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Clinical-Grade EEG Challenges
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Commercial Wireless EEG Challenges
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Presentation Outline

1. Motivation
Increase Battery Life and Ruggedness for EXG
Maintain High Dynamic Range and High Density

2. Approach
A Scalable Multi-Channel FM-FDM Sensor Network
Integrated Gateway with ADC and UWB TX

3. Measurement Results
Single Channel Measurements
Multi-Channel Measurements

Biopotential Measurements
UWB Performance
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EXG — An FM-FDM Approach
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EXG — An FM-FDM Approach
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Why FM Multiplexing?
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A Rugged Wearable Modular ExG Platform

EEG Coupling Sinusoidal Tuned 3 \

' Electrode Network  VCO Amplifier ' E
Active Electrode Integrated Circuit

© 2019 IEEE Paper Number: Paper Title

International Solid-State Circuits Conference 22 of number of slides



A Rugged Wearable Modular ExG Platform

N Active Electrodes
Rugged 4-Wire Bus

EEG Coupling Sinusoidal Tuned
Electrode Network VCO Amplifier

Active Electrode Integrated Circuit

© 2019 IEEE Paper Number: Paper Title

International Solid-State Circuits Conference 23 of number of slides



A Rugged Wearable Modular ExG Platform

N Active Electrodes
Rugged 4-Wire Bus

EEG Coupling Sinusoidal Tuned
Electrode Network VCO Amplifier

Active Electrode Integrated Circuit FM Band Plan

© 2019 IEEE Paper Number: Paper Title

International Solid-State Circuits Conference 24 of number of slides
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Active Electrode Design
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Active Electrode Nonlinearity
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Active Electrode Nonlinearity
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Active Electrode Nonlinearity
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Gateway Power Saving
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Gateway Power Saving
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Two Chip System Implementation
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Single Channel Measurement Results
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Single Channel Measurement Results
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Single Channel Measurement Results
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Single Channel Measurement Results
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Single Channel Measurement Results
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Multi-Channel Measurement Results
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Multi-Channel Measurement Results
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Biopotential Measurement Results
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Biopotential Measurement Results
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Biopotential Measurement Results
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UWB TX Measurement Results
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Table of Comparison

Rieger, | O’Leary, Schonle, Xu,
Design TCAS-I ISSCC JSSC ISSCC This Work
2018 2018 2018 2014
Active Electrode? No Yes
Process [nm] 180 130 130 180 65
FDM via
Electrode Bus Drive Type - - - Digital 12C Tuned
Amplifier
Acquisition Bandwidth [HZz] /7000 500 4000 100 250
Usable DR at Input [dB] ~50 (8-bit) 70 ~83 (13.5-bit) [~74 (12-bit) 101
Output Bit Rate per Channel [Hz]| 56000 1000000 112000 2400 1280000
Acquisition Power
per Channel [W] 96.7 1.26 285 104.4 228
Calculated Wireless TX Powel*) 493 a8 9 86 021 112.6
per Channel [uW]
Total Power per Channel [pW] 101.63 89.26 294 .86 104.61 340.6
FOM = Usable DR [dB] +
10 log10(BW [Hz] / 128.4 137.5 154.3 133.8 159.7
Total Power per Channel [W1]) B

@ted using 88 pJ/bit at digital output bit rate
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Table of Comparison

Highest
FOM and
Input DR

Among

Active
Electrode
Systems

And

Traditional

AFEs

Rieger, | O’Leary, Schonle, Xu,
Design TCAS-I ISSCC JSSC ISSCC This Work
2018 2018 2018 2014
Active Electrode? No Yes
Process [nm] 180 130 130 180 65
FDM via
Electrode Bus Drive Type - - - Digital 12C Tuned
Amplifier
Acquisition Bandwidth [HZz] 7000 500 4000 100 250
Usable DR at Input [dB] <@(§-bit) 70 ~83 (13.5-bit) [~74 (12-bit) 101
Output Bit Rate per Channel [Hz]| 56000 | 1000000 | 112000 2400 1280000
Acquisition Power
per Channel [W] 96.7 1.26 285 104.4 228
Calculated Wireless TX Power* 493 38 986 021 112.6
per Channel [uW]
Total Power per Channel [pW] 101.63 89.26 294 .86 104.61 340.6
FOM = Usable DR [dB] + |
10 log10(BW [Hz] / < 128.4 137.5 154.3 133.8 159.7
Total Power per Channel [W]) [ —— ]

*Calculated using 88 pJ/bit at digital output bit rate
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Conclusion

1. Motivation
Increase Battery Life and Reduce Wiring Clutter for High Fidelity/Density EEG

2. Approach
A Scalable Multi-Channel FM-FDM Sensor Network
Integrated Gateway with ADC and UWB TX

3. Results Thanks to our funding agencies:
Rugged
Low Power
Resilient to Motion
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