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BioMicroSystems Laboratory at CASE

® Real-Time Neurochemical Sensing

Brain-behavior investigations (funded by NSF) <=

® Brain-M achine-B rain | nterface (BMBI)

Recovery post TBI (funded by US Army)
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Brain-Behavior Investigations

* No Tethering Wires & Cables

Instrumented Rat
with a Single -
Reduce measurement artifacts Probe Hardwired
Chemical Sensing
Setup

Reduce psychological effects

e Integration for Miniaturization
Minimize off-chip components

Compact & light weight Bac.kpack
Device for

Single -Channel

e Low-Power Operation Wireless
Chemical

Adequate service lifetime Sensing

Miniature batteries Prof. Paul Garris {pagarri@ilstu.edu}
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Neuronal Communication

« Combination of Electrical and Chemical Activity
* Profound Effect on Learning, Memory, Mood, and Cogn  ition

« Underlying Mechanisms for Various Neurological Diso rders
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Neurotransmitter (NT) Detection

e Chemiluminescence (Optical)

Light-emitting reactions

e Liquid Chromatography

Chemical separation

e Imaging (PET and SPECT)

. Electrode
e Electrochemical

Surface
Direct

Fast Current G

Sensitive
Electrode
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Bard & Faulkner, Electrochemical Methods , 1980

Integration
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Electrochemical Transduction

e Amperometry

Constant Vgepox (900 mV vs. Ag/AgCI for nitric oxide)
Easy to integrate

Lack of chemical selectivity

» Fast-Scan Cyclic Voltammetry (FSCV)

Triangular Vgepox
Chemical information & temporal profile of concentration variation

More challenging to integrate
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System Architecture

* Low-Frequency Current Signals
« Large Dynamic Range DSADC Interface
» High Resolution
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Fabricated Chip

e AMI 0.5 pm CMOS Process
« 2-Poly, 3-Metal, N-Well

« ADC Area: 850 pm x 180 um
e TX Area: 175 um x 65 pm

e FSCV Area: 1750 um x 640 pm
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CMOS Chip & Carbon-Fiber pElectrodes

Courtesy of Dr.
Charles Blaha

University of
Memphis

Prof. Paul Garris {pagarri@ilstu.edu}
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In Vitro Experiment — Flow Cell

» Wireless Recording of Dopamine (DA)

300-V/s, 10-Hz FSCV

10.3 nA/pM

N
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In Vivo Experiment — Anesthetized Rat

* Electrical Stimulation in Medial Forebrain Bundle (  MFB)
 Biphasic Current Stimulation; 50 Hz, £300 pA, 2 ms  Pulse Width (each phase)
 Stimulation Duration of 2 s

* Dopamine Recording CFMs in Caudate-Putamen (CP)

Stimulation Electrode Carbon-Fiber Electrodes

Intact
Rat
Brain
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In Vivo Experiment

» Wireless Recording of Dopamine in Rat Caudate-Putam en

300-V/s, 10-Hz FSCV
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In Vivo Experiment

» Wireless Recording of Dopamine in Rat Caudate-Putam en

300-V/s, 10-Hz FSCV
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In Vivo Experiment

» Wireless Recording of Action Potentials in Rat Vent  ral Pallidum

Offline linear-phase filtering from 0.3 — 3 kHz
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Time-Share Voltammetry and EPHYS

e Quasi-Simultaneous Chemical and Electrical Recording at
the Same CFM

 Measuring  Neurotransmitter and its Effect on
Postsynaptic Neuron at the Same Time and Microscopic
Locale

Triangle 5 Current
Wave (Voltammetry)

Potential
(Electro-

physiology)

Carbon-fiber
Microelectrode

wl VY
ms

Isolated
Single Units
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Summary

Biomicrosystems  for neuroengineering lie at the intersection of Electrical
Engineering (EE) and Biomedical Engineering (BME) with a wide variety of
applications.

Our work on developing wireless integrated microsystems for multichannel
probing of brain chemical dynamics is envisioned to have significant applications
In basic science research for investigating brain-behavior relationships in goal-
directed behaviors.

Dimensions, total weight, and power consumption can be significantly
reduced by incorporating more system components on a chip with CMOS
integration , which further allows to increase the number of data channels
without prohibitively increasing form-factor.

These investigations can now be extended to smaller species such as
transgenic mice whose size has largely precluded this line of inquiry in the past!
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