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Abstract

With the miniaturization of electron devices, the minuscule structures
are important to state-of-the-art science and technology. Therefore, the
growth methods and properties of nanomaterials have been extensively
studied recently. Because of the excellent electronic properties, cobalt
silicide has been used as the materials of ohmic contact, interconnect and
gate of microelectronic devices. In this study, cobalt silicide nanowires
were synthesized by chemical vapor transport process with cobalt
chloride as the precursor under the appropriate concentration of silicon
and cobalt. The fabrication process is economical as well as safe, and
CoSi is the only thermodynamically stable phase that can be obtained on
silicon wafer by solid phase reactions. By changing the reaction
temperature and pressure, cobalt silicide nanowires with different size
and density can be obtained. The CoSi nanowires were grown via a
Vapor-Solid mechanism which can be inferred from different

morphologies of CoSi nanowires with different reaction time,



respectively.

The as-prepared CoSi nanowires, owing to their sharp tips, display
good field emission property. The field enhancement factor and the
threshold voltage are highly related to the density of nanowires. Moreover,
the electronic properties were studied. The resistivity is proportional to
the diameter of the CoSi nanowires.

The magnetic properties were also demonstrated in this work. The
bulk CoSi is a diamagnetic semimetal. However, the CoSi nanowire
ensemble exhibits magnetic property which induced by the reduced
coordination of the surface Co atoms. At low temperature, the nanowires
have relatively high saturated magnetization (Ms) due to less effect of
thermal vibration. The CoSi nanowires with different diameters have
diverse Ms and coercive force (Hc). In brief, the CoSi nanowires are

room-temperature ferromagnetic materials.
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FeSi, FeSi,
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to metal foils Nij, Sil,,
Ni,Si,, NiSi,
NiSi,
TM vapor TM vapor Si 850-950°C 4-16 h 1x105Torr 1-10 um TaSi,, TiSi,
delivery substrate
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Fe, ,Co,Si,
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2-source TM halides SiH, 650-730°C 15 min 5-760 Torr  2-5pum TiSi, TiSi,
CvD
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% 2-1Ti~ Co~ Ni# it 4 e 32 4 5714

Metal Silicide phase Crystal Tm (K) Lattice constant (A)
structure A b C
Ti Ti,Si Tetragonal 1440 10.196 | - 5.097
Ti;Si, Hexagonal 2400 7429 |- 5.139
TisSi, Tetragonal 2190 6.702 |- 12.174
TiSi Orthorhombic 1840 3.618 |6.492 [4.973
C49 TiSi, Base-centered ? 3.562 3.531|3.550
Orthorhombic
C54 TiSi, Face-centered 1750 8.2087 | 8.5534 | 4.7983
Orthorhombic
Co Co,Si Hexagonal 1480 4976 |- 4.069
Co,Si Orthorhombic 1600 4918 |[3.738 | 7.109
CoSi Cubic 1700 44443 | - -
CoSi, Cubic 1600 5365 |- -
Ni Ni;Si Cubic 1440 3.504 |-
Ni,Si Orthorhombic 1580 500 |3.73 [7.04
NiSi Cubic ? 4446 |- -
NiSi Orthorhombic 1265 518 |3.34 [5.62
NiSi, Cubic 1298 5406 |- -
Si Si Cubic 1683 5.43006 | - -
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% 22 % # i g i e B

Silicide Resistivity ~ Moving Silicidation Film Si
(nQ2 cm) species temperature('C)  stress consumption
(dyne/cm)
TiSi, 10-15 Si 750-900 1.5X107 0.904
CoSi, 18 Co 550-900 1.2X101% 1.03
CoSi >180 Si 400-600 - -
Co,S1 >180 Co 400 - -
NiSi 20 Ni 350-750 6x 107 0.82
PtSi 28-35 Pt 800 X100 -
Pd,Si 30-35 Pd. Si 800 1.3X101 -
WSi, 70 Si 950 - -
MoSi, 100 Si 1000 - -
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¥ RHm2aHA

