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Measurement and Calibration Techniques for the Particle Number Concentration in
Liquids: A Review and Prospects

Kenjiro IIDA

Abstract

This paper gives an overview on the measurement and calibration techniques associated with the particle number
concentration in liquid. In today’s society, the particle number concentrations in liquid media are routinely measured
in various circumstances. There are regulations and industrial standards that specify the measurement methods and
interpretations of the measurement results. Light scattering, light extinction, electrical-resistance—sensing, and
electron microscopy are the commonly used measurement techniques, and all of these techniques except the electron
microscopy are implemented in commercially available single—particle-counting instruments.

The counting efficiency of the particle counters are calibrated by using particle number standard suspensions. In
these standard suspensions monodisperse standard particles of known diameters are suspended in water at known
number concentration. Particle diameters range from 60 nm to 15 um, which roughly correspond to the measurable
diameter range of commercially available liquid particle counters (LPCs). The LPC users in the electronic device
manufactures strongly wish the particle number concentration in the standard suspension to be traceable to the
national metrology standard. However, the current calibration technique limits the traceable range to be above 600
nm, and the AIST provides the calibration service traceable to the national metrology standard. In order to satisfy the
strong needs from the industries AIST plans to extend the traceable particle size range down to 100 nm by the year
2014 and down to 50 nm by the year 2020.

The current calibration technique used at the AIST is light scattering LPC method. Then the results are validated by
using another independent method: microscopic method. Both methods count the total number of particles in an
aliquot mass (or volume) or sample. The traceable diameter range of the light scattering LPC methods can be
extended down to 200 nm, and the measurement results will be validated by the dried—mass—of-liquid-suspension
method. The essence of this method is to convert the dried mass of the particle diameter standard suspension into
the number of particles in the mass, knowing the average mass of one particle in the population. In principle, the
traceable diameter range can be extended down to sub 50 nm using this method; however, the measurement
uncertainty of this method will be significantly high (on an order of 10 %) for size below 100 nm because the
uncertainty of the standard particles below 100 nm range is relatively large. Condensation—particle-counting type
aerosol-technique—assisted method (or CPC method) can be used in the diameter range from sub-50 nm to 200 nm.
In this method, aerosolized standard particles will be first grown to micrometer—sized—droplets by inducing the
condensational growth of working fluid vapor onto the particles. Then each individual droplet is counted by light
scattering technique. The particle number concentration calibrated by the dried-mass—of-liquid-suspension method

or CPC method can be validated by extending the diameter range of the microscopic methods down to sub 50 nm. By
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increasing the number of particles in a smaller field of view one can count sufficient numbers of particles to satisfy

statistical confidence level even when the electron microscope is operating under high magnifications. One way to

minimize the viewing area of microscopic methods is to use inkjet technology to deposit micro—droplets of the

diameter standard suspension onto a flat substrate.
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Figure 1 The definition of scattering angle 6 and angle ¢ .

Incoming electric field £ and magnetic field B are both parallel to x-
and y—axis, respectively.
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Figure 2 Light scattering intensity as a function of the scattering
angle 0. The light scattering intensities are normalized by the
maximum value in the entire scattering angles. The size parameter

a=0.1, a=1, and a=10 are the representative value in Rayleigh,
Mie, and geometrical regime, respectively.
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Figure 3 Light scattering efficiency, which is defined as the ratio of
the scattering cross section to the geometrical cross section, as a
function of size parameter. The wavelength of the incoming light
under vacuum A = 532nm, the refractive index of particle material 7
= 1.59 - 01, and the refractive index of the scattering medium 70
=1.33 - 01, which corresponds to pure water.
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Figure 4 A schematic diagram of the particle sensing region in a

total-counting-type light scattering LPC. The axis for the liquid

sample flow is perpendicular to the page. Configuration of the light—

collecting optics varies depending on the instrument manufacture th
erefore not described in detail here.
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Figure 5 A schematic diagram of a flow cell in a total-counting—
type light scattering LPC with a sheath flow arrangement.
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Figure 6 A schematic diagram of the particle sensing region in a
partial-counting—type light scattering LPC. The axis for the liquid
sample flow is perpendicular to the page. Configuration of the light—
collecting optics varies depending on the instrument manufacture
therefore not described in detail here.
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Figure 7 A schematic diagram of the particle sensing region of a
light extinction LPC.
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Figure 8 An overview of the total-counting-type microscopic
method; particle number concentration of liquid suspension
containing diameter standard particles is calibrated.
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Figure 9 An image showing the standard particles failed to cluster

together as the droplet evaporated on a flat substrate. The images
are taken by scanning electron microscope. The white circle is a part
where the surface is coated with a hydrophilic layer.
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WL, A—AoEAE Y BEEEOBES LT 5.

=—= = const. 6)

ZOEEEIT R DNV AEFHRL, SV RBEEDOKRE
S &P o iras TRk T S ERIRPURENEIC L DRI
AT RE R IZ BT A 12 1SO 13319 [Determination of
particle size distributions —— Electrical sensing zone method
DRI ORD ST —ERMHE Y — k] BHY, Zo
Kk Annex DA A RB 72 SEMRIK &, R ORI FHME
W2t LHERE S 2 B Y A MEShTnd

AR FUR R IE, ORED L BELALPCIT B
BEIZY TN ThD 28, QR HRIBOISEREDR
AR D720, @IGERHEPRLFOMEITIZ & K
FFLZRV, 7R EDORENRH 5. AR HIZIREET 2 T
bHT Y a MR E b AR & FERICEHE T
X, ¥72, K7 Tk Helmholtz FE5 —H g N TEAK S
AT, KM EOEBMEIIHREE SO &SICEEH
FORELE G 2N,

—J7, BRIEFIBENEIIU TOXRERH 5. ORE
ZATOE, VYU TNOEBEBROPENLETHD Z

WRAF T 2 T DR EICFM a2 L
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L. R ERE TH D NaCl &l - 7= 455, B &
ENDIWEITI0 gL & HEHmEmY. 20X 9 RmRE R
T, FRIMERZR & ORMILIXEMIE T TOIMNEFEEIC X
DIRFESIE S 5. £72, KA BARICEHEMR L 22
LEWRTHNELDH L. QBRI ) A ANRRKE W
B e/ FTEPRIEE (9600 nm) 1L BELALPC I BE 4
—HrRE V. KV /NE KA 2 BRI HUR AL TR T
Lz, MILOERE LV /S L, £ 4F 1 baW
I DICIATHEOEENELY LT T v, Zno
DEBIEIZELLLER /A A2 REL SEILIDEND
L. A X ER/NRICT A0 E LT, #¥iE % Faraday
Cage DWNIELICH 5 TRV INTWDHR, ZOTRK%E
AT, LR TH 5 30 pm TORH FRRRIAR X
0.6 um T 2 **. WL Ll B ORI E TR OFEANTE
I _RERT A= NEZW. W A R, EE
HoOME, HEMEREIRET D LR T, #like
JEIRDIGE EE B 72 &0 X 51T, JE T BRI EE A3 E R
RICKEEETIHARIIIAMETHS.

2.5 BES

B (turbidity) & 17KE AT o O RE R BT
KT DIEHEEFET KT AT A =L THY, Tzl
DIEEITHE G L IEN D . B FHIARC FAKERBRIC IR
LN TWD . KL — A 72 G oK 2w .
REIEBOWRY T AN AN S, I XLV BE
ST ARFE T Ok F-HE B OERELE & B & W E T
. BEBEICIERT T HEDE O A, 90° DORGELL & FEiE G
D7 L LD O, BEDEO A EITFHRE A — 1 &
VRS W FAEEE L NV HGLYE IR B
5. LIRoT, BELL/FEeokz &5 2 212 kb,
FREEY LT 52N TED.

