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Optical Meta Devices: Eyes of the Future
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Abstract: Optical meta-devices using meta-surfaces which composed of artificial
nanostructures are able to manipulate the electromagnetic phase and amplitude at will. The
design, fabrication and application of the novel optical meta-devices are reported in this talk.
As an eye to the future, meta-lens is considered as the top 10 emerging technologies in
World Economic Forum 2019. Design principles and application prospects of meta-lens will

be addressed in this talk.
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#iEWR S : Adaptive Elastomer-Liquid Lenses

Dr. Yi Zhao received his BS and MS degrees in Mechanical Engineering from
Tsinghua University, and his PhD degree in Manufacturing Engineering from
Boston University. He is currently a professor in Biomedical Engineering,
Ophthalmology and Vision Science at The Ohio State University. His research
interests include the development of miniaturized systems for point-of-care iagnosis

and treatment, and the development of lab-on-chip systems for exploring

electromechanical interactions between living organisms and engineering environment. He is also
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interested in critical mechanical, material and fabrication issues in micro/nanosystems.

Dr. Zhao’s research has been supported by federal, state, and private sponsors through peer-reviewed
research projects. The funding agencies include National Science Foundation, National Institute of Health,
Glaucoma Research Foundation, Ohio Department of High Education, and a number of internal awards.
He is the recipient of National Science Foundation Early Faculty Career Development (CAREER) Award

(2010), Ohio State Lumley Research award (2011) and Ohio State Innovator award (2019)

Abstract: Focus-tunable liquid lenses have excited widespread attention courtesy of its additional degree
of freedom to vary diopters (dpt) without sophisticated motorized cams that often require precise and
synchronous displacement of several lens elements/groups along an extended trajectory. Given its
compact size, low cost, and fast and accurate focusing capability in a dynamic range, liquid lens has
inspired next-generation miniaturized auto-focus and zoom lens design, and offered a great potential in
laser projection and processing, consumer and industrial illumination, machine vision, ophthalmology,
microscopy, etc. In this talk, several new designs of elastomer-liquid lenses developed in our group for
enhanced imaging capability and reduced optical aberrations will be presented. In particular, wide angle
imaging with depth perception and imaging with 2D/3D switching capability are implemented, and
imaging at high diopter with small aperture size is demonstrated. This is expected to allow the use of
elastomer-liquid lenses in space restraint applications where the use of partial lens diameter of a large lens
as the clear aperture is not affordable. I will discuss the potential use of our lenses in minimally invasive
surgeries and in portable consumer electronic devices, present the current state and limitations of our

investigation, and entertain your thoughts, concerns and comments.

BiEW . Skin-Interfaced Wearable Sweat Biosensors

Lo 3

3

v -

'.’l,\ [+2.4 Wei Gao is an Assistant Professor of Medical Engineering in Division of
X
€

g~

i‘}_ & ! « | q in 2014 as a Jacobs Fellow and HHMI International Student Research Fellow. In

Engineering and Applied Science at the California Institute of Technology. He

received his Ph.D. in Chemical Engineering at University of California, San Diego

2014-2017, he was a postdoctoral fellow in the Department of Electrical Engineering and Computer
Sciences at the University of California, Berkeley. He is a recipient of IEEE EMBS Early Career

Achievement Award, IEEE Sensor Council Technical Achievement Award, Sensors Young Investigator
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Award, MIT Technology Review 35 Innovators Under 35 (TR35) and ACS Young Investigator Award
(Division of Inorganic Chemistry). He is a World Economic Forum Young Scientist (Class of 2020) and a
member of Global Young Academy (Class of 2019). His research interests include wearable devices,
biosensors, flexible electronics, micro/nanorobotics, and nanomedicine. For more information about Gao’s
research, visit www.gao.caltech.edu/.

