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Gas Sensor Market Forecast

2,509.4 
2,603.1 

2,706.0 
2,819.4 

2,930.2 
3,048.4 

3,173.8 
3,315.6 

3,470.8 
3,640.7 

3,824.3 

3.7%
4.0%

4.2%
3.9% 4.0%

4.2%
4.5%

4.7% 4.9% 5.0%

1%

2%

3%

4%

5%

6%

7%

8%

9%

10%

0

1,000

2,000

3,000

4,000

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Revenue Growth Rate

Total Gas Sensors, Detectors, and Analyzers Market 

(Global)

IR, 23.10%

CA, 11.80%

SS, 
9.40%

PID, 3.30%

EC, 52.40%
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IR: ♠Ωἐ,  

CA: ᵰ,  

SS: ḙҵ , 

PID: ̛ ╪₣,  

EC: ♣͙ ᾏ

11,400.3 
12,691.7 

14,125.4 
15,785.6 

17,714.3 

19,974.5 

22,659.7 

25,818.3 

29,508.8 

11.3% 11.3%

11.8%
12.2%

12.8%

13.4%

13.9%
14.3%

10%

11%

12%

13%

14%

15%

16%

17%

18%

19%

20%

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

2014 2015 2016 2017 2018 2019 2020 2021 2022

Revenue Growth Rate

Total Sensors Market in Healthcare & Medical (Global)

ÆHealthcareṪ‒⁄Ἄ╥ Gas Sensor ᾎ◑

Å♣ ♠╬ Gas Sensor╥ᾎ◑ҍẋ Healthcare╥ᾎ◑

ʺѫἛ╪и╛

Å

$M

$M



Asthma & COPD

Æ ᵣἛ ὅἛ פֿ (COPD), ᾏӮ פֿ͙ ╘ ˿ṉ ₮̆ᴖ ᴛ╬ שּ͕

Æ ♣Ἕ́ Ợᵬ∟╬ 3─ʺ COPD (WHO2012)

Å̰ Ͽ⁄Ἄҵ 10Цʼ – ӇѤʺשּ 50% Ṏ╖ᴛỢפֿ ˿Ⱡ♠╖ᴛ Ṩ҅╪ӇѤ Ἕ

Å פֿ͙ ╘ ᵣἛ♠ פֿ Ἓ╙ ˇ̆▓‡ḛṎ ἶ♠╬̕ᵙתѾּ̓בֿ͙ ⅝̯

Å͙ Ⱶ װ ♬͙ѤᵣἛ ὅἛ פֿ (COPD)̓ ᾏ Ѿḓבֿ Ṋ╪‡ᴎ∑

ÅỮ͙ ͙ פֿ ▫╥↔╪ ─╙Ѿבֿ ⁴Ựᴛ⇔ ṓ ʺѾ͙בֿ ⅝



Æ ᾏֿבѾ͙ὥ

Å ᾏֿבѾ ˤỢѤ ͙ѫˤỢ₮ ᾏ┬ḛ ˤỢ, ˍ҅ˤỢ Ӯ╪ ▓╛

Å ͙ѫˤỢ: ͙ѫˤỢᵑ ʺתּ͙̕ ᵡϮꜗῷⱨ▓Ѥʺᵑ ╬ תּ͙̕ ,̆ ◑Ⱡᵑ ░ ⁴ ꜗῷֿב ʺתּ͙̕

Ṫ Д‡ּתѤʺᵑ ╬ ⁴ Ѿבֿ

Å ᾏ┬ḛˤỢ: ᾏ╥ֿבѾ╪ Ṭ ᾒ ԅּ͙̕תὡ Ⱡᵑ ░ ⁴ ͙ҵ╥̓ḊἛ╙ּשᶘ ⁴ ᾏ╙ Ѿבֿ

Å̱ ҅ˤỢ: ˍ҅(ʺמ)⁄▓Ѥῼᴆᵎ͙ Ἕש₀ּ ᵑ ̕♪וֹ Ѥ ˤỢ

ÆCOPD(r Ἓ ὅἛ פֿ , Chronic Obstructive Pulmonary Disease) ֿבѾ͙ὥ

Å ᾏֿבѾ ˤỢѤ ͙ѫˤỢ₮ ᾏ┬ḛ ˤỢ, ˍ҅ˤỢ Ӯ╪ ▓╛

Å ͙ѫˤỢ: ͙ѫˤỢᵑ ʺתּ͙̕ ᵡϮꜗῷⱨ▓Ѥʺᵑ ╬ תּ͙̕ ,̆ ◑Ⱡᵑ ░ ⁴ ꜗῷֿב ʺתּ͙̕

Ṫ Д‡ּתѤʺᵑ ╬ ⁴ Ѿבֿ

Conventional IVD Trend of Lung Disease 



òSmell your patientõs breathó

By Hippocrates

New IVD of Lung Disease

ÆSensorŋ ╪↔ ѾבṎֿפֿ

ÅCleveland Clinic(Dr. Peter Mazzone)̓ University of Illinois : ╙╪↔ ѾἡἌᵑ̑ҿ╖ᴛˌḛבֿ  ╥ꜙ36 ,אַ Ἄ

