kgl Bl HeE g 0 £

ﬁﬂﬁ 300 nm ~ 1100 nm

AEL G B 2RV AR R A kg Rl Y > Fl A V()RR

LRV AR B R o 2L R REERE P

BB Ve o

Ds & 151

Dy L ERES> kTR

P
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|
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GEET BT R R ENERELET I HTREREE TRE  LHE

éﬁﬁ%ﬁﬂi%ﬁi?ﬁu”%@}&iiﬂ%ﬁﬁﬁy%ﬁﬁ%ﬁ&ﬂ%k@L¢m)

B 1-4-18 ~ f ~ 7k & L@

V(L)1 B g

g 5 K KRR

& 5 A A
200 nm ~ 800 nAy

i

Bl 1-4-19 ~ Fh f A skd 37 LB

CIEE R 17
780 nr ~ 1650 nm

d R ERC AL A o P e FRY W TR REL BRI
B FEHEMREFTREE L AoB] 1-4-20 A7 0 ART EHEM KL S F P 0 B
EWpBECHOphFE Y v LRI HERAKKTHE > BLFRABI AL > BE
EL 2 B R EEEZ PR SRR T2 LB R SR o

B 1-4-20 ~ @ % TS ERKRE TR
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G ELIEE L B ﬁi‘ B -7 ek S & Agilent E3634A & % # it 7 % Agilent
34970A > —ﬂ 4 ¥ 5 a,?x/’v\"'ﬂ‘J_ﬁﬁ’]‘W'—g’ fE"ﬂ/P ﬁaa])‘,l_ ,é’,—*iJ%_m'%[i a_,]rf ’ ,ﬁ .fvu#-a:-

RBE I A 5 4o 1-4-21 22 B 1-4-22 #57 o

Standard lamp Avxiliary lamp

IDD

+ o -

connector Iﬁ M connector
ety
Aux DUTFS,
Fower-out i . | ite
T ecee anbox

Relay
- 1 @ T Powerin

Multi-meter (V] Shurt Pawer supply
Agilent 345T0A CROPICO /53 0.0001 0 Agilent EIA3AAS NSTI0A

B 1-4-21 ~ 4 %550 B R 5 Sode SR

rOUZﬁ;-‘cﬁmﬁi L BN
| ol | moss |

B 1-4-22 ~ & L ip il R Hn F RRIETRER A 6

dFEG IS LR P RELERPRIG B TR A
200 nm % 800 nm ~ 780 nm % 1650 nm £ 1000 nm % 2000 nm » ¥ A& -k &3 § &8
2 kg % 300nm % 1100 nm- 12 Instrument System CAS140CT-152 1% % &34 >
Hepz MMM FER £ AT 5 200 nm 3 800 nm 2 k3 Sk 5 L £ 200 nm
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1 800 nm £ 780 nm I 1650 nm R 4k 3 W heB] 1-4-23 4777 0 02 A kg il AR
Rt B A kg sl £ 8 RIS % dofl 1-4-24 #7575 o

W L
=
=
= L
b

£ F 025
ﬂ 20 #® 02
% 15 =
- 015
w10 w 0.1

5 0.05

0 0

200 300 400 S00 600 700 800 T80 980 1180 1380 1580
# & (nm) # f (nm)
(@) # £ 200 nm ~ 800 nm (b) £ 780 nm ~ 1650 nm

B 1-4-23 ~ "L 530 S 3 & R 4 o6 2F ]

=
= =

a A A (mW)
S

-
= =

200 S00 700 900 1100
# & (nm)

B 1-4-24 ~ W5 ko RRCE 152 kB Rl % (5 £ ip L B)

(5) st e kB (Lk AL 1 V02)
AP
%A SRF LR D kAR TR
c ERIFFE A ERTRFSRFF (50 ~10000) Hz
s BRI FEETR 1 25%~28%

B.o ig= % :
o X ANEIERB MR A F 2 RIS ERS LRI BNES o
s AR FFHEL AT RAFRFRIAFIEFERRA G 0 E Mz 2 Fh
(distortion motion):$ = 2. % Fx TR -
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7 ALHE
LB

B 1-4-26 ~ J= 60t e fe it % S TR

LR TRV R
a. BRI AR5
FrBe L EHH I 27 R L R 2 HjiE 390k 35 1ISO 16063-21: 2003 Methods for
the calibration of vibration and shock transducer: Vibration calibration by comparison
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to a reference transducer » 3 jiF F 32 5 R 28 i+ 9 F g it

oA Rt o o B E R AR 4T

4
S =7><Sr=VR XS,

u
4
e
Su A2 TRERA [H = mv/(m/sd)]
Sr 2L R TR ETA[E = mVI(M/SY)]
Vu #Fcei R2 BT R E[E = mV]
Vr S 4528 e sg 22 ﬁ%] HRRE (MV)
VR s FiCcig R S R e R TR

BRl i w S ApHEE I A AT D T AT

% 1-4-9 4 ERTRFIARNE 2 F FEEAL

# ¥+ % (back-to-back) > ;% 7

1-4-9 7

1 %

FE TR A

#7 & = [l (Frequency Range) [Hz]

50 to 1.5k 1.5k to 5k 5k to 10k
T B34 (Voltage Error) 0.30 0.30 0.30
f"‘“ ‘E #2F % if j# (Reference standard Calibration) 0.58 0.86 1.22
SO
?3 S - i+ & 57 B JE 4% (Reference standard sensivity drift) 0.07 0.07 0.07
S
82 iR B A w 38 B 2 Hods (Shaker transverse and rocking
= % motion) 0.06 0.08 0.11
jé; E 1 342 (Reproducibility) The long term repetition 0.04 0.12 0.49
£ % 14 (Repeatability)(The short term repetition) 0.01 0.01 0.13
$te LB FXT i i
A4 e &R 7 r €k (Relative combined stz_indard uncerta| 0.66 0.92 1.40
inty), Uc(Sr)
3 »cp d & (Effective degree of freedom), Ve 306 258 308
i@ ¥ %]+ (Coverage factor), K| — 1.97 1.97 1.97
£ i) 7 7£ % (Relative expanded uncertainty), U [%] 1.4 1.9 2.8
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(5) HBA HT R & Ak SR1AE L E0L)
AP R
== ACPIVS & plgLjimE = &2k 43T i
« $plfH  AC(0.1~7)Vrms (# & : 1 Hz ~ 500 Hz)
e ERIAATA 02uVIV~-8uVIV
B.1 iT= & :
% % AC PJVS i 3tz M (< 500 Hz) 2 in 7 /R B~4% £ ip| Hpiserud =
a. ACPIVS £t 2 i R BRI 7 2 R2 B R w2 RDEF K 5 (10 2 500) Hz]:
AC PJVS £-%f Fluke 5700A 34 7 £ R ehT B F 5 (0.1 2 7) V rms(ik 35
SE) SR 5 (10 £ 500)Hzo H ¢ > E ik p ACPIVS & ¥ & 245 11 eh
TR S NG 50 B BRI A S reg 7 500 Hz £ IRk 2.5 0.25
zoth s B BRHESF L 05 A ERT L APy HGT 0 FH T RL
EPRER FBEHe 7 S0 BERET L HTRAE o 0t 50 T R R
iR itLim, TV FIAE R Q}Egl;;mm@i,glhﬁ, % o PiE & )
FRagsir -t BLRLAGEATEHE N LT RFTE N2 TRRA S 1
FEHRARGE B P A IRGEE R B RGEAL A TR ARG ER I
MFER B I R LRSS A 0 15 50 S AR LR TR RS TR

21N

2 F@iﬂ%%wié?ﬁ%’W?ﬁﬁgimm@ﬁ%m%@iﬁwié
oAk ERIESEZE ASER AR R FA4oR 1-4-27 2 §) 1-4-28 -
300
-|®10H: 0O16H: A20H:z Fluke S700A
250 F|v40k: 4625Hz #125H: g
o008 I 250H: W400H: «S00Hz| « ' gim
= L |[N=350,r=0.5 * Calibrator ; E
150 |{r=025(500Hz) |- e B 22V rangef -+
3 £ o, Fa
>. 100 . E L i o o o :‘:
@ 50 ._. AAAAAAAA 3:80?‘ :AAAG :’SJ:
50-i033Q§§3a-’.\.\‘!’3:
b ! Pl ¥ < 2 Y
>§ _SO L e Ib ........... - b ................. ’g;o ...............
Calibrator | | |Calibrator
-100 [ 12.2Vrange| |7 Vrange| T . J—
-150 I T 1 T [Tt ST YRR, LAY WS MNP |
0 1 2 3 4 5 6 7 8
Vet (V)

B 1-4-27 ~ AC PJVS #f Fluke/5700A 4 i7 = i @ B2 £ Bl %
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Calibrator | | [Calibrator| |[® ig :z 3 ég ';Z“ : igSH:
— [ z a . Z iz
= 2-2Vrange] + [7V renge 250 Hz W400 Hz x 500 Hz
i ”.E """""""""""""""""""""""" Eluke 5700A
= ™ ' |V '05(2)5’[;;)0‘; ) Calibrator
— y [r=0. 2
" - - : 22 V range
oot 1 I e s i s e l ,,,,,,,
— A L e o '
> 2 e o .
g S '
= . - . e o o0
® R S o
| % s a ‘A
3 o A g - g d e - W

'
c § ;
< Bg 288 bunfuns
| 1 | 1 1 1 1 1 1 I 1 Il

0 LI 2 8 4 5 6 Z B
Veer (V)
Bl 1-4-28 ~ AC PJVS #f Fluke/S700A 34 7 2 it T R Eipl2. A3 FEER

KBRS ET B ACPIVS ki srg it § e REHH LT RER > 2k
"é”,@giﬁ'#%}b 0.1 % 7)Vrms> £R4FF B 5 ¢ (10 1 500) Hz » o+ 2 5 7
RRR (R A5 FIuke/57OOA)“$ 2.2 RAFFE 2 30 (HE TR E B F AT TR %
<2tk BRI R TR A ERIAFETR F A LuVIV e
e th s A I % R T R R A S K3 20 Hz 11 2 4E B 4t 250 Hz 2 Bl
(Vimeasured) & A B (Vee) 4 B0 H # #F 5 ken+ 3% % > ¥ Fluke 5700A &7 FE’%J
MppET o BERELXTENLIERE FPEIIR JHALRTRE 22
R m s ZERCENL 130K HMTRRT R 3 > L&
1RG5 350V 7 g £ @ £ 4000 20 Fluke 5700A ##737 12 &

BRFERALEFEN o2t LR TRR AT F A0 Hz 5o BT RE P
B OEHAER BT I - R TR L;Jc;}ﬁ » LR 5 Fluke 57X0 Jx 72 % #
PRl ek A o

. AC PIVS 42 7 T BRIR (B /A 5L © Fluke/5520A) 3 i & Bl 2 B %P [£ R
HE X FE R 5 <10 Hz)

%212 ACPIVS i Sud 42 i T R R (B g /2] 5L FIuke/5520A)%] 212 1A
(KI0OH) R R BeAER TRERFF: (012 7)Vims  ApREE RS %2 A
KRR F AR R AR 1-4-29 2 ] 1-4-30 - £ & Bl % ¥ v ACPIVS % stit

FREEEAT(< 10 H) 2 i TRAE R > 2 $20 00 20 TRB(RCR/ 3 5
Fluke/ 5520A)2_ #r3 TR E B2 FE 2R & -] > 05 pVIV e
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1,200
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-150

[ |H”h55w"3 S . . [ Fiuke 55208 (33 V range] |

T D

F :E 80 | e e e P

F =

E 3

b > 25 .

e
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S N | R ——

L i i i i i 1 15 . 1 i 1 i 1 1 1

0 05 i 1.5 2 25 2 as 3 4 5 b 7 8
at (V) Vaar (V)

B 1-4-29 ~ ACPJVS #t Fluke 5520A # 7 < iR B2 £ BB %

T
= e E
= N=50,r=05 i
> Bamenrroeacomerne FEEINY B S B VT T
:— |
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'
" Calibrator | | | Calibrator
— i “13-3Vrange['t"| 33 Vrange [~
= ! .
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= z | « o
© be B R S S
‘5 .......G o .9 : g = o &
8 o LA L
c i
= 0 1 A A A 1 : A 1 A L A 1 1
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] 1-4-30 ~ AC PJVS #F Fluke 5520A 34 7 2 /i & B E B2 A%+ /R R

e Tﬁv’ Fluke 5520A & 4 * ¢t3% 10 MHz i 5 pFRF AL > pt b 2R 10
MHz » ,)515 e il RpAp X ch T 480 54 % 1§ ACPIVS B E i
A e T F- B 10MHz 75 %@Eﬁl%ﬁ; PR AR A AT PP R @a‘]/\
f»°“ﬁ@3%£?’uﬁkmﬁﬁé?1ﬁﬁﬁﬁ ﬂ’ﬁw% PR 2
155 1008 s o Fpt o o S0 pE L (Timer Error) & & 4 chE Bl 7 58 2 A 48 R
wHE BROER I RLF]F A 0 AT g

AC PJVS s 3ii B eng Plif i 5 > TRA EPHEIpfF P =c#ks 10 -
&g p ACPIVS & & & :Nﬁg?]ﬂ:éﬁfé_ it RT S#HcE N 5 500 Bk & BIPFR L
Fr s 050 AgplERY > %‘g# £ @4 i B 2 17 Fluke 5520A§i;]:'!z’7’ﬂ%$+fi
LR T RAA;E AC PIVS & g B emf b 2R TR A2 BT R L 5 T A
S oo gl pE S B T A (RO /AR - Agilent/3458A) T i dia] R RAE i 7

Bl 1V & 100 mV 45 ) 12 %% M A SEenE P 3 FE TR o 4V rms g 5 1 Hz
R REF L AP EAETE(APL32° ) BT RLE S 48V w12
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UVIV o i34 00 2 5 © R R (B /2] 55 Fluke/5700A) f

+2° it RN o AR R R R -

e 2= ACPIVS 4 %28 P * Ff TR %1%

AT (dpdAp i AL
PE20 ) BT RBRRE PR 20V IV A :%ﬁ*ﬁ°ﬂﬁ%%’
BT R T BRI BRI 0 FROL A SRR A2 B e A S R B

2 AC PIVS i st g B ;‘Eq*{ AR REEBEPFRZER I IETARER
ErtrEEeis s HER A mThE e 700 7F 13 ¢
a. TioEiRiE A (A N)
b. P~ £ 3 £ %4 (B %)
C. PoH T AR Gl R TR (B %)
d PHRTE2EHFEFMLAEBH)
e. ACPIVS &2 % in 3 B iktp =354 (B #7)
AGROERFFEER I RTARLT » IRAEIAPENEIERELBE
FlF+ 2 B %4 1410 2 TR A B 457 B3 82 KRB R I RMIAREEE
FERBPR
BRITRER 0.1V (rms) ~ 7V (rms)
2P 5 45 F 1 1 Hz ~ 500 Hz
R FEE A 0.2 uVIV ~8 uViVv
4 1-4-10 ~ ACPIVS it 2. % F& A 7 %

Vrms (V) 1Hz 5Hz 10 Hz 16 Hz 20 Hz 40Hz | 62.5Hz | 125 Hz | 250 Hz | 400 Hz | 500 Hz
0.1 8 8 8 8 8 8 8 8 8 8 8
0.5 1.6 1.6 1.6 1.8 1.6 1.6 1.6 1.6 1.6 1.6 1.6

1 0.8 0.8 1 1.6 1.1 0.8 0.8 1 0.8 0.8 0.8
15 0.6 0.6 0.8 0.9 0.7 0.6 0.6 0.7 0.6 0.6 0.6
2 0.5 0.5 0.6 0.8 0.5 0.4 0.4 0.5 0.5 0.4 0.5
2.5 0.4 0.4 0.5 0.8 0.5 0.4 0.4 0.5 0.4 0.5 0.5
3 0.4 0.4 0.5 0.6 0.5 0.3 0.4 0.5 0.3 0.4 0.4
3.5 - - 0.5 0.6 0.4 0.3 0.3 0.4 0.3 0.4 0.4
4 0.3 0.4 0.4 0.6 0.4 0.3 0.3 0.4 0.3 0.3 0.3
4.5 - - 0.4 0.5 0.3 0.3 0.3 04 0.3 0.3 0.3
5 0.4 0.3 0.4 0.5 0.3 0.3 0.3 0.3 0.3 0.3 0.3
55 - - 0.4 0.5 0.3 0.3 0.3 0.3 0.3 0.3 0.3
6 0.4 0.3 0.3 0.4 0.3 0.2 0.3 0.3 0.3 0.3 0.3
6.5 - - 0.3 04 0.3 0.3 0.2 04 0.2 0.2 0.3
7 0.5 0.3 0.8 0.7 0.6 0.2 0.2 0.3 0.2 0.3 0.3
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2. FMEAERHE LD E
(D= TEmP e ss ) 48 A%kt
AP
R DT T, R KR -
Bz plipi % ¢
o BT KB RIS F S 1-4-11 2 o
11411 p BRI RAHR TR RIEE S

;ii PIE R P o et | 7R EIRE S
% (Ratio)
1:1 1.000001685
WK P EE 10:1 10.000565863
13:1 13.0004076741
1:1 1.000001697
b g 9 4 o |10:1 0.1000007657
o AR IE 13.0004106973
MR 100:1 0.0100014146
1000:1 0.00100015364
v & 7 F & (Ratio Accuracy)
0.01 mQto 1Q: |<1x10° R % 3 2R 3.9x10°
1Qto 100 kQ <1x 107 @ ) 2 R 2R 4.6x107
RpER i £ 1x10° F il &4 & 1 0.00090 ppm
s N 'E_E:@t%i”x%*lﬁl\i&ﬁm
) e LR SRR Eow SRR .

Q== TF REPR L3, R %k
AP
e B ERERA G G BX R R
B£%£W$%%:
AR BEACT o PIEEE P LR Fo
a KEAT N ERBERA SHT RS F RIFLLA GAT L RIEHRS &2

B EA
b. /&4 #’% ] 7000 kPa z_ /= % “2(PISTON CYLINDER MODULE) » % & F i o4k

R4 BRI FEEA(QRPa+2x10 xR 4 ) ¥ Pl % L 4N R4 Bp 2 AR A (2 Pa
+1.8x107°x ;& 4 ) o

C. B4 #FFIT00kPaz ERE  RPERL GRS R LA (0.2Pa
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+1.4x10°x /R 4 ) > F Pl % 5 AR RA4 Bl rE% A (0.2 Pa +8.5><10'6><@4 ) o

d FEYERABRAPF FEd BFHRFI ML FFEI S 304 7RSS
B 4§ 7000 kPa 2 7% g 2 > 7425 4.5mm > 3 7000 kPa pF T % 1 0.5
mm/min > T RERER L O 44 B4 FFI 700KkPa 2 EE R (ARG 45 mm s T
700kPa pF™ % % 52 0.2mm/min > T 'R R L 225 A4 o

e. R4
77 &4 7000 kPa o 7 ip% %
7000 kPa -

(R 2 LA DA N

| % (Manual Pressure Control Pack) g # 741 4
PR EAIRS PR S

Z R 5PatT s F B

F 41+ 1.04kPa~ 4
$E 4 0.08kPa~ 47 & 4

b

zR¥viE 1Pa~3Pa-

()& MTHEE & Fp 1 D 45 53018 & BB L

AP

A THRIE§ LR R h A R

Bkt ~ 2 PlIRE %
* S TR
F 1-4-12 ~ 8 & 5

P 2 BT

BRI @ Brdo 1-4-12 #7571 o
BT kSRR PR R

P fo AR H PR BRI %
;};’: &S @ :
o 0Hz (DC) 5|  * 50 kHz
DC 3] + ** 50 kHz
2 %{ » B RE TR
F ¥ > 180 dB
=140 dB
ﬂ%ﬁ”iﬁi .

¥ #x % IEEEP14514 =2 p B FRER B F

B FoLRh ERF T g B SRR R

W

FELE 1R 5 R (ref. 1 kHZ)
+0.1 dB @ 0.01 Hz to 50 kHz

+ 0.1dB @ 0.01 Hz to 50 kHz

B A A
< 0.0005%

0.0001%
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(4)»:- A Mz

AP
== TR
B.le % 2

et 18 3 e thfi(Cd)

BRSO ERD A RS kR

BEE S
o NML % B g i % .,um;ﬁg/_g‘_ LR e

S ERIERE L 22 SIS RN

R BT oo

o BFRE T "— 1
S H 3 ?’Eﬁ?/‘,‘ﬁtﬁr% 1-4-13 2 1-4-14 #777 o

% 1-4-13 ~ @z?ﬁg#m&«—q g Cd v ik

\:’F -2 w.

Nozzle | Diameter | transient transient e g T Ek
index | d(mm) |pressure(bar) |Reynold No. al bl cl
SNO1 | 2.307 20.1 5.73E+05 |-3.88E+00 | 0.00E+00 |9.95E-01
SNO2 | 3.271 20.0 8.08E+05 |-3.14E+00 | 0.00E+00 |9.96E-01
SNO3 | 4.219 20.1 1.05E+06 | 8.15E+00 | -4.06E+03 | 9.90E-01
SNO4 | 6.679 15.1 1.26E+06 |-3.62E+00 | 0.00E+00 |9.98E-01
SNO5 || 9.439 10.2 1.21E+06 |-2.74E+00 | 0.00E+00 |9.98E-01
SNO6 | 11.555 10.2 1.48E+06 |-3.01E+00 | 0.00E+00 |9.99E-01
SNO7 | 11.556 10.1 1.47E+06 |-3.25E+00 | 0.00E+00 |9.99E-01
# 1-4-14 ~ g > 35 @ Cd w i Ml
Nozzle | Diameter < 3Tk
index | d(mm) a2 b2 c2 d2 e2
SNO1 | 2.307 |-6.74E-07 | 2.72E-03 | 2.67E+03 | -6.47E+05 | -3.09E+00
SNO02 | 3.271 |-2.95E-07 | 1.43E-03 | 1.99E+03 | -5.71E+05 | -1.56E+00
SNO3 | 4.219 |-2.32E-07 | 1.22E-03 | 2.00E+03 | -6.23E+05 | -1.37E+00
SNO4 | 6.679 |-5.40E-08 | 3.44E-04 | 8.20E+02 | -3.04E+05 | 1.87E-01
SNO5 | 9.439 |-1.76E-08 | 1.22E-04 | 3.20E+02 | -1.20E+05 | 6.91E-01
SNO6 | 11.555 |-6.83E-09 | 5.67E-05 | 2.05E+02 | -8.75E+04 | 8.29E-01
SNO7 | 11.556 | 6.78E-09 | -5.45E-05 | -2.06E+02 | 9.80E+04 | 1.16E+00

G)yz = ThFfD ki R Rkt

AP
m$r*w%'&ﬂ

Bl %
o H T HMAL B R R E F e & 1-4-15 #1o o

@R R
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* 1-4-15~ 3 kq”’rﬂ SRR RPIES S
i BRI ELRRE %
TE LB IW BRITESICRET RS FIW
FAL -CBARDTHELTEE AL - BA K488 nm {514 nm HF &
FAN- MR MF sk f KFVIRERY - AE AT HEEE
£ pIEE4EE [F) 40cm 3 80 cm ¥ 240cmx 80cm
PR E T iR R
GEmE OGN LG kite e EEERPER (215)ms
PR BRI R R ) 30.2% o
7 Pl & 7 0to 100 m/s &
R RPEFE=01% &
# 5 # 7 2 100 MHz 12 £t
3 LA kT Bl > 62

(1) z'ﬂ@:p L DI o L ,L,(FO6);;: A ) 3

R E s = A A

FARE BN FHER - CRNRE I S - BRI
EARERABER R PR D SRR MR R L
ZREFE AT EEEEE AR GERF > e b F TN T p R
FHWA RS > RBR P P I R0
AR AR T

. i %

& /? ’ %3 5@%5?‘]@'_
LR AR £ e

| PGS e
PR B R F 2

A EFAREBYRAEIAFOERE  FHEIARR R 7%2.?50

b, **Fpdpy poo S Klic s P AR B PN INF AR R E SR EAME RPN
FomE RAR - R -

C. IR f A kdr gl AR  REMDBFEASREBEE P FINERE R TH K

EERLELRF R WA E B P A 0 R R R

PoAR AR PR FRERREE N AR RGO R ERR L
Facdt o PR Z 74402015 Crp o
(2) /fdgt/n ’E_ ’E:/E' N ~/'-4(|:11)E —g— ﬁi—
/J‘< "L‘l FF ‘5\\
pREIAWAR AL P RZPRAL e TR BT ASIEL R



SA EEER o B RA S REG B AR BT
BN R R BRI B (e TR # O B S BT
BB ERAAET > FAETA ] > RFEAPM SRR E S AP e
. ik %
a %d Ak (FILBREAN M E A8 4 6 7> & 45000 Bodhte A 4~ A3
AR M FRTHREY T I FHELRIES Y
b. % = ficin i S(F11)# i beds/ B A B L E 2 RIEARA > RAGE s M TR B

BEERHCLPF > 75 22 MERF TR -

Bk % Rk #(DL7)E4] B 4 DOS i+ EEY 3L A
SRR A A HE . T AP écﬁqﬁﬁﬁﬁ)gﬁmmml% TR
RenE R FHOREHE 0 TN RE B ER -

‘_H
\.
<
[}
e
“&\

ES

{444 B 2 window it % 4 512 @@ die (% 5 d Labview#% 5 ﬁ
d Wi-Fisg 334188 S 4% 2 3 ieh @%] SR oy N I Efﬁ g R AT

(4) F S EEDL % %U06):x L 1 iF
o A E R
R g4 Rz RGN
REFFTEFREAAL SN §FFIRFAN I ATAFEER P
RREFERCEAL AR F AR > DR bl oo @ so @R EREEY

7R 8
EF AL RF L R R ARETRAZER Y FREFIRORT
;ﬁt.ﬁ_’m TRFRBRBR > MAGERE UL IHESNEFER &

Wiz Hma? i o FRIPICHETE - 2 AR PGP o
b%?ﬁﬁ%ﬁi
PR SR A2 BRHRE IEEE 1309 std. > ik ¢ &2 > 4 &2 # TS
5 32 &«Plifi*’t’éiﬂﬂ@ BHrag i 3o T ERE 3T RS R R 7360
Bk ¥ piesg RRl2 ot s B R TISE > AP j Y o XA G
ﬁ%ﬁ?%$%ﬁ%ﬁ£*ﬁo
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ERABIERTRATY R REERE NI R 4 EFHTF AR
C%%?@ﬂE)WWWﬂﬂﬂﬂ?ﬁ%iﬁw’%%ﬂﬁ@@%;‘@%%;%
FEAVFRE TR AL MR DI “%”w%@ﬁ&%W@ﬁw%ﬁ
B U MBEE A BT RS R - BRI LAY ER N >
A RERES A R TR RBE Y ﬂﬁﬁ4Wﬁ@@ﬂ**@%@@7

RS RFHEREFRPH AR LZGFEERFE > g BRI L
BRFER -
(5) + Bt e x % (NO3)ec £ 1 i
o GBI
NO3 i 52 i REZH] 6 Sem 2 45 AR T2 B4 > FPL 2t A E RIE T4 0 sz

%frl #&J,:“ «u\’:tif’r‘}f"{_]_’%é_i%il%%}ill‘io

Hdow B PR A B RS-232 41 2 4 B A RNK AF &
#1142

K%@%W’s@ﬁﬂﬁﬁﬁﬁ& PliEd ECHFREF 22975 RD
Bhood MR P BRI o Tt L S p #1037 ASTMET4 2 %2 1SO 376
g

(6) T 5 3 MR R ARk 5 (PO6)rT L 1 i
o tFiri R

D N MR R R AP T PR RS ST MR Bk A o A
FETIEF ST HARKFEFARL o N L RE FRE KA (F £
IE 3 2 ERTMHT HAEEFES BF - @A PTFEFS > S F AT kR
MAc RER T 1 Palsece raptid B > 5 E H B4 BT 2R A4 10 kPa > ¥ 2.8
PR FREFEES S RS BORE L AR RRDIFRILE T &R
L E(Y 6 ) PR o T T T g AR R s T S R 4
BAEI7ems 5 A K48 i p $ 4o B E RRE I Fp Y A i & kel

R o

o A %

#-P06 % sl A 1%t FPG 86014 T 73\ iF & &R 4 3+(1 Pa~ 15 kPa) &4 { #74
W ERRARRIBE LV FRF AR L RNFEFRGH NEME F LG
ﬁﬁqﬁg‘;f;a Bof e TAETA IS RE R 4R 2RS 10kPa T
R 10 Asap TP ES S RS FRA 1Pa~10kPa )k S RGP G
0.01 Pa~0.3 Pa -
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5 p IR FERt %
[ e 37 3% #HEE20 ~ E26 » 471 D29
v - 112
2 1)
k% - -
CAFNETRL 6% 8%
A - 2% 1% SCI
RLESEE 6 3%
Bt g 4 k& 6%
B AR 12 135>

[f7= %8P ]

(=)=

B~ R EEN

[ 22 = pFig]

103 # & p 1%

104 # B P &

105 # & p 1%

B ALz e BEplH
ERF#EH Imx1Imx05m>
ERfA47 A 1 0.1 pm
oiF 2 F BEG $HIRIEEH T
| BRAREETA D 1x10°L
Vs

b | R L B
3'%%ﬁ$%M&%@ﬁ%ﬁ

AL B T R < 2 KHz

1 g R

oL G Bk 1% R < P

LR

(1 x 1) mm? ~ (4 x 4) mm?

