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B Mechanical microdevices having components such as
» Pumps
» Valves
» Robot grippers
» Linear and rotational positioning elements
» Simple cantilever actuators
» Complex artificial muscle systems

B Micropumps and valves treating liquids and gasses:
» In medicine for the dosing of medication or for chemical.
» In biotechnological analysis to transport and measure liquid.

» Technical devices such as ink jet printers.
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B Microactuators using the cantilever principle:
» In optics as electronically tunable mirrors
» In fluid dynamics as valves
» In microrobotics as grippers.

B Micromotors:

» Moved by electrostatic, electromagnetic or piezoelectric
forces.

» Performance parameters do not yet reach the application
requirements.

W Artificial muscle:
» Flexibility, versatility, and high strength.
» Made up of a series of microactuators
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Scheme of an I ntegrated Actuator
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Force-Producing Principlesin MST - 1

W Electrostatic , Piezoelectric ,
Electromagnetic , Magnetostrictive ,
Electrostrictive , and Electrorheological

MR
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Force-Producing Principlesin MST - 1

B “Smart” materials:

» Piezoelectric The electric field causes expansion
in ceramics

» Magnetostrictive a magnetic field causes an
expansion or contraction of the alloy.

» Shape Memory Alloys (SMA ) return to their
original shape when heated (thermal shape memory) due to
martensitic transformation.

» Electrorheological Change their viscosity under
the influence of an electric field and switch from a liquid to a
plastic state.

 applications include clutches, valves or vibration
absorbers.
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Force-Producing Principlesin MST - 2

B Hydraulic and Pneumatic
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Force-Producing Principlesin MST - 3

B Thermomechanical

B Shape Memory Alloys (SMA )
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Force-Producing Principlesin MST - 4

B Chemical energy
»
(Polymer Gel)
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Electrostatic Microactuators
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Motion Principle of Electrostatic Actuators

B Applying a voltage across two :
capacitor plates which are / /
separated by an insulator. : ¥
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B Applying voltage (usually - 4
between 40 V and 200 V) - / i //
introduces a deflection in the T :'“1 T

L3 |

range of a few micrometers.
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Properties of Electrostatic Actuators

(cobalt)

» High applied voltage: To produce an actuator pressure of 1
kg/cm? for a gap of 1 um, the required voltage is about 150V.

» Need very smooth surfaces to avoid electrostatic collapse
due to small surface defects.

» Require a suitable insulating layer.

» Attract dust.
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Motion Using Electrostatic Principle

B A spring back mechanism to supply the pull back force.

B Small torque and short lifetime.
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Electrostatic Microshutter
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B Movable electrodes 0.8 mm x 0.5 mm, a 450 um long
beam, 10 um width and 1 um thickness.

B a b 30° 90 °

Microactuator Pile

B Produced through

photolithography, sputter
3 technique and anisotropic
w=h  wet etching.
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Two-chamber Actuator

B Consists of two concentric air-tight
chambers

W Voltage applied between the
substrate and the membrane of the
CAEEE - outer chamber.

B The inner-chamber of which had a
radius of 100-250 um and outer-
chamber a radius 200-750 pum .

W Operated by 50 V, attaining motions

from 1 to 4 um.
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Fabrication of Two-chamber Actuator

LPCVD-SINFEI 4T ) ) ]
(sonm) AR, sEREECEa) @ Produced with surface micro-

(532;7’% machining techniques.

» Si\SiO, \ LPCVD-SIiN

» Pattern polysilicon

» Doping etching stopping pattern
on polysilicon

LPCVD SiN

Pattern the upper electrodes
LPCVD SIN

Remove sacrificial polysilicon layer
Pattern Aluminum circuit

Coating Polyimide
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Electrostatic Micropump
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Electrostatic Foil Actuator
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A | . W Using a traveling foil
A 05 bend made of steel or
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alloy 5 um thick and
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Electrostatic Microvalve

iR W Internal stresses of SiO,

membrane during

e fabrication lead to the
_—® deformation of the layer.

RN .

i B SiO, membrane coated
with a thin chrome layer is
used as a moveable

electrode.

W A voltage is applied across
the polysilicon electrodes to
pull down the membrane
and shut the valve.
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Electrostatic Micropositioner

B Used in the alignment of the optical fibers in the coupling.
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Electrostatic Micromirror

B The aluminum mirror has a reflectivity of 83% and very
short response times; its dimensions are 30 x 30 um?, and
it is suspended on two 10 um long and 0.6 um wide torsion

beams .
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Electrostatic Micromirror

B Can be applied in a stable, high-resolution projection of
computer and video images
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Application of Light Valves

W Digital Micromirror Device (DMD) [3]

» Arrays of light switches composed of 1280X1024 torsional
mirrors used in professional projection system (Texas
Instruments).

» Max. deflection angle £15°
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Two Dimensional Positioner

B Linear comb-like microactuators
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Two Dimensional Positioner

B Used in the production of semiconductors, optoelectronic
elements, magnetic high-density memory units and
especially for atomic force microscopy (nanopositioning).
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Two Dimensional Positioner

B A microprobe mounted on the microtable (8 x 8 um), and
each beam is 270 um long, 0.6 um wide and 2 um high.

