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ABSTRACT

Aluminum-Scandium Nitride (AlScN) has recently
gathered research attention due to proven ferroelectric
switching along with enhanced piezoelectric coefficients
[1, 2, 3]. The objective of the present work is to
evaluate the impact of RF sputtering in the fabrication
flow of highly-doped AIScN thin films, thus enabling new
ferroelectric microelectromechanical systems (MEMS)
functionalities. This paper will compare two co-sputtered
200nm AIScN films, processed with different DC to
RF ratios applied to an aluminum target, highlighting
the dependence of ferroelectric performance on the input
signal characteristic. The work demonstrates how RF
sputtering is a pivotal process-parameter in optimizing
material characteristics such as coercive field and leakage
current in AIScN thin films.

I. INTRODUCTION

Recently, Aluminum-Scandium Nitride (AIScN)
thin film doping has been heavily investigated as a
method to increase piezoelectric coefficients, as well
as to reduce the material stiffness when compared with
aluminum nitride (AIN) [4], [5], which would enable
higher performances MEMS devices[6] without sacrificing
CMOS compatibility and dielectric constants. On top
of the augmented piezoelectric performances, AIScN
presents ferroelectric behavior [1, 2], which could benefit
established piezoelectric-based applications, such as
resonators [7, 8], oscillators [9], and filters [10], as well
as stimulate new MEMS-based circuit architectures. The
opportunities that ferroelectric materials offer for device
applications have been established in [11],[12].

Early topic explorations [13, 14, 15] highlighted two
main limitations of the integration of ferroelectric AIScN:
1) the coercive field, which directly translates into
hundreds of voltage for thick films; and 2) the leakage
current, which could mask the effective ferroelectric
switching. The present work has the objective to
demonstrate how RF sputtering can be used as a leverage
to ease those limitation. Triangular and trapezoidal PUND-
based pulses were applied to samples deposited with
different DC-to-RF power ratios, to show how high RF
sputtering reduce coercive field and leakage current.

II. METHODOLOGY

Fabrication

200nm of 30% Sc-doped AIN were deposited via
co-sputtering on two low-resistivity <100> oriented Si
wafers with an unpatterned bottom electrode, consisting
of a 20nm titanium (Ti) adhesion layer and 60nm of
platinum (Pt). The tool used for the deposition is an Evatec
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Clusterline 200 II tool installed at Kostas Cleanroom,
Northeastern University, Boston MA, USA. The two AIScN
films had the same deposition conditions, except for the
power applied to the aluminum target. One wafer (0-RF)
was deposited by applying 1kW DC to the target, while the
other (500-RF) had 500W DC and 500W RF applied. The
4 Sc target was co-sputtered at S00W DC. The deposition
occurred at 350°C with a 20 SCCM N, flow, without
pressure regulation. 400nm of Al were then sputtered
and patterned for the top electrode via Cl-based Reactive
Ion Etching (RIE). The whole films stacks were deposited
without breaking the vacuum conditions to prevent the
formation of oxide interfaces.

Material Characterization

The thickness, residual in-plane stress, and rocking
curve of the fabricated films were measured using,
respectively, a Woollam Ellipsometer, Flexus-Tencor,
and PANalytical X’Pert Pro MPD. The measured film
thicknesses for the O-RF and 500-RF samples were 200
nm and 180 nm, respectively. Such variation can be
traced to the different total power applied to the Al target,
which affect the deposition rate. The 0-RF sample had a
residual tensile stress of 200MPa while the SO0RF sample
had a residual stress of 100MPa. Both wafers showed
a 20 span clean from other ASN plane directions other
than [002], alluding to high-c axis orientation (Fig. 1-a).
The 26 scan showed a 0.1° shift between the two samples
(Fig. 1-b), possibly indicating a few percentage points
change in scandium concentration [1]. The rocking curve
Full-Width-Half Maximum (FWHM) value was 2.7° for
both samples, with a platinum FWHM lower than 3°.
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Figure 1: a) 20 measurement with span from 30° to 45° for
both sample. b) zoom-in around the AIScN-002 peaks

Electrical Characterization

An AixACCT TF2000 ferroelectric characterization
tool was used to characterize the electrical and ferroelectric
properties of the films.  Positive-Up-Negative-Down
(PUND)-based measurements were performed by applying
a large voltage to the top electrode of the sample, while the
bottom electrode was used as current read-out terminal by



mean of vias etched with hot phosphoric acid. Triangular
and trapezoidal PUNDs of different frequency have been
used to study coercive field and leakage current.

