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Abstract

Recently, demand for the miniaturization, high integration and high speed in
the VLSI device technologies requires more thin, uniform and thermally stable
silicide films in the form of epi-silicide/Si heterostructure. Many works on
the growth of high quality epitaxial silicide films on the Si substrate with
smaller lattice mismatch were carried out. CoSiz;, which is one of metallic
silicides with a fcc-based CaF» structure and has only ~12% lattice
mismatch with Si for bulk lattice parameters, is expected to grow epitaxially
on the low index Si substrate with and atomically abrupt interface. Various
attempts have been made to realize a defect—free epi-CoSiy/Si(111) or
epi—CoSi/Si(100). Solid phase epitaxy(SPE) and molecular beam epitaxy(MBE)
are known to be one of the most prevailing methods..

For epitaxial CoSiz films on Si(111) substrate, two types of orientation are
possible: type-A CoSiz has the same orientation as the silicon substrate, while
type-B CoSiz shares the surface normal <111> axis with Si, but is rotated
180" about this axis with respect to the Si. Occurrence of type-A or type-B
CoSiz on Si(111) is known to be dependent on the initial Co thickness and
annealing temperature.

In this study, the ultrathin CoSi» film was grown by solid phase
epitaxy(SPE) on clean Si(111)-7X7 surface under the UHV condition by
in-situ annealing. We report on the formation of ultrathin epitaxial CoSi, of
either type-A or B on Si(111) substrates and on the orientation relations of
CoSiz/Si(111). Reflection high-energy electron diffraction(RHEED) was applied
to monitor the surface structure during the growth ultrathin CoSiz films on
the Si(111) substrate in UHV. The phases of the grown silicides were
characterized by X-ray diffraction(XRD), and channeling ion backscattering
was used for the characterization of the structural perfection of the sample.
The microstructure of the CoSi»/Si(111) interface was investigated by using
high resolution transmission electron microscopy(HRTEM).



WA AAe A717F submicron Y2 FAsgd W 1 IYYLE F
ZEA 7171 A5t A2d BEAQA AEAlel=9 Awo] Hx dFHn g
(Lepselter & 1968, Lyer % 1985, Murarka 1983, Ottaviani 1984, Poate %
1987). A8 Alo} = VLSI(very large scale integration)ol 4] | o}E % A o)
U iiddges AHgEH A £ AT A EH4EL A3 Q. Aol =
d 5-Si9 Ao EA O 48 WS FAsd: FELAY Si 9749
At ko] & ARHR, FA Ajo] Yojyd FxHezY AFHo 7 gl
Ag Edoltt. Aadd A2jAlo)zi= J|® Siel A2AWH By didto A
FEAAE e AozAM Si 71w AATZEY vx3zn B(hkDHA B3
[uvw]e] 7193 HhatAN dAFFe2 YFd Aoz A AP Fe
W AHdd. ol s guAHY GdF HYAlol=E e Axk g
W24, electro-migrationol # & A ¢4+ dFHAAHY, 18 @
S HMAZRS e Ao AWAY EHolgd. ddA AeAlol= ng gY4g
L () 58 474 AP s 7Aooz AAs T P stressE
7AW, (2) & grain Z7]% grain A4 AHE 98y, (3) ututo] Q0]4
%2 AA A WEt A2QA AEEEZ FAAAINL, (4) ADRA $53
XA dAuMde] AW AA TR 49F AoE F=¥ F A=, (5)
epi-Si/epi-silicide/Si o FZ& Z olF HHEZ dydH Y Fo) 7%
9, (6) channel& §3l o5 g4 ulule] o] 22 Fda HE&E ¢ Ao
7t &olsto.

HI7AA AFRud o9 dAlol= ¥4 ZHEL NiSi;, CoSis,
TiSi2, Pd:Si, PtSi, WSiz, FeSiz, ZrSiz;, VSi;, HfSiz, NbSiz, TaSiz, CrSiz,
MoSiz, IrSiz, RhSiz, RuSi, ReSiy, MnSi 9] 1oy olFdHE HAAEAH
7} &2 NiSiz, CoSiz, Pd:Si, TiSiz, PtSi%s & & Aerol= Hu ofF &
T8 AW Tz AVIAHoE dddF 4ES A UG, 53 CoSiz NiSiz,
T2 Ao Aol tedt xn&EAAaAe] S8 o] 49 Az
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& 5 A4, oj9} o] AF AL el Hrtolr FYAIA we g
AFAEL a4 oA (solid phase epitaxy : SPE) %ol 9%
MBT (metal base transistor), Si—-PBT(permeable base transistor)®} H&
Zzuto} epi-silicide/Si 7% & 2z} SALICIDE(self aligned silicide)%s 3% 3+
& x23d& ArA Ade] BAHS ZA HAGD. Bean F (1980)2 Si-PBT A
AMte] B} AolE ZAHE CoSiz® WSiz & olF dHZ dadd A3
Zd. £ Saitoh 5 (1980)2 Si 71 $o CoSi: ©2A AHZ +x2E A
AA 7l @t CoSiz9% NiSiz & MBT 231 Alx Ao wojx~ YgE o] §
dxuz st AEE Y. AAA Rud oriA g d dero=
234 FoA Bulle-Lieuwma 5(1988)2 Co o]& F4o2 Si/CoSi/Si *+%
g FasdgoY epi-CoSiz 29 island ¥4} A-type?d B-typeol EFd
Zo] EA4F L Y3, Tung T (1989)& Cos} Sig Si(001) 7IHell A F
A3 9 CoSirZ A AHALSY misorientation® grainso] e d A4ES
ZAbst o}

Ao d9dFdA 72 Fd3m 3% 1859 (8a) AANR = 000, 4“4 4%
o) WAAdo] (face centered translation) & 2+ Zo2 AXNYF+ 5431A
o] i, Fluorite(CaFz) ¥ 7X& ZE CoSizd AAFFE 5366A0% 2
ARt @2 Za glom, CoSi/Si ARAM FHFEE oj&8Hoz 1.2 %ol
g aez 3 HASLFE e Si 7l Yo 4A cuAAE AFHn w3
QA FNA 2§ AW (abrupt interface)S A st 1 o' F&£-HgA}
ol Bk Aol Hold EAoY. Co-HeEAol= PAAxAR =2+ J&
Co/Si AAA Co-AEAol= 42 Co:Si, CoSi® CoSiz o2 dA 2%
of @2} HEAQ CoSix2 Aojdd. wug AHol 2384¥ CoSiz FAHAZEE
o 600TCoNA Avdhd dFol dojyr(Chen & 1982), 7%} B AH,
A = T FAYHA g AAFE v1Hg SHIA AAFHE
type-A ¥ 719 P dFH 180" Ao 7R HA(twin)E o) F &
type-B2l CoSiz7l A4 9. o2 4L Cod THE, T3A 7189 2
E, 7189 ALY AADRF, gHAYUA, Co %9 A% mode 12z &
E 71€7] § 9348 #9497 5 A9HA 82 2] FHeo] AFe] =