B The probe is 8 um high and a maximum radius of 40 nm.

Anisotropic etching
+
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Oscillator Drive Motor

B The motor's rotor is driven by a friction rod.
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Linear Step Motor

B Utilizes the principle of variable capacitance, and made

from LIGA
= l =y I Offset stator and actuator
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Linear Step Motor

LIGA

.. B ALLO, substrate.

e 70 um
4 um

5 2 i E BB B Max. displacement
Blom SFkU ZS5IED 4 5 IHT 100 um, max force
H s #ndREKREY - BY be Kebnube Resaech 50 mN (at 200V)
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Electrostatic Rotational Motors

B An electrostatic Wobble motor (a comb-like rotor and a
stator with six poles) was developed and built with LIGA

processes.
267um
4.8um
10 pNm 3400 rpm
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Electrostatic Three-Phase Micromotor

B A 3- phase micromotor with a stator/rotor pole ratio of 3:1.

B Made from polysilicon by the surface micromachining
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Electrostatic Needle-Bearing Micromotor

B A needle structure as a mechanical bearing between the
substrate and rotor.

2 um
(wobbling)
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Piezoelectric Microactuators
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Piezoelectric Material

[ (Piezoelectric)
@)
(b)
(d)

| Quartz(SiO, crystal), PZT, PVDF, ZnO,
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Motion Principle and Its Properties
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[ | (tape casting) Electrodes are printed onto the raw

ceramic, and then the layers are stacked together and
burned into a multi-layered structure.
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W Bimorphic Element:

u
transverse) (longitudinal)
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» Excellent properties.

» Lead-Zirconate-Tilanate (PZT) is the best, but it is hard to work
with.

» ZnO is suitable material for integrated piezoelectric microactuator
systems.
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[ | (piezoelectric coefficient)
[ | (quartz) (turmaline)
[ | (Polycrystalline ceramics):
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(Ferroelectric)

= ABO,

W Electric Dipole:

B BaTiO; PZT LiNbO,
1)
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B The Curie temperature defines the useful temperature
range of a piezoceramic material.

O - Ba & -0 & -T
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Poling of Ferroelectric Ceramic

| (depolarization pressure) (coercive

field strength)
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Electrostrictive Material

[ | (electrostrictive)
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B Advantages:

» Can easily be integrated into Microsystems.

» Using relatively simple control algorithms.

» By controlling the composition of the base material, the
directions of expansion/contraction and physical properties
of the actuator can be defined.

» Have a short response time.

B Applications-micropositioning
» Adjust mirrors in a CCD camera or in an electron
microscope.

» Align fiber optic cables, position fixtures in a precision milling
machine.

» Drive micromechanical ultrasonic-motors.

c_ED@_
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B Applications-medicine
» Manufacture micropumps and valves for the exact dosing of
substances in biology and medicine.
» Serve as shock wave generators to crush kidney stones.
» Serve as micro-tools to perform minimal-invasive surgery.

B Applications-automobile industry
» Used for active vibration control, noise suppression and for
motors to operate windows and sun roofs.
» Automotive valves for fast response, e.g. for electronically
controlled inlet valves and injection nozzles.
» Used for active wheel damping.
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Micromembrane pump

B Macro-prototype: Diameter 75 mm and thickness of 2 mm.
Discharge pressure is 0.2 bar (max. 0.4 bar) and the pump
has an operating voltage of 300V at a flow rate of 0.6 ml/min

W Only very clean liquids can be used
HE T o

pressure-sensitive
membrane
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Microvalve

B A 130 um thick actuator membrane with a diameter of 10
mm. The piezodisc acting as actuator is 300 um thick.
When a voltage of 50 V is applied, a gap of 4 um ran be
reached.

S -J.J!_I-H.:Hﬂ = m.';:u. B . .
¥ L 13 .1 By etching techniques
ﬂ::lilE“ [ r‘-'.f.lﬁ } Ill""ll'l'!i_'q1 iy

b

Anodic
Bonding




=® NKFUST

Chopstick Gripper

B Two piezo-driven chopstick-like fingers, each having 6
degrees of freedom.
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Chopstick Finger

B Driven by a parallel link mechanism made up of 6
prismatic piezo connecting elements.
FEI F
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Aligning Device for Optical Fiber

L ks B Each positioning unit
consists of two
piezoelements.

| H Resolution =0.1 um
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Aligning Device for Optical Fiber

B Each waveguide can be moved with a micrometer
precision in two directions ( about 20 um x 20 pum)
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Cycloid Micromotor

B Ultrasonic motors are
usually operated with a
frequency of about 20-
50 kHz.

B Advantage: high torque
at low rotational speed.

B Disadvantage: short
lifetime due to friction.
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Laser Scanner

B The obtained displacement of the piezo-elements was 60
um, with a deflection angle of 8 mrad.
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