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1. Abstract

In this paper, the low frequency noise is
studied from 100 K to room temperature in
n-channel triple-gate FIiNFET transistors with
25 nm fin-width and 65 nm fin-height, a high-k
dielectric, metal gate and strained and unstrained
substrates. These investigations allow to identify
defects in the silicon film and to make a correlati
with some technological steps.

2. Introduction

The multiple-gate FIinFET transistors on a
Silicon-On-Insulator substrate are considered as a
promising candidate for the CMOS nanometer era,
due to the controlled short channel effect by the 3
geometry, the low leakage current, and the higher
mobility due to the undoped channel {Xen?).
Strain engineering is used to increase the mobility
which is one of the enabling techniques to boast th
device performance further along the ITRS
roadmap[1]. In this work, low frequency noise
measurements versus temperature are used as a
device characterization tool in order to identif t
defects present in the transistors. A powerful
method for characterizing materials is provided by
the Generation - Recombination (GR) noise,
corresponding to a Lorentzian type of spectra and
allowing for so-called noise spectroscopy when
performed as a function of temperat{2¢].

3. Experimental

The n-channel transistors have been fabricated
on standard and strained-SOIl (sSOI) substrates.
Additional splits use tensile stress induced by
Contact Etch Stop Layers (CESL) across the gate
stack and Selective Epitaxial Growth (SEG) for
source and drain regions. The different wafers are
indicated by SOI, SOI + SEG, SOl + SEG + CESL,
sSOI, sSOIl + SEG, sSOIl + CESL, sSOIl + SEG +
+ CESL. The gate stack consists of a high-k
dielectric (HfSION) on top of a 1 nm interfacial
SiO,, resulting in an equivalent oxide thickness
(EOT) of 1.5 nm. The gate metal consists of 10 nm
TiN covered by 100 nm polysilicon. Further
processing details can be found4h.

The gate lengths studied werg+460 nm and
Lc=910nm with 5 fins in parallel. The

measurements were performed under linear
operation at ¥s=50 mV, the gate voltage was
adjusted in order to keep the drain current comstan
at [b=1pA over the whole temperature range,
from 100 K to room temperature. The temperature
was changed by a step of 10 K.

4. Results and discussion

Figure 1 presents a frequency normalized
spectrum for standard (SOIl) and strained nFinFETs
with different strain techniques
(sSOI + SEG + CESL) for ad= 60 nm. One can
notice that the studied devices have a large number
of Lorentzians (GR), giving rise to bumps in the
spectra when they are normalized by the frequency.
This has been observed for all studied devices and
for all temperatures. It has been verified that the
characteristic frequency of the Lorentzians dods no
change with the applied gate voltage; thus, the
Lorentzians originate from defects in the depletion
area. For each Lorentzian, the extraction of the
characteristic frequency as a function of the
temperature allows to plot an Arrhenius diagram;
i.e. the evolution of In{T? versus 1/(kT) where
is given by the inverse of the characteristic
frequency. The energy difference between the
conduction band energy and trap energi
(AE = E.- E7) and the capture cross sectignare
extracted from the slope and the y intercept of the
linear fit, respectivelyThe physical nature of these
defects can be identified by comparing the energy
and capture cross section of the traps with data in
the literature[5]. For each device, several defects
were found. Some of them are clearly identified.
Many other defects are still to be identified.
However, the lack of data in the literature forse
advanced materials and the fact that strain
engineering may have an impact on the energy
level and capture cross section, make it more
challenging to identify all defects.

Figure 2 presents a typical Arrhenius diagram
for a SOl nFIiNnFET with SEG ford=910 nm. In
this example, three kinds of defects can be clearly
identified: interstitial carbon-substitutional-
phosphor complex (&), interstitial boron
interstitial-oxygen complex (B;) and divacancies
Vs, (---).
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Fig.1: Frequency normalized noise for unstrained (SOI)
and strained (sSOI + SEG + CESL) for nFinFETs with
Lg=60nm at Vgs= 0.6 V (Vps= 50 mV).
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Fig.2: Arrhenius plot of a strained nFinFET
(SOl + SEG) with Lg= 910 nm.

