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Recovery of Stiction-Failed MEMS Structures Using
Laser-Induced Stress Waves

Vijay Gupta, Member, ASME, Richard Snow, Ming C. Wu, Fellow, IEEE, Amit Jain, and Jui-che Tsai

Abstract—Stiction, or adhesion between suspended structures
and the underlying surface, is a hurdle in batch fabricating long,
freestanding MEMS structures. A novel technique is presented
in this paper to release stiction. In this technique, a nanosecond
rise time stress wave is launched on the backside of the Si sub-
strate by impinging a 2.5 ns-duration Nd:YAG laser pulse onto a
3-mm-dia area. The compressive stress wave propagates through
the Si substrate and arrives at the site of several stiction-failed
cantilevers on the front Si surface. The compressive stress wave
propagates through the cantilevered structures and is reflected
into a tensile wave from their free surfaces. The returning ten-
sile wave pries off the interface, releasing the cantilevers. The
procedure is demonstrated on a MEMS chip with stiction-failed
cantilevers with varying lengths from 100 m to 1000 m. The
threshold laser energy to release stiction increased linearly with
cantilever lengths. Beam recovery began at a laser fluence of 11
kJ m

2 laser energy. 70% of the tested beams had been recovered
after impingement with a fluence of 26 kJ m

2. After the highest
applied laser fluence of 40 kJ m

2, 90% of the tested beams had
been recovered. No damage to the structures or surrounding
features was observed below 40 kJ m

2. Because of rather low
laser fluence, no thermal damage to the back surface of Si was
noted. Since it literally takes few seconds to release stiction, the
proposed technique can be implemented in MEMS foundry, and
for repair of in-use stiction failed MEMS devices. [1178]

Index Terms—Laser, laser heating, MEMS devices, stiction re-
lease, stress wave.

I. INTRODUCTION

I N MEMS fabrication, wet chemical etchants are often
used to remove sacrificial material to release cantilevered

structures. This process often leaves the rinse solution to be
trapped between the cantilevered structures and the surface
below. During drying, capillary forces are setup which pulls
the cantilever down to the substrate. Other forces maintain the
stiction effect between the beam and the substrate after the
liquid has evaporated.

Numerous techniques have been explored to resolve this
problem [1]–[12], illustrated in Fig. 1. However, most of
these techniques have undesirable tradeoffs such as requiring
expensive and time-consuming processing, altering the design
features, or failing to release all the structures without damage.
Techniques such as sublimation and supercritical heating re-
duce stiction by avoiding the evaporative transition from liquid
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Fig. 1. Representation of a stiction-failed cantilever before and after recovery.

to vapor that often results in stiction failed structures. Both
techniques require time for heating and cooling. Supercritical
heating provides more consistent results but requires a more
complicated setup [3]. The use of dimples to reduce the contact
surface area, the use of polymer posts to temporarily support the
cantilevered structures before being removed by dry etching,
and the use of low surface energy self assembled monolayers
all add complexity to the design or manufacturing process
which limits their use as a universal solution. Using low surface
energy rinses such as methanol does not always prevent stiction.
Manually removing stiction with probe tips is often risky and
is not a batch fabrication process. Clearly there is a need for a
quick, simple method for recovering stiction failed devices.

Laser energy has been employed by Rogers and Phinney
[13]–[15] to quickly heat up stiction failed structures. Differ-
ences in thermal expansion increase the strain energy in beams,
which provides the driving force for overcoming the stiction
forces. This process requires direct heating of MEMS structures
to about 50 above the temperature of the substrate. While
this relative temperature seems quite low, the absolute tem-
peratures these structures were exposed to were not reported.
In any case, directly exposing the MEMS structures to laser
energy can cause undesired damage to sensitive structures such
as those made out of polymeric and cellular materials in newer
types of MEMS devices.

An appealing alternative to the above techniques is presented
in this paper wherein a previously developed laser spallation
technique for measuring the tensile strength of thin film inter-
faces is adapted to release stiction-failed microcantilevers. In
the laser spallation technique, a compressive stress wave is gen-
erated on the backside of the substrate disc (e.g., Si wafer) by
exfoliating a waterglass-constrained metallic film using a 3–5
ns duration Nd:YAG laser pulse. The compressive wave propa-
gates through the substrate and film and arrives at the free sur-
face where it is reflected into a tensile wave. This tensile wave
separates the film from the interface. The transient free surface
velocity of the film during its separation is recorded using an
interferometer and is used to calculate the desired interface ten-
sile strength. Details of the technique can be found in a series of
papers [16]–[20]. The results presented here show remarkable
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Fig. 2. Spatial pattern of the two arrays of cantilevers used for testing. Base regions are areas where the cantilevers are attached to the substrate.