Abstract: The rising research interest in personalized medicine promises to revolutionize traditional
medical practices. This presents a tremendous opportunity for developing wearable devices toward
predictive analytics and treatment. In this talk, I will introduce our recent advances in developing
fully-integrated skin-interfaced flexible biosensors for non-invasive molecular analysis. Such wearable
biosensors can continuously, selectively, and accurately measure a wide spectrum of sweat analytes
including metabolites, electrolytes, hormones, drugs, and other small molecules. These devices also allow
us to gain real-time insight into the sweat secretion and gland physiology. The clinical value of our
wearable sensing platforms is evaluated through multiple human studies involving both healthy and
patient populations toward physiological monitoring, disease diagnosis, and drug monitoring. This talk
will also feature our very recent works on laser-engraved lab on the skin and biofuel powered battery-free
electronic skin toward metabolic/nutritional management as well as dynamic stress monitoring. These
wearable and flexible devices could open the door to a wide range of personalized monitoring, diagnostic,

and therapeutic applications.
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A 3k#k % : Piezoelectric Thick Film Stator Based on Electrohydrodynamic Jet Printing for Micro

Rotary Ultrasonic Motor

AR, 5, WAREEN, KEATRPERME L, FETH: S8
JEIEILTE T EN G, itk BE Ik A A% s AT A%
Abstract: This paper proposes a novel lead zirconate titanate (PZT) thick film
piezoelectric microstator that combines of a high-performance PZT thick film and

the electrohydrodynamic jet (E-jet) printing method. The E-jet printing technique

was used to directly write the PZT thick film element on the elastic body using a PZT composite slurry, to
form the piezoelectric microstator. This fabrication process avoids traditional machining techniques, such
as thinning, bonding, and etching, and can be compatible with microelectromechanical systems (MEMS)
technology. The printed PZT thick films element exhibited compact and uniform features. The thick film
microstator achieved a travelling wave with an amplitude of 345 nm, and the mechanical quality factor
was determined to be 736. The combination of the E-jet printing technique with PZT thick film
technology simplified the manufacturing process and enhanced the performance of the piezoelectric stator,

and resulted in a unique MEMS rotary ultrasonic motor device.
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&R & : A Phonon Laser Operating at an Exceptional Point
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Abstract: Non-Hermitian physical systems have attracted considerable attention lately for their
unconventional behaviour around exceptional points (EPs)—spectral singularities at which eigenvalues
and eigenvectors coalesce. In particular, many new EP-related concepts such as unidirectional lasing and
invisibility, as well as chiral transmission, have been realized. Given the progress in understanding the
physics of EPs in various photonic structures, it is surprising that one of the oldest theoretical predictions
associated with them, a remarkable broadening of the laser linewidth at an EP, has been probed only
indirectly so far. Here, we fill this gap by steering a phonon laser through an EP in a compound
optomechanical system formed by two coupled resonators. We observe a pronounced linewidth
broadening of the mechanical lasing mode generated in one of the resonators when the system approaches

the EP.
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%, 435 Nano Letters, ACS Nano, Nano Energy %%, SCI 5] 1208 /X (Google

51 2000+¥%), ESI #5118 2 ks TTwk IR 20 &k, 3 MEMS.

TRANSDUCERS %%, HiH&HEF] 30 2T (AL 22 W) , HRFECEE 2

7K 4T IEEE Transactions on Nanotechnology—Associate Editor, {: TRANSDUCERS 2019.IEEE NEMS
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BiEM . Clinical Translation of mRNA-based Nanomedicines for Immunotherapy

FAHB, WAL R, TR TEERET: R REEIEIRY

I 9C. VERNE—SEIES, KE SCIRL 47 /&, BH5 Adv Drug Deliv Rev
(IF 15.519). J Control Release (IF 7.261). ACS Appl Mater Inter (IF 7.15)%%,
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Abstract: Immunotherapy based on mRNA medicines has recently witnessed accelerated progress as a
new therapeutic strategy with the potential to treat a range of infectious diseases and cancers. Billions of
dollars have been invested in the basic and clinical research of mRNA-based medicines for
immunotherapy. Several types of mRNA medicines delivered by non-viral delivery vectors have
demonstrated encouraging results in both animal and humans. With the augment of clinical indications,
mRNA medicines rapidly become a promising alternative to conventional immunotherapy because of their
better clinical benefit and less toxicities. Our presentation will focus on the most recent progress of
clinical trials and clinical translational studies of mRNA nanomedicines for immunotherapy. Moreover,
nanovaccines containing mRNA we developed will also be shared especially against COVID-19 and

cancers.

