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Preparation Methods of Boron Carbide Thin Films
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Abstract: This review summarized the characteristics of boron carbide films, and wide
applications in functional ceramics, thermoelectric devices recently. The methods for the preparation
of boron carbide films by physical vapor deposition (PVD) and chemical vapor deposition (CVD)
techniques have been generalized, including magnetron sputtering, ion beam evaporation, classical
chemical vapor deposition (c-CVD), and plasma enhanced chemical vapor deposition (PECVD), laser
chemical vapor deposition (LCVD), and hot filament chemical vapor deposition (HFCVD). Finally,
the effects of various experimental parameters on the growth process of thin films in preparation of
boron carbide thin films by various preparation methods and prospect of applying in the functional
materials have been discussed, respectively.
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H, n ALK AR TG C% NS R, SRS R, SEAR AL AN 1R 2
TR e YRS EN 20 atom% B, T n=15.08, R FECN 12.06, BETHN 3.02; MRS
BN 13.3 atom% If, n=1521, BIETHECN 13.18, WRIETHN 2.03; 4k E N 8.8 atom% I,
n=1531, WEFECN 13.95, BETHCN 1.35.
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Table 1 Physical properties of boron carbide and the possible application areas

Properties of boron carbide

Comparison with other
materials

Possible applications

Density / g-cm™

2.52 ~2.465
for B4C ~ B]044C

Diamond: 3.515;
SiC: 3.210; GaAs: 5.320

Good material for armoring due to
light weight

Vickers hardness /
2

B,C: 4824 ~ 2170

Diamond: 12000 ~ 15000;

kg-mm™ (20°C ~900°C) SiC: 3980; GaAs: 600

Knoop hardness B,C: 3000 SiC: 2600; c-BN: 4700;

/ kg-mm™ (load 0.98 N) Diamond: 7000 ~ 8000
Toughness / MPa.m"? 29~3.7

Young’s
modulus / GPa

B4C: 360 ~ 460

Diamond: 1141;
Si: 130; c-BN: 847

Poisson ratio 0.14~0.18 Si: 0.278; Diamond: 0.104
Shear modulus 158 ~ 188 Si: 50.9; Diamond: 478
/ GPa
Deformation B,4C: 680 (plastic) Diamond: 1170
/g (for 0.1 mm
deformation)
Tensile strength B4C: 155 (980°C), Diamond: 272 kg/mm?
/N-mm™ 162 (1425°C)
Velocity of sound B4C: 14 000 Diamond: 18 200
/m-s™"
Lattice constant B4C: ¢-BN: 0.362; Diamond: Potential use in direct
/ nm c=1207,a= 0.357; thermoelectric energy conversion
0.561; SiC: 0.436; GaAs: 0.565 due to high Seebeck coefficient,
B,C: low thermal and high electrical
c=1219;a= conductivity. High temperature
0.567 stability makes it a good
candidate for manufacturing
boron carbide:graphite
thermocouples
Thermal conductivity B4C:0.35~0.16 c-BN: 13; Diamond: 20;
/W-em™K™! (25°C ~ 800°C) SiC: 4.9 ~ 5.0 (at 300 K)
Thermal expansion 4~8 c-BN: 1.15; Diamond: 0.81
coefficient / 107° K™ (25°C ~ 800°C) (at 300 K)
Specific heat capacity B,C: 12.7 ¢-BN: 3.9 (at 300 K)
/ cal-mol 1-K~! (at 300K)
Electrical conductivity B,C: ~ 10’
/ (Q-cm)™
Electrical resistivity BisCy: 2; Diamond: 1016; GaAs: 10°
/ Q-cm B4C: 5 (at 298 K)
Band gap / eV 0.77 ~ 180 Diamond: 5.45; GaAs: 1.43; | As a p-type semicoductor,
(forB:C=24~ SiC: 2.39 ~3.26 manufacturing juctions and doides
50) with other materials
Dielectric constant B,C: 5 Diamond: 5.5;

