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The Synthesis of B-C-N Hybrid by Ion Beam Deposition with Aromatic Molecules

Iwao SHIMOYAMA, Kazuya SHIGEZUMI', Yuji BABA, Tetsuhiro SEKIGUCHI, Norie HIRAO,
and Masamitsu NAGANO™

Synchrotron Radiation Research Unit, Quantum Beam Science Directorate,
Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken
(Received February 1, 2006)

Extreme low-energy ion beam deposition (IBD) method is devoted to synthesize boron carbon nitride (B-
C-N) hybrid thin film. Several combinations of source gases, i.e., borazine (B3N3Hp), triazine (C3N3Hs), and
benzene (CgHg), are used as precursor for the method in order to study the precursor effect. The
- characterization of the thin films is done by X-ray photoelectron spectroscopy (XPS). The precursor effect
is observed at three points,' (1) composition ratio (2) bond formation and (3) layered structure. XPS spectra
show the composition ratio basically reflects the element ratio of each precursor. The existence of various
kinds of bonds is observed in the B, C, and N 1s photoelectron peaks of the ﬁhns and the formation of the
bonds depends on the combination of source gas. The mixture of borazine and benzene precursor derives
C-C, C-N, B-C, and B-N bonds formation. On the other hand, other gases scarcely derive B-C bond
formation. We propose that this is caused by a layered structure caused by the viscosity difference of the
precursor molecules. Finally, we conclude that the mixture of borazine and benzene is the most preferable

| for B-C-N synthesis by the IBD method among the precursor gases.

Keywords: Ion Beam Deposition, B-C-N Hybrid, X-Ray Photoelectron Spectroscopy, Precursor, Borazine,
Boron Nitride, Carbon Nitride

* Department of Applied Chemistry, Graduate School of Science and Engineering, Saga University
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C 1s XPS spectrum of the sample 2. The sold bar shows Cls Ep of HOPG as a
reference. :

Semi-wide XPS spectrum of the sample 3.

N 1s XPS spectrum of the sample 3. The sold bar shows Nis Ep of bulk h-BN as a

reference.

C 1s XPS spectrum of the sample 3. The sold bar shows Cls Ep of HOPG as a
reference.

B 1s XPS spectrum of the sample 3. The sold bar shows Bls Ep of bulk h-BN as a
reference.

Semi-wide XPS spectrum of the sample 4.

N 1s XPS spectrum of the sample 4. The sold bar shows Nl1s Ep of bulk h-BN as a
reference.

C 1s XPS spectrum of the sample 4. The sold bar shows Cls Lp of HOPG as a
reference. ) 7

B 1s XPS spectrum of the sample 4. The sold bar shows Bls Ep of bulk h-BN as a
reference.

Semi-wide XPS spectrum of the sample 5.

N 1s XPS spectrum of the sample 5. The sold bar shows N1s Ep of bulk h-BN as a
reference. , '

B 1s XPS spectrum of the sample 5. The sold bar shows Bls Ep of bulk h-BN as a
reference.

Comparison of N1s XPS spectra. The results of samples 2 and 5 are shown by solid
and broken lines, respectively. Two referential spectra of h-BN and CN, are also
shown in the figure by dotted and chain lines, respectively.

Comparison of Nis XPS spectrab. Solid, broken, chain, and dotted lines show the
results for the samples 1, 2, 3, and 4, respectively.

Comparison of Bl1s XPS spectra. Solid, chain, and broken lines show the results for the

samples 5, 1, and h-BN, respectively. The solid bars show Bls £ of B,0; and BN-O
bond.

Comparison of Bls XPS spectra. Broken, solid, and dotted lines show the results for
the samples 3, 4, and 5, respectively. The solid bars show B1s Ep of BC; and B4C.
Schematic picture of layered structure in the thin film of sample 3.

Comparison of Cls XPS spectra. Dotted, solid, and broken lines show the results for
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Cls Eg of B4C.