3-1 REH R

2 o0 r sk 4 % Silicon(100) & [ » ¥ & % & 1X0.5 (cm?)
K EARER R E PN > SARFARYT 2R AL
By P R4 AP BOE s A G 3 It b - ke o
Bk WERIR RTE 2R ER A o

FIH kT = e B E o BRI E P AR E g S
B~ 029 & 1 45(CoCly) % 7 % #7F 2 T Bpdr » B3N # 55 o F
TR R 5 600 C o AfF AR K 47 15700 T-900 C-'pe
B ArF R RPN F R RF A EEF Y IR

WAL A e A FHRACBE NI FERER TR RERA

B F RERTHL AL LSS 4% SEM ~ TEM - X-ray
P 2 3 A B A 4T 0 A K RO R R B L

2 Sz F RWAT BB A T > F &I R 3-1 #77 o
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3-2 HELH

3-2-1 4% % ¢ 3 B4k (Scanning Electron Microscope » SEM)H

FETF R fyd TR o SR L s(condenser lens)ig | A b2
®F koo 3v T (aperture) B P H]iE ~ 4T S &k 0 £ o 4 4L (objective

lens) B E AEF 2o s 1% T F A REDIES 2

YA
=1
hY8
na
Iy
!
&M
4
%
Rl

ML+ XTI T FIEFFFRAEP LB M
TR G ACRAR Ea ARME A G A A4 PR F B d
MERX BEPRIIT e AFH%P > it d2 KRz SEM B ify *

JEOL-6700 4% i3 & 15 kV~1 T gt (working distance) 8 mm ™ g

3-2-2 74 NT F Biksk (Transmission Electron Microscope °

TR RS TF RS kB B BRI TR 3T
R %ﬁt“ B EFE T IR AR 2R F A0 £ B R 2N
AZ2RITIEY DRI FTELTF ML FTEEFRL T HE22 T
+ T Avri e BT R T E Y T+ H st (High Resolution TEM)
F* B B SHNREREHT I » HIRY AR 0 HTUT R
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=5 { fmpcehm 5 8 i(lattice image) » 245 B ¥ 14 B@R) 4
R BT LA SR B 4 B B e e
2 % 2417 JEOL JISM-2100F 55 545 1§ % 7 + BAcH » fudfe (7 T /R

200kV T o R T HEET A L o

3-2-3 X-k ¥4tk (X-Ray Diffractometry » XRD)"2
X- Ktk EA* FLR S MR ESEL B BT+

THFEH FFEHYPET T RMET I FHEH P RS 2
A X-kofy X-RkREF L HMA G > € 3 &7 £ 4:(Bragg's law) $E5¢
B3 2dw sinB@uwa=n A 0 4eB 3-2 %77 c B Y dyg 2 Rt B O
N B X-EB T g2 &k vn s - Bl LG XGERE o7 Rt
P4 AA T R AT R SR SR - (8 o
Lz B g o A F S ALY Siemens D-5000 - iE # x4 (=1) 0 1

¥ SE(thin film) R BB > 7 4 RIEE F oG S AT R o

3-2-4 it B 4c% %3 th(Energy Dispersive Spectrometer » EDS)*!

GEECA R R X LSRR E X L B b %
AR AZ g A R X ko AP EAX K LS g 0 T A
b At o F133 0 0 [ SARE R TALA G
o B RIL o Gy R X R R A 5o LR
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3-2-5 3% & #|(Field Emission measurement)

&Pk SLE & Keithley-237 & & 7 3k % > T fie & Labview & i
M RER AR 340 f1% b PG ITO2Z mgdr 2 £ it by
Aok ARaE S A B BFEEL 180um > £ 2T~ §p) % SLi2fp > 1
T dgd ITOZ B > KEFREIFEM L0 I F 2382
© 5x10°torr » #h 4 TR +1000V > & B pl=r i R F] AT R E 0 L W

SHEFET S0 #E T @ HP g SR S TS

3-2-6 & & P(Electrical measurement)

AR BT R R S AR B2 F L TifeAu
TR oo I BOE N3 L & s (Focused lon Beam > FIB) »
BATE w4y £ BT ERBFP I 22 RETRERPLESR - RES
Y+ AHMEET B BRI A AT B EREF R &

