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Fd bR ot 2o s B g B bi4e AL[19], Au[20], Ag[21],
Col22],Pd[23, 24] , Ni[25-30] 24 > VR 22LLpP ER 5 F fp ok
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(a)

partially
molten Si layer

a-Si
Low enegry explosively
crystallized seed

Si0, layer [nma

High energy \t@tween those two regime

(c)

SiO, layer

(b)

near-completely
molten Si layer with
survived "Seeds"

completely
molten Si layer
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22-1 2 A REFF B2 FFERE HR2[T]

Metal Reaction with §i Mechanism of silicide  MIC Ref
deta
j (Formation temp. °C) formation (°C) cl.
Cu CusSi (170) Diffusion 485 42
N128i (200)
Ni NiS1 (350) Diffusion 484 21
NiSiz (4000
CoaSi (350-500)
Co CoSi1 (500) Diffusion 630 24
CoSi1> (550)
Pd Pd,Si (175) Diffusion 400 22
AusSi1(175)
Au Alloy —_ 130 43
Al Alloy Nucleation 170 44
Cr CrSi (430) Nucleation — 45
jﬁﬂnﬁmﬂ
= _ =
% 2-2 8% F K2 %'ﬁ%if@é—}; ESlEl
Ni-Si Crystal Structure Data
Struktur-
Composition, Pearson bericht
Phase at.% Si symbol  Space group designation  Prototype
NI s 0to 15.8 cF4 Fm3m Al Cu
BN o L 22.8 to 24.5 cP4 Pm3m /3 N AuCu,
Ba(NiSi). .......... ~24.5 to 25.5 m(C16 GePt,
BNES) | ... ~245t0255 mC16 GePt,
N8I . ......: ~265t0295  hPl4
e ... hP6
SINRED ... ... 32.5 to 34.5 oP12
NigSis(€) .......... 39 to 42 oP 80
NIBE L 49.5 to 51 oP8 Pnma B31 MnP
1 66.6 ? ?
NI o 66.6 cF12 Fm3m C1 CaF,
S8 ~100 cF8
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Atomic Percent Silicon
0. 298% 20-" 30 40 50 60 70 80 90 100
1500 2 - R B Tt Ras T Saaas T

1414°C

1400

Temperature °C

=5
] e 2]
800 =z E
3
7004 T T T T T T T
0 30 40 50 60 70 80 90 100
Weight Percent Silicon Si

M 25 P B 31

-

Si
pNiSi 2/a-Bi

S8i
iSig/e-Si

Molar free energy

NiSig /a.8i Si poor * / Sirich

Ni Atomic%Si 666 % 51 vt Si
— e

B 2-6 47 F B2 2R pdad & [25]
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(a) NiSiz (b) Silicon
O Ni fluorite type diamond type
a=15.406 A a=15.430 A

Bl 2-T7 (a) NiSip (b) Si 2. 5 %8 l“f’?’]‘# [26]

Ema % Nisi,
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260 160
204 Annealing Temperature = 550°C 204 Annealing Temperature = 580°C
00 +  Experimental results 0 +  Experimental results
g 0] — Model prediction E 0] —— Model prediction
72 10 72 ] '
g5 gf
j 5 1604 j f 160+
Eﬁw Eéw
c 6 m =&
8 6%
5 § ] g3 m
i’g 01 ‘ %’g 01
i T
5‘ (] 5o
40 40
10+ 20
G T A T y T ¥ T 0 T Y T 4 T
0 10 0 Bl 40 50 0 10 0 k1] 0
Total Heating Time (hour) Total Heating Time (hour)
® (b)
260 260
04  Amealing Temperature = 600'C u0{  Anealing Temperature = 625°C
- + Experimental results 704 ¢ Experimental results
E 10 e Model prediction E 0. —— Model prediction
T~ 1801 Effectve MILC length L 2
8 Ll i8
j I m 14 160+
Eﬁ n ! Eé W p————
s hmw | SEw
g 310 i g 3 mf
f:nﬁ 0+ | ?E 0+
i | 18 0
6 ¥ i 0
.m. : m..u
20 * Effectve ime of MILC n
0 —e : ) S—
0 10 | 10 4 50 0 10 0 Kl 4
Total Heating Time (hour) Total Heating Time (hour)
(c) (d)