Fig. 34 Comparison of Cls XPS spectra. Broken, dotted, solid, and chain lines show the
reéults for the samples 1, 2, 3, and 4, respectively. The referential energy positions of
Cl1s Ejp are shown for triazine, triethilamine, pyridine, HOPG, and B4C by solid bars.
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1. EL®HIC

5774 FERFRBIEAYIR (bBN) ORESEBERLLICTHRORBED 2 ROuGRA
MERED, HEE a BAMOBRFERIEN 1.6 LHELLLIMELEAME LT MbN
TW3H, FOEBSHHEEIXLLELED, V5774 FOIRLX—NY FREIBEFH L&
BENT ATETI-OFEBEFEhIBBHOEEEHS. hBNRETS FAV Xy y T
MEERRT M- VREAYMDBTHRHITKELAY FXr v T (E=5~6eV) EH DR
THhd, cOE=-OEEDPBDEREE >T=/ 4 TU vy FHEIZETRE LI MENRE TN
3[1], Liu 5[2li% BCoN M#p 8% L TE—FREBHHEZTL. BCNNSMTU vy FHHOE
FHENRFRBICKEIKELTEB~HBRLETDLYBIZLEZREL TS, CORRIT
B-CN N1 TYyw FHRERFREZ S FHPMINEIEFRELERICTFAoTESLT
BEMETRELTWA. LTS3 T774 MEEB-C-N/\f Ty FiZ5Reh 2 RTHEHMEIZEY
1RFBILOEBEMBNREBMICTRETHSI L, sp? IRBEBIZCEYRETORMBDO LI
BEEE AR RS FRIRROVEEEELTWLS,

B-CN/nf 7Y v FOERIEIhETHERRERFECVDEL. L—Y—T7ITL—2a o
LM, 2R ba RV EYUYTEEDBL (FOE—LT LR MEERIOIR EDHRL LS
ETHABNTEL, LOILEERBRECHIONBARKRTH S, BC-N/NI Ty FEROX
ELRMEAO-DELTBN LTS T74 FOBSBOBMERDH S, REFHRE (XPS) »7
— Y TEBRFADNKE FTIR) BEDF+SH/FUE—L 3V TIE BN ©T5 774 MAKIC
FRShTEY, BRICK>TRERELGERBDTH L ENH B, Nazaki 5[7/ON—+1)—T#
VOEICKDIBEIRNE~HEICEINETS 774 MEED BN EEVMFD S HELRE
BOIZhBNTHY. 5774 bRENICELD, #>TRAMBEMICE BN LTS T7S b
ADBPBENECPT V. REETOEZA BN OTIT74 FOBELELBCNMNS T
w FIZEZI L= lidEL. 3 —D20MEE L TR RILERAREE AL A DA R
BRENDENFETFOND, COEIEB-CNNS T v FAERE - BFREIZELTEZLON
JI—2a R >TWAHILERLTWSLLEZSM. TR AICHEZBRLNITIDIZ
BHAES, DEOZEMDE—ES B-CN/NM T v FERNEREINTINS,

FLEINETMRLETS 774 MRS DY (Figl) DA T EIC&>TELRETS X7
#1~3keVDEIRLE—TAFUVEATEIFEICEY, B-CN/NS TUw FHABEMITHRK
SNBHEEFHOMNCLEIE, COFETIREASh AT oA E~H1 0A DEETCHFE
FOEUZESIER L, BRELTISIZA MDD CERSOUTSXTHD B, N L#HEAER
B9 %, LALEBRMIZEIRS SO TS5 XTD#BIzLY BNEENRYSS 774 FEREICHKE
ENnB0, BCNILAYIETST774 & BNEEORBMTOABRENDIZE EEoTf, 2
CTHAROBE S LTHEGERTEEDREEE -1 B-C-N HIEZ B 5=~ 10eV
DEOHTEVNIRNNX—EL oM F VE—LEXBEEIBDZR WS, COHFETRAFTVED
HIEHAELTB C NEEUHTF FIERAR) ZBIRL., R EICEBICEBFTILIZEST
B-C-NtAMEMAT 55 ETH D, iDL FITBN £S5 774 FOBPELNBHIZELS
=86, CNZEBITDAEOICHBREOBREIEETH S, ToTERRECEVTHET R L~
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T E—LEEERCHITHMBAOREEXRE LTRYES.