*CMM H& 1t & % >

P * FEE

B :04pum+0.7x10°L

o B B0 E B R SR B
FE b i 38 B B e
HAT S pmo dhe IEAL )
32 pum; BEE R E $REER
P2 AEE A £ 03x10°L -
M FM o~ dRE R RIPNE
 Un-situ # G EdE b in HE§
B L

L 2o

BN

R

£ RIf247 A 1 0.1 pm

TRIEAE )3 1 um

B <3um> b 5L R R FE

TR =2 um-

R A L R LI L
L

R4 (10 ~ 1000) mm
BRI IR
0.4pum+ 0.5 x 10°L -

I SRR SR
fE47 AR 2 0.1 pm >
R e
0.5um+1x10°L -

M F A REE R E
2 —In-situ 4c 1 $E4R1& B ¢
ViR A 1247 B

B ZHE 8mm

:8“1'11,

#g % 1 20 Hz ~ 7 kHz
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[+&RP#]
A1 CMM e i oo 3 B #3E B8 819 $TRIEEHN ~ M /4R & & RIPLIT
e CMM &1t k% :
VERFEETAR 04um+07x10°x L(# 5 #FRE2ELA > k=1)
o f i HLE B $HRIFEH I
VR E SR R R S e 3R A ] 3T S um s ghe 3R A ] 3T 2 um
v Rk thg splEE 0 B2 R TR 0.3x10°xL -
e Xt (In-processing)$ #f ~ =& & RIFAFH 3
v &S (In-situ)# gt 2 i i i 3 & P o
Ee L BRI AETAES3um the L BRI A FREETAE <2 um o
[#i7=%]
1.CMM #& & % 5t
A #%& B ik (coordinate measuring machine, CMM)#& &+ & %t % 2 LaserTRACER # i
LB E > CMM #& & s Suif 5= Bl4cB) 2-1-1 #75+ - LaserTRACER #_d = MK 7429
% (National Physical Laboratory, NPL)£2 g, & 53 21 4= 32 5 k= 7 fe (Physikalisch-Technische
Bundesanstalt, PTB) » *tX F B HF 3 H R RE R mREZ SPHEAERRE > L2 E R
HhizarzBHenS L > el 24 - CMM % - LaserTRACER &9k 3 87 F &
FH RS ERAH BRI FTARLS - ZFA N 0L um gy Wik Rk T 6T R
- A RO W FL Y v BET M RE S T
LaserTRACER it 73 Fe P if BT £ p] Fipl 4 (F &H40) chfs & pEa % 1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| ‘}

| |
| - h HE R E £ st !
‘ = ¥ (7 (RAR -8R+ FRY) (e~ +-40) (EPA - pror)
| | |

fffffff e

T b ik LaserTRACER

S g
(Multilateration)

A2 % # ACMM
(U<1um@ K=2)

| zsv-pa- ool

B # A CMM
(U>1pum @ K=2)

f
1R ESR Rk
(PR ~Z@AE-TH
AE)

B EEE
(B ~ 865 ~ 2 5 ~ 15 Sphl BB EHR —
A2 3D Er g &1

Bl 2-1-1 ~ CMM & It & suif i# @]
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(1) A% £ ] R f2 4

CMM & i o B 8-F 3445 (F & % P F 34402 448 F 3448 )2 2% & CMM Bl 28
4+ o Ji* LaserTRACER :if g2 € Bl & &+434p ¥ LaserTRACER i 45 v > 1
LaserTRACER & ip|eni=# % i 225 CMM z =8 » iE I CMM &+ p ehe A3 3
#riE 2 CMM &k svehfed av £ 5 ¢
> X phi < £ Rl [F] 0 1200 mm
>y i~ £ R R 1000 mm
> 7 ghi < 2RI § K © 700 mm
>EE2 T AU)ERTE U=04um+0.7 x 10° x L (k=1) ;

He S LZERIEHE > E-im> 2 2 FREFI IR -

B 2-1-2 5 CMM #4254 5 6 B &#H3: (DRD Lk CMM 24t
FERERAEDT AN E > R E Xy ¥ 2 dh{TL 4 B A 1200 mm ~ 1000 mm &
700 mm 2 p 5 (2)ik 1 CMM s R 7 8 RIEERD] BB RIRISRE =+ 15T A 2
AL A~ CMM ¥ 5 Q)& & 28 K I 2 RIAZ5 R3] o 4 LaserTRACER ~ & 5441(7
PRTF AN AIBF M) AMERAR R BEEEAL I L KENCMM L > B4 H
2 %7 LaserTRACER 3 54k 4 23 F% & 5445 » 3 LaserTRACER B 4532 7 3 Bis (4) 8
REZZRRL TV H f’f%J >3 CMM & pjptjz i 7 CMM 55 ¥ 48 5 > 2% LaserTRACER

ARG BRELE P D AR HEE AL WA T STk & E F S LaserTRACER i = & B
AR B B)RBERAEN AT L 3 PR (B)RALE ASEE R ESER R RS
B) 2-1-3 7 LaserTRACER it 7 CMM & it PFeng R & o

=
-

, Bdy mi 2
FHCMM*B 5
I AR k344 R
F N
« 742 < (1200, 1000, 700) mm o WAL R RlR dcdh 2
. mwu BN nY rtel
o JpIER ‘,é;\ L R R E N |
¢
o TR
v
Rl 23 F g <
F N
. pik&/??"lﬁ Ji 1 gk~
il XL RS S S o T RBIARS T P
« A4 LaserTRACER%i)\ ) 14 42 LaserTRACER
CMME ipl s i i BUTA
A 4
REER %S R

PN

78 3% LaserTRACER ~ F 54
S IRBE R )E, /H

;/Q § B RAT I’E:‘ Z ?E o
RRERE

R E

B 2-1-2 ~ CMM K & 42 &
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&
3
E
g

Bl 2-1-3 ~ LaserTRACER # "% i& {7 CMM &t 2 fFiw
(2)CMM #& &+ & ¥e3=ip
CMM fe itk sugk* 3 &2 ¢ (multi-lateration) & & /2 1F 5 &R 2 = Bm A it §
AAH > MR g2 AoB) 2-1-4 977 o LaserTRACER 1§ &+ i e (FRedg & 8 > § A
w) gk LaserTRACER ehd 4%, % (X, Yoo Zo)2 F Steena X 4 (x, vy, z,)P >
FEEA S B 7 5 0 R 4o BEd | 2 EEg 8 RS % Al 2 Sfe o 54 (D) & om oyt R %

‘Xij_XOj‘Z\/(Xi_XO')2+(yi_y0j)2+(Zi_ZO' =ly; +Al; - 1)
FEYETHTHRERBFARSIELIW AT B L)
Ii'+|o'+\Ni':S'\/Xi_XO')2+(yi_y0j) +(Zi_20j) ; 2

H ¢ LaserTRACER & & X, &2 7 &+ 3 iR e~ 4o BEHE]) 5 A Fvfio £ 3+ 4 58 (j=0,1,2,34) -
TR E_ T AE R T OREE

5xm+3xn<mxn ; (3)
BY om o FHEPFRAED S on 5 BRBE PR T yM2AFEA TG fE0 07
T F G MR g,a’ﬁ, =307 & v 5 LaserTRACER » & #- LaserTRACER 4~ =t fiiic b w
B3Py E R e

li=2]  [|i=3] [l
=
_ li=11 !

SN

| Y | h

c
-
i
Li=i]
B 2-1-4 ~ % 5% ¢ (multi-lateration);# & i2 7 R B
HEpFAQFP A ERE IR 3 E S5 mE F e & $lio A RE ik kgt

# LaserTRACER snged € iplic 4 > 245 ISO/IEC Guide 98-3:2008 it {735 » 2 {& £ I
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¥ g %“ + Bk (Monte Carlo method, MCM) 4~ 45 ~ B & ~ 2248 L34 £ Fl 2 ¥ AL
o FRERUL 0 7T #-k gk LaserTRACER shied #
BIA 4 TR
TN RS TR
PAT b REEAIE © A AR AR FIF 4 5 T Tkt (N -
o)~ 2% 5495 % (V) » = £ 5 F ST o REEALE IS AT

T okt £

L=N-4,/2-ny ; )
d FPRAFRED D T HFRAEED T AT
u(L)=JaL/aN-u(N)] +[oL/02, -u(2,)F +[ot/an -ulng )f - 5)

ML RE 2 B ]G R FER ARG EP o
@ B+ 7 R E(N)
T RS P B R R OB BT R R L T4
A AERE GEN AT REFBZ LT L 1 REE I R uN) 5 V3 &%
AN 5 77.0x10° um > B3 42 a5 5% 7@ p d & v(N)5 200 -
T E R & (o)
TR 7B E R % 3 (NML)3R 2 #r3k a0 St £ 5 0.6329914501 pm
YOI AL B ERL L TR S 1.20x10° um (k=2) > BIF Sk £ iR f
FEXR U(lo) 5 6.00x 10° um » Fac talic A /A, 5 158 x Lum™» a7 /e
5% 7 #pd & vil)s 200 -

ARG T MR L EX L AIHI G AR AR L LTS FEAM e
AC) A FRA (po B img PO Bk EFARMN B d pm)srE S a5

NPL 2 & (s ehEdlen 7 § 378+ 5 23892 & § & £ 2 2475 % 40k 2-1-1 #7571 -
F 2-1-1~ 2§ 375 5 (Ngy) & S 7
Ex- Nk ¥LFR TR REIR ®Achik BRI FETR
A AT S - 1.00 x 10° um 1 1.00 x 107
THEER +1°C 0.577 °C 9.53x 107 °C™ 5.50 x 10”7
L F RS + 200 Pa 115.470 Pa 2.68 x 10° Pa! 3.09 x 107
IR +10 % 2.887 % 8.50 x 10° %™ 2.45x 107

> ARk e @ e 2 R TR

LaserTRACER it {7 € B|pF > Rk sk 6 5 F 8o o sete B3k 7k o 255k % £ (Storm)
WP EE R FAETA o d 5 LaserTRACER -3 84+ ikl - o3 fhiedd o
BEFEHD R o A R A TR T Rk R RRIESF AL BRI R
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TR oot RRIEAEY §RPERI IR DTG A G F HE
vV Rk & 25K L (Storm)

B2 3ok 5 )R SR A (form error) #- 3 5 F 5+ o A B EEdE R L
LaserTRACER #i¢ * #5335k 2 B & 5 50 nm > Bk 2 5k 25 304 #5142 e FiE
RR AN R PFL LT 25107 um o PHRE A A RUR USom) 3 14.4 %
107 pm > R B B/ By & 1 B RAPHA AL 5% T @A A V(Srom)
% 200 -

v #9E 5% Ji (Sts)

BRI R E AR Y WS FRER LR A B o LaserTRACER
R 2 0 R E 5 254 mm o #OBE Al 115 x 10° x L (UK) » #2835
kL 5 £ R 137.3 mm i I 0 L AEE i 0.60 x 10°x L(UK) - B¢ L
SERCHE I me LRRSAY  FEARC 1K D B AR Rl
Al B UL IR S i A BEAE A 146 x 10° um R 4 BERLR 75l A
G FERR S ETA G BB X T 5 146 x 10° um o Al T 45 EEAE i
WAL USe) 5 843 x 10° um > §at i B/ B, 5 1o BB ARH I AL 5
% ¥ @ f g R V(Se) s 2000

ke RS AL B R N A R A 824 X 10° um > Bk 2 BEALR 1 47514
SRR B ETA 0 R PR X TS 824 %107 um o Bl 4 AR
7 R RUR U(Sw) 5 47.6 x 10° um> § 5T B/ 7By ¢ 1 A A H A AR RS 5%
T @A d A& V(Sw) s 200 -

v i % 1 22 (Soffset)

d 3t LaserTRACER % g 845 i@ de pr & 3 9 pd 35 4 (runout error) » #
BRERFAEALL 0 P2 E s RN ] 5 um L B R
BI% A R A+ 0.01 mm o RS LT L 127 mm pE o O e 4 4 nm -
454 (9) -

d = rsphere_\/mzlg_7_\/m:4x10*6 mm ©)
Bk A BEL R S A B RR S AETA G B REFL 2T 5 4x10°mm
PIHF-3E 3 7 TR U(Soted) 5 23X 10° MM » § 5t 8B/ By 5 10 3 BADS T
T L 5% 7 EAd & V(Softser) = 200 ©

d, = —25, (nf +t)/nR,
0,5 =25, (nf —nf +nR —nt +t)/nRR,

0
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(@) (b)
B 2-1-5~ @)k dhA T SR pFrer A 4 enk Sk in £ 5 (b) R B B L B 50T -

v F 348 (Storm)

WP AL A G AR IR R 2§ T O RIEREE RPN R AR R
LaserTRACER Pt F s45.75 %384 R4 5 0.17 pm (K = 2) » BRK3% AR 34 9731
AT FERR A AEAA o R R R 2 %5 85.0 x 10° pmo PHEE 7 AF A U(Storm)
5491x10° um > FRGER/ Ry 5 10 G AAAHI AT 5% 7@ pd
B V(Storm) = 200 ©

&1 2358 o LaserTRACER ehie & 8 2 F %% 5 021 um +6.31x10° x L
(k=1) > LaserTRACER £ | % /x T_B A 15 % 4o 2-1-2 #757 o

% 2-1-2~ REERPRKRDT 2 BRI AETRE AT E

#4 5+ $EE HF 3 IR gk FRl3FETR

T 5T k2t Hie(N) 1 0.577 77.0x10°um 445 x 10° pm

% stk £ (Lo) - 550x 10°um  1.58x Lum*  9.48x10°x L

% F AT E (D) - 6.31x 107 0.9997 x L 6.31x 107 x L

TR 5 A5 # L (Siorm) 25.0x 10°um  14.4x 10 um 1 14.4 x 10°° pm
u u B

F9E 5% s (S) - - 1 96.8x 10°° pm

Tk A BEAE | 146.0 x 10° um 84.3 x 10° um - -
AR HAIER | 824x10°%um 47.6 x 10° um - -

] % % - (Sofset) 4.0 x 10° um 2.3x10° um 1 2.3 x10° um
W% & 5448 (Siorm) 85.0x 10% um  49.1x 10° um 1 49.1 x 10° um
e R (k=1) 0.21 um + 6.31 x10® x L (¥ jb4-4 LaserTRACER)
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B 4

LaserTRACER & #(Xoj, Yoj, Zo))3* & o CMM# & i & (Xij, Vij, Zij)

|i - - > o LaserTRACERIE#E B|iEl;
| + W _\/(xi_xoj) +(yi_y0j) +(Zi_zoj) L4 5&*;;—§_Wu
N

4

Yes
' CMM x = £ N g
N ° ,},_ Z_ E /? IE i
Laser TRACER 2 #(Xo™, Yoi*, 207)3* % o B ; SEAL - L AR N Ei /,,\“#;
o LaserTRACER&E%’&fé_ BIAFEETRE EBI LT
o AAELLw*

|; +log + Wy _\/(Xi_Xoj)2+(yi_y0j)2+(zi_Zoj)z
—

Yes

v
LaserTRACER i 1% % 8 3+ &

\/(XOJ*_XOj)Z+(y0]*_y0J)z+(ZOj*_ZOj)z

&
f&

B 2-1-6 & & & Sfl* MCM 4 47 & 735£ S84t Bk A R o I AR Bl - 3=
G amp L s

7 7 LaserTRACER =jedt & |7 F& 2 & ~ CMM #_i=3-4 ~ 228 & #7i¢
S BYRVEZL 0 REMIERERIEL 2 AP R B R AR R A K

S AR AR L B AR R TR A S AF A FE R o
742 4 > LaserTRACER Btk (%o, Yoo Zo; ) A3 t % Ft CMM 2 iE42 8 i I,
FRERFLOERTREGE > XU FL AR 2 (5 BT PTG E R
L g =S

Z 3 S~ E > A 4 #7400 LaserTRACER }fLJfﬂ(XOJ ,yoJ 2o ) v F 2-1-3 7 = ;R
=g

PR IEER o B > 38D RN R A L i Zp Ao F > TE A CMM &

% 2-1-3 >tk Sl B R

3
24 TrY B3 3
CMM z_i= 3% 5 um

A
=N -

(mFAPF)
¥ A #E Gt 11.5x10° x L

T
, 8 . T¥aE i 2 R el
LaserTRACER & B % /2% & | + (0.21 um+6.31 x10°x L) % £
¥

BRI A2 B 0.5 C
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B 4

LaserTRACER & #(Xoj, Yoj, Zo))3* & o CMM# & i & (Xij, Vij, Zij)
o LaserTRACERIE#E B|iEl;
Iy + 1 +wy = 4/(x; 7L(y. yo,) +(z - ) o RARIAW;
Yes
L o CMMzEEZ i = 2_ & p|pEdp % i ™

Laser TRACER & *‘HXW Yo", )i B c BABELBEEOEAPIAT
o LaserTRACERFEZE R FE T R 2 3 o0
o RARTEL W*

|2 o H Wy = x—><OJ (Y= Vo))’ +(2-20))°

Yes

LaserTRACER /& 15 % B 3+ &
\/(XOJ*_XOj)Z +(Yo1*_yoj)z +(Zo,'*_zoi)2

B 2-1-6 ~ CMM R it & 3tz 5 + B2 23005 A2 B

Bl 2-1-7 2 RERFR AR XSRS FL T RN od & RRSL R FRT Y
FIRHAETRFEAT > 5N THE-RET » A AT LERF R DT R TR
k=2)4 4 3

v 0~500 mm : Uspo mm =0.34 um

v" 500 ~ 1000 mm : Ujgpo mm = 0.34 pm

v/ 1000 ~ 1500 mm : Ujs00 mm = 0.25 pm

v/ 1500 ~ 2000 mm : Uzgoo mm = 0.21 pm

127



0~500 mm

T

AAR%5 AR
(Xoj» Yoj» Zoj)

20
20
20

20

1400.0001

500~1000 mm

Btk 55 A%
(Xojs Yojr Zg) .

20

20

20

20

20

16

1400.0006
1400.0004
1400.0002

16

1000~1500 mm

BiRRY A
(Xoj» Yoj Zoj)

20
o
20 C
*

20

16
1400.0004
1400.0002

1400

Pty i3 (Xoj*, ij*, Zoj*)

1400.0002 20

- B A (Xoj*y ij*, Zoj*)

1400.0008

1400.0006

180 T T T T T T T

160~

140

120

100

19 19 2

205 21
7 (mm)

AR

2.15

160 T T T

120

2
R 7 (mm)

EAA R

B (Xoj*, ij*y Zoj*)

200 T 3 T T 3 T

180
160~

140

g 100~

)
K

80~
60~

1400.0008 40|

20

2 3 4 5 7 8

6
R 7E (mm)

A QAR O F b
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1500~2000 mm

Al = Al * * *
E*ﬁ—%‘vﬁsﬁ ZL*%L (Xoj ayoj yzoj) 160 T T T
(Xoj» Yoj» Zoj) o
120
20 © 100
20
o iﬁf 80
2 K
2 oS ) 60
20 ° 40
20
20

- 1400.0003 ¢
- 1400.0002
1400.0001

16

16 1400

B E EX WD

B 2-1-7 ~ At B 2%y % R
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2.p B3 BRE SF HHR BRI
(1) e g 3 s

EHERASLT B 173 G R
(£ {1 &0.1pm)

T SRR R

Bl 2-1-8 ~ p v i BT SRR & & 1

b BT SRIBERT e 2 4 5 = BI0A ()T SRR (2) B SR
(3) % BB &2 e BT HI R B o P B 3L BUE STRIE R LT S RBEF R & - o fdb ek
BB RIS R A B THEHE(0, 0 v ) (0,2 R At
He TG TS EAFRHEFF & 0 2L R ol 2 4oF) 2-1-9 #15 » §) 2-1-8

RE - R A hp BB SREER  BRT I HREE - BERAET L 4
oo g ke BREE S 1t~ EEVR 0.1 um 07 Asw TR E IR AL F Sha o

T HET

b

bR
33 ﬁj’f
I [ T ﬁb,}\
7 b4l EEER » Sk ' ' ‘ '

Y

—rgﬁ

A

B 2-1-9 + R i i B 4 & fag o e
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| ! il
Fr | ' el Iererior
| i
|
i
i ||
[ b —
i Ul Laser lerermernosner Head
1
I | AN
|1 [
| 1
I —
Augiteric by | Lom oo |
if=% ) f ) | Beam Splitter -
Y | [AULJUE) Deam Dupender
! [ (BB
- o | ;
a - .
< N 0 L -
I-"' L | | | ‘\".
| | — . —
! | | I o
J | | -
- v ! |
O - !
. I~ FAs Pelleinor
| W 4 Wave Pl < o | Crnmer b e 2l e
A
o Pobmizer — :
|
|
|
|
|

Tase Henl — -

B 2-1-10 ~ § SHRIBESE N 30 LB RI(F F 5 o R LB 82 B B K R)

T BRI BESE R B Ae B 2-1-10 41 o B Y RIS HF H RO POk R o T
F RS Y ISR S (polarizer) R A k45 (PBS)E 14 K gk % (U4 A wave
plate)i& » F &+ i ik ek P F 5 & PR P E 1§ (polarizer) » 5 PBS F (4T
90 &)7 - & VA &35 ~ - B 70%7% 3§ ~ 30%F & a3k 4t (beam splitter) &2 7 5
A 4(beam expander) X fs » 5t 1 & st di(reflector) » ¥ £ SFELEEE b FRlp o k]
BFMEF R ERYL 0 RRETE VA RESYPERREY v R F i
%% 3 PBS ~ 1/4 £ gk & 2 253k 6 3 B (Aspheric Lens)f RE I sfow b5 g2k Sk igak
PG AR BAK 1A ALY PG SRR b F R
MELPBSEEALF ﬂﬁ%ﬂo&%’Mv%#+@1MA RN A i
KGRI ELEFY AL T o hF SRR (GF MR ) § LB R - % T0%7
530005 S kL TR 4 chE SEk € e~ kg B R B (PSD ¥ i * £_SPOT-4D)
gﬁﬁﬂ'ﬁﬂliﬁ%‘“ﬁ’ d PSD |8 > o 2 BLASY T B PSD L1 T g B
SFCT R e
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PR RIS
2B RS T B iR

1

1

|
s

I

l

1

TTL to
RS232 |

""""""""""" SI10S SP2000

#14

Bl 2-1-11 ~ BEgh i 3f B 4 Bed ] 5 5L%F Wl
b S i 8 BRI SLEEPS 2F 4o B 2-1-11 477 - A & £1% Raspberry
Pi2(- A & # AR M) s fndlbs » R W T ERIE A AT TR L & T
BE R R BEEP R RG] 5§+ R EEE RS-232 16 @43 2 Rl& il
5 5 RdR 7 B R {5 22 Raspberry Pi2 :& 743 » ¥ g ¢ i ¥ i% 1§ Raspberry Pi2 i& {7 § &+
Wk P2 Sl w0 B 2-1-12 5 p 741 * Visual Basic.net B 3 2. f #5if BET B4R EE &R
GWEG > VRET T HRA EA T E TR EHRESRDEAR

T
0.06907 mm & _g
®
® (0140 0027) - £
l (0.008 , 0005 ) v

Bl 2-1-12~ p AR 2 p b G HRIEREWE &
Fle it bt TR XA F 5 A F LKA 0 NP BEHE SRIIER R
PO B AR WD AR P BRI PR A > A B AN
HikokeR 2RILRZET SERTET IR > F L PRAZE T HTHR
SR R BB FRIEE o 57 BRR D B hp B BT STREE R RIEES L £ E 2 ¥
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A B 3E BET SHRIEE R 2 CMM(Leitz Ultra)ie 7 o et i o v s 58 B8R B4

%30t CMM hRIEE L > RIS ¥ ot s % 4o 2-1-13 957 > %47 1 F 519
FILLE R L TR RIS F B BRI 5L HGE SR G
KR FO o d TR R R T LS TR T S RRES L e FRBT ks
RS SRS SRS R AT 2 R P
BRl- B2 hie B o m EREN A RE phenE R Rz B FERIS R

LF30F  EFRBEF R F B AP %R EAY FRT W k5w A b Bl
%’@—l ;ﬁﬁi’%éqﬁ %f‘&g’f’h%lﬁ, ’ féﬁ;\a—llfb‘fj‘qﬁlz":ﬂ ‘#:/EJ&E s ’é!;;j;g FET&%%‘}”},%’;‘E%&
Blen= 8 PRSI RT K LT A TS BESA T B D R g A o

—4=—CMM & 1 & & 25 mm/sec

== CMM & fi i% & 50 mm/sec

0.04

0.035
E 0.03
# 0.025
B
8 002 -
&
" 0.015
2
2 o001

0.005

0 T T
0 100 200 300 400 500 600 700 800
CMM % $ 624 (mm)

Bl 2-1-13 ~ * # & =4 & gl +* i (Laster 22 Renishaw 3 5+ # k4p 1) -
PR ERRERS  TRLRES
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Determined position selischan

movement direction

testing point

| (AP4A2)” |

= e L e
= :
® PO | SO, R, S - W S—————
S :

Actual positon £ SRR TR SUNTNN SN NP N—
e :
5 :
P e
2 e e e &
3 TR O T

o200 400 600 800 1000 1200
Postion of testing point (mm)
W 2-1-14 ~ § F Sh4L# 6 BT S RIBEREL 2 T (7 pF > A 4 & R L (O error)

bz A
N 174 4R g B

205 #p k&L

Tﬁﬁ

W) 2-1-85 « % = 1% B i BigS 1

SRR TR PRRE 0 B W C AR %ﬂaﬁ)—ﬁgﬁ&ﬁ I

R S B HERK T 3D K BlAo Bl 2-1-15 4 o 50 3 B (k) u_ai AR

"“ﬁﬁiw*#mﬁ FERL -k~ “—Jlﬁﬁﬁv‘fﬁﬁﬂvi Fﬁﬁﬁév FiU* g d peo] 4 ok

SFE B U s o 3 E Rl Wl SR end o KB RSB
LN F o M2L-3AFEDEE > T UFIS BEMDBHET Elum 2 ) o

I
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—— DEEY_ZFmE

O] o 3
f@jmmﬁﬁ?\\;

Iy
X-fifi_AE|12_PCD
Q 0.00029
y Y-{E_AE12_PCD
-0.00052

STV LT T |
EE A_P.CD U o
7 0.00119 2 RS RS

(CMMz3 4w B %)
T phihe (R4

B 2-1-16 ~ 5 = & it E U R o A B N5 B

(2) B % 458 ¥ip)FE
S HITHIRE A SR 2 EHHRRT R HIERE TR Y 2R A
WIE8F A g Bk i 0 HE 4 B 2-1-17 977« B 9 7 i BHCT ST £4F 5 9 5 MHz
ARt o TR RGOS S 1 2 B

#»F 5 10mW s %@ g AR % 300fs o i p o 4p
B dpiesk gk & Jt F E 2 SN Mg o

R de 0
O O L
port4 portl COM
80/20 output coupler Er Reflect
isolator . D
h:m coupler M
Er
20 WDM Port3 port2 ASS
(power #:% ) t add new PM fiber
F Drive LD

Bl 2-1-9 ~ 8 F 2 gl Bk 5 T M5 4

AR AOERTURIEE > L2 2 5 100 MHz 2 R 4 H0 kS T e 7 OREE 0 ]
2-1-18 L Ry AR AR REE 2 S FHEHFF L9 LE5KHz ) SR LW T
A2 JRIFA Gk o Sk P B giigd AD + 2 T BT BB ) > o) 2-1-19

S Hd AR DA e T R T ARG HREEL R0 FRERR T & 0.2x10°

m > 9§ B % 4cB) 2-1-20 #75 o
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target:

-

reference =

= LA f A«
|

A
=5
-
-

Signal p .
Laser i i W

Local J||I Iy o
Ciscillator n f r‘l 0 Effective time | A=A

|

1::' [

Real time

B 2-1-18 ~ gk a2zt e 4 B4k o T2 B

10x10°
8
=
N
=
= 4
1o
5

2

0

0 10 20 30 40 50
Time (ms)

B 2-1-19 ~ sk @ ip B gl g d AD + & T 2B {8 18 3 Bk L A

*
3 *
-
. .
S
-
-
—~ 6 *
E 1077 4
=) *>
.S 7 *
g o
5 *s
A 4
=
= 3
= -
) e
77777777777777 \:_‘0 )
*
-7
107 7 *
T T T ol
0.001 0.01 0.1

Averaging Time (sec)

B 2-1-20 ~ Xt g HREER P2 2R T i 0.2x10° m

SHEBVHRNASHPEERE I QA AL AT T e FT L RESs
& * L7 4750 i /'L 5 (Field-programmable gate array » FPGA)i& {7 & i ] B 21 5L g2
B2 $HRIEER B o FPGA & (7P~ cn i 1240 ) 2-1-21 #7577 » Bk e N - & B P4
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BLAE RN S (T A) > B9 T 4 R #14E(Time index) » A 3 i 3] 4& 5 (Amplitude) » k
P~ ERfc o AD B REP- = N L8 Tkl (s - #dr by 30 1 2 = (cutoff level) s34
3 4 R84 0 & E(Peak High, #§ # PH) <% 75 (Peak Low » f§ f PL) » H @ P~wi
47 PH T35E > * H THEn10% K 22 8 PH = Boivg 4 3 PL T 32E >
* HI35E 5 10% % 22 s e PL 2 ix 5 £ 0k -k 82 7 5 PHx0.2 o -3ty 3048 0k -k
BT H o 2 BRI FIT - s - E o I S BB T R R E

