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High Sensitivity Nitrogen Dioxide Gas
Sensing Chip
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The development of global electronics industry drives the progress of industries and cities.
It is advanced technology that makes human life more and more convenient, but it also brings
other impacts. Due to population density in high development area is rising, the air quality of
the living environment is seriously affected by the exhaust gas of vehicle and locomotives and
the air pollution of industrial emissions. In these air pollution, NO, is a red-brown gas with a

pungent smell. It dissolves in water and reacts to form NO and HNO,, which is the main substance
causing acid rain and one of the sources of PM, ;. In addition, inhaling NO, will cause damage to
the respiratory system. Living in this environment for a long time will easily cause irreversible
respiratory damage. Research on sensor technology is beneficial to prevent and discover pollution
sources. Due to the various conditions of open spaces in outdoor, high-sensitivity gas sensors that
selectively target NO, are developed to monitor air pollution quality. The NO, sensor module of the
current research results can measure the concentration of < 120 ppb, the accuracy is = 30%, and

compared with the EPA station, the determination coefficient (R?) is up to 0.569.
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1. REERUAI 3 7E4E

HATTH SRR EONES R 2 - (RIB RSB F B AR - KRB E AT R DU %R
BELEREREGH S - M RER R RS  SLERREEES - SBE Y FEE (metal-
oxide-semiconductor, MOS) & BE Bk HIZS K2 MOS 4 Fr U Sa B R HI 2 (S350 S B T 55 )@ -
i SRR RGO 28 - AL RS BRI S By T S REEE#RE (solid electrolyte, SE) K ERE
RS (A 2) - AT AR RO R A A, -
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(20.2 mm diameter High 20.8 mm) (12 mm diameter High 13.5 mm) (9 mm diameter High 4.2 mm) (3 x 2.35 X 1 mm)
2. BATHE LRI 09 AR B A KXY .

2. BEffBrith&EZ NO, SmEERRI 23 AR 1%

% 1 BEFETHE NO, RgECHIZREM - ZEHEEARREEEE - 12 NO, S ECH]
T - REFEOEIEE R 0—20 ppm ¢+ fEATEE Ry 100 ppb » LA SPEC Sensor 22 H]FfifH E#Y
5% DGS-NO, 968-043 ZE LR 50 ppb RfE IR » BT EE(LEA RIS EH 2R 2
FERTBIR R R B RS E RET 30 ppb ZHE (WIE 1 ALEMEEFTR) » B hRE - 2
B RYIN RIS RCHIES - ARG BH R E B R A G S LANBR 2Rt - T2t
ZeteREEE » =] DUES] ppb Fif (NO, 50 ppb LAR) Z B o ECRGHIEHEATT -

= FERRVIFRBERUHZR 2 RIE

EBEYIEL - KRG D E TG » BEOTAHHI n B (n-type) B p B (p-type)
B - E—RIBENEMRREET - 88591 (0, S MIEE NS EE) - A EHERE
RERREERE - DFF 0, —RERMITTEESBE M EIRRAE T 0, BEF1IRFE - M
[LRE n BERBR LS FEFET (o) BEREETH 0, B 0, B FIRER - n HIE
HERANERCEL T 22 Z & (depletion layer) » BE n BINEH8G 7 STAFEIHET S - MR p B
FEBER L EE T RTER () o HEMEREE T O, Xk O, BETIRAERE - FHEER
ZETEE RN - JI p BEEEE Z TFE I E R RN - 208 3 Gas in PARTHYRHBTE
{EFR o I RO B AR 2 R S L E - BhAh - S -FBBa AR i iRt g O i T &6
BETHIRE - —IRIMS - EMEHEER < 150 °C DARTE 0, FIRE » EIEE > 150 °C MMif < 250
°C Wik O BIRE > 1 O BURBREIAEH) > 250 °C BF - EIIABEHZHHREE - m—4&(t
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NO, R A8 EHIE
A THEREEE | HEBMES HERMEEE | EBEEE
i A Frm B i C Ehh D
iR NKUST SPEC Sensor | EURO-GAS |ALPHASENSE IDT
RU5E NO,-1 DGS'I(\)I% 968- 4-NO,-20 NO,-A43F ZMOD4510
(1) BT MEMS electrochemica | electrochemica | electrochemica mems
(2) BT = & {15 & &
(3) FA S CEER e e RE e

