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Abstract
Double-gate and tni-gate FinFET type memories with nitride
(SONOS-like) or Si nanocrystals storage with minimum
feature sizes of 10 nm were realized. Strong performance
advantages in program / erase characteristics and reliability
deeply linked to the FinFET architecture are demonstrated.
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Introduction

Memories with discrete storage media like nanocrystals or
nitride are a promising alternative to floating gate (FG)
devices given the improved resistance to SILC defects and
reduced parasitic capacitive couplings due to the FG [1].
Moreover, the combination to a FinFET architecture allowxide

advantages in terms of suppression of short channel effects

tni-gate

F

bFINFLASH

DeviceTealizati
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Finwf h t t h d) trapping media. (a-c) are sections orthogonal to
structures allow a large improvement in terms of VT
the fin, (d) is along the channel length.

window, justified by the distribution of the electric field in
the gate dielectric stack. This allows to increase tunnel oxide
thickness with a resulting better retention.
Double gate

devices with nanocrystals (a, b) and nitride

Device realization

FinFLASH devices were realized on SOI wafers by DUV
lithography, except for the shortest devices in which both fin
and gate mask were realized by e-beam lithography. Tri-gate
and double gate structures were realized with both Si
nanocrystals and silicon nitride layers as trapping media.
Tunnel oxides were in the range from 3 to 6 nm. In nitride
memories (SONOS-type) control dielectrics were HTO layers
of thicknesses from 5 to 8 nm, while in nanocrystal devices
ONO stacks of EOT from 10 to 15 nm were used.
Results and Discussion
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Fig. 1. TEM and SEM micrographs in plan (a) or in
cross-sectional view of the Fin (b-d) of double-gate

FINFLASH devices with nanocrystals (c) and nitride
(d) trapping media.

Figs. 1 and 2 show TEM and SEM micrographs of the double

and tni-gate
~~~~~~~~~~~gate

devices structures, respectively. Channel
lengths (LCH) and widths (W) as narrow as 30 nm and 10 nm
were realized (Fig. 2). These devices show regions with high
curvature in the dielectrics, in correspondence with the fin
corners.

A. Improvements on Short Channel Effects (SCE)
Though the overall thickness of the dielectric stack, including
tunnel and control oxide and trapping medium is above 15
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nm these devices show excellent performances in terms of
SCEs. Subthreshold slopes recorded at VDS = 1 V (Fig. 3) and
DIBL resistance (Fig. 4) remain remarkable even for very
short channel lengths and improve as the fin height or width
are decreased. The ON current measured at VG-VT = 1.5 V
and VDS = 1 V (Fig. 5) are above 20 tA, largely exceeding
the values of conventional Flash devices. Tri-gate devices can
further improve ION, though this advantage is larger for
higher widths.

U)0

important feature since the erase saturation phenomenon in
SONOS forces the use of reduced tunnel oxide thickness,
with an associated retention limit at high temperature. This
has been a strong motivation to the development of
innovative concepts such as the NROM and the TANOS.
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Fig. 3. SubthrEshold slope measured at VDS 1 V as a
function of channel length in double and tnc-gate
FINFLASH devices, in all cases with overall
dielectric stack thickness above 15 nm. As the W or the
fin height decrease, the slope improves well above the
values achievable in standard planar Flash devices. In is4an
(b) fin heights range from 25 to 60 iim.

the DIBL improves dramatically, well above the values
achievable in standard planar Flash devices.
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In double- and
FINFLASH structures the current in
inversion is accumulated in correspondence to the fin corners,
z1
as evidenced by TCAD simulations, as in the example of Fig.
206. This explains why ION does not depend on fin height in
double gate devices (Fig. 5).
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erase (P / B) characteristics these
devices exhibit excellent performances. Fig. 7 shows the
curves of CHB programming and FN tunneling erase, both
very efficient at remarkably low gate and drain voltage. Note
the ability of CHB programming by using "warm carriers" at
VD
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B. Program/ Erase Characteristics
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tn'-gate FTINFLASH devices. In double-gate devices ION
is almost independent on fin height, indicating that the
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between the silicon fin and the tunnel oxide. Data are
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Fig. 8. Program / erase curves by FN tunneling in a
SONOS-type F1INFLASH cell with an ONO of 4.5 nm
bottom oxide, 3.2 nm nitride, and 8 nm top oxide
thickness. Erase saturation takes place only at very high
(in absolute value) voltages, indicating a very effective
suppression of electron back-injecction from the gate.

A possible explanation for this large improvement is the
following: Fig. 9 shows calculations of the electric field
distribution in the gate stack under erase conditions. In
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Fig. 10. Storage data at 180 and 250 0C in SONGS type
FINFLASH cells as the one of Fig. 8. VT window of
about 3 V extrapolated at ten years at 250 0C are
observed for the first time in this type of devices.
C. Retention and Cycling

This P / B characteristics are coupled with excellent
performances for retention at high temperature, showing
reliability well in excess of ten years at temperatures as high
as 250 'C (Fig. 10), with extrapolated residual window of
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Fig. 12. Temperature acceleration factors in s / K as a
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nm
device,
tunnl oxide
oe of
of 55 nm and control ONO
device, and a tunnel

with EOT of 14 nm, for the nanocrystal device. Note
that nanocrystals appear much more robust compared to
SONOS-like devices with respect to gate stress.

Concerning the comparison between nitride and nanocrystal
devices, it is known that nanocrystals imply a worsening of
VT window dispersion due to random fluctuations in the
number of trapping dots, but this problem may be solved by
increasing dot density or by dot self-organization [5].
Nanocrystals can, in fact, allow important advantages on cell
performances. Fig. 12 demonstrates their better retention at
lowvolta
shown by
by the compar1son
comparison of the temperature
low voltage,
as sshown
acceleration factor, attributed to the suppression of PooleFrenkel conduction, which on the contrary occurs for nitride
traps [6]. Moreover since the better gate capacitive coupling
of nanocrystals allow to decrease the P / E voltage,
robustness to cycling improves (Fig. 13), in excess to 1E6
cycles. Note that though a ONO control dielectric is used,
differently with respect to planar nanocrystal memories
which require HTO [7], no irreversible charge trapping in the
ONO layer takes place.

In summary, we show for the first time that in addition to the
advantages of suppression of SCEs, the FINFLASH
architecture allows to dramatically improve the VT window
(up to 8 V with lE5 cycles) and the erase saturation problem,
allowing thicker tunnel oxides with associated excellent
retention, demonstrated up to 250 'C.
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