SiC: 9.6 ~10; GaAs: 12.5
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REVETE, AP AERBUTERM R, TIRSTRBEEAS, M HM s, SR ter, gz T
TR I EL AL p U AT LB R I T S T SR A e
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2 1 AT RS 0 A S 85 AT TR AL . S5 R, BEE T ORVAIE R, N 4 R A
th, IEZHAL MG %, B/C M 2.93 480N 3.45, B [RS8 iR X AR AL 4k 2 S5 h 5
AR K. SKESSE NP6 T IS Dl AL X R AL R A AR S5 A O B i o 5 SRR, RS ARSh 2R 14
WK, BE CHLEHGIVMB-CH#, B5 CIETIMLSEIEIFREAD, f£250 W I, B/C HIL
TEKAE 5.660 HTZMEME R IVRFER M FE X2 0 2 AT B 5 B v e A s =, B AR
18 2 fi 25T 0] SE 56 25 SIS 1) A AR s, TS FLRRBEALEE . o 4 i A FEVE REETIE SR = T i

B-C IR F) £ A 77 FE A S AHPTRRYE  (Chemical Vapor Deposition, CVD) & - Wl
7% (Ion Beam Evaporation, IBE). H{#& k4t (Magnetron Sputtering, MS) FAKH I EITA (Pulsed
Laser Deposition, PLD) 4. 53 4t, D 58 /N AT A 1 HE 75 3 55 55 1 WEIR7% (Supersonic Plasma Jet,
SPJ). %5 7SN\ (Plasma Immersion Ion Implantation, PIIT). 27 # 44 A\ (Ion Beam Implantation,
IBI). i yE MM HL 9y (Filtered Cathodic Vacuum Arc, FCVA). H 7 B kS (Vacuum Plasma
Spraying, VPS) FlHLHEINE 2 TS (Electron-Magnetically Accelerated Plasma Spraying, EMAPS)
X B-C AT L

2 0PI il A E ] AN FE TAE B AT T . NFE 2 el DUR H, 48R 736 B—C i
(RBIE FE A0l i P BT VR AT () . AERX LR T, B AT A R (MS) A K O DR
(PLD) /33| 74 m . REJEHEMIEME B-C #E. M PLD ¥EX UM 1R LR TG, T2
HELMS VEETTEVFZ, FrUE w5t B—C M B30 LLBCHE LIRS I AT ER T, PLD VA BE 25 5 SEELNY
IR S5 R R A2 1
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Table 2 Summary of the research results of the synthetic B-C films
Researchers Method Crystallizations Memo
T. Csako, 2006 PLD No mentioned Different thickness
W. J. Pan, 2003 PLD No mentioned Smooth surface; Atoms with hybridization
S. Aoqui, 2002 PLD Microcrystalline | Max (B/C) =3.42
T. Szorenyi, 2004 PLD No mentioned B/C=4.6~6.6
F. Kokai, 2002 PLD No mentioned B/C =1.8 ~ 3.2; hardness: 14 GPa ~ 32 GPa
J. Sun, 2004 PLD No mentioned B/C = 3; hardness: 39 GPa
Young's modulus 348 GPa
A. Simon, 2006 PLD No mentioned B/C=1~3
F. Kokai, 2001 PLD Amorphous B/IC=16~32
T. Szorenyi, 2005 PLD No mentioned Surface with droplets
Y. Suda, 2002 PLD No mentioned B/C=~3
L. G. Jacobsohn, 2005 MS Amorphous Hardness: 18 GPa ~ 27 GPa
L. G. Jacobsohn, 2004 MS Amorphous B/C=1~4
D. Reigada, 2000 MS No mentioned B/C=~4
E. Pascual, 1999 MS No mentioned B/C = 4; Hardness: 19.5 GPa ~ 25 GPa
Young's modulus 19.5 GPa ~ 25 GPa
L. Jacobsohn, 2004 MS Amorphous B/C=4
I. Jimenez, 1998 MS No mentioned B/C =~ 4; C with sp® hybridization
M. Wu, 2004 MS No mentioned B/C=4~5
S. Ulrich, 1998 MS No mentioned Hardness 74 GPa
M. Guruz, 2002 MS Nanocrystalline | Hardness 40 GPa
Z. Han, 2002 MS Amorphous Hardness 50.4 GPa
Microcrystalline | Young’s modulus ~ 420 GPa
K. Lee, 1998 CVD Amorphous B/C=3
J. C. Oliveira, 1997 CVD Polycrystalline B/C=0.3~9
O. Postel, 1998 CVD Microcrystalline | Hardness 30 GPa
0. Conde, 2000 CVD Polycrystalline | B/IC=4.0~9.3
K. Jagannadham, 2009 LPD Amorphous Hardness 40 GPa
Microcrystalline
1. Caretti, 2008 IBE No mentioned B/C=0.2 ~9.1; Bj-icosahedral changed
C. Ronning, 2002 IBE Amorphous B/C = 0.1 ~ 1.0; C with sp® hybridization
H. Chen, 2000 IBE Microcrystalline | B/C = 2; Hardness 43 GPa
S. Sasaki, 2005 IBE Amorphous B/C = 6.5; Worked as TE device
Microcrystalline
H. Suematsu, 2002 IBE Microcrystalline | B/C=6.5
M. Tan, 2008 FCVA No mentioned C sp’ content decreased from 74% to 44%
O. B. Postel, 1999 SPJ Nanocrystalline | B/(C=2.9~4.1
K. Kamimura, 2000 IBI Amorphous 300 ~ 400 pV/K
W. Ensinger, 2007 PIII Amorphous Atoms with hybridization
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PLD $£5ARAE B—C i 2 75 T (1 B FH B 1R AT S R IR AR TR SR A $ER RS A 223
RAG T BRI A, 5 LR 2 DR D B S AR 1 (I R AE BT Je SR A IR (29 1.0). 2R
KRR TR BOR IR, RIS K G . L VFRE RO SRR R, BOtREEA
Wrink, BASETREERGA 8 eV, {iifF PLD SRR IEALA] & B-C MIRIXIILM K0, o=
TS AR AT R RO RIE AR ST HHER 2 TR, MS SR PLD SR % (0 #EiRAL 2 TR L H 7y
AR VLI A, IR ROEIR A L2050, MR A S T AR KRR B R Tl 48 44
ffbsEit . HATX T B-C S Mg B iR i 2k 2 Bt SU U= BR T 21t B HEON 4 1 BuC,
FITCAFERE U0 MS A PLD X 38 5 22 [ AR BEAF (1 1l AR DTAR 2N RS B AL 22 T R LA