A ITHEBAED—DELTFigl ISRULERS S (BsNsHe) #BIRLTz. R U UITEHEAR
VB ERENDEBEFOAFTBCNNS Ty FERICELTO L DI OEFLGRAEHR
D, =DNEBFPICBNBEEEF O L THD. BNHEEL CCHRAFFETFRELZRHOL
OIS T7A MEERTEBRITETHY. TAPZ B, C. N EATAORFICLBELELD
HAEHELYS BN L CC HADHAEDLEDHNEOREENRY FI—V ZEEL
©FW, £, SFHO B, N EREMLEAKRE S HOMERERDLZWI &M D HOEEEM
DHRFEYBMELTEENHEZ RFREELELTIE MY TP (CNsHa) &RV (CoHe)
O 2BEOPFERNE Figl). EYSVIE CNEREEH. RUEUE CCHEDHES
Do CHIZEYRSTOUMLO BNFEELRLILRFERZHRT HAREELSHFEILS,

AREEL4ENSHD, 18 (KF) TEBCONNS TU v FOR#EERICH MDD DEE
AERR, AFEOEMEELMI L, 2ETEERSRICAW-IBD DEHEXFYST 7421
H— 3 VIZRALVE XPS ORI AFEICONTIRR S, 3 ETIIAERAROR# & RO OREE
IZDUVT, 4ET B, C. NETROBEREBICHT HLEETS,

| | |
I
H B\N/H TT/ C\N H\?/ C\C[/H
B C C C C
}r/ \\T//B\Tlff/ Q§N// \T{}r/ \\?// \T{
H H
RGP Ny Tov R

Fig.1: 4V E—LOBBHR (FIEEE) [CALV=2FORE
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2. RE

SDERESIVYEY RHVE—T 1x2ecm OEHFHBOBICHYRY ., 7 b ick 2BE
BEEE OABEFCVERREOENERE L, LEEHEL-EREEENICHREL. #4
REBHREZRAWT IBD I2& YBEOERET - =(Fig. 2). WEBERTHIRIEHADRIRICEL
Tl& Table 1 IZRT K525 DDMARDLEERIV ., RISHRADERALIIRIEHRABAROH
ARSGAVPIZTES Z—HF—CDRELERWTRE LTz, Table 1 AOEHIFAF 2 E—LE
HEOEEF  N—DENETRT. BESHAOFHMRUEEORBITELEF  VA—(2RE
LAEBEESHSR (QMS) ZRAVTIToz. QMS DRIEIF 775 T—hy TEBRHBELT
A 13 MECAWNEFDOIRIILF—ITEIZ 7T0eV TH o0

BRIERZVTAF =S (PIG) BAF UHERNTT >, BEARBIZETE14Y
E— LB OREIE. EEBE : 0OkV. REBEFE : 100V THot=o COHFETRALF3I VY
SXUUTICKYEBERALYaVRAYRAAI YAV EDRRERET S xR IT51-0Mm
EEEZEEINSMECREL, LAL, RESHREEEIC&YESHIRLX—2MEIH
BHRBOIRILE—T 0V CIEEH+t e VOIRINX—EH->THEF SIS, F4F3y
DEFVIUITTRLLNBMF DI RIILE~F 100eV~40keV THY , SIS B &+50
S, BHIEZETERTIT ol Eh, 414V E—LOBHEMIE, 244V TILTURNEE
BLCEICEBESITRELIEAF VTN VRICDNTIRA F VB HORBER & YR,
RETEM DML Table 1125,

