ﬁ@@é_ﬁﬁ for non-destructive analysis

I,eti . of chemistry at buried interfaces

vanced gate stacks

P. Risterucci?, E. Martinez?, R. Boujamaa?, J. Zegenhagen?, B. Detlefs3!, M. Gros-Jean?, O. Renault! and S. Tougaard

1 CEA, LETI, MINATEC Campus, 17 rue des Martyrs, 38054 Grenoble Cedex 9, France
2 STMicroelectronics, 850 rue Jean Monnet, Crolles 38926, France
3 European Synchrotron Radiation Facility, 6 rue Jules Horowitz, Grenoble F-38000, France
4 Department of Physics and Chemistry, University of Southern Denmark, DK-5230 Odense M, Denmark

Objectives
HAXPES offers new possibilities regarding non-destructive characterization of gate stacks in technologically relevant conditions.
Current developments aim at further increasing the depth sensitivity by analyzing the inelastic background (Tougaard’s method).

Experimental details

HAXPES at ID32 — ESRF [1] High-k/metal gate stack for the 32 nm node

Xray

= High photon energy (2.1-25 keV)
= High energy Resolution (< 0.4 eV)

40<t<60nm

= High sampling depth (> 50 nm)

Impact of spike anneal

Sample
&, > .\ = High in-depth sensitivity (< 1 nm) 7 % A HfSION 1.7 nm (1065°C)
Irradiated vzer @ .\ = Optimized geometry & instrumentation . *Dij i ?
An;awte QE‘{"'Y””'\\ . p g y chamber at ID32 SION 1.5 nm DIfoSI.OI’l of La 7
‘ _ *Chemistry of
‘ Non-destructive analysis of chemical & electronic prop erties of buried layers and interfaces Si high-k/Si interface ?
High-k/metal gate stack with TiN
After anneal: La silicate Shift of Hf 4f after anneal : interfacial dipole [3] La00-R: no La
. . . .. La04-R: LaO (0.4 nm)
at high-k/Si interface [2] Before anneal After anneal La diffusion towards the high-k/Si interface La10-R: LaO (10 nm)
= He4t M
3.81 keV |:51512--~ — Hf:o;ﬂ 3.81 keV 3.81 keV :A;:I:LEII et
J/\\ [Jeosi La00-R 3 - . Recuit 1065 °C
La00R } g 3
5 5 .2 s
3 . El A s g 2
e ! N 2 / 3 z = 2
z ) 8 3 =
Iﬁ c c
< 2 2 La04-R Lalo-R
b= - - 845 840 835 830 845 840 P
Binding Energy (eV) Binding Energy (eV)
La10-R
= La diffusion through the high-k
1846 1844 1842 1840 1838 1836 e A = La silicate (La-O-Si) at the high-k/Si interface
Binding energy (eV) Binding energy (eV) Binding energy (eV) = Interfacial dipole, strength increasing with LaO thickness

High-k/metal gate stack with TiN and poly-Si
Inelastic background modelling using Tougaard’s method [ 4]

hv = 15/18 keV - high in-depth sensitivity (~60 nm) + error calculation (weighed  x2)
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