W IT AL N 72 ORTE RN T d 2 7% BT

Scattered light
at 90 deg. angle

Sample container

o
Light Transmitted
source D light
@ Forward

scattered light

Figure 11 A schematic example of turbidity meters

A FH KRR

D2 ENHEEL VA, AREMIIER TRBEEZ S LT
%D, BIERBEIKRICIE, RE05-10 pm DAY AF L
R BRI O ERIRA R CHRBEINTEY, 0
FEHRRBIEOWEZ 100 L LTWD. ZOBREIRE B
BRI LIREA AT o 7o h, MHGESEZ®E L L
BIER CHET D 2 ENTE D, Lz > TR
X, BB OB ERE ALK E LR THD L

WA B, Lo LEBRCEROART LS, BEHO
WS B P LB A B DR T IKTE T .
P NJC.ypda @)

2T, NITKL 4B, Pidki a2k 45
e (LT, Wigeomdi), C, dotilibrEfi <o
VaDBEETHDY?. Z0XIIZ, BEFOBRIES
PHEAEMIC TR SR E OB Th 5.

2.6 HWEAGAEEI7OVIVERERZE
BHERENS—t A= — DR kLT
SRR ORL TEIREOFME L LT, =7 r Y L H %
TR UTob 3R E O e N 5. ZoFikIEFT Y
A7 D438 g R IR IR OFHMGE & L OsH S
THEO®, RITTIE, AR IR O -5 DR
fEC B & TS (Section 4.1.25 ). =7y
NRFEOE T, AP k& kS & U R
MEEICHENT STV D . RIS ER = 7 7 v L
BEHETIE, BBRY IV E o7 a b L, bR
DRiFES3 AR (particle size distribution AT, PSD) X v &
ORI RO AT L, 2 O &S S BREIE O
BREEY, BT ORTBIRENFHEcE 5. (LT,
PSD &%)
KI12(CPSDHER =7 o Y ViEOMEZ E LD 5.
IR 2 MEESE 7 oy v sAds (UTF, 7 h~A
P—) THEZ L, KT TOEUER 0 PSD O E O #f
REVKRPRFEREANET H. 7 b~ A P — | 3hEUE
KL TR % T8 B BE Ougpension 7 1 Y AL LI
~ERfEE Y. T h~AP—nbo=T u Vi
Qoo D—EBIZ =T B Y LRI~k sng. =7
7 Vg O N T, BURRRIRIC LA EAA 40
AR EFREASMATHRYIEISNTEBY, ZoMEkzim
W DT R Y IVRTFIEI NG DA I L HZE Y K
I =T m Y VHRIER A I U 7R R O A R TR AR
DR TH DT, RN TdH DR 7 DR ER

LB, B IR 100 pm TH Y, TR EORFE TR OB R OGRNBEFIC R D120, —ERBE TP O

Bow EREICET D Z ERREEE 725
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Atomizer N
- 1
Noerosor - ‘ :

suspension

0 i
aerosol _:
Vent
Moisturew
removal VA
- Size distribution of charged
Aerosol standard particles
Neutralizer
-fcharged dN
dlogD,
Scanning Eiectrical Mobiiity —
Spectrometer (SEMS) Particle diameter
1 dN
N, aerosol — d IOg D
dlog D d
-fcharged standard P
particles
— Qaeroso/
suspension

aerosol Q
suspension

Nsuspc.,sio.. : Particle number concentration of standard particles in liquid suspension

Naerosol : Particle number concentration of aerosolized standard particles
quspension : consumption rate of liquid suspension inside atomizer

Querosol - aerosol flowrate from atomizer

Jeharged : Electrically charged fraction of aerosolized standard

particles

dN/dlogD,, : Particle number concentration based size distribution of
aerosolized standard particles

Figure 12 An overview of aerosol-technique-assisted—method
with particle size distribution measurements: a liquid suspension of
particle size standard is aerosolized using an atomizer. A part of the
aerosol flow is directed to an aerosol neutralizer to achieve steady
state charge distribution. The particle size distribution (PSD) of the
standard particles is measured by scanning electrical mobility
spectrometer (SEMS). The PSD is integrated to obtain the total
number concentration of aerosolized standard particles, Neroson
Assuming the generation rate of standard particles from the atomizer
is conserved the particle number concentration in the liquid
suspension, Nyygpension 1 calculated.

Jowea ZER L VHEET D EMTE L, =7y

JVRLFIXE A E KR By ##F (Scanning electrical
mobility spectrometer, LT, SEMS)® ~ Lk S h,
T FE S TR HERL T O [H 4k £ > PSD dN / dlog D, 73|
Eahs. HEsnzdN/dlogD, z55y L, SEMS A
VO CTORERFOEEREZHEE L, ZhaimEET
g sz ick v =7 ey rhigAn ToOEERT-O
SR EIRIE N e ZH T 5.
ot = N g10gD

fcharged sandard 4 108 D ) ?

particles
ZLT, 7R AP —IC RV EE S D IEER A DR
BENREIN TS Z &2 UE L, KXV IEER T
PRI IR T KL T B BE N gupension & FLHIT 2D

®)
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N Qaerosol

suspension — * ' aerosol Q (9)
suspension

TR RREIR ORI BOREERE R & LT, ZoF
EERAA10 nm F T35 2 & BNREICITFHET
HBH. LrL, BEMROLEHRSDHEICBNTIOTE
OFEFEEITEY. 7 b~ P =12 L BE SRR
100 nm 2L FoO=7 vy ki 427 vy gt
Wik L7z3GG, WEMKFORMRARERTHL L X
D, K@) THHIND N,y DEBEOME L OEZEN
60 nm UL T CHEAIZHM L, Rifk20 nm CTIEidEmnE
BEDED 25517 T D 2 ENMEENATWDEY . £/
7 kA PPN TR B IE O W & TLTCIRE O IR
TE~ERESE D720, WMEINTRFENT b~ A ¥ —
HOfHEoRERE~EBEFICIEE TS, 2N LY
Oouspension & TEMEVHEE L JIET 5 2 LT L & AHE
Ens. F£iz, K@ &L Q) TIET b~vaP—Ilo L HEAE
Biv-OxT v MEBSREFIZEZE L TN D Z L i
ELTWDN, BEKET7 h~A Y —THEZELI-HE,
TR RN D IR DRI B B2 VX IEAR D ZEF T PR &2 1S
WintszenmonTing?.

3. BRPHFHREREOARRN LA E

e T & 72 R TR T B FE 2N HIE S T
B 22T, LEMRBSCERICIY, ERE ST
FEROFE T ENFARICHES N T D Z#ENT 5.

3.1 FEEFEEICHITIRPHFHEEINTE
3.1.1 BRKBORFEREAE

RERIK B L < IEMiAKIT = 2 —, PR, EE,
T, EHER, Mo TR, KRBT, EEG, &
ST &, ke REESTFTHASATEYY, Zh
O O 47 B TIIG Yy lfeh 1 O R BR E 1o 3t 3 5 i & 2
BITLN TS, JEXG & T DR 5100 nm 2L E
TohE, 2HGHERDERELRLPCEZME S Z L2 kY
WP HORE A+ e RECHET 22N TES. Lh
L, YRS TRICB W CRIEL 22 kORI I1E
50nm L FTH Y, Z ORI TR TR E X e
B CHIE CTE TV Ru.