Bl2-9 £ FRASEHERET PERZER,1TE T 5%

&% (a) 550°C(b) 580C (c) 600°C(d) 625°C[37]
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:’-ﬂ-\\ ——625°C - 600°C
—
= 1\ 580°C - 550°C
E 251 '
U 204 \
2 1
= 5] Effective time of MILC
L - “u
= I using 600°C CTA
'h | [ ]
S 10 I|I
. aife et — _:__ .
s | T T
ﬂ' . \ . * : | 'I—~- -
0 10 20 30 40 50
Total Heating Time (hour)
B2-10 2 A #F plAp e fod FEF 2 PR A2 % 1M[37]
8
L 4
6,-
= *
5 49
[=]
? .
£ 2-
=
04 Crystallization time .
&  Incubation Lime:”
12.8 l?:.ﬂ 13:.?. 13:4 ) 13.6 13.8 14'.{} 14.2
/KT (1/eV)

B 2-11 F4pk

4L

E kY
Sz e -

By R LA PR A B 1/KT (£ [37]
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( arb. units)

RAMAN INTENSITY

Si Film

Annealing

Temperature

Ta (°C)
Amorphous—
00 like Mode Iq

Cr-_-,-sir::lllnﬂe- Modes
C
507 520

Armorphous—like Crystalline
Mode

I 480 504 "Mode

A00

500 00

RAMAN SHIFT ( cm~')

B 2-12 7 w2 & k37 2 B [40]
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3.1 R % ix42H]

Sample
y

RCA clean
|

Photoresist coating
v

Exposure

A 4

Development

'

Evaporation of Nickel Silicides

:

Lift off
|

Vacuum Encapsulation

Heat Treatments (550°C,560°C,570°C
for 2,4,6,8,10,12 hr)

A 4 Y l

oM SEM EDX XRD Raman AFM

Bl 3-1 F %Az R
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3.2 #rdlu
AF TR Y 2ZBF L AE L o7 i > L Corning 1737F %

42000 B (A) 2 SiNe» B4gt - K 2000 B (D)2 2282 K o

3.3 @ ¥ ik

FAVIA P S g kY RFRRYEFHLLL
pein ik (HF:H0=1:1000% 5 #) » 2 6 £ 112 B3 R kggi® o
£ e B F oK (HS0i:H0:=3:1)i% %+ 120°C » 52 30 ) » 2 {6 £ 11 4
B oRiEE S A4 B NE TR AR 2 & 4 pag R (HF:H0=1:100)

KOy 28 MR FPE s S kIRRITE 0 TeRT e

3.4 WD
(1) ke i

g B 2 ke Al gl s FUJIFIIM 2 FH-6400L » # = & & Ethyl
lactate(b5-65%), Ethyl-3-ethoxy propionate(10-20%) , Novolak
Resin(15-25%), Naphthoquinone diazide esters derivative(3-8%) o
BN PEE R AR T e re > B gk 4500 rpm > RS 20 ) o kR

W is £ ¥E 1 90°C, 60 7f/ B o
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(2) gk

KBTS BrE e Rk ks fe &k E T F e UV RIRBB ST 15

-
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F_&
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=
X
[
3.
AL
NV
W
=
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NN
(w
)

k0 2 A2 ORA AR 3-2 T o X1

kBRI AR T2 A ENY > FRE 7 RER A MR 3 E IS

(3) & @

CERER

W

NERREE R BEE N 104 0 @ BAEE
TS E SR LERE T S S

2 g R s 0120, 90 R A B S ek R B2 A

3.5 & Bk
FE IR AN A R S BB A RR 3-3 F

R BB 34 TR Y 2 BB FRIBLIEK 2 Y &)

i
<

B (99.999%) T P g E B AR F o A B EF
B R GET F o A Y REF 28 (DA e BRI
LR R (2P st LR AR FMAP T B F 2D e B
» 1453°C > A& B LS 1414°C o d 03 H 3 Bh4n £ 50C e - B F e
AR E R L LS R R A R REGE P EFET 0 R
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Z4ED > L FF (Mechanical Pump)ig#-2 % &4 3 8. 0%10°
torr PRZFHUB U > BHREFD T > UHERE LR L FERHE

