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• Computational Modeling  
• WDM Components/Systems 
§ Araci	
  et	
  al,	
  IEEE,	
  J.	
  of	
  Lightwave	
  Tech.,	
  2003	
  
§ Araci	
  et	
  al,	
  OpHcs	
  Express,	
  2005	
  

• Micro/nanofabrication 
• Photonics 

• Plasmonics 
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§ Araci	
  et	
  al,	
  Applied	
  Physics	
  Le"ers,	
  2010	
  
§ Demir	
  V,	
  Araci	
  et	
  al,	
  Applied	
  OpHcs,	
  2011	
  
§ Patent:	
  “Tunable	
  Infrared	
  Emi"er”,	
  
US20120235067	
  A1,	
  licensed	
  by	
  Intex	
  Inc.	
   § Araci	
  et	
  al,	
  OpHcs	
  Express,	
  2007	
  

§ Araci	
  et	
  al,	
  OpHcs	
  Express,	
  2010	
  

§ Thomas,	
  Gangopadhyay,	
  Araci	
  et	
  al,	
  
Advanced	
  Materials,	
  2011	
  

• Implantable microfluidic devices 
• Digital biology 

• Single cell analysis 
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Personal	
  background	
  



What	
  is	
  Bioengineering?	
  

q  Integrates	
  physical,	
  chemical,	
  mathemaHcal,	
  	
  computaHonal	
  
sciences	
  and	
  engineering	
  principles	
  to	
  study	
  biology,	
  
medicine,	
  behavior,	
  and	
  health	
  

	
  

q Advances	
  fundamental	
  concepts	
  and	
  creates	
  knowledge	
  from	
  
the	
  molecular	
  to	
  the	
  organ	
  systems	
  levels	
  	
  

q Develops	
  innovaHve	
  biologics,	
  materials,	
  processes,	
  implants,	
  
devices,	
  and	
  informaHcs	
  approaches	
  for	
  the	
  prevenHon,	
  
diagnosis	
  and	
  treatment	
  of	
  disease,	
  for	
  paHent	
  rehabilitaHon,	
  	
  
and	
  for	
  improving	
  health	
  	
  

Defini3on	
  from	
  NIH	
  



Biotechnology	
  in	
  History	
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•  Bio-Imaging Engineer 
•  Validation Engineer 
•  Vaccine Development Scientist 
•  Manufacturing Development 

Engineer 
•  Regulatory Affair Specialist 
•  Biostatistician 
•  Bioinformatics programmer 
•  Stent Engineer 
•  Fermentation Engineer 

•  Biomedical Engineer 
•  Membrane Scientist 
•  Bio-MEMS researcher 
•  Environmental Bio-safety Engineer 
•  Automation Engineer 
•  Tissue Engineer 
•  Formulation Scientist 
•  And many others…….. 

Diversity	
  in	
  Bioengineering	
  Jobs	
  



Source:	
  Employment	
  Development	
  Department,	
  California	
  



Source:	
  Employment	
  Development	
  Department,	
  California	
  



Commonly	
  encountered	
  bioengineering	
  
technologies	
  and	
  recent	
  advances	
  	
  



Biomaterials 

http://www.youtube.com/watch?v=iaZhJuxPNpA 
 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3631569/ 
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http://engineering.nyu.edu/files/pressrelease/COMPcc_blackBG_color_600dpi_4inx3in.jpg 

SMART POLYMERS 



Ar3ficial	
  organs	
  &	
  Tissue	
  engineering	
  

Source:	
  Texas	
  Heart	
  InsHtute	
  

Source:	
  Antony	
  Atala	
  Lab	
  



Biomedical	
  imaging	
  

Source:	
  BriHsh	
  Society	
  for	
  Cell	
  Biology	
  

Source:	
  LI-­‐COR	
  Biosciences	
  

Source:	
  New	
  York	
  University	
  



http://sites.ieee.org/scv-mems/files/2014/01/TSensors-1-22-14_final.pdf 
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Bio-Signals 

h"ps://youtu.be/CDsNZJTWw0w?t=9m58s	
  
	
  



