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In cutting edge semiconductor
manufacturing process, higher
reliability, validity, and sensitivity
of sensing devices have become
increasingly important. Focusing
this field, the latest developments
and applications of HORIBA
group, including HORIBA STEC,
will be reported.

This morning, | visited a fog
covered rice terrace. The fog
was very thick when | got there,
and | couldn’t see a thing. While
| was standing there, the fog
gradually cleared, and the rice
terraces and trees appeared.
Suddenly, as if a revelation
from the heavens, the sun light
started piercing the terraces.
This beautiful scene was a
precious gift given to me by the
god of photography.
-Photographer Hideo MATSUI-
(Member of NIKA Association
of Photographers)

Name of the book

This book is named "Recdout"
in the hope that "the products
and technology we have created
and developed will be read out
and so become widely known".
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HORIBA Products for Semiconductor Manufacturing Process

F13 K HORIBA & 847 0+ X
Seiji USUI
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] | - Emission Measurement Systems
Automotive Test Systems | d MEXA-ONE

Water Quality
Analyzer
(H-1 Series)

s ! Stack Gas Monitor = f=m
Process & Environmental S ENDA-5000 | &%

L
nE4 g
! E - Hematology Analyzer

“~ @ plusCRP

Medical
2 / Hematology Diagnostic
System

Chemical Solution Monitor

|
61 4\.:;!\ pH Meter

&

Raman Microscopy

Figure 1 Five business segments of HORIBA Group
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Connectivity Sensors

loT

Memory Processing

Figure 4 Semiconductor opportunities from loT

INOOPEADOTEIICLY, BE S T OPEAREE T O AN 5 (2
1, MEMILT 25T, SF TULICHEIELSHE=—XADPFELLNL D
DEFHLTBNET, INBIZF A 21 =262 AL, HORIBADH T3
RO AT RSN, AN 2 &2 R RBRISEH L CwEzwvw e B
WwIE g,

HORIBAWX CNA S b 7V —TPRETLHEMTEET 7)) r— 2 a YITRIE
L, 5H, HIE, SHrosE CrER T O AICHBLTEWD £9,

%10 AP (20154F)
*2 0 JAEFHN(20164E3 H BiAE)

BFH R

Seiji USUI

PRSI T AT v 7 BB

HRAHE ST Y2 =7 3= KL — b4 7 19—
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HORIBASTEC

Figure 2 Gas (red)and liquid (blue) mass
flow controller/meter

Figure 3 IR series
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Takeshi KAWANO
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TR D EE LI H C, Wafer to Wafer, Tool to Tool, Fab to Fab& -

HORIBASTEC Source Gas Monitoring

Multifunctional End-point Monitoring

Source Gas HORIBASTEC oeecccccccccccccoccccccce HORIBA
Control e -
: Inline Gas Concentration Monitor

Semiconductor
Manufacturing Equipment End-point Advanced Process Control

Detector ~ Optical Emission Spectroscopy
HORIBASEC

Process Gas Control =

B | |
I | |

131

Pressure ]
Controller Module Mass Flow|

1
Ll

Q Ambient Gas Monitorin:
HORIBAS [£C E— (‘_ in Clean Room -
ﬁ\ ecee
= ¢ € ) HORIBA
. = | €

Liquid Source Liquid Source
Vaporization Vaporization

System tel
(Injection Metho.d) (Sé’:k.ﬁ'é Method)

LN .

FTIR Gas Analyzer

Backside Wafer
Cooling System
HORIBASTEC

He Pressure
Controller

Pressure Monitoring
in Process Chamber

i S

Vaporized Liquid
Source Control

eeees

eeoe,
C

Residual Gas Analyzer

- HORIBASTEC HORIBASTEC

_.

"TEQ Clean Room
)

— : : »
. .
Liquid . .
Auto Refill System . =
HORIBASTEC Endpomt " et St oo Eravityidag
Monitoring - Monitoring Monitoring
. -
In-line Gas Monitor ="~ FTIR Gas Analyzer /'.
HORIBA HORIBA HORIBA

HORIBA : Manufactured by HORIBA, Ltd.
HORIBASTEC : Manufactured by HORIBA STEC, Co., Ltd.

Figure 1 HORIBA Group products for semiconductor
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General Manger

Research & Development Division
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Current Device Processes and Required
Sensing & Control Technologies in
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Hitachi High-Technologies
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BESSUOHEROFEFDT T NEEICH VT, CVD (Chemical Vapor Deposition) X ALD (Atomic Layer
Deposition) #1liD & 5 A& B ERT & 2 DWMMT 2472 K54 Ty F 2 JHMIE, F—0OFMIE>TWVW3,
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BoTEE CDEOBGEBENHZY, ChoDHEMIELETLATZREICIE AL, TOIDE D > THI
DLNIVT v T EENE, HAXAREFHHEDOHHMEBHEMOERICLY, ZTOZTKEEZMALELKET L TNIEE
5BV CORBRICIE, BEL—Y—, BEY I F71V— #EXRY T4V —, SXFLYT N TI14 ¥ —
W—hEh - ZRBEFEHNI KD 5N TWB,

In current and future semiconductor wafer manufacturing, CVD (Chemical Vapor Deposition)/ ALD (Atomic Layer
Deposition) and Dry Etch are becoming key technologies. The number of process steps utilizing these technologies are
drastically increasing and are widely implemented due to feature size reduction and 3D structures. In addition, there are
multiple requirements that are difficult to realize. Currently, these techniques are still insufficient and far from maturity.
Therefore, the specifications for these technologies need to be continuously improved. A technologically innovative
process sensing system and a fluctuation-free control gas supply are ways to realize this. In order to achieve this,
collaboration and close development between equipment users, equipment suppliers, subsystem OEM (Original
Equipment Manufacturer), and system solution providers are strongly required and should be established incrementally.
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100nm
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SIS SIS MIS MIM

Figure 1 Trend of Storage Node in DRAM
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Figure 2 Schematic Diagram of Multi Layer Structure in 3D-NAND
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F9, PEERY TN IS 7 B AR A RS A R
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‘ FEARERMT ORI EIR & 5HAIHER T

Figure 3 A candidate structure of the next Logic Devices (Nano-Wire)

75, 20004 LUABEIZ 72 A L LP-CVDIZ BT 5 K e s AL g
EET ANRY N — 2 TORENE (Step Coverage) DI
EPREL o TEZ. 2D, FEIAGR O WHE
Mo WA HEZ ALD (Atomic Level Deposition) 2%
A END X912k o572 ALDDEH % Figure 412
TRT o FEARMIZA Source kB Source?d G TS 5 =
EIIZZED Y s, FERIAYIZ53E] L CTA Sourced AEA
TIRBOMREZ o L, ZD%B source® AT 52 &

A source supply \ '

(e d

and self-limiting

A source ‘
B source D

Figure 4 Principle of ALD Technology (Cyclic Process of 4 Steps)
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Figure 5 Process Flow Example of SAQP

WARLICE > TR D EELR DD, BLLFMTH 5o Hi/hk
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ALHMIEIRECEGTE TS, KA TIE, THDSADP%
FICH DB L CL/ARED Y — > %5 5SAQP (Self
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INOLOERIZLELE SNIERIEIVINTA N LTK
M s 1 LREORHATHBIMT %), B2, Zokid
MEDRLNY —VIZLPERATE 2N, BIUYY —
VIV HERIAZyFUTIZEN Iy T AT LR
THHIELHBML T IER S v, SAQPO 7O+ A
7 u—7%Figure 51273, TERLAEDEMER, KEO
ALD#HATE R T4 v F ¥ ZHAMTIC L - TRIZIES L
5o

RBIZZORT A Ty F v ZHfFOBEEEIZOWTIER
%o 20004E 11 T2 TIX 3 —E - BEMEDAMIKR & 23R8 4
DRZBWESREFN & 2 5N TWizhs, FDBOM

it - 3kTefbic & 0, () ~ERE D LETh ol 7 1
t AR WLEE ENLSADPOIT Y F 7, (2)RYSizks
A=V THBRICBETL Ty F 27, (3) @B EREE T
Wocy F 7D A S FICEBERCTEEIN LT 5
Ty F v VERFICHEE RN T2 R ENL L)%k ->T
BY, WAEGEESIEL CWRREE R 2 5, 512, &k
S TN A 2N BRI e Ty F > IS & &
L, ALEFHIT b B A WG S RO T b,

MW bE, Cns047 Y 2FMr o T, ALDR R
ERNTA Ty T TEMDPRENIZS 7O A S L%
EENDEBEADLHHENH S X HIZRZ, SHBEFNIC
PEEL TV REFITEF R 5,

HE & & h BRI T

SHOTINA AT O A BV, ALDRFIA Ly
FUITNF—ThHsHT Ll RTHR, BIRDALDR F 7
ATy F v FOEE - T AR ME L ThDE, TEl-
HBMECE ARG 20D 5 2 L D, B2 1L, First
Wafer Issue CLERBRIGE DO EALD 7 T HEFR L fE R % R
FTIEEERL, FRRTOERICZ>TWE)EnH AR
B 2 G A ICRE L, Ay TSR LY S 2
TWwh, Figure 612lE, K94y F o7 %2hlick>T, 7
Ot ADIEFZOMBRERLZLDOTH L, TN b, H@F
L v ¥ LIFIEN S Equipment Setting GRESM), F v &~
N O E R HERE Y O B E O M ELEF (Disturbing
Factor), B4 L AMELEIR & THE SNEREIZ Y T
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MBS T TN E N TV EHRE LTow IR
& (Wafer State) THEL S L5 HMELER OB E W
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’Treatment Environment and Wafer State

», ALD#&®7:CVDE R4 Ty F >
TTHbo DX %FHRTT I NDIKE
IO 010, FEER OB
BLUOv I AREELT UV TLT

Equipment Settings

R

Disturbing Factor
F Power

_|| Pressure etc.