BiEME: Intelligent Nanomedicines for Tumor Microenvironment Targeting and Regulation

B, WROKAE LTI, Wk G, ALK, SRR
BEICH, RCHIER: BHEMAKT S 5 E RS (973)
HEERIE R, WA THEIE R 3, PR « 3 WA A AA " 3.
DI, WREAVKZE, WO BRSSO IR

F

Abstract: It has witnessed that the rapid development on precision design and
fabrication of intelligent next generation nanomedicine-medical nanorobots hold the great potential to
revolutionize the current landscape of drug development. It is also clear that tumor microenvironment

plays critical roles on either promotion or restriction on primary tumor rapid growth and metastasis. Those
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achievements have made targeting and regulation of tumor microenvironment via nanomedicines a
feasible and fruitful strategy, to improve the therapeutic outcomes for cancer treatment. This presentation
will feature our recent development on using DNA and protein based nanorobots as intelligent
nanomedicines to regulate tumor microenvironment to block tumor microvessels or re-store the
homeostasis of tumor stroma. Robotic molecular systems have great potential as intelligent vehicles to
enable the delivery of various potent molecules, which otherwise never could be used as therapeutics due
to numerous limitations. Yet, achieving in vivo, precise molecular-level, and on-demand targeting and
delivery has proven extremely challenging. We developed an autonomous nanorobotic system for targeted
cancer therapy, programmed to transport molecular payloads and cause on-site tumor infarction. Given the
robust self-assembly behavior, exceptional designability, potent antitumor activity and minimal in vivo

adversity, the nanorobot represents a promising strategy for precise drug design for cancer therapeutics.
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BiEWME: Multi-mode Metal-based Nanomedicines for Cancer Therapy

F @ FREE FAI )

Abstract: Many new concept biomedical metallic nanomaterials have been

germinated via the interdisciplinary integration and innovation of nanomaterials and
biomedicines, leading to more and more disruptive technologies for the diagnosis
and therapy of cancers and other difficult miscellaneous diseases. To speed up the
clinical translation of nanomedicines needs to address their low delivery efficiency
and ultra-low utilization of drugs, to enhance the synergistic therapy effects, and to develop the
convenient human-friendly dose administration methods. Thus, the composition and microstructure of
nanomedicines and carriers have to be conceived reasonably according to the microenvironments of
cancer cells and delivery routes, together with the dose administration. Fulfilling these goals need to
design smart nanomedicines of multi-mode imaging functions and multi-stimuli responsiveness besides
efficient therapy.

In this presentation, the design principle of multi-mode functions (imaged by dark-field microscope,
MRI and CT) and multi-stimuli responsiveness (pH, temperature) will be discussed for the oral
administrated nanomedicines for hepatocellular carcinoma (HCC), pancreatic cancer (PDC) or human

chronic myeloid leukemia cancers (CML). These nanomedicines are synthesized using programmed
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microfluidic process by conjugating hybrid metallic nanomaterials with natural medicines. They are
further microencapsulated using droplet microfluidic platform into the biocompatible natural polymer
drops. The cell-nanomedicine interaction based on cell lines including one kind of HCC cell (HEP-G2), a
kind of CML cell (K562), a kind of embryonic fibroblast cells (3T3) and a kind of T cell (Jurkat cell) are
investigated. The molecule imaging function as optical nanoprobes, MRI and CT contrast agents are
tested in vitro. Their anti-cancer effects for HCC and PDC are further studied in vivo using orthotopic

HCC or PDC mice model.
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Abstract: Over the past decade, the complexity of microfluidic devices has reached a new level, complex
laboratory processes can be integrated and automated on-chip, from sample to answer. The range of
applications for microfluidic devices is constantly expanding and so are the challenges for manufacturing.
This presentation will overview the challenges for high volume production of polymer microfluidic
devices, shows our new manufacturing technologies that enable features and performance in microfluidic
chips that conventional methods have had difficulty to achieve, and share our vision of the latest

microfluidics market and technology trends in China.
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A3k : Microtip Focused Electrohydrodynamic Jet Printing Using Highly Viscous Inks

A, 5, KEMTREERE L, FEBRITE: 9Kk RE 3D
ARG, ML R G
Abstract: Electrohydrodynamic jet (E-Jet) printing is a promising technique for
manufacturing of high-resolution features with high-efficiency and high-precision.