ERLERDXvS5 942 )—E—2a g XPS Tk YiTot, AIER VG #8 CLAM2 BF
FHABERN X HRIF & L Tk MgKa #% AU\ =, semi-wide scan Tld/SR TRILF—50eV,
ZLTEXABFE—VDAETE/INRIRILF—20eV #HV, EBEOLEESSIzHOWTIE
AvMf RBFE—I TRLX— (BEIRNFX—Es=84.0eV) F#RIVT 446V ERELS, &5
ICHATBESBE LTS5 774 ¢ (Highly Oriented Pyrolytic Graphite, HOPG) & h-BN

(pyrolytic BN, p-BN) IZDWCTHRE LEGTRHEZEIT oz, h-BN IZ#BARTHLI-OF v—
CT v THELEMN, Bls RU Nis S T RILF—DIERHEIZ DL TIZOIZBEB LT,

REHR lon beam

ms——-
g | — ms | ™= | xps

Fig.2: BERFETODIBIE
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3. BRLBE
3.1 REFM

RHOEEARTOREFOREREAETLTIZLEZFALTRSAAZHET
2>fzo B-C-N %ﬁﬂﬁ/&(ﬂl)&ﬁ@lgﬁiﬁ #RELEERUERENENAHOODOXE
FAE In, IsldRKIcEYERSISB[10].

d

Asizs * cosO

-k (1)

Isize=N * Osizs * ns;i * Asizs * exp(-

d
Inte=N * On1s * DN * ANis * [ 1-exp(- N n-k (2)
ANis * cosO

ZCT. ENThORESIE
I: ABFHE d : [BE (A)

N: ABXEBOT74+ F%0B) 0:BHEBRELETOABTFORBAE (=

0)
o: 4 EEmEmiECcm? n: BREE
n : RFHEE(Cm-) k : REARTF Vv IILBRHRESE
Anis : BIERISEITE Nis KB Asios : BERICHITS Si2s AR FDOEH
FOFEHEBRITE(A) BhiTE(A)

ERT, :

AEFHRELRE, N: ASt XROT 4+ FOBED)., n: BHHE, k: KRAKRT VL vIVBRHIE

EHERTH&ITEST

Inis _ ON1s " DNIs * Anis * [1-exp(-dAnis)] (3)

Isios Osizs * Nsizs * Asizs * exp(-d/Asizs)

EREIND,
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EIE RO EH BHETE ) X TPP-2M(Tanuma-Powell-Penn) K refl 5 2 5h. 5,

E
A= Ep?+ [8+In(y* E)—C/E+D/E2] (4)

oot
E: BB RILF—EV)
Ep: 75 XEVIRILFE—(V)
Eg: Ry FE¥v vy TIRILF—(EV)
(Eg=5.5¢V h-BN M/t F¥+x v FOM{E %)
B : -0.10+0.944(Ep2+Eg?)-1/2+0.069p0.1
vy : 0.191p-0.50
THd.

: B (g/em?)
: 1.97-0.91U

p
C
D : 53.4-20.8U
8]

: Nvp/M=Ep2/829.4

FNTNOHEERDD L. UTDLSI1C45,
(A eEE: o) [IISBE
0si2s=0.13x10"Mb (X &I : AlKa #8)
0si2s=0.18x10''Mb (X #£iR : MgKa #)
on1s=0.24x10'Mb (X #iF : AlKa #8)
on1s=0.39x101Mb (X #iF : MgKa #)
(Mb=106barn)

( RFHEEH :n )
nsi2s=5.53%x1022 ({&/mol)
nN1=5,62x1028 ({#/mol)
¥nnis DEEIL. BCN OBEATHLE. MO BN OBEFHAVTEN

(FHBEHITE: D)

[Si2s miFE] [Nis DiE&]
MeKo ZRVVEBEOEHIRAF—: NKe ZRVEBE0EH T XL F~
E=1098. OeV E=851. 0eV
TS5 X' I RILF— : Ep=25. 5eV TS AED I RIVF— : Ep=25. 5eV
N FF¥ ey TTRILEF— : Eg=5.5eV Ny F¥ww TTRLF— : Eg=5. beV

ENThOYEEZ (4) RIKALT, ETNENOHEE (4) RITRALT,
A5i2:=28.46 (A) Ans=25.64 (A)
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LEo#EE (3) KITKALT.

