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Abstract 
 
Creep is a time-dependent deformation mechanism that affects the reliability of metallic MEMS. Examples of metallic 
MEMS are RF-MEMS capacitors/switches, found in wireless/RF applications. Proper modeling of this mechanism is yet to 
be achieved, because size-effects that play a role in MEMS are not well understood. To understand this better, a methodology 
is setup to study creep in Al-Cu alloy thin film micro-cantilevers micro-fabricated in the same MEMS fabrication process as 
actual RF-MEMS devices. The methodology entails the measurement of time-dependent deflection recovery after 
maintaining cantilevers at a constant deflection for a prolonged period. Confocal profilometry and a simple mechanical setup 
with minimal sample handling are applied to control and measure the deformation. Digital image correlation, leveling and 
kinematics-based averaging algorithms are applied to the measured surface profiles to correct for various errors and improve 
the precision to yield a precision <7% of the surface roughness.  A set of measurements is presented in which alloy 
microstructure length scales at the micrometer-level are varied to probe the nature of this creep behavior. 
 
Introduction 
 
The difference between micro- and macro scale creep is generally attributed to the size-effect: the interaction between micro-
structural length scales and dimensional length scales [1;2]. The physical micro-mechanisms of creep are, however, not 
nearly understood, let alone implemented in models. In the literature some reports can be found discussing creep and 
relaxation effects in thin aluminum films [3-8]. However, specifically for free-standing thin films not much research has 
focused on determining size-effects in time-dependent material behavior [9]. Therefore, there is a clear need for detailed 
studies into the physical micro-mechanisms underlying the size-effects in creep in metallic MEMS. As a first step towards 
such studies, the goal of the current work is to apply an experimental mechanical methodology to quantify creep, of μm-sized 
free-standing cantilever beams for various alloy microstructures, see Figure 1.  
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Figure 1: Scanning electron micrograph illustrating the type of cantilever specimens used in the microbeam deflection 

recovery experiments 
Methodology 

Mechanical characterization of this behavior at the micro-scale is not trivial. Recently we developed a suitable methodology 
[10,11] to measure time-dependent deflections of μm-sized cantilevers (tf= 4.8 μm, w=24 μm, l=115 μm). A fully mechanical 
deflection-controlling mechanism is designed, a so-called micro-clamp, see figure Figure 2 . Combined with in-situ confocal 
profilometry, cantilever deflection is precisely controlled and measured. Following a period of prolonged constant deflection, 
time-dependent deflection recovery is measured once deflected cantilevers are released, see Figure 3. Applying digital image 
correlation and kinematics-based averaging algorithms to the measured surface profiles corrects for various errors and yields 
a precision of < 7% of the surface roughness, i.e. precision <3 nm. Further details of the setup and methodology can be found 
in [10,11]. 
With this methodology a study is conducted into the effect of the alloy structure length scales on the deflection recovery 
behavior. Alloy structure variations are achieved by aging as received Al-(1wt%)Cu thin metal films (tf= 4.8 μm) at elevated 
temperatures, 400 °C, for durations of 2, 4, 6 and 8 hours. Subsequently the specimens are loaded at room temperature to 
various depths, which correspond to different levels of initial stress. The load is applied during 24 hours, followed by release 
and measurement of the deflection recovery behavior for another 12 hours, which is observed to be long enough to observe 
no more change in deflection recovery. 
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Figure 2 Schematic of the micro-clamp. A chip with test cantilever structures is placed under the knife edge and positioned 
with adjustment screws. The micro-clamp is placed under a confocal optical profilometer, which captures the deformation as 
function of time. The height of the knife edge is controlled by the thumb screw attached to an elastic mechanism: a leaf spring 

attached to an elastic hinge. The fully mechanical design and appropriate thermal compensation features result in a highly 
stable setup insensitive to thermal fluctuations 

 

 

Figure 3 Sequence of a micro-beam deflection recovery experiment. (A) The knife edge controlled by the mechanism 
approaches the beam. (B) The knife edge deflects the beam to a depth of δloading and holds it there for a certain period of time. 
(C) The edge is raised, releasing the beam, after which the deflection recovery is measured over time using an optical surface 

profilometer 

Results 
 
Observations of the tip deflection immediately after release, see Figure 4, and at 12 hours after release, when no change in 
deflection occurred anymore, see Figure 5, show a remarkable yet clear trend that micro-cantilevers of aged alloys show 
more permanent deflection than that of the un-aged original material. The amount of permanent deflection is also seen to 
depend on the aging duration. These observations seem to be in line with precipitation strengthening [8]. An interesting 
observation is the difference in deflection behavior for the 4 hour-aged specimens and the other aged specimens. The results 
suggest the applied load needs to surpass a certain level for significant additional deflection to occur: an ‘elastic limit’ might 
be thought around -1500 nm of applied load. Finally, when considering the difference between tip deflection just after release 
and after 12 hours, the amount of recovered deflection is larger for aged specimens than for the specimen in original state. 
However, a more detailed analysis is required to quantify this. 
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Figure 4 Deflection of tip as captured directly after releasing the applied load for specimens having undergone various 
lengths of aging 

 
Figure 5 Permanent deflection of tip as captured after 12 hours after releasing the applied load for specimens having 

undergone various lengths of aging 
 
Conclusion 
 
Through fully mechanical microbeam deflection experiments creep recovery measurement on Al(1wt%)Cu-alloy cantilevers 
were conducted, with variations of the alloy microstructure achieved through aging as received specimens at 400 °C for 
various durations. Observations of the tip deflection immediately after release and at 12 hours after release, when no change 
in deflection occurred anymore, leads to the conclusion that the aging affects the instantaneous plastic behavior: depending 
on the duration a stronger or softer response is observed. More data analysis and experiments are required to further quantify 
this effect and the effect on the creep recovery behavior. This will be the subject of future work. 
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