A dehtE Aol ojgh e Ao dEe ol HEHF wgrF R
A% 2F%e s YA Fe ol

B Ao E B4 zute daa s Agkol=g FAPAFEY oA 7}
T RE JAHRALE AAFY] 945 A FUAA Si(111)-7x7 71 ¢
o Cog &3 in-situ AAZGste 14 AA €A FY(SPE)N % Co-
AgAtel=g P44 AFd. Si 7% Ed4 FAHE Co AHAF 2=E
RHEED2. 2 ZAlstdct. 34582 RBS, XRDE XAlsltgx, A" A
& HRTEM# SADAY o Z AY ReE zA 7939 A9 VAR
AclE AF EAZ $4 7158S AN



CoSiz& 71% Si(111) $iol @dAF P02 duaa YFNL o9 71¢ ¥A
9] Si<111>; ¥F# AP CoSiz<111>¢ ¥ 3F3H2| misorientation 2 e =
7% Si(11D9] EAPH $Foz e 7R 110>EFoz ozt 7] & A A
cutting® offset( ¢,) Ztol Z7tgtel met APPor FrAddg. s 73
824 D d2A misorientation Z} a=¢ Xtang, & A2 F At VA

e = Arol=/SiAle] ARAA Zlwe FAYFoR FH(strain)E Y
2 A

1. Lattice-mismatched systemol A 9] AW ¢+ =

A z7t o} XF o] EF Z(heterostructure)x= ZAF A &4 ag2-12 Y
d 5 9. Z1ss FAd e WA ATZE JHAYW, s 4
as, 123l aolth. epitaxial layert strained ¥-& unstrained 3 elo] 1o
Z29 AL 93} (relaxed) HAt 2 d ). strained systemS HH3d= £9
2 Hdo2¥F pseudomorphic® commensurate %°] U, HAE= 71w
overlayer A}oloj A z}zte] s Po] A d§& 3= AL YeE Yy, Fa=
M3 9 overlayer? o] Ao 719 A} T I L YA, o] FrhA 9
Fojojq AN Aol ARAGSE Viwe] AR5 2o e}
A 718 ¢of ututo] ofyjed AFE do] M EE Poisson’s ratioZ H
EZA Fo B AATZE AFAATEE AFIdA(192-2 F=x) . Y
AgAtol=e] AAGS7 1R AAGFro A epi-layerd AAE 7
B FHwgoz FFse I o7t A4 Aol ojd e FHYYFO I
€3 ¢ & d53 o] ygd £ A Tu 5 1992) .

as — Ay
ar

£ = 1)
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Fig. 2-1. A Co-silicide film and a Si single-crystal substrate are joined to
form a lattice-mismatched heterostructure that is either strained
or unstrained with misfit dislocations.



a; & 71BEA 3 AN FYEForw FFHE B2 ARG Tl o
bulk £& unstrained A€l9] film material®] A A 4o]lt}. pseudomorphic
ZEAANN g, et 2 A7 23 §HE AAE YA (lattice mismatch) ¢}
2. o]l#8 in-plane strain® &3 ZAWi= $ 2 (cohcrency strain)elg iy
g AAR FAQA dFgoFo §Y ¢ x dFH gl & F Y.

_an—a
£ =- 2, 2)

AN a, T 718#% F3Q overlayerd AAGTFE, AWAHOT g, %+ 2
AN a; o d2d. g P N AAF LS bulkFEHAA PFAATES
ZhA 7] WEo s 9o E=FE epitaxy strained-layert WA A7t
old AW AATZE AEHUA 0. o]d AYAA AEHE dSH 2ol A
9 %% £ dg.

la. —a, |
aq;; !
SRS LS @)

er= Py
ag 2-18 7193 FEd 9] ddo] ddY df§ M= strained AHE
vdat A el RO 2 unstrained epitaxial material® 159 bulk 4 A4
F#S adz AN gdM AP A 7I#9 atomic basis® T FHH

F7b dd.
2. Length matching model

duleld AAdE WA duxrt HFGHA o FHojd A (strain
energy)’l Hisdde AL F G Adelg. A& AHA 49
misorientation Zt o9} offset 2t ¢, Alolo] AFAQ AAE AWAM F 79
ZAol7t ARG E FAARS ALFogHN o]To] F £ Yu. A T
misorientaion®} dFAH HF Yol A (equivalent strain energy)c low
tilt  boundary® SHAYARE ZAHAR 5 Uy AR or
heteroepitaxial systemolA 83l X (total strain energy)i: YA F9|
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misorientation?] o3 A% A3 o2 misorientation state:= <A d}
o.

oA Zo| 7lHo] iy v WHAAHR AYTFEE JIA 2 AW o
g 719 bulks} AAHA HAlol=e] AAWo] Mz dIAHE Ze=dgd
lattice misfit> 453 2ol e F Udd(ad 2-2 I=).

f= ——"’a_ % <15% (4)

a® ae 474 7213 Sid ARG (a,=5.430A)9% FAHE deErol=9 F
244 8( 2,-5.364A)°1 . misfit® #7454 $ 2 (average paralled strain),
B 3t 4 A ¢ ¥ (average perpendicular strain)®#9 #AE 933 go] Y
% Ao

f= (A2t + 2 (5)
714 CoSiz% 71 Si®l misfitE -12%°]3 v & CoSiz®l possion’ratio
24 1 gL 027201t 1Y 2-3& oA CoSi; epilayers] 33 Wy g &
71 Siol A WE  gsh WA MY p3 weA 22 gdo gojok e
AL opdg, a¥eg HFFH LY ¢ 9 misorientation Z o & T3]
AHH g, g, n ZFE FHok @k IFAA 71} Sio] YA AY e
Z1e] <110>%#go 2 tiltde] YA CoSix<11I>¥FLS 71% Si<111> 4%
of ME g o ZIREWH] HAHRE » Aold] glov EF 2L FH(112)d
X8 A, BA g7 AN kS xo] HA ¥ Ygd F A &
AHulo] "WaF Aold. XRD rocking curveZ ¥ H@FFH LY
misorientaion 2t ¢ & 7% 4§ 9.