(4) THEELL#L 2H—¥a A A B A
(5) 1 FEARR > 2 years in air2 > Syears 2 yearsinair | >36months | 2 years in air

(6) |

1 HIEJREHIE | 0—100 ppb 0—5 ppm 0—20 ppm 0—20ppm | 20—500 ppb
2. e L x&ﬁfﬁb"pb N/A 250 ppm 50 ppm 500 ppb

3. fRITE 10 ppb 50 ppb 0.1ppm 50 ppb 10 ppb

4. HEME N/A N/A N/A N/A N/A

5. S FERF A < 30 seconds <30seconds | <45seconds | <60 seconds 60 seconds
6. EIATE E FF [ N/A N/A N/A N/A N/A

7. B R 0—3V N/A N/A N/A N/A

i o 1 p BUEES - RRHIENERIAH - 21 3 Gas in SRAYBETTELFTR © NO, 1E 28 RCH
JFHE R RBN A LERE - RERR TR TERERERARZRZAMEH NO, FYE - DIZ
S BRI E B B 2 (I FE A (microelectromechanical systems, MEMS ) #2445l
HEEGHIZR UMb - PRSP E g RO R - BRSE S FE RPN S BERUE NO, RHEEGH
aaFT o FRSANER 1 A -
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1. NO, REBRLAIS

NO, BN & B #E - 2 S ERSEH 0 (Taiwan Semiconductor Research
Institute, TSRI) HRIEMY 6" —8" MEMS F TR » FRAERZ S8 EE NO, K
RIS P o 2R 5 BRI A AR 36 EEE R GERHY - RS (thin film)
=t (photo) AR (etch) FEIE o Z S MBI ERT - 12 6" F[EHY 8 cm x 8 cm [H]
TR - UJEIR 1 DL B RRS RS, B - B P B SRS B ER Y R/ Ry 0.65 mm <
0.65 mm x 0.4 mm * Ett—FHZHLEE/IMEZ - 200E 4 A -

BE sBAIt)E

4. KRB BRAEF R AR R R BAE

2. A GA/ERERE

JERHT s FrEE SRR A TR S B 2SR 4T 0 (Taiwan Instrument Research Institute,
TIRI) AL ET G s et IURERGH & iy AR sl & - £2 =i fetT
& - WE 5(a)—(b) A o B o RGHI S Fr DLEBOR SR Z JRH » Bd & 3 i o —
B A UCEC 2 0 (R - B RO 2 B2 H AR SRR - i e E i EAR D% - BEEE)
TR ER Z g E R AR B E TR - T E R &R AR TR A R RImS TR
—HIERR - AESRTEGHI AR I H R S B B E IS AR - RIHIINERR ERIFR T aeshy
g AN - A DUR RGBS B HE ) o [ 5(a) B ECHIEERS R — Y 6 x 6 em” 1B
EFE =N 3 x 3 em® © BRI - BRG] F B RN FE RS & B IR AL ERIRR ST o TR
Freggisa - ANl 5(b) Fs o

3. NO, mEERCAIR /i ER

PR G BT R PR A (BN & HERRORER) -5 e B A A B i i
B SRR, A B R - A0 6(a) For Bt - REREGHISS B8 A MEMS R RE 8RR
FAapr S AR ED)ER - e R ZBGHNES P E R SeE U i A - B S 2 s
ASM AMICRA Nano ZHRIGEFTENSE - [RELEJEITELF (chip) Ji - BB HIRLE SR
® > EAGETTES - B AR BRI R R 2E 2 TR bonding FMZE F - FHRF chip £
HEZE pick MR B BT - $IHECIER FETT bonding FUBIE » MEGEE B ER RIS
BIEEECEAE hot plate | - fIEE] 150 °C - HHE 1 /NEFRSRIBIZRZ » IR FHCA wire bond
FTHREE - 7Z38 PR MOMEEHFR UEE SERRIR R TR B - 200 6(b) Frns
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(b) B RS ERNRE