# FTf (Turbo Pump)#s = 3. 0%10° torr » & B 4o 4e T ik o 354 T >

FRAE D34 5 6 TE3pF ALRYIFH LAY AT E3
SxBBERTH 12 45 BEFRRHEL A BIRTRN 513

DI LA OX R R PALRFE A RE DAL F
S0 B PEE G Kes S 3 1L 2KI0 torre s d BLR ¥R RG22
B2 SAFET IR RERE BRF T2 AL FRE RTINS

£ R A B 0515 Ak B AT gy

3.6 Lift-Off
BER G HE SR BRARY PSRBT 10 MM BRI
%m@i% AP U T TRV E o L I RREL G

TrRFgR T o Rk ek T Bl k2 R B o
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3.7 £ 73t
Mg 82 5K Smmkdmm % f o £ fHAS 1 2mms BAE 10mm 2 B
BEZI A0 torry ¥ 00§ - BUERp I E A B4t 252 K R K 8o

2 PR E o B 7 L FF 35

3. 8 #ei2
#edtg o2 I e iR 0 M 560°C ~570°C ~580C= BE &R - A W HF

B 24681012 283X 07 j2H EBFAFRvEHERES

i

BHB ']‘i °

3.9 RIFZ & 47

3.9.1 Fg & f ' T+ kst
(Field-emission scanning electron microscopy, FE-SEM)

NF B 2B SR T B A1 5L 5 JOEL-6500F 0 1 g i
T+ kT E 15KeV > 70 36uA -

%ﬁﬁﬁﬁ?éﬁﬁﬁﬁ i BIF N BRI LR LS



3.9.2 & k3 ik (Raman Spectroscopy)

& k¥ kA5 5 Jobin Yvon HR-800 » — #xgd # 2 sefv o+ » H 1
Rk - ek B RS & 3 10X, 20X, 40X 4 & 45 e B fE 47 e 4 CCD(1024%26
pixels of 26 microns) | % » % # fe Confocal Laser Raman @ #& &= f&
T B B(632nm, 514, 5nm) H3EHE o P& KR AT A TR E 0§
FOTA T RAEA T 2 BB AT BT e R I L
224 o & RAeR 3-6[2] -

AF SR 2 KR E Ar G &, k& 514.5nm 0 02 100X LRk RE E T
Hdum F ZEL L PR DEFOITRLEF IV AL 0 BIREFT
BB ST A G 2o 7 F Ot I 0miTe fe & 2k 2 % 3804/-25 um, N Type

T 1-10Q-cm, (100)Si wafer =<4 520cm ' @2 (7= &1 o

3.9.3 B+ 4 Bpk& (AFM, Atomic Force Microscopy)

*F ekt 2 AFM ¥ - A% 5 Digital Instruments, Model no.
LFM-2 > Serial no. : 242 > # iTH-3% 5 £/ 7% (contact mode) > 74 *
FEHA L n' silicon , resistivity: 0.01-0.02 Q ccm- # 7 & Bl4r
Bl 3-T -

ARM shdfe (e @ )% xy BRI FBET 5 Bildwnif & 32 2o XK ff
R T3 - FHRMBE AFE Y > TR M A VLT L
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FEs AR A B} TSRO E 0 A AR A L % ) hin g
BERES SR A G e (T 4R EE SR B U S DA ]
TR A FETIRES AR B

AFM 3 (e 85587 & 5 = #4578 3% (contact mode) » 244 f¥ 7% (non-contact

mode) ° fo#k ff 5 (tapping mode) ° @ &5 S & * e\ ot > K ERIE R
St ind o A ik & fudER o