BT A e h N RS R PLERSRE Y AR ET

AU e BT TR - HERTI T @I AR T

3\

FEoR=pL/Az 238 e FENTIEF s o] o The bR L ARE [T

RTINS

3-2-7 B+ & B](Magnetic measurement)
R g R A & EE + F o ik(Superconducting
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Quantum Interference Device - SQUID) - A% 5 MPMS-XL » -+ & Bl4r

Bl 3-5 #75% > fo ¢ 4ok tT Tesla #2472 7 i 10%emu >

»

= AREHTREFT I ~EF 0 L F P B F gL
ﬁ L E =

P PR R IR R R R o TR BRI 2

HHENE F Y

Z % #3 5 (Josephson junction) 4z H A BN - 35 4c

- B P LREARED RS B R b B

Wi RAQEMBIT IR d TR A TR SR

rk}_o
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http://en.wikipedia.org/wiki/Josephson_junction

h

B 3-1 7 i A2

Property
measurement
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RFRELY G

Bl 3-2 X k5% 88 $E5t 7 & @[42]

AHEF R 1 X402 BB 3R 2

. A ~
MR RS R Y

HH o [

0 0. 1 15 2 25

790 y % Full Scale 946 cts Cursor: 0.000
fh & II
2o m
[r——— % A7 Ao B8R X ;
AR [ AREEZ S M SA I 32 A

o T He 2 PR

B 3-3EDS A i B [

23



(1) Sample Rod

(2) Sample Rotator

(3) Sample Transport

(4) Probe

(5) Helium Level Sensor

(6) Superconducting Solenoid

(7) Flow Impedance

(8) SQUID Capsule

(9) Dewar Cabinet

(10) Dewar

(11) HP Printer

(12) Magnet Power Supply

(13) Model 1802 Temperature
Controller

(14) Console Cabinet

(15) Power Distribution Unit

(16) Model 1822 MPMS Controller

(17) Gas/Magnet Control Unit

(18) HP Computer

(19) Monitor

F 35 g #E+ i kn L
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Frd BRaEH

4-1 2 b 3 & FEEF 142 K RGP P

ARG A R R E LR A LR E B R R
e sl FlE g g Caaate AU R 2 600 C o i o~ Ar iF A
PRI RFEEESE L EEALS FANFERAT R
FHRFIETHIARL L PORE R fki g s I (-)F LR
BC)rERA ()3 EEFF A %E - $8 £ 1]* SEM-
XRD v TEM L% 2 o P3| e if 45 12 A0 1 462 o find

iz

9

fefr s B PR A -

4-1-1 2 EER

AL EHFFASRREAFEZARYL AP TR 2B 2R
s £ F & 800 'C~850 C4- 900 C-H v H T enf B $o¥cs B 5 ¢
Ar % %23 € =150 SCCM (Standard Cubic Centimeter per Minute) -
£ B4 =25t~ FREFERF=2hr-

& _SEM B ® ¥ 5800 CT (B4-1) &2 Fam4 =
F oA R RZ D] 2 KR i 5 d Xk Mt 17 (R 4-4(9) )
Fap B RT o BRAZFRGE 2 g MEfor A G F

A% CoSip o % ¥ KEA#F I 850 C» d SEM ¥ (Rl 4-2(2))
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o, AR RTE FBBASDZAARL S B AL ARNGE 70Nm
fo3-4um > 4% XRD vt %t 5E54% (8 (8] 4-4(D)) » 7 12 19 54 850 °C
T SHHER S CoSidp o - A1 TEM T 4R 2 R 3 B ()
4-2(b)) > #* & JCPDS &3 + (#721328) » {# «v 4 3 Mp 3= = i
(cubic) > 57 Atk “ 4 F Y F 4§ 548 T 9p CoSi v »
LAk L E o2 b [ e v Ko ERKRE 50 C
1900 Cre(M4-3)  2+2 2 KM LREFRFTE > 2 gy
bAS R BRI 0 R X R A 7 (] 4-4(C)) 0 F HESTE R
56 crE B4 vt 4 JCPDS B8+ 5 4 2 3 % i ch1CoSi 4p
(#721328) -