BTE 2 AR REN B-C R A BT 0 248K 2 B 2 TR ST BRIy — Rl i 45 A ), 44
Bigfbsaih & (B/C) 1 4 MHE, ZTERVEEAXT B-C FRE KL 5 o P2l (AR ST 7 e
AR, SR, BRACH R R AF4 MRS B-C IBLZ BN 12 & AU B s kL. BEE
B-C A (L AE (A s RIEOS T AL TS, St B—C LA A4 1 1 L AT A R

2 ME S MM (Physical Vapor Deposition )

2.1 Fs¥ETEET (Magnetron Sputtering)
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TR R, 07 S NI R O Ao SN A7 s CARS DN 1l o P B MR DU R B
WIS B A R L sk L i B A R TR, KLU 4 o4, WO IE S A A
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NV FH B IR A I 0 8 S B Rk e B A R IE (LI 4) 13 T 9K B Ak B
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SOOI 73 DS TS I A0 R P B AE — AN PR S R AR A TR R e, AT 8 ) 2 it
FATEVRE kP Re . FERAT I RE b, K7 SR e M RE A AR K IREM . ki1 e =3 K,
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Figure 4 (a) Deposition rate as a function of sputtering pressure and (b) B/C ratio as a function of
substrate bias voltage
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2.2 BT ®R#Z$E (lon Beam Evaporation)

BT AR 1988 A J I — R U RV AR 45 50, LSRRI N T R B AL B A
WA ESAL A SARTIRIEA L, & 7 AR PR AT IR AR EUR (KT 400°C), RIS
TN T A RA R R R Rt . R B T ARBE T, ATROEE RTS8 (kT ReE . AFRRLT
BB E L AR S SRR S TERE, XA B T R ARBE BN R TR 2 HO
A B . FEARRE AR, RAER TR R RAEN B.C M b, PR
Be v SR TR, DRI AT DL DA ey (RO T A ) 6 Tt AL A e

Suematsu %5 A\U2HE B 7 SR AR A B 4 R S UL, SR THIERLE A 6.5 I
Ronning %5 N 1R F B 7 R ARME I, 0 I % 1) 25 7 HE A7 3RA3 1 BB LL L LM 0.1 ~ 1.0 FOBRAL I I

RS 5 AR LA S B A I, S S A e o T ) PR B M B S o B S B
IR, P SRAs A T B S B A s PR B o T BE B I S BB L N BRI
Ry Ab TR ARSI FEBE BoOs TR MR AR SR R AL R BEE IR MG K, BALhl
IR TR, SROERTRS R Z R R HOER .