In _ 5.620x10% - [1-exp(-d/25.64)] 5
Isi  2.833x102 - exp(-d/28.46)

X #8358 - MgKa #4E FRrE

ST, HREH Ine/Isiss [CHEFE—VOEBEERAL, BEJIZOVWTHWNTEEZHEL
fzo #ERIZDULNTIE Tablel TR T,

3.2 HAREEE

AL, RFRERE (Atomic sensitivity factor, ASF) ZRULV=RXERLTRD=,

[N] Asfpis Inis

= X (6)
[B] Asfyis Ipi,
[N] - ASfCls % Ile ( 7 )
[C] Asfnie Icie

(AsfN1s=0.42  AsfBl1s=0.13  AsfCls=0.25) [12]

#ERIZDULTIE Tablel IZ5R T,
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Table 1. BFHBOAREY & BE, AR

Eng ) 1 2 3 4 5
&
RSPy 1 X 4 1 1
HRBAL | FUTPDY 1 1 1 X X
Rty x X X 1 a
#HRE (Torr) 5x 107 6x10°¢ 5.5x10° 3x10°  4~6x 10
REER (LA 6.3~7.7 7.0 6 4.2 3~3.6
MRS (min) 30 30 30 50 63
BE (A) 34 36 47 15 unknown
[B] 20 0 8 21 45
#BRLEE (%) [c] 40 50 51 60 0

[N] 40 50 41 19 55
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Fig. 8 ~ 9 IZRIERIA & L THRUWERIBHAD QMS ARY ML ERLE, FARY ML LEICHE
AShEEEI— NV EHY— RS —= I &> THELEEEF 2 oN—FHOHRADENETT,
Y7o, BRSO, RUEBVITENFN Fig5, Fig8, Fig9 ITRTLSICEEDNISvF
DHRE—VFERL, BEHRADRARY bLEEALOMELTREND, LEBOD QMS XRY
FILIZRT 70eV DBEFREICL > TEONEM, 1006V DEFERNTHRARY MUIZKER
Zilidlam ot SESRICAN =AY E—LBBEETRWVRIVI LT VS TIEIREERE
# 100V ICERELEDOT, 14 UHRATERDISvF oI NRE—VTREN & S kLR,
A UBNERSNEREICHET - EICE > THEABRSNEEZI DD,

BEHRD QMS AR bLIE 30~60 #HEOA 4 Vv BHEBMTEE L. PUFTIU+RS
CSUNBEHADIZE., HAEABRBBERS COBEOE—IRNiEoE Y LB Sh B, B
& LHITPYTOUBEOE—IRKERIZE oz, RIDU+RVEVDREHRIZENT
H ZOERLSBRI SIS fIEFEOTEGMN oz ShEDERIZFI T O RS,
ROBVDEFNTNDHRASA VR TCOREEDENMNI L >TH63NbEE&EELIOND, HRT
A VTRBELEARE—EDOLFEEE DN, HEEQCBVHRIEEL ARSA vEEH>TER
FroN—ZRBEShMEEEOTNARLNES O, BELEBIZENLDHRADARY b
XEMIZE S, o TAF VY E—LBSF OB LR TH TR+ UBICEENELSZ &8F
BEND, CIITKPFBEOELIZTOVWTIEISETHL 5.
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3.4 HEOXPSARI ML
3.4.1 BH1 RSSU+PYTFTIV)
Fig.10~13 [25¥ 1 D XPS RARY b ILEFRT,
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RS 1 ICEL T Fig10 (2R Y & 5 (CBERABE SN, ChIZ MY P OURITEEARLR
HYTHEKEELEEEZOND, Figsd, 4BV THRAIAL HOM 1> (me=18) O
E—51E Y POV EKKTHETH £I2& 2T Figh, 6MRRY FLO&ESIZHP LT, ©
DFERIIRIZSTRTHE 2D XPS ARY MUIZBWTHHEIDONTZ 2ETRLEELIICZDE
DR 4 34A . #REIFINE[BI:[CI=1:0.46:1.06 (INI:[BE[CI~2:1:2) C % o 1=, BaEF A
EENTNDACEE Si BIFEDEEMERIZOVNWTHSBE L TWVRW - ZDEITEEREREE
DR EBBICEELEDOTRENN, RSOV EMITSVORATRBKOTRLE
N:B:C=2:1:1 Th Y. C AEFLLENAERIHTEAOARLEHIBERBRL TN LN
%,