HAfom El L0 EFREEIENODRAM 2 €Y —t& /L
M ORBENE 2 Bk > T 5. EERIKEO TSI, #
BEOWEAN, ZEFEIC L DA, BFEIC L5 Ak, B,
TH NIV TITT 4 RERHD. TNHDOTREIZENT
FEHIAKIC & B VeI 20-50 MR H 5 & Wb T 5 ¥,
Pets S +43 O 12 OIGYSRL 1 0335 L 72 IR G ¢ [0l B g 23
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Table 1

A FH KRR

The diameter of contaminant particles and their number concentration in the ultrapure-water that

31)

should be constantly measured during the semiconductor manufacturing process™".

Year Unit 2009 2010 2011 2012 2013 2014 2015
DRAM 1/2 pitch nm 50 45 40 36 32 28 25
Critical particle size nm 25 23 20 18 16 14 13
(Table YE9)

Number of particles Jml <0.1 <0.1 <0.1 <0.3 <0.2 <0.2 <0.2
>critical size (Table YE9)

Year 2016 2017 2018 2019 2020 2021 2022
DRAM 1/2 Pitch nm 22 20 18 16 14 13 1
Critical particle size nm 11 10 9 8 7 6 6
(Table YE9)

Number of particles i <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
>critical size (Table YE9)

Ao TlLE S &, RT3 8% U7 T Tl -
va— ERRELLTRY, BHEEICEA R EEL
z % (EESEEAH T — K~~~ 2008, International
Technology Roadmap for Semiconductors, LT, ITRS).
ITRSIZ X4 % EHFMIC BT 5 -8R E B~ D fk
ZRBERNPFELDHNTEY, RLICITRS LV #HH L
B OVG YRI5t 5 B B A 02T D T2
B 7R, R L ORI 4R Ol E TR A 7R 7.

T SA ANETE ORIV, BIE RIS & 73 D15 YLk
T-ORifE (critical size) HAFEX/NIL 7o TS, BIfE
72 5 55EZ D 20154 O RUSBRBTIZ 36 1) 2 15 LA P IT,
B 13 nm L F OB R ORE NS E L STV 5.
TR, RO EE O RIE B A RIAE 10 nm BL R~ &
WRT 22 EMROLNTWVDEN, JEHKOILREE
B DL ZDEMRITES TIEARW.

BUE BT 31T 2 BRI T DKL B K o e | E 12

X, A RO BGELRCLPC ME I E T W A, Bk
DO TFIRRAZIZFE0mm & SN TWAR, Zoflo

LPC 2 & v HIE &3 %Ki 100 nm LA R Ok i o
RHED STERE V. B T IRRIRNF— 0 —fE o LPC
ThHhoTh, MALHE A — D WNERADGE, HIERER
DAR—HENELL, £/, WLA—TDOREHA O LPC
MICHLHMERBEN B LARAVI ERHEEA TSP
BUOLLARBD, 4B EL X LPC IR A E T
A NZBT DRI 50 nm LU ORL T % REEE AR T & DMk
—DFAETH D2, T OMEEIITEEES I KT
RWFEE o> T D, LIz -> CHEOFEET, kiR
50 nm T O #E4 7HHEDEHELLPC Ok 1 5HR =R O
EHERARET 22 & TH 5.

3.1.2 ik - BEPONFHEREICHT HEK

Silicon %7 = — D ¥E#+E Kern and Puotien®™ & (2 BH%E
& 7L 72 RCA (Radio Corporation of America) Standard
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Clean fE#sik & Kl & LT, ZTOBEEX RWBEMNINZ 5
NTWD Y. i TR T b % 313, NH,0H/H,0,
Wik, HF, = L CHCVH,0, BN ETHY, Zhbd
N Y A OMBUIAK L ZREITHER S5, @itk
Ak 2 AU S e S8 h O VR 1 O T S P
THY, ITRS TEHN G & 72 - T 5 3RiEILHF, HC,
H,0,, NH,OH, isopropylalcohol (IPA), Post CMP
Chemicals D 5FECTd 5. ZERAE I HAKIZ R 5 R IE
AT <, EREEMIT KU LBy, 2 LT, Bk
DK EELRLPC O P F SRR ok - 12k 97 2 e R IR
KIFZEAKI60 nm T D728, 2 ORI T O EEE RGN
ITRS T/RENTINS.

F2 EROEEHIRIE ORI T 7+ NV T T 7 4T
EHEND 74 b LU MNEIRIZTRIET D007 O R4k
REREICXTHTFENTERE-THY, HECITL
BELLPC M EDLN TV E® T3 WL hho
DFHEEIC L DR A R, TRl R 2 Sl
K218 RE NI ERME SN TNE®, 74 bL Y
A NHOEG DD OWEL A XiFEMDO 7 + h Ly
A MO D128, BHIE B O SN b % & —
EICHART 2 2 ENE L. ZRICHIET D720, 22—
PF—HHEBLPCO /) A RO EnAEBEL, B1#K
HEE O LEVMEE R E T 2 L el TIiXlE S h
TWa. oL, KRS AAEICLE R RS vs.
i) B RO ThiFaHhsvs. Rt OFKIEIE, i
DHDYE ) A XANHRISNTRETITORL D LER B
L. LEN-T, WEMALPCOKIE4 2 —+ — 1 50
T2 D IEHMTOBFEN, BERD LN TS,

3.1.3 BIEIERK

EARERFED A7 5T, WIERETHEM S 28
K TRF - FEHE T LA K BE OB R R DK EEORFEIC
XD PEES D D OERITFRV. K 2 (TR H
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Table 2 ISO and JIS standards related to the measurements of particle number concentration in ultrapure—

water, purified-water, and liquid chemicals

D Title FATH
JIS K 0554 Ivzsttel;lg methods for concentration of fine particles in highly purified 1995
1SO 21501-2 Determination of particle size distribution-Single particle light interaction 2007
JIS B 9925 methods- Part 2: Light scattering liquid-borne particle counter
JIS K 0230 Determination and classification of purified water cleanliness 2007

OFHICEE Y 5 TERKEZ TR

JIS K 055413+ & LCT7 ¢ ¥ SRR EMERE (1.3.1
ZM) OFMMATEEINTWA, ISO 21501-2 (F7-1X]JIS
B 9925) (XAl - FIK - KA L LTEBY,
GLALPC O AL « PEAESS & OWE AR 0 5B 1k <0 I i i
OFEHEXMOFHENFE I TNnA. JIS K 023017 Y
— UV — A D ZEKUTE W REA 5 15 (JIS B9920, ISO
14644-1) THASINTWD FEE LA E L TERS R
TW5. K201 um LA oo BRE A EGR FE VR R D R &
FOMBMCTHDL L EMBEL, WE FRBZES (0.1-
0.5 um OFEHEHMN T) B> TV DL LPCR b A
ThH, HKDEHEY 7 ANRGICHMTE 5 EHANR
HETHD.