However, high-resolution features are generally obtained by reducing the nozzle

size to hundreds of nanometers, which is particularly difficult and complicated to
fabricate. Moreover, the types of printable inks are still limited to those with relatively low viscosities
(typically < 90 mPa * s) owing to the high probability of nozzle blockage. Here, we propose a microtip
focused electrohydrodynamic jet (MFEJ) printing, which is simple, high-resolution and low-cost, to print
nanostructures. The MFEJ printing uses a solid metallic microtip with a diameter of several micrometers
rather than a hollow nozzle, which is simple to fabricate and can improve printing resolution to nanoscale
using highly viscous inks (as high as 3500 mPa * s), and significantly avoid nozzle clogging problems.
High-resolution patterns of wide range of highly viscous inks in diverse geometries were achieved by the
MFEJ printing. The technique provides a potential and effective method using highly viscous inks for

simple fabrication of nanostructures for micro/nano devices.
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Abstract: In nature, a variety of living organisms, such as microorganisms, ants, fish, birds and mammals,
can self-organize into large groups and show astonishing collective behaviors purely through local
communications. Drawing inspiration from collective behaviors in nature, creating artificial swarms of
micro/nanorobots are envisioned to offer new opportunities to develop reconfigurable robots or
programmable matter for cooperative grasping, collective cargo transportation, and microfactories, etc.
However, the reported microrobot swarms only have a homogeneous single-level group structure because
the individuals are identical and play a similar role in the group. The hierarchical and hetergeneous
organizations of micro/nanorobots remains a great challenge because of the technological difficulties in
building local hierarchical or heterogeneous communications. In this presentation, at first, we are to
demonstrate the construction and collective behaviors of hierarchical leader-follower-like microswarms.
By inducing converging electrohydrodynamic flows under an AC electric field, dielectric microparticles
with different sizes and dielectric properties can hierarchically organize into leader-follower-like
microswarms under attractive electrohydrodynamic interactions, and show novel emergent collective
behaviors. Different from immobile single constituents or egalitarian clusters, the hierarchical
microswarms autonomously move with tunable speed, and exhibit multimode collective photoresponses,
including light-controlled stop-and-go motions and light-intensity-dependent positive/negative phototaxis.
Secondly, we are to demonstrate a concept to create heterogeneous microrobot systems from two species
of passive microparticles with biomimetic predator-prey interactions. In this concept, the biomimetic
predator-prey interactions are established in a binary particle system comprising the diffusiophoretic
attractive microparticles (prey particles) and the diffusiophoretic repulsive ones (predator particles). In the

absence of additional chemical fuels and external fields, the predator particles are attracted by and
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constantly chase the swarming prey particles, which, in response, escape from the former and show
dynamic group reconfigurations because of the local repulsion. Due to differential roles and huge design
spaces of dissimilar constituents, the hierarchical and heterogeneous microswarms are envisioned to
possess merits of high-efficiency, multi-responsiveness and multi-functions, and may serve as intelligent

micro/nanorobot systems for biomedicine and microengineering.
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BiEME : Remarkable Acceleration of Biomolecules Enrichment and Detection with Rotationally

Motorized Opto-plasmonic Microsensors and the Working Mechanism

Dr. Donglei Emma Fan is an Associate Professor in the Department of
Mechanical Engineering and a core faculty member of the Materials Science and
Engineering Program, Texas Materials Institute at The University of Texas at
Austin. She holds the Robert & Jane Mitchell Endowed Faculty Fellowship in
Engineering since 2017. Prof. Fan received her bachelor’ s degree in chemistry in
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undergraduate students, from Nanjing University, two master” s degrees (2003, 2005) in Materials Science
and Electric Engineering, and doctorate (2007) degree in Materials Science and Engineering from The
Johns Hopkins University. Dr. Fan research focuses on exploiting the fundamental materials science,
physics, and chemistry for innovative design, manufacturing, and applications of materials in robotics,
biomedical research, such as biosensing and single-cell stimulation, and energy and environmental
remediation devices. She is an inventor of the patent awarded “Electric Tweezers” technique that can

precisely manipulate nanoscale materials in aqueous suspension by combined AC and DC electric fields.

