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RDECOM TARDEC-wide Involvement

, Sensor Enhanced Armor

" Projectis looking at a variety of ways to assess health of armor over life of vehicle (including prior to installation).

® Making vehicle more intelligent, increase survivability for vehicle and soldier, cost effective, more real time status,

health of armor and vehicle.

® Portray capability to scan all types of armor with some type of wave/sound/light — data shows cracks/no cracks.

TARDEC groups involved: Survivability, Intelligent Ground Vehicle Systems,

mm Wave Scanning Technology
(multiple Layer)

Condition Based Maintenance
Industry: General Dynamics / BAE

Academia: Michigan State University, University of Michigan, Wayne State
University, Oakland University (supporting background research ways to
measure health of armor)

Audience: future customers, other government labs, contractors, not so much
universities

PARTNERS
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RDECOM TARDEC Survivability NDT/NDE é ;

Ground Vehicle Survivability NDT/NDE and Sensor Enhanced Armor
4 )

" Survivability role — develop sensors and technologies for various
armor recipies.

" Prototype different sensor enhanced armor on demonstrators.
\' Lead the armor NDE/NDT life cycle integration.

J
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RDECOM rmor Solutions Tested with Ultrasonics
)A NDT/E leading to Smart Armor

Damaged

o ol T -l I )]

There is apro 'erence in the shape and amplitude of the echo signal”
between the damaged and undamaged plates. Tests are underway using

embedded transducers for real-time armor integrityymonitoVEAOWARFIGHTER FOCUSED.
Smart Armor NDT/E Lab




RDECOM TARDEC Integrated
= Systems

* Hybrid Electric

e Pulse Power * Active Defense

* Engines + Signature Management
* Fuel Cell; « Laser Vision Protection
¢ Suspension « Ballistic Protection

e Tracks

Battery Pack w/ Integrated
Heat Exchanger

INTELLIGENT GROUND SYSTEMS

* Robotic Systems Technology

« Human-Robot Interaction

* Crew Interface and Automation

* Robotic Follower ATD

* ARV Robotic Technologies Program

CONDITION BASED MAINTENANCE

» Diagnostics/Prognostics
» Data Analytics

* Sensor Integration

* Network Architectures |
« Predictive Maintenance C

CAISI“WiFi"
Node

Ol Guaiity | 9™
Sensor
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RDECOM D Introduction to MEMS

s

* Micro-Electro-
Mechanical-Systems

« MEMS integrate silicon-
based microelectronics
with micromachining
technology to produce a
system of miniature
dimension

Power generation

\

Actualors \

s

Passives

Sensors

/ Elactronics
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RDEG@ Technological Advances of MEMS %

« Miniaturization
*»» Low Power Consumption
*» Low Mass
*» Low size
+» Ease of deployment and maintenance
» Portability
 Batch Fabrication
*» Low cost of manufacturing
¢ Bulk production

* Precision and accuracy
* Integration

Disclaimer: Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or the Department of the Army (DoA). The opinions of the authors
expressed herein do not necessarily state or reflect those of the United State Government or the DoA, and shall
not be used for advertising or product endorsement purposes.
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o _@ Impact of MEMS %

 Using microsensors and

microactuators, MEMS I can sense, think, decide,
augment the computational @rlcate J
ability of microelectronics - .
with (9 (9
» System and Material Health >L:<
Assessment =l :g =
> Control abilities ) B g
 Allows development of smart /
products g <Ep
* Makes realization of

com ?Iete SyStemS-On_a-Chlp Artist impression of integrated
possible microsystem
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roEconm ) Classifying MEMS for Vehicles é ;

and Soldiers

Use of
Communication
Antennas in
Armor

Situational
Awareness
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MEMS Technology

* Thin film deposition and — @
etching techniques used to
make miniature devices on
the order of 100 ym or less

Courtesy Sandia National Labs TECHNOLOGY DRIVEN. WARFIGHTER FOCUSED.
T




RDECOM Military Applications of MEMS % ;

* Signal processing

* Wireless Communication

» Mass data storage

 Sensors for maintenance and structural monitoring
« Unattended sensors for tracking and surveillance

