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We found an applied force from 24 �•N–97 �•N is required to get ~300 nm displacement for our 
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4.1.3. Force Tuning for Different Length’s Beam

We attained ~300 nm displacement by considering different beam length and applied force values.
The fixed-fixed beam’s maximum displacement due to single point load at center can be expressed
as [27–29],

dmax =
FL3

192EI
(20)

where dmax stands for displacement, F represents point load, L is the beam’s length, E is the modulus
of elasticity, and I refers to the area moment of inertia. Equation (20) indicates that the displacement is
a function of both applied force and beam length. Hence, we can get a specific maximum displacement
value for different sets of applied force and beam length values (Figure 17).
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Figure 17. Force tuning and displacement analysis for different beam length under point force.

We found an applied force from 24–97 µN is required to get ~300 nm displacement for our
available beam lengths (Figure 18).
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4.1.4. Contact Resistance, Voltage and Temperature Analysis with Contact Force 

Figure 19 shows that the contact resistance, contact voltage, and contact temperature decrease 
and become stable at the higher force region. Contact temperature decreased negligibly with 
increasing contact force. Initially, gold on gold (Au/Au) microcontact was tested and compared 
with these theoretical results to validate our contact support model. Afterwards, a wide range of 
contact materials was investigated with this contact structure. It showed that the contact resistance, 
contact voltage, and contact temperature decreased and became stable at the higher force region.  
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Figure 20a depicts the relation between contact radius and contact force associated with a single 
gold (Au) asperity contact spot for the elastic and plastic region. We have studied the variation of 
contact radius from the low contact force region (~100 μN) to the high contact force region (~1000 
μN), as most of the MEMS switches find their applications in this range. It is evident from Figure 20 
that a single asperity contact spot with radius of approximately 100 nm requires at least 100’s of μN 
force to make a stable contact.  

The effect of hardness and radius of curvature of contact materials on contact resistance is 
depicted in Figure 20b, c. Results show the variation of contact resistance with the variation of 
microcontact’s radius of curvature. Radius of curvature’s variation can come from the variations in 
deposition process or release process or from the quality of the metal film during contact fabrication 
process. The decrease in radius of curvature results in an increased contact resistance within the 
region of interest for contact force. This change occurs in the contact material’s elastic region. To 
obtain a stable contact resistance, an increased radius of curvature requires an increased amount of 
contact force. 

Figure 18. Relation between force and beam length for constant displacement.

4.1.4. Contact Resistance, Voltage and Temperature Analysis with Contact Force

Figure 19 shows that the contact resistance, contact voltage, and contact temperature decrease and
become stable at the higher force region. Contact temperature decreased negligibly with increasing
contact force. Initially, gold on gold (Au/Au) microcontact was tested and compared with these
theoretical results to validate our contact support model. Afterwards, a wide range of contact materials
was investigated with this contact structure. It showed that the contact resistance, contact voltage, and
contact temperature decreased and became stable at the higher force region.
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Figure 19. (a) Contact resistance; (b) contact voltage; (c) contact temperature of a single gold (Au)
asperity contact for elastic and plastic region.

Figure 20a depicts the relation between contact radius and contact force associated with a single
gold (Au) asperity contact spot for the elastic and plastic region. We have studied the variation of
contact radius from the low contact force region (~100 µN) to the high contact force region (~1000 µN),
as most of the MEMS switches find their applications in this range. It is evident from Figure 20 that a
single asperity contact spot with radius of approximately 100 nm requires at least 100’s of µN force to
make a stable contact.

The effect of hardness and radius of curvature of contact materials on contact resistance is depicted
in Figure 20b,c. Results show the variation of contact resistance with the variation of microcontact’s
radius of curvature. Radius of curvature’s variation can come from the variations in deposition process
or release process or from the quality of the metal film during contact fabrication process. The decrease
in radius of curvature results in an increased contact resistance within the region of interest for contact
force. This change occurs in the contact material’s elastic region. To obtain a stable contact resistance,
an increased radius of curvature requires an increased amount of contact force.
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Table 1 summarizes the performance parameters of similar microcontact test fixtures (i.e., 
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demonstrated based on theoretical models. Mechanical responses of fixed-fixed beam structure were 
explored via finite element analysis simulations. Moreover, a relation between the contact closure 
time and contact force was established for the fixed-fixed beam structure. Closure time’s impact on 
cold-switching and hot-switching was studied with respect to the test signal. Furthermore, a 
condition for the minimum length of an Au pillar was derived for the available applied force. All 
these simulated results will be compared with our newly fabricated gold on gold (Au/Au) contact 
support structure. Subsequently, a wide variety of other potential contact materials will be inspected 
to find their appropriate contact force, contact resistance, adhesion, and other unexplored physics 
relevant to MEMS switching applications. The microcontact support structure will be fabricated 
through SOI micromachining technique. This unique method will allow a very simple, fast, and 
efficient postmortem analysis related to the microcontact surface tribology. In addition, engineered 
micro-electrical contacts will be examined using our novel test fixture for obtaining significant data 
to design a future robust and reliable MEMS switch. 
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Figure 20. (a) Contact radius of a single gold (Au) asperity for elastic and plastic region; (b) contact
resistance with varied hardness for a gold (Au) “a-spots”; (c) contact resistance of a single gold (Au)
asperity contact with varied radius of curvature.

Table 1 summarizes the performance parameters of similar microcontact test fixtures
(i.e., MEMS/AFM/SPM) and our proposed test fixture. It shows that unlike other test fixture
approaches, the test fixture presented here can provide both high cycle rates and the simultaneous
measurement of contact force and resistance with nN force resolution.

Table 1. Performance comparison between proposed and conventional test fixtures.

Test Fixtures Cycle Rate Contact Force
Measurement Force Resolution

Proposed Test Fixture ~5 KHz [30] Directly measured nN [30]
MEMS/ AFM/ SPM ~10–100 Hz [9–12] Inferred from model µN [2]

5. Conclusions

In this work, we designed a unique microcontact support structure for improved post-mortem
analysis. Simulation results for contact resistance, contact voltage, and contact temperature have
been demonstrated based on theoretical models. Mechanical responses of fixed-fixed beam structure
were explored via finite element analysis simulations. Moreover, a relation between the contact
closure time and contact force was established for the fixed-fixed beam structure. Closure time’s
impact on cold-switching and hot-switching was studied with respect to the test signal. Furthermore,
a condition for the minimum length of an Au pillar was derived for the available applied force.
All these simulated results will be compared with our newly fabricated gold on gold (Au/Au) contact
support structure. Subsequently, a wide variety of other potential contact materials will be inspected
to find their appropriate contact force, contact resistance, adhesion, and other unexplored physics
relevant to MEMS switching applications. The microcontact support structure will be fabricated
through SOI micromachining technique. This unique method will allow a very simple, fast, and
efficient postmortem analysis related to the microcontact surface tribology. In addition, engineered
micro-electrical contacts will be examined using our novel test fixture for obtaining significant data to
design a future robust and reliable MEMS switch.
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and refined the original idea and reviewed the manuscript.
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