B TR R

SR D P high level

low level
- cutoff level

B 2-1-21 ~ FPGA #:3~ N B it #2357 R B

B 2-1-22 ~ = 2/ Al1Y F s g $HRIEERIEGEF B Y 0 ¢ 5 FPGA 5 ¥pIER 5L a2 T BF »

% 8 ¥ple =45 OLED %+ %

A PR R Ao ] 2-1-22 2 A0 o M-k R BIUEEIE | b ik 2 FPGA 3 $HiplEE
B EIE T AR (4] 2-1-22 ¢ B B A7oT ) 0 BIBES % #-d OLED %7 B 7 + (4oR) 2-1-22
LBUTT) o BB fEet FPGA(FR BT ia)ie (FREENS % .3 L FE - #-F S FH T A -
BHEHSE S o B E S EF SR 5 B Beh B R(F B =% P EE S 50000 %
Ao F o Ap g >t 10 em)is o BRIES 4o B 2-1-23 B HTr 0 RS BRI BERLS
WeE SHEHE T RE L - XS BEEE 2R TEFr L JP o D R
A B A E 5w R BEPE € AZ4E 1000 Pk £ o R Bk o @) 2-1-23 + ] % RlEEEE FPGA 47
PR kR E c PEEROIRELE A B3 um(f FE ShT i EAFN) HEEE
]§] o
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1.30

1.25 | Mean+std
r r r r 1.20] —=— 0.58170008+5.05806E-7 (m)
® : — e 0.63179790+1.50T4E-6 (m)
1154 0.78191638+3.1982E-6 (m)
110 —w— 0.88204950+2.9737E-6 (m)
1051 —%— 0.98217746+1.73196E-6 (m)

1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60

* * + + +

FPGA Measured Distance {m)

0 1 2 3 4
$ J J J The measurements

B 2-1-23 - 2B 5 RlEES % - L Bl= B EpIBPEF

[ o

i

(3) B % 458 $HiRIBES & P et T

LB
3
w
¥
%’g:\
A
i

Reflector Measurement Head
Beam expander
Quadrant Detector
Beam Splitter
Laser Diode
Dichroic Beam Splitter 1 (633 nm)
\ /4 Wave le Display
45° Polarizer 1 45° Polarizer
DuaIRlSSg nm Laser @ F" T @ ) Amp!ifier
ay Source (with polarization controller)
(with Polarization controller) U \
Laser Fiber Head 1 Laser Fiber Head ' Signal Processor &
! (Receiver, 1550 nm) Measuring Micro Controller
(Emitter, 1550 nm) A
él\ Polarizer Beam Splitter Optical Path
\ /4 Wave Plate # Lens
Lens
Steel Sphere

Mirror-
Photo Detector
I

Measurement Optical Box PPLN

@ Sampling Optical Path

B 2-1-24 ~ B g $HRES 3 f g T o~ EHCERZ K6 T LR

d Atk g HpIEEST R * kR G L £ 1550 nm ihA Ok s B 72 M7 RV g
ERIFRZE D WG ETATE > R RPFT LT ST R T Bk
BB SHPIEES & R T LB £ R B BlAc B 2-1-24 7R o m M ehIt A T E R R
béﬂﬁgﬁﬁa’,ﬂﬁ:1%0m«&?1%ﬁgg—£ﬁwﬁaﬁk,@@%ﬁ
(Dichronic Beam Splitter) » = & & k4 e3F ¢ F 7 & 1550 nm ek 7 1§ » 'g 633 nm =iz
Kk BT 0 B)e @ * = w K4 E 633nM F Ek Ry - BI2d §_ > 1550 nm g
% L B ® (Quadrant Detctor)* 42 633 nm %k Fr ¥ 5 o @ ¢ At {7 EPEE Ik o
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# 2-1-4 ~ BESR R SHRIBER PN HE B RN

NIST R EF = NML
BHCT A S 100 MHz 50 MHz 5 MHz
H % iR BE 4 B (5L () 1.5m 3m 30m

3.4+ (In-processing) & #7 ~ ¥ & & | F R 3 ¢

B 2-1-25 ~ #h ~ Jire A B SRA § e R R R S 5

AP R B AR LR Y PFIRY 2 BT B R R BA BRI e &
Ere ezl o 4ol 2-1-25 frr 0 Bz BT R B R B B KIS E o g 3 phiplE R
g o R R R AR ERE TR B R L 2 B M B E R F D
REF o TT T R L BRI 4T o kS BB 2-1-26 FTF 0k BuargR
H_Lion Masterball |z #5 1 5 4 fh T8 £ PR 2o fe & fh S e § 5 L %
TSRS phT e § AR 1T HE B T B E X R I B 7R 0 LabVIEW A2
FEFAY > TR A RN REAL A TR B R o

HEAEHEHSTEE |
ERIERIES | | g oires j—) SEHEE R E e

‘"""‘L """""" A - V BERE

T |—>| EHABEES (HEm) LovEWER >l A

o

B 2-1-26 ~ 21 dh gL A 47k ble s

1395 1% & ANSI/ASME B89.3.4M ~ ISO 230-7 2 CNS 14635 i #ha g ® £ 4 5 -
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PRR N R e e B (75 B dhig ko Tl R Y o bbb chin i X 2ol -

FIZA % e Lpht iZ- Bani@ s o T LA JRG - B P L fh TR g h AU T 35
Epha g e 0 {oi7 BR4HF “f’%*’iﬂ%ﬁﬁﬁﬂ g d o F R R AR T R h R
FiEEegT 7 Efea B2 Fapiiel o BT BB e R o 2 VBT 2
RN HFEBPL TR G ’m«}_}{}i o A fhF I AR ST B AR P
FAEEPH G A R R F b > WL TR L A e o 2R -

B3 PR L E T G P oo pREEE Y B T Y w2 B AR i R o RS
PR 0 3 R RRA AT 2 A LA T A

(1)#] %3 F (Minimum Radial Zone Circle) :
Bl B B E doB) 2-1-27(@)4 77 0 M F F R A ¥ LR L L B ehd s [fl 6D
M%ﬂﬁ@w’@ TG BRPIBEPN AR AE RS BREIE L > AR R AR

“iﬂt‘;% B L B AR Ak 7 A EgEs o 29 28 max{}4 7t Sk
B oehiE s min{} & 0t Slik? B eniE > i) s

f(e, ) =max.{r, (e, a)}—min{r (e, )} - (6)
B e ik v OEEER S AR LATDER L of BRI S A S
%%ﬁﬁﬁﬁéﬁﬁ;m%ﬁéﬁﬁﬁuﬂ%&ﬁ&%;n;%@ﬂwﬂ&+%ﬁﬁﬁ
PR M REEAEZ A RET A0 A A BRI P B PEFOEER o NP 1y
Bk AT R

r.(e,a)= {[r, —ecos(6, —a)f +e*sin?(6, —a)}% o (7

(2)#] *t & F] (Minimum Circumscribed Circle) :

e G RERE 2 EE L L R Bl SRERMS 0 0 r TR AR
ZORFFICG ABRER RGBT ARCEAAHETERFLIRLE ﬁ%ﬂ
Benhd o k41 i@ e L hiplS % 0 Bl 2-1-27(b) 7 > BlE] R e
THAT AT 5

f(e, a)=max{r,(e, )} - (8)
(3)B = p *# ] (Maximum Inscribed Circle) :

PP EEE(L O S BE) > F S L L] B P2 FIF S 5 2R R OR
o R A RRA Y RIFH K anp B G AR BT & R B AP E S
FAL AL EEARE M G KA A EeFL RRlE % o 4ol 2-1-27(c) 77
Alde & po27 Fli2 a2 53] 5

f(e,a)=min{r (e, )} - ©)
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(4).5-] * > [f] (Least Square Circle) :
PUR R R R BET R ¥ BERLNT 2 o s B (el G B Rl 0 deR] 2-1-27

(d)#777 » BT HCR 5

ngﬁgkwm’ (10)
BV orei s T A

r.(e,a)=ecos(d —a)+ [roi2 —e?sin?(6, —o:)Tl o (11)
195 1% 2% ANSI/ASME B89.3.4M -~ I1SO 230-7 2 CNS 14635 > i fih*edé #f & 354 it >
AW F AT L
o BIWAE !V & FHBABENS Fubh AN oREE ] MRROLELE -
e FHFALE Ve ZRHFLIHBEI Bk P lEE ] HRFOZELE -
o LI EA E L KA st W E MDA HFL BB ST RE -
HY s pHFLEE I I ZFA G OB G 2R R FARE A el Stk w
AR G M RGEA T MET - ARDE T o p TR AR P A kR b R R
FEFTIER MR A MR R A A AT e

X

()#-] % % [l ‘ (O Sl (d)# -] = =

B 2-1-27 ~ 2 dhe i R F AL 2

B R AR A A ERAME
A A

Iz = B 52 iﬁif’é%%é
g%&?&ﬂﬁ AR 4
A A

|

B Be R E R

*

T A 4

Bl 2-1-28 ~ A ph i R GE A 2Rk SLiE ]
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Bl 2-1-28 5 2 s idd i B4 B Pl 4 i R > T A SR P B RIS PIE
RFZETH AR RIE > SRS FLEPN F Ao

% 2-15%77 o g N AT HEBERET ERFE (243 mm-37.3mm) p oo &2
BlERZAELIDE LTum po5 ¥ ebdd B FIRRRRL o r L pd gt 242 R
RUPIERIR 4 ¥ 1 8 2 A (roundness) 5 49 nme ¥ & 2 bt

BRABEFHURRTHEBER BT S R RE N GIREE L S IR

)
—4
i‘\
I
K2
e
(w
O~
[}
(=

%
o
E

R

E

10

T AR RIEAS G ERI R R SR TIRE BT S o B K AR 2-1-20 41
o R B EAET L Ao R 2-1-80 17 0 ¥ S fl 2 8 AT A 47 R(3I5L 5 HP35670A)
B REFTHEBRPIENR - Bk BIRETE S DB AL T EFF R
B ) BAF B B R 4o @) 2-1-31 “7on o

g R LSBT S AR TR E DT EBERE 0 FRYRERICHE A
5 80 Hz r FAF S P 3 & SR (T (@ P b o 4o ] 2-1-32 #75T 3R % Sl ph A PR R
bof A phikig 20000 RPM P (333.33Hz) > #i5i6 5 ok ki {7 > g% T 525

_ Nxw
300xn+60

B oS FHEBREREFHERESF (H2) ~ w s 2 i (RPM) ~n 5 = B P~k 8L
o BB A PR ORI > 4oB] 2-1-33 #7oF 0 F F B 10 BELEF > R F S AR
Bl BIBH4E & 5 65360 Hz » #iB— Bl*TZ PR 5 0153 #) « ¥ Ak 10 BaL- AT
B A5 R R BB G 66.663 Hz o 23RRIEF 54 47T A R0 deph 3 T 1L
MARE AL TUBLERD o

F 2-1-5~ Pl& &Y T BRI B RFES

FAE
B | (mm) Fiya | AREE

mm) | e | g2m | p3a | @ | @0

24.300 | 24.2997 | 24.2998 | 24.3005 | 24.3000 | 0.0004
25.300 | 25.2910 | 25.2915 | 25.2917 | 25.2914 | 0.0004
26.300 | 26.2878 | 26.2879 | 26.2882 | 26.2880 | 0.0002
27.300 | 27.2879 | 27.2880 | 27.2883 | 27.2881 | 0.0002
28.300 | 28.2902 | 28.2907 | 28.2905 | 28.2905 | 0.0003
29.300 | 29.2891 | 29.2893 | 29.2901 | 29.2895 | 0.0005
30.300 | 30.2935 | 30.2934 | 30.2935 | 30.2935 | 0.0001
 31.300 | 31.3000 | 31.2996 | 31.3002 | 31.2999 | 0.0003
| 32.300 | 32.3057 | 32.3043 | 32.3045 | 32.3048 | 0.0008
33.300 | 33.3089 | 33.3097 | 33.3100 | 33.3095 | 0.0006
34300 | 34.3144 | 34.3149 | 34.3148 | 34.3147 | 0.0003
35.300 | 35.3200 | 35.3205 | 35.3207 | 35.3204 | 0.0004
36.300 | 36.3252 | 36.3260 | 36.3258 | 36.3257 | 0.0004
37.300 | 37.3308 | 37.3315 | 37.3318 | 37.3314 | 0.0005
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l_ EMIEZ FBEE 531718 HP35670A —>| TS

Bl 2-1-29 ~ 4eid R F 5B R R B HIRS-ZRIR P

BiRes

S| EREZINER > =AEH RS

B 2-1-30 ~ Seid & T 8RR B 1T HRFHET LR

AR RS e
,-R:

1 10 100 5 Hz

-10

-20

-30

& dB

-40

i

-50
-60

-70

Bl 2-1-31 ~ T &F 45 R BAE 5 SRR B
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X-Direction Error Motion (um)

15

T T T T T T T T
10 =]
D
q
5 —
q
0@ " 0
5}
-10
P1 P2 P3 P4 P5 P6
- 0 sec. 1/f sec. 1 2/f sec. 3/f sec. | 4/f sec. 5/f sec.
[0} 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Time (sec)
B 2-1-32 ~ g gh A FF BRI BLISEE U 5LT R R
15 T T T T T
10 1
g s -
g
S of _
A0+
15 L 1 L 1 I
-15 -10 5 0 5 10 15
X-Direction Error Motion (um)
Bl 2-1-33 ~ i fh o PF 2 PR A R 5L R B
GOPLPIEPEERY L BB T 2 3 g g L PR R E TR B RN GE
o 4o 2-1-34 > Ao 0 T U T B A MBS 2 A B w%% -2 =

FE o MBZEPIER AR 2-1-34 2B 0 BdhiT e 4 g AL T
|38 {7 her 22 J5 o STRUBLERE- 2 24T 0 Rl R R

“
=

3

CE R P (5 A

144

s By A ir

R 4 ]



2-1-34 - W#rm > FERFERIEE LW 2-1-350 27 L RBELAFRP 4o

Total EM # 77 %33 %
STDEV % 7 X BRI L B ik f
Sync. EM £ 51 5 L & ;

ASync.EM % 71 5 2Ll H L E

rpm # o1 5 ik (/A 48) o

d A 2-165 A KAZRIFHREL I A Lume &7 F R ERRFOEAFHARF -
“’lﬁﬂ‘,ﬁ ~-~«‘~a§?—éﬂ£7."/~ e AR TR RFH e FA R R T AL e R RREL

FEXR - S F AT F4 2217 214 2-1-8 e A F R AT A oA 2-1-7
AT ﬁ*ﬁ epd BA 1l LB e R S 059 um: phe X E R A TR S 13
um; e L BRI A AT B Aok 2218477 c Hpxpd B S 12 SRR T FEER G
0.61um > fhe L F R FAETAE L L4um: AW B LA NER P B 2L 807
FETR S2um s Lo 4 8 R TR =3um e

B 2-1-34 ~ ,Lﬁ\h}@‘ﬁ’fipf—; AR SIS B g
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%216~ FERSE RS %

Total EM STDEV Sync. EM Async. EM Rotating Speed
(um) (um) (um) (um) (rpm)
" 1845 0.9 183.4 43 1223.0
ol 186.9 0.7 185.7 41 1568.2
E}; 186.2 08 185.0 44 1960.8
z 186.6 0.8 185.2 7.8 2178.7
; 207.2 05 205.8 22.0 1358.1
= 207.3 1.0 205.5 29.8 1579.8
£ 207.7 0.9 205.6 32.1 1975.0
& 209.3 0.9 206.9 44.0 22043
% 217« g A B R R
AR TR FETR A E um FAT R E AP HHEHE 7 FE T R um
TR A R ] B i 0.155 1 0.155
PR AR (2 3 R 0.0245 1 0.0245
A 0.542 1 0.542
BALAZD 0.1525 1 0.1525
247 B 0.058 1 0.058
Fopd R 11
B EEETFETR 0.59 um
WP FETR 1.29 ym
e A BRI TR 1.3 um
% 2-1-8- [Ee L BRI A IETRITG
EXS) B FETR A E pm AT ki AR 2 FE F R um
TR A R B B i 0.155 1 0.155
PRI (2 3¢ 0.0245 1 0.0245
i Rea 0.423 1 0.423
B AL 0.215 1 0.215
fE1T R 0.058 1 0.058
4 okpd R 12
BERET TR 0.61 um
LA FE TR 1.32 um
fhe 2L B R FEER 1.4 pm
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[ k3R & ]
1.CMM &+ % s :

B CMM RE ssi@* 7 Bt 3 tHEERLR > ¥ CMM ¢ v if4 45 ~
SRR EAFRRZ 0 £32105 £ v b B plERE FEREL A0 548 CMM
REZEFeHhIREAF 2 P2 CMM R L RERE - &2 40 CMM = B #
Fofhz gLt enl L B o HEFE R * LaserTRACER £ 5 < ¢ Hjir > 2 2 5 w3
SEMANOCMM KD fs v E#ER 2R ERA CMM k o aufdigid » 713585 4

A EE P H L CMM E & fsél'riin’u%ﬁﬁ;t oLaserTRACER i #* ¢ &+-+ 3 erjp| £ Hojis »
Ao s g A ROR kA hB R o Rl kA T E &I S oUnit o Hpe ] FRo0

LaserTRACER %= = CMM &1t % %2 £ R R AR » #3022 kLA B feis » I
7 IR A ROIRTE o
2.p 3L BET B G HRIEEH A
g%iﬁﬁw4%&~%a\ﬁﬁﬁsﬁm%%%’n@ﬁ%&;;fpzﬁ%&
R Wb%ﬂﬁﬁﬁ fﬁﬁ%ﬁﬂﬁﬁ%ﬁ%’é@Wﬁﬁiﬁ%?ﬁﬂEUZ@
HE - FARECEOFLAERPFR N8B S50 HEIRL 2= e R
|21 A i3 0 48 A AT 52 % LT 8T HGRA S A EER(4rD £2)
FRREAMAIEIWAEZESEE > FIE4 - FEREEAR ﬂj% R E AR P AP
R AT o — AT ST R BITHE A A h 2 R BRI KA YR BT LY W

=k

=

%

?‘%

he
+*ﬂtﬁ§ﬁ

BB R R A 0k LR BN ALRARE R R G /?'J&mim, R YO
HHRPERITE S > 2 BT ﬁ/@wﬁﬁ**%lﬁliﬂ SESEE Al
CEEEEAFRR T A Ak IR ARG R AUERHR) R
SR B LN 3D R S bn ?“ TR o

3.4} (In-processing) 5 #7 ~ #= &> & ip| H i -
PB4 R R L RS RN E R WA R AT kS
RN LAY FRBRREA 2 2 A R T ERTR R RERP L
Faom BAAEI~ZEF S R anTh o B B AP A GRS 4 o
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(=)~

TAVERE R

[ 2 st > prig)

103 # & p &

104 # B p #

R FIANERR TIFERS 1

TR 1110V ~220V ~ 480V

& 10mA~100mA~1A~-5A~10A~
50A~80A

#g % 1 50 Hz ~ 60 Hz

# 5 ¥l 1 1.0~ (0.5~ 0.866 ~ 0.0) Lead/Lag
BRI TR

Bipamg a4 (Bn):
100 W (h)/VA(h)

B2 e 4 () :
100 pvar(h)/VA(h)

® HApin® 4 Bp k- 2T S
)7 RIT ok
- PE= o 2nd ~ 64th
- 3R :1110V-220V
- @i 10A

Q)7 RIT ip £
- T & 110V~ 220V

° —:‘#PQ?;:L?J ﬂ/? ‘.?f

W& e F
1110V ~ 220V ~ 480V

e 10mA~100mA~1A~-5A~10A -
~80 A
: 50 Hz ~

60 Hz

200 uW(h)/VA(h)
SRR ERE A (BR)
200 pvar(h)/VA(h)

ZARR IR R A Bk - AT Sk
(1)?@/‘14?- g8

- F# = : 2nd ~ 64th

- T/&R 110V~ 220V

- Tt 1 10A

QQzRIT g E
- * & 110V -~ 220V

- oot T 10A - Zon 2 10A
[~# &7 ]

WEZ AR T a B i s(E20)2 Z AP n R S Bk 56 (E26) B Z AR n G ok
TACZHARERTY T RIT A Z AT RIT AP L F SR RAE
HERF 2L EFEFAT

e TR 1110V ~220V ~ 480V

e T 10mA-~100mMA~1A~5A~10A-50A~80A

e #7 % : 50 Hz ~ 60 Hz

e 7 F F]#c : 1.0 Lead/Lag ~ 0.5 Lead/Lag ~ 0.866 Lead/Lag ~ 0.0 Lead/Lag

o BRI AETAE :

ARG

= #E‘ N3 }JI‘L -‘ﬂi,-" ’v"iaﬁ_‘ 3

< 4 200 pW(h)/VA(h)
: 200 pvar(h)/VA(h)

148




o TRIT i EA 1 2nd~64th (& 1110V ~220V; 2 1 1 10A)
e TRITIAE CTERIIIOV--220V; 7k 2 10A-

(7= %]

AFFF i 1 FRFLIBTEPR A ﬂ?maﬁw)ﬁwmuﬂﬁﬂa
(E19)~ = 4R T = 5 108 % 5L(E26)% = 4p @ 40 508 4 5(E20) = £ 82T 4 dp M2 B0 5o
BREFPN DA R R R LR R hR 4 @%fﬁuwiwiaﬂ¢%@%
H/zqpz ot ~H/IZp2Z RRBWAR(E) - HE/Zp2 200k R(R) e BFo P12 £
AR T FRIRTETRERBP TR KRB 3722 RIRB—F % 4p & £ B 2 (Phasor
Measurement Unit, PMU)2_ IEEE C37.118.1 2014 = & {+4&p] -

104 #R FE %186 523 E20-E263 £ =497 4 k52 R IR FH L - # &

Sl TREMRAREFFZERFIRTR > S22 RFLNTRIT AN
T3 g ¥ 3% ik PMU 2 |EEE Std C37.118.1_2014 #+ & Mg ipl el st e B P 1 o

et E P R HFEGE T A 480V TR A BRE Ak NML sh ik
T4 587 EpgmE NMLGE R BRIEE ~ LR R 2 LR B %> 2 F
£ # NML 7 4 #8323 7R E 73 %9 % 3 (Physikalisch-Technische Bundesanstalt -
PTB) > = 2t 4 F NML p A jmenp 5o P FF R 101 & 9 2 3 p (7ocfat: T2
"THETRLAMAL S R AL P RER RS LSBT ET RERZ I
Wt e o ERFETEG AT ELELR (SHBR/R A FER) 2 EL L (TR
BAT/FRNRBIPERFIAR) FRELA AR DA EAEFLELHH LT R
fo o A BRI R WL ESFL Y FYI03 £ LA FgRs ‘t‘,ﬁ:m—:}'ﬂe

el
TR ARAFER L P2 H#FET R ERTREA] P EFTET R HBET ?é%?

Eﬂ

(\

Lz AP im g 54

(1) i A
SRR FFER RIS R AT I REE 2 o TR

% . 2in 7 4 &% 4 Radian RD-33-373(#% % )~ % i & 4 % Radian RD-33-

ZApf it RN EREBAATES c AER ARV RISNT S RBOE 22T TR

) AP TR A A TR AR(E) 22 TR R(E) 0 B

MG ESL D

£ i8] 5 s (E26) 92

~
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mR | | 2mgsfEi

ZARR G Radian RD-33
T Fh \4

Bl 2-2-1~ 2 g ina# FhzZKIT3E

HHUAT S R E Mz rmtssi
FLUKE 6135A

\4 Lt 4 HEL
Radian RD-33

Bl 2-2-2 2 4p2mam ¥ 227 4B (10mA<I<20A)

REANTIREE

conra | FLUKE 52120A}-

Input

) R

TIE AT HFE
J

Control

own| | UKE 6135A

t:tm%4%$%

Radian RD-33

B 2-2-3~24p2inT#F42 &7 HB (Q0A<I<80A)

ol A RT A FEL
EHTRERR S v, Radian RD-33

Bl 2-2-4 ~ = 4p T R KE 7 R B

e i

. DR I 3 & 3
HRLmg ke By

FLUKE 6105A
| e s

Radian RD-33

Bl 2-2-5~ = AP T B35k £ 2 it 7 & K

FR gy | iR R
ST RIRS Radian RD-33

B 2-2-6~ 2 P2 ot Rz KRE 7 3B
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FLUKE 6105A

U | Sz Rk d
R R R s H

e (8
C

/nh T 4 ’ﬁ-ﬁ%
Radian RD-33

B 2-2-7~ =R imsdk 2 2 )i 7 AW

(2) 152 ¢
G ST A
SR Z AR RN R F AR kML R BT

ZARRT RS

it B B 2R e 32
TR 0t
(PTB)

# £ (Radian RD-33-373) p #v =+ & & % dp i¥

ZARR R S
EptB

FlRz g 4 £
FRZBANE A KL B
%Error

E26 = 4p2mg# & 5 %t

> g R g
110V, 220 V, 480 V
0.01A,0.1A,1A,5A,10A,50A,80 A
50 Hz, 60 Hz
PF:1,0.5 Lead/Lag
> ZApERT I F
110V, 220 V, 480 V
0.01A,01A 1A 5A 10A 50A 80A
50 Hz, 60 Hz
PF 0 866 Lead/Lag, 0 Lead/Lag
TR
% 10 %
110V, 220V
50 Hz, 60 Hz
ok Rk %0 2,3,5, 10, 20, 30, 40, 50, 64
> Donhk
2%,10%
1A,2A,5A,10A
50 Hz, 60 Hz
Wk kK %0 2,3,5, 10, 20, 30, 40, 50, 64

H

¥ 46K PTB & » E26
> ZApf o g
%Error(P):[@+ 19xngB(P)j><lOO
> ZApRARTHE
%Error(Q) = [QU“T Quo | ngTB(Q)jxloo
L Q smH
> E_@’Ph
%Error(V,) = Viswur | _(Viso +&prg (V) |x100
H v, v, pTB \VH
Yl AT RS
%Error(IH)—[(IH'IUUTJ—[lF;'RDj+gPTB(IH)]x100
f f

E] 2'2'8 > /H ﬁ_‘ :F%

e

Bt s &

E26 i ifpdvifsz s afRo i BLP 18 TR0 S8
DB 240221 £ 222 2 £ 223 i o

(ﬂ}
P
i\
I
g
—
e
=
=

151

*%")g /" ‘i‘lé /iﬁ E}

T PRi§ F1 2 2RI



FRE ARG RS F 0 EINY. TV ER AT T ERE X
> P R PRI § ]
FERB220V #2121 480V T 10AHHF 22 80A » #F5H 4 50 Hz » % # 5 7]
#cd 40 0 Lead ~ 0 Lag ~ 0.866 Lead % 0.866 Lag (& »x & # ) °
> RE R RR TR
o SRR 2 R R R % 3 A TR 020 MWIVA % 1T 70 PWIVA -

% 2-2-1~E26 a2 RiE a2 A (247 %R FF)

. 4, > > e Y e T B, 2 e » 2 = fb]r%&
RE S | DREAL | R0k T | FRT 75 FIHGK T (ji%f% a%;:f?z%)
=4 .
g 1A
= 4 110 V 0.20
R 290 \V/ 150,; 60 Hz 1,0.5 Lead, 0.5 Lag MWIVA
%222 E26 ki Mgpit sz A B A(Z MG R ST ~ Z AR B F)
> 4 =3 e a2 = Z, an » YIS ;‘L‘%f'—“)i
R S8k TREI | DRI | IR 75 F R T (ji%f?‘ i‘;i’\i?)
> i
110V
50 Hz 0.21
220 V 0.01A 1,05 Lead, 0.5 Lag
480V 60 Hz MW/VA
= A
4P s | 110V
FoERTS 5A 50 Hz 70
iégx 10 A 60 Hz 1, 0.5 Lead, 0.5 Lag LWIVA
50 A
80 A
ggg vola | BOHZ 0 Lead, 0 Lag 0.21
' 60 Hz | 0.866 Lead, 0.866 Lag mvar/VA
480 V
= A
G 3T 34 &
MR TS ggx 5A 50 Hz 0 Lead, 0 Lag 70
10 A 60 Hz | 0.866 Lead, 0.866 Lag uvar/VA
480 V
50 A
80 A
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% 223 E26 A2 REABA(CATRSE - Z T aR)

wnoage | PO B[ GEARA) [ B (A [ MR ETA
i RE | R RS K wE | (955%™ Rk )
Al 110V 2 % 50 Hz g
(B: 220V 10 % 60 Hz 5 0.31 mV/V
TR ;g
Gl | o 30
110 V 2 % 50 Hz
B | 220v 10 % oH. | 40 0.63 mMV/V
c 50
64
A | 1A 2
2A 2% 50 Hz 3
/ é /}9‘» 10 A 10
s 20
(’Pb/}i/f»_]\/}i)"L A 1A 20
2A 2% 50 Hz
10A "

2.
(1) s %efs A

ZARR IR AL BB kLA

TP - LN

=

AP R A Bl kA (E20) 3

w4 % % Radian RD-33-373(4% # i+)

SRy

LED R AR A R B R BE)

2 ok 4
‘{/71%4

2

#. Radian

RD-33-374 (A P:2)% j (T 7% RER B oried o A BB AT RIZ AP inF %7

itk o HEED T R BlAeT

P SR S (ISINITE S

58
EL

2 3
e o o

HHpnis ke g
FLUKE 6135A

ENERGY COUNTER INPUTS

4 5
o o 9|V

[

#r

T

PR R A

%o

TR FREL

Radian RD-33 .

