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The Complex World of Chemical Sensing

v’ Many gases

CO, CO2Z, H2, Nox

SO2, H2S

Ethanol, Methane, Ammonia
Formaldehyde, Acetone
Methanol, many other VOCs

CHEMICAL.S

v’ Many techniques

Electrochemical
Gravimetric
Optical
Calorimetric
Spectroscopy
Photo-acoustic.......

v’ Many applications

—

Environmental air quality
Indoor air quality

Medical

Automotive

Fire detection

Industrial, Military, Hobby.......

ENSING

v’ Many platforms v Many $$$

Wearables

Smart speakers
Kitchen appliances
Automotive electronics
Medical devices
Mobile devices.......
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Annual deaths from outdoor air pollution by region Our Work

Absolute number of deaths by region attributed to ambient (outdoor) air pollution of particulate matter (PM) and ozone
(Os).
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Air Quality is THE Critical Public Health Issue of Our Times
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Air Quality is THE Critical Public Health Issue of Our Times

Even Indoors

Ratio of “people cost” to Indoor air quality is a top five
“building cost” is |3:1 environmental risk to public health.

[source: https://ehp.niehs.nih.gov/15-10037/] Wo rst | n sc h 00 | S

[source: EPA]
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‘Backgrouna W
~Carbon Monoxide

Lo - - ~

Indoor Pollutant Gases

Gas Emission Sources
Carbon dioxide Metabolic activity, combustion, garage exhaust,
tobacco smoke

Hundveds of deaths due o (0 leakage
cnch your m Chae

CARBON MONOXIDE (CO)
POISONING

" / . €D
lBIE,
= Ee Se e

oM fr.;;)k!l‘rr't!ﬂtﬂhl"

Carbon monoxide Boilers, gas or kerosene heaters, gas stoves,
wood stoves, fireplaces, tobacco smoke, garage
exhaust, outdoor air

Adverse health

Nitrogen dioxide Outdoor air, garage exhaust, kerosene and gas effects expected
space heaters, wood stoves, gas stoves, tobacco e®o
smoke f -
, . . o General drowsiness
Ozone Outdoor air, photocopy machines, electrostatic H e®
air cleaners Time ngm Y 1000 pom”

ASHRAE

Average expo
Limit< 8 hours®

. e Complaints
.. of stiffness
...... @ and odors

Healthy,normal
oultside level Acceptable
level
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Outdoors or Indoors, CO, is a Big Culprit
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Indoor Air Quality is More Easily Measurable and Actionable

It is not just about quality of life..... it is also about energy savings
Occupancy Pattern in a Typical Store/Gym/Theater Occupancy Pattern in a Typical Office Building
" Air flow rate Saving
1:: Stage2-" ramin
60% Stage 1 1 |—| |-| “
o OFF >
0% Time of day

6am 12pm 6pm 12am

Compared with a system controlled by a time program (blue area), demand-controlled
ventilation shows a significant reduction in hours run (area marked in green)

Monitoring building occupancy could save 30% of US HVAC energy costs

CO, levels are the most reliable indicator of occupancy
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The Economics of Demand Control Ventilation HVAC

Outside : 4

=1

m—

ﬁ

80% Occupied  Floor1

15 cfm of outside air per person

Adjust

intake t
occupa

Ventilaf
is deter
CO2 ley

Break-even point is not attractive at today’s prices*

Today

Telaire 6613 HVAC grade CO2 sensor

Emerging

TELAIRE
SENSIRION

1.75"x 2.25" x 0.6”

TDK CO2+CO
3x3x1 mm

HVAC Application

SIEMENS
Honeywell

< $10

*1JS DoF study published 2015
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Current CO, Sensors are not up to the Job

NDIR Photo-acoustic Electrochemical

35x16x8mm; 125mwW 85x40x35mm; >> 100mW 10 mm dia x 20 mm high; 400 mW
Typical 1k Price: $60 Typical 1k Price: TBD (Only VOC) Typical 1k Price: $30 (Only VOC)

&TDK

CO + CO, sensor
Target: 3x3x1 mm; ~0.5 mW

« TDK offers the only non-optical direct CO, detector
« TDK offers the only price-competitive direct CO, detector

MEMS MOX

\..2

'-\,“1‘:

3x3x1 mm; 30 mW
Typical 1k price: $2 - $5 (only VOC)
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TDK’s CO/CO, Sensing Technology

» CO2 gas sensor : Thermal conductivity type

» CO gas sensor : Catalytic combustion type

o | | o

- Thermistor

g
Method Thermal conductivity Catalytic combustion 3 Pt
: IS
COz .
Gas CO2 I I ‘ 0100 150 2(299250 300 350 400
: emp
concentration Resistance change >> that of Pt
Low m Sensitivity is higher by ~ 10x
200, 300C
A
Thermal conductivity
—Low co 02 co
G COz cO2 Combustion Vout
concentration co. # coz T
High ; |
g VIRM Thermistor LSRN Thermistor DL ©DHeater @Heater 3Heater
Heater Heater Templ Temp?2
@ - @ = CO')
&TDK
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TDK CO, Sensor Demo Board

BTDIK corcoremmine semser

Demo Software

C@)Sensory

Software works on windows 7 or higher.
No power supply unit is required for the
e : board, because of USB bus power from PC.

