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ABSTRACT: This report emphasizes the developniensiagle use microvalve for
controlled drug release forming a part of automat®aplantable microsystem.
Implementation of such a platform was built upoleat#ve blistering in ultra-thin Si
membrane implanted with inert gas species followgdon demand (subjected to
external feedback) rupturing sequence. In thiseagsh investigation, KHwas
implanted into 2 um Si membrane and then thernaaityated for valve action. As a
part of collaborative research work leveraging shdaboratory’s expertise in ion
beam techniques and nanophotonics, it was also dfotimat silica nanowires
synthesized at the parent institution proved t@abeexcellent sensitizing medium to
enrich the optical activity of Er. A provisionalaggnt has been applied to
commercialize this technology that could revolutden the telecommunication
industry. These additional results facilitate ther interaction with the host for
future funding opportunities. The intellectual nesind broader impacts of this
international visit have also been discussed. fnsene-paragraph abstract of this
report.

INTRODUCTION

The awardee institution for the current NSF granthe University of South Florida
(USF) in Tampa, Florida. Proposed objective wasldgelop a bioMEMS system for



2

determining cell structure based on micro-fluidic®-impedance, and microelectronics.
An automated cell mapping system for monitoringphigsiological events has been
implemented. Impedance measurements have beereccastit on optimized planar
microelectrodes capable to identify cells basedtlwir bio-impedance maps. The
thematic focus of quantitative diagnosis in diveeserironments could be extended to
facilitate an integrated drug delivery platform.

The goal of the IREE research activity was to edtdhe scope of the
investigator's NSF CAREER research by validating thasibility of an automated drug
delivery platform. Proposed approach would be used deliver polymer
microencapsulated drugs. In addition, the systetth in¢orporate drug quantification
capability and a unique single shot microfluidiclvea for controlled drug release.
Implementing a simple one shot microvalve will cintvent the problems of spatially
discrete delivery system, inelegant integration aotky nature of the final die. The
process of implantation assisted exfoliation haemédy been investigated on a variety of
functional materials and/or substrates for novetemal synthesis and applications. In
particular, a plethora of information is availala implanted FHe induced “Smart
Cut” process of customized SOI (Silicon-on-Insulattabrication. Adopting such a
strategy would demand expertise in ion beam tonts techniques with knowledge in
microsystems. This formed the basis of the intéonat co-operation carried out under
IREE with a unique synergy of expertise to solution a complex problem. The
objective of the proposed research is to develtgwapower single shot microvalve for
controlled and regulated drug release.

A critical feature in current state of the art imuplable drug delivery systems is
the use of active pumping schemes which utilize rofiigidic pumps and valves.
Presently conceived system designs are an ineffideupling of stand-alone sampling
systems and spatially discrete delivery systemsrebMer, such architectures when
unified with unidirectional microneedle samplingagr pose challenges on a seamless
integration while limiting on achievable functioites. All the abovementioned issues
calls for a simple yet robust on-demand drug relesdisategy/scheme in compliance with
microfabricated bioelectric interfaces. Anticipategsearch tasks of this exfoliation
scheme include (a) to experimentally observe ardkrgtand the effect of implantation
energy, dose and dose rate fordt the blistering morphology and distribution ugam
ultra thin (2um) Si membrane, (b) to identify the critical dosel amplantation depth
required for dense blister initiation and smootHobation for each of the implanted
species and (c) verify the role of substrate oatoh on the blister kinetics and
propagation.

The results of this research will translate intsecatudies in course modules and
seminars rendered by the investigators/studentarious outcomes would be widely
disseminated in the form of published articles. e Timportance of critical patient care
systems cannot be manifested enough. Knowledge iradgdrom these research
investigations is not only relevant in the US, blgo in Australia and India with rising
demand.



Through this proposal, the principal investigatorUsF will partner with Dr.
R.G. Elliman; Head of the Electronic Materials dbdgineering Department (EME) at
the Australian National University (ANU), Canberra. Dr.Elliman
(http://wwwrsphysse.anu.edu.au/eme/profile.phpi®uld continue to be the host and
research collaborator. Research themes of ion bewmdification of materials and
advanced material characterization techniques aE EMNU ideally suits the needs of
the proposed research. Fundamental ion beam stedipby the department's state-of-
the-art accelerator facilities that include, a lemergy (150 KeV) ion implanter, a high-
energy, high current ion-implanter (1.7 MeV terntipatential), and a separate tandem
accelerator (1.7 MV terminal potential) for postabe analysis. Moreover, Dr.Elliman
will be co-advising/supervising the graduate stadesm USF during the student’s visit
under IREE program. This is very critical for cantéd future collaboration and funding
opportunities. The participating graduate studeoin US would be Praveen Sekhar
frtgm the BioOMEMS and Microsystems Lab with travelidates from March 15to July
3, 2007.

