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Tantalum (Ta) thin films can be used for a varietfy micro-mechanical and electronic
applications. Due to its chemical and wear resc#aand high melting point, Ta can be used in
the field of micro electro-mechanical systems (MBEN&AS a material for thin-film encapsulation
as well as harsh environment devicesTa can be used for X-ray lithography masks due t
excellent X-ray absorbance or as diffusion bartarer for copper (Cu) films due to low
electrical resistivity and reactivity with & The main drawback limiting the use of Ta is fdun
in the relatively high residual stress existingsjputtered thin-films causing issues related to
adhesion to other films and unwanted electricabtiegty variations. In particular, Ta films are
affected by a gradual increase of compressive sstiesing annealing proces$esnd during
exposition to oxygen in atmospheric condititonsAlthough few groups have reported on the
influence of oxygen and thermal cycling on the atioh of stress in Ta filnf€, studies on the
influence of sputtering conditions on the residsi@éss are not readily available in literafure
The understanding of stress evolution and thetgldi control and tune the residual stress in Ta
films is essential for enhancing its use in the royfabrication industry. In our work, we
investigate the influence of sputtering conditiars Ta film deposition aiming to control the
residual stress for fabricating flat or buckledustures depending on the requirements of the
target application.

In this paper, we report on the residual stres§anfilms together with the fabrication of Ta
MEMS beams. Magnetron sputtering power and argesspre in the range 100 W — 500 W and
5 mTorr — 20 mTorr, respectively, have been usedépositing films with thickness in the range
1000 — 3000 A. Film stress characteristics havenbmraluated by performing wafer curvature
measurements and using Stoney’s equation. Atoonée fmicroscopy investigations have shown
an increase of film roughness as the sputteringspre increases. Preliminary results have
shown that the film stress gradually increases tdsvaompressive values as a function of time
when exposed to atmospheric conditions (Fig. 1)e &k able to fix the as-deposited stress
magnitude by annealing the sputtered films at inadht low temperatures (< 200 °C) in oxygen.
Fig. 2 shows the stress magnitude as a functi@argdn pressure for sputtering power values of
200 W and 300 W. The stress has been shown terts#lé when the film is sputtered at low
pressure and to decrease towards compressive vadud® pressure increases. By controlling
the film stress during sputtering, we are ableaforitate flat or buckled MEMS beams using a
surface micromachining approach (Fig. 3). Fignd &ig. 5 show flat (planar) and buckled Ta
beams obtained using sputtered films with tensikd lrigh compressive stress, respectively. The
outstanding strength and mechanical stability axdbby the fabricated buckled beams (Fig. 5)
can be used for implementing robust self-adjustingcrostructures for adaptive optics
applicationg or for encapsulation of MEMS devices. Detailstloé Ta films deposition and
structures fabrication process will be present&te influence of sputtering parameters on film
morphology and stress will be discussed along wuhit impact of stress on the resulting
structures’ shape.
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Fig. 1: Stress as a function of time after deposifior | Fig. 2: Stress in tantalum films sputtered at argo
tantalum films exposed to atmospheric conditions. pressure in the range 5 mTorr — 20 mTorr and paier
200 W, 300 W.
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Fig. 3: Schematic of the fabrication process
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Fig. 4: Flat clamped-clamped beams fabricated Wih Fig. 5: Buckled clamped-clamped beams fabricatat wi
films exhibiting tensile stress (+ 200 MPa). Theaims| Ta films exhibiting very high compressive stress860
length ranges between 600 pm and 1800 pum. | MiPa). The beams length ranges between 600 pm and
aluminum electrode has been fabricated under tambe 1800 pm.
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