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Thin Films
/Coatings

NANO

Nanowire, CNT,
nanocomposites

Functional/Smart Materials and Smart
" Microsystems

Which materials are SMART?

Materials or special design that change the

properties in response to an external stimulation
= Piezoelectric Materials
= Shape Memory Alloys

= Smart polymers and
nanocomposites

= Functional nanowires

= Diamond, DLC and carbon
nanotubes—Smart functions  shape memory thin fims




Part I. Smart thin film Shape
* memory materials
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* Lateral thermal gripper?
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Electroplated Ni microlocker

From J. Luo, Y. Fu, Univ. Cambridge
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* TiNi/Si out-of plane cantilever and gripper

TiNi/Si bimorph TiNi electrode Demonstration
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Microgripper by bonding

W.M. Huang, Y.Q.Fu et al J. MMM, 2003 8 of 27



estanding upwards TiNi microcage
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Material Selection for Microcages
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«  Many materials can be used with DLC to make normally closed microcages
»  Polymer based structure gives the lowest operating temperature
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Lab-on-chip Shrink

rend in diagnostic systen}h&
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basic procedure for disease diagnosis




i Surface acoustic wave (SAW)

= Piezoelectric film \
material & \

= Interdigital transducer
= RF signal
= Acoustic wave

Rayleigh Wave

Bus Bar

Surface Acoustic Wave, SAW

Interdigital Transducer, IDT
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Propagation of surface acoustic wave
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(Remark) P s a periodic length of surface acoustic wave, same a5 m’wm&
one periodic length of the inter-igital transducer (I0T)

# Part I: Surface Acoustic wave microfluidics
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Microfluidics-Pumping, jetting and
nebulisation
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J. Friend and L. Yeo, Rev.
Modern Physics, 2013.
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# Common piezoelectric materials

Density Piezo-constant  Coupling  Effective coupling Acoustic  Dielectric | TEC
Materials | (g/lem’)  dis (pCN) | coefficient, k  coeff £ (%)  speed (m/s) constantg| (x10%)
< n0 > 5.61 12 0.15-0.28, 0.33 15-1.7 2650 ) 8.66 3.5-6
AN 17 33 45,64 0.1740.5 1-8 1050 8.5-10 52
PZT 78 289-380 0.49 22,5-35 4500 380 1.75
</-Quartz\> 266 231 §5.16 300 43 55
LiNbO3 4.64 100 0.23,0.21 2-113 3500 85(29) 15
PVDF 179 =35 0.12-0.2 29 2600 6 75
PVDF/TiFE| 188 -33.5 02-03 ? 2200 6 56




Simulation of SAW Streaming effect-
* Finite volume analysis

Streaming velocity U (m/s)

oot =
Distance from droplet left side (m)

M. Alghane, Y.Q.Fu, et al, J. Micromech. Micorengng., 2010; J. Appl. Phys. 2011

Theory for SAW streaming and
# simulation
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* Efficient pumping of liquid droplets

Hydrophilic Hydrophobic

Droplet pumping

Microdroplet pumping and
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High speed ejection

Collaboration with Prof. Jon Cooper, Glasgow University
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Jetting on hydrophobic ZnO
surface
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Zn0/Si film based
nebulisation/atomization
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Transparent, flexible and
deformable acoustic wave devices

Reflecting
gratinﬁgs
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IDTs Reflecting
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Thin film SAW can be deposited on Si, glass, polymer, metal foils

Y Fu, et al Sens Actuat B, 2010 topic review paper

Zn0 microfluidics, what about
bio-sensing or biodetection?

Biosensing?

Sample

Collection Detection
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basic procedure for disease diagnosis

28

14



Biosensing using
* ZnO SAW devices

= Zn0O SAW is sensitive to
= Mass loading
= UV and chemical

R ‘
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Biodetection results using ZnO
‘ thin Films
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Kim, Luo ,Fu, J. Nanosci. Nanotechnol, 2009
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NH; gas and VOC sensing results
using nanowire based ZnO SAW
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Enhanced sensing with
‘ nanowires
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2um ! area 1 x-section

TiO2 NW-ZnO nanowire and ZnO SAW device

Summary: ZnO/AIN film based
# Microfluidic lab-on-Chip

Integration with photonics,

DEP, SPR, SERS, magnetic

particles, or others on ZnO SAW
platform
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Y.Q. Fu, et al, Sens. Actuat. B. 143 (2010) 606-619.
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