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Interest in resonant mechanical systems 
centers around a simple idea.

Interest in resonant mechanical systems 
centers around a simple idea.

M. M. Stephan, The Scientist 18, ’04 
(pic. from Marszalek & Goldstein) 

cilia on mouse 
embryonic cells
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SIMPLE IDEA: to make a mechanical 
structure that is sensitive to a small force, 
create a structure with a small force constant 
 a small, long and thin beam
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Biology: specialized cilia are 
involved in 3 of our senses

• hearing

• seeing

• smelling



There are two chips that are part of the      
Cantilever Array Discovery Platform™ (CADP).

There are two chips that are part of the      
Cantilever Array Discovery Platform™ (CADP).

6”

3.5 mm

1.5 mm

Chip 1

Chip 2



Chip 1 has structures designed to test 
coated beams and structures.

Chip 1 has structures designed to test 
coated beams and structures.

2.25 m thick doped polycrystalline Si beams

0.5 m thick Si3N4 beams

1. Specialized beams for scanning probe microscopy studies2. Beams for nanomechanics, cantilever-based sensing, coupled 
oscillator physics
3. MEMS structures for mechanics testing of samples4. Structures for magnetization studiesSpecial “shadow mask layer” allows selective deposition of user-defined 

material on discrete parts of beams, MEMS structures, contact pads, etc.



0.63 m thermal SiO2

2.0 m SiO2 (SACOX1 +)

0.8 m low-stress Si3N4 (Nitride1)

0.3 m doped poly-Si (Poly0)

Dimple

0.8 m   low-stress Si3N4 (Nitride1)

Si substrate (2-side polished) 675 um

1.0 um SiO2 (SACOX99)

Design by Mike Shaw, SNL

Shadow mask layer enables user-
defined material on parts of chip.
Shadow mask layer enables user-
defined material on parts of chip.

Shadow mask layer (1.0 um poly-Si)



Chip 2 contains additional structures.Chip 2 contains additional structures.

0.5 m thick Si3N4 beams

2.25 m thick polycrystalline Si beams5. Electrostatically-controlled cantilever and doubly-clamped beams for 
surface studies (adhesion, surface tension, etc.)

High density arrays

“Poker” structure



The chip dimensions are the same size 
as a standard AFM chip.

The chip dimensions are the same size 
as a standard AFM chip.

Standard AFM chip



1. Isolated cantilevers (scanning probe 
cantilevers, other probes)

1. Isolated cantilevers (scanning probe 
cantilevers, other probes)

• both poly-Si and silicon nitride beams of varying lengths (varying 
force constants) – user can select desired beams

• bimporph beams for thin film testing of user material

user mat’l



User coatings allow functional 
AFM tips, etc.

User coatings allow functional 
AFM tips, etc.

Chip 1

• scanning probe 
beams with heaters, 
resistance 
thermometers, 
magnetic particles, 
etc.

• beams with optical 
gratings for 
interferometry

• torsional beams



2. Cantilever arrays (coupled beams, 
sensor structures, etc.)

• both poly-Si and silicon nitride cantilever beam arrays

• de-coupled beams for internal dissipation studies in crystalline and 
amorphous materials

• beams with triangular bases for force-displacement testing

• beams with coupling for sensors or physics of coupled oscillator systems

• arrays for functionalization and chem/bio sensing

• torsional beam arrays

• beams w/ in-plane deflection
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Examples of mechanics studies with 
cantilever beams.

Examples of mechanics studies with 
cantilever beams.

II. Cantilevers as sensors

• atmospheric corrosion sensing

I. Internal dissipation 

• defect relaxation in materials

• use cantilever and torsional beams

III. Coupled oscillator arrays

• arrays with low to high degrees of coupling



Example 1: Defect-related internal 
dissipation.

Example 1: Defect-related internal 
dissipation.

 • defect relaxes to relieve 
stress

• defect needs to have 
lower symmetry than 
crystal system 
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assuming the defect has a 
simple strain ellipsoid

(bending)

(shear)
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How Defect Relaxation Works:



Isolated beams show simple beam 
behavior.

Isolated beams show simple beam 
behavior.

Laser Doppler Vibrometer measurements of simple beam resonance modes.

200 m Si3N4 1st torsion 
(115.94 KHz)

300 m poly-Si 2nd bending(33.13 KHz) (205.6 KHz)300 m poly-Si 1st bending



Temperature-dependent studies are used 
to measure defect relaxation.

