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‘Vision of BMES ERC

Biomimetic microelectronic systems will form
direct high-density interfaces with the human
nervous system to restore lost function
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‘Goals of Testbeds

Retinal Testbed: >
To research and develop a biomimetic S
microelectronic system to restore reading and face
recognition to the blind

Cortical Testbed:

To research and develop a biomimetic
microelectronic system to restore cognitive
functions such as formation of new memories

CellularTestbed:
To develop a photoactivated cellular switch to
impart light sensitivity to neurons

107ions/sec
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Strategic Plan

Transformative Engineered System: Neural Prostheses

+ Commercial Neural Prosthetic Systems
PROFOUND UNTREATABLE DISEASES ¢ (Other Implantable Actuators and Sensors (Drug Delivery)

* Blindness

* Dementia
TESTBEDS " # \

ENABLING .
TECHNOLOGIES B?Ianced J tier
approach
FUNDAMENTAL
RESEARCH
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Interface science

« Neuroscience * Low power .
+ Non-linear modeling * Biophysics * Neural integration
* Neural networking modeling + Alternative power * |nflammation
* Biologic Si architecture » Data compression * Cell proliferation
+ |mage enhancement * Efficiency ¢ Directed growth
+ Bioheat * Impedance of polymer
¢ Electrochemistry
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=
‘ BMES: An Integrated Research Center (25 projects)

Versatile Low-Power
Amplifier for Biosensing

MRI Compatibility

VLSI Mixed-Signal
Module Integration
Implant Power

Recovery and
Regulation

Nonlinear Dynamic
Modeling of Prefrontal
Cortex in NHP

Ultra Low Power
Integrated Circuits for

Medical Implants Pt/Ir Microelectrodes with

Improved Charge Injection

Ceramic Microarrays for Extended
“Conformal” Electrophysiological

Recordings in Rats and Nonhuman
Primates Charge-Metering

Stimulation Amplifi

Neural Signal
Processing Using
ICA

High-Density

Microstimulator for

Implantable Devices
Advanced Packaging for

Retinal Code of Natural Images Electronic Medical Implants
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Presenter
Presentation Notes
What I’ve just shown you are some examples of integration within our ERC. In fact, we have many examples of interaction between testbeds and thrusts, as well as testbed-testbed and amongst the technology thrusts. What you see displayed on the screen are titles of volume 2 reports that exemplify this type of interaction. I must say that making this slide was rewarding, in the sense that it demonstrates that we are functioning as a research center and not as a group of independent investigators. One of the main goals of the ERC was to create an environment to foster these interactions. It is no exaggeration to state that we have successfully achieved this goal and have created a highly integrated research center.



Restoring Vision to the Blind
Artificial Retina System
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Artificial Retina Timeline

Progress of the Artificial Retina
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®| Argus Il Retinal Prosthesis

Second Sight Medical Products, Inc.

 Only FDA approved Retinal
Prosthesis to date

e 6x10 micro-fabricated
electrode array
— Polymer substrate
— High surface area platinum

e Improved mobility
demonstrated in multi-center

Camera

Cllnlcal trlal (n:30) Coil/ \Glasses
[ Letter readlng In majorlty Of : Suturetabs  Electrode cable Array
subjects /s

e Implant can be controlled
while in MRI
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Presenter
Presentation Notes
VPU = video processing unit

N=30, 30 subjects implanted at 10 centers in the US and Europe


=
Blind Patient Recognizing Letters With The Retinal Implant
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Presenter
Presentation Notes
Subject is viewing screen
Subject is otherwise blind
Display on lower left shows (on right part of display) the video feed from the head mounted camera and (on left part of display) the pattern of stimulation applied to the electrodes. The letter is slightly tilted because the array is tilted on the retina and, to compsenate, the camera is rotated an equal and opposite amount.