H

@229‘;7&]\&/” ﬁ_‘ﬂbf\\%—_
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Input A*

Control FLUKE 52120/6(335%(5&

(L 1

—|= AP RGER A el

Control\»
Output

3 4

2 5
e o o o o

ENERGY COUNTER INPUTS

LR HREL

[ 4
-~

FLUKE 6135A |1\,

.| Radian RD-33 é—

Bl 2-2-10 ~ = Ap 2 in R i

(2)1% 24 3¢

SRR
—
(PTB)

%2 fi 7 A B (20 A<I<80A)

ZAPRE R AR ~
Eora E20 = dp 2 im @it 4 it
= ARG PR A > Z ARG SRR C
110V, 220 V, 480 V E -E 1
0.01A,0.LA 1A 5A, 10A 50A, 80 A %Error(E,) = P'UUTE PRO + 5 x100
50 Hz, 60 Hz P cos
PF:1,0.5 Lead/Lag "
> Z AP EITT A
> = #E’ EATT A L E E 1
110V, 220 V, 480 V %Error(E,) = M+ %100
FRzpmT i 0.01A,01A 1A 5A 10A 50A 80A sing
50 Hz, 60 Hz
%Error PF : 0.866 Lead/Lag, 0 Lead/Lag

» E20

B 2-2-11 ~ = 4p i T e R i S R R
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@er i #
E20 it w ~ 2 hARE i B LR & LRD 2h o RO RIFEFZ 2R

FER R Fi iR e 2-2-4 2 4 2-2-5 455 o

S R

FRF Iz ARG RT A 0 Lz AT A o

~

' R R E
HRE220V L 480V T 10 A2 3 80 A 4 F# 4 S0Hz » 2 # 5 7]
#cd 40 0 Lead ~ 0 Lag ~ 0.866 Lead 2 0.866 Lag (#& <% it ) °
> RE MR PRI BRI R A
R 2 R R R RIE L 2 /R A 0.20 mWh/VAh i3 0.10
mWh/VAh -

% 2-2-4~E20 S 2 RE e 2 A (S AP F 2XR A

, TR T #E o d FE TR
v %/Q ~ ~ ~ ;4 *F XE s> 1m
s | g | wz | wz TS| @5 v ko)
_ 1A
Z AR 110V 0.20
LR A 220V 150,; 60 Hz 1, 0.5 Lead, 0.5 Lag MWh/AVAR

%2-25E20 4 MIFE L REGEA(ZAF RT A~ ZABECT )

, TR T A 5 B LA
> 1 %/Q v 74 & 3 2r 2 »
e e | owa | oww TR (95 % ¥ -k )
110 V
50 Hz 0.24
220V 0.01A 60 Hz 1, 0.5 Lead, 0.5 Lag mWh/A/Ah
480 V
Z TA
B
poeic | MOV oA | S0k 0.10
220 V LOA 20 Hy 1,0.5 Lead, 0.5 Lag SWEAZAR
480 V
50 A
80 A
ggg soia | 5OHZ 0 Lead, 0 Lag 0.24
' 60 Hz | 0.866 Lead, 0.866 Lag mvarh/VAh
480 V
= 4p %f
e
IR A ggx 5A 50 Hz 0 Lead, 0 Lag 0.10
10A 60 Hz | 0.866 Lead, 0.866 Lag mvarh/VAh
480 V
50 A
80 A
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3. % i R i A g P AR i =

LR TR A A B PRk ST BT

\% oV
RRASR] [ ADC
P S
|

(Fluke 6105A) shunt " | (HP 3458) |
[shom}—"

P=V-1-cosb

Bl 2-2-12 ~ < TR T A A BBk S BB

PRTRS AP RZ BRI T AT

LR ER S R BRI T TRGR) <0 pVIV e TR (Rt) <80
MA/A fimz_ & A FE'JJ‘;E{;JLI/E' dodk 2-2-6 2 % 2-2-7 #157 > %%’\ S AR @/\L/ll
T‘;‘Jﬂtfi%ﬁiléi’ ez 3 P AR TR(ZEMR) 100 pVIV: R in (k) 100 pAA

3 2-2-6 LT BRI R TR TR E

3 AR ggam | 10V | 220V
CONIMED DI-7 (IVD)| _ N
mis sran | RSB | g | g
@ 60 Hz (k=2) (RVIV)
1V 3 m 2R (k=2 N
HP 3458 Jf (uVIV) CE e : !
WEERFFETA | ADCERI? A (k=1) ¥ i . ”s
(pv/v) =
A Type A v e . :
EHER EIA (pviv)
PHEBLIEIR 79 g7
USampIing (nviv)

2 22T~ AT onci Btz BB R TR TR 4

P REIRR 4% g |10mA|100mA|1A|2A|5A[10A|50A[80 A
A40B AC'D(CM:T;G”CE ¥i 9 | 11 |10/10]18] 23| 42 |52
ML 3 TR Resistance
@ 55 Hz (k=2) (W) ¥ i 60 | 7.2 |97|78/95|11.0[15.0/17.0
IV T E (k=2)
HP 3458 (MV/V) 7‘? A& 1 1 1 1 1 1 1 1
WHER?ETAE | ADCE R mE A (k=1) ¥ i ’5 25 195125125 95 | 25 | 25
(uV/V) =
R R Type A
. tefe | 22 | 2 | 222|222
WHER TR (pA/A) i
RHFRIELR 67 52 | 52|52 |54|56 |67 |74
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> 480V TR RE

¥ip§ 4 i w(EI8~E19)2 = 45 %

G R(E20 ~ E26) Bl £ m A 5 AR 1S 0
? /J ""“‘7\

L
\L‘(‘)I“‘ﬁ_‘@_} ‘Elk‘,{»}\})—%!,ﬁ,ybrl’JZZOV’ﬁ@:‘% 480V°’§m97ﬁ'ﬁ,‘5§§?3ﬂym
TRAARE BT /RIL 300V ¢ 2dcik* o 3L ELFAH 480 VT
EARES

PR KRIER A A NML § A 8D Rt B o

B 2-2-13~NML p @ 2. 480V"”f\‘\é}@5$1ﬁ3“];‘i’$&

plek s FoEm g T2 NML v SBiE 9 &

% AT R (PIVS) x 5 (E0L)Z% 2% A
#lz 480V 7

B AR E 0t 634 (1~1/1000) - #0b B354 E L5 pVIV - 2 s %
2 B pli % 4o B 2-2-14 £ 4 2-2-8~4 2-2-10 #r 7 o

Sampling DVM

FTITITEREI BT
............

@ @ h

ACV Source

ACV Standard
r—— -
o ) & )
l Fluke 5700A ~ o VD & ACPIVS System ]

-

V... =480V rms

V,4s=0.48 Vrms

B 2-2-14 ~NML p W 480V T R 3% A B B2 v G4 Bk % B
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7. 2-2-8 ~ IVD &40t 5] 1001 2 %2 £ Rl% %

IVD &4 & W3 WL (UWV/V)
(rnilo) (rcilo) (r0710-rn710)
1/10 0.099 998 742 -1.3
2/10 0.199 998 969 -1.0
3/10 0.299 998 769 -1.2
4/10 0.399 998 691 -1.3
5/10 0.499 998 949 -1.1
6/10 0.599 999 197 -0.8
7/10 0.699 999 675 -0.3
8/10 0.800 000 067 0.1
9/10 0.900 000 060 0.1

7. 2-2-9 ~ IVD &40t 5] 100:1 2 %% & Rl *

IVD ALt &l LR E () HEEERE () | v RREL (W)
(rn_loo) (4 Vout (1/10) s ) | (0 Vout (/1) bl A TF) (rc2_100-rn_100)
1/100 0.099 999 459 0.009 999 820 0.2
2/100 0.200 000 158 0.019 999 764 0.2
3/100 0.300 000 888 0.029 999 711 0.3
4/100 0.400 001 489 0.039 999 646 0.4
5/100 0.500 001 784 0.049 999 549 0.5
6/100 0.600 001 835 0.059 999 429 0.6
7/100 0.700 001 583 0.069 999 278 0.7
8/100 0.800 001 190 0.079 999 112 0.9
9/100 0.900 000 584 0.089 998 926 1.1

# 2-2-10 ~ IVD 54+ & 1000:1 2_ s B )5 %

IVD g i | EREE T ) MO EE T, ) | L (WVIV)
(rn_1000) (4 Vout (1/100) MEleAR) | ( Vout (1) v A R) (r02_1000-rn_1000)
1/1000 0.100 000 140 0.000 999 983 0.0
2/1000 0.200 000 153 0.001 999 966 0.0
3/1000 0.300 000 198 0.002 999 948 -0.1
4/1000 0.400 000 173 0.003 999 930 -0.1
5/1000 0.500 000 069 0.004 999 911 -0.1
6/1000 0.600 000 104 0.005 999 893 0.1
7/1000 0.700 000 018 0.006 999 874 0.1
8/1000 0.800 000 010 0.007 999 856 0.1
9/1000 0.899 999 933 0.008 999 837 -0.2
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EHRSA ) R BT A FE RS W2 BED LabVIEW gl
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(Z)~XER s aski pREHF

[ 2fe 3 = prag)
103 23 7 & 104 & B p & 105 # B f &
o3D 44 A ERIR B R TE e F R TSV FpHE & HjieeuBump 25 o 8 R 5 & B jired
* = *
" 4B pHRE S 20 FUEE =151 @34/ Spum | B E T 20 um
e | AHERA AR D =05 um| SRR ATA =02um | EERRT UL T =02um
3 | @B % =+ 100 pm *uBGA ;B RIEEHE > | FRER P AAITA P =03 um
W [op 53t iR R B R OF $EARE| AT 2 0 250 pm
oz 2R AERE T =2.0 um
G | F A RRIRE S 2 FRERZFRLA T =25um
ey 3%%{&??‘]%@ 5 um 3 100
| um
FCRERGFEEA
=0.5 um @3* ;% 100 um

[+&RP ]

o U-BGA 7)o & R[5 3 $Ljived =
u-BGA 2 & R 5 23355
A E /T 0 250 um
EAZRAIREITAE =2 pum
BARAER LA D =25um

o BIFET Y TSV BRI HpweE =
FAatEpRE
FYEE Y 210:1@5 42 5 um

FERPBIFAETA D Z05um

(7 %]
1. p-BGA 2 £ P45 8 Hojivad =
L& p =2
LEHR - B F o PR ERART A A& EE D Ah X-RAY HKiplA
F2 - RN AR f RS R kB2 TREY S KRB = Ak
o EREE S S O R st & L ERES R RE IR T
KE Sl RNGH QUM FRFRDLE c BRDFe g R KFRNEFERZ
BASBEEER R o d B kE FARAL G AF KAWL PR AFLREFE
BRCBRES-RFZXEFIRTHREHTAL ARSI HF > E337H 5 ERALE
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EHRHMTERFE ARG F BT EE S BE Y DB o LIFBIFEEE MR
RIBHERDFAAREGT F 2 ER > FLHEMWFTLZ2 I Ptz N ka8 g
RIBCE efE TR

Q)& w3 B e

PP e AR LD R 3 line Tirdme L R B k2 Bk
TR R R PR o kSR e W) 2-3-1 47T o BP R RIGEE G Kk 2 BB
ﬁ%%ﬂ%ﬂ%%i’Wﬁﬁ@%°Eﬂ%@“i%m%%ﬁ%{%®§mmJ%Mm’

aidgE kst » - B 0.62 B E’f"{ﬁ‘vﬁ,ﬁ'ﬁ » H ¥ R Fpk S «‘fx,ﬁv E y_vzﬁ %
B ARt el lz\ = Zﬂ?'é’ﬁil']‘ = R B lg\’?fifﬁlf'_fﬁ/ﬁ-n/'i*ﬁ fi"

[/ | o
SHEIR CAMERA

s HUgE S

FEARIE S

Hufg et

Sty
RO m

B 2-3-1 dp i F i sisE 4

(@) % sk BB

R Bl s pm
MR A RTE G- Rk R R

ERE BRI E S R T RS R iR 2 A S s iR R S A
fic £ CCD(Charge-coupled Device)# #s B~ kit i & 4 th— £ i HEHE RS AT
Bl 5 Fq Pt tpr LB > CCD o p AT A > FHRHE- > wfHd > CCD
LM, CCD» & Ak R HB— 7Ptk o 3 CCD 224k itk ip % # » a7 B g’
LR EEEFF WA R Faf TR - F2-32 5 FH RS LW
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Pattern

Scanning Direction

Bl 2-3-2 ~ 47 4a B~ 3E H 7 X B

o jp iAo H7IR
EARHAFTER  AFE B EI r Heaip B E

Y

NLipfBi=lic, RETHIERDBRAS G S

1. (x,y)=1,+ycos[®(x,y)+na] )
WX, V)5 S&F N=XAp#H ST HiERBBRAEAL T o OKXY) 5 xR pi=s F o o
PR fREEAAEDKX Y) 2 E R R e & A BREE R A2 o0 SRS

AR ER TR A B R LG BB EAL o R HS NP ko G

Fentp 45 B > 4o PZT ~ &5 (polarizer) ~ % # R4 4E 5 £ > ik ¥ Lap s ® o At
PP o AP L AR PSR A 00 F AR CCD A ng\ﬁﬁxfﬁ#pﬁxu S =) &
BEIAP A Rl o 4@ 2-3-3 @ * = s CCD Camera @ if & F jE

TR oRHE
,T*#B mZ o - BIERE R 3 210 K- B

Po#ta~b» c;%h/w\ | = 5 i

BEE A Z o TR 2na 2 R K - R ¥ 120° i 120°§e4p 30 e i ]

2% CCD 4 e £_8 pixels » if & fF jE&  #24 & 24 pixels s+ -] o
C R FEESRGEAR o Y

regp A E e
EAEREIEA LG 2 BEHTATR AR B
CRCCOHHHFWi 7 - ZFH W% b+ HiE Pl B 2-34 2B E7

X e
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CCD

Sine Pattern

abc
Scanning Direction

Bl 2-3-3~ 40 # 2 7 X B

% = % CCDCamera> N=3> 4p# £ a=120°> = 5k + i X B B A 7 =
l,=1,+ycos(®-a)

()
l,=1,+ycosd 3)
l,=1,+ycos(®+a) 4)
TER ST Ep AT G
¢—tanl{\/§2| |1_||3 I }
2 (5)

F & * = 5 CCD Camera > N=3> /p# £ a=90° > R4p 3-8 ¥ @ it 5 7 3¢

¢ = tan{%}
17 12 (6)

3 N=Z L8 #HEa=2nN > @ g=i2n/N > 4p emid f3 5 7 5%

gotar| Sptene |

(7)
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o #7| CCD B~ fjuiniz
BRI M= A5 0 B (B AT 4o 2-3-4 -

AFE R Z S APAS 2L 2 5

5

Sensor—
[
/

/

/7 Otject
177 e
177

— Movement

] 2-3-4 ~ 54| CCD B~ {§m 42

W 1 A 7

jer o ST @R

o)

o Fp A 37w A7)
4r @) 2-3-5 #77 » F Camera #F4a B~8 = # 4
R REE o 2Bzl 2l

—

Bdn B BT i A

FEZ BE o
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HUB T4 @R
$% 1§ ¢ 2 55 Bp ®]

B 2-3-5 ~ #p =4 47 o A2 8]

(4) 152 2 3 i

7 2, % £
Jf;’l;?'f ﬁ"d‘ ,;f L

1T

HREELL
(% &2 R

RS LY
(B R-* FETR)

B 2-3-6 ~ i Fux R iE 3 iR AR
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ﬂz&séwﬁ@ﬁﬂﬁﬁi%mﬁnﬁﬁ@%%*lp%ﬂﬁﬁﬂwwnaﬁ%80
pm FHE 2 e TR 2 i o AR LTS U R e 1 WG SRR £ B ES 5
Bl MR RER SO R 2 R FIRS SFRE A F L A mﬁ¢$ﬁ?
?ﬂé%%%ﬁ&é%1%%9%M§$§EéZWNwmﬁﬁﬁﬁﬁimg%J%%

vk g RS o

éﬁ%ﬁﬁﬁi’p%@%%*ﬁ—ﬁﬁﬁﬁﬁ@ﬁ@zﬁia’ﬁwmﬁ%To
% e ko ik SR RN B IR £AF 30 K eh @Rl o d & 2-3-1 chiicdp T 19 3k
BAERRREL > Fie kA2 A EsMHANERS S HEE2FE A S 0002 pm - ¢
% 232 8RF LT EARIFLTERRAAEEI IR L 0129 um o R FE T
BV U E fE ke EEERI FEET R S 022 um e

2231 B EERZ FRAATABE(S K S)

= #c B = #c B = #c B
1 4.48 11 4.479 21 4.485
2 4.487 12 4.48 22 4.481
3 4.478 13 4.482 23 4.484
4 4.479 14 4.489 24 4.482
5 4.48 15 4.485 25 4.483
6 4.48 16 4.481 26 4.481
7 4.482 17 4.481 27 4.49
8 4.482 18 4.479 28 4.478
9 4.483 19 4.482 29 4.483
10 4.482 20 4.48 30 4.483

T i5iE 4.482
*FE TR 0.002

% 2-32 - HBHEEE2L T IR

S R LR S

1 81.537 | 250.442

2 81.659 | 250.343

3 81.663 | 250.483

4 81.508 | 250.414

5 81.669 | 250.481

6 81.445 | 250.421

7 81.833 | 250.412

= TE_ 81.61629 | 250.428

e 0.129808 | 0.047882
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BEFEYRIAIDEFHFTLLEFRPEPRI IR AP HHRIRE2IRIAR

Awl s 80 um 2 250 um o B 2-3-2 5 i@ * i B oendp i kLR BRI P e ] 2 AR 3k
il iE o

d 2 2-3-4 G Blp R A AR R A ﬁ&;fiiz}ﬁ » BiEIR B 2T P enRp o 2
FME AR R AT EFHERRHEE A T A A Y S 0491 um 2 0.22 um e

BRI HRAcL 2-3-5977 o d £ 2-3-3FF B 80 pm -~ T A 250 um & B[ E B 7 = 0
L LT EHAER I TR A B A 049 um 2 0.22 ume & 2-3-4 5 PP Rk A
kB EET 'L)i c LI HE R ANERFIREREY A E R R

%233 Ap BB ERLE S (Um)

Epl=ide R R e
1 82.214| 249.79
2 82.263| 250.351
3 82.488| 250.350
4 81.451| 250.412
5 82.011| 250.225
6 82.438| 250.309
7 83.332| 250.473
T ok 82.313| 250.274
R T 0.491 0.225
234t PRHFRXEPIEB LI REIAALSNT
HEE-HPHR LR
S B ®| A& (um) /R {E (um) 12 7 Fg 2R (um)
%R 80 82.313 0
E T 250 250.428 0.22
% 2-3-5 s AR AR B AR R A AT
B R KA TR AT £ (o)
£ip5E B X (um) |2 42 (um)
7k % &AL B (um) 80 250
HEEREEI IR 0.129 0.040
ci B 0.697 0.154
245 R 2 FE R 0.710 0.460
R AR T FE R 0.491 0.220
B EEET TR 1.220 0.539
WL R 2.415 1.049
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2.8 FH " TSV & PR 3§ Hjivsd =

Q)& B>
F R *‘#f@?%‘i}%ﬁﬁﬂ% Rl R AL R AR Y R e g S A B R
P F SRR FEE o I BB Sk T ey B ehk § B i s

&’“&1kV H@ FL kR SR B RRRIR A ERERS R R T
A e R kRN 2 RE eI o < Sk EE \‘f | # ,IO%%F? IR0 3 N ﬂ} gk d hE e s s
Kihd LEEL I RS KB e 7 3BBEELEZ - BHEBLR - d LG LY D
PR Sk RGBS Ly DIRHRY  RIR R SR SR 2R d
BB Ak AT S R R B R AP A RS F MR RS A Rt
RS BB F SRS G R B DR o R iRl R

Q) F itk e

Al 237 T G R S RICIR AR 2 R R 0 LIRS B AU B ST RS

HEBELS dgkd > —ipd Bl PI B 7 L rpFpl 2 FpRglizg o ¥ -
OB RFHREDF SR BRI R P S

BRI AR 2R 5 e hFIE RiThs G ERAP LT B o Rl
2-3-8o d A HPFFH AT Lk A BA RN BLY 0 R A BEFOERILG > &
FET SRR AT KT o SR RS T I 0 ¢ JRAGRT R R
RS R I o fF N Bk AR G F A0 BT e 3R EJ*B’JLF’““UHF%#Bﬁ"
rEPR R R G AR S EF T E Sy Rk HIRIGAR S o T 0 Bl RPNhE B
KBETEIRDE BRI APF Mo d N R F SR ap 238 L p A FF SR AT kAR
g’_?;x?;% v ied BREBE HEF HOSEE > BF R CHERET UEINZERE o AoT

FOOTITE

Rk)=(R_ +R..) EquR R, cos(2kd , —3,)]
=4Rﬁ—zRg—[ZJRﬂhﬂmauﬁ—dmn—piJiﬁikm@M¢ﬁ—¢m

n=m=1

(8)

L

MT AL AR AP E - F- BB L R BN ¥ - EEFE
éiﬂ%%wﬁml%ﬁ,%g*ﬂ@ﬁ@&’@»%%giﬂ%ﬁ%mzzﬁ%b
g enipd S R AR LI F SR e R F SR T g B
R BRKF TR I et R )k e dv o 8 SR E TR SPRGET R
AR A SL AR Y RS B REER DER 0 A e A RE

(A»\« 9*
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WS o F AR A KRR L AR R T o B R EARRARR > AT - R T
R AR 2% TG R 2R I AR MR FRBEOEE o F ALY
HE % Bl ad Solb o 55 MR Ty NERRIF B RE TR BRI
FoBRFBEFIIVFERDRERER o Fpt o T OUHF SRR E 2 FE R
FRUIVFER  KEHS RGP F R EHRI A2 MR RIIFEITFER -

F fivms

P By emanam

BRAMNE D A B
P |- al

B e

T
U — F T

(@) F ik Hie sk B )
B 2-3-7 ~ F 541k 4 58

Eoxide

Bl 2-3-8 ~ + 7w X B

(3)F &k 3Tk iw b i+
Tl F S RATRBID ehF Sk KBTI M Sl BSEIFE R Y S B St
TEh Tk SRS o d 2@ BEESIE TR B B S de fl & m % 3t
KiZo Fsirgaagskfe d » HRLA e HFREIYE I RGELA e EEAd 2R H
GRHRD § TR R EL G
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d 39t % chE S H BRI XY S 30 pm iﬁ’it“%iﬁ'l%,é‘l&»%ﬁfé_ﬁ T b
Mol PRI DI ECRA T IV o Bt LA GEEATR RTS8 S ffF - 1 (normalization) &
LA adff-MEFFIBIAERH R EH TR E (o) Eg i~
kT H o dEF TR kAR AL e KV RE P BT A G F ks ST

P

1= ConstlaE3 +(1-ot)ES +2\/afl - o)ES cos[2n(2d/2)] )

F Oy = AT HF e 7 H4p 4 £ (phase angle difference) - 1345 3528

#% 7% (Fresnel equation) » & %5 d 7 f;ﬁ,ﬁig?]ﬁ Bl dm kb g 180 Rejp it ¥

ﬂ?%ﬁﬁ%>%hﬁﬁﬂﬁ SR o FOSPSERT O F b R RS

1= Const‘oc (E, | + (- a)iE, f +2y/all—a)(iiE, f cos[2n(2d/ x)] (10)
- Experimental spectrum (low freq.)
- Model fitting film thickness 423 nm
3
s
E
®
a7s 475 575 675 775 475 575 675 775
wavelength (nm) wavelength (nm)
(a) (b)
' ; -éxperir'nemallspect;um (h;gh fre'q.) FFT resuit /\\ - Via depth
| 28.51 pm
@ ‘ { ¢ \
e y‘ I“ A T \
g | ’ ’ “ ﬁ' I |‘
B \ 'J LA ‘ | ,I \ E
1 1 WNNA/V\C \I\’V\_—*/f
400 500 600 700 24 28 32 34
wavelength (nm) via depth (um)
(©) (d)

B12-3-9- @+Fi*3umFH O6pm 2z 53t P2 F sLF D) ip 532 m 5 it g2 F

SR (QFF FIVFRZF SMEFH ()i FIVFERF MRFHL Pd G EEEL B 5 o

FILEREFELS T o3 Fil 4w

@2'3'9(&) B gL 3um,33_-ﬁﬂ 6um 1= A7 G F 2
ﬂqﬁ"il"%‘ Q‘!:,—\/J:M-ﬁ. 30 “myg}h@jb‘ifgaggL‘iﬁg ﬁ@ﬂg\iﬁ“;‘:é\

B4 T5%Z 25% o & Bf%é%mn'&ﬁﬁéwfﬁ BAEAEA A LT CEBERE P TIVGER -
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P A A 3 a2 % B (spectrum-processing algorithm) ¥ 12 3s ] 2-3-9(a) e 4 4g 2
BARELA gk > 4oB] 2-3-9(b) 2 B 2-3-9(C)#TT o A W W MR E T Y 2 Pk F A
i & 3% (Fast Fourier transform)>+ | 2-3-9(b)2 2-3-9(c) > ¥ ™ ¥ % it & 5 & 5 423nm 2
FFIVER A B A 2851 um(4o Bl 2-3-9(d)# 1T ) °

(4). 8P 5 5z B2 mi

(b)

Bl 2-3-10 ~ (@) & ] ¢ A ()2 Rk Sk iri 7 5

FE B AR
7t

Bg p st
DI 30 g S ¢

1t

TSV £ # 23 2

(72 m EL Bl

i

TSV &3 44 &
(CER-FFEER)

Bl 2-3-11 ~ AR 2F 2 3 A

Bl 2-3-10 & 2 p] s SLF o h AR 0 2 B E Sk (TR N G 0 BLNEIFR Mt kA
TAFEB A TSVAERE S 2 FR - BF=h A ER D FATE - B 2-3-11 5 p i 5z
THEg @i p Wy g HEE > HE 5484 % 5 10um 30 um % 50 pm >
fZd NML &P fs 2. B4 B 5 10.440 um ~ 30.266 um % 50.350 um » & P| 7 FE T B & 9 &
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0.034pm ~ 0.097 um % 0.17 um =~ & * £ % chF bf ik 4 A B I F RR 7 5> ¥ A
17 kA FETR o
d £ 2363 10um~30pum % 50 pum & SR 7 % > 45T FHEE
FET R A Y 5 0011 um 2 0.027 pm ~ 0.035 um » o F# B &% 2 FE TR 0 F BHIR k SLaik
BAFTR 2 JRARE > VP EREFHRIRDBRLIREIR T FIFE A
G % 0.60 um -~ 0.13pum 2 0.28 um » 3t 3] p ERER

£ 236 FFBRES

AL E (um)
£ Pl B 10 30 | 50

1 10.49 |30.34 |50.52
2 10.49 |30.32 |50.56
3 10.46 |30.35 | 50.59
4 10.48 |30.34 | 50.59
5 10.47 |30.29 | 50.58
6 10.48 |30.33|50.52
7 10.48 |30.28 | 50.51
T35 10.479 |30.321/50.553

F sHiRE4F1(lo) | 0.011 |0.027|0.035

%237~ * KB EREPRIIEE 2 2 ETAEALHT

T
ey P (um) | R E(um) |- @ R £ (um)
10 10.479 0.011
& % 30 30.321 0.027
50 50.553 0.035

4 2-3-8 F iR iz w SRR A FETA AT

F otk D H AR TR A 7 A

Fa % 1AL @ (um) 10 30 50
Rt E(Lo) 0.011 0.027 0.035
g2 e Aa(lo) 0.017 0.049 0.086
PR E 0.019 0.028 0.101
145 R AR TR 0.003 0.003 0.003
WL RED AR 0.028 0.062 0.138
Fh o A R TR 0.06 0.13 0.28

R*RIRFhF HRIAER D FRFATIP LI P LI BHEAR
2-3-12 %777 > @ BRIV S A Sum 2 IVIER o BBl R d0d 2-3-8 977 > AT
FAGCEFREREEZIFTA S 0034 um-d PUEVFREBRIEE IR 0 & L eh
T2 TR 0 SEM B “rdt ek A am e R & 0.002 pm o KT R IR BE IR R o
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WA T A S 0068um s A E P EARR o

(b)3* /2.5 pm i 3t
Bl 2-3-12 + #7134 B4

Rt

2

# 2-3-9~ 342 10 pm # i 34 FH2Z FR £ R

I Sum I 2 R R R
1 50.87
2 50.81
3 50.85
4 50.88
5 50.87
6 50.81
7 50.8
LRI E 50.841
CFEREET TR 0.034

[ xR &+ ]

1B @ % k3 ;% F %4 % (Spectroscopic Reflectometry) it 5 # 7 3V % & (g pl1 £ »
PR S RE T RRCE DT - Y > 22 BHREAHIRA LI E s RFETY
PR EEBYERET  UEER TN AR LI B RAES B AR o 1
BRI BB ARG E 2 B G 2 TSV RR fRITA -

2.5 % 2 a0 3DIC QARH B el § R0 M 5 A0 VR B - 50 M
R AR X F AN e R ML TR ok SR
DB PELS XS AR RBAS AR B R
B Rl R A FF AP B ORIZEIRTY o bl 5 B g a3