N _ 40, + 48
e T 12 =, (6)

_ AG; —Aeu (7)



Unstrained film atoms

AT Vg S

¢ & oo

Substrate atoms

Fig. 2-2. A atom positions for a strained layer on a thick substrate, illustraing
the coherency strain and the Possion effect for a commensurately
grown layer.



N, 3

Fig. 2-3. Configuration of the two symmetrical x-ray diffraction
arrangements used to measure the misorientation angle &
between g, and g,
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o 71 A ki=tan @ o), st Bragg Ztel 4 6 ui> rocking curved 7|3
Sigt FAdE AejAlel=o A z}o] Holojg. Uk oz CoSix™e P+
2322 A9 epilayere FA(4=100A ~2000A)7F A Qe wi} H3tglol
oF 1.75%2 g9 W37l 2loy Van der Merwe model(1963)o) A & o U A
3 H o2 8% misfit dislocation ©]&& Al-£3t9] epilayer 577} 100A o]
249 AS §8e° #Fa2# AolFu AFd A, od w&ES CoSi/Si
epilayerd 5#A7l 242 AU o2 2 strain state7t ZAA AU S JehA
o. |

Silicide/Si(111)9] A®oli= a/2[110] ¢ a/6[112]9] 5 %79 Burgers

e 7t EA@h 53 Burgers ME a/6[ 1121 24 type-B utolwt &4
3} A 24 g (stacking fault)S ¢ltt. type-B9l dislocatione A&} A}o] = 9}
Si(111)9] Aol &A= o] dundl step®d A FHo] A}, o] stepd 7| %
Si9] <111>, W&S w=3i= equivalent Burgers ME b2 €}, o] A3
ol Auwri= A A (coherent growth)dllA 71 Si9} CoSiy M Aol =29 A A
length matching model(71§2-4)& A4sdd g3z 22 FA7 Y44
}.

l,= C(‘)’;’% = Cfs‘qss =1, = Si‘g’qﬁ/ =ﬁ= S (8)

w2} misorientation 23 F 233 &
a=fxtang, 9
e = fxtan’g, (10)

ol fr= misfiteltd. duty o2 AWAo] misfit dislocation array’} &A%
A {FAE BAVE fedd

a=c¢" Xtan¢, 1

e =d8+¢" xtan’g, (12)

o714 6% misfit dislocation® Z %€ 2] &3 <3} (strain relaxation)e] t}.

FA4 (11)Z%YH offset 2t 4,7} &S 79 misorientation Zt o= ¢,9 1

_11_



Substrate
(112) plane

Fig. 2-4. Graphic representation of the geometrical model.
“Length Matching” condition is : /,= /
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#A3 S ¢4 Ad. misorientatione] WA= FEH S AVIAHA epilayer
o] ¢y A9 strain state?] AL refsjolgdth. misorientationo] 7]
Adty: HPYZHAYAE A4E 79 bycrystal interface®} bulkerystal
W o] low angle grain boundary7t & %3di 7138 4 Ao
2Y2-50 A stress field?] stepe 71 Si(111)9] HPAWF S 3
equivalent Burgers W El 24 edge dislocation©. 2 A% 4 oy
be=al —a; (13)
T3§ step cluster52 edge dislocaion arrays® A8 0. opehA

misorientation Zt o+
b,
a="D——5 * X tan ¢, (14)

2 ¥39d. 4714 Dt F 7H9 interface step Atolo] 3 F{H(average
spacing)eolth. met @9 A3 corresponding oy A=

E,, —21?(1 )/a(A Ina) (15)

o) parameter A stepol Al core energyol 2&3& 1+ gold. FSFAY A
= %% 232 (homogeneous strain)C 22X H ol &Aoo A](elastic energy),
misfit dislocation energy, -12] iL misorientation energy? #o24 H 35
Oillﬂl misfit dislocation energy® misorientation energy Alele] A5 % &
9 e glolnz AgHold + Ug.

E=E+E;+E, (13)
423} misfit dislocation energy?l <lyx HAA S Z ¢4 A+ o

2 ‘4—634 ig= o
(1+V)/t,/(e — f—atan0))*, (14)
ECE Ed=—(—lg_ﬁ‘3—)xln(%). (15)
o}u] misfit dislocaion energy:= misorientation 2} ao] 9&& WX ¢ o ¥

of Em, Es® ¥ AU A a3 5w 1 gto] 0 o] obd misorientation

_13_



<111 >

Epilayer
(112) plane < 170 >
/ L/
n Ny Y
2 x ¢+ dt dy a
\,/ .
! Substrate '
= d1
Edge dislocation of low angle tilt boundary Interfacial step of epitaxial bicrystal

Fig.2-5. Schematic diagram demonstrating the similarly between a low
angle tilt boudary and an epilayer on a stepped substrates.
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z}o] misorientation energyE HA A7 AR FAd FFSHAIAUE F>
ANk @A Aol HPFefo] 4-33tE misorientation ZS T3] A
= 2QUAF HAMEE 0,2 73 @49, A3 misfit dislocation?] 3
Ao dsto filme stress stateZt FAAAHo|7ZI= FAw HAHH ute

misoriented ¥t}
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1. Al A2}

AYPANA AHEE Si 7192 phosphorusE FYT n-Y 9 Si HolH2A
HE (111) o9, v AFL 24~4.10cm o}t Fuld Si dAolHE =
F AW o] ¥ PR AFEE 4 10"° Torr2 FAAHYG. 577
7 2 F0l 8 £ AEE 2uAF P E I50T2 10 A1 T4 o)
713 & AES(Auger electron spectroscopy)2 EW 2489 C % 09 %
7k AES A ASA(F 0.1 at %) °l37F 8 A7 FA/HE ¥He=z ¥W L
ARol & Fol 14%5(99.99%) CoE ZFa A,