Fig. 3. Dimensions of cantilevered beams and the underlying films.

success in adapting this technique in releasing stiction-failed
cantilevers in a MEMS device with lengths ranging from 100 to
1000 . The stiction was virtually released within seconds and
that too under ambient conditions without any collateral damage
to adjacent features.

II. EXPERIMENTAL DETAILS

A. Sample Preparation

The test structures were manufactured with Sandia National
Lab’s SUMMiT IV process. They consisted of two arrays P2
and P3 of cantilevered beams made from polysilicon ranging in
length from 100 to 1000 in 100 increments, each with
a width of 20 , as shown in Fig. 2. The cantilevers in the
P2 array were nominally 2.5 thick with a 2 gap below,
while the P3 array consisted of beams with 2.25 nominal
thickness and with a 4.5 gap (see Fig. 3).

The structures were released in HF according to the SUMMiT
release process except no stiction removal or evaporation steps
were performed after the final isopropyl alcohol rinse. The chip
was stored to allow air evaporation. The cantilevered beams
were then observed under an optical microscope. By comparing
the focal depth on the top of the cantilevered beam with that of
the substrate below, the stiction failed beams were differentiated
from the nonfailed beams.

B. Experimental Setup and Procedure

The2.8mm 6.3mmchipwassandwichedbetweentwotrans-
parentplasticholdingplates thathadadrilledholetowardtheir top
half sections. The chip was positioned such that the test structures
showed through theholesas shownin Fig.4.The mountedsample
was placed onto a - - stage such that the bare Si substrate sur-
face that was free of any MEMS features faced the Nd:YAG laser
source. The YAG laser was then focused onto a 3-mm-diameter
area as shown in Fig. 5. Unlike the basic laser spallation exper-
iment procedure where a Al laser-energy absorbing film and a

Fig. 4. Chip mounting setup.

sandwichingwaterglasslayerwereused,here,neitheroneofthese
layers was necessary as sufficient stress wave amplitudes neces-
sary to release the cantilevers could be generated by directly im-
pinging the laser pulse onto the bare Si surface. To properly align
thecantilevers inthepathoflaser-generatedstresswaves,aHe-Ne
laser, which was prealigned with the axis of the YAG laser beam,
was used as shown in Fig. 5.

Since the purpose of these experiments was simply to release
stiction and not quantify the interfacial adhesion, the transient
velocity of the cantilever film surfaces was not recorded using
interferometry.

The test procedure included, impinging the YAG laser beam
onto a 3 mm-diameter area directly behind the test structures. The
laser beam energy was measured prior to each shot. After each
stresswavepulse loading, the test structureswereexaminedunder
an optical microscope to observe for any release or damage to ad-
jacent structures.The experiments were started with a laser pulse
energyof52mJandincreasedin incrementsof20to30mJuntilall
cantilevers were fully recovered. Because of the rather low laser
fluence, the same spot on the Si wafer could be repeatedly shot by
theYAGlaser.Thiswasnotpossibletodointheoriginal laserspal-
lation test where the need to generate higher stress pulse ampli-
tudes resulted in blasting away of both the Al and the waterglass
layers fromtheshotarea.Thedetailsof thestresswavegeneration
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TABLE I
THE LENGTH OF CANTILEVER BEAMS RECOVERED AT VARIOUS LASER ENERGIES. THE SYMBOL ( ) REFERS TO THE SECOND PULSE THE CHIP WAS SUBJECTED TO

AT 282 MJ. THIS SECOND 282 MJ PULSE WAS VISUALLY DIRECTED AT THE LEFT P2 BASE. THE CROSSED OUT NUMBERS CORRESPOND TO THE

LENGTHS OF THE BEAMS THAT WERE LOST AFTER THE CORRESPONDING LASER PULSE

Fig. 5. Perspective view showing the experimental procedure.

mechanismthroughlaserablationanditsmeasurementthoughin-
terferometry are not provided here as they have been amply dis-
cussed previously [16]–[20].

III. RESULTS AND DISCUSSION

The experimental procedure was remarkably successful in
releasing stiction-failed cantilevers. The critical laser energy
for releasing cantilevers of different lengths is summarized in
Table I. The same data is represented graphically in Fig. 6. The
cantilevers are categorized as P2 Left, P2 Middle, P3 Middle,
and P3 Right to describe their positions with respect to the axis
of the Nd:YAG laser beam. Several points are noteworthy.