QM PR R A R RGRTR A RDL L AE S 27

E?r"

Pens ERRT TEZE g § AR FRER S 800 C
Pro — BAng A% CoSiv e F iR B = > B3 3 F Bend &
"R A F I 850 Co M4e7 CoSifpenz a4 283 900 C
o F IR R B AR E g ot Hk 2 £ A A
Hd WEREAEBE €M A g 0 Fpt e BE > wivi CoSifp o
- A gk Codr Sichwr i F g > RRIGEPE o § XM F )
CoSi  "EFIAFRH i 4#e M & F RERKES » A BoF B2

CoSil™*® s fops 1 g4 sk send X B & o gt vb s A F Y Bi oo
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% CoCherw AR eanALF & 75 F of? F & CoSi
LR SRR A & 0 B Ap e 1 45(CoySi ~ CoSip fr C0,Siz) 7 5

4‘5{ 4L ’E’{- b ‘— J,} EEJ[SQ]

4-1-2 = £ R4
rF &Y B %K‘ﬂ‘f%ﬁiéﬁﬁ—*f*']%{*%@"’%'%E’é’%#ﬁ';;i
ZHGFRBERE P RS B AF KL FEEA J 15torr T 4torr o

Bz 05torr 5 - BHE > Fdevt iz KRt £k o Hv HEa

F o SHcr B 5 CAr g #8i £ =150 SCCM ~ = £ ) & =850 C ~ 4
B PER=2hr-
A £ B4 L 15torr FF o X_SEM B¢ (B8] 4-5(a))F  pLiE

SR RARFE A E DNk RE BT A o EERS B
sv 3 2torr pE(B) 4-5(0)) » At R4 BT o T IR AR N RN
HoRAXIF o MANEATF L-2um> B F L Faoh RS T e
HT AL F R R o FME R BN R4 5 d 25 torr iE
W 4c 2 4 torr(R] 4-5(c)-(f)) ¥ m s 3§ r41/B 4 & & 2.5 torr = 3 torr
oV EIRBERAEGE KM LGRS FFR S ZHXRBARF A
BT R I A AR Bk R o i %Rt > K _SEM B ¢
wF IR w2-35t0m 3 A ML L DR FRP 0 F A RDE T

RS B n EBR L {17 XRD B R SR AR
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R

4 % 15torr o) 4torr pF > d XRD & 47 % (B 4-6 v @ 4-7) > #
JCPDS & &+ (#721328) » ¢ &>t > & k1 CoSi 4p o #-4 £ B4 3%
2.5 torr-3.5 torr ez F A& A * TEM £ Pfﬁa\ 17( B 4-2(b)(c )~ B 4-8 ~

B 4-9) KRrF T B E Ry 2H S CoSifp o ¥

NB
5
EUIRS

)
H-'
1y
AT
\_
—
™
w_?,&‘
3
E:)
s
-
e
o
EL|
e
4
3
ke
P
!

Pfhd VLS H 4 RS 41-4 6 § &4 IR - PRI KB R
L AP AN SRR H A 2O RDE ET700m $5o) 3
30nm > ¥ & R4 GEBH Ao o

BRAFap itz ARBRICE T i RanFE ¥ ,u;%;} L&
F RS & e dE e o

2CoCly(g) + 3Si(s) 2 2CoSi(s) + SiCl,(g) -(1)

CoCly(g) + SiCl4(g) 2 CoSi(s)+3Cl,(g) -(2)
IR E REREATRY 0 HTL600°C kax MELEF LT
@2 CoClof WMER BREM - TE g PB4 > 4227
I F AR > F 1 hafor AR 2 S eSIClLF 1 & A%
BN PR ARE > o E N SUER K S 2 X RenS P R

prord 22 CoSiz it s E P o lw B4 < pFo S PiEicE <R
SPEERE BB S HR G A m R HZ ARDE LT AR
St D AR e K SRR (Ao B14-109777 ) 0 5 d TR A S v
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Bt £0 g e ) A R e F p ColSik R A B g
Fli) B2ER 8 opr@p > J %4848 2 F 4 CoCl,
ER % LR MR E N F T o B 2 2 SICIE B B e
WRBRA A3 > pHCOSIERY T/ > 4 2 SR B F A e m
SIClf H1 & § FRraz A Sphe 2 & 2 SR B4 0 § FIIR

