Extremely Scaled FinFETsand Ultra-Thin Body SOI
CMOS Devices

Leland Chang, Yang-Kyu Choi, Daewon Ha, Jeongsoo
Lee, Pushkar Ranade, Shiying Xiong, Jeffrey Bokor,
Chenming Hu, and Tsu-Jae King

EECS Department, University of California, Berkeley
CA 94720

We have performed extensive studies of both the
FinFET double-gate (DG) device structure, as welthe
single-gate, ultra-thin body (UTB) SOl MOSFET devic
structure. In both of these device structures, tsttzannel
effects are effectively controlled by using a tlsiticon
film, allowing for gate-length scaling down to th® nm
regime [1]. In this presentation, we will reviewceat
progress in the development of FInFET technology,
including analysis of sensitivity to process vaoas, and
show the results of circuit analysis of the besefif
FinFETs and UTB MOSFETSs in terms of gate delay and
energy consumption.

In order for a CMOS FinFET technology to provide
maximum performance benefit over bulk-Si CMOS
technology, various issues must be resolved. é&hes
include the formation of ultra-thin Si fins with dhi
surface quality for high carrier mobilities, andeth
development of a tunable-work-function gate tecbgyl
for threshold-voltage\{) control.

In an effort to improve the surface quality of the
etched fin sidewall, we have investigated the uspuoe
hydrogen annealing after fin patterning. During dmmeal
in a pure hydrogen ambient, the surfaeg bulk) silicon
migration rate is enhanced [2]. Thus, line edgeghmess
caused by lithography and sidewall surface roughnes
caused by reactive-ion etching are reduced. Polya&id
hydrogen-annealed FinFETs show higher on-stateecurr
and lower off-state current, as well as lowgt Hue to
reduced trap density (Fig. 1). Low frequency noise
measurements confirm the improvement in interface
quality.

Ideally, the FInNFET body should be lightly doped in
order to achieve high carrier mobility for high nsistor
drive current, as well as immunity to dopant-fluattan-
induced variations inV,. A major technological
challenge, then, i%, adjustment by gate work-function
engineering. The required range of gate work fonst
for a fully-depleted CMOS FinFET technology is 4.4-
5.0V [3], which precludes poly-Si as a gate materia
Molybdenum (Mo) has a high work function (~5V),
which makes it suitable as a gate material for gciel
FINFETs. We have previously shown that nitrogen
implantation into Mo films followed by thermal araiing
can be used to controllably lower the Mo gate work
function to values as low as 4.4V [4], which istahle for
n-channel FiINFET application. Here, we demonstiiage
use of Mo gate technology for FiInFETs. An examgl¥,0
adjustment for p-FinFETSs is shown in Fig. 2.

In order to properly explore a wide variety of tad
offs and make fair comparisons of device structuves
have done extensive circuit simulations. Deviceigies
were based on ITRS roadmap specifications for high
performance devices. An example of comparison ¢¢ ga
workfunction engineering approaches for bulk, UBBd
DG (FinFET) devices in terms of fan-out of 4 inesrt
delay is shown in Fig. 3. The use of a low-dopednctel
and metal gate with controlled work function shaive
best performance due to the elimination of impurity
scattering and reduced vertical electric field.
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Fig. 1. -V, characteristics of FinFETs showing the effect
of hydrogen annealing. Both NMOS and PMOS§ ave
lowered, and drive currents increase.
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Fig. 2. Vg characteristics of Mo-gate FinFETs

(Lg=80nm, W;,=10nm). -0.2V V at 100nAim is
achieved without body doping with pure PVD Mo-gate.
Multiple Vs are demonstrated by nitrogen implantation to
change the gate work function.
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Fig. 3. Gate delay for a loaded (fan-out of founyarter
using various gate materials, and three devicectsires.
For poly and mid-gap gate materials, channel dojsng
used to set threshold voltage. For metal gate amthia
DG cases, the channel is essentially undoped, and
threshold voltage is set either by the gate worfion of
back-gate bias.
References
[1]L. Changet al., IEDM, p. 719, 2000.
[2] T. Satoet al., IEDM, p. 517, 1999.
[3]R. Lin et al., IEEE Electron Device Letters, p. 49,
2002.
[4]Y.-K. Choi et al., Solid-Sate Electronics, p.1595,
2001.