3.9.4 X-Ray %5+ik

A i * 2. X-Ray 5%k 25 5 Siemens D-5000 » 1 iF i
% :50KV, 40mA, mdr¥e g o A4 Kal, A& 51,5420 kR i
#F20=20"-60"-2 5 7 WALRIF AT X-Ray S5+ F gl P58
B-F a5 4R (<KB°) 87 X-Ray ¥5f o %ﬁr’ X-Ray $Es+3 20 7 Ky

Lo HFS SRR B 2 ARG EHA L RO LG TR LN
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Bl 3-2 35 ®k iS22 B
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B 3-3 #ret E4EH T 2B

Bl 3-4 #MIL; ZEPLE B
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Sample

vl

. Lens Lens Noteh
: s Monochromat
pa— Fliter

_ Lens

X {} “7 314.5 Ar Laser

Mirror

Laser Line

,atiRREN Y. .
Bl 36+ 8% kiKkEy [2]

Bl 3-7 B+ 4 B AcALE i B
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Fri BFREHG
4.1 Wiz 3 s B F
AR E R 2 U - BEP T EF o R RA D (DR Y

B2 BFIE(Q&F 2 £ 8 32 B
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Digital Instruments ManoScope

Scan size 3.000 pm

Scan rate 1.695 Hz

Number of zamples 512
a Image Data Height

Data scale 50.00 nm

lEI view angle

b -
-/(‘)\- Tight angle

pin (]

o 1.000 pm/div
Z 50,000 nm/div

970071.005

( b) Section Analysis
[=)
= L 76.172 nm
RMS 1.763 rm
' ' Tc DC
Ra{lc) 0.177 rnm
= Rmax 0.801 nm
Rz 0.602 nm
Rz Cnt 4
o Radius  358.14 nm
g'_ S gma 0.680 rm
1
0 1 (IJO 2.00 3 (IJO
= surface distance 53.085 nm
Spectrum Horiz distance(L) 52.734 nm
vert distance 5.375 nm
Angle 5.820 °
surface distance 76.396 nm
Horiz distance 76.172 nm
Vvert distance 5.315 nm
angle 3,002 @
surface distance 64,849 nm
Horiz distance 64.453 nm
vert distance 4.719 nm
Angle 4,187 ¢
' Spectral period ile
ne Min spectral freq 0 /um
970071.005 Spectral RMS amp 0 nm

B 4-22 3% 5 550°C2 A pr2 (a)3D 44 H (b)

A 11 )
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(a) Digital Instruments NanoScope
Scan size 3.000 pm

Scan rate 1.695 Hz
Number of samples 512
Image Data Height
Data scale 50.00 nm

El view angle

{(:)} Tight angle

% 1,000 pm/div =
Z 50,000 nm/div

970071.009

a% ‘l_;'a:'P_i-‘ ' ”" 3

Section Analysis

=
= L 76.172 nm
RMS 4.494 nm
A J 1c DC
rRa(lc) 1.142 nm
=7 Rmax 3.748 nm
Rz 3.414 nm
Rz Cnt 4
o Radius 91.542 nm
g' 7 Sigma 2.501 nm
i
OI 1 CI)O Z.CIDO 3 (I)O
- Surface distance 59.636 nm
Spectrum Horiz distance(L) 58.594 nm
vert distance 9.113 rm
Angle g.840 =
Surface distance 66. 085 rm
Horiz distance 64.453 nm
vert distance 11.111 rm
Angle 9.781 *°
surface distance 78.764 nm
' Horiz distance 76,172 nm
vert distance 11.502 rm
Angle 8.587 *
Spectral period DC
DC Min Spectral freg 0 fum
970071.009 Spectral RMS amp 0.237 nm

=

Bl 4-23 3% 5 550°C2 L A 2 (a)3D A 47
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Digital Instruments ManaScope