23K mEAREF YR o

4-1-3 > EpER

N

AP EHRY PR - 3&?5%%55@:’%% oA R PR kdadra o
it g e 2 EERFANK LS L5 2 e 25 | o
Hi HE At Fengdesw i A F i £ =150SCCM~ + LB B =
850 C ~ = £ /&4 =25torr -

M SEM R #@ 4> £ pFRF L 15 ) PF(R 4-11(a)) > = 57
PERZFNG REDR FSUEAF P L S e d L FF <o TikA
k- %i e BEALDL BAFL 0 2 XA BT
BB A A SRR 0 $ 4 SEM B 5 (B 4-11(2)) » 7 BB
T 2N REAIG KR AL D kg {1 TEM BLE 2 o enk
H(B 4-12) B2 AR5 R P 2 £ 0 KR+ B it 43 B 403 o SLeni

5 & 1 4 CoSi 4p(# & JCPDS {R2+ (#721328)) » ¥ 4 & & » &

ot = o £ 41% XRD 2 & 47 H &4 A4 b B 3 SRRk SR
29



(B 4-13) > jE s e A4 (5 2 20 =45°% 1 17 4 3t Co,Si4p o
fe 2k SRRt -l > I XRD A A 47 2 A kg o
EDS % ®] A 47 58 5527 2 3 342 Co/Si e A it 5| (8] 4-14) > ¢ EDS =~
FWF UEA s - BadeEF o A F RS Co dhsk At
BB AN CoSi R o T LIl A AEDY 2N
AL - o R AR T I R g 2t £ T E

1 2 i B AP FHIS St AR 9 5 100 nm ks 2 E

—+
~ B

SRR LA DR K S F AP S 20 TR A A AR R
B® (B 4-11(b)) > ST+ BT H 4 2 25hrpF > #1182 3 F B4

w3 Hk (R 4-11(c) > 2 RE B AR < gt o XRD A 471
(@) 4-15() (b)) > ¥R PER 5 2hr 0 2.5 hr pF > 9717 Fl 2. Yo% (8
b

sApke > 5 CoSiAp o d 3 RFERERE > T UEETE (L 42 F R

BE ] T e -

4-2 B v g% F Send £ 84
11 & Y 45(CoCly) i® 5 F sk ird 2o Bpde > Sedig {8 > d 2

FRACT IR o foR AR R A F A KM § e

FPRIFEFBES €435 R4 F9 52T 4pCoSHE P FF B4

[39] .
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2CoCly(g) + 3Si(s) 2 2CoSi(s) + SiCl.(g)

CoCl,(g) + SiCly(g) 2CoSi(s)+3Clx(g)

-

MEEEF - B for REF B 2 SSIClys 8 > &5 % F 20 Tf

BAE L 0 F A 2CoSIEN \FEFE R4 A EEL 2

3ORSER 0 T B KR CoSIR A BTl % 2 KAk p A
it > WA XCoSIZ KM F 7K AR TR TE B h
ER B 2N MREEE O A T E R A 2N T ) e
PRk A B3 KA AR AR g Y o B 1 45CoSI
A EBEE R T o AR E A S B Mengp o AT S At S AR