Temperature-dependent studies are used 
to measure defect relaxation.

Defect relaxation is thermally 
activated: 

We use temperature-dependent 
studies of internal dissipation to 
measure the activation energies 
of the defects that give rise to 
mechanical dissipation.  
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For amorphous carbon there is only a 
weak effect from the strain state.

For amorphous carbon there is only a 
weak effect from the strain state.
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Example 2: Cantilever-based sensing.Example 2: Cantilever-based sensing.
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 After Corrosion
 After Cu
 Cantilever

look at shift in resonance 
frequency w/ corrosion

example of data from a Cu-
coated cantilever before and after 

corrosion (measured in air)

corrosion causes 
downward shift

cantilever

metal layer (Al, Cu, etc.)

test chip

U.S. Nickel

test structure: Cu-
coated cantilevers



Arrays increase statistical response.Arrays increase statistical response.

examples of Al 
atmospheric corrosion on 
Al-coated cantilevers

• Atmospheric corrosion of 
Al leads to localized 
corrosion sites.  

• Multiple sensors are 
needed to determine a 
statistical response.



Example 3: Coupled oscillator arrays.Example 3: Coupled oscillator arrays.

closely-coupled array weakly-coupled array

chip 1

15 beams: 20 m wide, 200 m long

10 m apart 30 m apart



Increasing coupling breaks 
degeneracy of modes.

Increasing coupling breaks 
degeneracy of modes.

weak 
coupling

stronger 
coupling

72.5 KHz

73.7 KHz

74.4 KHz

46.25 KHz

67.50 KHz

74.38 KHz

Laser doppler 
vibrometry 
measurements 
of resonance 
modes of 
cantilever 
arrays.



Increasing coupling breaks 
degeneracy of modes.

Increasing coupling breaks 
degeneracy of modes.
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High density arrays show greater 
coupling.

High density arrays show greater 
coupling.

40 beams: 2 m wide, 50 m long

chip 2

strong coupling moderate coupling

2 m apart
4 m apart



Strong coupling leads to a wide 
band of modes.

Strong coupling leads to a wide 
band of modes.

STRONG COUPLING MODERATE COUPLING

842 KHz

1001 KHz

952 KHz

1000 KHz

(0,0) mode(0,0) mode

(0,1) mode (0,1) mode

Laser 
doppler 
vibrometry 
data.



Strong coupling leads to localized modes.Strong coupling leads to localized modes.

Localized Mode at 911 KHz

Laser doppler vibrometry data.



Changes in spectral response can be far 
more sensitive than changes in frequency.
Changes in spectral response can be far 

more sensitive than changes in frequency.

Frequency
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before mass 
adsorption

after mass 
adsorption

see for example, Spletzer, et al., APL 88, ’06.



3. MEMS mechanics test structures (tension 
testing, fracture testing, in situ TEM)

• MEMS actuators for in-plane loading of compliant materials: 
electrostatic comb drive (about 4 N of force) and thermal 
actuator (about 80 N of force at 2 m displacement)

• Bosch etch hole enables in situ TEM measurements



Thermal actuator (tensile loading).Thermal actuator (tensile loading).

~ 1 m gap

Load cell

thru-hole 
for in situ 
studies



4. Magnetization studies

• specialized structures for magnetization studies (high mag. field testing of 
novel materials)

• floating plate structure with large capacitance 

• Structures for magnetic excitation of beams (cantilever and torsional)

test material

chip 1



5. Surface studies (adhesion, stiction)

• cantilever beam arrays over a substrate with electrostatic actuation

• enables studies of surface adhesion, SAMS testing, stiction testing

• can be used for capacitive detection of out-of-plane displacement 
(chem/bio sensing, magnetization, etc.)

ds
h

t

chip 2



How to obtain/use/process the CADP.How to obtain/use/process the CADP.

• The Cantilever Array Discovery Platform™ is free
to Users with an approved User proposal (see 
cint.lanl.gov or contact jpsulli@sandia.gov)

• Experiments using the CADP can be performed at 
the User’s home institute or at CINT

UHV AFM/STM system with variable 
temp. control from RHK.

laser interferometry, scanning laser Doppler 
vibrometry, and AFM/STM at CINT

Polytec MSA-400

mailto:jpsulli@sandia.gov
http://www.lanl.cint.gov/

