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Two microheaters
with identical 
electrical 
properties are 
thermally isolated 
in separate 
chambers.

Both heaters are 
coated with an 
alumina dielectric.

Only one is coated 
with a metal oxide 
catalyst.

Both are hooked up to our data 
acquisition system.

Mass flow controllers deliver equal 
quantities of target molecules to both 
sensors.

Only the catalyst coated microheaterwill respond 
to the analyte; the bare sensor will detect sensible 
heat effects due to hydrodynamic effects and  
humidity and the difference in electrical power to 
maintain the same temperature is measured 

How Our Sensor Works



Response of thermodynamic 

sensor to 20 ppm TATP

Analyte Introduced 

Equilibrium
Analyte 

Removed
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The figure above shows a typical response curve for our thermodynamic sensor 
platform



Alumina vs YSZ Microheater Comparison:

IR Analysis

Thin film microheater on 
1mm thick alumina 

substrate 

Anisotropy , Lower Thermal Conductivity of YSZ Produces More Localized Heat

Thin film microheater on 
ultrathin YSZ substrate 
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Alumina vs YSZ Microheater Comparison:

IR Analysis
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Effect of Substrate Thickness on Sensor 

Response (20 ppm TATP)Sensors and Surface 
Technology Partnership

40 um YSZ 20 um YSZ 12.5 um YSZ

The figure above shows a comparison of the responses of four YSZ based microheaters 
of varying YSZ substrate thickness to 20ppm TATP (Top = 175°C)

February 26, 2020

* Denotes power required to reach 175°C

215mW*

320mW*

300mW*

245mW*



Pd Microheaters Fabricated on Ultrathin 

YSZ Substrates

Å Previous work [Chu et al.] has shown that the presence of Pd nanoparticles within a 
metal oxide catalyst produce catalyst amplifying properties

Å Nanocomposite catalysts fabricated with 12 wt.% Pd and 88 wt.% SnOlead to a 
maximum in response (Left)

Å Utilization of Pd as the microheater metallization is expected to display to produce 
improved sensitivity and response time over previous iterations (Right)
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Cu 
Microheater

Pd 
Microheater



Metal oxide ñcatalystò on Pd micro-

heater sensor response (20 ppm TATP)

Å The figure above compares the responses of a Pd-based microheater (blue) and a Cu-
based microheater (red) on 20um YSZ substrate to 20ppm TATP (Top = 175°C)

Å The catalyst amplifying properties of the Pd microheater allow for improved 
sensitivity and response time 

* Denotes power required to reach 175°C

300mW*

330mW*
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Deposition conditions used to form 

microheaters on ultrathin YSZ substrates

40 um YSZ 20 um YSZ 12.5 um YSZ

Front Back

Power Requirement 
(mW)

{ŜƴǎƛǘƛǾƛǘȅϟ 
(%)

Response Time* 
(s)

Energy 
(J)

/ǳ όпл ҡƳ ¸{½ύ Ϟ 320 0.5 10 3.2

/ǳ όнл ҡƳ ¸{½ύ Ϟ300 2.75 9 2.7

/ǳ όмнΦр ҡƳ ¸{½ύ Ϟ245 3.2 8.5 2.08

/ǳ όу ҡƳ ¸{½ύ Ϟ215 5.2 6 1.29

tŘ όпл ҡƳ ¸{½ύ Ϟ370 4.5 8.75 3.24

tŘ όнл ҡƳ ¸{½ύ Ϟ330 8.5 5 1.65

tŘ όмнΦр ҡƳ ¸{½ύ Ϟ280 10 4.5 1.26

tŘ όу ҡƳ ¸{½ύ Ϟ260 16.2 3 0.78

* Response time was arbitrarily determined to be the t10 time or time required to reach 10% of the overall response
Ϟ !ƭƭ ƳƛŎǊƻƘŜŀǘŜǊǎ ŦŀōǊƛŎŀǘŜŘ ǿƛǘƘ лΦрҡƳ ƳŜǘŀƭƭƛȊŀǘƛƻƴ ǘƘƛŎƪƴŜǎǎ
ϟ !ƭƭ ƳƛŎǊƻƘŜŀǘŜǊǎ ŜƳǇƭƻȅŜŘ ŀ лΦфҡƳ ǘƘƛŎƪ SnOcatalyst

Å Combination of thinner YSZ substrates and Pd-based metallization has shown to 
improvement in every category 
Å Minimize power requirement: Cu based microheater (8µm YSZ)
Å Maximize catalytic response/response time: Pd based microheater (8µm YSZ)
Å Minimize energy requirement: Pd based microheater (8µm YSZ)
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BiPASS Concept 

July 8, 2020

Å ITN has a Unique Solid-State Lithium Battery (SSLB) with High Energy Density

ï Individual Cells are Deposited on Thin YSZ and Vertically Stacked to Make a 
Battery

Å With Funding from the Flex Tech Alliance*, ITN and Partners are Working to 
Extend the Capability of Paper Thin, Flexible Electronics

ï SoPDie Enables Additional Functions, i.e. Sensors/Sensor Systems to be 
Monolithically Integrated on Top of the Battery

ï Combinations of Thin Film Devices, Printed Electronics, and High-
Performance Microelectronics 

*Projects sponsored by the FlexTechAlliance
Thin Flexible Power Source Based on SSLB (Sept 2016-Feb 2018)
Flexible Integrated Power Pack Integrating CdTe PV with SSLB (Aug 2017-July 2018)
Ultra-Thin, Self-Powered Sensors (Nov 2018-July 2020)



BiPASS Development 
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Å ITN and URI Demonstrated a 
Self-Powered ETD 

ï ETD Sensor Was Optimized 
for Low Power or Small 
Battery

ï Acetone Detection 

Å25°C Operation

Å70ppm

ïBreadboard Electronics
ÅEntire Assembly Could be 

Paper Thin