2.3 BRI (Pulsed Laser Deposition)

FKEOEITAR (PLD) & — MR . 0K U8 Bk O s o [ AN BEEAY, Sl M (1)
M S RIFHRFIZE R (2) BEM 28 SO AR MG m I, B 2R R AR RS TR O R 1 A S A
(3) JE A I IO PR R AT ASE 25 B A I A Tl o 5 B b (9% e A - L B PR AU (1 1 2 2 A Al
F= AR 5 B T LA S E T R AL IR KA 3 em ~ 10 cm AMPAGERR, FEATIR BTERAES . 25
BUAME B . 5 AR & T VEAR LG, BRI O TR AR A IR 2 A0 Al i ik oG ITR B i
I, RIS AR A RIR AR, FEM AR 2 RG0S . Ak, BT RERE N
A EgAbsE v R b A, BB R AR R, MK O TTRR O ) A8 S AL A YR R — PR

WA JI AR .
Szorenyi 25 NURI F ik s o6 TR B A Al

& BT, O R 3 T

: W LEYE N 4.6 ~ 6.6 FIBKALTHEE; Simon

S 5 NS B PSOCTTR R I 1 kv
| Substrate with fim fit BRISOR I HE R, 9648 1 WS T+ L v B g

L~ 3 ORI, Sun 25 AR BRSO
e pance BUHR, BT i IR, 3678 T
- ﬂ//f;Cdmm BT T EL2009 3 O AL IO, 5 3b 17 2
foles 1 ot SRAHLL, GURE S B TR

5 AU TIEL BC BN % R,
BRSO A B % B-C RAIMAL, BT
T WO R 5 0 208 R 2 0 T LU
B IS0 P S 9523 BT ST 6 PLD T i,
MEHAT LGS, B-C Hi a8 E T LI
VIR BUH, eSO AR, BRSOR 2 B it
- AR BRI C M, B C S TR

Pulsed laser T o T
L]
o oo \,_—Plasma plume
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Figure 5 The scheme of PLD equipment and BxC A UM B RO R S RIS R AR B T REET

dual-target Y% B-C #1128 T ZE S5,
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DATERN. BEEA 0.1 ~ 8.9 B30 Bl W AS A= w8l . B F-Eb . sk, B3RS IR
JEEFE T R i oy AT P ), RFR R —HA IR v], XML G T2 &R T, S50
AR R ARSI, BARRIEOLRE R B—C EIEUTRUE R 1 RIS 2 T B, A F
TR BRI PIRUE R, R DRSBTS DU S A K /> e Kt R
SECERMAREE BT, nhR@E R TR R EE A RPN B-C R, A
(TR LA B—C 2R 47 I o (R B R 1 LU AE 2.9 ~ 4.5 S0 BB RS B m) 428, i o 42 o R o L 400 ) 45 114
THIBREETE LA 0.1 ~ 8.9 HIAE S A TRAL B T 5

M AF S ] P4 A1 4500 A R I, SR FE KR O e AR B AR ) % sk A B R AT A7 — 11 = PR
B RS VR, BRI U R A 1) B—C BEA 4 s b S — 1 B S 2

3FESMAM (Chemical Vapor Deposition)

WEESARDTRE ARG IRZ M, GRE 22 SAUTRY (Conventional CVD, c-CVD). fKEL S,
AHYTHL (Low-Pressure CVD, LPCVD). %55 IS AHUTAR (Plasma Enhanced CVD, PECVE).
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ez S HHPIR (Hot Filament CVD, HFCVD). OGS ARV (Laser CVD, LCVD) %, OO
T2 80 T o) B A B TR

Y SAHTTRRECRA L, P8 S DR BR BT 75 I REA SRS A R A o 2E AL 2 SR TR U AR
DURRSRA Al 2« Hs 7+ IS S 0K A 58 2 ) 50 2 3 BT RRAS BIAS (R A0 27 U B B R e AL B v e

R 3L T E MBI A A ARG BRI 26 B AT A A T 7 3 e

1 Z2 B ZESETF (c-CVvD)
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& 3 WF RIS &3 AT 7% 2R

Table 3 Summary of the researches on the chemical vapor deposition of boron carbide