First, the critical laser fluence necessary to release stiction in-
creases with the lengths of the failed cantilevers. This increase
follows a linear trend for the P2 cantilever set but such a relation-
ship cannot be claimed for the P3 set because of a lack of suffi-
cient data points. This issue is somewhat less important as future
users of this technique will have specific interface chemistries
requiring different laser fluences for stiction release than those
reported in this paper.

Throughout the testing, no visible damage to the test struc-
tures or their surrounding features was observed. This was con-
firmed by observing the chip under an optical microscope after
each stress wave loading. Fig. 7(a) and (b) demonstrate this by

Fig. 6. A plot showing the variation in the required laser fluence to release
stiction-failed cantilevers of a given length.

Fig. 7. (a) A picture of the P3 array just before release. (b) The same array
after the 166 mJ pulse loading.

showing no damage to the P3 array and its surrounding features
after loading from a stress wave generated by a 166 mJ laser
pulse. The first damage occurred with the first 282 mJ pulse,
after which the 300 P3 beam was completely uprooted at its
base. A subsequent second loading at the same intensity also led
to a complete removal of the 100 long P3 beam. This can
be seen in Fig. 8. Some laser-induced surface heat scarring on
the backside of the Si substrate was also observed (Fig. 9). This
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Fig. 8. Increased magnification of P3 array showing the missing 100 and 300
�m beams after the second 282 mJ pulse loading.

Fig. 9. An optical micrograph of the back surface of the Si substrate after the
second impingement from the 282 mJ laser pulse. Some laser pulse-induced
heat scarring can be observed.

damage was very near the surface and did not lead to any cracks
in the substrate and in no way disturbed the MEMS features on
the front surface.

From a practical standpoint the data above clearly demon-
strates the usefulness of the technique in repairing stiction. Be-
cause it takes only few seconds to release the cantilevers, the
technique should be easy to implement in any MEMS foundry,
research lab setting, and can also be used to repair MEMS de-
vices that fail due to in-use stiction.

It is of fundamental interest to understand the relationship be-
tween the laser fluence versus the lengths of repaired beams in
different sectors. Qualitatively, the variation must be related to
the minor spatial variation in the stress wave amplitude arising
from the Gaussian distribution of the laser energy across its 3
mm-diameter area. A quantitative analysis is outside the scope
of this paper because of the lack of sufficient data points. Sim-
ilarly, the observed increase in the threshold laser energy to re-
lease cantilevers of increasing lengths can be explained qualita-

tively. The stiction-failed cantilevers trap strain energy by virtue
of bending. This energy is higher for smaller length cantilevers
for same subsurface gap or higher for higher subsurface gaps
for same-length cantilevers. This trapped strain energy is how-
ever insufficient to overcome the fundamental interfacial energy
necessary to release stiction. It appears that the additional strain
energy is provided by the stress wave loading. This hypothesis is
consistent with the data in Fig. 6, which shows that the P3 array
with a higher subsurface gap than P2 array, requires lower laser
threshold energy and hence a lower stress wave amplitude to re-
lease stiction. Additionally, for the same subsurface gaps, such
as cantilevers within the P2 and P3 arrays, the required laser en-
ergy increases with the lengths of the cantilevers.

In addition to above, the longer cantilevers have a larger con-
tact area with the substrate, and thus have a higher total inter-
facial energy compared with their shorter counterparts. Conse-
quently, the longer cantilever beams should require higher stress
wave energy for their release, which is consistent with the ex-
perimental observations.

IV. CONCLUSION

With long, free-standing structures often desirable in MEMS
devices, effective and consistent processing techniques that do
not lead to stiction failures are needed to manufacture them. In
this communication, a novel method to repair stiction of long-
aspect ratio cantilever structures is presented. The technique
uses a laser-generated stress wave to decohere the interfaces of
cantilevers.

The procedure was demonstrated on a MEMS chip with stic-
tion-failed cantilevers with lengths increasing from 100 to
1000 . The threshold laser energy to release stiction was
found to increase with the cantilever lengths. Beam recovery
began at a laser fluence of 11 laser energy. 70% of the
tested beams had been recovered after impingement with a flu-
ence of 26 . After the highest applied laser fluence of
40 , 90% of the tested beams had been recovered. The
technique works within few seconds, and it does not damage the
test structures or their surroundings. Thus, the technique can be
easily implemented in a MEMS foundry. Additionally, if access
to the backside of an in-use stiction failed device can be gained,
that device could be recovered.
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