Scan size 3.000 pm
(a) Scan rate 1.695 Hz

Number of samples 512

Image Data Height
Data scale 50.00 nm

IEI view angle

s »
-/C‘)\- Tight angle

m 0l

X 1.000 pm/div 0F
Z 50,000 nm/div
nim Section Analysis
<
& L 82.031 nm
RMS 4,416 nm
Y lc DC
Ra(lc) 0.985 nm
7 Rmax 4.195 nm
Rz 4.195 nm
Rz Cnt 2
o Radius 224.85 nm
19;7 Sigma 0.566 nm
)
6 1 [I)O 2.60 3 60
= Surface distance 106.93 nm
Spectrum Horiz distance(l) 105.47 nm
Vert distance 10,485 nm
Ahgle 5.677 °
Surface distance 72.833 nm
Horiz distance F0.313 nm
Vert distance 12.797 nm
£ngle 10.315 @
Surface distance 83.446 nm
Horiz distance 82.031 rm
Vert distance 12.326 nm
Angle 8.546 °
' Spectral period o]l
o MR Spectral Treg 0 Sum
970071. 006 Spectral RMS amp 0 nm

Bl 4-24 275 550C2 v+ =z (a)d3D~ 478 (b)

WA 7
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Section Analysis

Spectrum

Digital Instruments NanoScope

Scan size 3.000 um
Scan rate 1.907 Hz
Mumber of samples 512
Image Data Height
Data scale 50.00 nm

@ view angle

Rt Tight angle

S

»  1.000 pm/div
50.000 nm/div

L 52.734 nm
RMS 1.922 nm
Tc DC
RaClc) 0.309 nm
Rmax 1.198 nm
Rz 1.183 nm
Rz Cnt 2
Radius 271.01 nm
Sigma 0.273 nm
Surface distance 70.695 nm
Horiz distance(l) F0.313 nm
wert distance 5,477 nm
Angle 4.454 ©
surface distance 47,320 nm
Horiz distance 46,875 nm
vert distance 3.532 nm
Angle 4.309 @
Surface distance 53.116 nm
Horiz distance 52.734 rm
vert distance 5.431 nm
Angle 5.880 °
Spectral period D
Spectral freg 0 Jfum
Spectral RMS amp O nm

PR (2)3D AR (b) %




Digital Instruments ManoScope
(a) Scan size 3.000 pm

Scan rate 1.907 Hz

Mumber of samples 512

Image Data Height
Data scale 50.00 nm

@ view angle

-(:} Tight angle

pm D

* o 1.000 pmfdiv
zZ 50,000 nm/div

970026.012

Am Section Analysis
=}
= L 99.609 rm
RMS 3.526 nm
L J A J 1c ol
Ra(lc) 0.748 nm
= Rimas 3.293 nm
Rz 2.289 nm
Rz Cnt 4
= Radius 331.50 rnm
g‘ T Sigma 0,898 nm
h
(; 1 tIJO 2.60 3 (I)O
o Surface distance 82.995 nm
Spectrum Horiz distance(L) B2.031 nm
vert distance B3.618 nm
Angle 5.998 °
surface distance 99.929 nm
Horiz distance 99.609 nm
vert distance 6.421 nm
Angle 3.688 °
Surface distance 100.32 nm
Horiz distance 99.609 nm
vert distance 9.311 nm
Angle 5.340 °
' Spectral period DC
oc Min Spectral freg O Sum
970076017 Spectral RMS amp 0 rm

g] 4_26 gﬁ‘ J‘TL l‘g‘_ 5600CL DN /J~ EEL (a>3D A\ *ﬁ' %} (b) fﬁq—‘\



Digital Instruments ManoScope
(a) Scan size 3.000 um

Scan rate 1.907 Hz
nMumber of samples 512
Image Data Height
Data scale 100.0 nm

El view angle

&¢271ight angle

1.000 pm/div
Z 100.000 nm/div

pm
970026.005

[ Section Analysis

w -
L 82.031 nm
EMS 5.522 nm
Y ¥ Tc il
rallc) 0.744 nm
=] Rima s 3.445 nm
Rz 3.445 nm
Rz Cnt 2
Radius  299.74 nm
w Sigma 0.384 nm
i
OI 1 tI)O 2.CI)O 3 tI)O
u surface distance 176.86 nm
Spectrum Horiz distancedl) 175.78 nm
wvert distance 15.754 nm
rngle 5.121 =
surface distance 83.959 nm
Horiz distance 82.031 nm
wert distance 16.627 nm
Angle 11.458 °
surface distance B8.709 nm
Horiz distance B7.891 nm
vert distance 9.208 nm
Angle 5.981 °©
' Spectral period [ales
oc Min Spectral freg 0 Aum
Spectral RMS amp 0 nm