BERZ p-BGA A E R > N H 3k Ap M iR B o

Y
p
i
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(z)~ ? R ERIEHES IR TSI
[+&23P 4]

o 2 VIESAH T Y RIREAIRER PN
v R R § F © (40~350) °C
v #& 71+ 1 <40.02 °C within 30 min ; % RS485(RS232) % &

o R FAFATHMZT Efbawz 23FEE
Vet BRFR (27-127) °C

VEASEELTFER LR 8MmMI 22mm: T AZ B AR 2mm F 4mm -

vV A4S frdlge® 25N 1) 50N

[ 7% %]
LVt B EEHAER A
()F 2 =~ HR R
HARI A F R R REY G R G2 SRS 1T A AH R B
2B TS o AR FHRER 2 g;*? DR AL T - YR R A
A T2 AR o A5 % 2 i = 4255 (continuity equation) ~ #5 8 > 4255 2 i £
SN de (1)~ (2)% (3) -

P19 (p) =0 (1)
p%\’_pg Vp+Vor, )
z—u+p(V V)=V (kVT)+ D 3)

HY SV EInBER pEFRA p i w?*"?')i(densny) tE2mRF ViR
Ve & 7 i ii%:sﬁ{'riﬁv £ (linear-momentum) > T Z B & » kVT & 7 Z # @ %X
(heat-conducting flow) » @ 5 #k7% ij" 4= 3 #c(viscous-dissipation function) -

Typae £ T ETE Mol G R R A F R IR R A E
FEE A B A G A ) AR o Bt 0 TS R EABE - BRITE A
AR B TR AN AT

LB+ lu(eE + - ax_ o 2 2 +u,—(ri,-)eﬁ}+sh (4)

P E=p+§pV +o90 » h 277 % B > Kegr ;’ﬁ BB E Gl Ker =K+ Ko ke &

Fors@Etdg 7 g T AT E N EF 325 joificdd S 755
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Befz BB R 2 RAEBORIE o

AER AR 241 0t o @ LR RE 2 R (0B 24-2) 0 KL BRZ
WhiEE At ANSYSFluent e8¢ = 258 2 it B2 el e A Lk
3o By MBS HRBEN RS S BADERALE L TR P ARG &
SFPURRT BOERRES 2 ER Ry o IR 243 L0] 0 B AR BAEERS
BT FFARSREMEREZ A I FRRERESRT A FER D F NG
REIFRGS A FERACPRIC FBERF(H6209K) @ @ L1 (FRIERA FHRE
e Bithe A REAR(H596.3K) 0 P EFFE LG K2R o

B 2-4-1~° BHBHEREFRRLE B

Bl 2-4-2 ~ BB A 2 2L R

B 2-4-3 ~ k F|E R EAR2 B R A S
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2BTEEE KRB AL i

LR ZWR AW
: 8
i il
man OO
& "= ::; : S ;ﬂ" Qh‘:.__.'_’;_,;: ::: :' ': B
B:"x:? ‘“-,**.ﬁ. =5 s ?‘fa
- ¥ t 4 . | H*-. ] I-I}
TFTAR CEAZEHBRERE W & o 4% 94 Ep

*" 5
D NAY)

Bl2-4-4-BREE2F ERER

REMBEE 2 e 2 A F R WL FER B WU EpE 2 > 2 BRE
EoEHE REEB BRI FIF RN BREF RV ARFYEL B
%ﬁﬁﬁﬁﬂﬁizﬁ4%%%ﬁ4?ﬁﬁ£kfifﬂﬂwﬁ RS S L&

B layout (JiTolSUE & W RSH)E A R BET TR M BT EE L
ﬁﬁg&ﬂﬁ244“TT°

Fobo AEREEFRBR R RHI BN BER o BRI AF
G R i RES B P ReHREER R L AERE F R AU iR
R R R BRI W B 2 B A s i B e R E T B2

5 t 5

R ’-ﬂ"k v FRE A2 Ao KBRS B A ES AT E S
TRGTRITZ R BRI BN SRR EFE R TARR PR TR ER
FORBEi 2 PR R B TR Bl T i B R R B R 2
BB d F RFRFEERS R 2B FGRITE B e R e

Hrig Rz FFaREE -
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()¢ BRI RR AR RS AE TR

31.532
31.530
31.528

O 31526

o 31524

2 31,522
31.520
31518

31.516

+0.03 °C within 30 min

0 5) 10 15 20 2h 30 35
B RF > min

Bl 2-4-5~ 7 BHERBKE Y 30 CLRTLMERFES*

75.135
75.130
75.125
75.120
75.115
75.110
o4 75.105

75.100

75.095

75.000 |

75.085 : : : : - :
0 5 10 15 2 25 30 35

FERY > min

» °C

10.02 °C within 30 min

B 2-4-6 ~ # BARERRALE TS C TR S
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106.845
106.840
106.835
106.830
106.825
106.820
o4 106.815
106.810
106.805
106.800
106.795

» °C

] 2-4-7 -

235.010
235.005
235.000
234.995
234.990
234.985
234.980
234.975
234.970
234.965

2R °C

B 2-4-8 ~

[ +0.02 °C within 30 min

0 5) 10 15 20 25 30
PR > min

PORREAERAE TN 110 T2 R TR E S

35

[ £0.02 °C within 30 min

0 5 10 15 20 25 30
PERY > min

PORARERIR LR 2T 235 CZ R TMRRE %
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350.46 |
350.44 { S

o 35042 | 00 [IS& I

35040 | <& '

350.38

350.36 |

s
[ +0.07 °C within 30 min
350.34 |

350.32 : . : ' : .
0 5 10 15 20 25 30 35

PR > min

Bl 2-4-9~ ¢ BAREH RS 54 350 C2 T plRL %

URE B TR R RAER RA BB Y ERERREE o d f B
AN B RELRRAN 2 FR > TRGTEFZERRS ARSI E2L S A%
B4R 2 48 TR AR ] 2-4-5~8] 2-4-9 5t %) 30 (C~350 Cz fE T AHRLEE S
B g0 Ry AR EIIRERORE T R RER PRS0 A E) 2 R
7 AZi8+0.02 C > & iR PP R o

iTHE j\%%d FLWeRFETI AL TAARATERBE B3 BT ~F#F - A
@Eﬁﬁﬁﬁwf%?i&i%%’%ﬁﬁgﬂMﬂliﬁ LR RS

B orEF BT HAE S G BRIz BAAF IR L s %8(S: Seebeck Coefficient)
x (

# 3 % (k : Thermal Conductivity)? & # % (¢ : Electrical Conductivity) » = ¥ jp| % 27 2 25 37
#on a2 "ﬁi%@ ik *g d R T #(ZT) KN E o HRBE AN 4o oo
S?%a
T =——T
- (5)

BRANEATREES R AL GERE R ES )
FFERIRERBRAHZ T Sl B S e 4 ,Migj 2 T EA S EFH
RA LTS TR T S R R - o «%.'l,f.:?ffslﬂ(lR)x;E;E'J
FEFECE . I LA LM G R OREF o BIUNRE IR
HREPIGEIRIF > A RS AT RS F AL T F L F R

) | P
€

Calad)
E;igfio
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- - .
S ® Flectrical Conductivity
I =l
K 1 P
% i -
- N x|
P ¥ i E P ]

# Conversion efficiency / El e

Thermoelectric figare of merit

7T S T ® Seeheck CouHcienl
o ¢ eleetrical conductivity L.
¥ sewbeck coefficient -
« ; thermal conductivity “.\
T : temperature
e N 4| ® Therm

® Seebeck coeMicient Samdard
Reference Materisl i SRMTH 3451

B 2-4-10 ~ A G 3R AT AL DR R

BRI R R LA R T MR DR T E R RIER SR H
WRRE 2 R ZT g RRE o B bR T HE DR F e S TR - 3
HELAT P A SETA L A BT S 2 A2EF)DER 2R - SR
TR ok - X ch BRI SRR RS E W b1 R
R oo T b HAep Bt AFFERA KA MRS L BA L L GRS AEF NP
FEORRB BT A ZT BT G R 0 BB SR AR 4o ] 2-4-10 ST

(DR e ZT P ER] 235 KB k- R

ﬁ%@“éﬁﬁ%’ﬂﬂﬁﬁyﬂﬁﬁﬁ% o ZT B pl» B2 ek 3
EF25% HP A URL L GEEAESAFPEEA(QE 2 mER 20%7 ) 1L F R
MHREEFEAFLE AFRSA DT - REEFe TERASRGRA SN S BEEH
PR R B AR L @ AR TR REDEIR o St FERIEA A p 0 %
%@4ﬁﬁ’%@@Jéﬂ%ﬁﬂiﬁ&ﬁﬁ%$ﬁ%%’j%ﬂﬁﬁﬂ’jyﬁﬁﬂ
IR ZT EhT SR - BB A B RHETL 22mms & 5 8mm: 55 A
BERFFEST §4mm’&+§2mmokﬁ?éiéﬁﬂﬁ@5§ﬁ%ﬁ&ﬁ¢%
B4 AFS gl 4 1IN 50N -
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(Q)#F = Mae ZT Pk &P &35 4 Pl

&l

PR L T He 491 B0,

Bl 2-4-11~ £ 3 a ZT -2 R A FEEFHE

kiR

LESSRARZD = ;
e
LARARRDMEN 2

dme>D>lmn

" St
’ \
|
1
(e
g s,

A¥FEA 2 RREESE
70.00
60.00
50.00 ~
40.00 =
30.00 ——
20.00 =
10.00 =
0.00 — e

5 10 15 20 25 30 35 40 45 50 55 60
£ pE (N)

(N)

N
B

® 2

W] 24-12 ~ #0420 ZT id BRIER 4454 LRl %

Yo 2-4-11 957 v e b 2 B 4 B iR (Load Cell)iple ZT fig £l £ 8 chd 45 4
R S BAPERI e > d Lot hie s ERERSOCERS H FRHF H 0
SR BB A RE o Bl 2412 5 h S R RE AR LB R
7o SNGRIEII 60N BRIGELD622% P> E47 R 55 LRl AR 120 0.19N
dod 2-4-15 & TR R

F 2-4-1 ~ X AFRR A PR

% L E(N) | 5.00 |10.00 | 15.00 | 20.00 | 25.00 | 30.00 | 35.00 | 40.00 | 45.00 | 50.00 | 55.00 | 60.00

RI-T32iE | 4,91 | 9.97 |15.13|20.07 | 25.05 | 30.04 | 34.88 | 40.04 | 44.44 | 49.15 | 54.39 | 59.29

0.03 | 0.05 | 0.05 | 0.05 | 0.07 | 0.04 | 0.07 | 0.08 | 0.19 | 0.08 | 0.14 | 0.11
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[x kg &* ]

Ly ERERAKE

DFHEE 8~ LFEEHF - T3 BD P A2 PRSI #F o
GEETES TSI LA S TS
2H T HAL ZT i £ R
(1)@ %5 # 5 Hiflrci
(Q)E 4R £

’ :}7%"1 g,ﬁ_:t}_}"f%’}f %u; o
'Jf&,BEL_

LR HRED BASLAR GRS B0 SR

BOMRL A& BRI £ RRREE R T iR AR T H L R
BTN AR ASEFEEHF A F R FE -
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2 HRPEREEL AT

(£ =%%p]

7 2 S TR I
2 uaE 2 - 1 ¥5:£ D27
i 3 1
2 )
3%—;3 _ _
B 2T 2 & 4%
RRGETRY 2 B 3% 3% % SCI
g{:ﬁ —‘? Ste Py
BN A3t g 2 f 4
B PR g 4 5 %
AR 5 8i»

LR TE R R RISV G FAE AL 0 A A I IR0
AR EEESTIE  FILALTEER RS - HiE L Lo

(- )&z ka8
& KRR F A KR RARE RN
[+&R P #])
MR 3B PR RD AR RPN e A L omt s AR A
£34% -
[ 17 %)
1LERF 402 KR kR 2 RIFNT
AFRE Y RS E R R RIBBAFER TR AT BRI AR
$oo T Ok R BB E S @ R § R e BN RS R A B RIBE 4 R B0 107
M3t A ERpPAS A1 EARRE BFOER BRSNS I ER BRI AT
HF 1 om®s Hppei 4 AFAAR 1000 % o e AP E 2T E P A FIFL A RF K
BB TR R A B Bk HREL A * e vhiw inﬂ dE e T PR LR R R
ﬁwoﬁk—$W%ﬁ4éi%gw4m”%kﬁ%JNﬁak& R el L b 7 ST
22 5847 k3 3+ % % (Condensation particle counter, CPC)> £ d # ‘/,H FRisEe Eay - &
ﬁ%%ﬁ%ﬁﬁﬁ%&ﬁ&%:&ﬁ%ﬁ%'&%ﬁ% VIR R By e
& P e WA 100001 s AR »iﬁ;ﬁv} Yhi ROl R R APFEREH BT D 1om’
2 WRppRS o T B 2 MIER F AP A N A BRL kBT 8 sl el i T R
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PRBHEE

S+ 2 mTREF

r“gmﬂ:%\’ﬁms\#—-}bﬂ?ﬁ“x v W52

(L)% % ik F R IRLE S2 H S AR

]q‘/%)i-‘ff: ‘_%__ ~J,J j'-»?»
/,‘ ju’%'Ti%”J E_%‘T§qa Av\"‘v‘

ohrid Rl RIK AR & o

I+ A EPERR T

itk

L+ p AJSR 27
SR ARFRE T A F Bk
T EFRRWAES §F RS

ff&-&*“' R S AR
ﬂa-,),%yﬁ»ﬁ‘igl '|

/\
T
BB o

e

W 3-1-1 R RIS A % senk
ot Ed RSPzl HEREA S e BRI cp FRF R

Bt

g ez kRS k

2L E g oy
Z_ e

B 2R
4

% 3-1- 13m0 A %

NI

2 F &
5  L R

F %

FRIAL - WERFFOF BT A A w Rk DR T

R A BT g2 15 L/min § £

AT 35 HEPA ik B A 1

2311 KRR FBE

3 kR
EFEN

=

BET
2NN
A R

.

/?J & ELa Qﬁg’ﬁg"

%R £

M & 51100 nm F ¥ 2 % 3 5 e+ (polystyrene nanoparticle) -
Bod WHrR * hE F T H B e 3R
F 3L/min> Aa fsx4 P i ayicsh T HF

BB RGA BT R E- ST A

* A (Equipment) A r
Generic name MFR Model Quantity| Specification Remark
s R % A5 F 5L HE SN * i
2ARFHCE p e 1 (0.3~0.35) um | & FHi*
M TR &~ F| TSI 3080 70613228 1 (10 ~ 1000) nm | #=+ & A
AR S IR TSI 3776 70715001 1 >2.5nm DR/ q
RS R TSI 3775 70615465 1 >4 nm > 2
RS ’93{ & oozt TSI 3068B 71028175 1 (0.002 ~5.0) um | 3 *+#c
«ﬁ 3+ TSI 4140D 41401231009 1 (0.01 ~ 20) L/min| & R iR
G oAk E TSI 3708 71028291 1 F A
23 ;ﬁ‘ TSI 3033 71021269 1 <30 L/min F g B
; ,ﬁ ;L Cosmo | LF-104N-2L |305-11684-07A 1 < 2 L/min TR R R
Tl ® HORIBA|SEC-Z512MGX| 3454610556 1 <15LU/min | #@ins
’E’“)ﬁ#;";ﬁflj = HORIBA|SEC-Z512MGX| 3489870713 1 <5 L/min LI o
promgme | M vDoge 101723 1 (15~3000)& | #FfEsk A
i FRE P 1 10 & HE kA
R4t Vaisala PTB330 H3620002 1 (500 ~ 1100) hPa | /& # g ip|
Rt Fluke 1529-R A73465 1 f3247 & $0.0001 °| ;8 & R B
7 Y DELL V3450 --- 1 Windows XP Rt 1l
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BaeR B 2 i RERTIHRS
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T [—] E frepy = I
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BT e BB FIHRE
BEEE. H
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& HEpFRALE MoEBsHERTE e n Bl a [ 1
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| [T
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LT
Bl 3-1-1~ MR § %8R E RFEHR
e a Bt REGA, BIJNF THFERFHI R RS ohg Pk EFHFE HELD
=h

FORSARANE- TRIAPRRE T AR R R TSR
BREBER G, BESHEA NI Z S5 BRR A s uE - S FF
oo cERT ARSIV EESE- o

e AR PR AL L5 LMING 3 A2 KB40 85 2 F LI nE o KA RSB R FA

-
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/|

;" %ﬁ*&- /HL:;_'TW wib/i@ iﬁ:r.ﬂ'v 1A AE ’E';/‘ﬁ';%_ ’J’_‘id - ‘;Ph@ %jilvh@i:‘-g o gt
”"“ﬂﬁﬁﬁiﬁ B eI ks R i BERARS L

[ ST Y-S Agr I Y S S

AH s B AFEE Y SRR E LR R a AFHEN LR e
Bl iELw o R RFRETEREL > 100 &k A AR ,gygw
Matter aerosol = # I} & &7 MD19-3E > 4rff] 3-1-2 #7177 > £+ R &~ =
FRERE L& 84 55 832 107 afg LRI - 0K g T 2R
AT o L F R ET R UOFE R F L1153 1:2000 - g 0t
PAEG A BRBCE S FELF BT IR RPN LS RF e
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Bl 312 s R E

Aerosol

Fine needle
Aerosola Upper regulator valve
outlet

inlet

F3-1-3 1 fF R E

IHEEEY ERY e AEF R Bl 313907 0 4 & LR N AR
sk  He=te R ABRIASH - - BHBER - - HEPA BIRE2 #in g
i é # Bﬁn‘wdﬁza SRS GRS BRA D ER AR TS H A blehA R
HORET S FRF BT gk HEPA SRFE RS FETF 0 £ 20 REF D
IR LS WAL ﬁ%—f? (s F B+ o pp FFAF m;ﬁ%—f? BV e 10 B mﬁr% At
4 B % RIFRFREE TR RS 3 B (Condensation particle counter, CPC)>*
ERERTEFHFORR L i ke R T 2R REGTE 2 FRE R
Fior® c AHFPEFTEAHFER ST - RERER T AL RRT CEHFERIER
G- R BSLARTREES A faREERFRL cm® 1 1000 cmP R > 4
FHES A FRe s - &
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0.096

bost | .
0.092
0.090
100 10 1

Particle number concentration (particles / cm?3)

B 3-1-4 4 0 B2 R 6 % - KPRl

0058 P DAAR B 5 R 25 2 180 M AE G IR \

Dilution factor (-)

(27 =+ kR F B 2R E AR R IS BRI AR
MOER F R R AR R I R A F R 4 1000 omP 2 kR T T
PEFLAFEECEFSHERDE > FIP T @ ER T FRESB RS TR
N uTe3 * ¥ Bl 3-1-5 #17 o
AFLFLFRBLFREETR w1657 b BT AR ) @
Rt P EER R RS P EL - SRR BRI A AL ERT R
BBz ER VB K RN EFR RS R Bt~ A ﬁ;%gg L@ E e T R CPC
HEt3 I0B8aER L iE ) TR e meankEd r» G E > PP EE kR T A
HHEFE S DR b fsd FREE LT CPC &2 kAT (Lom®~10° ecm®)2 k&
OEE E AR B AR R Hen T 5
MERRT EREEERT CPCZEREZRECR) AR ELFRS&KTISE
(DF )12 % 4 CPC % 10° em™ k& T 2 B2 (7 urae) ¥ > & A28 (1) > TP b
A R R R AT 200 B urae > Durae > 7 utie) ¢ AR ()T A

ISR - el -2

ot 1600 = D_Fz ‘CR, “1ur de(x+1) 1)
B9 Muraey © Muraepey - IR £10% em®F i plreF > Xx=0+1-2
SR ﬁ?ﬁ ﬁiﬁ?ﬁ E T o
CR, : #RiEeaTCPCER Y antE » X=0~1-+2
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10°

Crcae3

FCAE

Particle
source

—1 DMA

cU'I,lL‘j

CPCyr

CUT 1le3

Nur,1e3 = Crea
e3

‘Nrces” B

P ’ 3, oy s F g a2 o
Bl 3-1-5 ~ it & 1000 cm® 2k B T 2 e iR
(i) Comparison between CPCs
C — UT lex
B e KCmaed =7 " W x21,2,3
10* CPC,, Mlex P T S oy
Particle | | DMA c
source UT, 1ex
CPCy;
(ii) Proportionality test
CFC.IO: DFZ 1le(x—1) = CUT,IE'(I-'].) [2}
Jle(x—
10 B CPCy, k(Cymaex) ' Crex ,X=1,2,3
Particle | | DMA OF, .
source 2n& U 1e(x-1)
CPC
Dilter
1 n
From (1) and (2) —» =_ Z DF, ;
P ’
i=i
1 3-1-6 ~ 375 4 8 B2 A & HeenT 35
(c) Evaluate the detection efficiency by two CPCs
0 S
; B -~ H :
10 'C'p1e3 ! 1
— PG My 1e3 = C.Mies T 163 P‘
| article H DMA o TA E: .
source UT,1e3 beccmaas | PR
cPC,, By measurement  Known
i
{ ] CM.‘l"
10° B CPCyy c
Particle DMA DF, Nur,1e2 = DFS - CUT'JEZ M1e3” B
source an ul 1e2 M1 -
i
» Nurie2 =DF 1 e :':??ur 1e3]
'CM 1e3 Cur,lea i
Kl;l(-}\-rv_n_ "By measurement  Known
—_————————
(Repeat)
....................... v
i el 1
— Nyraer = DF; e Mt tez!
'CM 1e2 Cur lezi| i
Kl;u_)w_r; 'é;}.}é;;.jfe}h;;f “Xnown
(Repeat) i
R R
G Clozor i} !
» Nuraeo = DF; r:cur,wo : CMIH -.??ur 1e1‘
1 eM1e1 “UT1e1;
Ké;{,v'r{"é;}ﬁéé;d?e'.{néh}' 'K'n'c;'\;%"
B 3-1-7 « ahie Bl S S E R EER T 2 6 R ER
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2
ug(nUT,le(x)) = (677%%:(@) Z(DFz) + ("%;i(x)) Z(CRx) + (M> u? (UUT,le(x+1))(2)

677UT,1e(x+1)

AR LA TR AT 5 TN

uc(nUT,le(x)) _ (u(D_—F2))2+(u(CRx))Z+(u(nUT,1e(x+1)))2

NuT,1e(x) DF, CRy NuT,1e(x+1)
(3)
@)+ kAR F BER F AT IR TEE F g 4
AARELAFRS L BRATEEE 10 T EAFRE > 1k 3-1-2 47
2R R R E A K f o 2 2 B R BT H0E 5 105468 2 o TR RS RS
(1) DF,

2312 AFREL R RER DL
Dilution factor evaluation » DF,
No. 1 2 3 4 6 7 8 9 10
1.E+02 | 10.5966 | 10.4334 | 10.5587 | 10.5844 | 10.5186 | 10.5980 | 10.5848 | 10.5651 | 10.5563 | 10.5367
1.E+01 | 10.5789 | 10.6326 | 10.6720 | 10.4200 | 10.7359 | 10.7448 | 10.3864 | 10.3850 | 10.3932 | 10.4725

1.E+00 [ 10.6632 |10.4346 | 11.0484 | 10.2870 | 10.7074 | 10.4825 | 10.6353 | 10.7864 | 10.7557 | 9.6501
Average 10.5468
STDEV 0.2279

h

ERe i 1000 CmP kR T H R R S T AT RE A S HERE 0 B Emi
BT SF BRI T AR R L SRR R85 P E 1 RS
Doy oo Bl HiEg A2 dpped  96.93% 0 T %) Uries = 96.93 % o

BT REFERRT FREEER Y CPC2LERER E(CR)Z £AFLER > 5 B
BRI L 10 K LA IR B L A 3130 ML ER T it Pfrw
CPC 2 kA& £ i#l @ (CR) ~ i f# B2 ## i #X 5w (DF, ) 2 # CPC & 10° cm™
ERET 2B E(nuties)d > T ARN(A) TV w2 N RAEEFIFRENLERT
2% () uTae2 © 7 UTael © 7 UTae0) © 4rd 3-1-3 #757 » e 100cm™>~10cm™+ 1
cm™ T 2 Rk oA w] % 96.83 % ~ 97.05 %2 96.94 % o @ Ld 4255 (2)2 * 4254 (3)
S A enEGE B A O R Bk SR HIE R 3 A 2R 2 100 cm'3 ~10em3~1cem3 T 2

bl

Cye

BIpTF 2w 5 2.39% ~ 2.68 %£7 3.70 % (& F 7]+ k=2) > A% BETFERP
f# -
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%313~ L RRETEREEEZRY CPC2ZERERE
Detection efficiency at 100 em™ Nurie
No. 1 2 3 4 5 6 7 8 9 10
CR,, [1.05199 | 1.05584 | 1.05417 [1.05637 | 1.05343 | 1.05190 | 1.05518 | 1.05408 | 1.05743 | 1.05418
CR 5, 10.08971 |0.09078 | 0.08984 [0.08944 | 0.09025 [ 0.08970 | 0.08953 | 0.08980 | 0.08959 [ 0.09003
N vz se: 96.43% | 97.94% | 96.78% | 96.54% | 97.14% | 96.42% | 96.54% | 96.72% | 96.80% | 96.98%
Average 96.83%
STDEV 0.0046

Detection efficiency at 10 em™ + 77,1,
No. 1 2 3 A 5 6 7 8 9 10
CR,, |1.06118 | 1.05394 | 1.05357 |1.04831 [ 1.05148 | 1.04983 | 1.06259 | 1.05185 | 1.06024 | 1.05376
CR,, 10.08908 |0.08924 | 0.08894 10.09155 | 0.08859 [ 0.08865 | 0.09061 |0.09155 | 0.09075 [ 0.09062

1 7 s 96.70% | 96.21% | 95.86% | 98.18% | 95.29% | 95.21% | 98.49% | 98.51% | 98.43% | 97.68%
Average 97.05%
STDEV 0.0135

Detection efficiency at 1 em™ Nt i
No. 1 2 3 4 5 6 7 8 9 10
CR,, [1.06117 | 1.05225 | 1.03522 [1.03661 | 1.05133 | 1.07881 | 1.03479 | 1.07841 | 1.05399 | 1.07853
CR 5, 10.08837 |0.09108 | 0.08743 [0.09378 | 0.08883 | 0.08843 | 0.09087 | 0.08597 | 0.08821 | 0.09608

1 vt 10 95.75% | 97.85% | 92.41% | 99.25% | 95.35% | 97.40% | 96.00% | 94.65% | 94.92% | 105.80%
Average 96.94%
STDEV 0.0364
> 10% - 1.00
= 9% - 0.99
& -
£ 8% - - 0.98 —
@ o
E Y — I R I S L 0.97 E
= —
- 6% - 0.96 ‘G
m M
T 5% 095 ‘@
§ gy . T0% 0.94 ©
P
s 3% /’/ 2.68% 2.39% 2.239% 093 B
=
2 - géé ;ji i/’ DSEE
% 1% i — / ........... / ................ / ......................... - n_q'l
& 0% 4 a_ A A 0.90
1 10 100 1000

Concentration (Particles/cm?)
B 3-1-8- kAT FRIEL B 2 pHB L LR

‘»

MERFBEPR R A H I EIATR HERTIREIASPFHEY AEERE
.Lf%éé’é‘iiﬁﬂ“:%_i?d%F&‘ifi%r’m‘é#ﬁ%l” ’rﬁ:%_?]rrfﬁ—ﬁl’} % PR RIR I 5 PR 3
Fedimeri SP 676-11 % 4.6 & @ hE 05 > R - R AP SR HIR R E R E R
GEL o Mk BT P YT E R 100 nm 2. 100 cm3 10 emP s 1 emP A Sl 0 3t
BHToE REL S E I TR S F IR 4o R 3-1-9 1T o AR A S luE i
2 t5F L0 8RR F 0Ty
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104.00%
102.00%

(n)

100.00%
98.00%

iciency

96.00%
94.00%

92.00%

Detection Eff

104.00%

102.00%

(m)

100.00%

iciency

98.00%

96.00%

94.00%

92.00%

Detection Eff

90.00%

RS b
t-\“‘\ \Q\ %)

N
¥

97.10%
97.05%

97.00%

Detection Efficiency (n)
]
g

100 cm3

Db

ol ? 3\ e )
O R




[ aepiA7]

LdpAgksrefzd-afipsFRE "RE103EEH7 -

2. BT 0% W3R 4o r - sfF B L M F B R 0 e LS P RES
LERTT 2 R QmmﬁﬂwiAﬁéﬂsgﬁ:&ﬁﬁgizﬁiﬁggaigi
PR RS o

3. P & NMI 37 172 4% i N Pk F B L RAR T 2 WP 7:mf -
AR n AR EL AR A AP R RS - sl R R e
PREXRER O X LAER D AR BN EBRRT T R b R4

[ kA2 ¥53 ]

L-Sp g W FRERAF BP0l R2 A8 - R FREZ I ETR
FiiE 2z R E o ?U“fé_ BlP s p AR EER S - BF U REHFREPEF
gsg P EDFEZ LF TG o

-“k§$W$%ﬁ+k&ﬂﬂ,m#*éﬁpﬁﬁgﬂﬁﬁﬂ,wggﬁﬁ@%iﬁg
B R L S L oy R SRR &*%mﬁ: 1L

S SR RS AR R E AR R L Rl

[%&%iﬁd

CERFAAZARIERER ARTRERT REN T ER R L (D26) H P 2R
SRR TR D26 kAP 1AM FIARFET ERT IO IR
PIEERY & SLen2 AR R S ik el o

2.0 H MERFARZ AL FERAER A AZ FREC G EFRBAEEY EFLRE
FEpT g 22 8k ARFR KRR BEN CREREP BT (O RE

RO AR IRARMIRTG B o

(381 ripeain]

LsikRFARE AT kAR S ALRAD A Bf Bt FRERL SR RE > 2 %
FRMp ARV EELFEER AL P RUERE > £ LRI BRI 5

AR R o
2. FFEAIEM AT 2016 F - TR EMAAS o
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o E: B ATHBIEBNAES KRR RIRER 24 5 T
[f7=%]
LEwW2 20 Rh &R
Ak R R (B4R BAR R) > BRI BEE ] 3mmenE R o A X ALK
#+i2 (X-ray reflectivity - XRR) 1 * 4 47 X b fpi@jd & chifp gl ffd X L adwi k i 7
AT HRBFEDI/EE B TR SER T ERRERR o A H I LEUR
MXEER N W IRZAT VIS C /2 ER BT d(E k5 R )32 nm)ie
FERZR A RFFATKE/EHME S BT T ER L RHARE 2 55 5 T
HuE oo
rEF A& X-sa k55 (X-ray Reflectivity, XRR)4 #7 high-k % high-k/metal
gate (HKMG) % A& &5 i (7 5 & 8 R » 3 B 18 i g & 1 5 B R R &
P = 8 B 0 4 B 5 (1) Capped Si/HO, (1.5 nm)/Interlayer(1.0 nm)/Si
sub » (2) TiN (1.0 nm)/HfO, (1.5 nm)/ Interlayer (1.0 nm)/Si sub - (3) TaN (0.9 nm)/TiN (1.0
nm)/HfO, (1.5 nm)/ Interlayer (1.0 nm)/Si sub - ¥3*t & * XRR £ pl:# 7 5 & > 2 7 44 4 &
R RE SRS ER - TR EE AN A Bl 2 SR & R
MR RS RO R ERIG R EF A
(1)Capped Si/HfO, (1.5 nm)/Interlayer(1.0 nm)/Si sub
FHERESHEAET - REE SOOI N EEN A FRELMAIRRET Si 2B
vavkEy RO, A K - F iY@ (native SiOy) - Flpt itz 2 XRR # & .;;f;ir% P AT B K
R F K+ 7 h4e— native oxide ° XRR £ R| 24 & B % 4o B 3-1-10 #777 > £ ¥ AR
SRR XRRATH » @ o d W MBS L E > dhi X EF B35 R > Fdhs X X
Girbth R e FHER EREREFO4AE > XRR ¥ F3 - 2SRt % o a i
14 SIS EARERCHER - FRE KR DTS % o ik HIO, hi
o HEg g e Ry HERE LW 0001 nmo AT S XRR HE T L

RS R A A
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X R &t 58 F (counts)

100.000.000

Native Si02

Si
HfO2
Ihermal 5102
e00.000 /\\7 """""" Si substrate
S
\\
10.000 ﬁ\
. TN
Sy /T
W e

R

B 3-1-10 ~ ti %- 7 XRR £

%\' 3-1-4 ~ ’firr'e'

1l

X 7'5)\§T % (degree)

R =

J.