3.2 IT¥R7J/HFOEHTME

3.2 F/Fo/00-O%E

(LA 70 & O FEIROEEENHEML, F
7o, MIERIRREALIC £ 2 K488 LV BARERBEAIIE S
NooH5HE, NEHEDOEH L L ORBRENS
DOHLHIHE, ZOWRROKERE LT, MTEROMH
B /MBI 2, D[RRSI OFT IS D BB~
DA & e /NRIZE 2 2 HEIN OB BN LI L ST
D, ZOEREMIZTAREEOS W E LT, ST
7 a Y0 e XS CTHARMIICER SR TY
5. BHEICBWTY, 7/ 77 v U—I3EEES )
HEFFE BT OO —o2Th Y, SLEEOBEFHMERT
H%OECD "M E O T, HAIZXGDPE TR &
W T a =R RE AT o T D.
ommwmiﬁéﬁA—I¥%/Mﬂ¢¥%%?Lm
ENTW5, REMRTET /MBI, 79—
(%@,EEﬁ~$/f/?a~7($MND,y@ﬁ
—RrF ) Fa—7 (MWCNT), 7/ kit, 8/

Wig, A=A 7Z7vr, ZBbeFZ, BT =
U A, BBtV v A, ELES, ks, RY R
FLyv, FrRYU=—, FIIL—065". mEOF
T ) aY—OREICHEY, TS MEofERS
T OISR Lt 2B H 5O, BRI KA
EINTWDF 2RI, h—ARr77v7 (837
c/HE), b AF Q3T NU/F), bT
v (1250 5 RV /AE) Y, Fm, 77— (2 h
/), S°CNT (60 b2 /f), ZEHLWT / WED
AFEBIRE > TVD?. FRCAEEROZVEELT ¥ v D
Lt BEROAFEEIZBT 2T/ RTOEENRESH%ZI 5
;%mTék?wéﬂfwéﬁ.

3.2.2 REMFMOELELLFE
ZDXEHINCT =T UT AOLEERNEI LK TN
X, TNODRRE~LHHINDIZ ENBESNS T
W, FITU 7 aT—OWFFRER T, A B A B
BT H M, TOHEHMPERICE 2 D REST  WE
MAERCERELIC G 2 2 WESE 2 HANCIE L FHIT 25 2
ENRHRMICETER SN THWAY Y, —nEgZ, F
T 7 uY—00 T, BRSO BT R
DRGSO o 2R T DITE N TONTE Y, ZofRE
B 7 Bt & B & o Bl ISO/TC 2293 5. =L C, F
J T ) a =Rt Bt O s R E TS E S
THEEC, £V A7 FMECEEEZ R o, B
TRV A7 NVETEHEO-ENEHEE Y P 515
PITHbhTnDd
ASRICEDLET, T /MER
FEHITHRE SN TRV ARWAY ) F 7 B O BB K
DB NIRRTy N H N0 R E A D
‘”ﬁiT/ﬁ%@ﬂ@ﬁ#giﬁmiﬁﬁmiﬁwﬁ
WEM, BRERELCSICLVEEIN -ETRNILETH

EAEDFIKN & 7o 72 BT

™" Organization for Economic Co-operation and Development, #% % % 71 Bl F& it |

** ISO/TR 27687:2008 :

FOMBNCIE, ATV T REOMEIRSS.

(577 ) mo——7F ) MEOMELOER—T /R, T/, 7 r— R i
AL, RE SR, F1%oc GER,

LoER TR, T

205t (BRIR), 3%t (Rr4R) T

F A= (81 nm-100 nm) OYZEEWT L. F/REEOMEL LT, /AT V= FRERPICEET DEAMER, 7 A7

Tl FWERLTEMTHS.
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Table 3 The range of particle diameter and number concentration of human red blood cells, white blood

cells, and platelets®

Red cells White cells Platelets
(erythrocytes) (leukocytes) | (thrombocytes)
Particle diameter 6-9 um 7-22 ym 2-5 um
Number concentration (cm™) 3.8-5.6x10° 7x10° 2x10°

59 TELTF Z L Ti0 78 E DOARBFIEDR NS DT,
FRT- 0% L ROEEE R T ERE RS RE SN
TWBY, UL, KFEEOY A ZRIIHRA T
DTEXRDoTZDDENRDY, A XDOHLEREL L
THEMEZTHT 52 L 2RBRT2ERLLH LY, IS0/
TC 229% & 0kix72t /) VAV HEEEST, Y0k
D IR BR - BLRREDS T BB O B2 B D D123
YRR THHMCONT, JHl - BitSn T 5.

3.2.4 ERETEZEHEBICLIEZELEAOEH
LT MED ED LD TR DN BB NI e b
BB ERITTNEMDI-0I121E, L¥T M2 IEREIC
M T2 4R H Y, Z O BHRNCEBT D EHUE T O % E
BEREWY . Z LT, F /MBI OEEEAMRICBEE L 72 E
B (L OTE B E F At EAEHER I R & < B L TV
BB g — gy FRISO/TC 229D T —% 2
T N— T REGE BN L E R VB S TE
D, OLET /MEOREMEFMIZE b 5 EEYE,
@5 DEEMEYE N Bl TR X Feik, @Fh b DRk
TRG L UToEEHENIEYE, 72 EOBBEIZ W Tk S
TW%. # LT, NIST, NIOSH, Defra, IRMM, AIST * %72
EOWgeEE T, EiR oA BRI L LR T 3T
bhTWa®, = UTHTE, EEWEOBEME 8-> T
LT R, BB R o) ki, CNT 72
EORFERED TEMT /BT, BIOBEEIZ LV 34E
THF KA N5,

3.2.4 IRF/MHBERPONTHEREAE

T MRHC K 2 BEBEIHEIC LT & S D sHRIE T A
HENTEY, ZhboEMO—2IZ, WHiCBiT2T
J KL OFHEEMI A B 5 O AR, BREER, %

55 NIOSH: National Institute of Occupational Safety and Health
IRMM: Institute for Reference Materials and Measurements

U C R sl B A BB b R BB EE T E RS LB & S
TV BERBREL LT, S/ T4 2T 0
AT DWA BB RN —FB IV, LV
P 7eakBRiE & LC, /W IRBIR & 5 KB NTEAGK
BRein vitro 23 d 557, Z O 5 B E TR, R
FERBEETod DT/ W IREBIR A3 5 2 & 08—k
ThHDH0, BERETIRRE R OFTRICKRE <
EHAINTLED. —F, T/ RHIEh - E3RE~D%
HHRNRKE V. LERN- T, K-ERENTM S 2%
W % A o T AR R O FHAT & W4T L TIT AL 5 & T
HD. Lo LBURTIE, F /7 R CREETR T ORI 2K
WENEZ BEEKRT CTITO L IERETH LD,
Section 2.6 THRIT L 7o Ri BRI ERM = 7 v v /LBl
MBS L BERICHEShTVWD D,

3.3 RNk - HMMBROESRE AT

PR DO RA R TOMEHRAEICHS VT, FRifER, A
B, /RO EEGEEEEIEN BT Tns. o
U5 O O E I I E I, BRI Ao LPC
ER B IR DTV D, IHAETR STV 5 IRy
Fris@E i Rimek, AimEk, Mm% st 2 EERE 721
T, ~E/nvroB&RE, AimEkos5%H,
MEARMER DS EAT 5 BERENME D - TR Y, —DD%EE
TRIEM R MDA BITZ D L 912> T D,

3.3.1 ESERBHMKXLPCICL2MBONMENIHH L
OME SR E RIE

B0 B AR ETAR S AU B AR M ER, @Bk, (/o =FE
DOF T, BN S WARRED & TORT- SR O R 23
AIHE 72 DIFARMER TH % ***. —fkf7e & bl & ook
MER, HIMER, f/ MK ORI 3 K OMEE I L 2 #3127~ L,

ik I BROME AR E H BESIEPUR AN LPC I TSN DY, T OBIZHHEENS BMERD AITHLIN T 5 Z & 2 i 5 2 & 88Uk
TIEREEE B s, #3 EX13@) & AURT X DI AMERORARFIEIIIRMER & DA — =T o T2 LBHY, E-HERE
D2 BARV. SRIMERZ WM AN L0 Ak, &2 WMo FIETHEEL 7L LThH, AMERORIER A0 O/ NN WV TR gk
RMAMROIFAEIC K D RE 7 ) A ARFARICHIN D 2

1% AR HE( L [E B2 5 2> (International Committee for Standardization in Haematology) 33 J2 ONE| BRI A 1 {2 22> (International Society for
Laboratory Hematology) (Z & V) HE4% X0 T2 ifin/ MR OB Z ) EEJIE O S FRYE T, SOBBELE & T3 2 2 &1 X 0 AR sk & il
& OIA%LHEEE  (Red blood cell / Platelet Ratio) Z &2 FENERH SN TWD . Lzd - TARTIE, BEIKPURALPCIC X 51
IR OEBIREE R E 1T B RE L7220,
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Figure 13 Particle size distributions of the red blood cell, white
blood cell, and platelets. The y-axis is plotted on (a) logarithmic
scale and (b) regular scale.