__________
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TDK CO, Sensor Demo Videos

&TDK
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Air Quality Depends on Many Other Gases

" Indoor

o Radon, NO,, Particulates, Biologicals
o Volatile Organic Compounds (VOC'’s)
o Formaldehyde (CH,0)
o WHO recommends 80 ppb as safe;
>100 ppb as “actionable”

[ Hummidity Concantration
o =F o b b

= Outdoors

o Particulates, Ozone, CO, NOx, VOC’s..... 017

014
iz
0.0%
007

SBERREERE
EEEEE!EEEE

Efficient and cost-effective VOC sensing is an unmet need
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The Real Challenge in Real World is Odor Detection
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Applications of Odor Detection

[Smcll ' l x‘“"““l Human

a o R " Deaciion

?ﬁ’ ~ K- D
vy =

T Bl
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Neural network Electronic Nose

Raw signals I

Food Freshness Medical Analysis

Airport/Train Station Security

Environmental Monitors
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Medical Applications for Gas Sensing Abound

Human breath typically contains ~200 VOC’s

Acetone (480 ppb) Diabetes
552 Ammonia (830 ppb) Kidney malfunction
3 Healthy
& patient Fe Isoprene (110 ppb) Cholesterol
B ‘ I D v Methylated Hydrocarbons Breast cancer
E reath analysis ; . .
aoo AL L T DBiseased 2 Sulfur compounds Liver disease
? Osniolfumes®® 2P BANED Toluene Lung cancer
H Nitrous Oxide (NO) (40 ppb) Asthma
3 s
5 H,S (100 ppb) Helitosis (bad breath)
é Ethanol (200 ppb) Alcohol
e , Ethane Inflammatory diseases
5 105’3“ |01§|Uﬂbe@ 25 30 Malignant cells
Methanol (470 ppb) Liver Cirrhosis

bd
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VOC Sensing is a Ubiquitous Need
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— |
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Environmental Medical
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100
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TDK’s MEMS Multipixel Sensor

,HCRESOEPRORTORARRONaREE. \
 SIEITIIIIIIIIe 16 Pixel array
ﬂ ﬂ n i o * Upto 16 independently

addressable microheater bridges
""" * Full function ASIC: 4mm x 1 mm
* Target platform for VOC’s
* Nanopatrticle ink

)

InvenSense Microheater

InvenSense Platform utilizes Ultra-
small microheaters to enable muilti-
pixel sensing in small form factor

Integrated CMOS limits anneal
temperature for metal-oxides

20x better response time
and 1.5x better sensitivity

Gases currently targeted: Ethanol, Methane, Acetone, H,S, O,

&TDK
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Applications of Odor Detection: Material Classification

Separate different brands of coffee

Is it Brand Aor B ? -
sitBrand Ao Check with neuronal network

Brand A

Brand B
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Odor Detection Demo Video
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The Complex World of Chemical Sensing

v Many gases

CO, CO2, H2, Nox

SO2, H2S

Ethanol, Methane, Ammonia
Formaldehyde, Acetone
Methanol, many other VOCs

v’ Many techniques v’ Many applications v Many $$%
Electrochemical Environmental air quality TN
Gravimetric Indoor air guality \
Optical Medical
Calorimetric mmm) Automotive
Spectroscopy Fire detection

CHEMICAL SENSING

Photo-acoustic....... Industrial, Military, Hobby.........
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Gas Sensing in Automobiles

Exhaust gas sensing and ignition control are the most common applications

[ (Hydrolysis catalyst)

(Oxidation catalyst)
CO(NHz)z + H:O — 2NHz2 + COz

4NHz + 302 — 2Nz + 6H:0

Exhaust gas - —

(HCs, NOx, CO) 7 — ] mp CO:z, H20, Nz

Urea
(CO(NHz)z)

Oz sensor

(Three-way catalyst)
2C3He + 90z — 6CO:z + 6H:0
200 + O — 2C0:

(SCR catalyst)
8NHz + BNOz2 — TNz + 12H:0
4NHz + 4NO + Oz — 4Nz + 6H:20
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Automotive AQM