Among her various honors, Dr. Fan holds the Robert & Jane Mitchell Endowed Faculty Fellowship
in Engineering since 2017, received the prestigious US National Science Foundation CAREER Award,
and is a Recognized Mentor by the Siemens Foundation. She received early admission to the honor
program for talented undergraduates in NJU, waived of the National College Examination and awarded
the Freshman Scholarship. Her research work on the bottom-up assembly of inorganic nanomotors was
selected as the #3 of “ 10 discoveries that will shape the future in 2014” by the British Broadcasting

Corporation (BBC) Focus magazine and was included in Science Year by Year, DK Smithsonian, 2017.

Abstract: Vigorous research efforts have advanced the state-of-the-art nanosensors with ultrahigh
sensitivity for bioanalysis. However, a dilemmatic challenge remains. It is extremely difficult to obtain
nanosensors that are both sensitive and high-speed in the detection of low-concentration molecules in
aqueous samples. Herein, we report how the controlled mechanical rotation (or rotary motorization) of
designed opto-plasmonic microsensors can substantially and robustly accelerate the enrichment and
detection speed of deoxyribonucleic acid (DNA) with retained high sensitivity. At least 4-fold augment of
capture speed of DNA molecules is obtained from a microsensor rotating at 1200 rpm. Theoretical
analysis and modeling shed light on the underlying working mechanism, governed by the
molecule-motor-flow interaction, as well as its application range and limitation. This work provides a new
device scheme that alleviates the dilemmatic challenge in biomolecule sensing, and also the understanding
of the complex interactions of molecules and moving microobjects in suspension. The results may assist
the rational design of efficient microrobotic systems for the capture, translocation, sensing, and release of

biocargos.
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gL : Progress in Optoelectronic Devices Composed of 2D Layered Materials
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Abstract: Two-dimensional (2D) materials are a set of layered materials with atomically-thin thickness
and intriguing physical and optoelectronic properties. In the past decade or so, we have witnessed
remarkable advances in 2D materials and associated electron devices, which shed light on the potential
applications from visible to the infrared and further down to terahertz (THz) spectral ranges. In order to
enhance high-performance electron devices constructed with 2D materials in the limited length of
light-matter interaction, we have developed several new design concepts and fabrication methods for the
high-performance devices, particularly, visible to the near-infrared photodetectors and THz light wave
modulators, by exploring the unique electronic and optical properties of 2D materials and their compelling
characteristics. In this presentation, we will present advances on graphene, MoS2, and WTe2, 2D organic

crystal and their related heterostructures, particularly to be illustrated via several examples.
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Abstract: Neuromorphic visual systems have considerable potential to emulate basic functions of the
human visual system even beyond the visible light region. However, the complex circuitry of artificial
visual systems based on conventional image sensors, memory and processing units presents serious
challenges in terms of device integration and power consumption. Here we show simple two-terminal
optoelectronic resistive random access memory (ORRAM) synaptic devices for an efficient neuromorphic
visual system that exhibit non-volatile optical resistive switching and light-tunable synaptic behaviours.
The ORRAM arrays enable image sensing and memory functions as well as neuromorphic visual
pre-processing with an improved processing efficiency and image recognition rate in the subsequent
processing tasks. The proof-of-concept device provides the potential to simplify the circuitry of a
neuromorphic visual system and contribute to the development of applications in edge computing and the

internet of things.
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#iEW L : Dielectric and Plasmonic Si Optical Nanoantennas

Dr. Zhaogang DONG received his Bachelor and PhD degrees from Nanyang
Technological University, Singapore, as supported by A*STAR graduate
scholarship (AGS). He joined A*STAR in 2011. Currently, he is Scientist III in

Institute of Materials Research and Engineering (IMRE), A*STAR and his current

research mainly focuses on sub-10-nm nanofabrication for nano-optics and
nano-photonics applications.