Co-dgrtol=9 %7184 AR dF AR Si(111)-7x7 HH|XA 9
CoSizZ dyda JFA717]1 93t 2n@AFAA Co& ML(monolayer ; Si
(111) ¥4 djg IML = 7.8 X 10" atoms/cm®) B2 FR Az WA
Si(111)-7x7 71 ¥ (5mmX50mm)< 1200C2 SA71E A# Edd Ye B
E B4 2L €344 A3, o2& RHEED sdoz FAsgon, 3
Co #&5MA9% 719 &5 @& ERFL2E RHEED 99 Witz g =
Abet el Cod %YL 05mm Y2 AL Aol 5mme AYYPoz Fo}
A wE gegAaegoze &Qch WA 32x10'° Torrel AFN 30A9 AF
2 2000C ol 71¥sle) "elAEeS] o Y& Asu ol 1 ¥t B
B2E AAAND 9§ Cog UHAE A3 23ndF AW oA 20A9 AFH
2 719% F A AFE S50AZ F7HAA CoE HUIAHES] Hyo n=A
HAEZE A, o|FA & F AFAs A wd Cod FHAA Si(111)-7x7
#FA 05MLAAN 160ML7HA S &3] =29% Coo CoSiz W FX2& #
Mada, a8 Co He FA: AL 47 FHAAZ FAHSA 2 F
AL RBSEZ #A8dd. £3 29t CoSi:E AFAA AFA 7719438 Si
7Z1%o) Cod 20AAAM S50AAA FFHAFIIL, in-situd 400T A4 750T 7 A
stdatglon, 7HANZE 1 oA 30874A s, dAe AL HARYE

4

> X e

]

Rl

=
4z
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(2A, 150V) o A AN (15A, 20V)E 7Y BAS, AAF A A=z W
A RJAFZ 4E& AA Tdo] Hd AAYeE AsA# o Si 7]Hd &
2E AFE AFAA 718 258 Ao

2. Co &t A& modest EHFT X BAANY

&y YPres FAEEYd FAE 9 BW AY 2 ZAAYA o
AAdt 2 AgolA Co wtte] JRFRE A= ARE Si W Co &
FS 01 MLAA F¥ 160 ML7AA F238HA RHEED pattern® 2 X A}3}
A, 4714 718 2xE H2oz 93, Cod FTHEL 0.0IML/secE
dqc. 23729 AL XRD9 HRTEMOo 2 *Ast 9. RHEED #€
ZAHA AAAY YA HFL Sigl (1120042 BRI

3. RHEED 9% CoSi; x¥9+% ¥ AA 7 +443

AN EH CoSiz YL Co W A% modest BHF BA/L Jdor=z
Co vel X¥ATZEd A4 mode THE sty dAxd ude RHEED
pattern FAS AT, 971 AAE 2UL CoSix AZA wt A
sdct. 7] Co w9t FAF o)A A2 A|zbdsto] wre} CoSide 9
T%% RHEED pattern ¥ 2 #&33, 442 ATS AL 52 Folx W
37t 98 A7A #E5AY. ol B AH S ¥E3o RHEED pattern #
Z ¥ o] A5 & XRD2 AAFZE @ A& A9 CoSiz B0 HAAFXE
ZA3 A o

4. 299 CoSio/Si 72 AT g7+ 4A¥
A2oA Co Wto] FAAHE ZL2 poly-Co WHHHZ FAEA Co(20
A)/SiAlAA FA/NY $HOZ in-situ QA A Co-dAol=F A A

A, 71% Si ¥ HFE CoSiz & ARAI7] st dAR 2:=&

_17-



400T oA 750T, dHe AHS 1EAA 3E7A ¥sAZG. ol N8 E
XRDZ ATz 2 AL ¥A489 CoSiz BAxUSE A8, &3
A2l Al RHEED pattern2 2 AgAlo]=slo] & AJWslEs FUTZRZ =
o, dHol A4 Aol 25 E ZASAY. EF Coo 4 ¢ AR &
1= HRTEMO 2 ZA &%t

1) XRD &34

Co w3t P44 E Co-AHeAlol= o FHoldd L YA L A7)
A3t utel £33 L XRD(Rigaku D/MAX-RC)E A439d. X-H4492 Ni
H4H & T3t @& CuKe 122 1 %% 0.154nmelR 3, HeAE AFE
20mA, 74 A 45kVold . Full scaled 5x10° cpsZ stQon, FAY
g2 JCPDS(Joint Committee on Powder Diffraction Standards) 7}= 4o}
ety e Co-AegAtol=e 2MEY X E 13t 208 20° A4 80
ol Wz sdYg. g ¥MAAEL(FWHM)E ¢ SarcsecZ Si(111)9H 9]
342t 20=285" % 2ohA 0.0019] step® 2 rockingdte] @A A,

2) RBS random 2443

CoSiz 49 FA7I+E BA37] s dAYxA(XRD EYA=% §FY
z38)d 94 FA ¢ 7] Ad w3YH 5L RBS(General Ionex, MODEL
4175)9] random =¥MEY oz zAHgch A8E He' o129 dyA
E 2MeVoli, Algd YAIHE AFL 150uColg. Offset A A7} 56.65
keVZM channel AR 44 EX (2.82Xchannel + 56.65)keVo]li, B Al
A 1009, 7t4d ‘He' o2 wdo AF7 30nAZ A8 1mm® BH
o Aoz JAANA 71717 BAdd st 10° (FHad 4 ;5 170 7))
Zto e FAAE 0|28 HEEE Y. AE719 AYA s (FWHM
; full width at half maximum)2 15.0 keVeolx, 2HEJ L2 A Zolof Y3}
o EF 2HEHow HEHLEEF sydoew, o]AL RUMP 22a3o0%

- 18 -



A
3) RBSel 2 CoSi»® Z2AAQ 2 =4 #4443

sl d AJBE CoSiz wel AR ¥ £4E ¥Me7] st 2MeVE
7448 He'? iong A M <111>, <110> EE <114> ZBgo2 {Atstq
Z2gAdd YA E HAE8 o channeling 2 dechanneling A2HEH L
random 2HE I3 v wste HA4E(minimum yield : X min) #4032 A
AA(type-A ET type-B)H HAU}E At A oIdhAE type-A
CoSiz A =d3 1 ¥¥3E 393U Add odAE HE387 A
FE 45+ 2% 1700 2 &0, d2: 39 A= ¥V dAdd 1100 =2
T $339d. 9714 ¥ dose:x 50uCo® 39, channel 3 oy =
4375keV=Z 34l

5. TEMO & CoSi; ¥ 9 43 2= $443

CoSiz 43 Co gtutojAe wlAl 72, AARY{AY e AAgd 43 F
< #As7) 93 TEME AH83%d. Cog 714 Si(111)-7x7 ] 20A
otz ZF st HAL&oA Co-Si AANEH "template” BF S A} A L,
TEMS Aok 2 CoSiz Mol Si(111)HAN FAAPA A3 FF L A
o (111} facet AL EHFAG. £ Co(<20A)/Si(111)-7x7 N8 E
XRD$ RBS d#o] oel dxeldto type-B CoSiz®] FA XA, facetting &
AHg s, F29 249l type-A epi-CoSizE Ao 21 A7,
{111} A9A o] 5A43% A} S HRTEMO 2 XA