« Biomedical sensors

* Inertial measurements

* Aerodynamic and hydrodynamic systems

 Optical Fiber components and networks

Source: Calahan, S., Nanotechnology in a New Era of Strategic Competition, Essay Competition on Military Innovation, 1999-
2000.
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"DE"'@ Detection technologies %

» Accelerometers * Gyroscopes

Top Electrode

5
Metal Pads Middle Electrode gy roof

—————— /p0|y

Mass

Beam

#a15 18KV A198 180Pm WD45S

Source:K. Najafi et al, JIMEMS 2003

Source:Vibrating Ring Gyroscope, F. Ayazi et al.
« 2.6 mm x 1 mm proof mass, 1.4 ym air gap
* 11 pF/g per electrode. 200 V/deg/s in a dynamic range of +/-250 deg/s
« Noise floor: 0.18 g/\Hz at atmosphere. « Noise floor: 0.01 /s/\Hz at atmosphere.
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RDEC yEMS based IMUs are displacing othe
— technologies

« MEMS gyros are making great strides in displacing
ring laser gyroscopes (RLG) and fiber optic
gyroscopes (FOG).

« Conventional systems typically $7-8,000 each. The
new MEMS systems will be considerably lighter and
should cost $1,200 to $1,500 each.

« 10 of the top 12 IMU suppliers are either currently
offering or actively developing MEMS gyro-based
IMUS.

« Of the 60 IMUs available, or known to be in
development, nearly 50% use (or will use) both MEMS
gyros and MEMS accelerometers.

 Total market for MEMS gyros to grow from $279
million in 2002, to $396 million in 2007 (annual growth
rate of 24.2%)
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RDECOM Analog Devices: MEMS Gyro

ﬁ'ﬂc‘ﬂ OF FhﬂT_.qn-nm
ﬁ,;gﬁ-

CORIOLIS SENSE FINGERS
INMNER FRAME r——-— DRIVE FINGERS
~ = RESONATING MASS

Rle- iy e ey g

L wwEm | i | . leferentlal deS|g
RS Ve | rejects shocks up to
x ;,Egmwm.}_ - 1000g

smai=  comV/ /s

= CORIOLIS SENSE FINGERS |
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ngEg@ Night vision with MEMS Based

Microbolometers

» 240x336 array of bolometers,

« NETD of .039°C, limited by
Johnson noise of sense resistor

» 30 Hz operation

» Originally developed by
Honeywell

Daytime Parking Lot (white is hot)
Source: Wood, IEDM 1993 WARFIGHTER FOCUSED.



RDECOM A GENERIC WIMS ARCHITECTUR%

Wireless ;
Interface Data Compensation
—r—
: Power 5
Interface §
Power Analog o @ Sensors 4
Management Mux/ 2
RAM Amp/ADC -§ Actuators
e
—| S°ROM g Set Points
— _ Analog
Bus Bus Interface
pController Interface ui Interface
Microinstrument

MicroController
Key Components: Power Source, Embedded Micropower Controller
with Power Management and Data Compensation, Software, Wireless
/O, Integrated Programmable Transducers with a Standard Bus
Interface, Hermetic Packaging
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BDFI‘[IM)A FULLY-INTEGRATED MICROSYSTEM FOR % ;

- ' AUTONOMOUS DATA GATHERING

Toward Measuring Anything, Anywhere, Anytime

®* Embedded uController, 16Mb Flash Memory, Fully Programmable
® Sensors for Pressure, Temperature, Humidity, and Biosignals

TECHNOLOGY DRIVEN. WARFIGHTER FOCUSED.

Source: Univ. of MI, Prof. Wise e




RBRDECOM ACTIVE STENTS: Wireless Readout % ;

of Intra-Arterial Pressure and Flo

Suitable for the carotid
arteries; not yet small
enough for the
coronaries.

: : WARFIGHTER FOCUSED.
Source: Univ. of MI, Prof. Wise



RDECOM )) VIBRATING RING GYROSCOPES %

Nickel Vibrating Ring Gyroscope, 1994
Resolution:0.5°/sec, Q: 4000

Polysilicon Vibrating Ring Gyroscope, 1999
Resolution:20°/Hour, Q: 10000

Single-Crystal Si Vibrating Ring Gyroscope, 2002
Resolution:7.5°/Hour, Q: 14000

: : WARFIGHTER FOCUSED.
Source: Univ. of MI, Prof. Wise



Situational Awareness:
"DEGD Soldier Magnetometer %

« MEMS Magnetometers can detect
presence of equipment up to 100
feet below ground.