TA =Ny 7§ EDPUETHL,

Treatment Environment J" =

]

—» Environment Sensor

COFE 2L, 204ER/HT 5 BARRYIZE)
EHLAZAEC/APC (Advanced
Equipment Control/Advanced Process
Control) DFEARTH 5,

El

lon Density & Distribution
Surface Voltage & Distribution

Y

/. Plasma Impedance

Plasma Emission

\, Mass Analyzer

1) Make the relationship clear

2) Decide th? most effective
arameter

[ 3)Sensor based process and
tool control

ectron Density &
Distribution

ectron & lon Temperature

Wafer State

Figure 71, EO I v F v 7V¥#EICH

](-)[Wafe; State Sensor ]

WC, EDLX ) by IMEEL LD
WHLPERLIZbDTH S, TNEN
WEDH D, BUKTIHERE O BLEREE |28
HMENTVEDE, TIAREXELYF—DATHY, ff
FR#&ES NI4Ty F 0 ZF#SHEICRE S LTV 5,

(D)%% - ¥+ » ¥ — (Emission Interferometric
Sensor) : 7 IN EDRIEOZEALRLH Y K L/SY — > D
SFEEFHINTE 208, v o RICHEM BT D
Lo, BERELE KELBREOENLETH L7
W, BHAAHRE ST b,

(2) 5% # *F (Video Camera): (1) DHEB LUV T
NERORWOILIR L WHETH % 7%, BHEDO B OH
&R 7 — 7 RITORE T, BMH I TWRn,

(3) B4 (Q-Mass Analyzer): JUBETEHEL T3
JEF - T OB\, 3 - R L S T RET

Gas Supply Box (A,A+S)| Emission &
— Interferometric
VI[N = | Sensor (S)

MF Vid
Cami®)
C

MF Q-Mass
\ Analyzer(S)

Etching Speed
Selectivity

Figure 6 Treatment Environment and Wafer State in Dry Etch Process
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HV Power
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3 -
i (o} @ lo R mmmmm |
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ooo- Supply (A+S)
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— In-situ Particle Monitor (S)|
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e Gas > ¢ ressure
Source Pressure Control (A)
Fluorescent | Control
Thermometer (S) [ Valve (A+S)
DC Power Turbo Molecular
Supply (A+S) 5 Pump (A,A+S)
Tuning Box g1 1] [ vac coolant
(A+S) C2 Cigguit L Double | (S) 1[I
TemperaturF:aipe I H?;Hrd
as
RF Power Control System Dry Pump Removal
000 crm |Supply (A+S) (AA+S) (AA+S) S

Figure 7 Candidate Sensing Functions in Dry Etch Tool
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MEHFEZMTOHEIRESE
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DIRFEF R E W CTIR=EICHRE L Twb,
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Establishment of New Flow Standard Technology

FEERT/NA ZOWHE, SEBIEICHEY, HRE - BREMHOHEGE

IR FE5A ST BB D EEEE L ADER IS E Y 505 ), FEEE -
Yasuhiro ISOBE HEERTHZI X T7O0—-3> FO—-FDSHEEAL, 1=.¥E1¢|"JJ:#'JA

THD, RBBAUT 7 /00—t 2-TRREFREHRDEHRE,

ISO/IEC 170258 M/ S LV 7O XA I REREDIFELE VS

ToRERERMOMIL ZBIEL TW3, AT TIEIREETA - SR T

356717!] a2 bO-7OEHEEL, EREDRLICLEL RER
- REERMOBILICDOVWTORMEA BN T %,

Higher accuracy and reliability for gas flow and liquid material supply are
requested with the miniaturization and high integration of leading edge
semiconductor device. To meet the requirement, at Kyoto Fukuchiyama
technology center, we aim to establish flow standard technologies that are to
develop flow standards and to standardize method of process gas flow
measurement and to be accredited to ISO/IEC 17025 as a flow calibration
authority. In this issue, we introduce our efforts for standardization of flow
standard technology.

EU®HIC

YR T A T v 73R & Hul & L 22 AR e T
fﬂ’[‘ﬂ’%%@*”ﬁﬁﬁm%ﬁo T 5, FEETINA 2O
1t - SRR LI, < AR RO FHAN I EAT 0 5
*ﬁﬁﬁk‘?{uﬁ@ﬁi’\@?ﬁkﬁ‘ EQROIOF W s
Ty, INHOFRIZINZ D 72O ICHIZE S ISR L
2R 7 s a Y —+ % — (Figure 1) 2013412
RIS T U7z EaesssEHE L, BREEL L -
TN HEilEY AT AOREB X UHA ML =Y
T A MR OFERE, BT O 2B o g, Wi
MEORALEE Z HW 2Rt & Th 5, Figure 1 Kyoto Fukuchiyama Technology Center

TUAREHIH AR O B R L EIEME N Loz o120%, # ISO/IEC 1702533 F S (Z @) (T T DOEEE &
mOBEMERILE & b1, ZENOITHET 2 SR CEEE
AT — & DA E%f%éo ISO/IEC 17025\ 3V ERAT K OFIERERI O RE I 12 B 5 2 —fi%
BRI T A B TH B, ISO/IEC 17025 TIXISO
THEAIL T 7 0 Y — v ¥ — TR R O E R Q0L EENDLY AT A Y NV AT LADOERIZINZ T,
MR LS TE L RITOBEEHELTBY, BRET ST - B 7 &R AT O BRI K O IE T 217 ) HZERTIC
BHEEOE ORI TREE 2o TWwh, T2, E5451E 4 A HMAESRFEESMA SNTB Y, 4 - AERR
M D720, T ATRERKIEIZ DWW TISO/IEC 1702552 ERERAE RS D003 5589 0% REKREIEET S
EHUG O 2 DTV 5, TODOBIMETH b TORBIER VT 723 BRI - B IERR X
AR PR IEREHEF I CRRE Y — 7 2 N3 5 2 L AT T
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National
Standard

[ R At AT e

M

mass, time, pressure,
temperature

Figure 2 Target flow rate traceability system

&, EBAIZE - 2 BB R LA RO BEEZ H o
LT LENTED,

Wt AT v 7 TiX, ERFEEERETHLT XY
S AEHER AT 72T (National Institute of Standards and
Technology) (LLF NIST) 8 & O BESEFAMT R &I FEiTEM &
B AL Yy — ML L —F TV iR O B
MR EAT) & RICREIILE LY AT A P AT
L DN EAT > TWwWho NISTOREE 7 1 27 F L National
Voluntary Laboratory Accreditation Program (NVLAP)
W2, EBMEAEGEIC L 2E %2201 74E IS T 2
FIETH B,

HiZE 35 ML= 7 4 EKROMN % Figure 212K
o EIRFEEEREIC N L —F Y 7 1 OB RS
R FF (Gravimetric system) # ZBIE#EZR L L, £
R~vA70—%Y 12— VD500 Dl % H v 72 &Rt %
FRAEMRESRE LT, SHROFEMICHEHTE 5 &9 1A
DEFL=HE) T A RROMEEZT o TV D, BEY—7
DN S MR IEREAE 1S, SRR Z H W /oRIES &
O FERAEMEZR & V7R IERFICRATIRE L 20 2 £ ) 12w
TWb,

REEEHZOBHRER

RIS MIEHEZE S X O EHEERO HEREEED TB
D, BT ATy 7 OfE N — Y T 1 KR T FEREE
THEELIEBEEN L BIFL TWwh,

SEBIZEAESS (Gravimetric system)
BAZEH O Gravimetric system O PEREHE L % Figure 312773

CEE——TTTTE—

WERIRICHTAEFT AL, mmatE /i LT A% %E
B Ot ST, ZORORER 24720 OMESZROY
kA%, BFRIFEGPS Timer CRHAIT A2 & 12X W E
wminE A WET 5. Eftk%Table 112787 o KIE T E#
PHIZ] scem™ 5 550 slm™ TILIEATED £0.1% T % H
BIZLTWh,

Gravimetric system|Z & Y i =52 IE T AHE121,
Gravimetric system CHt sl % 1T 9 & R R 2B L
wRt o= ) (Flow Output) & ik$ 4,

Gravimetric system® ZEAFi i iZHoriba Instruments
incorporated-Reno # 7 1 A TRHISE &, HWNEHERERD
M, BEMHREEMZLTVDE I ERHREL TS, 20