94 TEM Al8E 5 719 ASE 2-ton AFZAE ALt HAAI 32, 7]
A AvigPoz o 20~50pxm AE7AA 7tsd & AA 7HE S oA
S F5A Cud gridol H3ste] A3 Aio] o3 WA Alsg AAGAA
99.99%2] Ar' o)29 7t& Aol 5~10keVoli, ol &9 UAZxE oF 30°
2 g, ¥d TEM As& 38 Autel 7|AA Avid P S AX ARed
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th. ANRE ofHE, WHERE, FTHS FoAM ZZ 184 Ao ¥4 F
Co-A g Aol = utu} B o] slide glass Zo] HA £ 4F 7|# 2& S 7
AA Quio) ot FH pm AEZ FA F F AZTAE AL} slot
gridg o] A s €dd. o] ARE grid7l 2 71=5 teflon Hd ¥
vanish® grid ¢+% 9 71#gk G715 Als o v %g vanish7t ¢ 22
W HF : HNO3=1 : 1 & E¢d 8d 2 ¥ &< @753 7] vt
Fo] A7 w7tx FAAZHGD. A HNO; £4vto g Si 71%& FAAA
g & og ol E 971 vanishE %o dof A TEM A5 & A3
Ao}, B dFojx ALEd TEM(JEOL, JEM 2000EX)S ¥2AE7} pointed
LaBsol 31, 200KeVol A &5y, A&:%5S 0.2lnmel AT, £%8 AAEL

9719 HIYL ¥ dEFIAME ALLAA, ABFS [(110] S84
83 AAAA Scherzer’'s €FH A NA B3
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V.2 3% % 3 3

1. 292 Co A& mode®} CoSiz8 FHI X

BT FoA Sit gololZ=Fxg Hol gloy HHAALE bulkdA <
HA A ES G AudHoAN AE & Fx& PAHsA dv. 1 FoAA
T SNy ARG 33U HF A 7X7 2F3A 2 E olF Yo
w, o] ¥ F& L WA AAE JFHAIYE FFAHN I 2AA
TZE o)A V. ol ¢ Si(111) ¥A9 AR F2& ZE Si(111)-7x7
7Bl 2&59e & ML 5248 ZF$ dP¥ Ix1 F22 u@g. o]
Sio] @9 aAe A FxE ou|sy, EGAF Si(11l) EAAAF
947 FAEA M Yo AATZe) 2 FHAAZFS olFA He
Aotk 1@ 4-1 (a)x HA2AAM CoE 15ML/min9 FAES 0.76ML %
AL 99 RHEED #g AtQolt}h, 7xX77 %9 sub-Laue zone 3 A F 9 W
717k A 1x1 729 dA-do] eyl A ZdAon, 38MLANE A%
1x1 314 dAd RFHUDR (Y 4-19 b F=x). of AAAN Si(111)7]1%
EAAAMY CoSiz 4% 924 AL CoSiz & Si9 ¥ 2 ARG+
A4 (asi =5.431A, acesiz = 5430A) o2 A& #FAs 4 AU, CoE 4ML
ZAYS o 2g 1x1 34 AQ L 52A7] AFRsdYE, IOML A% FTFHA
¢ o Jed RHEED A€ #8d2%F sdo) Jepth(1y 4-19 ¢ F
Z). o9 & AYHE AsEdo dAARE Fd= FAHJSSHAEY. o
AH e 70ML 72 2d2 FAHAYG. 19 4-19 dHARA Co ¥wtete x7)
AP AN A Si(11D)-7x7 EHl FFd o 1x1 Fx71 deid AL &
489 TEM #4439 vwste ¥ o Co% Sio AxAEol AP 23
o CoSiz¥ol #3AY Aoz BAAG. Ni/Si(111)-7XTHAAA Ino(1977)9]
RHEED 2XZA A o)g 22 @4o] Yetwtt et Co7t 27134 A |A
F%9 dol Co-Si AP A 9dtd CoSiZt AAAEA Coo 4 £x7}
ZAHEA Co wute] 33 F%2E 2 islandzZ Y Roz Azdd.
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Fig. 4-1. (a) RHEED pattern taken from Si(111) surface held at
room temperature after Co deposition 0.76 ML.

Fig. 4-1. (b) RHEED pattern taken from Si(111) surface held at
room temperature after Co deposition 3.8 ML.
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Fig. 4-1. (c) RHEED pattern taken from Si(111) surface held at
room temperature after Co deposition 4 ML.
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getA Co ¥et 4% modex =Z71QAAAN I8 JHE oF07t 514
7b ¢} 10ML o}/l A Si(111) B8 3x¥2o % islandE FAP3te Ao H
Co %9 A4 modex Stranski-Krastanovd o2 AZtect. o] AgE
CoSiz A% 650CE 1¥ dAE ¥ RHEED AW Lo 2 L,
Laue zonedl 7}&3 71 33 €547 gy AR A (1Y 4-29 a 3
%), 38 dA 9L 49 A AP L ¢-Si(111)-7x7 #x9 Ado =
AZ9UH( 19 4-29 b FF). o] AFE Co/Si(111)-7x7 FZo| AW
A agutgo] 9Fd CoSixzol 3AHUSTE & 4+ A CoSiz® AAZSF
= Si(111)% A9 dAs22 RHEED #A® #ZFANA CoSix¥ XEBTXE 7
x7202 vedr] fqolg. 12 o] MM Co-#Ad E& Si-#9Y 9
CoSiz Aol FAHAA=AEL ¢ F7F UAAUW. Stalder 5 (1992)
epi-CoSix/Si(100) F=4 M2 epi-CoSiz EUF L 2x2 FX2 A=Y A
Aol Al FAFZE HANAAN AFdH JFd 9 Co-AudP# Si-#AoYP 9
V2 V29 3V2xV2 5712 ERATZE ZlAE Aoz sy oz &
ot w@ate ¥ o ¥ dPAN HdEd 2 -Si(11D-7X7 F29 AL o
A 4Ad CoSiz £ HAFo] Sig ddAFT AZBAA 93t Y
gd doletn AdEg.