ᴛ ѻᵐ ᶹֿפ⁄ ḙ╞ Ѥ┬ựˁּתἵ◓ᵑ ╪↔ ẋựṪἍḢḹ╙ Ợ↔

ÅAerocrine AB : ᾅ ᵑ ▀ụ ἵᵑפֿ ḛ̛ḹ╙ ╪↔ ⁴ ᾏ╥┬Ṩᵑ ,Ѿבֿ 2003Ц FDA ᾍ╬

֞ 2008Ц⁄ ♣͙ ᾏḢḹ╙ ╪↔ ⁴ ▀ụ תἵᵑˁּפֿ Ѥ ἡἌᴛ FDA ᾍ╬

ṋוֹ ỵ קּ (Biomarker) ♩ừ╩(ϰὣ ʷᾂдҲ) ■(ϰὣ ʷᾂдҲ)

  Toluene (C6H5CH3) 1 ~ 20 ppb 10 ~ 100 ppb

҉фṎ Acetone (CH3CooH3) 300 ~ 900 ppb 1800 ppb

ᾐ◑ֿפ Ammonia (NH3) 29 ~ 688 ppb 820 ppb ~ 14.7 ppm

ᾔ◑ֿפ
Pentane (C6H12)

Isoprene (C5H8)

38 ppb

172 ppb

110 ppb

255 ppb

ᾏ Nitrogen Monoxide (NO) 5 ~ 8 ppb 80 ~ 110 ppb

̯ Hydrogen Sulfide (H2S) 50 ~ 80 ppb 80 ppb ~ 2 ppb

⅔ד ‹ṋוֹ Ҋ ♩ừ╩̐ ■╢ ϰὣ ἳ дҲ ╧

Diabetic ketoacidosis

(҉фṎἛ ụּש)

Rotten Apples

(ᾭ╘Ợ̓ЃỰ)

Renal failure

(ᾐṨ♣ּש)

Urine-like

(ЃỰשׂ₡)

Liver failure

(ʼṨ♣ּש)

Fetor hepaticus

(ʼἛ̯ )

Lung abscess

( з‚ּש)

Sewer-like

( ὡ̯)



Biomarker of Asthma & COPD

COPD

Gas COPD Patients Healthy People

CO 5.99Õ0.5 ppm 2.8Õ0.2 ppm

NO 11.86Õ1.27 ppb 6.7Õ0.09 ppb

C2H6 2.77Õ0.35 ppb 0.88Õ0.09 ppb

8-Isoprostane 40Õ3.1 pg/ml 10.8Õ0.8 pg/ml

Aldehyde

Malondialdehyde 57.2Õ2.4 nmol/L 12.1Õ1.8 nmol/L

Hexanal 63.5Õ4.4 nmol/L 17.7Õ5 nmol/L

Heptanal 26.6Õ3.9 nmol/L 14.2Õ3.5 nmol/L

Nonanal 20.4Õ1.8 nmol/L 18.7Õ0.9 nmol/L

Asthma

Gas Asthma Patients Healthy People

CO 5.6Õ0.6 ppm 1.5Õ0.1 ppm

NO
70~80 ppb 10 ppb

14.7Õ1.7 ppb 8.6Õ0.5 ppb

C2H6 2.06Õ0.3 ppb 0.88Õ0.09 ppb

8-Isoprostane 48.9Õ5 pg/ml 15.8Õ1.6 pg/ml

Pentane 8.4Õ2.9 nmol/L 2.6Õ0.2 nmol/L



Current Issue of IVD Gas Sensor

Æ♬ ҵḓᾋ͙Ⱡ‡

Å͔ ἶụ ᶹ ḙҵ ἡἌʺʺ◑ᵤ╪ Ợ↔Ӈ̆ ▓╖Ϯˁҵḓ ̆₣ҿ▬╥ ᶷⱠᵑ ˺ ‒

Å♣ҵἛ̆Ṫ▫ ἡἌ╥˿↕ϳὦ⁄▓Ѥ ᾋҵ⁄ ♬ Ἓ╪ꜝ↕ӊ

Å̛ ἡἌ╥˿↕ ְ‡ϱˁҵᵑʺּתϮ ͙ḓ ʺ˶⁄Ⱡ ╪▓╛

Č ừ₠ □Ҽ, ̃ʾҲ, ̃Ἅ Ἐ╖ ʷּקѡ ♄ʷ˳ Sensor̫ ⅔

ꜙᵆ ◑♩ Ѿ♩

♣͙ ᾏ ἡἌ

Å̆ ˁҵ(ppb)

Å̆ ἐ Ἓ

Å♇♣ᴏ(Ữ₣ҿ▬)

Å◓ Ἓ( )

Åҍ (large size)

Å̆ ʺ(high price)

ÅNone of the VOCs are detected.