‘ Flow Output

Figure 3 Gravimetric system

Table 1 Target specification for Gravimetric system

Specification Description

IRBRAFEN & | 0.1% of set point

Pt 1613 0.0012498~62.492 g/min (N2 : 1 sccm~50 sIm)
POy Nz, Ar, Oz, CFs4, SFs
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- T ERAERTHESL OB A

Btz pmanlr 7 /Y —tk ¥y —1EA L, SHE
WL L TRILESELDICEMET— 5 2L T b,

W IERE O IERE LB Z T 5 720121, Hilo
FEIEAEZE % - & L TGravimetric system TOAIERE
FENISTOF B Z X 2R IEAE R % ik 4 2 i pe st
AEREN B P N TOZHT — & BB %I H R %
FET HTETH S,

%1 :sccm, slm © Standard Cubic Centimeter per Minute,
Standard Liter per Minute, Z5#IKEE (0C 101.3 kPa) 1238
1} % 7 A (mL/min, L/min) % 3§ HiAr

EAEER
EHR~ A 70 —%Y 2— VD500 05 2 Fv 72
FTOBFE 1T > T\ b, D500 fEE % Figure 41278,
Flow restrictor (Bt Uk, LUF, VA MY 7 4)D
FWMES, FEME S, HARE 2N L, PR S
BRI THERREIIRE T 5,

FRHEHERII ZOHM A N—-ZAIZY A M) 78 - WEE Y
YHENER & FETT & 2 G TR S b o A2 & v
FEHOT, BOFBMEEHT 52 LI X ) FFESR
ELTHMTAZLEZTRIZTL2HDTH D,

C OFEFEREZRE, NIST & OH kBB X OH N
MEFOBRIERE LTHER SN,

BUE, HesBm L LRI 2720 0%, HieikERs
To T2,

Display
- Pressure
- Temperature

Connector
= s for Digital/Analog
- Flow Rate =y e | communication
- Downstream
pressure

Piezoelectric S

. Connector
for Digital
vave - .T communication

T—i 32 Bit CPU
— Pressure
! sensor

Flow
restrictor

Pressure
sensor

Temperature

Gas filter sensor

1

GAS INLET

GAS OUTLET

Figure 4 Mass flow module D500 structure
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bk o TFaY AT A - AR E RSl % i 5
ZEBLUBBHMICERT L2 TERORBEBIZER L
Tw<,

[11 AR, R 7ot 2 %% 2 544 CRITERION D500
1) — X" Readout, 43, 53(2014)

[2] THEEAN, BEERE -2 ko5 b =— X" Readout,
42,97(2014)

[3] A, BEEAIL, FHBCED, MRSt WHT AT v 7 B
w7 7 s ay—+x % — (FTC)", Readout, 45, 15(2015)
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Pressure-Based Mass Flow Control Module
CRITERION D507 Series
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Kentaro NAGAI

Recently, with the increase of application of a semiconductor device according to
loT, the latest semiconductor factories are focusing to minimize the downtime of
the apparatus. Therefore, for the purpose of failure pre-detection of
semiconductor tools and its components, the managed parameters of
semiconductor process are increased, and its specification is getting tighter. In
order to satisfy the required control criteria, the mass flow control module is
required to have high-speed communication and failure pre-detecting function as
well as flow rate accuracy and reproducibility, inlet pressure insensitivity
performance. D507 series is lined up on D500 series to meet strict management
at recent semiconductor factory.
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Figure 5 Transmission and reception of traditional communication and EtherCAT communication
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Development of Thermal Mass Flow Controller for
Further Miniaturized Semiconductor Devices

vZ70-3> hO—7 (MFC) I3 EARMIZOIEA & MMIEICHEVEL
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Kotaro TAKIJIRI

FEEF &

Mass Flow Controller (MFC) has been evolved for semiconductor industry
expansion and micro-fabrication. Since the year 2000, many multi-range, multi-
gas configurable type MFC’s have been developed and standardized in order to
reduce the number of configurations of MFC gas species and flow ranges which
were typical required in the customer’s inventory. Since 2010, the “Pressure
Insensitive MFC” (PI-MFC) was developed for further reduced-cost
semiconductor processes; which has inlet pressure monitoring and high flow
stability without the need for a separate inlet pressure regulator. This paper
expresses a development of a next generation of thermal MFC, beyond PI-MFC,
for nanometer-scale semiconductor processes.
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Figure 1 EtherCAT mass flow controller
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Table 1 Comparison of TMFC and PMFC

Content TMFC PMFC
Down stream pressure O : Vacuum to 45 B VBN 3

Atmosphere 400Torr

Flow sensor A I Heated coil O : No heat
Self diagnosis X : No O Yes
Minimum control range | A : 2% 0 :0.2%
Step up response A1 sec O :0.8sec
Step down response O : Fast A OK
High flow rate capability | O : 500SLM A 1 50SLM
Inlet pressure sensitivity | & @ OK O : Good
TMFCORIFEREICDOWT

TMFC & PMFCOIL# % Table 112789, T4, Kt
TORBHBEEZRDOSNE T 0L AR, HEILEEEILD
FORMPZ CETEBY, PMFCOBPEMN L > TETW
Bo RMRDF ) A= — 27 — VOBBHIL 7 T+ 212
M 72 TMFCOBISS I BV CHMTRRE A 32 H1F, Z 0
TR DOV TIRR B

L iR om L
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Figure 6 Experimental results of flow output signal
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Figure 7 Experimental results of flow accuracy
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Figure 9 Experimental results of valve seat leakage
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Polymerization Technology of Block Copolymers for
Next Generation Lithographic Application

DSA (G5B #8441t : Directed Self-Assembly) #4ff(3E 3 X b THHA

A =58 BING — TR TR 12 D REED U Y T 5 T 1 (1R At 75 WAl
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R1)<— :Block Copolymer) &5 #¥ B & A #REIR 4 B 2HE&E, W
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Directed self-assembly (DSA) is an essential technology for next generation
lithography to achieve the micro patterning with low cost. Half pitch pattern
formation less than 10 nm is getting possible to combine DSA with conventional
lithography technology. In DSA process, the pattern is formed using the feature
which block copolymers (BCPs) form regular self-assembled structure, so-called
microphase-separated structure. The micro pattern formation using BCPs can
form microphase-separated structure of less than 10 nm half pitch. The phase-
separated domains obtained by BCP self-assembly correspond to the size of the
polymer (molecular weight), which can be controlled during the synthesis of the
constituent blocks. In DSA process, the technology which controls the polymer
size more precisely and mass-produces BCPs is requested. We succeeded in
controlling the polymer size precisely and mass production of BCPs using the
living anionic polymerizing technology.
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Figure 3 DSA : The micro pattern formation technology using microphase-separation of BCP

Readout No.47 December 2016

29



eature Article
FEHE A L

RERU VTS 74 BMCCATS 70y 7 3K) 7T —DEREIM

30

1) Elementary process

P
S
B%EB‘

2) Precise molecular weight control
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3) The various polymers made with anionic polymerization

Figure 4 Living anionic polymerization
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Figure 5 Living anionic polymerization equipment for mass
production

Reacout No.47 December 2016

SHRORE

BHENEBEORIIIIEII L2DS, ZOEEZ W TER
ICDSAMEICTH 5BCP A LEMAGT & 2 70L, 5%, T4
WZEEM L T DD Do DSAT Ot ADSEER &
M, SRR ESIN L 72812, 70w XA O EEE
T dH DI F REMRRTE D HEDL, SHOFERE
LS THLIEFICEELRIETH D, T270 v AW
MOEZDHEDSADRRGIIRE LFREE %> T B o HH
WCEBRIED HIUL, BESC =T 1 7 VICLBRGL %
CHAEL, DSAHMASEERH SN L720121k, oo
HEPRR SN T NI S \nEA D,

Bhi)ic

DSA 7 1t 2 EMifL, 2 A N O TIEEIZHERTH 512
LEDLLT, REPICEEIZES> TRV, TORKELE
HIZDSA7 U ZADOKRIGIZH 5 kO T+ V)V 75
74 2RI OB LEATThH B < VTN s — =
TR D EDSAO R EEF 2L LHFHET Do KIFD
R~ TH DA, T AR O KBGO FERE % i e
L, —HTHH{DSAT H & AV BIEH X T2 Ok
PEFEICEMTEZ L L )RFOLENE2 LT, 20720
IZHBCPOEAHMZ S 5 I2MEEE, L) BWHE &2
LWL ERD D WL AT v 7 & L TEDSAM
O T TV r—a v E i, ShbEkEE
I BT & B0 & 2 87- e i 2 Al L Cwn o



HORIBA Technical Reports

[1] D.]J.C. Herr, . Mater. Res. 2011, 26, 122.

[2] C.Park, J.Yoon, E. L. Thomas, Polymer, 2003, 44, 7779.

[3] R.A.Segalman, Mater. Sci. Eng. R, 2005, 48, 191.

[4]1 G.E. Molau, “Block Copolymers”, S. L. Agarwal, Ed; Plenum
Publishing Corporation, New York, N.Y., 1970.

[5]1 A. Norshay and J. E. McGrath, “Block Copolymers :
Overview and Critical Survey’, Academic Press Inc., New
York, N.Y., 1977.

[6]1 G. Riess, ‘Encycl. Polym. Sci. and Eng.”, John Wiley & Son,
Inc., New York, N.Y., 1986.