Bls,Cls,N1s £ THE—4 ORRIZBE L TIEEIZ 35 ETH LA E— 2 EAKE ARt
HREBEASDCEERL TN ZEWME L LTHOPG 75774 F(ClsEx=284.7¢V) & h-BN

(BlsE5=190.8¢V, N1s E5=398.5eV) ZZTNTHDARY FLEIZFRLT .
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3.4.2 BE2 (FUFPSY)
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Fig.14~16 IZE# 2D XPS ARY MILETRY . PUTOUOBRIAZITo7-8% Figld TIE
Fig.10 &EEL T Ols O E—HREARED Lz, Mo3d O E—5 IERBBRIL L =D o DREFHM
BAShI-CEITED, UT7 LVRREE LTER LIRS 2 CIXEE 36A, [C): INIO#RE
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REICKVEBROMRLLZRIBTESIZLETLTWS,
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Nis D E—~49 T RILF—E h-BN ® Nis EplSEWA COFBEICEFRIRNZENRLGOOTS
DESE BN ICIHRB I AL, —A Cls DE—I TRILF—IE HOPG D ClsErk Y $ 0.3eV
FEEEL BIRLF—BIBESILVTNS, C&E NRFOERBIEEDENI&ZHEFLTH
2EETHECCHRANDClsEpLYH CNEED ClsEsDANKEREEF OB I RILY
—BIDBMEFASHDBIELRRIEEY (CND) ISRBENITHSS5, HRILDOEHT 3 E

P

TIT2,
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3.4.3 HHE3 (RSOU+MPYTIY)
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S S DEEEH4TA, MRLEEIN] Bl [Cl1: [0Olx5:1:6: 03TH>f. EFBNFYT
CUNRHTBBEEERSEST o EOFg 1TV TTFMMTH A0l E—IRENKE (H
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EVMEICRY, ThERBRLT IN]: [Bl: [Cl=5:1: 4&fiof, BBLEHADESEIZQMS
ARG MLEBRTT A LITE > THLNINBRTEToTLEL, YT PURTIDUDERE
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3.4.4 #B4 RS5OV +RIHY)
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3.4.5 5 RS5SOV)
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3.5.2 B1sXPS ARY FLDOHE
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8.5.8 C1sXPS ARY FILODLE
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518, LEDT=8 3keV D ArtA F 2 E—LERS L= HOPG &# (18 HOPG) ORARY
FLEHHETTELEE. COEED ArrA F VB LT D X(EH 8x10 [ions/em? TH o 1=,
CHORRY MUTCHhLUEDBEICK>TIELAERL LGN o212, FLI U REKFEILIZ
EEVNLDERET S,

Fig.33 ICFRT K SIH# 4 DARY b ILIE HOPG O E—9 QBT RILEF—RIZEA - F-HE
5. COESIEBE HOPG DARY MLIZBWTEALNT EAD C-C HEESDRMGOEREL
B AIHEEDENGSICERLELOTIERIMERS T MABEEL TS I EERB LTINS,
C-C#AD ClsEsk YH/NEHREETRTENS CNIE CBHERICBEL-ADTHIEER
Bhd, . BiC D ClsErld 283.3eVI1TI L HESINTHY COBREXHTH, E—JEM
ELTST774 hD ClsBpiEfiEH/IRA—LTNBZEMD C-CHEALEENTNSEEZLN
AN, CORMTRENSNIENGTERDLENIDITTEAEL, BN £55 774 FOEZHEE
HEIBEMZZEMNTETS,

Intensity (a.u.)