2. Co-A@Apol=e] AR FAo]

Co-A Aol =3= Co3Si, CosSi, CoSis%t CoSiz9 44 7tA+d A8 =4
of wtel A9 Aol FAE}. Walse-Bene(1976)H ol t2d x7]o 3
A9 A3 wgaA Gn ZHHL AE BAAY AdAA FAPAG= F AA
e 2714 Zt7oldl At FHE FoAAM WA G dolde EJL B
o] ¥%ste Aoldd. Cost 2 IFF° SiZl® A FHHA: A FA=
Co/SiAlolA AWME x7dE CoSidol AE F CoSidel ¥4H, 2
Pad F CoSiz 4oz Aoldg. 2aAFANA SPEA & 4Ao] #Adf
A Mg F8% A4 dA 2xod(Nicolet 5 1983). wehA & 49
Me %39 CoSiz g ANdqd JFA7]17]1 A8t BA XRDE 1 94
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Fig. 4-2. (a) RHEED pattern of Co-silicide formed by deposition
10ML of Co at RT followed by in-situ annealing at 650 C
for 3 min along Si[112] baem direction.

Fig. 4-2. (b) RHEED pattern of Co-silicide formed by deposition
10ML of Co at RT followed by in-situ annealing at 750 C
for 3min along Si[112] baem direction.
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2] 21& xAEAY.
1Y 4-32 Co(50A)/Si(111)-7x7 AHE 2R FAA &5 & 500Tl
A T00TAA 3083 in-situ A3 X-A 3{d ~2H9EGolg}. 247 28.
5 9} 58.8" oA Yetd yeolaE 71| Sig (11D (222)Ad g ~HAE
dolu}. o71A (222) W2 719 Sigl (111) WHol i3 o] F A AAEGojr},
19 4-39] (a)v= 500T= gAMe s Alse XRD AHAEFod. 34dd Co-
AzjAtel= 42 267F 39.3° 9 4297 oA Co:Si (211)3 Co:Si(310)H o] 5
o)=7} YEon 207 357 9} 47.1° AME CoSi(111)3 CoSi(210)H 9] 5]
A wojast vy, £ 2671 358 9 486" M CoSi:d (200)9
(220)A o diFd HHolAazt Yyt o] AL x A= Co-AgAto] =40l
d24 89S ¢ & Ad. 1Y 600TS 700TZ AT A A E 2
07t 308" oA CoSix111)8el g A el=art 714 Si(liNA#} FHH
of ddiol Y Aoz YEHY. o] AFAE= CoSixde (111)Heo] 7|
Si(111)Aeo] i3 sl d JAHUSES UHegdG. dirH oz Co/SiAl A
SPEZ Co-AdAlol=7F dAHE 25+ ¢ 350Col 1, YeEtd= A= ColSi
ol &1 7} E=olAlA CoSi(2F 375T)7F dAHY Az %71 550TC of4
A= HEAQ CoSiz2 AAo] "} (Bozler 5 1980, Fischer. 5 1988). &
AYPNA Co-AeAtol=e] 27142 CoSigdes ¢ 7 Joy A2
w2 CoSiol Al CoSi, 22 ol CoSiz & Atde] ®@oki= Gibson § (1982)9]
AxAaz= 839 & £ A, 28 Y Chen 5 (1982) ARF 7[#E A}
23 YA FUDATH CoSiz ¥ote] FAol glo] daHoz oudg
A AEES 2. b 1Y 4-39 AAZ ¥ EH Co/Si AdA 4
hgof 2% CoSiz WS d4a 2x7F AL FY(<500T)dMAME Co-Ae
Alol= ututo] AR Pz AR Co(50A)/Si(111)-7x7AA A CoSi:
of MeA odAd A &5+ 600TC ol YL ¢ 7 YA

aY4-4F Si(11D)-7%x7 713 Yo CoS o 20A FA=Z F&AS ¥ [n-situ
2 600TS 700ToHA 24z} 10%¥ 3 dA= & Aso] dF rocking curve 2=
Ae ol Y 4-37 o] A X9 FHARUel Si(11DHA} CoSia(111)
ol digt 7 A9 A FHolazt Y JS5E & & 71 A= o=
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Fig. 4-3. X-ray diffraction spectra obtained from Co(50 A)/Si(111)-7x 7
sample after in-situ annealing at 500°C, 600 and 700 C for
30min.
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Fig. 4-4. Quadruple x-ray rocking curves of Co(20A )/Si(111)-7 X7
sample after in-situ annealing at 600 ‘C and 700 C for 10min.
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CoSiz(111)A°] Si(111)d] YId3tA A d JFF AL vedg.
CoSi; (11189 Ao} AEstA &2 AL oy a2l AL + AR
o A4 deErtol= Fo FA g7l dEAR A Aol =/SiARA straino]
FE3 oAHA XFHAY Ao ddd xh 93 AW vt A
Hdefect) ©] & RoZ Aztd.

CoSi(11DN)A 3 Si(111)A Ato] o] A X F A 3t (lattice mismatch)E

"7“' —— cot 846

oA o&] AdHA=H 971N, g 71H Si(111)A ot § Bragg 33
Ztojtk. 1Y 4-3944 ZAHOAE CoSiz (111)Ao) di g ¥ola 9} Si(111)A
of 4@ Az ol 207 F 042° Z o] 46=3.67x10 *rado]| 22 o]
Y AEHAA AARYFL 1.45%2 YEY. o] A9 bulk AAAS
2 5H 7% Si(11D® 2 CoSiz (111)A 9] #A(din)Q 3.130A 3 3.087
Ao RE d5He AAYATE 137%% v 2sd 24E gol o 0.08%
A% o 2 R2Z o)t AWAA T2 straino] U< YeAtdn 4738

3. CoSiz ¥ote] AAGEN R 244

a9g 4-5v CoE 7| Si(111)-7x791h ¢ 50A S 3o 400TCAA 75
0C7tA 1083 in-situ AT A5EA] di@# RBS random 2HEHPH
Si(111]1% %3922 channeling® RBS A¥MEgolt} o]l channeling 29
EYS AR YEH FRAIHE o] &9 8o HAJ = F¥Sil111) e
2 SIAHE ‘He'' jon® ¥FHAd 809, random 2HMEHL NEZ ¥{
FHAJHE o] 29 8o At HEFg YFo JAE FRIAT F&
olg. ¥ 4Y¥AME random 2HAEHE YA FHA ASE JAATAEA
ZA3sA W1, Si AR 2N HAHF channel AlolAA Hd$8o] HEE
AgE 238 F FA3}AYG. RBSAM ] HAFE(xmia)S H2A channeling
F3433 €% random &9 HZHN P, o] HA+ELS dUAANA
AR34E e ed F2E 240 H(Bai 5 1990). ¥ AFdAAE YA L
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Fig. 4-5. Random and Si[111]axial channeling RBS spectra of CoSi2/Si(111)
samples prepared by in situ annealing the Co(50 A)/Si(111)-7 X7
samples after in-situ annealing at S00°C, 600 C and 700 C for
10min.