Biomechanics	
  &	
  Physiological	
  Modeling	
  



Genomics	
  and	
  Bioinforma3cs	
  



Microfluidics	
  and	
  Bio-­‐MEMS	
  

Source:	
  Fluidigm	
  

Source:	
  Wikipedia	
  



Bio-Medical Devices 
A  broad range of surgical devices and equipment used in cardiovascular, 
orthopedics, respiratory, ophtalmic, neurology, urinary, disposable and other 
applications. 

http://www.healthbase.com/resources/images/ortho/hip_replacement_implants/healthbase_ 
zimmer_total_hip_replacement_implant_components.jpg 

http://www.foleyandsmall.com/practice-areas/defective-medical-implant-device-
attorney/durom-cup-hip-replacement.cfm 

http://virchicago.com/carotid-artery-blockage/ 
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Medical	
  devices	
  and	
  implants	
  

Source:	
  NIH	
  NIDDK	
  

Source:	
  Medtronic	
  



Bringing	
  21st	
  century	
  Bioengineering	
  to	
  
Santa	
  Clara	
  University	
  



Dr.	
  I.	
  Emre	
  Araci	
  
Implantable,	
  miniaturized	
  
microfluidic	
  technologies	
  

Dr.	
  Prashanth	
  Asuri	
  
in	
  vitro	
  plagorms	
  that	
  
mimic	
  in	
  vivo	
  condiHons	
  

Dr.	
  Ashley	
  Kim	
  
Integrated	
  microfluidic	
  
sensors	
  and	
  devices	
  	
  

Dr.	
  Bill	
  Lu	
  
Molecular	
  sensors	
  and	
  
genome	
  engineering	
  

Dr.	
  Yuling	
  Yan	
  
Biomedical	
  imaging;	
  Image	
  
and	
  signal	
  analysis	
  

Dr.	
  Jonathan	
  Zhang	
  
Protein	
  engineering;	
  Bio-­‐
device	
  engineering	
  

Dr.	
  Maryam	
  Mobed-­‐Miremadi	
  
Bio-­‐membrane	
  characterizaHon	
  
and	
  transport	
  modeling	
  

SCU	
  Bioengineering	
  faculty	
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http://www.biotechniques.com/multimedia/archive/00108/BTN_A_000113553_O_108677a.pdf 

http://www.nature.com/nm/journal/v20/n9/full/nm.3621.html 



Tissue	
  Engineering	
  Laboratory	
  
Equipped	
  to	
  design	
  &	
  develop	
  in	
  vitro	
  
funcHonal	
  biological	
  subsHtutes	
  and	
  
toxicity	
  screening	
  models.	
  	
  

Biomolecular	
  Engineering	
  
Laboratory	
  
Facilitates	
  processing	
  of	
  	
  syntheHc	
  
biomolecules	
  towards	
  biomedical	
  
and	
  industrial	
  applicaHons.	
  

Micro/Nanosystems	
  Laboratory	
  
Develops	
  innovaHve	
  microfluidic	
  
plagorms	
  for	
  applicaHons	
  in	
  diagnosHcs	
  
and	
  cellular	
  engineering.	
  

Biosignals	
  Laboratory	
  
Wide	
  range	
  of	
  instrumentaHon	
  
and	
  computaHonal	
  systems	
  to	
  
analyze	
  and	
  interpretate	
  various	
  
human	
  biosignals.	
  

