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Continuous scaling in gate dielectrics
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® EOT scaling is expected down to 0.5 nm in ITRS



High-k gate dielectrics without SIO, IL
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Special process and metal selection
controlling oxygen atoms against SiO,-IL
formation



La,O, for gate dielectrics
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La,O, can achieve a SIO,-IL free structure by
forming La-silicate at the interface



Silicate reaction at La,O,/SI interface
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Prevent the excess silicate reaction

1. proper metal selection: Ecs Trans. 11 (4), 319 (2007)

2. short period annealing: Appl. Phys. Lett. 90, 102908 (2007)
3. other RE-slilicates for interfacial layer (this work)



Purpose of this work

1. Material selection of RE-silicate as an
interfacial layer for SIO -free gate stack

Selected RE-oxides:
La, O, (k~23), CeO, (k~32), PrO, (k~32)

2. SrO capping effect for further EOT scaling



Selection of RE-silicate
for interfacial layer



CV curves with La, Ce, Pr-silicates
500 °C for 30min
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XPS measurement of La, Ce, Pr-silicates
hyv=7940eV, Si 1s, TOA=80°

Synchrotron x-ray W(8nm)/RE-oxide/RE-silicate/sub.
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Si-rich phase is formed with Ce-silicate
Strong correlation with D, observed in CV




Material selection for EOT=0.5nm

. lelectri

Oxide [czoenitcgn(t: E, (eV)

La,O, ~24 5.5

CeO, ~32 3.2~3.7

PrO, ~32 3.2~4.5
La-silicate ~9 ~6.4
Ce-sllicate ~21 ~ 6.1
Pr-silicate ~10 ~ 6.5

Ref: S Sathyamurthy, Nanotech 16 1960 (2005) HJ Osten et al., SSE 47 2161 (2003),
A. Sakai, APL 85(22) 5322 (2004), O. Seifarth, J Vac Sci Tech B 27 271 (2009)

Combination of La,0; (E,=5.5eV) and Ce-sllicate

(k~21) can be a good candidate for scaled gate oxide
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La, O, with RE-silicate interfacial layer

with and w/o SrO Fabrication process

tungsten ® HF-last Si wafer
_a,0,, CeO,, PrO, depo. (300°C)

La,O,

RE silicate |a,05 (1nm) deposition

La-silicate
Ce-silicate

Pr-silicate

SrO (1nm) deposition (option)

Gate lithography, etching
Annealing at 500°C for 30min
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®
®
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RE-silicate IL for EOT=0.5 nm
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Further EOT reduction can be achieved with
SrO capping
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AR-XPS analysis of SrO/La,0,/CeO,/nSi

as deposited, 500 °C annealing

analysis without
metal layer

(ii) La 3d/silicate
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Sr atom diffusion to enhance the k-value of La-silicate
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NFET characterization

La,O,/Ce-silicate nFET
SrO capped La,O,/Ce-silicate nFET
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NFET fabrication process

Source/Drain pre-formed Substrate

SPM, HF-last Treatment

Metal : High-k e-beam evaporation HF-last Si
- High-k @ 300°C under ~10° Pa
Metal deposition by in situ RF-sputtering
n n* Metal dry etching

Post Metallization Annealing (PMA)
Al wiring
Contact hole formation

Al wiring for S/D
Back side contact formation (Al)

Al back contact .



Output characteristics of nFET
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Nice FET operations were confirmed with EOT<0.5nm
SrO capping shifts the Vy, from -0.38 to -0.54 V
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Transconductance of nFET

0.16

f Lazo?, EOT=
___0.12 |With SrO /CeSIO | g 51nm
N capping
£ |eoT=
~— 00810 49n

= |
@)
0.04
V,=50mV
W/L=20/2.5um
0.00 ‘ ‘

-1.0 -0.5 0.0 0.5 1.0

Vg (V)
Reduction in g,, iIndicates the degradation in mobility
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Effective mobility with SrO capping
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Degraded mobility was observed with SrO capping
Possibly due to Sr atoms diffusion down to Si interfac:e18



Summary of high field p.s on EOT
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Our data follows the mobility trend in scaled EOT
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Gate leakage current performance

Open : w/o SrO capping (1nm)

Close : with SrO capping Measured at V,;=1.0 V

104

H
)
w

@ V,=1V (Alcm?)
H

SrO/La,0; — La,04/Ce-silicate

ITRS 2008 update_
ref o
o ¢ ® e N

/Ce-silicate _Y
02 Tl @ SrO/La,0,/Pr-silicate
\.‘/ |
. SrO/La,O,/La-silicate

10 SrOq. 5nm) \ A/

/La O,/Ce-silicate
= 109 La,O4(1. 5nm)
™ /Ce-silicate >«

101

0.3 0.5 0.7 0.9

EOT (nm)

SrO capping can reduce the gate leakage current
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A proposed guideline for material
selection In EOT=0.5nm

metal

alkali earth oxide (Sr)

diffusion

High-k(La,0.)

Suppression of fixed charge generation
Careful process control for diffusion

High k-value and wide E
«— | Low fixed charge density by SrO

Interface rare earth
silicate (CeSIO)

w High dielectric constant with wide E,

Si

High diffusion barrier for Sr atoms

Low D, should be achieved
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Conclusions

® Ce-silicate Interfacial layer Is suitable for
scaled gate dielectric

k~20, E;=6.1 eV, D;~10% cm~/eV

® An EOT=0.51 nm can be obtained with by
the combination of La,O,/Ce-silicate

® SrO capping can further reduce the EOT
at the cost of i

® A guideline for material selection for EOT
scaling below 0.5nm is proposed
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TEM image of W/SrO(1nm)/CeO,(1nm)/Si
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The presence of Sr atoms are confirmed in Ce-silicate layer
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