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3x 3 y m? AFM images of Si(100) Surface
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Subthreshold swing factor
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Si Consumption

5.3

IrSi

0.93

1.42

Ir,Si

W. F. Silicide D, Conductivity - hieh Nucleation Final

[eV] [eV] [uQcm] Ca;eet'glvivs '1C Phase Phase
CoSi 0.68 170 1.81

Co 5.0 Co,Si CoSi,
CoSi, 0.64 ~25 3.61
NiSi 0.65 ~20 1.83

Ni 5.2 Ni,Si NiSi,
NiSi, 0.66 ~45 3.66

IrSi

Pt

5.7

PtSi

0.88

28~35

1.32

Pt,Si

PtSi
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1. Wet  1,000°C, 100 nm
2.
3. BF, : 25 keV, 6x1015 cm?
4.,
5.
6. ( )
_ N,
8. Pd 20 nm
9.
550°C, 3 hrs
10. Al
11. Al/Pd,Si

R. = 8.0 x 1010 Qcm?
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La, Ce, Pr, Nd, Eu

Sc, Dy, Th, Tm, Lu

Sc, Y, Eu, Lu

Pm (
Gd ( )

Sm (2.7), Er (3.2), Ho

[eV] (3.1), Yb (2.6)
17 4
Sm: (1.79 ) Er: (1.74 )
Ho: (1.75 ) YD:

(1.94

)
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ErSi,

1. Wet 1,000°C, 100 nm
2.
3. As*:
4. : NSG 400°C, 100 nm
D.
6. 950°C, 5 sec
7. ( )
- N,
8.
9. W/Er 80/5nm @ 1.33 Pa
10. 500°C, 2 min
11. W/ ErSi,
*As*t [Qcm?]
25 keV 2x10%5 cm- 6.9 x 109
10 keV 2x1015 cm2 9.7 x 1010
5 keV 1x10%5 cm2 8.0~8.3x 1010
5 keV 2x10%% cm2 8.4 x 1010
5 keV 5x10%5 cm2 7.0~8.5x 1010

p-Si
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Accumulation Mode MQOS
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M eff

pMOS : (551) <110> 2

Accumulation Mode MOS

nMOS : (551) (100)

3
Accumulation Mode MOS
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IJeff
1 1

Accumulation Mode MOS
1MV/cm
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/H,O (1/100), RT, 10min,

Cz-N(100)

Cz-N(110)

Cz-N(551)

(10,000Ix)

Ra 2.07nm
Rms 2.70nm

Ra: 0.22nm
Rms:0.52nm
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e Si 100 551

—

e Si(551) 110

35

4



Accumulation
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Accumulation MOS
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Improvement: ... !, =1.
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Inversion Mode Accumulation Mode MOSFET 1/f

A
NMOSFET PMOSFET
107 ¢ ) 10™° g
Si(110) FD-SOI n-MOSFETs Si(110) FD-SOI p-MOSFETs
Inversion-mode :
16 L — 107 Inversion-mode _ 4
107 n-MOSFET L/W=0.3/20um : 0-MOSFET L/W=0.2/20um
V =2V —
/ 4 - / V=2V

5 | =1ImA I | =1mA
“E 10 E NS:, 10
. / o
n

102 L Accumulation-mode 108 /

n-MOSFET
Accumulation-mode
p-MOSFET
10'19 " " MR A | " " MR | N N MR 10'19 n n A | 2 2 PR S T N " " PR
10" 10° 10° 10* 10" 10° 10° 10*
Frequency (Hz) Frequency (Hz)

1/f noise of accumulation-mode MOSFET can be
suppressed one order of magnitude compared to

Inversion-mode MOSFET.
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CMOS

(100) (551)
nMOS, pMOS

L/W = 1/20 um |[Vg-Vth| =0~25V
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GOO000000000000000NG 00000 b‘o\ Y \
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CMOS

150

120

o/

IMEC 3-D FINFET
Si(100) Inversion-Mode
Tx=1.6 nm
L,=25nm
L, =35 nm
* N. Collaert, IEEE Elec. Dev. Lett.,
\Vol.25, No.8(2004) P568

100nm

VDD 1.4V
30psec

""""""" I 3
Si(s51) O~ @ FinFET
— Accumulation-Mode IRl ol ittt -

= T,,=3.0nm
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1.5 20
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(551) Accumulation CMQOS
CMOS
on (551) SOI
Accumulation nMOS
Accumulation pMOS
MOS Ln =220 nm Ln =100 nm Ln =45 nm
Lp =220 nm Lp = 100 nm Lp =45 nm
Wn =5 um Whn =5 um Wn =2 um
Wp =5um Wp =5um Wp =2 um
(Si0,) (SiO,) (SisN,)
3.0 nm 3.0 nm 1.0 nm
Poly-Si Poly-Si / Pd,Si NnMOS Ni
Poly-Si / Er,Si pMOS Zr
Al Al Cu
nMOS WI/ErSi, |nMOS W/ErSi, nMOS WI/ErSi,
pMOS W/Pd,Si | pMOS W/Pd,Si | pMOS W/Pd,Si
51 251 501
3.5V 3.0V 1.45V
35 psec 15 psec 1.5 psec
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XRR@BL46XU
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Er Deposition Thickness: 3, 5, 10 nm
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XRD spectra of ErSix on Si(100) and Si(551)

W/ ErSiz =30/50 nm
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TEM Images of W/ErSix/Si on Si(100) and Si(551)
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TEM Images of W/ErSix/Si on Si(100) and Si(551)

SBH XRR ErSi,: 7.31 g/lcm?®

0.5 8.0 /
%) o O O M
= 04 | o _ o A s
e R °”E I & e A A S
=2 ﬁ A A 2 ~~~~~ 8 e \
%.J 0.3} . A A = 7.0 Q
L 02| G
CCS A(100) o A(100) Density
S, 01| |O(551) Q 60 | |0(551) Density \
< c _ \
= o(@n) = ©(111) Density Q
o L 7
< 0.0 : . .
3 0 5 10 15 A

Er Deposition Thickness [nm] 50 L AN o

Er Depo. Thickness [nm]

e SBHERZE ICERIEZBEBRIHDEEHTE
O SBHAKZ VL EBEN/NEY / SBHANE VWL EREHNKEL

Cf) Er: 9.07 g/cm3, Si: 2.33 g/cm? and ErSi,: 7.31 g/lcm?
* K. Maex and M. V. Rossum, Properties of Metal Silicides, p.51 Inspec, London, (1995)
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