\:r

~ W XRREELEBR ~ BRE A 6ojekkR 2 T %

Layer Z]e/::]z%l Thickness (nm) ROl(Jr?rf:]r)]eSS
Si Sub. - - 0.15
Sio, 2.26 1.11 0.32
HIO, 8.34 (std: 01:(())1 nm) 0.31
Capped Si 2.22 9.34 0.21
Sio, 1.52 1.76 0.51

- 7 %8 F 3 & s (transmission electron microscope ; TEM)#: e @] 3-1-11(a)

#romoood 3 HIO, & T R i R g L ch A AR B ER TP B2 ERATE
Brpenk B iE > FIr R TEM B * hT F B R ¥ 27 ER A 37 - B 3-1-11(a) ® ik 4

ATE P g R 0 D B 3-1-11(b) R 5 B 5e R et o1 * 55 & &% (local max)
A & (local MiN)FehL 3 52 & 4% HIO & cnB & o Bl 3-1-12 2 Rl ¥ Bl 5 e &eh3 3
i £ 48 % i 3% W] (electron energy loss spectrum ; EELS) > 1% EELS ¥ (F 3] & ~ % &tk &
GUEAT VR EHRETF O~Si~ & Hf ~ 25 & o @ &40 &85 HfO, » B Hf
s R A T @t § 2750 8k(Gaussian function)it i # & 0 1 12 H Gaussian function

Bl A

L FEEKEEELSHERIER o £ 315 52 FERREDEREE - T HFR
i EELS ¢ B3t sp B <37 5 andicle > 7 AT Hf A 2 e fdc o 2 2 5 R
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BRI AT R XRRESF R RLE G M “TEINOER S - < FH
2 TE > B AF ISP FPE R AR 2 L g HRE

l.: (b)

Intensity contrast profile

THIO; Si0]

I ntul mi\

B 3-1-11 ~ () tk &— A TEM 2|5 B ; (b)H T F % & ¥

n  Hf element distribution Hf Gaussian ﬁtti[lg
Hf fited Gaussian peak ™

’ width = 2.42 lnm

Intensity
Intensity

L L
10 20 30 40 15 20 25

Position (nm) Position (nm)

30

Bl 3-1-12 ~ fk &-— HEELS ~ & & # &2 Hf chg #742 £ B %

315 fKS-ZAERLEDEREHF IR

SiO, HfO,

XRR (nm) 1.1 1.50
TEM image (nm) 1.185 1.723
EELS (nm) - 2.42

(2)TiN (1.0 nm)/HfO, (1.5 nm)/ Interlayer (1.0 nm)/Si sub
XRR P[22t & & % 40 F) 3-1-13 #77 > #5100 HKMG 3 fpenidif » 5B chi & B
ThEE S T E A XRR R ER S P REFSEER o 5 & XRR S
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X R 4t 9% & (counts)

1006,000.00

NS X EHFB RS NER BRI R DT IHE ST A4 3-1-60 M4k HIO,
B TINgERY - B 5 RdFenEjpite g iyt B4R 2 & 0.004 nm £ 0.04 nm >
BT B i XRR B BT 2§ s g e @ gt = & i SIO,HFOL/TIN 3 dy
S ENFEREZADFRLIE A FIXRRENHRLE < hEE 5 {4 chjgiTa
45 #002 XRR fig & @& % 4 HKMG @ s fp eh e pl 4+ o

HfO2

Ihermal 5102
\ Si substrate

10.00

1.00

S

| XSSt (degree)

Bl 3-1-13~ i 5= W XRR £ RIE#HEE RS

2316 5 OXRR#ELEER ~ RRE A G dhER 2 T &
Layer Density (g/cm®) Thickness (nm) Roughness (nm)
Si Sub. - - 0.26
SiO, 3.95 1.70 0.27
HIO, 996 (std: 0102(?4 nm) 042
in 204 o 049

oo T 5N 7 3 kg (transmission electron microscope ; TEM)#: B 3-1-14(a)
ot oood 3 HfO 22 + K TIN e B 254 ok > B2 e e B R 2% FlU R R
TEM Bl ? ha + R EFER A4 0 @ B 3-1-14(b)ﬂ' 5 H R o ud v H sy
BRRLTEMAERE R B NM L B2 Hikhd 3 R T B T
ﬁL@E’*ﬁafiﬂ“ 10nm ~20 nm hgE FIPN & THEE o d e At Hag G s{% BT
Eam ik RARJIF BETSHGE T ES B 0 BB % o 3-1-15 frw o LR
Bd BASBAE HIO K > m 28RS FASERAATING » 24 - Farandk
BEA A LR TE N HIO, K B A 5 1.503nm> A TiN & B 5 3.015nm -

-53\1\‘

./—,_J;»‘

3
&
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B 3-1-16 = B ® P 5 # 5= en® & i £4F 4 &t 3 Bl (electron energy loss spectrum; EELS) >
FTHERSMESET OCSICHISNETIi A% 5o d B iReH P R HIO, & TiN > B

VHf 4o Ti ehac g &~ F > 3 8 * F #7d fc(Gaussian function):& (75 & o 7 # Al
T L ek o H 2 Ti ¥ 2R FSfkhfpiey I @87 REEeSEsE o 212 Hf a0
MBS T AL b BRI SRR L hE S (F 31-16) 0 T UFRTEA B
Gaussian A% 4 it R EHE 0 FlM AL B Hf 22w TiIN & 500 % 5 Apke o &
AAr Ticheni R AT > AT FRTIi 24 5w HIO K 4t % - £ 317 2 2 48
ERREAEREHE PR oA NTEM 2 2 273 H T F RS > R P RES L0 2=
BB F m EELSEBRR T & AFefich 2 0 WA hA o PSR

BIER TR EB o

(b) Intensity contrast profile

NO ODVIoUus Conrl l}[,éu{.\‘.ud]
HfO, and TiN

Bl 3-1-14 ~ () &= h TEM 215 B ; (D)2 7 F 3 & ¢

Use 2 Gaussian functions to fit profile

| Intensity contrast profile —= Sisub,
—HfO, layer

TiN layer
[ —-—- Combined curve

Relative intensity

0 5 10 15 20 25 30

Position

Bl 3-1-15 ~ £-%t + B 0 nm~20 nm s IR T 5 5 R E 7R AT S BR & e
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EELS element distribution: Hf: Ti:

Intensity

= Tielement distribution
L - - - Ti Gaussian peak 1
Ti Gaussian peak 2
 —— Summation of fitting

= Hf element distribution

[ - - - Hf Gaussian peak 1

Hf Gaussian peak 2
—— Summation of fitting

— Hf
—T
—N

—_—0

—38i

Intensity
Intensity

1 1 1 1 1
2 4 6 8 10 12 14

Position (nm)

Position (nm) Position (nm)

B 3-1-16 ~ 5= HEELS ~ 2 2+ F &2 Hf ~ Ti ehg 278 & % %

317~ HEF--ZAERIEDEREE R

SiO, HfO, TiN

XRR (nm) 1.70 1.28 2.77
TEM image (nm) 1.671 1.503 3.0148
EELS (nm) - 1.27 3.80

(1)TaN (0.9 nm)/TiN (1.0 nm)/HfO, (1.5 nm)/ Interlayer (1.0 nm)/Si sub

o= XRR B2 H & 2% 4B 3-1-17 #157 » 4% HKMG i’ggmzﬁ# v e R ER B
SR S ST SRSt S 0 BT E A XRR kRS L R E R -
m A XRR#FEEDISZEABE RIS PER - REPAE DTS ST 4 3-1-8-

hhi4th HFO~TIN 2 TaN & hi R » # 25 R ahE e L mid » % 135
#0003 nm > B ks XRR ch2 Bl T R B G (AF e o m w &
SiOo/HfOL/TIN/TaN st dfp > e R 2t v B e & 2 B %+ F]t XRR 3% i 4% 9 HKMG
R R N ol R I R f ER N T
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TaN
TiN
Ih Hfolzs(.)l
) A Si substrate
=
=
3
1
i
E
1%
% s VUV U DR B N I
"
BeINT Y (degree)
Bl 3-1-17 - i &F= v XRR E B2 & 2 %
%2318 - HhEF=ZXRREELER - 2RE NG R Z THEE
. 3 Thickness (nm)
Layer Density (g/cm”) Roughness (hm)
mean Std. (nm)

Si Sub. - - - 0.23
Sio, 3.36 1.76 - 0.23
HfO, 8.56 151 0.027 0.31
TiN 2.84 0.68 0.011 0.50
TaN 9.41 1.80 0.006 0.43

-2 7 %58 F 3 B kg (transmission electron microscope ; TEM)#: B 3-1-18(a)
#7577 o d 3% HfO, ~ TIN 22 TaN & &2 & B e 7 250 Hiob > @02 3 B mr s B B 2 %7
Flt ik TEM Bl 7 ch@ F 5 R 2 5 5 & A 47 > @ Bl 3-1-18(b) R = H 3 & ¥+ -
i /&*@EHI} * H 4 4% (local maximum)z 4 % (local minimum) @& end & 2 & 5 FHaf i o &
3 1‘53—1%-)‘;1 » b2 A e TEM B & & 0 HfO & 5 & 5 1.651nm > TiN & &
0926 nm-> @ TaN & Bl % 1.732nm> &1 &2 XRR h% % » 5 — g 2424 - B 3-1-19
= FRB? B AR &2 DR F a0 £45 4 & 3 Bl (electron energy loss spectrum ; EELS) > #

P ’]%(r‘:—-)a O~Si-HfF "N Ti®# Ta=~% 5 teom I 4% P &5 5% HfO,~ TiN ¥ TaN »
o HE S Ti 82 Ta sy 35 B &~ F > ¥ i@ * § #7.5 8 (Gaussian function) & F%EL‘ o V¥
Basrtmeakfe TiETaryZEEdamlie ] TN sE®x 21 Ti
iR AT AL B RGBSR L PR (R 3-1-19) ) F B RTES B
Gaussian &' 4 s EFHE > Flt w2 8o Ti ~ % » TaN B gy % 5 fp e o 5

3
I
353
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AAT T R AT T ERTa SR Lo TIN G ik - £ 319 L2
TR FDL RS M
T

3B A FHEECE 2 B R o

TEM 2 XRR # - %¢fdp 42k » e EELS 3-8 B &
AR RRESERIERLRF

(b) Intensity contrast profile

o5 TaN HIO,
w0 | Si0,
o TiN
%0 ¥
“x 2 i
40
L>
1500

'''''

B 3-1-18 ~ () &= (h TEM 215 Bl 5 (D)H 7 5 56 B ¥
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EELS element distribution:

.

Hf distribution

Intensity

—3Si

—0

[[—i ]

—N

Ta

—Ti

Intensity

Position (nm)

Intensity

Gaussian fit of Hf

e P et e Sy e e

20 25

Position (nm)

+ EELS Ti Profile
- - - Gaussian peak 1 Ta: I
- ... Gaussian peak 2 B
Summation of fitting

>

=

[}

c

[0]

)

£

Position (nm)

B 3-1-19 ~ &= ¢

%319 52 -2 2 B

4 EELS Ta Profile
-+ - Gaussian peak 1
- - = Gaussian peak 2
Summation of fitting

Position (nm)

- HEELS A% A% & Hf - Ti 2 Ta chg #1422 %

1 EEREE R

SiO, HfO, TiN TaN

XRR (nm) 1.76 1.51 0.68 1.80
TEM image (nm) 1.973 1.651 0.926 1.732
EELS (nm) - 1.99 1.79 2.12
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[ #7]

XRR ¥ 3% #42 /& 5 & HKMG 3o dp 24403 Brih 247 0 G2 A BT > 5o
Pipmrtr 2 2 & WA Sk D figa La@g{f‘rﬂggm, Fpt kst h g e
* H g B el profile s 7 4 +fro;ﬁ intensity profile % & 272+ & > 7r 32 high-k ¢ metal gate
chl B 787 XRR %% 7 fiitsh o 193 TEM & EELS % £ A 2 Hcd 3 @ R fod 4 4
e FEE  XRR#|EF #rr ~ B EAF L MMEARTE 5 KRS % o

[ B2 555 ]

1@ R RESS 5 SIOFwH S & SiO Fwe Rk Si Ar i+ &
Wi A XRR A5 enFEgs gt oh p o L EAE A £ VW HRF A9 sc i @ % high-k
FUEBPRZ§ it s T SiO; % {#gm)@w 08 R I X BFAS SRR DE R e

2.2 2 A7 5 K HKMG 3 fp (8 & w51 » 3 nm)z X B RIRE & TR =8
XRRE T F gERlasri78% -

[F g 2 ]

LX SH8F S RFIE B EE enT (7 X % r 50 B r SR 52 7 € 0 5 i Jt s (slit) i ik X
koA rMERBRED L FREEF I NERA > EXEREFILED 20 2 30
ks AkFH ;ﬁ:}&rg Xkl 83 & P#E R -

2.XRR€;‘~'J#4%$;§:J BREFINEREBHETANE S > T REZREQFHAFLT 5 A
k¥ 2T BF B AL XRR #fe XRF & XPS /i » 4% XRF & XPS #% & < % chs #
T T XRRIEE  HE{ 3 ERaEEEL o785

CEERTST33S

1. & »ﬁf;‘;mXRR%:Edﬁzm @ % & % & HKMG XRR £ ) A 45 22 308 wenfll & > &4
%7 # XRR £ 8] 5 457 XRFIXPS 2 45 R B » @ 5] { BAE A % 4UEA T > ¥ 1w
41 XRR i & B4R 2 55 X7 @ H - foacinh o L EMA £ 0 © XRR &

BER LA FTfEL S N o
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[R%

Y

e 2 AR L NML p = B T T
SRR B 7JH 3w Pk 2o kR e LI

MOk R F 4R
N )

*NIST: 4p ¥ #F o
* FET R 2.8%

¢ 24 10° cm® ~ 10*

%

om® f R %ok

10° cm?® ~ 10° cm?®
Z R 3 R

B tGER § %2
B ge s 2 B E

BREPRFEM | *NMI: tp 3L |2 ER BRI 4 - | BRI R 72 /2 | Blocd BRI fzid
TR 3% 10°ecm®* ~10° cm® 2 | =B <4 % - %
ZA R FTHETERE
Bl 4w FE o
& s & | NIST: AP FeEs | 2dEe Rl | vRELR R L
s R SiO,;: SRM 2536 | high-k 2 HKMG % k& | # 2 {75 8-k [ FH 2B oa 4 &
(10 nm) RS T A S A LR S SR
NMIJ: B |- 3nm) P EEgE R

SiO,: SRM 5204-b
(3.42 nm)
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(=

)8 RACFTE W R R RIBIT YL

[ > gt pif])
103 & B P & 104 # B p & 105 & & p &
¢ XAMAA FRIEER VLU A RFFHNREHEFER L AT EERTR FE
T HEEEFE <107¢ Ko B EBQE >2000 B34 A <10%g
* R AHCA R KRR o R ACEEFIEEMAI LT LIRER A THME KRR M
* RABMFFYREFERT | e THFENKASFLEE| S FLEE(THES A
o A Bp|aE o T ANHME KIS 8| IR <10 %)
o xR p|izs @ﬁ%%ﬁ;ﬁ,: ] £ 3= B cantilever £ & (kisd @ SRR IR EE > 3
= B 500 nm ~ 5 um) 2 <t -] *> 50 nm

[+&2 P #]
ox X LE T N ERAE R B kAo R B B EGR R AN RREEER
F & F %1+ (Quality factor) »  # Q & > 2000

o T MR KRR LA 4 B £ 3R F cantilever % 6 (k= d 200 nm ~ 700 nm)
o AL KR 2L KE NI HERAR LR
[#F7+5%]

b ¥k (Particulate Matters, PM £ Total Suspended Particles, TSP) & ip| 2§ g2 38 ¢
PR E R E TR LRI E)FRFEN 24T E R ETREEREE -
p&ﬁ%ﬁiﬁ%&&Lm? s B R B R GE AR ITRE B 2 A ST R ARREY
aﬁﬁzgﬂﬂm’éz%ﬁw?ﬁﬁﬂﬂﬁ‘%%ﬁﬁ+@%ﬁﬁ“*$°

PN 5 R LIRS Bk S Bkl 15T (MEMS/INEMS) 42 3 i > 4=
FEFBQE (Wﬁﬁ‘fr]—r Quality Factor)z_ #ic 3] 4 B £ 3= B » B Lk s k2 k3807
BRRE O MR PRF T R R Y 2 'g}ﬁ;]);:'m‘ BRFHAFLERFZIRFIFTE CFRA R

Bz Mol FRERFN I Pl TRER G SO S F RIS B 7R R
2R E N S TV R L FRIEMETE TR RIRA o
Ea - MR S
LB TN nmp BRI A5 N2 B FERE2 FLEX EREFER
F & #1+ (Quality factor) - p # Q & >2000
w103 & 2 AR AR g% S % i%é%%k—%%ﬁWzizﬁ’ég@m
@ﬂ%&%ﬁ“‘%%%ﬁ@z FEETTRAE S G F LY D R R
e llAR g F A ﬂ%°%%ﬁﬁ%%1;¢%iﬂﬁ»&@mﬂﬁﬁ%%ﬁﬁ%k%&
2 FEHEF AR AR T e R 8 TP o R AR HRR 3 0 ) 3-2-1 ek W AR A2 Ac R] 3-2-2

'5'1"/:[7 °
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Doped conductor

Doped piezoresistor

Silicon

Metal

1=450, w=40, t=5|

MASK#1 MASK#4 MASK#7 _
Alignment Mark Open insulation oxide Backside etching
MASK#2 MASK#5

Piezoresistor doping Metal contact

MASK#3 MASK#6 .

Conductor doping Cantilever frontside definition ¥ —— siticon

N Oxide
N PR
[ Piezoresistor doping
[ Conductor doping
[ Interconnect Metallization (Cr-Au)

Bl 3-2-2 ~ AR A R R AR AR R

REAETERPELAAFTRALED & B 28 L3 PRAFABRIERTEL X R
\W%‘rr]—r Q (quality factor Q) = % & ¥+ MEMS/NEMS + $ £ 4= % » 57 g4 £
¥ B L2, % £ (Static Deflection)z. % it ¢t » 7 ¢ @ B L IR F A 4 — o 2 s o 4 &
LREBZpAREFEEFNT AT S
et [K
7\ m, (3-2-1)
2k ix AR TR R E

LR B2 5B+ ¥ #i(Spring Constant) > me 5 £ R B2 &
BAREREEIBABSGT LT 2B RN

t“‘\ﬂ =~

/’F’_EL cw K'
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5, =(2%J5f
N (3-2-2)

%7%5 F.L)Fﬁ‘ﬂ%wdn":c{ﬁ,?ljﬁgﬁ BiLEH T§°$;\3(3-2-1)7‘J:?:F1] i g f’\:}—ii’;l'_}
Ax® o 2 ’-"i?ﬁ—%%\/] JECRES fﬁ;ﬁ% E’ﬁp{éﬁéﬂ)};{%f(; Y- E R S¥LEREEZ Q
(R %‘J{F—f—»fﬁgﬁfN/Q LLﬁE‘LKJﬁfE'J/EL&’J‘%E‘#%Lﬂ& 4 & %‘-ﬁ{%’—‘T‘Q
e | ¥ R ’Fﬁﬂ %

(5m )min = 2me
? (3-2-3)

4 )

-

IEEE 488 ‘
6|
DMM ]

VR

Bl 3-2-3 « R AFf 2 4R 5 B % HE

-

Vacuum chamber

“{‘}é_ BEFE AR RBOOE N A E T T TR R R AL SR S
W o BRI HACRK 3-2-3 77 0 (FiRIZ R AFHE ~ PZT stack £ Sensing PCB % - 2 3 ’izi‘*"
¢, ;‘;fjfé WHLd Scd 2 B FG i £~ 1 PZT Stack A 2 jrik - RAFHRIR S o R
2 BRpE s Ed sensing PCB ## 4% 7 B 5L » ¥ d BT & DMM £ ] > £ p425 228k
PpEsd - ST E TG o BI324 5 - BAd A %%?T%@Lﬁ%%ﬂﬁﬁb%
FoME&EFFF E Q=500 L &2 EASERP T EF IR o AP RITHRS T
1Pax 10Paz B > QiEif v 32000 7+ » B 3-1-5&7 7 ficesf T PIEHEERESE
AR R 2 EHFF Q 5 Q=2206+ 780 ¢t A R FRIEFE T 4 2 4255(3-2-1) ~
(3-2-3) ~ R AFyRE ¥ ¥ #c(thermal noise method, k = 24.02 N/m)#2 & 3=4g & fy = 282.35 kHz
=% > #(m)min=3.46pg -

-

fa

208



au

au

au

measuredment data

—fitting curve

o
i
@®

PN

o
=
[

Amplitude (V)

Y

o
[
i

yf

A\

o
i
Y

0.1]

N

W

0.08'

]

281.5

B 3-2-4~ - % 5 BT » BEHEE RS

281.7

281.9

14
Q=2159.6 / a
/ \ au
| [\
' AN
#f/" \t
2‘;:;1 6 281.8 282 2822 282.4 282.6 2828 283
Frequency (kHz)
Q=22 au
5
ok \\T
Zlglvﬁ 281.8 282 2822 282.4 282.6 2828 283
Frequency (kHz)
15
Q=2227.1
au
5
Z;LG 2818 282 282.2 282.4 2826 282.8 283

Frequency (kHz)

B 3-2-5~ &/&+4 /43 1Pa i 10Paz B » R AFHEL JRAE 5 &8 5 5]+ & RIS

282.1 282.3
Frequency (Hz)

282.5

e

14

12

L 0=2370

6

a

2

T
]
2816 2818 282 282.2 2824 282.6 282.8 283
Frequency (kHz)

"

12

10

8 —

=22

6

a4

2

DRy
0
2816 281.8 282 2822 2824 282.6 282.8 283
Frequency (kHz)

14
12
10

8

2 = S ~

Tﬁ_/’ \\\b‘

0
281.6 281.8 282 2822 282.4 2826 2828 283

Frequency (kHz)
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282.7 2829 283

b S R RIS S

15
10
Q=21193.
au
5
N B = \\\\‘
2%1 6 2818 282 282.2 2824 282.6 282.8 283
Frequency (kHz)
10
au 0=2163.5 |
5
—:v-’”'}/ \t
2?31.6 2818 282 282.2 2824 282.6 282.8 283
Frequency (kHz)
15
10
Q=2299.9 |
au ‘
5
7,_“'_—:/"/ \‘
2%1.6 281.8 282 2822 282.4 282.6 2828 283

Frequency (kHz)



2. = 2R K SRS A 4§ £ 3R B cantilever £ & (42 d 200 nm ~ 700 nm)

AL LA ER? Y ks R B E R & 4 F (Differential Electrical Mobility
Classifier, DEMC):& {7 ik 2. &€ > & 1% F s v 5 95#- CMS-500 (514 nm 2. & ¥ ¢ ’fﬁ
IR Ak S A 4 B X Ik B cantilever £ w o
2.1 & A 1

THERZNMAADPELZ LI RF 2 EFRERY B THBRET B2
Moz s D~ F TR Q- FiwB L BB C R IR AR ey Moo
v -C
Ve o Gte (3-2-4)

" E 3z-n-D
b 3-2-6 i o MeA THE R GFA B L - A A S o B - B2
BRIt f R - S ey cRTE L S Lo ¥ o A El
BATRV 5 hE 2 FREEE > 8 - 5 RTH

—— L HWEEA(Q)
‘1[ Sheath Air
HEEE
High
Voltage — . PREHR (Q)

Polydisperse Acrosol

T 22 4 (Q

Excess Air
g Ehaam (Q)

Monodisperse Acrosol

Bl 3-2-6~ fear T HE ARG BRI

"&lf 7‘}:‘_/{_1_-‘{» L S Q. & _Ef—f"-,{___j’, BRI E Qs#f""’" ’FE'?J—"?/’ £ 5 QCF%’Z%(/”\?.,%
FRARLEBBRZT LA S

7, =& In(/r) (3-2-5)
2r-L-V

T b 58 (3-2-4) 4 (325) T KW A F Bk sz D
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2q-L-V-C.
- 3n-Q, -In(r,/1,)
d % M BBELIREF R LA THER
G B TV AF R R K R S E R e N2 R GE > WET

a—

ATk S % Ao Rl 3-2-7 1% 0 @ 352 o Mok A 2 F (Aerosol Generator) ~ T 7
¥ fr % (Charge Neutralizer, TSI13077) ~ fic s 7 4 % B & 4~ B (TSI 3081) ~ #5412 (Controller
Platform, TSI 3080) ~ % »x 3 fi 3% ~ 1L % &5 ?ﬁtﬁ(Condensatlon Particle Counter,
TSI 3776)% - # # > %;L w2 AgRd IR A AUEd 3§ Wk
MR OF Bt B dmp TR B R Y 0 5 BE(Aerosol) s R FF frE A &
Heorg 42 % J7 o & 3 K ket m,-# i % %37 vt 3 & (Boltzmann)T A fF 5 sS4k
FREEA LG LR RRERE B AAREE G Ak R FCERE S R A RC)

m Al 7k ok e foiEpE ?f‘? g Tﬁ]&{‘—é— >k 2 F b 0 RO
B ERRERE AL R 5d 8 A2 @@%%n%?ﬂﬁ%ﬁﬁﬁﬁﬁo

FofRRSR G P ERET ELE O BT G MR R 0P ¥ C AR PR
PIEIr T B3 %y wiiiy AAfS LA q““’i*’é‘l Hek B R - 3tk P EBF
FERAE R FIEZER R FRIE > WL AR E AR IR ek B e o

HiLE - 30lem o s
6.0 lpm l 3.0 lpm
=T | wsnriss |
T 6.0 Ipm
3.0 Ipm
1.5 Ipm
| eS|

—x

k J

o R R

1.5 Ipm

WRiEam FutEE 2

o

Bl 3-2-7 ~ o 4 s 24

h R Sde ] 328 5 329 4T o F A BRER T G A f Mok irigd 3
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R CE R
e TR AR M

THASE - TERL G F PSR ﬂf Mok i i Ak o EE 2 2 F Mok F R ;‘gé ,q?
AN & ﬁ(Splltter):i&ég L R 1§ FRORETF - ISR B