T v T T T T T T
290 288 286 284 282 280
Binding Energy (eV)
Fig. 33 : 5i# 3 R U HOPG @ Cls 83 XPS RRY M LD LB

RIEHAF 1 ~4DLHEZ Fig34ITRT. B 1~3DARS MLIXELLTEY . BIRILY
—f] (286~288eV) FHEICHEN 21-HAEH D, L% CN HEaZ280BESEB I MITOY
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(287.7eV [18]). FUIZFILT 5 2(86.9eV [18]). T 2(286.6eV[19DEHEID ClsEpld

OEFIZHE L TEY . BIRLY—RIOE—Y OEEM 550 C-NRBEISER L-HBICRE
Eh3.8H1, 3 NITCoDHEREBHRE LERHM20BRESFY DB EMG,
B-CHEEEFELWEEALLD, ChiEFig3d DERM LB ONBREXFL TS,

Intensity (a.u.)

T T J 1 T T T T
290 - 288 286 . 284

Binding Energy (eV)
Fig. 34 : A% 1— 4 @ Cls $fig XPS A RO M LD ELE:

ChEORENSHE 1 -5 OB THEBANBLERSN TS BCON N Ty RER

BLTLWSAEEMAEL. &> TSROERTRALIBAEORBRTEIRI OV EAVEVOH
ABHELNERTHD WML,
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4. F&¥H

=3

BHICAVENBERS Sy, FUTSY, RUEVDSE, RSPV  RUEV=1: 1D
BEHANERMIZTRHShTOSHM BC:N [CHRbEMEZEEL Y., B, C. N ERRENBEL
ISHEELTWAI LM XPS 2RV =R S8 E—-avickYbh o, —ARSI O+
U T O UERBRKICTIRA LEBRH TIE C=N2 EfA & C=N3 ERSSBEMICER S, B-C
BEEVBHESNEN oz CRIEMNIFTOODIFUEICE>TELEISYFRLTRE—0%
BEBLTWSEEZONS, SEADEEARTRERS O UL NITOUOEEDENNIKY
BNEE CNAJEOBRICHBE L EEEARR SN EEZ LN, CORENRS DU+ MY
FPLUREHADHEOELICERLEL L0 C=N2 EfE& L C=N3 ERAHNRS D VERD
B-N#& LRy NT—HERET AOICAERHISEL TOELMIDOWTIESEORE CTldiEiH
EHEEM o, RSO+ M T O UVBEHADEEE-EICR>TEBEToLBEICH
B-C-N O#ANERINEIMES. FUTPOUILIERKE LTFERTHILOBREFHT L
NTED,

BRICSBROBEICOVTERS, SEANEEARKERTIT o0, 2TORMIZEINT
BAaeREABAISIT, CHhICIEREY S FOEEBLHEIHE 5 —DIFERFICEENE
KEDEETHS, $HED XPS OFERIZIE HORELZERLTLSH, 2TORMERKIZITXE
ITHMREFhTEY. Shh BCNOBESRBICHEBESA TSI LR+HFITEA LIS,
EELKRORSICELTEIRHOFEHBICLYTORELHRTE, RAab®2RED
B-CNIZDWWTHEEBRTIBD #1713 CEICE» THEDRELR BCNBEDAIEREIN ST
BEMERD D > TRS D UH+RUEUOMEBEFREZRAVTERIBD 21T\, EDF Y5042 U €
—2aVERS CERRORT Y FE LTHERBNEZELI TS,
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