[7]1 Y.Kawaguchi, T. Kosaka, T. Himi et al., the 1st International
Symposium on DSA, October 2015.

[8] T. Kosaka, Y. Kawaguchi, T. Himi et al., SPIE Advanced
Lithography 2016, Proc. of SPIE, 9779, 977916.

nno =5

Yukio KAWAGUCHI

et W= A7 v 7

FFEAE wAEbfRAMLT 7 /0y —kr s —
Kyoto Fukuchiyama Technology Center
HORIBA STEC, Co., Ltd.

i)r

Reacoul No.47 December 2016 | 31



Feature Article

G EST

FEP R IHRAN D K IC L B
Cp,MgH RBED 7IVZ A LEIFE

Real-time Measurement of Cp,Mg Vapor Concentration
using Non-Dispersive Infrared Spectroscopy

FEENXLA A - FEDOBILH) JTLRFEFRTNA ZDEETOE X
ICHAWSOhBEX L VAR EZI TR I LDA XEEN, EDEFRN
WUINAHFEIC L STV TIVEALICBIETED L IICE -0 BEDH
HEBMBEOBEE LIRS Y, C-HESDEAIRENICHF S 12.8 umDFRSHt
WINEFIAT 2T, BRENDHIEEINEFSBONTWS, 5N
FAF -2 &R T2E, 7OCXFICF v o NICHEHEI NI HEE
I, BAMETED SETE SN BEE B AESTBEL THY, £LNT5—
RMUVCES>THRBERXZDX v U T HAREBEREEI» ELE->TWVD
CEDPRD oI AR T, AIERMFMERBREREEDHICH/BNT 2,

® K9t

Daisuke HAYASHI

Vapor concentration of bis-cyclopentadienyl magnesium, which is used for
fabrication of gallium-nitride semiconductor devices such as blue light-emitting
diodes, was measured by using non-dispersive infrared (NDIR) spectroscopy.
Different from conventional NDIR measurements, infrared absorbance at 12.8
pm corresponding to C-H bending motion was utilized. From the measurement
results, it becomes obvious that the vapor concentration was largely different
from the concentration calculated from the saturation vapor pressure, and that
the concentration and its dependence on carrier flow rate could be varied
according to bubbler bottles. In this article, the detail of measurement technology
along with experimental results was described.
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Figure 1 The infrared absorption spectrum of Cp=2Mg measured by
FTIR. The FTIR measurement system was Model: FG-100
provided by HORIBA Co., Ltd., with HgCdTe detector and 2.4
m optical path length.
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Figure 2 Schematic of the NDIR measurement system.
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Figure 3 Experimental setup of Cp2Mg bubbling and real-time vapor
concentration measurement.
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Figure 4 Result of real-time measurement of Cp=Mg vapor
concentration using the NDIR.
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Figure 5 Difference of measured vapor concentrations between 2
bottles of Cp2Mg.
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Table 1 Comparison of Cp=2Mg mass consumption calculated from
NDIR measured concentration and measured bottle weight
loss for continuous bubblings.
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Interference Thickness Meter for Minimal Fab
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The Minimal Fab was established by Fab System Research Consortium in AIST
as Semiconductor Factory which smallest production unit. This Fab system will

Shiro HARA achieve small quantity and large variety devices by using half inch wafer.
Currently simple CMOS devices can be made by use Minimal process and
packaging tools. HORIBA STEC developed Minimal optical thickness tester by use
interferometer . This measurement tool is required by CVD, Etch, lithograph work
flows. The feature of this optical thickness tester will be described in this report.
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Figure 1 Minimal tool and wafer
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Table 1 Comparison of ellipsometry and interference thickness meter
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Figure 2 System configuration of minimal optical thickness tester
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Figure 4 Upper-part internal-space of minimal optical thickness tester
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Table 2 Specification

l I
I I
: 1
| |
I I
I I
I I
I I
I I
l I
I I
: 1
| |
I I
1 e 1
l , !
! 1 PLC !
! ‘ :
I I
H 1
| |
I I
I I
I I
I I
| I
| 1
I I
I I

I

REE RN-100M $E5 8 ERTE
BIE R RETFHX
BIEX R BAEMED & % B

SiO2/SiZtR : 50 nm~40 um

SiN/SiER : 50 nm~25 um

Poly-Si/SiOz : 50 nm~2 um
(Poly-Si : 100 nm~500 nm®SiO_L)

a-Si/Si0z : 50 nm~2 um
(a-Si : 100 nm~1000 nm®SiO:.E)

AlERE a-Si/SiN : 50 nm~2 pum
(a-Si : 100 nm~800 nmMSiN_L)

SiO2/Poly-Si : 50 nm~1 um
(SiO2 : 500 nmEL_EDPoly-Si k)

SiN/Poly-Si : 50 nm~1 um
(SiO2 : 500 nmEL_EDPoly-Si.k)

SiO/&EBEE : 50 nm~25 um

AIEERIE 2BBRE
BIE =L RA500=
HIEEERE 108 72 1) 2~ 3% (O AIERF, £ITIE3NEE)

40 | Readout No.47 December 2016

Ay FNZRIL -
data RN je—> LY E1ER

BET—SRUEL

PC control Screen

[wu] ssauyoiyL

AERBROES

Dok tiEE L TnwlZ e ehd, I =%
VBRI, BIERERZPC, A7 — Vil 2 PLC,
C AU HIREERR & 2 CTRERC L TV %6 MIER#EIT IZPCTAT
W, ER ORI APLCTIT> T b, llIEES 7T —4%
WFPCANERAE S, BE T — & OG5 2 PLC T —RE
BAF LETR SR VAFIR L T b 2OBT — 5 OFiE
WPLCO AT ) A RNZL > THF > TL %o 7l &R
FIRIZOWTUE, ieRB000 M58, MEM & OIS A1, &
ROEFFERB L O MapliE OB TREE o T
(Figure 10), Mapif& o 4 i1z 2w Tld, OriginPro2016
AEHLZOT 7L — &b EICMapDBEI{EAERE 1T -
Tk, L7225 T —H —1X0riginz H\> CThf A DMap
EREVER S 5 2 EAREE 2o T D,

IZVIVEERRfEREL DV E

Table 212 LR 7 AR O W E P 2 5Lk % o A igE 0



HORIBA Technical Reports

LoV, B, A E, v MIE RO 720 O
k7T 7 ANEEDEHEL P EE LTERS NS,
FEFE LR IS L 725 L o ¥k, BIICAUTO-SE () 7
A= =) TEELBITREO T - &b LIl s b,
MEMEIZME EICEE®E S % Circle Type, #HEfICHE S
5Square Type, CAD FOfETF— % 3 L < iE%’f@fiﬁ
7= % USBANT 2508 ) ABNCREEL I =~ Vil
ELIEELTERSNS, ’7l/\1i1§7f%ﬁ0)f:&)0)@1%
BT 7 AN, TINDFY) T T - kv IR
T 5700 REEHGEETEGZ b LY A M ERFIZY
INTy PEICEZE - N8 — U DH B b ORI 2 B <

WU 77 Ly AL RBY Y TIVEEE D L IER S
5o

FOMOEBERMAREE LT, I2<VEEE L TENNR
100 V 1000 WLLF & HE E N T % SO HITE DK H
&, BB K2 ATZELTBN200 WORED#Hm L
o T\ 7z, 7272135 dbRL T OB HIEIC 72w L CldE
LTEHY, nar vk, PC, SREHIEFHIMN I ~ b
O— %I LB NBHELY SOIHIZ I =Y VOkWE
RN TORDOFEAEEZIZ 2FI2L D 7 7 v AR E TR
BEMZ B TRPEGHRLLEE 25,

BFHUIC

Db, I =< VT HEERHI O W TR T & 72, BEE
HNCRE L Tl 731 AER E DR 2 MEREE Th Y &K
BLRREEED—DEEZTWVD, 32V )VT 7 7IZH%E
BETHYSHBILSIREL2 Y — 7y FLTHE 701 A
FEZIUNE) FHATNEESEOREZ XL EHNEETH
Do MAAHMS I ATy ZIZIhb IV Fav R -
PR EOMZB MG ICTT 2 2 L TR RIS
M 7238 L Vi R £ L ORESE ICH/ T A L D TH
5o

mE F

Hiroshi NISHIZATO
RS P T AT v 2
BHFEARTS  BIAHE

Deputy General Manager
Research & Development Division

, HORIBA STEC, Co., Ltd.

ERE %

Hiroshi IIDA
RS Je 5 B e
AT v & —
Advanced R&D Center

‘%) HORIBA, Ltd.

¥AH B
Takaaki MATSUDA

HRASAL W T AT > 7
BHFEARTR B ek st 3
Development Design Dept.3
Research & Development Division
HORIBA STEC, Co., Ltd.

I s2EA
Shiro HARA
WO RIS N B BT SRR 00T
/XL hOozg A E}f B IZINVYATLT V=T
777/7~TAEJT ARE Mt (1)
Nanoelectronics Research Institute
A}(livanced Industrial Science and Technology (AIST)
Ph.D.