Brecher et al., Gauthier and Harel, Bessman and Johnson,
Paulus & I E 5 FAT HaD < EEOREE DR 5310 % X 13
&:ﬂ?_aﬁszs),eo)feiz).

X 13(b) D A r — L ORISR A R T L D1, i
AR FIMLER I K D AR I BR DRI 53 A ~ D F B LI C
E D720, PRIMEK O ER B VIR /A0 & 0 Hei Ry A
WWRIHT 22 N TE 5. i, RMERORZRITE um
B &g RE <, SMELRESNL TSI, Bl
W AISTIZ 3517 2 ¥ s - H0i B D e E Bty & )i JH 3
LHTEWTED.

3.3.2 FMIOBHEEBEAEDOL—HEUF«
R AIC BT 2 EEOERBEMEMEE FL—Y B
V7 4 OMEHENEE->TEY, ZnziET 208k
LT MERREEZICBTD M=V )T 4 BRER
£, JCTLM (Joint Committee on Traceability in Laboratory
Medicine) | 2320024 L 0 F 2 L7z, 200542 JCTLM T
R M ER O FEHER TE R VL O FEM & JE A RN SI2OWW T
Ham AL, ZORFX D IMEROBEEIRERNED FL—Y
UT o & AN S RN O EBAE R~ DORED 5 F - T
WBH B 2 LT, mERY v BE A — Tk T1SO
15189 FERMAE & AT 2B EEREH ] O
ME~FR A NVAT AEEANL, ZORELEZT,
RAETO B E R RER RSN —KIEESE L —
TN DERGI R TV D.
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(LM EORE IR 5 b L —H U F ¢ KT,
P IE H OFEEM B N — IREEHE & 70 ) 2o — Y — [T fifG
SNDENIEARTH 205, MEROEEGRE %2 RiET 25
7o O OFEEYEIIBR TIFFE L 22V, ZoBEbE, m
REOHMEOM T, HEO e MMl X 5 meky
U EORENRBEETE S, EOBERNRNZD &
Bbid. 2L T, Rk & R%EOBER L OERRENE
MRS AL, o, BE LTRERB 2R 2 2 LT
Wi S TWVWsY, mEFEELCEBEEES
(International Committee for Standardization in
Haematology, AT, ICSH) 2 &V #HE4E ST 2R 1M
BR - A Bk oo R B0 B o BB HER EE (LT, ICSH
FEAER ) CIERETmamALPCEMEH T2 2 &
ELTVBE®, Fhbb, MEROMEKEED hL—FE
U7 RN BT, BRIEHUR E1 U LPC 23 — A%
L L TR EH->TND.

—RIBAESRIC K 2 IR O R FHRE ST - [
MEBRAOT7T7O—F

Z 2 C, ICSHAEMERHELICHE VBRI LPC
TR MER O EH R 2 I E T 2 B OB R I DV Tl
L. R EOFREm A —EMGE GHfE) THRTDHZ
EL L TR, A oFRmEROMEEREIE, BRI
P AU LPC 23 Y > 7L O fll 2 DI ER & $ x P4 & &
THIETE H®PHE D bEWV. H XTI OIRETHIEN
Fh SN TCWBBE L, Vo7 b omEkoE Dbk s
Mz, L TRETH 2 LANICHEHEHEE DRI
T HBEEE SO TH D, M14DA A —TJKHN
RT R DT, MBI DS & & A DR REPN A
OFRMERAS R REIZ 8@ LT LEV, 5 &A% O MK
B TFNDEE, 10 % DEZTHEE LAAELSL. 20
FIRE~OXHR L LT, H o 7% BRI AR LRI
WA Z SR VIRIE~E T — % 2R D FEN
ICSHAZMER EILICTH I TN A, LaL, Z O ERE
AR IEE D 2 M PE R O D> S FFAM O #5111 LR 1

3.3.3

\ S ’
\

=" “Sensing
Zone

Figure 14 A cartoon description of a coincidence loss occurring
inside the sensing zone of an electrical resistance sensing LPC.
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Figure 15 The range of particle diameter and number
concentration that AIST can carry out traceable calibration of
particle number concentration in liquid. The figure also shows the
size and concentration range of human red blood cells and its
concentration range after being diluted by a factor of 5 X 10*accoding
to the ICSH standard reference method.

A FH KRR

RO TG,

—J7, PSL ORI TR &l 5 = L2 kb,
SR BTR 2 LPC o [F] IRF 8 8 4l (E O RRGE A 1T 2 5 Rl HE
PEIXE V. K152 3 & 918, ICSHAEEAERIEEIZH/EW
SHEMR I N MK Y > 7 v o @B EX, BAAE
AIST T PSLAZAER DB AT VT 25T 2 % i F 50 JE O FF 4
FHNTHD. LEEN->T, KI6DA T A RPRT &
1T, SHRERRG DMK > 7 A hOEEIERETH D
9 10° fi#l /ml o £+ 307 O Y BE VA A S 072 kiR K9 5-6 um
@ PSL ORL 1B FEAEEWR &2 5 = L 12 L » T, ICSH
FEEAE P Y5 O RN B A EYEOMGEEIT 5 Z &N TE
L. IO OMEEERIL, BEEmO@BRES LY BEO
EIZE S ZEICERT D720, BEEGRHOLREEE T
HHELTWD FL—H T A KREEOEDm xS
=67,

T, EFFHEERE N T ARAEMRIE, EHFE
AR ERE IR O A ALK R T & 5 MRATTT (Mutual
Recognition Arrangement) @ T, [EEEFIIAHALAR SN
LHEHFEFFD. LI o> T, EFEFEEEC N L—FT
VIR AR FEREHE A 5 = & 1T L - T, ICSH A 7
FEENRFETE 7272 51, ICSHAEMERIEIEIZ L W IRIE

e
B,
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Validation of coincidence
correction recommended by
ICSH reference method
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Figure 16 An overview of the verification of the coincidence correction of the ICSH standard reference method using particle number

standard liquid suspension with particle diameter at 5 um and particle number concentration at 10° particles/cm®.
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SNEESESBMALPCLVEHE L TV AIRASRT
DO AR IMER D FEERRE ORI EFRE RS, b oJCTLM
FESOWNIC L > TXEBEANCH EARE S 5 al§Ek:
LB,