Abstract: Si is the most widely used material in the semiconductor industry, and Si-based technology
platforms have been developed rapidly in the past few decades. In addition, due to its high refractive
index and low Ohmic losses, Si nanostructures are able to support localized Mie resonances, which enable
many nanophotonic applications. In this talk, I will present our recent work in exploring this dielectric
Mie resonance of Si nanostructures for high-resolution color printing with highly saturated colors, as well

as its plasmonic resonance at UV regime, which is originated from the inter-band transitions.
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BiEMS: Nonlinear Nanoplasmonic Metasurfaces: Conversion Efficiency and Functionality
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Abstract: Ultrathin plasmonic and dielectric metasurfaces enable flexible manipulation of the interacted

optical wave in magnitude, phase, polarization etc. in not only the linear regime but also the nonlinear

regime. In this talk I will show you our efforts aiming at enhancing the nonlinear conversion efficiency

and the sensing capability of plasmonic metasurfaces by optimizing the damage threshold, the resonant

quality, and the nonlinear chiroptical response.

BiER & : Reconfigurable Metasurfaces/Meta-gratings for Light Steering, Modulation and
Multiplexing Functionality

PR, MR EEPRBIR, MRS, HHE M. g
Kot MR, HEDEE. AR T RERYE, el T 56 EH v
JER%, ZJE TRAFHELA AT AR RAZ AR 6 WA 5T, 2019 RN

EEE “EERANA” FENHE. L —/3LF 2 —/E&1E Science. Nano
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Letters. ACS Nano. ACS Photonics. Advanced Optical Materials %5 KR L e 5l X FE. B8
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Abstract : Our research projects involves in proposing reconfigurable DNA-assembly superlattice,
metasurface as well as meta-grating architectures with engineered interfacial phase gradient, which could
realize reconfigurable spectral absorption tunability as well as arbitrarily directional steering for
broadband visible-frequency light with high conversion efficiency and ultrawide-angle spectrum splitting
functionalities. The proposed metasurface/meta-grating enjoys great simplicity, reconfigurable tunability
and complexing versatility for design and nanofabrication, which could easily find various functionalities
and applications including beam splitting, spectrum tunability, and multifunctional flat lensing as well as

the future virtual reality holograms.
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& & : Strain Engineering of Metal Halide Perovskites
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Abstract: The last decade has witnessed the great progress in organometal halide perovskite-based
photovoltaic technology, for the low non-radiative recombination loss, long carrier lifetime and long
diffusion length. The excellent optical properties and easy preparation enabling the wide applications in
electro-optical and opto-electrical conversion. Their photovoltaic properties have been extensively
investigated with respect to microstructures, environmental parameters, carrier dynamics, etc. Structural
evolution in MHPs under high pressure was popularly observed and analyzed. The energy level structure,
electron/hole dynamics and optical/electronic properties are correspondingly affected for MHPs with
anisotropic crystal structures. In this report, we summarize the varying optical/electronical properties of
MHPs with respect to their anisotropic structures under thermal, mechanically imposed and in-service

strains/stresses that have been neglected by previous researches.

BEME: Multiscale Modeling and Interfacial Mechanics of Graphene-based Nanocomposites and
Carbon Fiber Reinforced Polymer Composites

Dr. Zhaoxu Meng joined the Department of Mechanical Engineering at
Clemson University as an Assistant Professor in Fall 2019 following appointments
as a CHiMaD (Center for Hierarchical Materials Design) Postdoctoral Fellow at

Northwestern University. Dr. Meng obtained his PhD degree in Civil Engineering
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at Northwestern University in June 2018 and his bachelor’ s degree in engineering Mechanics at Beihang
University in 2013. His research aims to advance the design and development of high-performance
materials in different engineering disciplines by drawing inspirations from nature. The main focus of the
work is establishing computational models at multiple length and time scales with emphasis on advanced
manufacturing processes/materials.