;A«

<
AR TR F B ORIk R 0 B D F R R ST R g e B
RSyl ST I o il L3 SR R S R SR T
Do AIRLR T HBUAR P F EFRNIF N UAEES E F R E G 4P
Mok R e

fF{;

P o

& iF

V‘ =

(\x
(\s. j{-

e

B13-28 A RHBBR GAE
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o 2 A AL RE
e @

B 3-2-9 ~ i 48k A% HE 7 A W

2.3 B2 F miE e
W3-2-10 %77 5 B e 5 SR G E Y L F UAE hisz 2 f v o
d G e F e i R SRR ES AR B T K
PAFEd L Mo B B 282 42 b ST A YR 2 B 2 48
2o fl o BRI = Ba T ,%», B4t L (SRR &)
FrabhflefSF¥ard ol mEikz 3RZE  THFFHEPHRY B GH
BE - FRLAERFEARE D GRERAF LG - VAadbps e o w
dERrEF R RIS R L S LI A A S S R Y
PR T pe2 SR A AP L G R T BB FRd RE A AR ST EHAE S
M4 3R aRLFAGEEF O FHEEN Rl N e el S5 P52 4
PR AL i G 2 PEEKES ¢ B T2 #9 eni T AP 3 R TR
MREL B RSTT RS PR RS RRBR . LR RT L E
BAGRIERE L BRI o WAEFA R LT HELS .
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i A BEH

N

2 3 9% —>~
8 d 3y ——> ﬁmm

—

d Ao
,I, HHLRE R
B 3-2-10 ~ & »2 5 i 1592 % i ]

2.4 i fE 2 £ 3R]
B 3-2-11 3 F %R ™ A FHEEHD S ARIA F 7 Pield 3t iE 2 R

TRz RIS $H R B o

3.0lpm
Aerosol In

B 3-2-11 ~ s F 2 B R d v E)
F 3-2-1 5@ RS B R PEFE P CMS-500 dokspldic3 x> & X £ R34
b2 ki BB Hb Eod BV LB RS D AL P HREL R A LR
- 82 0.86 B o M HERITEFF R > (TS PRI A FLH o
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3 3-2-1~ mER T ER2 P

),:_:3: pL -ﬁ(%\
CPC Efficiency ratio

CPC1 CPC2 ratio

1 189967 163930 0.863

2| 194198 168672 0.869

3] 203803 177827 0.873
Bl 3-2-12 2 1 * jics R R B R &G A FHEEDH T CMS500 3 53 +1 1§ % v § ¥
Mo i G 28 A G 27 LW-MY 2 FRTAEETOTRE DL AR

g mﬁ%zwf%m\@ wﬁﬁﬁﬁs AR ES I

Insulator

(Eoan) oFF

Bl 3-2-12 ~ A4 TR T 7 B
* 3-2-2 % %@%i}ﬁf#}fﬂj@ﬁﬂ?@ﬁlﬂ{%ﬁ?éifg v B IR BRI RE 2R
CMS-500 fck 3g 4 fic > & =X £p] 3 2 482 ok Spk ot o d WHEBET NF R d 3 F
AR IE X $ RS R IR EZ T RGBT A5 2 FiEED FL4F 0 WA 2 M
Fooo Fpt Hoag F sz R Ec L K- 2Nz 0.83 B MAEF B L G LK
PlicEE 1 B 017 T E B S mAEIEA S TR ORI S .
% 3-2-2~

% %
F &

hobe TR 2 ORI A 2

POW chamber Transmission
Efficiency

Deposition
(CPC Efficiency Corrected) Efficiency
CPC1 CPC2 ratio
1 |227872| 189844 | 0.833
2 | 200770 | 165364 | 0.824 0.172
3 | 198013 | 163710 | 0.827
B 3-2-13 15 5 1% McA T8 R 64 BirE )
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%Wﬁﬁ@’ﬂ?ﬂﬁ?@%ﬁﬁ%2ﬁﬁ&ﬁ%azﬁiﬁo@&zm&ﬁs%u
E W AN E 3-2-12 ¢ 2 B RT R ERBOT @%J:".T ABf o @B 3-2-12 ¢ 2
@P@gmm@%*bwy:ﬂ”ﬂ3zwﬂiﬁﬁmﬁk@$m @%»w
PR R FRILFL XN DEFF AR FREF LG

®
FEC o

T ¢

3.0 lpm
Aerosol In

Insulator

Power
lSupplvl ON

B 3-2-13~ 4 2R G 47 £

%0323 FFRTAERERATRE I > 3 RELT P EERF LR
CMS-500 fici> 3 e fic - & = £ 0] 3 A 482 Mo 3R Bt o d M ET IR J 3 f
WA » Bk GRS H Y F D P2 MR L FET A s G &S
Flpt B fs 2 R K L F - M2 055 8 > fk s BPES 0.83 B L o ppEL
A 5 0558 12 £ 5 0450 Fpt > F ok s Aol i fiad d At
BRpEz 017 B T4 RS2 0455 K4 16 8%

2 03-2-3 o LR MRS T A

POW chamber Transmission
Efficienc Deposition

(CPC Efficiency C?J’rrected) Eﬁfzciency AEITEET
CPC1 | CPC2 ratio
191842(106287| 0.554
195983(107774| 0.550 0.447 260 %
197867/109709| 0.554

[

N

w

2.5 iU FE He 3 K 3Ekt cantilever £ &

B4 B 4R E cantilever § At B mAEE2 HFFEE P = o T o
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Z_ 148 % %0 - CMS-500 7 42 ** cantilever % & o B 3-2-14 5 f# {8 {5 2
Bl d B¢ ¥ 2RI CMS-500 2_ it » = # % {53t cantilever &2 £ 3 2_ 3

m»

é_

=% N
=

¥

hac)

(@) A+ s #f = cantilever % o (b) #+ iT#f 12 cantilever % &

(c) k= im#k s cantilever % o (Bl (b)Bl:E i b 3572
B] 3-2-14 ~ Cantilever # & ek @R B

B RAPLE LAY Z kNP I HBRAYR G EREY
JEATH R IBHE RIZ Y £ oR - BRI HE AR ’!‘#-"D/)ﬁ' ¢ * PL450B>450 nm

%3 LED § &5 2 & kiR » ptkJR-K T 474 925 B » L8 % (ix’-’r 11 & > 5 ot
o4k o AT R 4o B B3 2 (Numerical aperture; NA) & e 3 5 48 %k R £ %
_'a:év”!ﬁ%f'?’éf{‘gia“f%lﬁ ko R KRB BB AT B A ANA S 0220
EHENA 028 F4 P F U BNAR& T, R 2 E ATk gz
7 BFEnBE BT KRPRET SR E NGOl o & § Wk o4 ETJD MELE B
KX R FIE S RS A S Rr R B EHGAEL KRB AR s PRAIE@RD
X i_?; S F )ik o Bt kiRigd BEEEREL AN S BRLEEEERE 0 -
EREZ A0mm Hd 6 2 % A LE 2o Hp i dkhdd 2 v B ENF 8 GiT(EE
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e LT mmizg o @ E

¥

s FRER) FEIES 80mMm Hd G o 5

=~ &
=)
=
T

P VU A R R b BT i B 0 TR E Y Beam dump » v fr b B

Eylindedens 1=
80Fb77.4 ‘

{

]
cylinderlens [
collimator 40Fb36.7 ( ——L¥‘ 10 mm Flow 1,7mm
L - E‘T 35mm ﬂ:i 32.4mm ,E
i ' . : F80focus
e L —1 gllnderlens Eylmderlens :
=2 N ? 80 F40 - F40 focus
7 1 [ \ \Vd Y / .
|| L~ ‘ ! N amE=" N
I
F40 focus
PL450B c Y -
laser || [— newport
window25mm beamdump

10mm Flow 17mm .
O om0 s24mm .
glinderlens cylinderlens F80focus
50 40 - F40 focus

1 3-2-15 ~ fc % 35 RIAL I

Tekdfa o d EEEL 38.1mm % ) 5 1ed e hif &Lk fuftk o & 4% & §E 25.4 mm
BHEBI R R ENWRRELG > 50 FROERE > 4r KT 450 nm bandpass g

AALE o A-450 nm Lt ek SURYE 0 R G T § B Ar i st e 450 nm T Sk Roat e A

B 3-2-16 ~ £ F 4+ - F(OPC)R AT M &+
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(gl At]
L ARFBELFEEFIEEFTFFTERY » 2 ENUEFBTRIGER G 2R T 20

FHARER AN VEEFHEIMFITEFIRFAITLRBAAIRESEHF LRSS -

AU 5 U &2 Fluent & st = a2 W Bor o f1* Magnetic Hydrodynamics $i-

f @ 1 = (Electrical Potential) i T 3 > & AR IE TR 28T 4 0 BB
(60 AT HIEY 4 PIRT 2 FH PN TR A 4 e (Discrete Phase Model) s 37 k3t
FomdgE o ? 2 FE oo Jhd SRR EaF TR /&ﬁ%{,’@t‘i;ﬁ‘;mﬁﬁ: VXA
HF ERIEPF S PR T BRSO GIMA MR MR T R s o O EIE R
Wﬁ&&m&€&<¢’ﬁiaﬁﬁwﬁ*ﬂﬁﬁ“iwﬁﬁxn?ﬁﬁi’ﬁ et 3
WA s d g

[ a2 753 )

1.

R RN R T & 7 £ BB £ lift-off WA o R M & BRI
A5 ATH L RS GERAR 0 PR AW A EHEM  Trr BN e R

e
At °

.MTV/Q)’L—Lrs {——'T‘}‘]’ﬂ—+/}L§j Vb’ﬁﬂ7JK§ﬁ§f#ﬁ’%ﬁ£1a$ v?‘%——ﬁBBrﬁ]%m7ﬁE’%ﬁ

TRETHEL GG TR LEFIT S I R EEE R T A2 MR N AR
cantilever 2. s ]+ o ¥R~ F & X 2§ f\,w"iéﬁ,irp%ﬁ*’ SR E RN IR R
SR I T4 e KRR REE “f T R HERIT 2= A o

DR KA R A G 20 E A Bt o

I Fhass: 3 NA BRESETAELE o 'g%é\%&i’,?f\ﬂ’“)‘ﬁ#}‘“ﬁ“\i 5@ ok

.lra»q,\p/ﬂ.,;P- ﬁ'o «Eéf" L A 3T R L;,i};f_,,?.&iggﬁo

[%&%iﬁd

=

BB L B RBEE 2 BRTH MY A G RFEFL L REGE
2 % Tk > R iLeha 3t cantilever 2 L 2 B & G 0 i & cantilever | iR 4p
TR S A NARECES) RS L R R s IR

1 f’t‘%ﬁﬁﬁ' 5]
BHLTE A L RS R E R U R R E S PR 0 R R
2t R T R R

CARBIF AR TR B EF et cantilever X2 £ B RIEL P Y AL TR

%éiiﬁﬁmgﬁﬁiﬁﬂﬁuﬁ¥?ﬁﬁ%ﬂ7%?@@@@%#@9’ér“ﬁﬂ’ﬁé
RS R S S 0 S L LS G EL ]
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[R5

ey

e £ R HkrAg L NML p = TEH A A LR
B LA BRI ik o R E4N i
Mol T2 (B MIT : NEMS £34r|e 2 & e 4 (N [* 2 s K3k (e &7 &7 pF
BB B FE MR AR to nN) £ 2] & # 3 FEER > FE| EHPETR
<10%g TEHBELS - A | AA<I0%g. | T A0 107
2 B NIST : ks B e 4 8 1109 2
Quartz-Crystall SR m
Microbalance & i PR VP £ B o
245 R <10 g
J%tffi@@?li EFRMSP 2Pz f |® Pl f ek K3 |® 2t Nkl &2 k3R
MR F R 2 5 [F] i B4 g RITRE P  F | G ETER | A RIS ]
iP5k i PO DS | ITAREARM R SR AR | BN(IREHEA | BERERARZ
20 % BAESY 2 75 | B DARBSS | MR R
% W VLSI Standards = | @2 g %k 2 fez | %) o bl A
PAAZBHALE FAE R T R
BH Rkl | HAFiFEr 2
£ 1 AEP<10% - 7 e
Mot 3 i g NIST: Lb,&g&;ggﬁ%. S F MRS RAE L |0 FETRR
R PLIE TRERSZEARS| HBEHjre Ld & | S pFRgF2 | MAE  HH/
P VREFRZRS| MY 2 E Lt R T B R

2 A
NMIJ: 1* DLS = 2
ERIERE S ul
i
NPL: % & k{822
RS ER

BWERE L

HCR SRR

e £l
(P ¥t g

T EMES 5%) -

B TR MR
Bk Tk

B =R o
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(2) % A F R S

[ > fes e = prig]

104 & B p & 105 & & p £
jo A le AR cal (2 E<Imm)  |e 2R 4§ % 1 £ <10 GHz
%; « 54 E %457 e 100 GHz o k5 EHE i £ <10 GHz
1 %,‘ o S E KkF>8 B o Hiakiris F>0.5mW
[2&2RP#])

OHTA| TR & R 1T (R A2 E 2<1 mm)

o475 sk g ] 17 (4895 5k Gk B mAE 1£<10 um > :é;ﬁi%] <>30 %)

o7 B8 & kA K JRip2 ki A 4 (B4 EE>100 GHz 0 kfi#icp > 8)
(#1172 %]

TH AR FEREE S H2 DWDM (Dense Wavelength Division Multiplexing) 4 it »
ZE&7 %373 k& %% HDFB (Distributed Feedback laser, DFB) & ik &2 i 33741 T B >
B SR BRI D g S o A E 1Y DFB F 6 AR 4g s M TR &

(ML) 0 FEd 2B 2R 0 T A2 DWDM % 3Upt & (I ) » 4 Wik sk
BodiRA Rz BEEF S I RSP R E B E S L T LA SR i o
A FH A K
1L FERIEFREHF

1% 2§ PRI HHGREEREF L > DAY IR REORRY - B 331 ;
WIERLRIF2 F 84l JATABE TR - R 2B Rt sd & D% -

AN GRS E I BEESERE S WG HLIT AR SiE- R M F W
Lgr(ZnSe)z. kAL &4  RELF B - F L RIW2Z AT E P BT #
V- RBamtSRESERAT L2 THTH 5o T EHER - F L RLT S R
o BB EIEY250me FEEEES [ >Emm 117 vk BplH B E sz kEEL (] 5 90
pume % = 2 TETH LT e RRBRE 5 (S (G ) o B LB B RS
e 2R 0 T ATHERDEY K- BRFEE O LELT EHTE S DL o
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EPERARIRARIRPE TR ERL DR NIG 2 f B33 R4
thiv RIFEF T X358 17 Qmax’ 0.7Qmax > 0.4Qmax > 0.2Qmax > 0.1Qmax * 0.02Qmax % 0.01Qmax
BinFEOBHR > BB %k4cd 4-2-10 54 RIST-1&2 ¢ BmE s 152 taM & Ko
TS F BV R A RS-
5. k44 OIML R137-1&2 $H 2 ¥ %53 § £ - (b4
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B e (7 L 4B D RS AR EHE PR R BT A o

s T %¥ﬁ+qﬁidmmngm4mmmaﬁdﬁw@ﬁﬁmﬁﬁﬁd;
332 7 Qmax » 0.7Qmax ~ 0.4Qmax ~ 0.2Qmax ~ 0.1Qumax ~ 0.05Qmax *  0.02Quax % i & £ 3+ 18
B EE o (27 HL@%%ﬁi@m’bHw%@mi‘m)ﬁ*%%a422’H€
R137-1&2 ¥ #5% s 152 4p b & F o

¥
4
s
W
#
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Tk
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4
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=
79
"
s
pe
e

o

l% * i& 3] /ﬁ‘ ,J_ -EL “—L Qmax_lso m /h 1E’.f—?)J__EL #EI Fﬁg r’:l' Hb /Pljpé‘ , J,;" "::“Ligf‘? Qmax .
0. 7Qmax ~ 0. 4Qmax ~ 0. 2Qmax ~ 0. 1Qmax ~ 0. 05Qmax % 0. 02Qmax 5 (: ;' £ ,J_ 12 @ f‘I% (_/ﬂ s
H-L it &3 Mmoo L-HAEMET 3R)E 25404 4-2-3 %% 57 & Qnax>0.7Qmax >
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0.4Qmax * 0.20Qmax ~ 0.1Qmax % 0.05Qmax # & R137-1&2 ¢ #rg % & 152 Aph & £ @ &
aw%mw%ﬁﬁﬁw«’MMmaﬁ@a$cpwpw$i%'mﬂb%ﬂ7%ﬁ&
PR B R %% @ K d 1 Pulse/m® s & 100 Pulse/m®s € #7573 0.02Qmax
20=x > H g% 4ok 4-2-4> TV 2 > £ RIBT-1&2 ¢ FrmE s 152 fpk & Fo

4 4-2-1~N16 % 7 B3 plidid % (H-L % 4 3im 1 470)

Qmax=16 m*h | Run-11Run-2| Run-3Run-4 |Run-5 | Run-6 | Run-7 |Run-8 | Run-9 | = 35 & |4z ¢ g, 5
(H-L) | (H-L) | (H-L) | (H-L) |(H-L) | (H-L) | (H-L) | (H-L) | (H-L)

\
&

Qmax 0.23 | 0.28 | 0.36 | 0.55 | 053 | 0.40 | 0.41 | 0.43 | 0.40 | 0.40 0.10

0.7 Qmax 014 | 012 | 0.13 | 0.31 | 0.20 | 0.18 | 0.06 | 0.11 | 0.09 | 0.15 0.08

0.4 Qmax 010 | 0.12 | 0.17 | 015 | 0.21 | 0.24 | 0.13 | 0.09 | 0.09 | 0.14 0.05

0.2 Qmax 045 | 043 | 0.39 | 048 | 054 | 055 | 0.49 | 052 | 0.47 | 0.48 0.05

0.1 Qmax 038 | 0.38 | 0.39 | 0.40 | 0.39 | 052 | 0.61 | 0.51 | 0.44 | 0.45 0.08

0.02Qmax | 0.66 | 0.85 | 1.08 | 0.61 | 0.69 | 0.95 | 0.68 | 0.66 | 0.74 | 0.77 0.16

001 Qmax | 1.21 | 1.33 | 1.16 | 150 | 1.28 | 1.24 | 1.42 | 144 | 1.39 | 1.33 0.11

% 4-2-2 ~ @5 VR £ 2 (Itron)iBlRE %

Qmax=100 | Run-1|Run-2 | Run-3 | Run-4 | Run-5 | Run-6 | Run-7 | Run-8 | Run-9 |[Run-10|Run-11
m®/h (H-L) | (L-H) | (H-L) | (H-L) | (L-H) | (H-L) | (H-L) | (L-H) | (H-L) | (H-L) | (L-H)

Qnmax -0.04 | -0.07 | -0.05 | -0.08 | -0.06 | -0.06 | -0.07 | -0.05 | -0.06 | -0.15 | -0.09

0.7 Qmax -0.58 | -0.58 | -0.58 | -0.60 | -0.57 | -0.57 | -0.57 | -0.58 | -0.57 | -0.66 | -0.61

0.4 Qmax -0.43 | -047 | -0.39 | -0.44 | -0.47 | -0.44 | -041 | -0.43 | -0.44 | -0.51 | -0.46

0.2 Qmax -0.10 | -0.17 | -0.11 | -0.06 | -0.13 | -0.06 | -0.12 | -0.05 | -0.05 | -0.03 | -0.08

0.1 Qmax -0.61 | -0.72 | -0.62 | -0.64 | -0.72 | -0.72 | -0.65 | -0.61 | -0.71 | -0.76 | -0.42

0.02 Qmax | -0.71 | -0.94 | -0.90 | -0.82 | -1.00 | -1.16 | -0.93 | -1.09 | -1.15 | -0.88 | -0.79

0.01 Qmax | -1.56 | -1.81 | -1.35 | -1.62 | -1.81 | -1.60 | -1.38 | -1.48 | -1.66 | -1.68 | -1.52

Qmax3:100 Run-12 | Run-13 | Run-14 | Run-15 | Run-16 | Run-17 | Run-18 | ., B £
m¥h | (H-L) | (H-D) | (L-H) | (H-D) | (H-L) | (L-H) | (H-L) '

Qmax -0.07 -0.15 -0.09 -0.08 | -0.10 -0.09 | -0.05 -0.10 0.03
0.7 Qmax -0.59 -0.64 -0.57 -0.56 -0.60 -0.59 -0.58 -0.60 0.03
0.4 Qmax -0.47 -0.51 -0.49 -0.40 -0.47 -0.50 -0.43 -0.47 0.04
0.2 Qmax -0.08 -0.10 -0.13 -0.15 0.00 -0.13 -0.07 -0.08 0.05
0.1 Qmax -0.76 | -0.68 -0.74 -0.59 | -0.70 | -0.77 | -0.58 -0.67 0.12
0.02 Qmax | -1.06 | -0.82 -1.04 -0.92 -0.81 -0.81 | -0.70 -0.87 0.12
0.01 Qmax -1.56 -1.57 -1.75 -1.31 -1.62 -1.53 -1.39 -1.55 0.13
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#0423 Agd B RRE
_ 3 Run-1 Run-2 Run-3 Run-4 Run-5 Run-6 Run-7
QualSOMW iy | wh) | -0 | (L | H) | (D | (D)
Qumax 027 | 019 | -025 | -019 | -017 | -015 | -0.08
07Qux | 033 | 041 | 040 | 039 | 038 | 042 | 044
04Qux | -033 | -024 | 027 | 031 | -024 | -037 | -018
02Qusx | -044 | -050 | 057 | -057 | -035 | -060 | -0.37
01Qmx | -026 | -022 | 028 | 017 | -019 | -002 | 0.16
005Qmx | 036 | -045 | -060 | -052 | 044 | -056 | -0.30
002 Quex | -256 | -7.06 | -499 | -009 | -010 | -487 | 018
_ 3 Run-8 Run-9 Run-10 | Run-11 | Run-12 | L .. . |5 o
QualSOM by | WL | (HL) | (LH) | (L | OE RFRE
Qumax 025 | 010 | -004 | -020 | -022 | -018 | 007
07Qms | 047 | 042 | 046 | 045 | 053 | 043 | 005
04Qms | 027 | 026 | 024 | -019 | -015 | -025 | 006
02Quwx | -041 | -037 | 042 | -052 | -035 | -046 | 009
01Qm» | -016 | 037 | 016 | -015 | 009 | 002 | 021
0.05Qms | -024 | -042 | 029 | -020 | -020 | -0.38 | 014
002 Que | -231 | -239 | 009 | -237 | -231 | -240 | 230
3 42-4~ Az d in B RS % (1 )
e S 24 = £ it 2o | mEnL
025 | 024 | 026 | 023 | 021 | 012
010 | 009 | 010 | 011 | 010 | 012
0.02 Qux 0.16 0.05
012 | 014 | 012 | 015 | 016 | 014
014 | 018 | 023 | 016 | 018 | 020
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(2)~ ARt p & B A RERF (CNPATE)F 3

AR B TR S RE MRS CNPA 76 95 5 & > £ %4 1992 # 42 OIML
R76 'z 4.4+ % > @ OIMLR76 B 24 5 Flk A £ 7 chgf B{rg > ¢ 2> 2006 & i3 37 =
o P R L R Y2 2006 5% OIMLR76 ;2235 P |2 2782 TAPMFI R > @
L 52006 £ 0 FlRt AL P HERBIFTBEG TR DA IERBE
SEXLRORHNEE SREHE BT RD FH AT BTG oA LR P
RIDA BT L AT X AR B R BAEE R HN 0 o A H P i 1§ 2006 # 4K
R76 B4~ % BP 7% P o A F k% 217 CNPAT6 2bp & fr B 4] S s i 2 12 57
AT o

—
in|
K
o

i

S E

F_&.
AN
el

R
G
3

2006 # "= R76 B % —*FL% A ERE R FREE R Rl ?
T RIRARA R G R AEARPRE B TR | 2 T ROE ) A R AN g o
He2pdfrEd (e Ea 2 VR eE BN FREFFRE > RULEREY e
PLp B Een- BI04 HERRE A ERA G EHEL M 0 A E 104 E £
BRI SRR F L AR TR (TR 0 105 SR p B e E AN Su L AT

TERBMARET ARG AV R RAT Y T %3 375K CNPA 76 2 f # rE 3
AL TR

CEFRES

cEFERMAFE YR EFY o SRR R E (0 AR %L P
EAREE RS S e B AT I RBY I REFO - R)EFA LB K
FornARpL e WA pHE cL A REEY

o &3k OIML R76:2006 * OIML R60:2000 it {7 j7 & =~ B 3nAT 5 o 11 % & 3 240 5 1R
wUFE ~) A

s RAZFRAPFRRFWFER)FLEHESL -

[fF=%]
LARge~ ez PP Ap R E g A ra g
1.1% & OIML R76:1992 £ OIML R76:2006 % # 4 37
OIML R76:2006 L & % { § = * X & | irF ML R { ~FEE L2 5 R { - '
Bt R LB AT
(L) 202 % {
WE A ARSI TAE 28 e i THE 33 ARFLIA G TL211 B R
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(Mobile instrument) ~ T.1.2.12 # #- ;" =% (Portable instrument) ~ T.2.2 # % (Module) -
T.2.3.4 #i =3k % (Digital device) / T.2.3.5 #f 24 3k % (Peripheral device)(# 4557 % 1 > = &
BEom o 4dF > BB THBETEYE > B AT NE) - T.2.8 ot (Software) ~ T.3.4 4] 3¢
(Type) ~ T.3.5 32&(Family) « # ¢ & & & A Fe LR TR L > 4ok 4-3-1 977 > R4
PR B EEL B A LS BREE S doB] 4-3-1 907 0 TR A R 4 TEZ PIERP o

% 4-3-1 ~ OIML R76:2006 #-'e %_% % {

OIML R76:1992

OIML R76:2006

T.2.2 $ic %2 (module)
Fat IS T LE D
RIFFT P EIA LRI

TR o

8.2.1 ¢ 33l
£ 7 e

T.2.2 $i£ e (module)

OIML R76:2006 #-‘e(module)f_5 = % f et 5 fa4F 2 7 it

OV G e i s TRt € fodeit e & RH ik i

T HEEY e RS AP LA R R o

LAl E R e s F £~ (load cell) ~ dp o E
(indicator) ~ #g vt ey &2 % ¥ (analog data processing
device) ~ #c i By 32 % ¥ (digital data processing
device) ~ ¥ = % (terminal) -~ ¥ = & = % (digital
display) ~ #=& #- % (weighing module) -

T H PR E S B 4 OIMLR76 e 2 o

Peripheral devices

. |
Key(s) or |
keyboard | Printer
to operate |
2 3 4 5 7 |
Mechanical Data Further data I
and clcrl_rics:l Analog ADC processing processing P|_-i.mar_f' Sw'undau'
connecting load cell (scaling) (e.g. tare, display | display
elements price calculation) I
| Data
storage
| device
Analog Digital Weighing value Net, gross,
signal "raw values" (in mass units) tare and other I
(counts) primary |
indications Other
(e.g. price) | peripheral
| devices

B 4-3-1 ~ IML R76:2006 2 fi # 7 & H 2.
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(2)3+ & & £ 5 h% {

FRE R~ Tpor ) (Family)fed o 4 T pok ) L4560 2|
#EHF' L F R R - BV AR SEFRA e o Glde D AR AN m;}ﬁ
EoARRF AN DGR Bof i BEEE > v - B B el T
Pl blHr i AR B R R AR R ARE - FTEARE
BrE R % %% o ¥ > OIMLR76:1992 ¥7 OIML R76:2006 3 & f b & % s { &
B PR HO R Rani 3 > AN SRR B A BRI R R 0 AN
PIFREZET R HERP CEFRF LEIEREFL > WE P 7 AR

PEFH PR L AHE AT AR FIRT
—  HECFEFRFEG AL TR
— HEEIPEAWGE /AL F e LR

— YR A BREES RS R

H9 P $HiF € A e H iRl 24945 OIML R60:2000 &7 - He ¥ fhiplid e
BREGFLAAP THEFEE S LHFFLOP G LA e SR > B4 Ak
Hcde £ 4-3-2 #rik oo

4 4-3-2 ~ OIML R76:2006 3] - 28 % A fie

Mo & R TE T ET R @A
e R 0.7 0.5 0.5
BRHT T BT 0.7 0.5 0.5
TR — 1 —
8T 55 0 1 — —
B 0.7%* 0.5 0.5
B A2 fE TR — 1 —
*?@ PE AR BF I RAHERE LI ARE . AUERART
TR 2 1 FEBETA R e .
**424% OIML R60 i * *+%F SH gl ehjr £ = (pc = 0.7) -
PBEL V=" A h L

(3) i3t A %
A ATHE 4 C~G o i A 2L B F R R AR A ﬁ_.ri;; Pl R R
Rl T R R FH BB A FER TN R R W B RS FE

SRl E R M RREEEE R frec % o fe & A7 ISO/IEC %;%-ﬁﬁ A 7 pE > Bl
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HA P A S I s LI ek CATH{ZLp B B endy 7 Bl SR AL E R
BlE2 ET MBS DATH A B E R R BRI AR K SR B
PR R HE OB EFTH A B R e R e PR R T e FATH 2
iR R i F At B e G AT HIRE il R o E itk B e
iRl o