RURIEAE RERIAR BRI
- B

5. (a) BB BH BN B EHBI - (0) B4 RAL S TR -

F + NO, SmBERUAISE A &R S5 B R

1. (K'EE NO, smig=fl

AEBAEEZ NO, KRB ECHS Rk T2 S ERE - KBRS ET NO, &g
B afE 7 EREERATR - E SR A 10 ppb NO, RASEF » BCHI S A E 2N
8.77 uA - #LiEKY 70 F% - THEA 842 uA & (S 2 » EBIHEM) - 2RBERE - &
#3100 F01% » AREBETEERMEEE - TR E RN 100 ppb Z SO, AfEt% - Wi
HHEENE N - iR E IR TRE 71 - AEIBFTEEZ NO, RisEGH & B E BAF[EE -
A - B eGSR - RERRATEE.Z NO, REEGHI G A B ST g « = M m S
J%XF o

2. NO, BRI AE IS B A

AREPR AT H B SR I RSB NO, BRI R & T o @R
FELRYRERSI R % - P HEERFGE - BEHHRHA FRRCH a2 =
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r sEDE \ / fREEZ (Cleaning room) \
- Ultra-precision die

bonding system
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B 6. (a) Bl i & Atk X8 ¥ a3l da & 42 0530 o (b) F 8 AR R b B 384 -

8.8 11 4 |_ NO, gas sensor|

8.7 u 4

NO, gas in 10 ppb
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Current (A)
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8.5 \
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3. NO, REERCHNEAA IR R E & R Alub LE ¥

9(a)—(d) FE KBTS 2 NO, S i BRI 7 AT (rl SN S R U T2 =K
TETAEE B E LS o (EFEFE R AT LIS ED - RO R IR R OISR AR B HA TR - NO,
RESEOHECER - 752 A R B s 2 IR N EE A L E — [ A - IS EHETIRE - 55
By (1) 1€ 3/15—3/21 » R* = 0.40733 = (2) 3/22—3/28 » R* = 0.44261 = (3) 3/29—4/05 » R* =
0.40229 » RE KRG ABIZINE - (4) 4/06—4/11 » R* = 0.56934 - (£—1{Hl HABEHET - Frbas
Z g ELER R B R A E R LGRS 0.4 DLE - EEBEEHT 0.57 -

. +=A
J\ O iiEam

AREPK DS A 2RI E R B 2 MEMS BE i i BRI 2 v IMb 2 it &4
R 6" LIEIRY 8 cm x 8cm [EIFEHME - UJHIRL 1 EHELL ERYREREEGHISS Fr - B8 Fr A e e ek
HIZRHR TR 0.65 mm X 0.65mm x 0.4mm ° FTEEZ NO, BREECHIGL Fr - & Sl
A 10 ppb NO, RHGHF » EHlEL A YETLZIER) 8.77 uA » TEEEA 8.42 uA » HERERIIA
100 ppb 2 SO, FhE% » G MAHRERE N - L - AREIBATEEZ NO, RO & B =g
MR ~ iR mEERE - REINER - EEREE LIRS R EAK 04-0.56 2
i+ & SE B A A NEBEE R - ARARE T IR B B (B R B AR A [E R - &5
E HENE R A~ aE B R - (B ERRRE B bl i 8 3 e P SR B IR &5 | - [RTE
L AREBATBE  SENTE  EEEEREERE .2 NO, BB - RefFiaE
R —EREE - AEIERK - REAREER 2 EE - B 58 -
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1 Please refer to the website:
https://airtw.epa.gov.tw/cht/Information/Standard/AirQualityIndicator.aspx (-2 R E1T i R R B 22 R B TEIE)

2. Please refer to the website:
https://www.tiri.narl.org.tw/Publication/InstTdy Full/2223?Publd=2 (EHEHTHI55 218 H F/E: 5 i B B RE e g =
i U S BE R HT 2R 3% Development of Semiconductor Chip-Type Gas Sensor)

3. Please refer to the website:
https:/tpcjournal.taipower.com.tw/article/1405 (58 H T 642 HH 534 PM, 5)

4. Please refer to the website:
https://www.epa.gov.tw/DisplayFile.aspx?FileID=6BB17C4B4AD72C76 (H1#E R BT bE R (R 22w i e e I &
1094F)

5. Please refer to the website:
https://www.alphasense.com/products/hydrogen-sulfide-safety/ (Alphasense 5884 JsHIA 7] 2 &1 H,S 7 fa i)

6. Please refer to the website:
https://shop.cpu.com.tw/product/52720/info/ (A2 = A S EHIES )

7. Please refer to the website:
http://m.dyecn.com/products/24475. html (525X 58 B8 JEGHIE)
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