3.4 EAHABLUVWMABRPOEYKRE

3.41 EHE - WRPOEThIHNFRYEICSLSE
TE

HEASLKERW R E DT — 7 VB U 7= i it e 13,
catheter related blood stream infection (CR-BSI) & X,
2000 4= LARE T H MIRIE G D U 2 7 135 % & gty @
B2 LTEY, CRBSIRIEICL DT RITWVER
10 % EEmVZ ERWRESNTND Y. CR-BSIFJED
BRI AN TV TN K DGR ETH DD, Y DI1ED
(2, ERE R O BRBUN R XD ORI LE o 26k
BRI TWD. AEEPHER STV D8N Ok
RIFHum L ETH Y, 2o oMUNEMITIE, Tk
HRDMEF, BERNORETDIHNTA - TITAF v 7D
Wb, Znr, WHEHENLOT ) 3, ERE R
WCEENDRY, BOWME, WiRPICEET HEET~
N arvhERHDY™, EEEORAZICLY
FEAE LT RGO A, MUNmE %R EZG S L
FHEALRESATND ™™,

ARE - WMARPOMNEYOR FEREEICHT
PEHEELP L —HYEU T 1§l

BA « k[E - EUOZ N0 EE B YR & EE
R FE CHEk & 5 ICH (International Conference on
Harmonization) (2 XV, JEFHEF O REHERCRL T O
BBk S TR Y, HAFMHNATREIC /8> TV
L. ENENOHIBOIER FIB T 5 S RER A R4
L, REICINBIEFFICHIT B REMEMR 0 FRR
il % 759

3.4.2

[T T, HHE~WKRLPC, F/201%, BEMEELETE
FHE - B P O AR TEERORL 7 2 JE L, R e~
KXLPC TOMEEERT L L E LTS, £, Kl
~WRLPC DFBUNROMR AT Z e NERShTH
v, ZIRWE CTH 2R TR B AR HEIR 4l - 72 B
FHOTPIENPHE SN TS, BREKETIISHEYE
DRI, RTHORE, BIXOGFHEZREOREED A HE
EEEVWDR DD, HARDOIER G TEISBYWEPEE
B (HARTIZAIST) OFEHEIZ R L—% T L THD
ZEERERLTHDLIDOICKL, KEOEFHFTCILZINE
TR LTV eV, K[ECTlid Duke Scientific £1:73 PHARM-
TOL Count Precision Standard >V — X & LT, NIST kL
— BT ORAEELS pm (< 2 % CV.) ORi1 5 EE 3800
il /ml (15 %) ORL—F i BEAR HEIR 2 fIRE L TV 5.
H AR TIE ISR AL 23R4 10 pm 0%z 7502 B 4538 (1000
f#l/ml, =10 %) % CLINTEX> U —X& L CTHi5E L C
BV, ZoRGNSAISTOEFFH EEE~D L —F
U T 4 DL <L AIZOWTIE Section 4.1 THIAT 5.

3.5 HEMEEIRFPOEKFTEMTFOER

TEAEB) O WM CEBIC LV RE L~ A 2
0 A — MV — X — O ERG YR, BRI 03 81
TOHRAE D, BlzE, BEE, ghE, ¥ —vried
OEEOEEEMEICICH SN THD Yy —F L (i)
—_T Y 7 () MOBEL, EEhoEiEIC KX
AKTFT 2. IR 0O T W 0 I o0 T2 S 1388~ %2100 um
THY, Vx—FN—_T U SO E T D HE
o TS, Z O & [F RO RO [E AR 23R
MICRAT D E, ZHOR A ITHIZ ISk 2 [CHLDIA F
o, RSB A Z BB AR L, o3 Tl
HEBEEGESEL™D™, E, RESEBWEEL Y /NS
VRLFTd o Th, B R HoR 3N Uit
B L AEMA N R 5 T,

Table 4 The sections within the pharmacopeia in EU, USA, and Japan that specify the requirements for

the number of particles in injection fluids.

region Name Issued on
Particulate Contamination : Sub-visible

EU Particles  (reference 01/2005:20919) 2003, January

Japan 6.07 Test%ng. rpethod for.non-soluble fine 2006, March
particles in injection fluids

USA <788> Particulate Matter in Injections 2007, April

Table 5 The upper concentration limit for non—soluble fine particles in injection fluids

Volume of Injection Fluids

210pm

225um

2100 ml

< 25 particles/ml

< 3 particles/ml

<100 ml

< 6000 particles/container

< 600 particles/container
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Table 6 A list of ISO, JIS, and NAS standards about the contaminant particles in hydraulic fluids

ISO JIS

Title

4407:2002 (IDT) B 9930:2006

Hydraulic fluid power -- Fluid contamination -- Determination of particulate
contamination by the counting method using an optical microscope

11171:1999 (IDT) | B 9932:2003 | Hydraulic fluid power -- Calibration of automatic particle counters for liquids
11500:1997 (IDT) | B 9934:2000 | Hydraulic fluid power -- Determination of the particulate contamination level
of a liquid sample by automatic particle counting using the light-extinction
principle
11943:1999 (IDT) B 9935:2001 | Hydraulic fluid power -- On-line automatic particle-counting systems for
liquids -- Methods of calibration and validation
5884:1987 (IDT) W 2923:2000 | Aerospace -- Fluid systems and components -- Methods for system sampling
and measuring the solid particle contamination of hydraulic fluids
16889:1999 (IDT) B 8356- Hydraulic fluid power -- Filters -- Multi-pass method for evaluating filtration
8:2002 performance of a filter element

ISO 4406:1999

Hydraulic fluid power -- Fluids -- Method for coding the level of
contamination by solid particles

NASt 1638

Cleanliness Requirements of Parts Used in Hydraulic Systems

+  National Aerospace Standard

3.5.1 TEMMICEML NFERBREATE

JEHE~WEULPC 2 5 - 72 FE B il oD [ (K775 Ye ki 7
B FE ) E O FE FIE RV, 1960 R I A 7 T
A~ WL K THHE~WELPC % - 72 M EVEBY i o
PORL - E B O IR B WINZAT o, D%, LPCIC
K DRI E I L OLPC DI EIEDFEWEALR T A U &
ENTHEZL, BIETIIEBRERE~EHRBL TS, K6
VW AEBY I 0 75 Y [ AORE - O R - 35 B B3 5
SO L OKRISHEZ7~d. £75F5L LT,
F 6 OETIH T ORIR AN EEICET 2O LR &
BAfR & 17 12"

F9°, AFE) I ORI ER B ORI A E I BN T
BEHISAMEOE W oD HKIZ O W TR~ L. ISO 4407
(JIS B 9930) (Zid, BEMELE % o 7o AFEh I kL1
IR ORI A OPEENHE S Tnd. 1SO 11171
(JIS B 9932) Zi%, NIST b L — 7L Cdh LK IEHEE
HEYR & ffi > 7= B B O JE i~ W LPC O IE FIE R
INTWD. ZORIEHERERIZE, ISO-MTD & X
LV TR FEEN E LR AL 1-100 um
DESHORLTBAA LTI HENTZEDOTH B .
ZLC, PR BRI B9 5 EREIHIC DWW T,
MHEEHE Thif3HEEOME) ICFiShTnd. Sl
~WRLPCIZ & W IE S vz, RifE5 um BL E o &R se
FAPHIZ 33 1F 5 ISO-MTD O SRR TR FE DS, BLE DR
ERPHNICILE > TWDH Z &, £ LT, M UHIERS R
OEIRENHEMBU T THDHZ EHERL TN D.

