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ABSTRACT

This paper reports on anovel low temperature sputter deposition of AIN on an Al substrate,
yielding films with stresses and crystalline orientation comparable to those of films deposited on
Pt. The study focuses on the importance of the initial film growth step on both the stress and
crystalline orientation of the film. The AIN layer is deposited using Pulsed DC (250 kHz, 90%
duty cycle) magnetron reactive sputtering (93% N, 7% Ar) using an Al target. The substrates are
150mm Si wafers with an aluminum seed layer (100 nm). The thickness of the AIN filmsis
»2.5um with uniformity across the wafer of 0.4%. The films were deposited in 4 passes of
0.625um each to avoid overheating of the substrate. The influence of the substrate bias (0 V, 80
V and 120V) and argon pre-sputtering of the aluminum substrate been investigated. The film
stress, and to asmaller extent the crystalline orientation, were mainly driven by the properties of
the film deposited during the first pass. The biasis useful at the beginning of the film growth for
stress control. This study suggeststhat it is beneficial not to use bias during the entire film
deposition. With this approach, it was possible to deposit c-axis oriented AIN layers on Al with a
FWHM of the rocking curve of 1.63° and low stress (<300MPa).

INTRODUCTION

Thin-film piezoel ectric aluminum nitride (AIN) gained renewed interest during the past years
for usein MEM actuators [1] and in film bulk acoustic resonators [2,3]. Process compatibility,
e.g., with CMOS or metal-based thin film technology, requires that the temperature during
deposition (and anneal) islow (< 400°C). High-quality films must display perfect c-axis
orientation, going along with a high piezoel ectricity and high acoustic velocity along the c-axis
[4] and alow residual stress, especially for suspended structures. The performance of the AIN
film is greatly influenced by its deposition technique. Optimized reactive sputtering has proven
that it can meet these requirements [4], especially on amorphous substrates like SIO; [5].

Recently, significant improvements were reported for deposition of AIN on Platinum [6]. By
comparison, properties of AIN films deposited on Al areinferior [4, 7, 8] generally with FWHM



of the rocking curve values above 2° [ 7], in spite of its economic advantage. The purpose of this
study is to propose anovel deposition technique on Al yielding films with stress and crystalline

orientation comparable to those of films deposited on Pt, typically with a FAVHM of the rocking
curve below 2° [6].

EXPERIMENTAL DETAILS

AIN thin films were deposited by reactive pulsed DC sputtering using NEXX Systems Nimbus
310 equipment. The deposition pressure was 1.2 mtorr and the chamber was pumped down to
below 5 10-7 torr before depositing films. The deposition was performed in a 93% nitrogen
containing atmosphere using a power of 5000 W. The target was powered with a frequency of
250 kHz and areverse time of 0.4 ps. During the deposition, the wafers were moved back and
forth under the target. Substrate bias in the range 0 to 120 volts was used during deposition of
some films. RF biasis applied to a stationary electrode in the Nimbus to which the wafer tray is
capacitively coupled. The deposition rate was 40 nm/min. The 150 mm Si wafers, 700um thick,
had a polished thermal oxide on the sputtered face; AIN has been deposited on a 100 nm thick Al
layer. A Titanium adhesion layer is used between the SiIO2 and the Al.

Films of 0.625um and about 2.5 pum were prepared as shown in Table I. Thick films have been
deposited in 4 passes of about 0.625um each to maintain the temperature of the substrate below
400°C. The idle time between the passes was 20 minutes. Whereas the pressure, power and gas
flow were kept constant for each pass, the substrate bias of pass 1 and pass 2,3,4 were varied.
The impact of an Ar sputter etch step of the aluminum seed layer on the AIN film was also
evaluated (in this case the wafers were exposed to clean room ambient for afew minutes). The
sequence of process stepsisillustrated in figure 1.

X-ray Diffraction (XRD) and rocking curve of the AIN (002) peak were used to quantify.

M easurements have been made on a Siemens D5000 diffractometer equipped with a Ge (111)
monochromator (monochromatic Cu-K ; radiation) and scintillation detector. Roughness was
evaluated using Atomic Force Microscopy (AFM). SEM images have been made using XL 30
FEG-SEM. Wafer bow measurements were used to quantify the stress of the films (assuming
that layers remain in the elastic domain) with the Stoney formula. We assumed a 'Y oung's
modulus of 410 GPafor c-axis oriented AIN [9] to extract the stress of the deposited films.

Tablel : sample preparation

Sampl e/thickness Ar pre- Biasfirst AIN Bias AIN passes
sputtering pass 2-3-4
1-0.625 um NO oV
2-0.625 pm NO 80V
3-25um NO 80V 80V
4—-25pum NO 120V 120V
5-0.625 um NO 120V
6 —0.625 pm YES 120V
7-25um YES 120V oV

8-25um YES 80V ov



Ar plasma Pass 2,3,4 Bias=0, 80 or 120 V
On Al (present
or not)

AIN

Pass 1 Bias=0, 80 or 120 V

Al 100 nm

Fiaur e 1. schematic descrintion of the deposition techniaue

RESULTS

All the films deposited exhibited a strong c-axis orientation, traces of AIN (101) family peaks
were detected for samples 2, 3, 4, 5 and 8. The 2.5 um films were deposited with a uniformity of
0.4%

0.625 um AIN films

The films grown on an aluminum seed (100 nm) layer with 0 V bias exhibit a FWHM rocking
curve angle of 2.8° but displayed cracks due to alarge tensile stress, exceeding 1.1 GPa. For the
films deposited using a substrate bias of 80V and 120V, it was found, that the stress could be
reduced below 400 MPa, with a change from tensile to compressive observed between 80 V and
120V substrate bias (Fig. 2). When the aluminum seed layer was pre sputtered using Ar, the
stress at 120 V substrate bias was sightly tensile (45 MPa) .

