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Impact of the Interfacial Layer on the Low-Frequency
Noise (1/f) Behavior of MOSFETSs
With Advanced Gate Stacks
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Abstract—The impact of the interfacial layer thickness on the
low-frequency (LF) noise (1/f noise) behavior of n- and p-channel
MOSFETs with high-x gate dielectrics and metal gates is in-
vestigated. Decreasing the interfacial layer thickness from 0.8 to
0.4 nm affects the 1/f noise in two ways. 1) The mobility fluctu-
ations mechanism becomes the main source of 1/f noise not only
on pMOS devices, as usually observed, but also on nMOS devices.
2) A significant increase of the Hooge’s parameter is observed for
both types of MOSFETSs. These experimental findings indicate that
bringing the high-« layer closer to the Si—SiO, interface enhances
the 1/f noise mainly due to mobility fluctuations.

Index Terms—High-x gate dielectrics, Hooge’s parameter,
interfacial layer, low-frequency (LF) noise, metal gates, mobility
fluctuations.

I. INTRODUCTION

F-BASED high-x gate stacks have been proposed as

substitutes for SiOy to meet the challenges from the
continued downscaling of CMOS devices [1]-[3]. Metal gates
as a replacement for poly-Si are also being considered at the
same time in order to eliminate polydepletion and resistivity
effects, which arise from the use of poly-Si as a gate material.
Moreover, channel mobility improvement and lower threshold
voltage instability have been reported for the combination of
HfO, gate dielectrics with metal gates instead of poly-Si. The
use of a thin interfacial layer (IL) of SiO5 or SiON in the high-x
gate stacks has been found to be inevitable in order to provide
better thermal stability and a lower density of interface defects
with the Si substrate. Indeed, the peak mobility in n-channel
MOSFET devices with HfO, layers is observed to increase
along with the thickness of the IL for both poly-Si and metal
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gates [4], [5]. It has been shown that the Hf-related defects
significantly enhance the low-frequency (LF) noise (1/f noise)
of the gate and drain—current with respect to conventional SiO5
gate dielectrics [6]-[8].

We report here the impact of the IL on the LF drain—current
noise of n- and p-channel MOSFETs with HfO, using metal
(TiN/TaN) as a gate material, in advanced gate stacks where the
equivalent oxide thickness (EOT) is < 1.5 nm. The dominant 1/f
noise mechanism is found to change from correlated number-
mobility fluctuations [9]-[11] for EOT > 1 nm to mobility
fluctuations [12] for EOT < 1 nm for nMOS devices. For pMOS
devices, the major noise mechanism is found to be mobility
fluctuations. Hooge’s parameter [12] is used here as a figure of
merit for comparison purposes. The differences observed here
are mainly due to the influence of the nitrided SiO»-IL thickness
variation on the 1/f noise.

II. EXPERIMENTAL

The 1/f noise performance was investigated in n- and
p-MOSFETs with gate width W = 10 um and gate length L =
1 pm, with two different IL thicknesses—0.4 nm and 0.8 nm
nitrided SiO» IL on top of which HfO was deposited. The EOT
of the studied n-MOSFETs is 0.92 nm (0.4 nm IL) and 1.44 nm
(0.8 nm IL), respectively. The EOT of the studied p-MOSFETs
is 1.31 nm (0.4 nm IL) and 1.35 nm (0.8 nm IL), respec-
tively. Deposition of the high-~ oxides was achieved either by
atomic layer deposition (ALD) or by metal-organic chemical
vapor deposition (MOCVD). Physical vapor deposited (PVD)
TiN/TaN was employed as metal gate. These devices were
annealed in ammonia at 800 °C for 60 s. On-wafer noise
measurements were concurrently performed in Italy by using
a purposely designed low-noise measurement system [6] and
in Belgium by using the BTA9812 system in combination with
the NoisePro software from Cadence. The 1/f noise has been
evaluated in MOSFETs biased in linear operation with a drain
voltage |Vps| < 50 mV. For each bias point, we check that the
gate leakage was at least one decade lower with respect to the
channel current.

ITII. RESULTS AND DISCUSSION

Fig. 1 shows the Ipn—Vg and Gy —V characteristics of
n- and p-MOSFETs. For n-MOSFETs, a higher value of I and
G\ is observed for lower IL thickness, mainly due to lower
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Drain—current and transconductance versus gate voltage with Vpg = 50 mV for different IL thickness of (a) n-MOSFET and (b) p-MOSFET.
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Normalized drain—current spectral density for two different IL thicknesses studied for (a) n-MOSFET and (b) p-MOSFET. Note that the different

frequency ranges are due to different measurement amplifier bandwidths since we used two different measurement systems as explained in the experimental

section.
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EOT values, whereas for p-MOSFETs, similar values of Ip and
G\ are observed due to similar EOT values.