One slogan USC has put out “We are going to need a word for used-to-be-blind”


®|Retinal Prosthesis Video (orientation and mobility)

Blind patient using Argus Il retinal implant in an ambient environment
Courtesy BBC TV
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Presenter
Presentation Notes
Update video outside with A60 (Jim has video); one slide of non-human primate data (explain slide in notes section); bob chow slide tomorrow


BMES ERC.:
A Model of University — Industry Partnership

Iridex

NAati

United Kingdom
B ERC Partners (3) Cf‘g A Vorgan crucible

(O Outreach Universities (5)

A Industry (17)
@ National Labs (6)




Interdisciplinary Team (14 disciplines)

= Aerospace, aeronautical,
astronautical engineering

® Biochemistry and biophysics

= Bioengineering and biomedical
engineering

® Biological Sciences

u Chemical Engineering

# Chemistry

= Computer/systems engineering

u Electrical, electronics,
communications

© Health/medical sciences

= Materials engineering, including
ceramics and textiles

» Medicine (e.g., dentistry,
optometry, osteopathic,

veterinarz
“ Pharmacology, human and

animal

 Physiology, human and animal




BMES Education Program

Curricular Initiatives: BMES-related Courses (14

a) BME-201: “Biomedical Engineering Practice”

= Translation of bioengineering principles and methods into real-world applications in the
industrial and clinical settings, with special emphasis on neural prosthetics and medical
device design. Total enrollment: 72 student

b) BME-350 Biomedical Engineering Industrial Project (UG) Total enrollment: 24
= Preparation for industrial internships

c) BME-414 Rehabilitation Engineering (UG) (revised course) Total enrollment: 200
= Introduction to neuromuscular biomechanics & clinical rehabilitation

d) BME-451 Fundamentals of Biomedical Microdevices (UG) Total enrollment: 88
= |ntroduction to bio-MEMS and biomedical microelectronics

e) BME-452 Introduction to Biomimetic Neural Engineering (UG) Total enrollment: 51
= Survey of neural implants and BMES-ERC research areas

f) BME-505ablL Laboratory Projects in Biomedical Engineering (Grad) Total enrollment: 157
= Lab rotations in BMES-ERC labs

g) BME-552 Neural Implant Engineering (Grad) Total enrollment: 94
= Advanced studies in implantable neural prostheses (retinal, brain)

h) BME-575L Computational Neural Engineering (Grad) Total enrollment: 78
= “Hands-on” exposure to computational models in neuroengineering

1) BME-670 Early Visual Processing (Grad) Total enrollment: 50
= Low-level visual processing (retina, LGN, phototransduction)

|) BME-671 Late Visual Processing (Grad) Total enrollment: 42
= High-level visual processing (cortex, computer vision, psychophysics)

k) EE/BE185 MEMS Technology and Devices (Grad) Total enrollment: 120
l) EE 273 - Implantable Neural Implants (Grad) Total enrollment: 78
m)EE 485 Biomedical Instrumentation (Grad) Total enrollment: 35

n) EE486 Biomedical Signal Processing (Grad) Total enrollment: 21
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BMES K-12 Outreach Program

Create and Sustain a Pipeline

Science for Life (SFL): Grades 3-5

247 students, 11 teachers, 87 mentors,
369 contact hours per year

Bringing the BMES ERC into
the classroom

Engineering for Health Academy (EHA) : Grades 10 -12
72 students, 3 teachers, 16 mentors, 9 USC labs per year

Informal Family Education (SFL and EHA) 2,193 K-12 Student have

113 students and family members, 6 teachers, 18 mentors at been impacted over 8 years
the California Science Center and Bravo High School
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BMES Technology Track Record

Annual BMES
Productivity Over
Lifetime of Center
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Advanced Imaging Technologies for Retinal Prostheses

HMintegration of
Intraocular camera
with haptic elements
and new flex cable
system (in progress)

BDemonstration of Intraocular camera with
- refractive lens and fused
novel implantable silica window
sensor technology
for early detection of

breaches in IOC with lens and image

hermeticity sensore?;vrﬁletlnrlg haptic
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‘ BMES: The Interdisciplinary Convergence

-
2

L Retinal Prosthesis Syste{ns-on-Chip

Cellular Prosthesis
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BMES: The Interdisciplinary Convergence
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‘ Conclusions

e Biomimetic high density bioelectronic interfaces
with neural systems are challenging but have
uniqgue advantages in restoring neural function
to potentially millions of patients for whom there
IS no foreseeable cure

 Federal (e.g., NSF, DOE, NEI), State,
Foundations/Philanthropic, and Commercial
funding are critical to develop technologies into
therapies and in doing so also train the required
workforce to engineer and commercialize these
technologies
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