Bioengineering	
  Laboratories	
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•  Engineering	
  mammalian	
  cells	
  as	
  biosensors	
  to	
  detect	
  diseases	
  
•  DetecHng	
  baby	
  at	
  home:	
  detect	
  fetal	
  movement	
  using	
  ultrasound	
  
•  Probing	
  mechanical	
  properHes	
  of	
  stem	
  cells	
  using	
  AFM	
  
•  SAFire:	
  	
  Gas	
  sensing	
  mechanism	
  to	
  prevent	
  surgical	
  airway	
  fires	
  during	
  

electrosurgery	
  (In	
  collabora4on	
  with	
  Medtronics)	
  
•  Pathogen	
  detecHon	
  using	
  microfluidic	
  electrochemical	
  DNA	
  sensors	
  
•  Improving	
  mechanical	
  strength	
  of	
  biological	
  glues	
  using	
  nanotubes	
  
•  RecogniHon	
  of	
  blood	
  vessel	
  proximity	
  using	
  Doppler	
  Ultrasound	
  
•  Transcutaneous	
  transfer	
  of	
  radio	
  frequency	
  energy	
  as	
  an	
  alternaHve	
  power	
  	
  

source	
  for	
  implantable	
  medical	
  devices	
  
•  TheraPE	
  -­‐	
  a	
  minimally	
  invasive	
  pulmonary	
  embolectomy	
  device	
  (In	
  

collabora4on	
  with	
  GVMED)	
  

Examples	
  of	
  Senior	
  Design	
  Capstone	
  
	
  projects	
  



•  Miniaturized	
  Systems	
  for	
  Chemistry	
  and	
  Life	
  Sciences	
  (µTAS)	
  
•  American	
  Chemical	
  Society	
  
•  Materials	
  Research	
  Society	
  
•  American	
  InsHtute	
  of	
  Chemical	
  Engineering	
  
•  Biomedical	
  Engineering	
  Society	
  
•  IEEE	
  Engineering	
  in	
  Medicine	
  and	
  Biology	
  Society	
  
•  InternaHonal	
  Conference	
  on	
  BioinformaHcs	
  &	
  Bioengineering	
  
•  InternaHonal	
  Conference	
  on	
  ComputaHonal	
  &	
  MathemaHcal	
  

Biomedical	
  Engineering	
  
•  Annual	
  Pacific	
  Voice	
  &	
  Speech	
  FoundaHon	
  Conference	
  	
  	
  

Student	
  presentations	
  at	
  	
  
National	
  &	
  International	
  conferences	
  



Student	
  research	
  published	
  in	
  	
  
peer-­‐reviewed	
  journals	
  
•  Biotechnology	
  &	
  Bioengineering	
  
•  Protein	
  Science	
  
•  Proceedings	
  of	
  the	
  IEEE	
  Biomedical	
  Circuits	
  and	
  Systems	
  	
  
•  PloS	
  One	
  
•  Cellular	
  and	
  Molecular	
  Bioengineering	
  
•  AIChE	
  Journal	
  
•  Journal	
  of	
  Experimental	
  Biology	
  and	
  Medicine	
  
•  World	
  Journal	
  of	
  Stem	
  Cells	
  
•  IEEE	
  Journal	
  of	
  TranslaHonal	
  Engineering	
  in	
  Health	
  and	
  

Medicine	
  



Jointly	
  organized	
  by	
  Department	
  of	
  Bioengineering,	
  Santa	
  Clara	
  
University	
  and	
  Shanghai	
  Jiao	
  Tong	
  University	
  School	
  of	
  Pharmacy	
  

International	
  summer	
  exchange	
  program	
  



•  UC-­‐Berkeley,	
  UCSF,	
  UCLA,	
  UCSC	
  
•  Johns	
  Hopkins	
  
•  Columbia	
  University	
  

•  Stanford	
  University	
  
•  Rensselaer	
  Polytechnic	
  InsHtute	
  
•  University	
  of	
  Kentucky	
  
•  Oregon	
  State	
  University	
  
•  John	
  A.	
  Burns	
  School	
  of	
  Medicine,	
  Hawaii	
  

	
  

SCU	
  BIOE	
  students	
  –	
  where	
  are	
  they	
  now?	
  