« Magnetometers can be scattered by
air drop or individually positioned
to provide tactical information.

« These Magnetometers sense
changes in earths magnetic field to
detect metallic objects anytime
they move.

WARFIGHTER FOCUSED.


http://www.defense-update.com/newscast/0207/news/260207_nano.htm

RDEC

i

Microcantilevers

Length

Width

Thickness

: 50- 500 pm
:10-50 pm

:0.1-4 pm

“RIDGE

National I Laborutory
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RDEC D

Example of MEMS IR array

Source: Oak Ridge Labs

WARFIGHTER FOCUSED.



RDECOMD)  \EMS SOFTWARE A

Designing and Modeling Using
MEMS Simulation Software

WARFIGHTER FOCUSED.



RDEC @ Introduction %

 We will demonstrate how to create and simulate a MEMS device using a
simulation software.

* An FBAR (film bulk acoustic resonator) MEMS device will be created in
this presentation.

WARFIGHTER FOCUSED.



QR D Overview %

Steps:

) Materials

1) Fabrication Process
lIl) Creating a 2D Layout
V) The 3D Model

V) Meshing

* VI) Simulations

* VII) Conclusion

WARFIGHTER FOCUSED.



RDEC D Procedure: Materials %

« Step 1. Check for correct materials and material values.

WARFIGHTER FOCUSED.



RBRDECOM

Materials (cont.)

[€ | Edit Materials in F:\Users\writer\Design_Files2008\Shared\MPD\mpd1.mpd EJ

‘ Copy Material ‘ | 7€ Delete Material ‘
I|Me‘leria| |Zn0 EJ”

| [ Mew Msterial | ‘ _Ir Import Material

| o el ¢ (LEFT) values for

fesstic constants |[Eistic-aniso =]l Edit L 2222 2097000¢+005 .
I|Densit‘f[kgmm"3) [|constant-scatar @| 56800008015 | D133 1.051000e+005 th e m a‘t er I al Zn O
fstressoma [aniso =] Edil | D2233 | 1.051000e+005
lirce mtegrai Form (140 ||constant-scatar =l 0.0000002+000 | 03333 [ 24000000+005 | . :
I|ThermaICOnd(pW.lumKJ |Constant-:3calar |L| 10.000000e+000 ] pi112 M W h I C h I n C I u d e
Jspecitcriest(pangro |Constan-Scaar = 0.000000e+000 ] bz | D .
| Bectriccond(psium) |constart-Scalar =]l 2,500000e-001 | 21322 % S t r e S S d e n S I t
I|Die\ec1r|c PiezoBlectric-Strain |L | Edit ] D113 @I ] y ]
I|Wscusﬂv(kgm163 Constant-Scalar | 0,000000e+000 ] D2213 m - -
| Fiezoresistivecostts(1mPa)|| constart_scatar | J o313 | ooo0ooossoon | d I eI eCt r I C an d
|Custom Properties File normTandP D123 m
I€| Edit PiezoElectric-Strain D1313 | 4240000e+004 | m O r e

D1 | 0.000000e+000 || 0.000000e+000 ||.5.430000=.005| D2223 | 0.0000002+000 |

D2 | 0.000000 +000 || 0.000000¢+000 |[-5.4300002-006 | D32 ["0.0000008+000 |

D3 | 0.000000e +000 || 0 0000008000 || 1.167000e-005 | 01223 | 0.0000008+000 |

D4 | 0.000000¢ +000 || 0.000000¢+000 || 0.000000¢-+000 | p1323 | 0.000000e+000

D5 |1 1340008-005 || 0 0000008+000 || 0.000000e+000 | D2323 4 240000e+004

D6 | 0.000000€+000 ||-1.134000¢-005 || 0.000000¢+000 | Coe ] [Coxen ]

Dielectric | 5.550000e+000 || 5. 550000e+000 |[1 02000084001 | s
| ok || cancer |

n ( RI G HT) Som e Property Data Type Sub prop é;lunr:;inum Silicon SIN Units
Values for va rious Elastic Elastic-Iso E 7.70e+04 1.69e+05 2.22e+05 MPa

Constants
Poisson 3.00e-01 3.00e-01 2.7e-01

3

materlals that may Density Constant-Scalar 2.30e-15 2.50e-15 2.7e-15 ke/pum?

be used Stress Anlso S, 0 0 0 MPa
.