Cen line: Off

B 4-27 #F 5 5 560CI XL ] pFz (a)dD » 178 (b)
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Digital Instruments NanoScope
a Scan size 3.000 pm
Scan rate 1.695 Hz

Mumber of samples 512

Image Data Height
Data scale 50.00 nm

El view angle

-:(:):- Tight angle

b=
3
Le
~y
&

o
p

»*1.000 pm/diwv
Z  50.000 nm/div

970050.006

nm Section Analysis
=4
= L 64.453 nm
RMS 1.775 nm
v Tc [slse}
Railc) 0.205% nm
= REmax 0.891 nm
Rz 0.755 nm
Rz Cnt 4
o Radius 659.845 nm
2_ Sigma 2.679 nm
h
[; 1 tI)O 2.[‘)0 3 (IJO
o surface distance 88.090 nm
Spectrum Horiz distance(lL) BY B9l rnm
wert distance 3.134 nm
Angle 2.042 °
Surface distance 54703 nm
Horiz distance 54,453 nm
vert distance 5.002 nm
Angle 4.438 =
surface distance 47 .088 nm
Horiz distance 46.875 nm
vert distance 3.702 nm
Angle 4.515 =
v Spectral period DC
foles Min Spectral freg 0 /pm
Spectral RMS amp 0 nm

B 4-28 F2* & 570CT Lz (a)3D ~ 4@ (b) %

A 17
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Digital Instruments NanoScope

(a) Scan size 3.000 pm
Scan rate 1.850 Hz

Number of samples 512

Image Data Height

Data scale 50.00 nm

@ view angle

{(:)} Tight angle

»*1.000 pm/div
z 50.000 nm/div

Am Section Analysis
=
= L 117.19 nm
RMS 2.104 nm
Tc DC
' Ra(lc) 0.315 nm
=7 Rmax 1.979 nm
Rz 1.221 nm
Rz Cnt &
= Radius 250.35 nm
27 Sigma 2.250 nm
h
OI 1 60 2.60 3 60
= surface distance 77.179 nm
Spectrum Horiz distance(L) 76.172 nm
vert distance 9.934 nm
Angle 7.430 2
Surface distance 48.209 nm
Horiz distance 46,875 nm
Wvert distance 6.749 nm
Angle 8.194 =
surface distance 118.04 nm
Horiz distance 117.19 nm
vert distance 7.354 nm
Angle 3.591 @
' spectral period D
oc Min spectral freg 0 Sum
970050, 009 Spectral RMS amp d nm

i

Bl 4-29 35 570°CE v Al pF2 (a)3D A5 H () S

A 1 )
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(a)

45

-45

970050.003

2

e

Scan size
Scan rate

Image Data
Data scale

Mumber of samples

Digital Instruments NanoScope

3.000 pm

1.650 Hz
512
Height
100.0 nm

E‘ view angle

7:(:):7 Tight angle

!
e
=

1.000 pmfdiv
z 100.000 nm/div

Section Analysis

L 35.156 nm
RMS 5.371 nm
Te DC
RalClc) 2.263 nm
Rmax 9.645 nm
Rz 9.504 nm
Rz Cnt 2
Radius  22.670 rm
=9 gma 1.588 nm
2.60 3 60
Surface distance 33.075 nm
Spectrum Horiz distance(L) 76.172 nm
vert distance 27.932 nm
Angle 20.138 ¢
Surface distance ¥5.503 nm
Horiz distance 64.453 nm
vert distance 26,080 nm
Angle 22.030 =
Surface distance 41.213 nm
Horiz distance 35.156 nm
Vert distance 10.131 rm
Angle 16.075 =
v Spectral period [olal
oC Min Spectral freq 0 /pm
Spectral RMS amp 0 nm

p70°C L+ =z (a)3D ~ 4Bl (b)

GURA 1T
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