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More on Moore and More Than Moore
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* Using CMOS platform for deploying innovations in material, device, circuit and
packaging to improve power and cost as well as to acquire integrated functionalities

« CMOS will continue to supply the world with electronic devices for a long time—and
grow to be a much larger industry
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* Dimensional matching of electronics device and biomaterials allows
manipulation and sensing / monitoring of bio-species or their activity = multiplexed detection
* Advances in MM and MtM increases synergy between electronics and biology
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Medical Device Technology Trend:
Miniturization and Portability

 Medical manufacturers will move the entire system into a portable
unit size of a cell phone or smaller

— For home-based testing, monitoring and diagnostics

« Semiconductor technologies enabling the acceleration of medical
device technology innovations in
— Sensors with extreme sensitivity and repeatability
— Wireless integrated microsystems

_ The Economics of Healthcare
— Ultralow power electronics
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Benefits from Moore’s Law: Large-Scale Integration
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CMOS Silicon Photonics

Integrated CMOS S
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Low-Power, High-Speed, Small-Form Factor & Low-Cost Data-  Highly Sensitive Mechanical
Communication (e.g., Data Center, Home-Entertainment) & Biological Sensors
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Silicon Photonics Technology Platform
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Confidential

IME’s 8” Silicon Photonics: Passive and Active Devices
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IME’s Miniaturized Medical Devices Program

Innovation in microelectronics technology to enable solutions to
the most challenging problems in medical and health care
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Silicon-Photo-Multiplier (SIPM) for Compact Positron
Emission Tomography (PET) Imagers

MRI only-> High-quality Imaginc PET only-> Metabolic informatio

. Excellent tissue imaging... There is a tumor... But where is
' But is there a tumor? - Itexactly?

PET-MRI-> Simultaneous 3-D tomography + Metabolic information

There is a tumor, and we know its exact location!
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Sample-to-answer integrated microsystems
for Point-of-Care (POC) diagnostics
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1. Molecular diagnostics
Early diagnosis of diseases
Nucleic acid and protein
Biomarker detection
2. Cell-based diagnostics

Therapy monitoring
E.g., Rare circulating cells detection

Holy grails of biomolecular analysis: Single-molecule, label-free, real-time, high bandwidth
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Technology for Point-of-Care (POC) Diagnostics
for early detection of diseases and disease
treatment and management
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Si-Based Integrated Microsystems for POC Diagnostic

Complex sample composition, low analyte concentration, and fast
sample-to-answer response have posed the major technical challenges

a e of Utilizing microelectronics technologies to
dhea Microelectronics overcome these challenges
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IME’s silicon nanowire molecular diagnostic platform

Silicon nanowire array
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Integrated system for multiplexing molecular diagnostics

Multiplexing Specificity
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Demonstrated the capability of multiplexing detection of 4 serotypes dengue
virus within 4 hrs in few drops of blood. The virus concentration equivalents
to at least 2 days before of fever symptoms occur.
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Micro-ring resonator based biosensor
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Key Advantages » Current detection limit of IME’s
* Precise quantitative output (linear device ~5 pg/mm?

response to mass change)

» Low sample volume (due to the small
footprint of sensor rings)

» Multiplexed panels

» Label-free detection

» Low-cost (mass manufacturing) a
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IME’s Biophotonics Device
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Moore’s Law Benefits to Medical Devices

Intra - Organ Control

&

Multi Electrode
Single Electrode Stimulation & Recording
Stimulation

Cost : 10K’s

Multi Electrode, Stimulation,
recording &
Cost : 1K’s Therauptic

Cost :??

Tiny implants that can test, diagnose, and alert doctors to problems with their patients will
replace costly routine visits.



Conclusions

* Advances in semiconductor/electronic technology together with bio/medicine will
transform healthcare, enabling patient-targeted solutions in preventive, diagnostic, and
therapeutic environments.

* Significant progress needs to be made in understanding the interactions at the
intersection of biology and Silicon or engineered Silicon.

* The field of bioelectronics and miniaturized medical devices are poised for exponential
growth. CMOS, combined with other novel devices, will enable autonomous micro-scale
systems with many potential applications, creating huge markets and benefiting to the
individuals and society