Sy 0 0 0

S, 0 0 0

Dielectric 0 1.19e01 8.0e+00




RDEC @ Fabrication Process %

» Step 2: Create the process we want to follow in the “Process Editor”.

* Your process may require you to stack, straight cut, partition, etc. the
MEMS device you are creating.

WARFIGHTER FOCUSED.



RBRDECOM

Fabrication Process (cont.)

B

# Process Editor - [F:/Users/writer/Design_Files2008/FBAR/Devices/FBAR.proc]

Fle Edit View Tools Windows Help =8| x|
D2E|45:X9¢ 532 (772
Nunber Step Name | Layer Name Material Name | Thickness | Mask Name Photoresist |Depth |Mask Offset | Sidewall Angle ,' : |
----- R TS e R R = N N R S FProcessbary 4]
Stack Material |NitrideBottom | SIN 0.25 £ [ilModeing Ac
2 |straight Cut Nitride - 0 0 = JU‘SEFDEﬁ"E
|3 |Stack Material | Siicon SILICON 2 g""uﬂnlstrm
~ 4 |Straight Cut KOH_Etch - 0 35.3 . M Anisotr
5 | Stack Material Membrane SIN 0.25 . -MGeneric__|
6 |Straight Cut KOH_Etch - 0 0 L EAGeneric
|7 |Stack Material | ElectrodeBottom | ALUMINUM(FILM) |0.4 e
: - ! DEEp Ri
~8__|stachtCut lectrodeBot + 23 o 0 I
9 |Stack Material | PZE Zn0 1.24 | g
10 |Straight Cut PZE + 0 0 T Release
11 |Stack Material | ElectrodeTop | ALUMINUM(FILM) |0.32 | riENStipin
/12 |Straight Cut ElectrodeTop + 0 0 - Therma v |
J | ﬂ.JJ ol

= This is the fabrication process we intend to use for our FBAR device.
There are 12 steps which include straight cutting and stacking of the
various materials.
WARFIGHTER FOCUSED.



RDEC @ Create the 2D Layout %

« Step 3: Create a 2D layout of our FBAR device.

* This 2D layout will later be used to create the 3D layout which is needed
for simulation.

WARFIGHTER FOCUSED.



RDECOM ) Create the 2D Layout (cont.) %

¢ LayoutEditor -- Cell: FBAR, File: C:/users/writer/Design_Files2006/FBAR/Devices/FBAR. cat (=13

File Edt View Cell Object Modify Tools Generators Window Help

EQs@als S| iml | 0acs *YOU can see 5
o & M EectrodeTop = D63 QRAQ v | HrHrD s | ;- .
: = ——— different layers

s

E in this layout.

s *You can draw

2 rectangles,

12 O circles,

2 triangles, and
many other

shapes in this
layout editor.
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RDECOM ) 3D Model %

« Step 4: Generate the 3D model.

* The MEMS simulation software automatically creates the 3D model using
all of the information you have provided it with.

WARFIGHTER FOCUSED.



RDEC 9 3D Model (cont.)

File Edit Wiew Solid Model Mesh Tools Help

=EH Pl SEAEARKEER R QAQ |- Q|| g @ BDh BE =%
Z-Scale: Ready bt | |

@ .': Geometry
% & Solid Model
@ EH Layer0(Substrate)
@= =4 Layer1 (MitrideBottom)
@= &4 Layer2(Silicon)
@= = Layer3(Membrane)
@ &4 Layerd(ElectrodeBottom)
©®= &4 Layers(PZE)
@ &4 Layers(ElectrodeTop)
@~ (0 Mesh Model

i

L

» Qur data has been used to create the above 3D model.

WARFIGHTER FOCUSED.



RDEC D

« Step 5: The device we have created thus far is too large an object to be
analyzed. Thus we must ‘mesh’ the device. This means to separate it
iInto many small pieces.