HVIRE R R & U BRI R IR MR TR, (R E AR P RS B 7

CVD

Pressure

Temperature

method Reference Reactive gas mixture /bar /K Deposited phase
Va“jlelzll’ggcsk)e’ | BClL +CH,+H, 1.013 1400~2000 | G Biste,
. 502, 4~
Ke(vllgégg al. BCl; + CCl, + H, 1273 ~ 1873 §4cc, ?356%
2.0-"D24
c-CVD Lartz%‘;g’git al. BCl, + CH, + H, 0.01 900 ~ 1450 B15Ca, BsiC
Rey, etal. (1989) | BCL +CH, +H, 0.01 1223 ~ 1473 B13Cs, BsoCs
Jans(sl‘;‘;’;)t al. BCl+CH,+H, | 0.013~0.067 | 1300~ 1500 g 1382’ gs‘g’
502, D493
Velzrlegkég al. BCly+ CH, + H, 1076 473 ~ 703 B:C
Ch("llgggt) al. BBr, + CH, + H, 13%10° 673 ~ 873 a-B/C
Winter, et al. 3x 107~
“(11‘;95’) a B(CH;)s, B(C,Hs); 2gx 100 623 a-B/C
Le?,1§9§; al. BSH9+ CH4 67 % 10—5 673 B447CB) Eé7,2cjz
50
6
Sharapov, et al. CxByH, 6.7x 10 - 323 ~ 523 B,CH,, a-B/C:H
PECVD (1992) 6.6 x 10
Koy | BaHer CHUB(CHY, | 13x10° a-B/C
K ,etal. 4x10°~ B, C, B;C,
By(LiI;;st)aL C2B10%1§?5H9+ 4x107* 673 BsC, B;,C
Kyufg‘lr;%g)ee | BClL+CH,+ H, 13%x10° 853 ~ 893 B.C, a-B/C
Ohv(el‘;g’;)’t al. BCls+ CH, + H, 0.135 300 ~ 1600 B,C, BysC
IVaEIIO;;,;)t al. CzB]()le 1.33 x 1075 1173 ~ 1823 B13C23 BSAGC
greyp | Origorev.etal | L opip, 0.334 1300 ~ 1700 B,C, BC,
(1993)
Deshpande,et al. BCl; + CH, + H, 0.008 B,C

(1994)
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TEFAR T R A ) T AR GE1) CVD 7k AR CVD ] DL RIS Rk it & b
(RVRAREIT o XA 77 VT T SRS P R S g A L B [ 4 P D AE A I A B AR B TAR . AR A S
AHUTRUE I8 AFE DL AP IR (1) RSN SEN 2] B X R Bz (2) KAES
AEAR 2 SN FF 77 A T S N A B S R P25 (3) TR e S S AN L [ B r=pis i B R 3R T s (4) W
JRAEFL R L RIEE (FIAL) IR 8 (5) R 2 M R N R (6) R RN
FERNERF= DA s (7) SR =P ik i A o i R R IX

FAA S AR DT ) 28 B AL LB, i RS — M 1000°C ~ 1600°C; 388 5 31 F (1) [ B2 A4
%G CHy + BClyw BCly. CCly+ BCL ZRA SR R 2 E 900 S ST LI 456, 54
A e NS AR R RIVTRR A (AR ) IR SSRTR AP S N Ut BA AN FEfL
At HORUR R R S AU . Jansson 25 NN A6 2 SARVIRREE AR, L Hyy BCly. CHy MR
RE, 7E 1300 K ~ 1500 K i FEIE N, OB RS &, files TillkE -ty 6.5 BImitil
T

B SABUTRRVE R 2 LR T A AR, AELE 1) % 0 AR FR AR AEDTRR AN 3 50 L) & A
ZIN, ) 2 e A B TR 5 R A iR P AT SR

32 FBTFIEBRIUFESHENR (PECVD)

58 CVD J72 A b, G i 8 B 3 s Ak 2 SOR TR B R DL DA REAER R I B R R g 1z AR
TRALEI R . AR RTER AL BClsw BBr3« ByHgs CHys CoBioH o 25 T S e 45 5 - 1t i Ak 2
SAHDUR AR S BT EERRE . IR RE . R0 BNSARMIA 2R s AT IR IR 282 55 s B 4 A 5
Wi TR M B S5 M R RE . 76 PECVD R 48 A FH A RIS B R A IR AA 2 72 AR AN R 2 1 & LU () ik
o TEBACTIEE R RS FR R, R IR T 2 BI7E S & T = A s pe bl &, R
Fofre ) S AR AN R T AR N2 5 R A