1.2 OIML R60:2000 F% 3L %

R R EEL 2 o AL R PO AR T R NE A AR R P
~ P s £~ - OIMLR76:2006 2 OIML R60:2000 7_% 7= & ~(load cell) 3 &% g ¢ *
Rl oleh S AE N R B T AR LR Tk R %‘rﬂ)a His SRR

KERPES EORE  BERE =3 FEPDLQ) 2T (k)F 2o (1) -

4o #rift > OIML R76:2006 51 » T 2% | 24 & B2t b Rl > A R EE AR
% o WA E AR ATH D 2 R ?é#ﬂ 51 Hdk { ¥R & & OIML R76:1992 ¢ 4.12
FE AR Rz stk ek F2 E hplB e ~9 v BRI T M e 2 £ &
ABE B e v SR > EEE A e 4995 OIMLR60 B b T E <t B2k
e 2 7R ML ~fev &7 L4518 7R - A3 F 7 %44 OIML R76:2006
ek F R £ RRE N TY TG 0 = 2 kdx OIML R76:2006 2 %+ OIML
R60:2000 #£ 8 2L p d* HrE 2 jm £ ~ B2 PR ARS > 2 2 %5 1 07-3-A40157 > 11 i & =47
AR L FIRER

13FPM 1P H v sk 8 %
(D) BiE 4 2%7 3 %% < (ETC)
MBI A 2T ek < (ETCO) LG AR E sk h L 2R 720p B 7% 3
AREL L TR%T AR AT
a. ETC# 7 CNPAT6 % 3Lt iR o 14 50t o K en i AR LT e B2 e
e R m EEF LGB YR
b. ETC tif4 7+ chF3EA > % PR R AW 2] 2 R 40 > Bz B Ap 5 12 B
o VbR Lo & R
C. ETC# 7 Rp4ms R mEmp it b iring v L8 gt e 3
ooz 2op B e load cell o {4 0 BoAREd load cell 7 it § bt ikt
515 load cell £ipI7 7 i 3 8k > S8 FFT 6 THEHEMARE BT o 9
MR A CRIE B S ﬁ*% Bl RE AR BB R DD
B TR d sk NS R R 2R RN A 1R G F LRI ¢
Fohodek B A ARPI10F o4 BREPI3I - A+B RIS 2
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FRIWBIERPEES S o
d. B3 - SR ¥ ($enn £- ek {0 > # 3 load cell » #] 5 # load
cell B0 & € pler@zh b3k loadcell i 572 <> B 32 (S HEMap R HE L £
meHﬁ&%&Tua 2B BOHINAS B F LR RERE R o
ETC 472 E =&t 7 ¥.2 4 % load cell » :x load cell % M= & %2 - &
it > ez load cell &g 4 ZIRFE T RIFLEIE D > 2 % FR > LR BRI
Piax 5 BFMPE LR NIRRT > FLFPRIE- L5 5% a 7 load
cell k73nzs L@ 5 > B4k P ?ijﬁﬁﬁﬁ;ﬁﬁ%ﬁi—?* » 60 kg ~ 30 kg
Tk 3484 0 e load cell 2 {7 0 - s g HEc ¥ R ehf=E_60 kg ~ 30 kg
2 15kg AP IV ux * ehload cell » #7123 4 % load cell £ % & » X %k
R g (i BRCE BT ORE A REARL I e
ER
e. P = load cell f* ﬂ’r"*i}f;mml‘g RiVERFH T SR FRTE2
B eh gl i L&‘-@J‘JE‘H‘FK% -~ PmETCRF e diiv & > ¢ 4502 2 4
BB 3Rk 2 o o 20 - FERRES - R0 & - B ounit 2 L4050 0T 0 £ 49
%ﬁ—?ﬁ%¢£&1km$£’kaﬁﬁﬁﬁﬁi’é#mwcwxﬁi
BRT R AP kS R A ek DR SR B 2 &
Goo ¥ ETC &2 #2454 > 3417 load cell iRl3&¢5 FERE -

f. R AR AR Y it e e o load cell e gn R e B G E bR
mw%"ﬁ#mﬁﬁgﬂkoéﬁﬁ%?%$ﬁ**4ﬁ@d Bl A iR 0 X
H A g e

(2 #F B F £
EREAEMPGF AP L AT I L AP USRE o L APFES Lk
e AP ¢ 3 3T NMI BGRERIE > B B P~ ¥ OIML 2 4] 5 3
oA IRt BED
TEORRA RGN RE NFE BRI B IREFEEAE L G
FR B RN RERESRE PFEED S Y A3 6 ERY
W FEEAL 4 A TR F % CNPAT6 2 2erm )y (7 B g plida B i
o

#4or e 28 OIML A\ nE#d L iR & el » AR

O iFEEteskfh - 2
A % load cell #-leznzaip BRI £ 75154 b 213D B b - B2/ 72
BB AR F ARG RRY R ERE PR I BRREFE T EFE L
PR KPR B2 AR MR 2 PRt o

!
N
.=
Dy
e

Iy
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1A EA B %%
AT B RO EA AR R 2R R 0 FAER AR R M T EE A
B ¥+ CNPA 76 ;= %2 OIML R76:2006 @Zlﬂi’r—‘%jpém? [ER 'p‘ ol X wrtk A8 43 i
o EGEEARM LI 2850 (5 65% B A AR B Rdod 433 007 o o
(A ét;k’fr%%?f;#m fRe R AR T2 5 0 A ARSI RN ESE 65

BrFEFaoe . A9 5 LA T 0 RN RERRED LFVRES LR

B o
%4-3-3~ GFERADM RSP LD E LS
WAL HeAg B AE A

1 B3 /7 £ 16 OIML R76:1992 & 3 7%
$ B3/ % 16 OIML R76:2006 & 2 5 %
$ B3 /A 5 i CNPAT6 2 % 3 7%
R EE R D e 2 TRoE A 15 35 %

43+ OIML R76:2006 B "% .4 e & 3730 5 i 4 & 1 26 %

FEARCERREL R Z IR RIROT P 2 RSN A R PORRFE AR
Ei ;-; f%&; Sefl) ~ R Bl B R R 4-3-2 417 ()
® i< #3 5 OIML R60:2000 m}‘f]’f@;.q. §EL) o F BRGEIE B 5 b2 i R o
@ﬁ%ﬂam D fe fAp e RRIE B PZOERGERINR S T - BRI
- R RIR AR 20 C »ﬂf B[ 3 Al Rt FE S
%4 1 (iR & R 510 Cl+40 T frf A FEM L R TEAR F

Rd
W$$

PlE#-10 C~20 C2+40 CHR 441 WERRNGFARPERDAFRPIFIAD = =
HEplE S @Ezw%@:ﬂ&& X F B RRE(r R FR) o L RRALA 2 np;‘i;%%f»
yﬁg@%ga € AR EPEREARSE Y 2 o

256



X A425-A428
A4.13 A415-A4112 A435-A43.10
SRS B N ) N O - — PR
BA 54 4 1} p 3044
BOTFORGEAAP RS ER T HE - RRRER ERA A (ALLSFE AT~ A4LS-ALLLZ R E R~
3

SR 3 VR RIE - A425-A428 R~ A435-A4310—5 | H@‘J A R

Bl4-3-2 ~ o€ A B EERPIRIE P O A

SHFEA NGB L AW EE R FBRIEAT 0 4 OIML
R76:2006 2 OIML R60 2 :x fu # 2 75 R 48 44 {7 fm £ A BB RIEF F AR
RS SRR B4R 4-3-3 St 0 HEMAETE A RE 4oR 4-3-4 47
oo BRI 0 R R R R AT
(1)ic & : RI##HF 50 N 2 5000 N » #5304 @ 7 5 #(50 N)it & 30 3F > # F 304
LT R AP e RS R
Qi FIhFEpRTCEE RS EER S PR ZRPEB- AL {
R RRELIE 0 o EERA S o
(3)# 4 : frRE - 14 £ 40115 OIML RGO j7 € ~ - ™ {7 1R 7 3k L p & 447 iF
Aicdl s rindd > § kit o

(B) iR B 4] 5 e

s

BB FE (-20~+470) Cs BAAFIHE 11 °Cs SRR (20~ +70) C
60W®'“’M%W'HZ%~N)@womm:w%ﬁ?#:BWXBmx6%Mmﬁ:ﬂ
2 e 4 1 (460 x 900 x 800) mm? -

257



B4-3-4~ #2mAKETE2 &b
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(2)~ Higit A 8 rpwm
[22R P ]

CAELFFIZERE(APLMR)Ap M 1 172 RG]~ 2 T E PR AEE TREAE -

[HiF=%&xi]
LAES 2 EHE(APLMF) » =% TAPLMF 851 (5] &2 ) B £33 o
T~z Z i;ii; % APLMF 3.3 20 ‘;:m%*" O BRESAMAE 2 g1 iTE(a
AR G)E T E LY | AR PP S B ST R T RFRE

Bl &Rl %] 2 (Working Group on Medical Measurements)vi NE ARk
Fooodad g R +9M*”ﬁp5%‘*“?ﬁ£? S R AT AL X AL A R E
B m;}@;ﬁl B ER2QEowL A ERFAELER _‘g_,;gmg_r]%,%,g P kB
5142 e17% 2 F £ (Adverse events related to the medical measurement instrument errors) » & 4c
A AR R h AR AR B AL 357 AT AN 2 AN R
AR FHAERFF LFL N EF 0 oo™ -

» Q1- Any voluntary or mandatory authorities/organization/program/database for medical

device adverse event report

Report authorities/organization/program/database regulation
Class I (Low risk) no
Class lla (Low to medium risk) yes
Class I1b (Medium risk) yes
Class Il (High risk) yes

» Q2- Please indicate the level of “ease of control” and “priority for improvement™ for

medical device adverse event

Ease _of control Priority for improvement High (H), Medium (M), Comment
(1-10, the higher the harder) Low (L), No need (N)
Device 6 H
User 7 H
facility 3 M
environment 3 M
Patient 9 L
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» Q3- How many adverse events by medical device caused from your local database in 2014?

Total number

0,
(umber ofnigh | COMMert
severity)
R 7 — Clinical thermometers, mercury-in-glass with maximum device 10 (5%) (1)
R 16-1 —Mechanical non-invasive sphygmomanometers 10 (5%) (0)
R 16-2 — Non-invasive automated sphygmomanometer 10 (5%) (0)
R 26 —Medical syringes 10 (5%) (0)

R 78 —Westergren tubes for measurement of erythrocyte sedimentation rate

R 90 - Electrocardiographs - Metrological characteristics - Methods and
equipment for verification

R 104 -Pure-tone Audiometers

R 114 —Clinical electrical thermometers for continuous measurement

R 115 —Clinical electrical thermometers with maximum device

R 128 —Ergometers for foot crank work

R 135 —Spectrophotometers for medical laboratories

Other category not listed (cholesterol, radiation dosimetry, glucose, blood
pressure, tonometer, pulmonary...)

2.2 e EHNAEE TR

dapz PR MR 2N hd & kp ISO & 23R F R 42 Lo 4 (The

Global Harmonization Task Force, GHTF)er4p B ~ i+ » & 3&:

a.

b
C.
d

b
C.
d.
d
L

FHFL P TGO BRERIZFAT AL B F 2R A ETR o DRTE
W R
‘:
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it L o 2 78 CNPA4Y (2§ 3 3% P )Y 275

ARFELPN FATEP AT o RHHFAFIIIAFEL 2P o

RN
L1 ABRPEEY DR BRRAE 2T F AT T RAE  GERARLL LTI EE
%ufﬁ&ﬁ«?%@ﬁmgm¢ﬁwﬂwv%¢ﬂa%wmm+# %t -

N

12 kARG L kA R

B o
FLIABREER Y KB 73 FHANRET FERA R DA KT
AR AR RN SRR Rk R % (4R CNS14866-3 9.2.6)

KEF PN RGP a @R P 22

(»x,

|

kg% H e it (water meter and its constituents )

R BEFICeRERBRE B E Bg(%‘?%%’f%%’_z“? Eé’ﬁ SR
A ;};ﬁp FE o AEET AR foendim B oo
2.1.2 £pl@ R ® (measurement transducer )
B R KRR AR S A B E R B RN o v i (F
BT SR TBA T R B4R
2.1.3 3+ & ® (calculator)
k&3Heh- 30 v B EE PR )@ﬁia‘%‘ﬂﬁ] Na g R Vi d g E R
REBRIE > T2 ﬁ?a‘f‘: m/;‘irm G RMUEEER o F b by ®E

N

214 dpm KE (|nd|cat|ng device)
kB 3R v E AR SR RPERT RS
2.2 B £ #1 (metrological characteristics )
2.2.1 F % %4 (actual volume)
WA RATIEZ R o gk B B -
2.2.2 ® % (error of indication )
T AL R T RN T RE
2.2.3 ¥ E £ (relative error of indication )

T AR R R

224 = gL ( maximum permissible error)
g TR B AREEL PR ILE -
225 *~ %‘r;;"—g; (intrinsic error )
kg ABEEFEpETREDEL o
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2.2.6 44>+ F3¥4 (initial intrinsic error)
KRBT R AR R T RIF A A
2.2.7 /£ (fault)
KRB BLERNFFEAL2 Bl R o
2.2.8 ¥ ¥ ik £ (significant fault)
KEF R/ L AN RERRTSL - E o
2.2.9 @t 4+ (durability )
KEFEED(FREMAFTERERL R)E* AT WiFRFHIE B i
4 o
2.2.10 #plix # (metering conditions )
REEARAR R PP iE 2 o Bldo R g R B RS o
2211 &)~ B B (3% % 2 B FE) (verification scale interval )
T REF LB AL B RRE -
2.2.12 :}F} - % % f247 & (resolution of an indicating device )
TREREZIp T ET G L EF BA NGB L8 -
2.3 3 ?ﬁ; % it (operating conditions )
2.3.1 ;=& (flowrate > Q)
ik B ehd e Wfﬁuﬁ@%ﬁwwﬂmp%’u4w.iiﬁmﬂm%
= o
2.3.2 3p i@ 1% i+ (rated operating conditions )
R i R TPPFF R R R REFPBLILF AL

2.3.3 ¥ & & (permanent flowrate > Q3z)
B AFERERELT >V OORJEET P AL P URE o
2.3.4 B
BV ASAPN i HEESTIULE o
235 &g (overload flowrate » Q4)
KEFMREF RV EEFERPFEE > A AL Pt URE o g2
fo o KRB A TERELT > LR EF HR AN
2.3.6 & ® & (transitional flowrate > Q,)
NI AEFRAE Q2 b inE Q Fering & > %’%H ST o B PRSI o

FEUETTRERES BRE FRELTL] AL

minimum flowrate > Q;)

ES
|
/ ~~

o

2.3.7 H & FF1 iv& 4 (maximum admissible pressure )
KRB A TERELT A gRAREFIRFERRNET A 2T LR A KR
2 BB KR
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2.3.8 &4 34 (pressureloss > AP )
’é_'a‘?riﬁé‘.ﬂ?’ Flg e ? 3ok B3 m dlAca B4 JF4 o Bos B4 AR
KRR Qa2 A in® Qe AT -
2.4 R i% it (test conditions)
24.1 25 +% (influence quantity )
R AFRGOE > B g RET RN E o
2.4.2 323 7% 5 (influence factor
EARPRTLREFFRERGES L5 RFES o
2.4.3 # % (disturbance)
FREREE L ARLI AP EE > P FREC > 2 -
2.4.4 A ®ix it (reference conditions)

PEL- AR gE N AR R R SR E DR RS LRI E D
IR o

2.45 &*2i% 2 (limiting conditions )
KEFRFRLE R TR E SRR RS RRZ *@1:}%%&%@* ’

TP AR EEEET ﬁ% 6 MR
2.4.6 i =5 (performance test)

FETRPIEEL T P HIF 2L LA - [k o
2.4.7 @t A (43 5% (endurance test)

FEROR B - RPN AT A B M - iR

25 7+ %2 7 4 % % (electronic and electrical equipment )
251 # %+ %% (electronic device )
- R A EREPFHTH A DEE S - KR AT AL UG E A
T H iRk o
252 74 wR% % (power supply device )

sy

BT ER I TN - BER AT H - REBUAAE AT R

3 b kB RP %Ei/i‘@’% 7T T A EIE o
5T

£ ;%rﬂfl #:T%‘im'r P 3OS T AE AR UG S B Eb;}knfm, 2

32 v i ) iRt E A G 2 ¢ WA K EFRG o

33 kil E e (D) L AMA A4 IR o

BARBMPF AT BEA R EF RS 247 R
54155~ BEURART P A

_—
o
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mol/mol
s 2)C02in Ny (010 1)
KA /‘[ =
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@ CHginN, : O0.1to |09 % S 1044
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CO: (5 to 40) mmol/mol
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C;Hg: (100 to 1600) u
mol/mol

(20, in N, = (10 to 250)
mmol/mol

CO: (0210 0.8) %

CO,: (0.1100.5) %
C3Hg: (0510 1.0) %
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CH4 (0.1%95)
cmol/mol

C2H6 (0.1ZF10)
cmol/mol

C3H8 (0.1£10)
cmol/mol

iso-C4H10 (0.01£1.0)
cmol/mol

n-C4H10 (0.01%21.0)
cmol/mol

iso-C5H12 (0.0120.3)
cmol/mol

neo-C5SH12 (0.01%E
0.2) cmol/mol
n-C6H14 (0.01%0.1)
cmol/mol

N2 (0.01£50)
cmol/mol

CO2 (0.01220)
cmol/mol

0.00013 cmol/mol ~ 0.18
cmol/mol[p=95%.k=2]

BRRIARR

CO2: (0.1F1.0) x 10”
mol/mol

CO2: (1.0Z£16.0) x 107
mol/mol

CH4: (0.1F1.0) x 10”
mol/mol

CH4: (1.0%10.0) x 107
mol/mol

C3H8: (0.1Z1.0) x 10-2
mol/mol

C3HS: (1.0%5.0) x 10-2
mol/mol

0.5 %~1.0
%[p=95%,k=2]

ey R AR
(CH4 in N2,
C3H8 in N2,
CO2in N3)

102.05.24

BRRIRR

(CH4 in N2,
C3H8 in N2,
CO2in N3)
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R E 0440
13 | Bioy#fak | C10 103.12.18 | v B o A - 3 3 |5EE# |O e
BREE 2 C,HsOH in Air 3 umol/mol CHOH in Al ;}L% EC HOH @”Bﬁ ’
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14 | PEEEERE 11 oo - ke - o [ R - oans | v | |sem ol | || w4
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0.5 mm~ 100 mm ZF4k 5y
00&F% ~ K&k ~ 0% 2\l
FEIZERIA

1 8 [(39)+0.5L )

nm
e %
nm
RALES [(40)+(0.8L
)2]().5 nm

Bfbgs [40)Y+(1.9L)""*
nm

LA mm A BT 2 PR
IEfEREE -
[p=95%,k=1.98]

[(39)*+(0.6L )1

BIRLTHR
B
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5000) A M 03 prad (RIS UK e ———
s | | COMEEG (15 |5 M RIABIAT | ST A S B st
9| e | E12PA MR RO i A (760424 | v | |t | 64 | 85 [ ST | 60 |85 | 351 (B -
A 57 s AR R [ TR ¢ | & i e
S 0.29 mV/V RES A o
SA10A,50 A, 100 A, |[p=95%,k=2.00] =
300 A, 500 A, 1000 A,
2000 A, 3000 A, 4000 A,
5000 A

342




B RE R R R

BRI

JBLR B B R PR

o

EhiElE]

: Ry
Z St 1 G | 2 4752 ATk S o %: B
B 2 | 2E T RHEENE LR AE TREZES L o | e | e [#m [ (s
x S A H |z | et =0 | b
g | g | a | A | g &
N
Rt R EEfH232.1 u
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Q/Q, 1.6 UQ/Q, 2.6 UQ/ - % BIEER
Q 11 u0/0 Rl & 5  Wifirf
A [p=95%k=2.0] PHECERER B - .
S0 | = El13 mmEETEs, [76.04.30 v T e A 68 83 66 76 83 376 |EF{&HH
4 B8 EEPHES - BT
ﬂ;}lL% ?’Eﬁ
asagE I 220,17 uQ/Q, |, EEMLERE 36 T 22
%ﬁ%mﬁlgxwuzowumg @mﬁﬁﬁ
FHREIHEI Q10 |SReEs
Q-~100Q~1kQ~ 10k [0.24 u/Q, 0.22 u/Q,
Q 0.23 u€2/Q, 0.19 u/Q,
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e 2 B 25
» fEAEEERH B
. R TES
» AR
WSS - 4
BHAEE 10MQ -~ 1GQ -~ 10G 0.09, 0.18, 0.19, 0.23, 0.6 | TERAOHMME [E2s » s
SU|FHEMZ | B4 |07 00 6a -~ 1 T (Bfiz - mQ/ TEREEAESE (76,0430 | v EMHES - =E | 34 | 30 | 32 | 31 30 | 157 [AE{CEE
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%ﬁ%iﬂﬂ%&ﬁﬁ&*fbﬁ%ﬁ 2 L FIE. 0.9 4 FIE, 07 1

Es1pF ~ 10 pF ‘EI‘OO EE 120

pF ~ 1000 pF » EHIE®R F/Fl-95% k=1.96]

1 kHz

PUSHEESR(1) 1 pF, 10 pF, [PUuEBEER(1)30 « F/F,

100 pF, 1000 pF, 0.01 = [(2)30 1 F/F, (3)70 1 F/F

F, (0.1 ¢F, G3) ¢F  |Wre61)0.56 1 FFF,

FAHEE (1)0.001 1 F, (2)60 2 FIF, (3)30 1 FIF,

2)0.01 £F, 3)0.1 ¢F,  |@)70 1

W11 F F/F[p=95%,k=1.97~2.78]
B HHEHETAE
I'_Efg T SR S iy R
610 LF/F WEEE o

S 5 Y 5 Bl 52 o3 )
5 | e 218 uiﬁ ”‘*7&{%&% 79.0400 | v LCRMARE - | 58 | 47 | 75 | S8 64 | 302 |FeAREE
O ERSY “ JERAEH AT

310 uF/F =2 ;"Hu_;EE‘S‘EE
110 uF/F &
110 uF/F

FAIFAESR : 100kHz ~ 1 | 60 uF/F

MHz ° 80 UF/F

BAEEE  1pF ~ 10 |LCRFE HEIE AT

pF ~ 100 pF ~ 1000 pF = |J%
610 uF/F
610 uF/F
310 uF/F
310 uF/F
110 uF/F
110 uF/F
60 uF/F

80 UF/F [p=95%k=1.96]

344



R B EGIRER %3 §RHEE L £ 20 PRI

NS

5

ENEE

THEEE

B Shidiala
RaCE

H i

Bl 5

Z

i | A

Cilidiowd =
Ea

100
FE

101
FE

102
FE

103
FE

104
FE

Nt

I==UN

Jepe —

5=

#HO

B/
B
IR
Py
HA

i

53

RS

El6
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(2)100Hz,1mH,
(3)100Hz,10mH,
(4)100Hz,100mH,
(5)100Hz,1H,
(6)100Hz,10H
(H1kHz,100 1 H,
(®)1kHz,1mH,
(91kHz,10mH,
(10)1kHz,100mH,
(1D)1kHz,1H,
(12)1kHz,10H

B mH/H

(D1.2, (2)0.22 (3)0.22
(4)0.22 (5)0.22 (6)0.22
(NH1.2 (8)0.22 (9)0.22
(10)0.22 (11)0.52 (12)2.0
[p=95%,k=2.00]
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RLCE i B
T HEA ER R
s

76.03.03
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LCRAEAZS

35

35

58

43

52

223

TEARIH
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BINRE
e

L 110 V/ 120 V /220
V/I240V > EF:1ALS
A/10A > #8%R: 60 Hz
DERRE: 1.0/0.5
Lead/Lag

0.1 mW/VA
[p=95%,k=2.00]

() EAEA R E L)

BEE (110V~220V ~
480 V)

Byw (10mA ~ 100
mA~1A~5A~10A~
50A~80A)

THZAE (1~ 0.5 Lead /
Lag)

#E# (50Hz ~ 60 Hz)
QBB BRGE R AR EL/
BB GE R FEREL

TEEE (110 V ~ 220

V) ~&ER (1A~2
A~5A~10A)
GERESEDELERE (2
%~ 10%)

#EZ (S0 Hz ~ 60 Hz)

(1)80 L W/VA ~ 210 1
W/VA
90 wvar/VA ~ 220

wvar/VA
(2)350 £ VIV ~ 650 1
VIV

260 (L AJA ~ 490 w1
A/A [p=95%,k=2.00]

R,
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RS -
ESICE o
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fir s

23

33

27

31

32

146

1044E52
PRI
B 0 105
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FARTR
EREEM

E19

FEEE : 110V/ 120V/
220V/ 240V » i -
1A/SA/10A » 8K :
60Hz » TRA#
1.0/0.5 Lead /Lag

0.1 mWh/Vah
[p=95%,k=2.00]

(DEAMEER A ED)
EREE (110V ~220V ~
480 V)

B (10mA ~ 100
mA~1A~5A~10A~
50A~80A)

RN (1~ 0.5 Lead /
Lag)

FEZR (i() Hz >~ 60 Hz)

56

=R
R

E20

U EPSEVEEVIES
240 ¢ Wh/Vah
100 ¢ Wh/Vah
110 ¢ Wh/Vah
AR TR
240 1 varh/Vah
100 ¢ varh/VAh
110 e varh/VAh
[p=95%,k=2.00]

BIPRIIE RS
JEERE/E TR

frEas

76.04.30

TSRS
e
% T
%

10

41

W T

1044E58
RS
B > 105
FE1RE
B AR

% e

=R ST EERNIES
BEE (110V~220V ~
480V)

Bt (00LA~01A~1
A~S5A~10A~50A -
80A)

$H2% (S0 Hz ~ A0 HZ)

0.24 ~ 0.10 mWh/VAh

[p=95%k=2.00]

WRIER
SRR,
=S
PR B
B R
i
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=HIEE
S AR
5 A
T > =4
IR

11

39

szl

1044F5¢
FCHREE -
105.15
RESERE
BBl B
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e

E21

BRI ARR AR A
5V 60 Hz 90°

5V 60 Hz 180°
5V 400 Hz 90°
5V 400 Hz 180’
5V 1kHz 90"

5V 1kHz 180°
5V 10 kHz 90°
5V 10 kHz 180’
5V 50 kHz 90°
5V 50 kHz 180’
50 V 60 Hz 180°
50 V 400 Hz 180°
100 V 60 Hz 180°
100 V 400 Hz 180°

0.02°
[p=95%k=2.00]

ML A e
a8 AR

76.04.23

i -
e 284
firt

18
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S 2 T d/Ewer actor |s Wiva (00 X)}lL%}Eji{E, 84.06.30 | v = R [ 1 1 ) | | 6 |zemmin
et .0~0.0 Lead/Lag Lead/0.0 Lag) TRATRORES e
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,05Lag~ 0Lead,0  |[p=95%k=2.20] #1258 B
Lag ~ 0.866 Lead , 0.866
Lag
N TEEHE A E .
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0.04 % ~ Upgeer = 0.04
% ~ kCMC =2.01:
smriscmss e |l Uovey =
E:‘%jj: O kPaESOO kPa 004 % > UBase,V = 004 5&§ﬁﬁ;ﬁ§§+
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m”3/h HEmEEM  Usvcan e éigfﬁagft ‘
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m3/h ;

EEUIL—'— 120 kg/h§

42000 kg/h +

HHIFERE: 0.02 m3Z%0.6
m3

BHIE & 20 kgE600
kg :

s 0.1 m/sE10 m/s °

JFi#R100 L/minZ 700 L/min »
S FITBEE S50 kedEf TRFA -
EEEM : UCMC,m = 0.03
% ~ UBase,m = 0.03 % ~
=208

BEFE N © UCMC,V =0.03
% ~ UBase,V =0.03 % ~
2.08 3

BEREEMN : UCMC,gm =
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RefEREMN © UCMC,qv =
0.04 % ~ UBase,qv = 0.04 % ~
kcmc =198
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% ~ UBase,v=1.0 % ~
1.96 -

urep,BED @ 0.005 % -

kLI\ ic
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» (EFTREE100 kg1 TR
fifi
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% ~ kCMC = 206 ;
BEREEM - UCMCV =
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% ~ kCMC =2.06; +E113
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SRR 10 CH45 C %0? ZOCMgB_aiegg N 0.06
BESJ: OKPaZS00KP 5 e ™. MGy
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m3/h s % ~ KCMC = 1.98 : R TUR =R T
o1 PR 10KehE  pr g o mop - BEIat R | A 044
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JRRE 15CE45TC
BEJ7: 0 kPaZ490 kPa (0
kef/cm2%5 kef/cm2)
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(AL mm2fs QO CSIEASESY |1y a6 0.006 - [ IEAL ot RRET
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PUF

VR 1 15CHE45TC
BEJ7 0 kPaZE490 kPa (0
kgf/em2Z5 kgf/icm?2)
FERE 37 mm2/sE 150
mm?2/s (37 cStZ 150 cSt)
BERERR £ 3.6 m3/hE
360 m3/h (60 L/minZE
6000 L/min)

BEHi%: 50 ke/minE
1800 kg/min

EHER  375ke®E
6000 kg

EHESE 1 043 mM3E
6.93 m"3

0.044 ~ 0.026 ~ 0.05 ~
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=it EEF
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U EET
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20 DEL KRR T U
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0.130 %

20 %R RKIE LA LU :
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SRRETE ¢ R
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BT R EE 0.2
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RIS EE - ER
REEERRRE - ZZR
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