RESEARCH ACTIVITIESAND ACCOMPLISHMENTSOF THE
INTERNATIONAL COOPERATION

Figure 1 illustrates the thematic focus of the jps®El approach. The initial vision was to
extract the optimized implantation conditions thiawe the targeted depth of exfoliation
around 1 um. Implantation parameter space for esatyof experimentation was chosen
based on prior research investigations. Throughaeefal design of experiments,
implantation variables (dose, energy, temperatanghient) were optimized to achieve
the targeted exfoliation depth and temperaturer. aHoulk Si substrate to exfoliate 1um
of the surface, kHwas implanted at energy of 125 KV with a dose ll@fe8e17 ions/crh

at room temperature and thermally actuated at 3®@j@valent to 30 mA of electrical
stimulus. These implantation values were succdgsapplied to rupture a 2 um Si
membrane.  Exfoliation kinetics was studied usingnidrski Contrast. Various
implantation schemes such as single and doubleisipkantation were also explored to
reduce the actuation temperature. Structural cheniaation of the ultra-thin Si
membrane in the scanning and transmission electioroscopy reveals amorphization
after implantation and re-crystallization upon that actuation. Based on preliminary
investigation, recommendations are offeredidwer the actuation temperature with a
view to use electrical stimulus to rupture the meamie. The use of heavier gas species
such as Ar in combination with multiple dose anérgy implants would lead to lower
thermal budget. There are various models govertiaglister formation such as the gas
pressure model which correlates the internal gasspire and material rupture strength
towards exfoliation of the latter. In brief, supaturation of noble gases in the substrate
lattice leads to the formation of the bubbles,riistion of which is influenced by the
implantation parameters. A smooth exfoliation oscfallowing blister expansion upon
thermal excitation.
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Figure 1. Thematic lllustration of Implantable Drug Delivery System with Single
Shot Microvalve.

(A) Theoretical model explaining the kinetics of dnggen implantation induced
blistering and exfoliation of Si membrane upon ammus thermal stimulus. Expansion
of gas in a constrained volume leads to explosfdh@membrane. (B) Process sequence
towards the fabrication of feedback controlled,ginuse regulator and (C) The
envisioned unified therapeutic system with the damgpmodule (concentric hollow
silicon microneedle, with the outer needle providapathway for analysis and the inner
needle acting as a reservoir for drug deliveryacited to the microvalve driven by
customized electronics.

B Table 1. Bxperimental Results of H Implantation Based Si Exfoliation at 100 KeV

(%~ Absence of Blistering Exfoliztion on Surface, fi— Blister Formation on Surface, & -
Layer Exfoliation)
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Identifying the optimal implantation parameters for >

controlled exfoliation of the membrane

Structural characterization of the unimplanted,
implanted and exfoliated surface to understand the
rupturing kinetics

Process development towards low temperature
exfoliation of the membrane

Valve Action: Thermal actuation to electrical
stimulus

Design of complete electronic circuitry for on-
demand rupturing sequence




Figure 2. Progress of the IREE Research

(A) SEM micrograph indicating 1 pm exfoliated depB) Optimized Process Variables,
(C) Study of exfoliation kinetics using Nomarskint@ast, (D) SEM image of the
exfoliated membrane at 650 C and (E) Research Miles.