ḙҵ ᾏ ἡἌ
Åἵ , ♇ʺ

ÅAll of the Organic & Inorganic gases are detected.

Å̆ ˁҵ( )

Åἐ Ἓ( )

Å◓ Ἓ( )

Å̆ ♣ᴏ (̆₣ҿ▬)

CNTἡἌ

Å̆ ˁҵ(ppb ͕) 

Åἵ , ♇ʺ, ♇♣ᴏ(Ữ₣ҿ▬)

ÅAll of the Organic & Inorganic gases are detected.

Åἐ Ἓ( )

Å◓ Ἓ ( ) 



Available Breath Gas Analyzer

NIOX  MINO
ANALYZER
CLD 88 sp

Quark NO Breath mBA-400 BMC-2000 Bedfont Micro

Aerocrine ECO PHYSICS 
COSMED

Plustech SENKO Covita

FeNO NO NO NH3 CO CO

5-300ppb 0.1-5000ppb 5-300ppb 0-150ppm 0-500ppm 0-250ppm

5ppb 0.06ppb 5ppb 16ppm 1ppm 1ppm

Æ Ⱶ Ѥ ͙ʺᾅ ♬͙╥ ҍἛ ͏ҍ ⅝.

Æ ͙ṪἍ╘ תּͥ◓ Ѿ▀ʺᾅ⁄ ̰ ӊ╖ᴛ ѻꜙ ͙ʺᾅ ♬͙ ⅝.

ÆֿפṎֿבѾ╥ ♬ Ἓ╙ Ữᾎ ̆ ʺṎṪᵆפֿ ↔╪ ὡ ▓ҵᴜ ἡἌ ‡ᴆ╪ ͙ḙ ͙ʺᾅ ♬͙ ⅝



Invention 1: NO Gas Sensor

ÆNO Gas Sensor : ἲˡּקдҲ : ~0.01ppm

ÅSWCNT ᶔ⁄ Defect(Opened hole)ᵑ Ἓᾎ ẋ ᶔ♠╪ ʺשּ

ÅNO Gas⁄ҍ ḙ╞ ḓἐ Ἓ╙─ Defectʺ Ἓӈ SWCNT⁄ Amine͙͙ѫ ᵙ

ÅNO Gas╥ḙ╞⁄ SWCNT╥ϿṈҵ ͙⁴ᵑ ͙ԅᶷ⁄ἡᾗ Ἓ╪ Ữ

SWCNT ΩṈ⁄

ӈ Amine

SWCNT ϿṈ⁄

ӈ Amine



Performance of NO Sensor (Selectivity)
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ÆControl of the No. of Amines 



Performance of NO Sensor (Sensitivity)

ÆPEI ðSWCNT Sensor
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RTA  at 600 oC for one hour

ÆPEI ðDefective SWCNT Sensor



Invention 2: CO Gas Sensor

ÆCO Gas Sensor : ἲˡּקдҲ : ~1ppm

ÅSWCNT ᶔ─⁄ ͔ ϮЯ░▫(Au nanoparticle)ᵑ͙ѫ ᾎ ╥אַ͙̑ CO GasṪ▫ʺ ͔ ϮЯ░▫⁄

Å ӈ CO GasṪ▫₮ SWCNT Ợ╪⁄Ἄ Charge transfer ḛỸ

Å̑ ╥אַ͙ CO Gasŋ ˤּת ˭Ӈᶔ♣͙ ♣ҵҵʺṉ

Selectivity of CO Gas Sensor



Performance of CO Sensor (Selectivity & Sensitivity)

ÆCross Response at 2 ppm 

ÆResolution of CO sensors



Composite Breath Disease Diagnosis System Prototype 

Temp./RH.

Sensor

LCD Display

(NO, CO)

RS232 port

Function

Button switch

Exhaust gas

2Ǝ2 sensor

Module

(TOP view)
Gas chamber

(Reserbier)

Gas Inlet

Inlet gas filter

(NO, CO)

Pressure 

sensor

Suction pump Input 

DC 5V Jack

MCU

Reset switch

3Ƒ3 sensor module

╧ ḯϼ›Ӧ„ʻ

₆♩ (bottom view)

Gas Inlet ─ ⁄◑ .

͙̕

RS232C

port

System 

control board