CoSiz W9te] AN L HAALF582 EASAY. 194-54 UEed npsigo
Siof & HAFE(xs)S ZE NgoAq o 22%E Yo, F 94422 o
FolA AgAol=dXE FAL &5 dFd HAF80) AR AP S
Btk 71F0] 7 o 1Y 4-6°04 YEl A Col A3 HAFE(X o)
2 AVHAANYE 45T § 3. 400CAME A9 channelingol e} A
Fokowmz wore BAAeY gAPoZ Hol Qi HoAw dANILex
7t S7tgd e Coll W HAF&(Xxco )0 FAdE RAOZ Mol A5
A7 AYHT USS ¢ 5 Atk 500CAME= o 83%2Z XRD A
A R E ute} o] o st AAtel=e] dARYHE EAFE ¢
Aok 600TS 650TCAN AT MEAME xco 7F o 24%, 282
700CAAE o 16%2 e, ol 600TAA 700Ce] S FIAA A%
€ CoSiz7l ¥+58 234 L 7HA Avqd 43F AYS Yedd. 600T
A AAF Az} T00CTAHAA AT AZAN xco A7t Y& ol f&
A CoSiz® T2 7]A@d. dwtx oz Sji9 <111>, <110> E=
<114>% o] M & channeling 532 AMHAE A3 d CoSizl111)utvto]
42 23 4 Ud(Rossi T 1989). <110>% <114>%23 & <111> pole
of diste FYF FZ(polar angle 353" )2 Rt} type-A WHAHY L =
CoSiz(111)8] <110>9} <114>¥3%2 713} Si(111)9 <110>9 <114>% % #%
2 dA#G. a3y type-B CoSiz9 <110>¢ <114>%3Fe 719 Si(111)9
<114>¢ <110>%F o2 FI P U3 d o5& Si[l11]15 & FHaA
o] Zof dist] 180" 2 HAH Ut WARAE T3 U7 dFo|g. wa
A <110>% F 4 Z CoSiz(111)# Si(111) A9 channeling +&& <114>
B e A v o go] Ag. gty ofddAd JFE CoSiz9 type-A
FE type-BY ¥HE °lE ¥ B39 channeling 2¥EHE vugozy
A 4 AH(Chiu 5 1981). o] BHAA 600C E: 650TCE YAH
A5+ type-B CoSizol3 700C 2 dAgld ARE type-A CoSiz= YA H
g 4 5 A
1¥Y4-7& RBS dlolHZ ¥ CoSix AN A 25 @& Si¥A9
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Fig. 4-6. Annealing temperature dependence of Xc for CoSi2/Si(111)-7 X7
sample prepared SPE.
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Fig. 4-7. Variation of x in the CoSi2 films as a function of annealing
Temperature obtained from 2 MeV ** ion backscattering
spectromety.



Zx)AFE Sigt Cod HZA Yed Aotk 400T2 AT AgdA
x¥ 0524 CouSi del gAHUCeY, 450C A E x7F ¢F 124 CoSi
ol BAHAG. 550T % 750TC 2= AolA dAF AgAqAE= xat
of o 19944 2124 =447t A9 dAF CoSiz 7 AU L ¢ = A
9. ol Z2%4E XRD ¥A4d#49 vuwdted & o A2odr AT AaE:=
Co-#A4d CoSiz Aol F4H3, R2AAE Si-FA9d3 Jo] AHEL &
A3 Bousetta & (1992)¢ IBD(Ion Beam Deposition) ol 2jste] A4
ARG s F A HAG.

4. 299 CoSiz 49 A9=AE 33

Zute Co-H Aol =/Si(111) AAAAM Zutet CoSi; AY A YFe A
A 59 Ao EFT. o] FHAEA A F epi-CoSix/Si(111) AAHA
€ TEMo2 ZA§AY. a9 4-8& HA2dA 717 Si(111)-7x7%d CoE
100AS &% §F dAYE A ¥ As5d dF dd GAopAo|}.
Co/Si(111) AW L difA oz HEys} ¥ AAL facetd 2ol A2
HAY. A o2 Co e d&5H oz FYF FAE 23 Y. o] A=
g Si[110]' %22 ¥ HRTEM ZdA3e 13 4-99 Zd. Si1D)WL 7)
FTog2 39 A3 A Si(111) A HAe o 40 A9 FAE @ AR
A&7t o 2691AQ CoSiz (002)Ho] 71# Si (111) Aol W3] o 53° 9
71&71€ 7ZEAEA Co/Si(111) AAAlolof FA o] . AARZ gJojs o
Y HAAYS = Ao Hol vutg Co WY Fo] GAYYHE YA
He] A%, 9714 CoSiz (002) "ol 7] Si (111) WAl d3tef ¢ 53° 9
g olF 3 Yt AoZHo} type-B CoSiz7l A9 9 AF9 AYL & 4
Aomw, oA CoZt Si(111)-7x7 A 9o FHE HF9 H2AME 27 §
4544 %6 M40l o3 type-B CoSiz (002) o] AH YFPS no
9. CoSix/Si(111) AR L H¥s 2, AAAEo] Z ALY UAY. Tung®
Schrey & (1989)2 71 Si(111)A Yol Cog o 3A FAZ FHXYLd A
2% Cod Si 94450 AYAYPol 9359 type-B CoSiz A0 g 4
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atRT.

Fig. 4-9 The lattice image obtained by HRTEM along the[110] beam direction
of the Co(100A ) on Si(111)-7 X7 substrate at RT.
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FEE B3 B Yo dANNE oS Awe} Axsto] AL
Si(111D)-7x7 A Co7t zwto 2 Z3dg o AAAA type-B CoSir 4
ol ANEHE J3¥ct Co A7 Si FAA F&H3A =9 Co FAiol 959
Co A4#7t Siel & & (hollow site)22 S0 71HWA Sj ¥ A4 127 4 2
< Aol Si-Si A#H L FHAA AAAA Si-Co-Si AYLEZ type-B
CoSiz%t #4118 FH Y Co-HAlol= 22 gAY, aax ALY Co 9
Ao gatol A 3F3 A 4% Aol Si-Si AYEL Ay APoZN SAY
Co-dgAtel= & Y= AALE A5H oz HEol §o2R type-B
CoSiz7} MY g3t JF=E Aoz HYHolaAn U (Tung 5 1989).