Minimum
Gas Modules Range Detection
Limit
Ozone O, (GSS) 0-0.15 ppm 0.001 ppm
Ozone 05 (GSS) 0-0.5 ppm 0.001 ppm
3. Ventilation System / Flap
Nitrogen Oxides NO, (GSS) 0-0.5 ppm 0.001 ppm
Carbon Monoxide CO (GSE) 0-25 ppm <0.04 ppm
Carbon Dioxide CO; (NDIR) 0-2000 ppm <10 ppm
Hydrogen Sulphide H,S (GSE) 0-10 ppm <0.03 ppm
\i:\ Particulates Sulphur Dioxide SO; (GSE) 0-10 ppm <0.03 ppm
)
Volatile Organic Compounds 0-20 ppm 0.01 ppm
(PID)
Non-methane Hydrocarbon (GSS) 0-25 ppm <0.1 ppm
Air Flow PWM Signal Organic Compounds
c/w Airbome - Indicating Air HVAC Output 2?;8%)” ic 0-25 ppm <0.1 ppm
Pollutants Quatty  |-Quaity » Contol | Signal
—’ 2
Unit Sizes Range
Sizes
Range
Particle Profiler (OPC) PM, m: and 0-500 pg/m’
1

HVAC signal path
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Emerging Gas Sensing Needs in Automobiles

Drive

battery

“avnnnvnnnnsnnnngn ||u|||||n ||||||||||||||| [

; >, Hydro- ‘0 A .

S e SR

AT ' Hydrogen Drowsiness Dptecred

- Ty A tank /
FCStack — R —

.
* Conceptual diagram; does not convey precise placement of fuel cell system componentsinside vehicle. ®eseessccesc e ’ Water is discha rged . E,t R

V‘ o, N []4

Passive Drunk Driver Detection Drowsiness Detection / IAQ
- dadss
% Driver Alcohol Detection

System for Safety UBER
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Summary: Gas Sensing Will be Ubiquitous
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“‘. ,w 5 LZ::: o R
5 PREDICTIONS THAT WILL CHANGE
OUR LIVES IN 5 YEARS.

S g
Lo -

OUR BRAINS COMBINE SENSE DATA FROM QUR NOSE
WITH INPUT FROM OUR MEMORIES AND OUR OTHER .
FOUR SENSES TO HELP US MAKE DECISIONS.

] TINY SMELL SENSORS CAN BE
PLACED IN PHONES, BUILDINGS,
CARS - ALMOST ANYWHERE .

R R

YOUR PHONE
WILLBE ABLE
TO SMELL
WHEN YOU'RE
GETTING SICK.

@

IN FIVE YEARS, CeMPUTING
SYSTEMS WILL BE ABLE TO NOT ONLY RECOGNIZE
ODORS, BUT PLACE THEM IN CONTEXT TO DRAW
CONCLUSIONS AND TAKE ACTION,

HOW DO WE SENSORS WILL

KNOW WHEN SNIFF OUT

Soreniie KL 1 sacream

SMELL § i ‘;éf PREVENTING QUTBREAKS .
RIGHT ? od o"’(.o , Sp5ig

THE HUMAN NOSE

CAN DETECT up

TO A THOUSAND !
DIFFERENT CHEMICALS.,

FIVE YEARS, computers

| WILL HAVE A SENSE OF SMELL.%?

DR. HENDRIK HAMANN
RESEARCH MANAGER
PHYSICAL ANALYTICS, TBM

FARMERS WILL PLANT SENSORS |N
THEIR FIELDS TO SMELL WHEN THE
CROPS ARE READY TO BE PICKED.

HEALTHCARE FACILITIES WILL BE INSTRUMENTED
WITH SENSORS TO DETECT INFECTIONS .

&TDK
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Thermistor-based Platform for CO/CO,

Catal P M . . .
ravsiiintnd) ™ Heater with TDK unique material

« Significantly smaller and lower power
than competition
» 1.8 mm? die, 0.2mW (prototype)
* Sensitivity: CO: £20ppm, CO,. =200
ppm _
* Fast response time

Thermistor(Spattering)

Sensorx4 Se

MOx Multipixel Platform for VOC’s
16 Pixel array

* 16 independently addressable pixels

* Nanoparticle ink Formulas

* Full function ASIC: 4mm x 1 mm

» Machine learning Algos -- improved
selectivity

* VOC sensor in development

TDK’s solutions are unique and agnostic to end platforms!

Wide Array of P, T, H Sensors

* Integrated PTH

« Stand alone P, T
* High volume, low cost
Advanced Packaging
TDK Packaging

« Automotive grade
i i * High Vol mic and press.
H products similar to gas
* Low cost

« SESUB

&TDK
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TDK: Expertise in Gas Sensing Materials, Electronics, and Algorithms
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