Reacdout No.47 December 2016

41



Feature Article

G EST

BRRNZAIyF2770AAND
REH A3MEt (RGA) BERADRIR

A Residual Gas Analyzer for Dry Etching Process
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Concerning the dry process of the semiconductor device manufacturing, the
monitoring of etching chamber conditions (pressure, temperature, gas
concentration, ...) is crucial. This time, as a study of a new application, we
examined the etching chamber management by using the residual gas analyzer.
Generally using a residual gas analyzer in a dry etching apparatus which uses
halogen-containing gas has been being avoided because of concerns such as
sensors life. By confirming the residual gas component in the chamber before
etching, it was possible to illuminate the cleaning process.
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Figure 1 (a)RGA set up (b) The heating temperature in the system
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Table 1 Work procedure of the chamber overhaul and start-up
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Figure 2 Pump down monitoring
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Item Judgment criteria
Surface Mirror Surface Good (Mirror) Good (Mirror)
taper 80-90 degree Good (85 degree) Good (85 degree)
Selection ratio More-than 10 11 12

Figure 3 Chamber conditions before etching with/without dry cleaning sample
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Figure 4 Chamber conditions before etching under Low/High degree vacuum state
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Industrial In-line and Multi Component Monitor Using Absorption Spectroscopy and
Its Application

K5 (UV) EFRS(NIR) ORI e EEFERA L 2EREBEE=-42CSY
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3t BT

Yoko NAKAI

Chemical concentration monitor, HORIBA CS series, is widely used in
semiconductor wet process. Its measurement principle, Ultra Violet (UV) and
Near Infrared (NIR) absorption spectroscopy, enables in-line and real-time
monitoring for multiple component chemistry. Measuring various kinds of
samples is achieved, such as Fe ion concentration in HCI, more than 5
component chemistry including by-product from etching, to H.O; in CMP slurry.
In this paper, measurement results for those samples are introduced.
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Figure 1 Structure of CS-100 series
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Figure 2 Schematic flow of making calibration curve
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Figure 3 Absorbance spectra of metal ions
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Figure 4 Measurement results of HCI, Fe*"and Fe®*, using monitor installing spectrometer for VIS region
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Figure 5 CS-700 measurement results of 5 components acid
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Figure 6 Measurement result of H202 in CMP slurry
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Conductivity Meter with Carbon Electrodes and Application for Densitometers
Technologies for a Practical Densitometer
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2-pole electrical conductivity sensors with chemical resistant carbon electrodes
are developed in 2002. These sensors are installed in the semiconductor wet
process and used as a densitometer practically. The electrical circuit for 4-pole
measurement was an innovation which improved the interface problem to the
any 4-pole sensors. Single component concentration of HF or TMAH is
measured from the conductivity, based on the precise measurement of
conductivity and temperature, via individual temperature compensation of
conductivity. Etching or developing solution should be controlled severely. Needs
for monitoring solution based on the application of conductivity method are
increased.
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Figure 1 Current, voltage signal and current divided by voltage signal
of the 4-electrode carbon sensor
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Figure 2 2-electrode carbon sensor

Figure 3 4-electrode carbon sensor
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Table 1 Extracted metals from the carbon surface by Hydrogen
chloride

BRRICK BHHE  ppb
RS T30 1H 7H
Fe 110 110 97
Cu 1.9 1.2 1.4
Ni 0.32 0.36 0.36
Cr 0.74 0.76 0.66
Zn 9 11 8.5
Ti 2 2.1 2.2
Al 14 15 16
Ca 33 36 31
Na 250 260 260
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Figure 4 Electric circuit for 4-electrode conductivity measurement
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Figure 6 Example of the temperature characteristic of the
conductivity of Hydrogen Fluoride solution

Figure 7 Conductivity of the phosphoric acid at 25°C
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Table 2 Practical concentration range converted from the
conductivity for each chemical solutions

2% IREEEE % 2% IR EHEE %
HCI 0-15 NaOH 0-12
H2S04 0-20 TMAH 0-15
HF 0-50 NH3 0-2
HNO3 0-15 NaCl 0-23
(COOH)2 0-7 KCl 0-20
H3PO4 0-30 K2C03 0-10
KOH 0-20 Na2CO03 0-12
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GEST

FEGERARFBRRET (HD-960L)
EBE 2R BRE BERMETALE FEAERAORAMRNORMIOVT

Dissolved Oxygen Monitor (HD-960L) for Semiconductor Wet Process
Performance of the Dissolved Oxygen Monitor Used in the Semiconductor Wet Process;
Low Concentration Monitoring, High Temperature, Small Amount of Sampling Volume, Chemical Resistance

FEAFIIT Y FTOEXTEHINZEEHE (HFH S UOTMAHKER) D

H*_E {#KER BTBFEREH (HD-0600) £ RSLL . £2 ¥ K- 5075 Ik
Kentaro INOUE BEL, BEEDRE RT3 LEHDICH—- REBEER T -, NEEMHEE

DEEDREILE, — MBEANDERFRIEMOEEIC LY, SEERE
EEABERENDRESGILEER L /-, FHAHLRDER, BAMBERED
EEE, BROEELE(LICTHHEI HVWI L, KEETDEEZE(
ICH T 2REN+/RL, EEEEREICH UL TERNTH S 2 & PHER
AN, oY EEBTEZ70-F v >N\, X2—F&8EBL, &Y >
TIRETCHAERREZRXREICAETZES LI L7

The dissolved oxygen monitor HD-960L was launched which is used for the
etching chemicals (HF and TMAH aqueous solution) in the semiconductor wet
process. In the polarographic sensor, a guard electrode is arranged to obtain
faster response for low concentration range. The volume of the electrolyte
solution is limited so as to minimize the slack of the membrane by hot sample.
The guard electrode together with a current restrict resistor prolongs the life of
electrolyte solution. The results of the performance test showed that the signal of
saturated oxygen would not be influenced by the chemical existence, the
response to the concentration changing in low concentration area was good
enough, and the output was linear to the input concentration. In the flow
chamber, magnetic stirrer is installed to measure the dissolved oxygen stably in
low sample flow rate.
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Figure 1 Measurement principle of membrane polarograph method
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Figure 2 Cross section of the flow chamber with a sensor attached
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Figure 3 Efficacy of the imbedded stirrer resulted from evaluation
test(Possible to measure in low flow rate)
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Figure 4 Air saturated DO signal in HF solution

N Saturated DO signal in TMAH solution
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Figure 5 Air saturated DO signal in TMAH solution
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Figure 9 Outline view of Dissolved Oxygen monitor
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Table 1 Abstract of the specification

Amplifier HD-960L
Model Sensor Unit DO-100
Sensor 5600

Measuring principle

Membrane Polarography

Measuring range

200.0 ug/L 2.000 mg/L 20.00 mg/L

Measurement cycle |1 sec
Repeatability +/— 1%FS
Linearity +/— 1%FS
Response (T90) 30 sec
Flow rate 15 to 200 mL/min
Temperature 10 to 45 deg.C
Sample condition
Pressure 0to 0.1 MPa

HF concentration

Less than 5000 ppm

Sensor body

PP

Wetted material Membrane FEP
Flow chamber PFA
Power DC24 V
Facility
Purge gas N2
BhIZ

BRSO 729012, BIFRZ O L7722 LT, BFEOHK
v e AMBEICH LT, - FIZIEREZ 52562 8
T, MBEEOBTHREICMINTY, BREOHEZIZ
LHIENTELDE, CORGOREILFERETHL, S5
AR O ER 7 0 —F v Y NORE N & itk 7
Ot 22L& 8722 & T, Lo % 3T o R
FHETHEHE NPT ENTE

Lot B ML AR T O AT B VT, ek S D
TEEOMEIZZ T, ZOBEMERED X5 7l S
DAL ORIESHOETETERICL L L FHSIND,
C OEAEMRERT A O M E A b, A ) o I ERK
TAHI LR[S TWA,

F £ KER
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Development Department
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Development of Capacitance Diaphragm Gauge

FE{AXFPD (Flat Panel Display), AB&Eith, LED (Light Emitting

=H 8IXKER Diode) & & DEEICAV S M A BETOLAPT v F> 7 7L AT
Sotaro KISHIDA i, AL HAZAPEVNSONEEEDHIC, TOLAEHERRAREICKEE
FEEE525-80, HAEEUEP ELHERICBN-SHEEODERE Y
PEEIND, BLAEZDEIBEKRIZEZ D=0, HERERDRER

ZEITHB[VG-2002 ) —X | DREFEEITV, T DOMEEZFHE L £HER
FEICEN -BRECLKTEMEEBT S EN TE L, 22 TREVG-200
DERIFH & MEREFMERER OFMIC DOV THRET 5,

In the deposition process or an etching process that made to be used for the
fabrication of LEDs, semiconductors, FPDs and solar cells, various gases are
used and the process pressure gives large effect on product quality, so the
excellent corrosion resistance, and without gas dependent, and high accuracy
are required to vacuum gauge . To provide solutions to these requests, HORIBA
STEC has developed the Capacitance Diaphragm Gauge “VG-200 Series”, and
the results of the performance evaluation were superior reproducibility and long
term stability. Here, we describe the product features and performance
evaluation results of the VG-200.