BIOE students - where are they now ?  
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Bioengineering	
  –	
  next	
  steps	
  
•  Mobile	
  health,	
  telemedicine,	
  remote	
  monitoring	
  

•  Implantable	
  &	
  wearable	
  medical	
  devices	
  

•  Biocircuits	
  and	
  Bioelectronic	
  systems	
  

•  Biological	
  photovoltaic	
  devices	
  
•  Total	
  simulaHon	
  of	
  the	
  human	
  body	
  

•  Personalized	
  and	
  precision	
  medicine	
  

•  3D	
  bioprinHng	
  of	
  Hssues	
  and	
  organs	
  
	
  



Thank	
  You	
  
	
  

Any	
  Ques3ons?	
  



Intraocular	
  pressure	
  sensing	
  lens	
  using	
  
microfluidics	
  



Continuous Monitoring for Healthcare Management 

Hughes et al, J. of Glaucoma, 2003 

RF-circuit !!! 

Triggerfish	
  contact	
  lens	
  
©Sensimed	
  AG	
  

Wireless	
  Temperature	
  Monitor	
   Blood	
  Pressure	
  Measurement	
  

Intraocular	
  Pressure	
  Measurement	
  by	
  
Applana3on	
  Tonometry	
  

Glaucoma	
  affects	
  nearly	
  1%	
  of	
  U.S.	
  	
  



Conceptual Workflow of Our Technique 

Adapter for imaging 
and illumination 

Gas/liquid 
interface 

mmHg 

Smart phone image of an implanted  IOP sensor 

Sensing 
channel 

IOP sensor embedded IOL 

Gas reservoir 

Implant 

www.glaucoma.org 



Pressure=IOP 

*

§ Araci	
  et	
  al,	
  Nature	
  Medicine,	
  2014	
  
§ Patent	
  “Implantable	
  microfluidic	
  based	
  intra-­‐ocular	
  pressure	
  monitoring”,	
  PCT/US2014/019660.	
  

IOP Sensor Operates Based on Fluidic Physics 

ch

res

A
V

∝

Boyle’s	
  Law:	
  
	
  
P	
  x	
  V	
  is	
  always	
  constant	
  

SensiHvity	
  



Sensor Response is Linear Inside Pressure Chamber 
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P	
  =	
  8	
  mmHg	
  

ΔP	
  =	
  +4	
  mmHg	
  

ΔP	
  	
  =	
  -­‐4	
  mmHg	
  	
  

Vreservoir = 0.075 mm3 

§ Araci	
  et	
  al,	
  Nature	
  Medicine,	
  2014	
  
§ Patent	
  “Implantable	
  microfluidic	
  based	
  intra-­‐ocular	
  pressure	
  monitoring”,	
  PCT/US2014/019660.	
  



Real-time Sensor Response to Pressure Changes 



Sensor Implanted into Enucleated Porcine Eye 
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§ Araci	
  et	
  al,	
  Nature	
  Medicine,	
  2014	
  



Top Layer Bottom Layer 

Pour epoxy & vacuum Plasma & APTES treatment 

UV light 

Liquid input 
 punched 

Peel off positive mold 

UV light 

Peel off  
thick PDMS 

Pour epoxy 

Plasma & APTES treatment 

I II 

I & II combined 

NH2	
   NH2	
   NH2	
   NH2	
   NH2	
   NH2	
   NOA 65 Epoxy 
PDMS 
Glass slide 

Top	
  &	
  Bo"om	
  Combined	
  

UV light 



Thank	
  You	
  
	
  

Any	
  Ques3ons?	
  



Optofluidics	
  



Motivation in Studying Microfluidics 
Biological and Biochemical research Home diagnostics and Point-of-care testing 

Main requirements:  
Automation, High throughput 

Main requirements:  
Low cost, easy to use, no maintenance, 
sample in result out 