2.5 um AIN films

The stress levels of the 2.5 um films were very close to the stress level of the thinner (0.625
micron) films (Fig 3). By comparison with the 0.625 pm, for which 80 V substrate bias induces a
more compressive stress (from 330 MPato 220 MPa), the 120 V substrate bias induces a more
tensile stress (from —220 MPato 120 MPa). Rms roughness for the 0.625-micron film and the
2.5 micron filmis5 and 10 nm, respectively. The difference in roughness between the two films
may be attributed to a difference in grain growth (Fig 4 and 5). The crystallinity of the different
filmsisin the same order with FWHM of the rocking curve below 2.9°.

In Fig.6, we have plotted the stresses of the 2.5 um AIN films versus bias used for the first
layer for which an Ar pre-sputtering was given to the aluminum seed layer but no bias was used
for passes 2, 3 and 4. The stress of the 0.625 um AIN deposited with 120 V biasisalso
displayed. During the growth of the 2.5 pum film with no bias for passes 2, 3 and 4, the stress
evolves from 45 MPato 250 MPa. Compared to the influence of the bias for the 0.625 pm films,
thisindicates that, whether substrate biasis used or not for passes 2, 3 and 4 has little influence
on the stress of the layers.
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Figure 2. Stress as afunction of substrate bias
of 0.-625 pum AIN films

AIN films deposited in such away display a pure (002) orientation with a FWHM of the
rocking curve of 1.63°. Asdepicted in Fig.8, a cross section and atop view of thefilm indicate a
very textured film, with a dense “ pebble-like” surface. This microstructure has been reported as
the one alowing the best c-axis orientation [10]. Rms roughnessisin the order of 2 nm.

DISCUSSION

For the 0.625 pum films deposited using a substrate bias of 0V, 80V and 120V the bias played a
key rolein the stress of the initial layers. Gradually, with an increasing substrate bias, it is
possible to change the tensile stress (sample 2) to a compressive stress (sample 5), this can be
attributed to substrate bias assisted ion bombardment of AIN film[11, 12, 13]. The compressive

Bias influence for 0.6 um & 2.5 um thick AIN films deposited w/ Ar pre-sputter
2.5 um films are deposited with no bias for passes 2, 3 and 4.
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stress observed might be due to the | attice mismatch (7.9%) between the hexagonal plane of AIN
(002) and FCC pattern of Al (111). Astraces of AIN (101) were generally detected with 80 V
bias, the increase of the bias up to 120 V, together with Ar pre-sputter (sample 7 and 8), helpsin
providing sufficient mobility to the ad-atoms to form pure (002) orientation, as aready reported
[4, 13].

For thicker layers, the change towards tensile stress occurs with crystal rearrangement during
the growth. A similar behavior has been reported on Pt [4]. The FWHM of the rocking curve of
the 2.5 um film deposited with 80 V bias (sample 3) is 2.45°, which is comparable to the FWHM
of the rocking curve of sample 8 with avalue of 2.46°. Thisindicates that, beyond a certain AIN
thickness, the crystal growth isin fact not assisted anymore by the substrate bias, and that we are
in presence of alocal epitaxial-like growth mode. However the FWHM of the rocking curve of
the 2.5 um film deposited with 120 V bias (sample 4) is 2.7°, which compares negatively with
respect to samples 3, 7 and 8. The ionic bombardment, enhanced by the substrate bias, could,
beyond a certain threshold, be detrimental to the crystallinity of the film [13].

The Ar pre-sputtering, normally used to remove the native oxide that forms naturally on the
aluminum seed layer, was used to change the stress of the AIN layers. The Ar pre-sputter etch
process modifies the surface nucleation conditions and can be considered as a parameter to
modify AIN film properties. It is reasonable to assume that a film processed with low stress
present less crystal misalignments and/or dislocations than a more stressed film. Asthe
orientation is driven by the natural crystal rearrangement during the deposition, AIN layers
grown on thisinitial film are less disturbed to grow properly vertically, which resultsin avery
textured film. There are little differences in the stress and orientation of the thick film deposited
with or without substrate bias for pass 2, 3 and 4. This means that, starting from a certain
thickness, the AIN film properties are mainly driven by theinitial properties of the growing film
and that the process conditions can have some latitude.

Whereas the 120 V substrate bias is useful to reduce the stress of the initial film and to provide
agood seed for AIN (002), it is at some point detrimental to the crystallinity of the film when
used all along the growth. Therefore, it is possible to benefit from the bias only at the beginning
of the deposition in order to achieve alow stress film; and to later benefit from a bias-free
deposition to avoid degradation in crystallinity.



CONCLUSION

We propose a novel approach to overcome the problems encountered for AIN growth on Al,
which can probably be extended to other kind of seed layer metals: varying substrate bias level
during the deposition in order to provide an enhanced control of stress and AIN (002)
crystallinity. The growth of pulsed DC sputtered aluminum nitride on aluminum requires a
certain amount of substrate bias in order to reduce the large stress induced by the aluminum
surface and to provide sufficient energy to the ad-atoms for a c-axis orientation. The importance
of the properties of the growing film on the sub-sequent growth was demonstrated. Therefore
specia care should be given to the initial film growth, in order to offer appropriate surface
properties for the remaining growth of AIN, which appears to be less sensitive to the substrate
bias level. An Ar pre-sputtering appeared to be beneficial to the stress control and to provide a
good nucleation surface for AIN (002). This is of interest for process flows where Al, used as an
AIN (002) seed layer, is exposed during process. With this approach, it is possible to sputter
films with anarrow rocking curve FWHM of 1.63° and 250 MPatensile stress on Al.
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