As seen in Fig. 2, the normalized 1/f noise spectra Siq/ I]% of
n- and p-MOSFET: for a gate voltage overdrive |Vgs — V| of
0.3 V are predominantly of 1/f type, with v ~ 1. A value of v
close to 1 has been observed also for other values of |Vgs — V|
(not shown). Similar values of Siq /1, 12) are observed for different
IL thicknesses at the same gate voltage overdrive in both types
of devices.
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Normalized drain—current noise spectral density versus gate voltage overdrive for two different IL thicknesses for (a) n-MOSFET and (b) p-MOSFET.

Fig. 3 shows the normalized noise current spectral density
Sia/ I% dependence over the gate voltage overdrive |Vgs —
Vr| at f =25 Hz. Different dominant 1/f noise mecha-
nisms between the n- and the p-type devices are noticed.
For n-MOSFETs, the normalized Siq varies as (Vgg — V)™
with m ~ 1.5 for the 0.8 nm IL thickness, which highlights
that noise is due to correlated number-mobility fluctuations
[9]-[11], and m ~ 1 for 0.4 nm, which points out that noise
is mainly due to mobility fluctuations. For p-MOSFETs, the
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Fig. 5. Hooge’s parameter versus gate voltage overdrive for two different IL
thicknesses for (a) n-MOSFET and (b) p-MOSFET.

normalized Sjq shows a varying slope m that goes from 1.5
to 1, thus, it is difficult to conclude on the right fluctuation
mechanism; but from normalized noise values with Ip (not
shown), the noise mechanism points to the mobility model [10],
[12]. Note that for all devices, the slope m is significantly lower
than 2, which corresponds to number fluctuations. For both
types of MOSFETs, no significant variation in noise power is
noticed for different IL thicknesses.

As shown in Fig. 4, the input-referred voltage spectral
density Syg = Sia/ Gﬁ/[ at f =25 Hz exhibits a pronounced
dependence on the gate voltage overdrive for all devices, but not
for n-MOSFETs with higher IL thickness. Higher S, values
are noticed for n- and p-channel transistors with 0.4 nm IL
compared to 0.8 nm. For p-MOSFETs, clearly, a pronounced
Sy dependence on gate voltage overdrive is observed, fur-
ther confirming that mobility fluctuations, which cause Sy o
|Vas — V|, dominate over number fluctuations, which cause
Syg to be independent on |Vas — Vip| [9].

For a fair comparison between n- and p-MOSFETs, the
Hooge’s parameter [12] is considered as a figure of merit for
both cases. The resulting values are plotted in Fig. 5 as a
function of gate voltage overdrive. Here, the Hooge’s parameter
is evaluated using the following formula:

- JWLCox|Vas — Vr|Sia

a3 v
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Input-referred noise versus gate voltage overdrive for two different IL thicknesses for (a) n-MOSFET and (b) p-MOSFET.

where f is the frequency, Coy is the gate dielectric capacitance
per unit area, and ¢ is the elementary electron charge. A
strong dependence is observed with regard to IL thickness in
n- and p-MOSFETs, where the values are higher for the 0.4-nm
IL thickness. The higher Hooge’s parameter in lower IL thick-
ness devices can be attributed to two different causes: higher
Cox values or lower channel mobility. The first cause can be
disregarded since the observed ajyy increase is significantly
higher compared to the corresponding C,, increase. Thus, we
conclude that channel mobility is the cause. The enhanced
mobility fluctuations are mainly due to lower mobility values in
high-~ gate stacks with lower IL thickness, as reported by other
researchers [4], [5]. Increased mobility fluctuations for lower IL
thickness can be ascribed to increased Coulomb scattering from
charges in the high-x layer closer to the Si—SiO; interface. This
conclusion is also supported by the correlation between charge
density in the HfO, layer and Coulomb scattering observed on
a similar set of samples [13].

IV. CONCLUSION

In summary, the impact of the interfacial layer thickness
on the 1/f noise performance of metal-gated n- and p-channel
MOSFETs with high-« gate dielectrics and EOTs in the range
of 1 nm has been investigated. It has been shown that reducing
the interfacial layer thickness from 0.8 to 0.4 nm, the mobility
fluctuations mechanism becomes the main source of 1/f noise
not only on pMOS devices, as usually observed, but also
on nMOS devices. A higher Hooge’s parameter is noticed in
devices with lower IL thickness in n- and p-MOSFETs. This is
mainly due to the observed scaling of the IL in these gate stacks,
where bringing the high-x layer closer to the Si—SiO interface
enhances the 1/f noise mainly due to mobility fluctuations.
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