Extended Abstracts of the 2007 International Conference on Solid State Devices and Materias, Tsukuba, 2007, pp. 1040-1041

F-10-2

A Breakthrough Electronic Lithography Process Through S Layer for Self Aligning Gatesin
Planar Double-Gate Transistorsfor 32nm Node And Below

R.WacqueZz®*, P.Coronél, MP.Samsot?, D.Delille?, LR.Clement, V.Delayé, L.Baud, N.Loubet, J.Busto}
A.PouydebasqdeB.Guillaumot?, T.Ernst, P.Massot) JP.Gou$, T.Skotnickt

D ST Microelectronics? NXP 850 rue J.Monnet, BP. 16, 38921 Crolles, Feanc
e-mail :romain.wacquez@st.cqmhilippe.coronel@st.com
2 CEA/Léti Minatec, 17 rue des Martyrs, 38054 Grdapbrance

e-mail :romain.wacquez@cea.fr

4 L2MP, 42 rue Jolliot Curie, F13384 Marseille CedEsance

Abstract

We report here the first demonstration of aligning
patterns through silicon layers thanks to high energy
electron beam lithography. This novel process is a
promising solution for self aligning gates in planar
double gate devices integration.

1. Introduction and challenges
Thanks to its perfect channel electrostatic intggri
multi-gate transistor is considered as the besttisol

to reach ITRS specifications for the 32nm node and

below [1]. Planar double gate transistor architexts

among one of the most promising ones [2]. The mair’

challenge for this architecture is to define a dott

gate pattern under the channel while keeping cHann

integrity. Several options were discussed, inclgdin

bonding [3], damascene integration [4] or additlona

lithography, etching and epitaxy in our previousrkvo
[5][6]. We introduce here a revolutionary procebs a
lowing us to perform lithography under thin layers.
We achieved to self align patterns without adddion

process step except standard electronic lithography’

Silicon channel integrity is kept unchanged. ltsiets

of exposing resist on each side of Si channel usin
high energy electron beam. Integration scheme-is a
sociated using HSQ resist which is transformed intot

low-k dielectric after curing.
2. Electron Beam lithography through silicon
layers

SELID [7] monte-carlo simulator shows electron tra-

jectories in a silicon substrate for a 50 keV exjas
(fig 1a). Lateral dispersion is mainly due to dirdi-

fusion and back scattering. Nevertheless dispersio

only occurs after few microns depth. Simulationgeha

also been performed through three stacks above th
substrate (fig 1b): 40nm HSQ (Hydrogen Silsesqui-

oxane) resist on both sides of a 30nm silicon layer
highlights electrons statistical deviation betweba

energy transfer through silicon layer is anisotrdpr
thin films. We fund an innovative way to self-align
patterns on both sides a planar layer.

Morphological demonstration has been done usin

conventional electron beam lithography (EBL) tobl a
100 keV. Process follows these steps: After an epi-
taxial growth of a SiGe/Si bilayer, we realized an
anisotropic etching of the stack to access latetall
SiGe. Isotropic partial etching of SiGe is thenizeal
thanks to conventional SON process [8]. This result
with a silicon bridge hanged up by SiGe pillar (#a,

fig 3). HSQ resist is spin-coated (2b) over andeund
silicon layer. Fig 4 shows torn-up silicon afteeaV-

ing, pointing out HSQ in cavities. It demonstraties
ability of HSQ to be spin-coated in a 40nm thick-tu

el and its perfect conformity. The following stip
electron exposure (fig 2c). Then HSQ is developed
dhanks to a TMAH based solution (fig 2d). This re-
sults with HSQ surrounding silicon layer (fig 5EW
view of the structure after development can be seen
fig 6. High Critical Dimension (CD) control is dem-
onstrated. Top and bottom patterns are 78nm and
80nm width respectively. Patterns are exposed
through a 16 nm mono-silicon layer. Note perfect
rystallinity of silicon is conserved. This view reo
rms simulation results.

. Double Gate device integration using HSQ
esist

SQ is a spin coatable oxide which is also a negati
one electron beam resist. During curing, or etectr
exposure, its cage-like structure (HgH, is opened,
and forms a network structure (polymerization) [9].
leads to a low-k dielectric, similar to SiOThen, as
opposed to conventional resists, HSQ can be pat of
front end process as a dielectric. HSQ combinetl wit
I?’rst described high energy EBL process is a way to
orm a dummy gate or its opposite pattern: Boteatir

] or damascene [4] integration can be considered.
ne proposal is explained fig7: HSQ is spin coated
each side of a silicon bridge. High energy electron
beam lithography is performed, and non exposed HSQ

fi

ds developed. Conform nitride is deposited (inahggi

in the cavities) and planarized thanks to CMP psece
[10]. HSQ is totally etched selectively versusidir
The following step is the filling of former HSQ pat

dern with gate stack using CVD or ALD process
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and planarization of the stack over nitride. Thén n
tride is totally removed. End of the process isaa-s
dard thin film one: spacers, implants, salicidationl
back end.

4. Conclusion

We demonstrate in this work a revolutionary way to
integrate multi gate devices using standard elactro
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Figl : Monte Carlo simulation of electron trajec-Fig2: Sequence of Electron
tories @100keV a) in substrate b) through Si Iay'heam lithography through thin

tween two HSQ resist films.
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Fig7:Proposal of integration for double-gate deviasing EBL

beam lithography. Considering resolution potertufal
EBL combined with HSQ below 20nm [11], studies
about EBL high throughput [12] comprising
multi-beam tools [13], Electron Projection Lithogra
phy [14], this solution can be considered as soseri
candidate for CMOS 32nm node and below.

Fig 3: High Energy SEM top view of a silicon
layer hanged up by SiGe pillars.
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