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Vision: Smart and Connected Health

To make low-cost high-performance self-powered disposable sensors for 
smart and connected health

Ç What canwe sense?

ü Chemicals: Volatileorganiccompounds,Toxicchemicals,Gases,Air quality

ü Physical: Motion, PhysicalActivity

ü Physiological: Heartrate,ExG(ECG,EMG,EEG),OtherBiopotentials

Ç Howdo you makethem low costanddisposable?

ü Sensorson substrateslike paper or textile which are ubiquitous,inconspicuous
andenvironmentfriendly

ü Printedcircuiton paperor textile for electronics

ü Easeto fabricateandeasyto disposeof

Ç Almostzeropower how?:

ü Use energy contained in the signal itself (e.g. galvanic electrochemical
configurationfor chemicals,piezoelectricfor motion, biopotentials)

ü CMOScircuitsthat operateat the thresholdvoltageof a transistor(<0.25V)

ü Nanowattpowerdissipation(~10ς20nWcontinuous)

Topic 4: 0.25V Amplifier and Analog to Digital Converter
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Topic 1: Nano-enabled Electronic Nose on CMOS

Topic 2: Disposable Nanowire on Paper Devices

Biopotential Recording

Biological Battery

üPt Nanowires on paper

üNo need for wet-gel adhesives

ü Low-moderate impedance

ü Long term wearability 

üHarvesting power from acidic 
environment (pH 1 ~ 4)

ü Zn and Pt nanowires on paper serve as 
anode and cathode

üPlanar geometry

ü 0.84V/ 6.3mW/ 32mA/ 6ohms

Topic 3: Disposable Printed Circuit Boards

Disposable paper based oxygen (and other electrochemical) sensor 

ü Two pieces of paper for four layer 
PCB all on paper

üScreen printing for interconnects 
and punching for via

üGalvanic electrochemical sensor to 
measure oxygenFabrication Process
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Tape was patterned.

Patterned tape is attached.

Silver ink is spin coated and 
cured.
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Zinc is electroplated on one of 
the electrodes.

Saturated filter paper is attached 
using double-sided tape.

PDMS membrane is 
attached.

Front side Back side

Calibration curve           Transient response.  After readout

Electrodes, Sensors, Batteries, Electronics can all be built on paper 
using low cost approaches in resource-poor settings with applications 
in healthcare and environment

Oxygen Sensor Structure

Silver
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Oxidation at Zn anode:  2Zn Ҧ н½ƴ2+ + 4e-

Reduction at Ag cathode:  O2 + 2H2O + 4e-Ҧ пhI-

Overall reaction: O2 + 2H2h Ҍ н½ƴ Ҧ 2Zn(OH)2

Reduced graphene oxide (RGO) flakes (left, false

color green) and carbon nanotubes (right, false

color red) as representative nanomaterials

assembled on the CMOS die.

The resulting chip is ready for 

sensing on test PCB shown at 

right
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Begin with Custom CMOSPerform CMOS post-processing

Magnitude response of four different nanomaterials for gases

Sensitivity to vapors of the order of 100ppb!
FOM =  100 x (UGBW*CL)/I

üBulk-driven input stage
üSub-threshold operation
üDistributed layout for higher output impedance
üNegative impedance source degeneration

0.25V Async Delta Sigma Modulator

0.25V 18nW 60dB OTA

0.25V Comparator
Single bit First order ADSM Architecture

Transient 

response

FFT Spectrum

Chip Microphotograph
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