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Abstract

Influence of work function variation (WFV) in metal
gates (MGs) on current-onset voltage (COV) fluctuation
is investigated in detail for FInFETs. In comparison to
the amorphous TaSiN MG with well-suppressed WFV,
the poly-crystalline TiN MG exhibits anomalous COV
fluctuation for the nMOS FinFETs. Origin of the
anomalous COV fluctuation is discussed with regard
due to the WFV of the TiN grains.

1. Introduction

Variability of transistor characteristics now becomes
critical obstacle for further shrinkage of transistor dimen-
sions [1]. In addition to V, variability commonly utilized
for benchmarking various technologies [1], significant fluc-
tuation of current-onset voltage (COV), which is defined as
difference between the V, values at sub-threshold and
strong inversion conditions, was revealed to be caused by
random dopant fluctuation (RDF) of bulk-planar MOSFETs
[2]. The COV fluctuation can be suppressed in FD-SOI
MOSFETs with an undoped channel by eliminating the
RDF [3]. To suppress short channel effect and V; variability
of the bulk planar MOSFETs, FinFETs with metal gates
(MGs) have been introduced from 22 nm technology [4]. In
this work, the COV fluctuation was examined comprehen-
sively for the undoped-channel FinFETs with MGs. Since
the V, variability of the undoped channel FinFETs is domi-
nantly determined by the work function variation (WFV) of
the MGs [5], we compare the MGs with different WFV,
namely poly-crystalline TiN and amorphous TaSiN MGs.
Comparing the n/pMOS FinFETs with these MGs, the ori-
gin of the COV fluctuation is discussed in detail.
2. Sample FinFET fabrication

The MG-FinFETs are fabricated by a gate first process
[5] as follows. TaSiN is used as an amorphous MG because
of its thermal stability [6] together with a poly-crystalline
TiN MG for comparison. After fabricating (110) fin chan-
nels from nearly undoped SOI wafers, the TiN and TaSiN
MGs were deposited by sputtering on the gate dielectrics of
2 nm-thick thermal oxide. Doped poly-Si was deposited on
the MGs and was used as a hard mask in the gate patterning
process. Cross section of the fin channel is shown in Fig.1.
While the poly grains are recognized for the TiN MG, the
amorphous TaSiN MG is precisely formed on the fin side-
walls without granular morphology.
3. Variability characterization

V,-lq curves in the saturation region (V4=1 V) for the
FinFETs with an identical design (L,=70 nm) are compared
between the TiN and TaSiN MGs (Fig.2). The amorphous
TaSiN MG exhibits smaller fluctuation of V,-I4 curves than
the TiN MG does. Pelgrom plot is obtalne((iy by measuring
V, mismatch of the paired transistors to examine the local
variability (Fig.3). Amorphous TaSiN suppresses V, vari-
ability effectively thanks to the suppressed WFV. The n
and pMOS FinFETs exhibit almost identical variability for
both the TiN and TaSiN MGs. Namely, the V, variability
does not depend on the channel type but on the WFV of the
MGs. The Ay; values obtained from the slope of the Pel-
grom plot are summarized in Fig.4. Saturation characteris-
tics (|V4=1 V) give increased variability with regard to

those at [V4=50 mV due to the contribution of the DIBL
fluctuation as reported in ref. [7].

Fluctuation of the COV is analyzed based on the fol-
lowing definitions. Representing the sub-threshold condi-
tion, V; deﬁned by constant current criteria (V, at
L= (W /Lg)XIO A) is denoted as V. [8]. Representing
strong inyersion, extrapolation of the maximum slope line
of V, -I"% in the saturation region is used and is denoted as
Viex- The COV value is given by Vo=V - V.. Correlation
between V. and Vi for the identical design (Ly=70 nm)
and for [Vyg=1 V is shown in Fig.5. The TiN-MG nMOS
case exhibits significant deviation of the plots from the
regression line in comparison to the other cases. In order to
analyze the deviation quantitatively, the COV statistics are
summarized in Fig.6. In case of the nMOS FinFETs, the
TiN MG exhibits significantly larger fluctuation of the
COV than the TaSiN MG does. In case of the pMOS Fin-
FETs, on the other hand, the fluctuation for the TiN MG is
suppressed to be comparable to the TaSiN case.

In order to discuss the origin of the anomalous COV
fluctuation for the TiN nMOS case, correlation between the
COV and DIBL fluctuation was first examined (Fig.7).
There is no significant correlation for all the cases. Thus,
we consider DIBL is not the origin of the different behavior
of the COV fluctuation. As reported for bulk-planar MOS-
FETs, a localized potential valley reflecting the
non-uniformly distributed dopants in the channel causes
anomalous leak current in the sub-threshold condition, re-
sulting in COV fluctuation [2,8]. Similarly, the WFV of the
MG causes the potential non-uniformity even in the un-
doped channel [5,9]. The TiN MG film used for the FinFET
exhibits dominant orientation of (100) (Fig.8). It is reported
that the dominant (100) grains have WF of 4.6 eV whereas
subdominant (111) grains have lower WF of 4.4 eV [10,11].
Fig.9 shows the explanation for the anomalous COV fluc-
tuation of the TiN nMOS case. In the nMOS case, the
low-WF grain causes localized potential valley for elec-
trons at the source edge, resulting in the anomalous leak
current. In the pMOS case, on the other hand, the dominant
high-WF grains determine the bottom of potential for holes
and the localized potential increase due to the high-WF
grain negligibly affects the leak current. In the case of the
amorphous TaSiN MG with well-suppressed WFV, the leak
current is not influenced by the potential non-uniformity
both for the n and pMOS cases. Benchmarking of the COV
fluctuation with regard to the bulk planar MOSFETs [8] is
summarized in Fig.10. Generally, the MG FinFETs with
the undoped channel exhibit smaller COV fluctuation due
to RDF reduction. Anomalous COV fluctuation due to the
WFV can be suppressed by using the amorphous MG with
well-suppressed WFV.

4. Conclusion

The COV fluctuation is analyzed for the un-
doped-channel FinFETs with poly-crystalline TiN and
amorphous TaSiN MGs. The TiN nMOS case exhibits an-
omalously large fluctuation of the COV in comparison to
the other cases. This COV fluctuation is caused by the
WFV due to the poly-grains of TiN and can be suppressed
by using the amorphous MG with well-suppressed WFV.
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Fig.2 Fluctuation of V-l curves for FinFETs with identically designed L, (70 nm). (a) TiN and
(b) TaSiN MGs. The amorphous TaSiN MG significantly suppresses flucttation of V14 curves.
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