Reiterating, the aim of this project is to extehd scope of the investigator’'s
NSF CAREER research by validating the feasibilify am automated drug delivery
platform. A major goal of drug delivery platforns to enable controlled or sustained
release of drugs into the body. The use of polyenaricroencapsulation of drugs has
been identified as a part this solution. Our prbjetns to enhance the advantages
obtained by polymeric encapsulated drugs by englgirecise control of the time and
amount of microcapsule delivery. While the on-dachdrug release (Figure 2) achieved
through the development of one shot microvalveulegd (quantification)/sustained
delivery realized using the microelectrode modwdeedoped in-house capable of sensing
the passage of a single microcapsule. The fornssareh component was intended to be
completed at the host institution under the guidant Dr.Elliman. The interaction
between researcher (graduate student) and hostatabp during the international
research experience was very productive and mtrtaasfer of knowledge was evident
from the results from nanophotonics (figure 3) llasxperiments as a supplement.
Leveraging ion implantation as a generic tool, rémearcher established selective growth
of silica nanowires in ANU. Imparting a commeraiglage, silica nanowire sensitized Er
doped photonic systems were under implementati®he researcher was exposed to
various research domains in the host departmentsabgbcted to weekly seminars and
presentation. General interaction between theareker and host laboratory led to active
collaboration resulting in provisional patent distires. In addition, Dr.Elliman has
accepted to co-advice the researcher in his ddcstwdies. Research expertise from
ANU, EME in ion beam tools & techniques, nanophdtenn tandem with the student’s
experience of handling microsystems at USF has ba&uely poised to accomplish the
long term goals.
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oL imenaty.dose_surounding The research will provide a basis for
an integrated therapeutics tool for controlled
and quantified drug release utilizing novel
microvalve architectures. This is a major
advance across fields. Proposed research also
opens the gateway for using ion implantation
as a general purpose nanoscale catalysis tool
towards mass manufacturing bottom-up
controlled nanosystems for wide variety of
applications. The envisioned goals bring in
unique synergy of broad disciplines such as
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Figure .3 Photoluminescence material science, engineering, manufacturing,
Spectra: Silica Nanowiresas Better physics and biology to realize an application
Er Sensitizing M edium specific complex microcosm.

BROADER IMPACTSOF THE INTERNATIONAL TRAVEL

The international research collaboration promotedtigipation from diverse
groups from the host institution trying to solve@mmon problem of clinical interest. It
also fostered progressive discussions with ethgiealriant student population as well as
researchers assessing the current health care needbkeir respective nations.
Particularly the social implication of this is ibariginal Australians, where urbanization
has caused changes in their life style, and ohdsésrt disease has become one of the
major causes of concern. The success of thisnasedl be critical in delivering cost-
effective health care, reduce the dependence aingustaff and allow first response in
the golden hour, by delivering drugs as soon asyieptoms of an illness are detected.
This supplemental award was instrumental in esthiolg the feasibility of an automated
release system using a one shot microvalve. Thialinésults could be further refined to
meet the application specific needs. Productioinekpensive single use but efficient
devices will greatly increase the quality of lif@st for the patients concurrent with the
extended scope/objective of the current award.

The international visit in association with the carmes of the research
investigations fostered closer interaction betwiastitutions via:-
joint application for provisional patent disclosure
manuscripts (four) under preparation with combiaathorships
involvement of Dr.Elliman as PhD committee examiokthe participant
submission of IREE 2007 proposal to extend theerurcollaboration

between ANU and USF
Preparation for future funding opportunities sushPARC-NSF and ANN
(NSF), 2007.
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Teaching of learning skills and dissemination mformation are increasingly
becoming important in research to keep pace wittietal and technological changes.
The IREE participant was an invited speaker to 10 the cuff’ seminar series
rendering latest research trends across the globlis opportunity facilitated the



discussion of challenges and limitations of thepped approach as well identify the
researcher as a brand ambassador of USF. Thedese&rom USF had a flavor of the
lingual variation, culture and business practiceAistralia after touring visits to Sydney
and Melbourne.

DISCUSSION AND SUMMARY

Through the IREE supplemental award facilitatingsearch visit to the
electronic materials engineering department atAhstralian National University, the
following were accomplished in terms of :-

Research

» Established the feasibility of implementing a sengise microvalve for an
automated drug delivery platform

» Explored the use of silica nanowires as efficianisitizing medium to enhance
optical activity of Er that could revolutionize thmurrent telecommunication
industry. Exposure to photoluminescence based aptaoncepts was a
revelation to the IREE participant’s research caree

Training

» Approved user status to operate the sophisticatedeéam equipments such as
the ion-implanter (low and high) and Rutherford Bsmattering Spectroscopy
(RBS)

» Commissioning equipments related to photoluminesbased measurements

» Experience to operate transmission electron miomsdTEM) and advanced
scanning electron microscopy (SEM).
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