CoSitp £ d =B & S R A MEBH -FHE L 1y P FRLFR2Z

TEF O RENPAF O FR PR - HEG F A E
PBRRE TR TR P e R A KA AR VB R T B fogt
oA a2 o A u L TisSiE®  FeSiP4eCrSipi o 245 m pr e
WL A FERFERH SRR ERR B S P EKE ’
BB A ARBRAE BT - FY 5 X3 hE BRA S HR
AR SR FIAREE G o 4 LB HT L B4 Bl4-16977 o LB R f

o REY @ BB E A o ¥ CoClywh Bpdr Tk B ¥ A F Mend &

|k
A

Ve
%

P d A gEw 0 A $7CoSi 3 F s E ’”gz! VS# £ ¥

—mbe

#](Vapor-Solid growth mechanism) = £ (1821
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4-3 Fg#FE

e (L 45 COSIi B f A W E 2 9 5X10°ehE Fergee > 2k
RMABBFFEL 180 um > 772 T i % B -F HJ-E)d R4cF 4-17
“Ton o A= T B (turn-on field) = & 5 A 4 10 pAlem® Bt g chf & o
Eplz 2k iR e R R E 5.02ViUm; BT R R f R
BT Bep AR ts (INJ/EY)) w5 % » T 3-B~ 5] fi(UE) #kF
"B 3 - A e Fowler-Nordheim (F-N) B125 (%] 4-17 =+ ) > 4 F-N
Blor @2 A7 e B g s F5 B SASF M S Lo
WKl Frr B BIEARF o N A MR A ARG o I
F-N = #25¢ ¢

J=(AB’E*/ ¢ Yexp(-B ¢ **/ BE)

He¢ AB L ¥F#Ho A% 5 1.56x107° (AV2eV){r 6.83x10% (eV¥um™) »

§g E|J

CoSi et Snficp=4.T(eV) » #+ A|FiE X » N F ¢ > 7 IUEFEE
£=1265>4 p* {# 4> CoSi 3 F ME § Meadeds 7 B fo g3 35 F]5F
oot o g ol o - £ R R PR K RS R i
2 JEW R(AcB 418 % ¢ 0 R)feH R RF anE P (R 4-18 7 £4 o
R)pt s P UEE A RDBR € S FREFF ML § 3
FRBPRT o G FFHROE NS mEFEREIERY ER
Al T BAE > SR p L
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4-4 &R
Flr BRSNS L s (FIB)#-CoSi 3 F sfr & B 7 i:tad &

STRRIE P2 - BR(-V)E S AoB] 4-19 om0 thAe- B R

BpE S AV R L - I AR A &R VAR R

_E
2y
At

BTl s a2 d -V a3 v g Fas
Mg E(R)+ /| - £ 1% R=pL/A3e 5 ¥ (FH 13 CoSi 3 £ ®ehF 12
Z(p)» 429.1(uQ - cm) > - Ae grd H & CoSi i e 3 (~180UQ -
cm)*Ig K enF o EEF LA K ADT G TR K RT R
FI & A R] o I B BRIR A2 BT R ERIP o R T PR T
BT m gl w g 4 B Rl 2 L o EE LR 2 HART A
e ARHRTFEFRNFARNE AR IO G 22 FELZ AR
TIEFERT T T A § 3N RE AR o A T
A 4] 4-20 HER o JE pEY WA f FRGE L 1R K ¢
<t & 33T 7 ok & (Fermi wave length) i » 3 cni@ i = 34 d Fbt
(diffusive transport) #& 5 = 58 &+ (ballistic transport)(4- 5] 4-21 #7571 ) © i

S8 1 ¥ -

é\-\

l—ﬂ

d SBbten@iE s N o R 3 d g - =R

BEAPN (3 AR S TR

3

A& feEs ‘«!—\?E‘?ﬁ 2—2,‘35’
ook Bt o ¥ 3 Famm 3 IV BT 5 e R IEF B3 K AR
Y R T R T LA RE EL LR
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M Bt o o g%’gd ZkMmA e BE o A B 23 50nm eh

2ok A 0 TS HEIT 1000 uQ - cm o d B 4-20 ¥ 5> CoSi 7 &

SR SIEETATRE FE P IV NITEL BN S A
A A G Befant IR 4o FR 0 T3 G ek A G A D
Wk o o e T g 105

4-5 gt g i

5B COSi £ 3 Merpii i  fI* L EE S T # % (SQUID)
#HF T 30E fTehd KM A 2K fog B 300 K T st B Rl A wl b
] 4-22 o) 4-23 -