ELBIC HEREMRZEIOAIERE
DS BRI BNTHET DL AROIENEWE - BEERAEZEN (£ v /305 2 A7) A=) OWERE

EWTHI L, BRMEEMFEET 29 2 CHERWICE (Figure 1) # 33 %,

ERHENE o TETWD, FIZITPEROBIEIZBWT

X, REZEEE Th T RE 0%ty bu—LvT 5 YUY RT A —ETAT 7T LI o THIEE L HEREIC
CEPMER T ANDH Y, BEFHIN L TR E S, S AIIFEE SN BEBARBSNTEY,
NZEAZEE L CHETELZ EDROENT VD, T72, T s —HTNI L o THBIZHR SN T, — Tl
HAWRIZANVE— - 71 A7 1 - MEMS% & DFEE BORENINEALT D EI L > THTAT 7T LD Tbk,
ZBWTHEZELZAM L-#GHEE 7o A 08Hwens
LB, INHD L) BIRILVEFETHZETIIHWS
NTVL, INLDOZEPLEBHETETERETKEL
THEZEFHIOEEEAI T Z L IIHL A TH D,

LHIZINSDNHOELIIEZ 5L, vy ks E
GAPET N T) AL MARR L, F AN TORE G
OBEEFMHE R4 22X o T, HEEM S 1 7T/
B - SREOHEREINE VG200 ) — X JOREE
WY L 72D TR 5o

m

“ T
TrA—HM eyt

Figure 1 Diagram of Capacitance Diaphragm Gauge
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Figure 2 Appearance of VG-200 series

Table 1 Specification of VG-200 series

Model VG-200
BEEAL D 10, 100, 1000 Torr
I HRARE 55°C/100°C

BE 0.25%R.S.
ETOREFRE 0.0025%F.S./C
2NV RERE 0.02%R.S./C

——— = 10°C to 45°C (55°C)

TR A 10°C to 50°C (100°C)

60 min (55°C)

PR 120 min (100°C)
fREEMES 350 kPa(A)

Analog 0-10 V

H7 >10 kQ load

=R +15 VDC *5% or 24VDC+5%

§ @0.6 Amax

EEMUELUE

Ty a—

Bl
FA4T 754
Ny 7

Figure 3 Cross section view of sensor package
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Table 2 Interface pin assignment of VG-200 series

E > No. %5
1 Re ZeroAF71 (+)
2 EAHHEAHES 0~10 VDC/0~F.S.EH
(BfEH10 KQELE)

3 Re ZeroA#1 (—)

NPNA—Z>aL 7 2 (BRAT—42X)
BEHSETEICA—7>aL 7 40N

5 EEIE

6 TEAH —15VDC *1)

7 EEAH +15VDC/+24 VDC
8

9

ty hRARMJL—1 J—7)byO-X
Yy hRA M L—1 J—<IF—T>

10 ty hRAFJL—1 TE>

11 ty R4 MUL—2 /—7)byO—-X

12 EAENES 3T

13 ty hRA UL —2 J—=<IA—=T>

14 ty hRAMIL—2 TE>

15 REERA (FETRAHERL ELVTLEEW)
*1) BER24 VE CHERAORE, 6pinlc 3 AHERLAVT LI,
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Figure 4 Ambient temperature characteristics
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Figure 5 Long term Zero stability
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Figure 6 Test result of pressure cycle
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Figure 7 Test result of proof pressure

[1]1 Larry K. Baxter : CAPACITIVE SENSORS,IEEE Press,
1997.
[2] MAEIA, Readout, 10, 36(2010).
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Product Introduction

B v

BEITZ270-3> MO—5OBF

Development of Ultra Thin Mass Flow Controller

HEOFBEFREE T OEXICHWT, HAIEEM R T 1 NOEFEER
ICE2REBERLEOTNICHEY, HARBE S X TLOEHEEIENI KD 5 h
TW3, BEMICIE, v X270—-3> FAO—5 (MFC) DIEH S 1%
TIER, 7OEXF v+ O N—DIRFEICMFCEERET 2 2 &N RET S 1
THY, ZRICHEVHRIERE S X T LD DEICE > TV 5B, it
T, TN SERICHICFIEES10 mMMIBEMFC#BIZRL TH Y, B TIE
Z DEFZHEAR VITSRFEMICOVWTRBN T 3,

FiE B

Masayuki NAGASAWA

In recent semiconductor manufacturing process, high performance gas delivery
system is required for the purpose of process miniaturization and wafer quality
improvement. Specifically, the idea of increasing Mass Flow Controller(MFC)
installation and mounting MFC close to process chamber, are discussed.
Therefore, it is necessary that gas delivery system will be downsized. HORIBA
STEC has developed 10 mm width MFC which is possible to be applied to these
requirements. This paper, introduce product descriptions and application
technology.
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Control Box

Communication Cable

MFC

Figure 2 #2318

Table 1 MFCOAETEDLE

HHE 1.125inchfgMFC DzZ-100
1 105 mm 99 mm
& 28.6 mm 10 mm

=3 126 mm 102 mm

B 260 cm® 85 cm®

B= 800 g 230 g

=
20
o
T
Length Width
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Establishment and Application of Rapid Supply Method for Sl-traceable Organic
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In order to ensure international consistency of analytical values, it is necessary
to assure metrological traceability to international system of units (Sl), whereas
most of organic standard materials are not assured Sl-traceability.

New system, Standard Materials Calibration System, was developed in
collaboration with HORIBA STEC Co., Ltd. and National Institute of Advanced
Industrial Science and Technology (AIST). In this report, we studied new
determination method which was easy and quick to assure Sl-traceability to
various analytes using this system.
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Figure 1 Analysis procedure using Standard Materials Calibration
System
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Figure 2 CIZIZMEY)EA, B, CEIBEENEHET 5. Z OB
THHEY)E A DR (mol/kg) 23K 5 72912 13Figure 2
RBOF AN TREBT 2, WEAOEE (kg) & EVEY
i (kg/mol) & Al (kg/kg) D3ODEDPLETHDH Z &
W5 o

ALY B X EEAR T 2 O AT S T v B RRAR R )
(NMIJ CRM) %% H\\ 5 2 & THEDSI M L—H 1)
T4 RHERT B0 ART LBRICH W5 ETFRITIE, JCSS
RIEFEEAT & 040 2 W72 RIER 479 & & THEDSI
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G #ERE (kg/ke)
X / BFXAT
BE (kg) 2RIV P SRE
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Figure 2 Preparation procedure of mixed standard material for
calibration
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GC-FIDTHHTT %o Ml 2 CHy (A & > ) HAGERFE HEdm
*GCOTHRME L L 72 EMi e 1FRT %0

GBER R E % B ERIE Y A 7 24 X GC-FID T3
s %o

OO Z I CEHHER R E O fafE,» 5 T2
NOCHARF R 2 BT 2 o CH IR AR 2 & 2k
SWEORFHTEL L TREXHETT %,

%1 : FID (Flame Ionization Detetor) : /K&E A + bkt #F

FEYME LAENRME

SNIEEYE & LCTH ~ (Cl0), K74~ (Cl2), ~_¥
5579 (Cl4), ~FH 74 (Cl6) V720 T,
FERW O EEER S v ¥ — L B 2 b L
T, B AT H:C X ASLM L —3 7 )b 2 bl 574l (&
GEE) % AT\, Tablel O (HESGH) &L AL S OfE %

572

HESSWE L, FRSCENTHETCHRIN TS y-T
WERY, FI=F =N, FHVBAFIV, B-HV)F T4
L& HE L7, Table 1DO#EWE & HES RO
& F— DT VB BEIE S 7z RE RO S
DUWESE & A E O % Table 2127283 5.

Table 1 Results of purity evaluation (mass fraction)at AIST

ME ELEE"
wEE | BR |t TS | g | TR S
(k=1) (k=1)
kg/kg kg/kg g/mol g/mol
Thr C10| 0.998 0.002 142.282 0.005

NFH> C12| 0.996 0.003
ThI7H | C14 | 0.995 0.005
AF¥HTH> | C16| 0.997 0.003

170.335 0.006
198.388 0.007
226.441 0.008

Table 2 Concentration and uncertainty value of mixed standard

material
=E
WE% s lMiE BEERRED & (k=1)

kg/kg kg/kg
TFh C10 92.596 0.189
KFh> C12 11.906 0.038
ThITH>|Cl14 38.387 0.175
ANXHTH> | C16 68.023 0.173
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Figure 327" 7,
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FVv>TFigure 4D % 1572,
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‘“ il
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1:FH> (C10), 2: y-FILEX>, 3: KFH> (C12),
4:FS=F—), 5 FHUEBAFIV, 6: FRSFHL (C14),
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Figure 3 Chromatogram of standard materials and analytes
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Figure 4 Calibration curve of standard material

Table 3 Quantitative result of analytes

=
AEHRIEEY B ME BETRED & (k=1)
mmol/kg as CHa mmol/kg as CHa
y-FILEZR > 47.3 0.7
TFI=F—I 41.3 0.7
THUBXFIV 30.6 0.5
B-AUFT 4L 43.0 0.7
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BISEEFROMRNZL I TO7 1y ¥ 3 FIVEITOBoBERTH %,
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NAEERICRPERVEBETHD | EEZ, THI D EEBERPIERTE
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(User Experience/UX) | e £ AH T EZEZATE D51, 712
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Hyosuke YONEZAWA

Most of HORIBA’s products are the B2B products which are focused on
professional use. However we have placed emphasis on product design and
placed much value for it. We think “Design is the essential function for the
excellent products.” It generates User Experience which gives the real feeling of
quality. Furthermore, we think our design approach as the way to increase better
Employee Experience. In this literature, | introduce HORIBA group’s product
design approach which cooperation with many section and our goal in product
design.
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HORIBA, Ltd.