19 4-102 Si(111) -7x7 71#$Ad CoE 20A9 SAZ ZFHAY F
XRD% RBS ¥4ZA ug} 550T2 187 in-situ AN F A2E Si
(1108844 B2¢ 9 Pxoky ol AWE FYax Lahx, Si 7w
FOoR o] FAE F 2FL o]Fa Y. /W ZoF HFAE oYY & w
%9 Co-AeAtel= B d¥od 7 vt} Co- MM o= SAY o]
7t & dg. 73 gke ¥R uat 7} o 204 AEolm, A TAE
TR v FA 200A AEo)}. o] ARE 3R ANAF FLAME
2o AAYY ARG T2 T Yol o dIHYOY T o] A9
. o] AHE Co-HeAlol=9 HFEEE A Ao} 9EHY QS
S ou@Y. o] Algd] di@ SAD AL 23 4-119 2o [111] $ao =z
180° HAA AAGSIA o JAAE 1/342)d AE HFASL B-type
CoSizol 2@ Aoz YAHE BHe ¥5F B-type CoSiz UYL ¢ 4 A

39 4-109 A5dAM X R RE S HRTEMOE ¥AN@ A3} oy
4-12 A 43 9 AWVL B £ A9, Si /1¥H9] ARAYG FxEgE A
At ¥l AW 9 R R YAHE CoSiz 49 (002)AL ARAZ7 o 2.69
Ag 7HARBA 7% Sie) (111) W%} 9 53° & o|Fx Yt PoZ mo}
type-B CoSiz 4olt. T4 ¥ 7|AZoz BES§ vgoz ARy Y=
29 AAZES FIY B-type CoSiz Aolt. Yyeld HARPo| A-type
CoSiz 422 BolAT 2 AF3A YA 3324 & HL o]Fo] ZYg
REAL UG )AL Siy AAlo|= o WAYR TR BANE AoZ A S
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Fig. 4-10. Cross sectional TEM image of Co(20A) on Si(111)-7 X 7 after
in-situ annealing at 550 C for 1min.
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Fig. 4-11. SAD pattern of B-type CoSi2 from the sample shown in Fig.4-10.
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IS

Fig .4-12. HRTEM image of Co(20A )/Si(111)-7X 7 sample after in-situ
annealing at 550C for 1min.



4 CoSix® 4ol ohuml, Sish CoSiz 49 5 F27 2 ¥430] @A 3349
Moz #AH0] 3 2njg 1 24 Mg Aol Ued Hojg. Yz 7|
w3 a1 YE FEL 3349 Tyl gojfxn Agay AT} A
o] GAET. WA AL ZANAE L2ZaAA AFE olARR Si(11D)
Wl Udd AWe 19z AL

7Y 4-108) AERE 600TE 3% AX @ HRTEM Abdol 19 4-130)
9. g2 F5@ AW /HAUA type-B CoSiz o) A&Hoz AF=o 9
th. CoSiz Wute] SAL o 30AlH 80A FEZ R X S0 glon 550T2
dA# As R 6 TR Co-AgAlel=7t 7|H9 Yre 93uE B v
Fe molx A%, a8y o] NRe GE J44A #=¥ HRTEM A&
29 4-145F 2 29 4-13%: 28 & Rge AWNE #E ¥ 4 g 1
AU o) 7Y Qe BB FAZ o 130A AEZA 19 4-129 AR B
g /1% Boz sfn Sojzt Wol7 Bol Fojy WA A E Zroz
ggdn 9. % 550CHA AANAHY Co-AAAIEs} 7% Boz o]
#3 o7t PEs 271 Co FRFAL o 100, 600T FFAME 65
M A7 Q. o At YA 57 Co-deAtolce] AF YolE AR
Fe F2¢ 842 B 4 Ao B ANAANDN g Aol =t APt
AL A2 & U SHLEAMN FAFARA Aot AF
FAE AXAE AZHFY 718 AR Z FL W2 A A Ato)
= ¢ zWeoz NFSA ®Y. o FAL w&y NY 1ol 4-150)4

Si(111) 71 91 type-B CoSiz7l 43% ol Yey: AR 2 A J7
A dAA e AL Si (111) B Y@ ASo|Y. = Si slwe] EHG
y@e (111) AEH o710k 705 ° 71294 9= (111) WARG. 2y
Co-AZAolE7} Si 719 Zo2 JFaa Sole Puad Nolx & g
@ 7lxel Adol AL Rolzd AFEL. Co-AAlol= WRE Fyue
Si(111) 719 E@F e (111) Holx, $2 S$4E/ 77z 9t o
o] (11T) WA, 28y AFAA YA AWDBoZE F2 FUHERE
o YAWL 428 & gt

2% 4-16€ 650T 2 327 A A=) FA oot o AR
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Fig. 4-13. HRTEM image of Co(20A )/Si(111)-7x 7 sample after in-situ
annealing at 600 C for 3min viewed in the [110] Si direction.
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Fig. 4-14. HRTEM image of the another region in the sample as
in Fig.4-13.
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CoSiz

CoSi:

Fig. 4-15. Schematic drawing of Type-B CoSi2/Si interface.
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Fig. 4-16. Cross-sectional TEM image of Co(20 A )/Si(111)-7 % 7 sample
after in-situ annealing at 650°C for 3min.
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T PEA gAY A Co-AFAol=7F 19 4-139] Aok o]
7t Ak Jl® Row PA FRE T RIS A QA @t o] AR
AX Co-AHeAol =/Si(111) Fx9 AHAMNE dFF 42 7180)A o7
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Fig. 4-17. The lattice image obtained by HRTEM along the Si[110] beam
direction of the same as in A-region of the fig.4-16.
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Fig.4-18. The lattice image obtained by HRTEM along the Si[lTO] beam
direction of the same as in B-region of the fig.4-16.
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Fig.4-19. The lattice image obtained by HRTEM along the Si[110] beam
direction of the same as in C-region of the fig.4-16.
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Fig.4-20. HRTEM image taken along the Si{110] beam direction from the
Co(20A)/Si(111) sample after in-situ annealing at 700 T for 1min.
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