WARFIGHTER FOCUSED.



RDEC D Meshing (cont.)

« After meshing,
the FBAR has
been separated
Into many small
rectangles
which together
form a single
device.

WARFIGHTER FOCUSED.



o @ Simulation %

« Step 6: Begin various simulations on device.

* It is possible to simulate many physical phenomenon using this MEMS
simulation packages such as pressure, conductivity, motion, DC
analysis, and more.

WARFIGHTER FOCUSED.



RDEC @ Simulation (cont.) %

* For our FBAR, we apply a 1V charge to the top and notice various
aspects of change that occur.

WARFIGHTER FOCUSED.



RDEC @

Simulation (cont.)

 We notice the
stress on the
device around the
edges. (Thered
area indicates
greater stress)

[

| |
¥
Mizzs Sress -44E-04 2.8E-M
}{

MPa

233 1.1E+00

WARFIGHTER FOCUSED.




RDEC J'D Simulation (cont.) %

*We see the
displacement
that has taken
place due to
the input
voltage. (The
red area
Indicates

% . — —m greater
| o o w0 T displacement)

WARFIGHTER FOCUSED.



RDEC @ Simulation (cont.)

*Here we see the
resonance the
1V input causes
our FBAR.

&Y Modal Displacement Mag.. 00E+00 35E-01 71E-01 11E+00 1.4E+00
um 1 9501E+009 Hz COVENTOR

WARFIGHTER FOCUSED.



RDECOM Bother Examples: Beam Vibrations %

* The following slide shows a beam vibrating due to pressure application
at its top.

WARFIGHTER FOCUSED.



RBRDECOM

Beam Vibrations

Modal Digplacement Mag.: 0.0E+00 25E-01 5 001 7 5E-01 1.0E-+00

425951 Hz

WARFIGHTER FOCUSED.




R @ Summary %

* MEMS based devices currently in use for

— Inertial measurement units, IR imagers, explosive
detection.

— NDE real time sensors

* Many future possibilities, including the
following
— Biochemical sensors for gas and explosives detection
— Neural implants for robotic insects
— Smart skins
— Biosensors for Soldiers
— Many others

WARFIGHTER FOCUSED.



"DEGD Spintronics %

Emerging Technologies [one list...]

 Technotronics—from microelectronics to nanotronics,
quantum-spintronics and biotronics

« MEMs
 Nano Tech—nanomachines, self assembly, nanotubes

Mobile telecommunications networks

 Sensors and Sensing systems—smart sensors, distributed
sensing, RFID, sensor nets and swarms, biosensors

 Info tech—virtual reality, ubiquitous computing, grid
computing

* Robotics—intelligent systems, robot teams, nanobots,
human augmentation

 Autonomous Systems—unmanned combat air vehicles,
organic air vehicles, micro air vehicles, UGS, UUVs/USVs

* Blotech—genelic engineering, bio-diagnostics, Dio-
remediation, bio-weapons

 Energy & Propulsion—fuel cells, directed energy,
superconductors

WARFIGHTER FOCUSED.



RDECOM ) spintronics for Ground Vehicles %

A technology has emerged called spintronics (spin transport
electronics or spin-based electronics), where it is not the electron
charge but the electron spin that carries information.

The discovery in 1988 of the giant magnetoresistive effect (GMR) is
considered the beginning of the new, spin-based electronics. GMR is
observed in artificial thin-film materials composed of alternate
ferromagnetic and nonmagnetic layers.

A new generation of devices combining standard microelectronics with
spin-dependent effects that arise from the interaction between spin of
the carrier and the magnetic properties of the material is being
developed.

Source: Wolfe, 2001, Science
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RDFC @ Nano structures for Embedded Armor
i Antennas and Radar Detectors

Geometry of (a) nano-pillar and (b) nano-contact magnetic nanostructures
used to study the spin-transfer torque effect.

The structures consist of two magnetic layers (thin “free” layer and thicker
“fixed” layer shown in blue) and a non-magnetic spacer between them
(shown in yellow). The spacer can be made of a non-magnetic metal
(usually Cu) (spin-valve), or of a non-magnetic insulator (usually MgO)
(magnetic tunnel junction).

WARFIGHTER FOCUSED.