First, triangular PUNDs were preferred to study the
coercive fields, in order to avoid switching during the
trapezoidal plateau. Four triangular pulses, followed by
three pulses of opposite polarity were applied. If enough
voltage is applied, the ferroelectric film will change its
polarity direction in the 5" pulse, the switching pulse. Fig.
2 compares the 2-samples output currents when switching
pulses of different frequencies are applied. The ferroelectric
switching is denoted by the current hills which make the
I-E plots hysteretic. All in all, the 500-RF sample shows
a smoother current transitions, higher current-values and
lower fields to switch.
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Figure 2: Output currents from 4.5MV/cm input switching
voltage per different frequencies for a) 0-RF and b)
500-RE.On top of the figure, a mock-up representation of
the PUND train, indicating the analyzed switching pulse.

In particular, the coercive fields variation in frequency
is shown in Fig. 3. Similar trends as [16] are found.
As mentioned above, the 500-RF sample requires lower
voltage to switch.
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Figure 3: Coercive Field variation per different
frequencies of the applied triangular signal. Red and blue
lines represent the trends for the 0-RF and 500-RF samples
respectively

Next, trapezoidal PUNDs were used to study the
leakage current of the films, since the trapezoidal shape
allows to separate capacitive and resistive currents thanks to
the change in slope of the input signal. Same pulse-scheme
as before, but now the 4*" pulse has been taken into account,
the leakage pulse. In particular, from its corresponding
output current, two points are highlighted: I;,; and I,.
I, represents the output current right before the input
voltage starts its DC plateau. Thus I;,; consists on the sum
of capacitive and resistive current. On the other hand, I,
is took when the input voltage goes to zero, meaning no
resistive component is present. In this way, by subtracting
I, from I, is possible to model the resistive behavior of

the film per different applied voltage. (Fig. 4) While the
500-RF sample demonstrate a reduced resistive component
in the positive leakage, no differentiation is possible when
the films are negative polarized, on which >2x leakage is
noticed.
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Figure 4: Variation of the resistive current per different
applied field, for both sample polarity-states. a) shows
positive leakage while b) the leakage when the film is
polarized oppositely. The resistive component has been
evaluated as the difference between I,y and s, which
are depicted in the inset. On top of the figure a mock up
representation of the PUND train, highlighting the analyzed
pulse

In order to proof the Ilatter findings, a
ferroelectric-to-leakage ratio is defined as the ratio of the
maximum current to the current amplitude at the end the
the trapezoidal plateau. The higher the ratio, the higher is
the difference between the ferroelectric switching current
and the leakage, which would simplify the polarization
read-out. Fig. 5 shows the ferroelectric ratio per different
applied electric field per both the switching direction, with
an example of derivation on the inset. By comparing the
two sample, Fig. 5a indicates how the 500-RF sample
reaches an higher ration during the negative to positive
switching, alluding to a smoother switching mechanism.
On the other hand, no noticeable variation has been noticed
in the negative-to-positive switching (Fig. 5b). On top of
this, it is clear how the films have a preferred orientation:
while negative to positive switching shows ratio as high as
15, the reverted polarity switching is 5x lower. All in all,
these results confirm the previous finding on the leakage
pulse.
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Figure 5: Electric field dependence of the ratio of the
ferroelectric switching current and leakage for 0-RF and
500-RF samples for a) negative-to-positive switching and
b) positive-to-negative switching. An example of ratio
evaluation in the inset. On top of the figure a mock up
representation of the PUND train, highlighting the analyzed
pulse




1. CONCLUSION

The presented work shows the effects of RF sputtering
in highly doped AIScN thin-films. Two samples with
different DC to RF ratios were prepared and characterized.
Different PUNDs topology have been used to properly
characterize the ferroelectric properties of the films, in
particular triangular PUNDs for coercive field evaluation
and trapezoidal PUNDs to study the leakage. The
characterization demonstrates lower coercive field and
lower leakage current in the RF-500W sample. Even if
more characterization is needed to confirm the effective
impact of RF, this work demonstrated how RF sputtering
may be the critical knob to reduce coercive field and leakage
in AlScN thin films, thus enabling new MEMS applications.
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