2, Miyanohigashi, Kisshoin, Minami-ku,

Kyoto 601-8510

Phone : (81)75-313-8121 Fax : (81)75-321-8312
Biwako Factory
1-15-1, Noka, Otsu, Shiga 520-0102
Phone : (81) 77-526-7661 Fax: (81) 77-578-7410

HORIBA Advanced Techno Co., Ltd.

31, Miyanonishi Kisshoin, Minami-ku,

Kyoto 601-8306

Phone : (81)75-321-7184 Fax : (81)75-321-7291

HORIBA STEC, Co., Ltd.

11-5, Kamitoba Hokodate, Minami-ku,

Kyoto 601-8116

Phone : (81)75-693-2300 Fax : (81)75-693-2350
Aso Factory
Torikokogyodanchi, 358-11, Koumaibata, Toriko,
Nishihara-mura, Aso-gun, Kumamoto, 861-2401
Phone : (81)96-279-2921  Fax : (81)96-279-3364
Kyoto Fukuchiyama Technology Center
11-1 Ecotopia Miwa Koaza, Miwa, Fukuchiyama
620-1445
Phone : (81) 773-59-2070 Fax : (81) 773-59-2074

HORIBA TECHNO SERVICE Co., Ltd.

2, Miyanohigashi, Kisshoin, Minami-ku,

Kyoto 601-8305

Phone : (81)75-325-5291 Fax : (81)75-315-9972

HORIBA Instruments Brasil, Ltda.
Rua:Presbitero Plinio Alves de Souza, 645,
Loteamento Polo Multivias Barirro Medeiros,

Jundiai, Sao Paulo 13212-181

Phone : (65)11-2923-5400  Fax : (55)11-2923-5490

MIRA do Brasil Servigos de Engenharia Ltda.
Parque Tecnoldgico S&o José dos Campos, Centro
Empresarial ||-Sala 2104, Avenida Doutor Altino
Bondensan, No. 500-Distrito de Eugénio de Melo,
CEP: 12247-016-Sé&o0 José dos Campos/SP

Phone : (55)11-96990-6475

TCA/HORIBA Sistema de Testes Automotivos Ltda.
Rua Goias 191 Vila Oriental, Diadema, Sao Paulo,
09941-690

Phone : (65)11-4224-0200  Fax : (55)11-4227-3133

HORIBA Canada, Inc.

Unit102, 5555 North Service Road Burlington,

Ontario, L7L 5H7

Phone : (1)905-335-0234
London Office
347 Consortium Court, London, Ontario, N6E 2S8
Phone : (1)519-668-6920  Fax : (1)519-668-8437

Fax : (1)905-331-2362

HORIBA International Corporated
9755 Research Drive, Irvine, CA 92618
Phone : (1)949-250-4811 Fax : (1)949-250-0924

HORIBA Instruments Incorporation

9755 Research Drive, Irvine, CA 92618

Phone : (1)949-250-4811 Fax : (1)949-250-0924
Albany Office
Suite 104, 58 Clifton Country Road, Clifton Park, NY
12065
Phone : (1)-518-331-1371
Alvin TX Office
5318 West Farm to Market 517 Road, Alvin, TX 77511
Phone : (1)-281-482-4334 Fax : (1)-281-614-0303
Austin Office
9701 Dessau Road, Suite 605, Austin, TX 78754
Phone : (1)512-836-9560  Fax : (1)512-836-8054
Chicago Office
1725 Roosevelt Road #115, West Chicago, IL
90185
Phone : (1)630-562-2298
Edison Office
3880 Park Avenue, Edison, NJ 08820
Phone : (1)732-494-8660  Fax: (1)732-549-5125
Houston Office
240 Spring Hills Drive, Suite 410, Spring, TX 77386
Phone : (1)281-367-7422  Fax: (1)281-367-7423
New Hampshire Office
315 Derry Road, Suite 13 Hudson, NH 03051
Phone : (1)603-886-4167  Fax : (1)603-886-4267
Portland Office
10110 South West Nimbus Avenue, Suite B-11,
Portland, OR 97223
Phone : (1)503-624-9767
Reno Office
605 Spice Island Drive, #5, Sparks, NV 89431
Phone : (1)775-358-2332  Fax: (1)775-358-0434
Sunnyvale
430 Indio Way, Sunnyvale, CA 94085
Phone : (1)408-730-4772  Fax: (1)408-730-8975

Fax : (1)630-562-2324

Fax : (1)503-968-3236
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AnnArbor Facility

5900 Hines Drive, Ann Arbor, Ml 48108

Phone : (1)734-213-6555  Fax : (1)734-213-6525

Troy Facility

2890 John R Road, Troy, Ml 48083

Phone : (1)248-689-9000  Fax : (1)248-689-8578
MIRA North America Inc.
1400 North Woodward Avenue, Suites 250, Bloomfield
Hills, MI 48304

AUSTRIA

HORIBA (Austria) GmbH

Kaplanstrass 5, A-3430 Tulln

Phone : (43)2272-65225 Fax : (43)2272-65230

BELGIUM
HORIBA Europe GmbH
Antwerp Office
Duwijckstraat 17, 2500 Lier
Phone : (32)3-281-57-92 Fax : (32)3-230-06-95

HORIBA Czech
Prague Office
Prumyslova 1306/7, 10200, Praha 10
Phone : (420)246-039-265
Olomouc Factory
Zeleznicni 512/7, 772 00 Olomouc
Phone : (420)588-118-365 Fax : (420)585-310-725

HORIBA ABX SAS
Parc Euromédecine, rue du Caduce, BP7290, 34184
Montpellier Cedex 4
Phone : 33(0)4-67-14-15-16 Fax : 33(0)4-67-14-15-17
HORIBA France SAS
12, Avenue des Tropiques Hightec Sud, 91955
Les Ulis
Phone : (33)1-69-29-96-23 Fax : (33)1-69-29-95-77
Grenoble Office
BUROCLUB 2 Av de Vignate, Gieres 38610
Phone : (33)4-76-63-49-15 Fax : (33)4-76-54-03-99
HORIBA Jobin Yvon SAS
16-18 rue du Canal, 91165 Longjumeau Cedex
Phone : (33)1-64-54-13-00 Fax : (33)1-69-09-07-21
Villeneuve d’Ascq Office
231 rue de Lille, 59650 Villeneuve d’Ascq
Phone : (33)3-20-59-18-00 Fax : (33)3-20-59-18-08
HORIBA Europe Research Center
Avenue de la Vauve - Passage Jobin Yvon CS
45002 - 91120 Palaiseau
Phone : (33)1-69-74-72-00 Fax : (33)1-69-31-32-20

GERMANY

HORIBA Europe Automation Division GmbH
Zabergaeu Strasse 3, 73765 Neuhausen

Phone : (49)7158-933-300  Fax : (49)7158-933-399

HORIBA Europe GmbH

Hans Mess Strasse 6, 61440 Oberursel

Phone : (49)6172-1396-0 Fax : (49)6172-1373-85
Darmstadt Office
Landwehr Strasse 55, 64293, Darmstadt
Phone : (49)6151-5000-0 Fax : (49)6151-5000-3865
Dresden Office
Hugo-Junckers-Ring 1, 01109 Dresden
Phone : (49) 351-8896807 Fax : (49)-351-8896808
Hanover Office
Bayern Strasse 29, 30855 Langenhagen
Phone : (49)511-7410-95  Fax: (49)511-7410-53
Korschenbroich Office
Friedrich Ebert Strasse 9-11, 41352 Korschenbroich
Phone : (49)2161-47537-0
Leichlingen Office
Julius Kronenberg Strasse 9, 42799 Leichlingen
Phone : (49)2175-8978-0  Fax : (49)2175-897850
Munich Office
SchleiBheimer strasse 253, 80809 Munich
Phone : (49)89-2444-779-0 Fax : (49)89-2444-779-10
Potsdam Office
Dennis Gabor Strasse 2, 14469 Potsdam
Phone : (49)3316-4900-70 Fax : (49)3316-4900-74
Stuttgart Office (Boeblingen)
Hans Klemm Strasse 56, 71034 Boeblingen
Phone : (49)7031-677-9440 Fax : (49)7031-677-9450
Stuttgart Office (Neuhausen)
Zabergaeu Strasse 2, 73765 Neuhausen
Phone : (49)7158-933-800 Fax : (49)7158-933-899
Wolfsburg Office
Klauskamp, Heinenkap Il 38444 Wolfsburg
Phone : (49)5361-27648-11 Fax : (49)5361-27648-24

HORIBA Jobin Yvon GmbH

Neuhof strasse 9, 64625, Bensheim
Phone : (49)89-62-51-84-750 Fax : (49)89-62-51-84-7520