Table 1 shows the identified defects for all
studied devices. One can notice that there are a
number of defects which are frequently found in all
studied devices but that not have been reported in
the literature. For all the investigated technadagi
5 kinds of traps were identified: divacancieg0/-)
and \,(-/--), traps related to hydrogen (noted H1),
interstitial boron-interstitial-oxygen complex;(B)
and interstitial carbon-substitutional-phosphor
complex (GPy). In addition to these, almost 10
kinds of unknown traps have been frequently
observed. One can remark that the defect intexistiti
carbon-substitutional phosphor complex;RL is
found in all structures that are processed by uaing
SiC liner such as in standard (SOIl) and
strained (sSOI, SOI + SEG). This suggests a
possible carbon contamination due to the SiC liner
deposition step. The trap density of this defect ca
be evaluated; it was found that it varies from one
structure to another (5 103 107/cm®). The
number of observed traps is important: this may be
due to the relatively low value of the pure 1/fs®i
and the advanced technology used to process the
devices. One can also notice that some traps (D7,
D8) are observed in almost all the technologies
studied; this suggests that these traps may be
commonly found in silicon technologies. However,
they could not be identified and therefore, might b
related to the strain techniques which could modify
the capture cross sections and the energy levals. O
the other hand, D1, D2 are only observed in
sSOI+SEG+CESL. A more detailed analysis of the

process steps used in this technology could reveal
the technological steps responsible for the craatio
of these defects.
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0‘9533 Sl |2 | &|G|8 |8 |3 |8 |5 |8 |8 |
SO X X | X X | X | X | X
S1 | X | x X X | X X | X
S2 | x X | x| X X X| X| X
S3 X | x| x| x| x X | x| x| X

S4 X | X X X | X[ X | X | X
S5 x| X| x X| X

S6 | x| X X X| X X| X| X

Table 1: Theidentified defects for all studied devices, the
gray lines indicate the structures that are processed with
aSCliner.

D1: AE=0.5 eV, 6,=1.3x105cn?.
D2: AE=0.4 eV, 6,=9.5x10 Y cn?.
D4: AE=0.29 eV, 6,=2x10" e,
D5: AE=0. 29 eV, 5,=1.8x10%cn?.
D7: AE=0. 23 eV, 6,=1.8x10 cn?.
D8: AE=0.19 &V, 6,=7.9x10 ¥cn?.
D9: AE=0. 15 eV, ¢,=2.1x10 %¥cn?.
D10: AE=0.2 &V, 6,=1.8x10%cn.
0: S0I; Sl DI + SEG, : 0! + EG + CELL, S3: s,
$4: s0I + SEG, B: s0I + CESL H: s0I + SEG + CESL.
X: found for both studied gate lengths;

x: found for one gate length only.

Vo(0l-): AE=0.42 eV, o= 10"5crr.

Vaof-/--):
AE=0.23 &V, 6,=10%-10cn?.

Bi O‘ :
AE=0.26 &V, g,=10"%-10"cn.

HL: AE=0. 32 eV, 0y=10"%cnt”.
GiP{(0/-): AE=0. 38 eV.

5. Conclusions

In this work, a systematic study of the low
frequency noise versus temperature has been
performed on nFinFETSs transistors. The analysis of
the temperature evolution of the Lorentzians time
constant allowed to identify the defects in the
silicon film. For all the investigated technologi&és
kinds of traps were clearly identified and almo@t 1
kinds of unknown traps have been frequently
observed. In some cases, due to the lack of
bibliographic data on strained silicon, it was not
possible to identify the defect and to make a timk
the related technological step. However, most
likely, they can originate from the dry-etching or
implantation damage. Finally, a carbon
contamination probably due to the use of a SiC
liner was revealed.
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