Abstract:Graphene oxide (GO) is a promising building block for nanocomposites due to its excellent
mechanical properties and tunable interfacial interactions with polymers. While experiments have shown
that GO sheets consist of graphitic regions clustering into patches and oxidized regions constituting the
remaining areas, the role that these heterogeneous patches play on interfacial and mechanical properties of
GO reinforced nanocomposites have not yet been investigated. To address this issue at spatiotemporal
scales beyond atomistic simulations, we employ recently developed coarse-grained models of GO sheet
and synthetic polymer to model patchy GO sheets and a representative GO/polymer nanocomposite with
GO sheets serving as fillers. We quantify how interfacial adhesion energy and polymer conformations
depend on the size of patches and corroborate these findings with the viscoelastic behaviors of the
nanocomposite. We find that heterogeneous patchy structures on GO sheets are responsible for variations
in interfacial and viscoelastic properties of GO - based nanocomposites. Our study provides fundamental
insights into the interfacial mechanisms of GO - polymer nanocomposites and the influence of
heterogeneous functionalized surfaces on the mechanical properties of polymer nanocomposites. In
addition, our recent studies demonstrate an integrated computational materials engineering framework for
carbon fiber reinforced polymer (CFRP) composites by integrating computational models ranging from
four size scales. The framework has the potential to significantly reduce development to deployment lead

time for lightweight engineering applications.
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BiEW s : MEMS Capping Solution by Anodic Bonding of Evaporated Glass Thin Films
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Abstract: Anodic bonding is a widely used MEMS process to join silicon and glass wafers. It has been
utilized for many years in a large variety of devices and is valued for its possibility to create highly
reliable and strong bonds at rather robust process parameters - e.g. not demanding extremely perfect
surface conditions as in fusion bonding. However, the limitation in the choice of bond partners (typically
borosilicate glass like Pyrex or Borofloat 33 to silicon) and the rather harsh processing conditions
(temperatures around 400° C and typical voltages of 600-1000V) has restricted the use of this process.

Extensive research has been done over the years to adapt the process conditions in order to enable
anodic bonding at lower temperatures and voltages and reach a higher compatibility of the process. The
quality of the anodic bond is characterized by the charge (alkaline ion content) moved in the glass
substrate and the ability of the glass to form covalent bonds with the silicon wafer. It can be observed that
the bonding result is mainly an interaction on three process parameters: temperature, voltage, and process
time with a clear dependence on the surface roughness of the bond partners. In bulk anodic wafer bonding
it is not possible to reduce all three of these parameters and receive a satisfactory result.

In order to enhance the compatibility of the anodic bonding process, the limitation of bulk silicon
glass bonding needs to be overcome. Work has been reported on replacing the bulk glass wafers by
thinner glass structures e.g. formed on a silicon wafer by polishing a previously anodically bonded glass
substrate to a thickness of 20-50um to achieve a kind of glass film. Other approaches include sputtering of
borosilicate glass and the evaporation of this glass type, which is the focus of this contribution. On part of
the silicon wafer, anodic bonding has been verified to work with different metallization layers, esp.
aluminum coatings.

Our contribution gives an overview on the possibilities of bonding with evaporated glass thin films to
silicon and aluminum structures, and it applications in e.g. MEMS capping or pressure sensors. We
investigate the influence of the process parameters of the glass deposition on the bonding result and
present concepts for enhancing the compatibility of the anodic bonding process using evaporated glass

thin films.
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BiE W % : Flexible IonTronic Sensing (FITS): Emerging Tactile Intelligence for Medicine and

Robotics
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Abstract: Artificial Intelligence has become an extremely popular subject to explore in both industries
and academia recently, in which a variety of machine vision and voice recognition technologies have been
established to enable such human-machine interfaces. As the next phase of artificial intelligence, tactile
intelligence by offering a completely new means to facilitate in the human-everything communications,
where high-sensitivity, noise-proof sensing mechanisms with long-term functionalities play critical roles
in a real-world implementation, while the existing tactile sensing technologies (i.e., resistive, capacitive,
or piezoelectric) have yet offered a satisfactory solution to address them all. Here, we successfully
introduced the next-generation flexible iontronic sensing (FITS) principle to detect delicate physiological
pressure and tactile force using a unique elastic ionic-electronic interface. Remarkably, the iontronic
sensing technology demonstrated at least 1,000 fold increase in the device sensitivities, leading to removal
of the long-standing industrial issue of parasitic noises, while providing high structural flexibility, in
addition to its optical transparency. With the unprecedented sensitivity and flexibility, it has further
enabled new possibilities to address pressing medical and robotic challenges broadly, including
non-invasive and continuous monitoring of hemodynamics, screening of intestinal motility and

functionality, as well as empowering artificial tactile sensation.
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