ITALY

HORIBA lItaly SRL
Via Luca Gaurico 209, 00143 Roma
Phone : (39)6-51-59-22-1 Fax : (39)6-51-96-43-34
Milano Office
Via Cesare Pavese, 19 20090 Opera Milano
Phone : (39)2-57-60-30-50 Fax : (39)2-57-60-08-76
Torino Office
Via Feroggio, 30, 10151, Torino
Phone : (39)11-904-0601 Fax : (39)11-900-0448
HORIBA ABX SAS
Italy Office
Via Le Luca Gaurico 209/211, 00143 Roma
Phone : (39)6-51-59-22-1 Fax : (39)6-51-96-43-34
MAURITIUS

MIRA Engineering Service Mauritius Ltd.
9th Floor, Orange Tower, Cybercity, Ebene
NETHERLANDS
HORIBA Europe GmbH
Netherlands Office
Science Park Eindhoven, 5080 (Industrial park
“Ekkersrijt") 5692 EA Son
Phone : (31)40-2900240
POLAND
HORIBA ABX Sp. z 0. 0.
ul. Putawska 182 02-670 Warzsawa
Phone : (48)22-673-2022 Fax : (48)22-673-2026
PORTUGAL
HORIBA ABX SAS
Portugal Office
Alfrapark Estrada de Alfragide 67, Edificio
F - Piso 0 Sul, 2610-008 Amadora
Phone : (35)12-14-72-17-70  Fax : (35)12-14-72-17-89
ROMANIA
HORIBA (Austria) GmbH
Romania Branch
B-dul.Republicii, nr. 164, Etaj Parter, Birourile nr. 3
si 4, Pitesti, 110177, Judetul Arges,
Phone : (40)348-807117 Fax : (40)348-807118

Fax : (31)40-2900624

HORIBA 000
Altufievskoe shosse, 13, building 5, 127106, Moscow
Phone : (7)495-221-87-71 Fax : (7)495-221-87-68
HORIBA, Ltd.,

Moscow Office

Build 5, h.13, Altuf'evskoe shosse, Moscow, 127106

HORIBA ABX SAS
Spain Office
Avenida Caidos de la Division Azul 16, 28016 Madrid
Phone : (34)91-353-30-10 Fax : (34)91-353-30-11

HORIBA Europe GmbH
Sweden Office (Gotehnburg)
Grimboasen 10 A, S-417 49 Gothenburg
Phone : (46)31-644268 Fax : (46)31-644269
Sweden Office (Sodertalje)
Sydhamnsvagen 55-57, 151 38 Sodertalje
Phone : (46)8-550-80701  Fax : (46)8-550-80567
URKEY
HORIBA Europe GmbH
Istanbul Office
Kiglkbakkalkdéy Mah. Kayisdagi Cad., Flora
Residence No:3/2504, 34750
Atagehir/Istanbul
Phone : (90)216-572-1166 Fax : (90)216-572-1167

‘

HORIBA UK Ltd.
2 Dalston Gardens, Stanmore, Middx HA7 1BQ
Phone : (44)208-204-8142  Fax : (44)208-204-6142
Northampton Office
Kyoto Close, Moulton Park, Northampton, NN3 6FL
Phone : (44)1604-542-500 Fax : (44)1604-542-699
HORIBA Jobin Yvon IBH Ltd.
133 Finnieston Street, Glasgow G3 8HB
Phone : (44)141-229-67-89 Fax : (44)141-229-67-90
HORIBA Test Automation Ltd.
Teme House, Whittington Hall, Whittington Road
Worcester, WR5 2RY
Phone : (44)1905-359359
HORIBA MIRA Ltd.
Watling Street, Nuneaton, Warwickshire, CV10 0TU
phone : (44)24-7635-5000
Quatro Park
Unit 1, Quatro Park, Paycocke Road, Basildon,
Essex, SS14 3GH
Phone : (44) 1268-290100

Fax : (44)1905-359332
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CHINA

Beijing HORIBA METRON Instruments Co., Ltd.
Chaoyang District, Bei Yuan Road 40, Beijing
Phone : (86)10-8492-9402  Fax : (86)10-8492-7216

HORIBA INSTRUMENTS (SHANGHAI) Co., Ltd.
No.200, Taitao Road, Anting Town, Jiading District,
Shanghai 201814

Phone : (86)21-6952-2835  Fax : (86)21-6952-2823

HORIBA (China) Trading Co., Ltd.
Unit D, 1 Floor, Building A, Synnex International Park,
1068 West Tianshan Road, Shanghai, 200335
Phone : (86)21-6289-6060 Fax : (86)21-6289-5553
Beijing Office
12F, Metropolis Tower, No. 2, Haidian Dong 3 street
Beijing 100080
Phone : (86)10-8567-9966 Fax : (86)10-8567-9066
Guangzhou Office
Room 1611/1612, Goldlion Digital Network Center,
138 Tiyu Road East, Guangzhou 510620
Phone : (86)20-3878-1883 Fax : (86)20-3878-1810
Shanghai Service Center
Room 303, No.84, Lane887, Zu-Chong-Zhi Road,
Zhangjiang Hi-tech Park, Shanghai, 201203
Phone : (86)21-5131-7150 Fax : (86)21-5131-7660
Shanghai Technical Center
No.200, Taitao Road, Anting Town, Jiading District,
Shanghai, 201814
Phone : (86)-21-6289-6060 Fax : (86)-21-6289-5553
MIRA China Ltd.
Jingan Zhongua Plaza, No.1701, Beijing West Road,
Shanghai, 200040
Phone : (86)21-5157-2236  Fax : (86)21-5157-2238

(NDIA____ |
HORIBA India Private Ltd.
246, Okhla Industrial Estate, Phase 3, New Delhi,
110020
Phone : (91)11-4669-5001/(91)11-4646-5000
Fax : (91)11-4669-5010/(91)11-4646-5020
Bangalore Office
No.55,12th Main, Behind BDA Complex, 6th sector,
HSR Layout, Bangalore South, Bangalore-560102
Phone: (91) 80-4127-3637
Chennai office
The ground floor New No. 41, Old No. 15/3, Velachery
Road, Little Mount, Saidapet, Chennai - 600015
Phone : +(91)-44-42077899
Technical Center
D-225, Chakan MIDC Phase-Il, Bhamboli Village,
Pune-410501
Phone : (91)-02135-676000

INDONESIA |
PT HORIBA Indonesia
JL. Jalur Sutera Blok 20A, No. 16-17, Kel. Kunciran,
Kec. Pinang Tangerang 15144
Phone : (62)21-3044-8525  Fax : (62)21-3044-8521

[KOREA |
HORIBA KOREA Ltd.
202-501, Bucheon Techno Park, 388, Songnae-
Daero, Wonmi-Gu, Bucheon-Si Gyunggi-Do, 14502
Phone : (82)32-621-0100 Fax : (82)32-621-0105
Seoul Office
10, Dogok-Ro 6-Gil, Gangnam-Gu, Seoul, 06259
Phone : (82)2-753-7911 Fax : (82)2-756-4972
Suwon Office
D2f Hae Sung Building 107-5 Yuljeon-Ro, Jangan-
Gu, Suwon-Si Gyeonggi-Do, 16361
Phone : (82)31-296-7911  Fax : (82)31-296-7913
Ulsan Office
601, Kaya Building, 93, Sinjeong 3 Dong, Nam-Gu,
Ulsan, 44684
Phone : (82)52-275-0122  Fax : (82)52-276-0136
HORIBA STEC KOREA, Ltd.
110, Suntech-City, 474, Dunchon-daero,
Jungwon-Gu, Seongnam-si, Gyeanggi-Do, 13229
Phone : (82)31-777-2277 Fax : (82)31-777-2288

HORIBA Instruments (Singapore) Pte. Ltd.
3 Changi Business Park Vista #01-01 Akzonobel
House, Singapore, 486051
Phone : (65)6-745-8300
West Office
83 Science Park Drive #02-02A, The Curie Singapore
118258
Phone : (65)6-908-9660

Fax : (65)6-745-8155

HORIBA Taiwan, Inc.
3 Floor, No.18, Ln. 676, Zhonghua Road, Zhubei,
Hsinchu country 302
Phone : (886)3-656-1160
Tainan Office
1 Floor, No.117, Chenggong Road, Shanhua,
Township Tainan country 741
Phone : (886)6-583-4592  Fax : (886)6-583-2409

HORIBA (Thailand) Ltd.
393, 395, 397, 399, 401, 403 Latyah Road,
Somdetchaopraya, Klongsan, Bangkok 10600
Phone : (66)2-861-59-95 Fax : (66)2-861-52-00
East office
850/7 Soi Lat Krabang 30/5, Lat Krabang Road,
Bangkok 10520
Phone : (66)2-734-4434 Fax : (66)2-734-4438

HORIBA Vietnam Company Ltd.
Hanoi Office
Unit 6, 10 Floor, CMC Tower, Duy Tan Street, Dich
Vong Hau Ward, Cau Giay, Hanoi
Phone : (84)4-3795-8552  Fax : (84)4-3795-8553

Fax : (886)3-656-8231
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