WA, VRGP ORI B B A E A3 T D &0k
PR L L2 A& I > Tk 5. ISO 11500 (JIS B

H1SO-MTD (Medium Test Dust) (25T,
A ZEHEEN TS, BRI,
JISZ 8901 BRI T m— 2] 03 5.
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9934) 1Z1F, FRHEICEREE ZdLiz EEh It ks - H i
oA % HEAS~WKRLPC CHIET 2 FIEA T ST 5.
Z LT, ISO 5884 (JIS W 2923) T H ®hEH 5k 281
THEHAE, HBE~WRKLPCEEY Z L L LTV,
TS Ok TIZISO 11171 (IS B 9932) | #E#L LAZIE
SNTHHE~NKRLPCEE S Z L &2FifEE LTV 5.
YEBY I 1 ORI S um BA E D75 Y [ AR 112 k3 206 i
FEDFHIIE, ZivE TIHCKE O K TH 5 NAS-1638 D
EHRTRAINDON I TH -7, 5%, ISO
4406 DY AT L flio TRBLT HZ LB — KT D
ETFHENS. 1SO 16889 (JIS B 8356-8) (ZidH EhHL /2
b s A A N7 4 L Z OVEREEHE O FIAMFE S
TEY, ZOHKTIZISO-MTD Z2&BkhikL L=, ~
A7 A — MVKIPIR TD 7 4 v ORLFHEN RO
4TS, 7 4 V& R CRIE S AL 7R Bk X
D7 4 VE OEDHENEBMNEMEND. ZORER
WA % B35 LPC ORSEEIRFE A AT 5 72D D Bk 23 1SO
11943 (JIS B 9935) T& 5. ISO-MTD #JUkEtE L, —
UMEIE AR EW 2 Bl CRREL L, LPC O ERE 4 & HIRYIC
MFEL, $EIC)E U CTLPC 2K IET 5 FIEDFEHI 2 7D
INTW5S.

3.5.2 WFHEEATEICETANL—HYEUFT«
2T, A~ WRLPC I X B EEH T ook TR
BEARAEICHITD PL—Y U T 4 ZX18ITE LD
5. BB THEMICEbR 2 ZNENOLPCITHLE T
L S B TR MR 1 L0 E IR MERE S RGIE &
NAHZ LT, TIRIEERREIR A~ N L — T o T

ISO 12103 % LEATH — 7 4 A Z LD 7= DREH CA— B 15« 7V T35k
ISO MTD CTH 57 U Vil & 2 b E RSO RBICCTENICTEDIL T DB R E LT,
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Determination of particle size

Calibration of light extinction LPC
(ISO 11171 [JIS B 9932])

distribution of contaminants by
optical microscopic method

(ISO 4407 [JIS B 9930])

Reference data

=

Requirements for
quality control

Requirements for

quality control Procedure details

(if microscopic method
were to be selected)

Methods of calibration and
validating light extinction LPC at
measurement sites

(ISO 11943 [JIS B B 9935])

Determination of particulate
contamination using light—extinction LPC

(ISO 11500 [JIS B 9934])

Methods for measuring particle
contamination of hydraulic fluids in
aerospace systems and components

(ISO 5884 [JIS W 2923])

Method for evaluating filtration
performance of a filter element for

Measurement Measurement
results results

hydraulic fluid
(ISO 16889 [JIS B 8356-8])

Method for coding the level of contamination by solid particles above 5 um

(ISO 4406:1999, NAS 1638)

\Z

Evaluation of cleanriness

Figure 17 Relationship among the industrial standards related to the measurement of particle number concentration and their particle size

distribution of contaminants in hydraulic fluids.

NIST SRM-2806
Calibration of reference :
light extinction LPC (prlmary Standard)

1SO 11171 (JIS B 9932)
-

Reference
light extinction LPC
Methods of making and validating _ ¢
ISO-MTD suspension
OISO 11171 (JIS B 9932) e :
O 1SO 11943 (JIS B 9935) ISO-MTD suspension

(secondary standard for
calibration at measurement sites)

Light extinction LPCs at
measurement sites

Calibration and validation of
light extinction LPC at
measurements sites

1SO 11943 (JIS B 9935)

Figure 18 Metrological traceability of the measurements of
particle number concentrations and their particle size distributions of
contaminants in hydraulic fluid.

W%, ISO-MTD % fli Wil S L 7= BB ik 1, = IR
LPC CRIE ENTFERVDFTFAFMIAICINE H Z & TLREE
WLRHOND. Lo T, “IREEGERL, 3R
HLPCIZ b —H% 7L THD. LT, ZHHLPCIX
NIST £ Wt #aW 2 T 3> % NIST SRM 2806 071 i J&
A EE LIk R, RGN E S Z & TERA
LBHOEND. Len- T, ZMALPCIZINIST SRM
28062 FL—HTNLTHD.

3.5.3 BROBIEHMICEH T 2RE
Fopm L L0, K, =~ a CAEEIHICEA
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LTWEEEA, K~V LPCIE 2 b & [R5 Yk +

ERONT HEN RV, Z LT, Zh o OREITNE
SNTRESMICHBEE X DEPRESNTNDEH.

FICEB P OKIBOFEIIMETH Y, KX
ikl S, {EEIMOBERIEZ2BRbE 5. £, KEAR
AWICIEM SN D L RAEOBEN EF L, BALTTR
ALDHZELHD. BIEICEFESEHE STV 5 HEEA
IO AF ALY arThY, o iyar b LToHs
NTW5, IS0 11500 (JIS B 9934) <°ISO 11943 (JIS
B 9935) IZRB W\ TH, &il, K, =~ ¥ il L D56
BIE~DIEBENEINTND, LEN-T, BIERD
HILTW A MBI O —20%, BARGYRLT, Jid, =~
N araE YT IVEA LNTHEH LT 28T THS.

3.6 KEEHICED EKPOFHETM
AIRHK & 725 AR IISRI IR AN lE LT B
AV, R & L CREASEHE OES ThDAKEED
PCEZRINTND. BT T Lv ) kT c®
INb. 2LT, BITEDOKIEIZ LV G S5 KOEE
DJFAETHE I XD KEREET2ECH D (REFEHE
2003) . ATEFRKOWEFFMA LI L S5 Bl L
FAKROBYIC X BEMBERORAE ST Th 5.

3.6.1 EXKDEBERD ERREZE
AIEHAK T OWER, REEO AT T U T OEFRE

RELEATD. MENGTILLUVI T2l
OIS KD WMBE RN ITE D721 T, HHRITRE
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SNDHEFHLOERTE->TLES. 2LV, H
IR E TRV TR KRNI Y: S - d 01 IH1EE
ICHEWT, BEFMIEERFIEDO —o Lo TNEY

BOSSE F e, ABOWBECHFETIRABY D,
WM TH D, T b FERTG T D HTERIR

IZIEE ARV, RTrERATHD Al (A
L) THHEMNICKRETZLERH D, LinL, AT
WEE DN TODRRIEER P TIE, ZhbowmAh%
SERICRET D Z LT LN

3.6.2 EXRKBEOATEEEMEEE

KO EFAG I AT D EHAIERIE, Section 2.5
THHA LBERTH 5. BEF O IEIC I8 e
BN D, FARISFICEIE SN KEE T, BE
FEYEE & L CRIR0.5-10 pm D 7R U A F L A HERL 179,
BE 0 00 BT B A LE SR O TR S U T AR BV A A TEIS R D 2
LLEHESHTWA. Z oY= E K 0 W 100 5 23
100 mlR MV CHGES VTR Y, AAKEHE RS
5 FKRBIEICEBEF ORI EFERTE SR TS Y, B
FEREHEE 100 JE & B RIS A IR L, 38 Y1) 7 V8 FE L DH o0 78
PEREAENE 2 B U, THELE & B e o Lh vs. ¥ FEAE Y
DWWIE | ORIEZRITH. 7=, KT % & F Rk RUK 4+
YINELEHBAOEEEEr L L TRIEAICIZ D,
— 7, FHGELALPC &S TE 5. Bk
AMEBRIETIE, BENMIWEDICEER TIZILE LERE
RN LN VAT, B ILALPC & K% &
JHEER] L LTHEIZLELTWA., MRENBE
YR ERYY 7V EE, 7r—k L EEY RS
VT % ORLT-7 D OHELIE DR TN Z& 2 O PE %95
FH 9%, JHGELELPC % i - 72 9 FE ik 4y O ki 13
BERESMAONMEEITS Z&I2ED, Y2 Mo L&
DR OB WEHIAFEETH 0%, F 2T T,
B OWEE EHE~WKLPC & ZEHIZS72 T &
WLV, 0.0175 10 FE 0 Ll B A W i) i P 2 1E e (T
HETEDHLVBEFH LRESTNDE?.