B2 K™ arg 3l e it F-oh 4o 23 d S (M-H curve) > 4o ] 4-22
M  JHAREE SRR T2 M-H A R 5 P AR F
g % CoSi 3 K AE F 4R ot e CoSi #TE 3 ek B
2 TRFL LG A S HNERT €45 H % CoSi 2 A RE
$ampt s F AR 2K T o - BT OB FEFE S T AR
o BERF XARFRE > 2 HEZ 2 700m fe 30 nm 9% &R
FARRED LR S sl L R

%R BN 0 R R LA b PR R

AN

4-17 B FEREZARET FERT e fog it I (Ms)fesg~4

B (HC) = /| o 3 F B Ty 2 K M-I 53 T 70 nm Ha-l 2 30 nm
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PF > Ms € d 0.0171 3% 4 2 0.0186 memu > iz %] % CoSi 3 F & e
Bt 38 d Lo ASHOEERFTHF TR K ARE SA] R R

AR P L L G AR o it AR ot He A T HPIRE &

ET

DR BRI g - AR (M) F R - B

1A RBIERREF] WA Y E TR 2GR E TR A
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A

AP BT OB E TR B TR A R PERR AR B
FREARNERFIBAEZREI G v R - R HRE X e BES
NEIR
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B 4-2850 °C T 2 % ez o s (2)SEM Bl > (0)TEM & i

(€)% ~ 7+ TEM ¥ i
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Bl 4-3900 °C ™ 2 = chz Sf sfod ik B2 SEM B

—900°C 210 a CoSi
—850°C 211 X Co,Si
—800°C -
110 w200 L I ©
= 210
211
3 = oy 200 1
g M~ Rt AA e l o (b)
(@) 013
0 211
2001 020
(a)
20 30 40 50 60
2 Theta(degree)

B 4-4 7 I+ F iR & (2)800°C - (b)850°

2. X & ¥Eit R
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B 45 72 F=E&B4 THE2 25 SEM B (a) L.5torr >

(b) 2torr > (c)2.5torr > (d)3torr> (e)3.5torr > (f)4torr
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_323 :‘r’” a210 a CoSi
—— 1.5 torr 211 X CoySi
110 111
] 200
W (©)
o a210
c
- 211
O
O 110 121 200 )
111 200 zio 211
(a)
20 30 40 5 60
2 Theta(degree)

Bl 4-6 7 FF &4 (@)15torr> (b)2torr> (c)2.5torr T e

X % it B
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a CoSi 110 =210 ——4torr
n

Counts

20 30 40 50 60
2 Theta(degree)
B 4-7 *FF &4 (@3torr> (b)3.5torr» (c)4torr ™ 1

Xk b R
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B 4-9 /&4 4 35torr T @2 2 /T EMRBI(@) RS 24 (b)

F T SRS 0 (C) L1 P ARLEF (e

Radial
growth

!

oISNHIp

Fl 4-10 % Spde 1% of Send £ B P LW
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Bl 411 7 b S E PR T @2 SEM B(Q4FERFR 15hr (%
R AF Y Z AR BFE 2 THEEB 5 CoSi 2 K smd 2

kY 4 E ) (D)4FEPFRE 2hr> (C)4FEPER 3hr
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I

Bl 4-12 45 PR 1.5 hr 2 # 5 TEM & #(a) o 5 8 -

e SESTRA, > (C) 1 1 AR ET 1

x Co,Si

013

Counts

v T T r . Y
20 30 40

2 Theta(degree)

B 4-13 ##FFpFF 15hr & > jEwes

R % e XK SRR

(b)i % &



(b) Element Weight %  Atomic %
Si K 13.53 24.72
CoK 86.47 75.28
Totals 100.00 100.00

(c) Element  Weight% Atomic%
SiK 24.92 41.05
CoK 75.08 58.95
Totals 100.00 100.00

Bl 4-14 3 5 1.5hr Q)SEM B > (b)2: A SHEDS = 4 A 45

()2 B ¢ EDS & 4 A 4
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110 111
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QA HBLAKERSIZRE OBRBPEEAKGHEGMARRK
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Current (uA)
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005 . 70m
0044 * 30mm
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c ]
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