Lee %5 NWLR IS B s 2 SARDTREAR, DA ZEMIbE (BioH a) FEERRHSE (BsH))
NIERL, FEPAT RS ARS8 1 I 2% HR OB H S Rk 2 2 L B AL L, 9140 By ,C B7oC 55
AT B DR S 2 ) B/C LU S &0 S RT IR I LG 7 R LU Rtk . (HARYE L5, 152
VTR S RS 2 5 O S ARV A S A R I AS s bl o DRI mT DASE, ey iR R rp R AR
T e AR B TR T R B S R T SR . Bradley 25 AP FARBRBIGE (0-CoBioHpn) NIEEL, R

LB IR S AR DU BRI & T R A AR, RO T R SIS B TR XL
R A2 (B 8). £ 50°C ~ 450°C .13 i Bl P A3 O TERE S5 5 M 0.9 g/em® ~ 2.3 g/em’, #1K
FE BN 10 GPa ~ 340 GPa, WIERIET-EL N 3.5 ~ 5.

33 FHHUESHERIR (LCVD)

B TS E A S OHTTRE SN, OB SR TR 2 R L T 1) 2% B A B v e

WO S A DURNE 5 8 18 1 22 AR U ) 32 B XONLE T BG4 22 SR TRV R O 1A
REVR . OB 2= ST T LB R FOGRRIOR o0 TN RE, (0 Fid g2 B, el F3)
REM3E N, BERRIR 7 RNRIE, XOEEG T mEekl &t EURd iR, WoRE S RIRE)
B, P A

BB FE AT AU R 7 AT o 4 2% OS2 3l Ao TR AR B AR PR im 4 1 R SR Bl 1,
PR #SfE LCVD, EHIEEFER T, BOtR B TEAR b, RV R E A SR
TV B 38 I OGRS SR A JBUEEAT L IOR TR 2E I, 0 B AR il LCVD . FERXMH AL,
PO B AR A AT T IR R BT OISR &SRl 7 RBASAR M ol B, Bk Eos
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Content of H / at%
SigRB¥ax3s =

Density / g-cm

B8 #HEAKBEEMAEN (B/CH. b) ARETEAL. 0 AETELAL. ) FE. () BE
Bo(f) M REEH R RE/DRET LR R KT
Figure 8 Growth temperature and power response surface curves for (a) B/C ratio, (b) at. % O, (c) at. % H,
(d) density, (e) hardness, and (f) Young's modulus

A5 SRRV ] 46 VR P 33 P LU SR FH @ A SR TR O MR R B0 S SR TR AR & H 1
MR PR, JEEIM 9 at% 2 20 at%. 1XFKIRN SR FI1L 22 24 Ao 4R IR FE 2 ok ik
SEEMPBIE M EES % . Oliveira 2 NP'R AL SMPTRECR, L BClyw CH, i H,y 1
RESNERL, EHIEOCTHRATEE N 125 W ~ 200 W SN AIAE4ESE B Y 20 min ~ 90min, £
BERPISARGIR, H5% 52 RE T IS 0.3 ~ 9 BRI .

3.4 RLWF SRR (HFCVD)

ML ST R GEE T TR AE I 22 AV R AL . 22 B v, B TR VE A

1000°C ~ 2500°C. fof JEAF KL 5 52 A2 (PR SN, I HoA e A0 28 iR 18 H I T 500°C. Ut
T FRAE B 2S5 N T, DA S S B AL AR 175 G o
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(m-CyBoH o) i J5Uk}, 2] S N2 P AT AT g A AR L, ] 4% 75 BB A S LK 2333 04 6.5 A1 5.6
BRI RS . DU R I, AR/ T 4 geem P min™' B, IR R ey ksl 4SRRI =
T 4 gom > min™ I B A IR EEXTTURUR S (K BL0IEAE Arrhenius . UL S
HAUIRRABIARAE 2 i WA AEEFE R TR | el 2 BA, (BFERACl i TRy Tt A 5 2
Z N

4% E

BACHI B A RS PR RE, TS Tk, AUENORSEOUA & Z MR AT 5. Bl
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