4. BPHFHREOEREFE

EI3EDOP T, RALNDIE TP RIFEIEED - L
—H U T AREBAEEICFEE L T D HFNZ W TR

A FH KRR

BB LT, BATETIE, BUE, RN E T H
B2 LT R T O B D BRI >\ TR
5. ZORBERET Db T, EERDLOE

KPMHETH Y, AFEERICEDREFEIRP RN L
ZEM L. ZORR, BERY M~ HEIE, E

REGEBIG 22 ECTHE S D T/ K ORL - HR L 2 [E
FIRESL P L =Y TNICT 52 L THD &ibam LTz,

41 bL—HEUF«1
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Figure 19 An overview of the traceability of particle number
The concentration measured by light
scattering LPC at user level are traceable to the national

concentration in liquid.

metrological standard.
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JSR#E) lzk v BbE SN D, kT KR A R R R A
B Th 2 HESBIEOBWR Y ZF L DR+,
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Figure 20 An overview of the manufacturing procedure for particle number standard suspension at JSR*.

(D Detectable size range of partial-counting-type optical LPC
(2 FMT-CTA: Particle number standard suspension
(3 JSR: Particle number standard suspension (CLINTEX)
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Figure 21

The detectable diameter range of light scattering LPC, the diameter range of particle number standard suspension available from

JSR and FMT-CTA, and the diameter range in which AIST can carry out traceable calibration of particle number concentration in liquid.
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Figure 22 Schematic diagram of the total-counting-type LPC used
at AIST and the procedure used at AIST to distinguish the particle
counts from the false counts due to bubbles.
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Table 7 Number of image files taken by electron microscope to visually inspect the entire area where a

droplet was deposited. Comparison between two deposition devices: micropipette and inkjet.

Particle diameter of standard particles 600 nm 100 nm 50 nm 30 nm
Magnification of electron microscope @ 1,000 6,000 12,000 20,000
Area of each view on a screen =10°cm” @ 100
Observed area/ view, um’ 10000 278 100 25
Micropipette (droplet diameter =1.2 mm) ~190 ~6900 ~27000 ~77000
Egggfglg Inkjet (droplet diameter =50 pm) 1 11 45 125
Inkjet (droplet diameter =16 pm) 1 1 5 13

(1) Values are taken from the example calculation in Sugiyama and Endo (2006)

(2) Assumed to be 10 cm by 10 cm square

—[ Controller }

2 Solution of
o standard
—1 = 3 particles
PC £
—ED- T PC

[ ]
< ~ a piece of

Linear motion with respect silicon wafer

to the inkjet head

Figure 23 Schematic drawing of depositing the micro—droplets of
particle size standard suspension onto a piece of silicon wafer by an
inkjet, which is a part of the inkjet-assisted total-counting-type
microscopic method.
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Figure 24 An overview of the dried-mass—of-liquid-suspension
method; the particle number concentration of liquid suspension is
calibrated based on the dried mass of the particle size standard
suspension.
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Figure 25 Estimates of each elements of measurement uncertainty in the particle number concentration calibrated by dried-mass—of-liquid—
suspension method as a function of particle diameter. The particle-related parameters necessary to carry out the calculations are taken from
the calibration results at AIST or the specifications of the JSR STADEX series (particle diameter standard suspension).
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Figure 26 An overview of condensation—particle-counting-type aerosol-technique-assisted-method: the particle diameter standard
suspensions are aerosolized, condensational growth is induced onto the standard particles by controlling the degree of super—saturations, and
each grown droplets are detected by light scattering method. The concentration of diameter standard suspension is calculated by the number of
particles detected by OPC divided by the volume of aerosolized diameter standard suspension.
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Figure 27 (a) Calculated profile of saturation ratio, S, inside the cooled section of the condensational growth tube (CGT) using ethylene glycol

as working fluid. (b) Illustration of GCT for activating the nucleation of working fluid vapor onto all the incoming standard particles sampled into

the CGT. The working fluid vapor is introduced as sheath flow to focus all the particles along the z—axis. All the particles are confined in a

region where the S is high and uniform along the radial direction.
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Figure 28 Particle size distribution (PSD) generated by the
The
PSD contains both standard particles and residue particles. Residue

aerolization of particle diameter standard liquid suspension.

particles are the evaporation residue of the droplets containing no
standard particles. The PSD are shown for two cases; an
aerosolization device produces relatively (a) polydisperse large
droplets, which are undesirable, and (b) monodisperse small
droplets, which are desirable.
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(@ Light scattering liquid—particle—counter method

@ Microscopic method

) Dried-mass—of-liquid—suspension method
@ Condensation—particle—counting type aerosol-technique—assisted method

® Inkjet-assisted microscopic method
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Figure 29 Summary of calibration techniques for the particle number standard suspension as a function of particle diameter.
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Table 8 The characteristics of the methods to calibrate the particle number concentration of a liquid suspension containing diameter standard
particles: the limiting factor of the lowest measurable size, advantages, and disadvantages of each method.

Calibration method The limiting factor of the lowest

measurable size

Advantages

Disadvantages

Light scattering LPC
method®

Background noise (stray light from flow-
cell wall, fluctuation of refractive index
of fluid, Brownian motion of molecules)

Measurement time is relatively short
(several hundreds of particles / second)

The scattering signal from particles cannot overcome the
background noises in the size range of nanoparticles.

Dried-mass-of-liquid-
suspension method

Measurement uncertainty of the diameter
of standard particles
suspension)

Traceable to SI units (particle mass, particle
diameter, and mass density of liquid

o Uncertainty of the particle diameter has a large impact
on the calculated particle number concentration

o The method assumes that the fraction of coagulated
particles in the suspension is negligibly small.

Condensation-particle-
counting type aerosol-
technique-assisted
method®

Particle size distribution (mean size and
width of the PSD) of the aerosolized
liquid suspension

o Condensational growth of aerosol particles
enables single particle counting down to a
few nanometer

o Measurement results are traceable to the
national metrology standard for the
aerosol particle number concentration

There is no commercially available acrosol generator
that can generate sufficiently small droplets having a
sufficiently narrow size distribution and does not cause
any significant internal particle losses.

Number of images files that needs to be
analyzed for particle counts. It is
practically unbearable to observe more
than 200 images.

Microscopic method *

particle or not.

An analyst can visually distinguish whether
the object seen in the image is a standard

The method is very time consuming and labor intensive
therefore impractical for diameter below 600 nm.

Inkjet-assisted
microscopic method®

The droplet diameter produced by an
inkjet device.
nanometers.

Number of images files to be analyzed is
within a practical limit even at a few tens of

It is very difficult to measure the volume of single
droplet; therefore, a population of droplets generated by
an inkjet device needs to be analyzed to evaluate the
droplet volume and its uncertainty.

* Any method involving particle counting are total-particle-counting type. In other words the method counts all the particles in an aliquot mass (or volume) of sample.
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