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KB-9xxx series .
High Speed Fan OutiDie]Bonder

- Bonding accuracy <3um

- Available to fan out / PoW / PoP. Process

- Switchable flip function for face down/face up application

- Inspection function for die surface AOI

- High bonding force process ready » 300N
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Instrumentation for
Aerospace Discovery

Optics Development and Research Collaboration at TIRI
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PV72.0 nm,
RMS 6.8 nm
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R&D of Various Optical Remote Sensing Payloads
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Fabrication and Inspection for Meter-scale Aspheric Mirrors
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Customized Optical Thin Film Coating for Aerospace Application
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Customized Design and Fabrication for Optical Lens & Components
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Smart Dust Sensors R&D Services
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PIRFRE Specificati.

. o R~ 17mmx17 mm
= - 3R1% : ADC 16 - 24 bits * FEHTZE~300 K/s ~ EORIZS
| ASEREERRZE < 1% - INFE <30 mw (FREANZLER)
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* Good Die Efi#E (max. to 6”) : Wafer type (4” and 6”)
Die type
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HEolmmtZEBES T 2/S\NEEIN ALD/ALE &
6" Cluster ALD/ALE Platform Integrated with in-situ XPS Analysis
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KZGAZE /S ALD/ ALE/ RTP/ XPS 1540 - oJiEp N B EZE 2 ot
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> O]zt AR#S Services
B R ERBIEEY MK 2 ALD/ALE $EIEHIG / EXFREESEMFAEE I

BfnsE | SREBERCNEZEREREIEAMES R

> ¥i1& Specifications
| Tool  Spec.  Materials
PEALE 400°C, Ar, CF,, O, Al,0,, Zn0, Si0,
Oxide PEALD 450°C, Ar/0, plasma, O, Al,0,, HfO,, ZrO,
Nitride PEALD 450°C, NH;, N,H, AIN, TaN
Rapid Thermal Processing (RTP) 900°C, forming gas, H, Annealing
X-ray Photoelectron Spectroscopy (XPS) in-situ analysis Thin film
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Never Let a Good Crisis Go to Waste.
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Special Issue Introduction of “Smart Dust
Technology and Application Observation”
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Indium Oxide Nanobrick Based and Smart
Phone Operated Portable Semiconductor
Type Ozone Gas Sensor

T8 BN TR RIET - Bypw > SRR S MER

Tzu-Hsuan Hsu, Cheng-Bin Hung, Da-Fu Wang, Wei-Chung Su, Yang-Che Sun, Cheng-En
Liu, Heh-Nan Lin

AOFRAEH L AR LD EREZ BACLER KRS A FMEETIELF SRR
B R S AEHE - ﬂm%ﬁkéumm$w“@ﬁﬁﬁ FER R EAERX ﬁOM%mlﬂ
~~~~~~ S AL EHUE £ 22.7 ppm | 0 RAKAEAIFEIR & 1 ppb 0 # NO, B EHE 45 Sppm | » WF L
L2491 1035 HH bR AARAK o AFRBE R3S 22 F & BASEETHR B ZLE - ARG
KBRS MBS BIMANAL > ABSE AT REAEL BARME - EEBA LAY EBIER R
FARIEIE > f2 10,+0.54NO, /& BAZR AL > REAFH R T 048

This work describes the synthesis of highly O; sensitive indium oxide nanobricks and the
construction of a smart phone operated portable semiconductor type gas sensor. The indium
oxide nanobricks are synthesized by a low-cost chemical process. Under UV-activated sensing,
a resistance change sensitivity of 22.7 ppm' and a lowest detection limit of 1 ppb for O, sensing
are obtained. The sensitivity is around 8 ppm ' for NO, and the sensitivity ratio is around 1:0.35.
The sensitivities are significantly lower for other gases. The gas sensor is deployed in an air
quality monitoring station for machine learning. The chip resistance, the temperature, and the
relative humidity are taken as the input values, and the station concentrations the target values. An
artificial neural network algorithm has been developed to predict the concentration. A coefficient of
determination R” of 0.48 has been obtained when using 1 O + 0.54 NO, as the target concentration.

lax
A Y

Ml

FEERHY H R - 2R R W - B2 R s E 2 AR LR EGE
B2 — o AR 2021 FHRHAGHRERIELD - KPR NOMPRIIZEE - #6
e T R AR A AR 2 R E R - ISR B B AR E N R =M 2RI T3

FHEIRHN 237 HA 112.12 13



FEERERET - RERRSES HEEENEEAR L — - THEEZZFRE TR S
BAERERR - itk HRE T REANGEE ABEE - BT RALIRE R EREDE
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10—30 ppb * MERFE G ERIZE NIEEERs 60 ppb © & BEE/LIRE R 120—500 ppb BE&ENRF © &
FHEENAZ1E ~ Ik 6RO E AU IIRUR © E REEE R AR 500 ppb DAL - EBH
TEHERIRES ~ NPIRGE ~ BEED ~ NSl EaR B AR B T#E  FEETE 10 ppm HIREFEE S [F K
RS RER -

H AR B A SRR T 5o B8 B 4 B 3 22 SR B B s - SR P 5 FH SR i B T (R 2R
FHEIYME - SEREVERE SR IS AR5 L th /e - (HERBEREA B ES L BFEFZH
B At A RE D B o SERE RARENRERMEENITER - A FRERGUEE -
R ER NSRRI - SNRERE N L » SNEEEESE I EIRE (80% DLL) RE

HAEPE - BRTICRIERRPANERAE R - FIE EREFH B A ZE n i P INEERY /N
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ARSI 2 - s (SR E(LEEIE ) B E /MR EH & 4T
H RAIECHIE AR R S B E LRk R - S s - SR - S bdh - SbHED > B
BARMBHIZERKI T~ Z25KFE » KR RAEESE > BREeREESEEL - FLEE
TREEESERE -

AWFFE R R A LIRS (nanobrick) FAKHITEEAM [ W FER R R E SRR EGE - Fhah
ORI MR RIS - FARCHESI R RS M R Ea A - PR — B r i =
RHSECHIEY o RSP MAE AN B AR T 6% - W0 A e A AR =G0 SRR &5 BB BE A L - (] 15
HEEEREN R ERE -
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EMEIZRBIRTEERIER - RS0 T & WA SRR - 0] 7 R P H S ALERRfT - ¥)
BRI 2 H 7RI LIS EL ST (van der Waals) T3S - NETREE(LEEHE - DiRERy]s - AL
HERTH TR - Slesr T HREMkT - mifLERUR I Al TG BLA A R SR 1 A A BE (A -
FALE gL - BORMTRERK - FHE T TR - ~FEEE RS BRI 2R B2 I &S TR
HEEE AL I - BOHIAT R EE R ML - SEM SRR -

REEA D REEOERERE - EEMERE WER - Z8LA - REF) KR
n BREEERAR - AR T EE P EEMERET - EHET2EZE (electron depletion
layer) K" $EEARIER o MM - EBRFEERE @—&L - £5%  ZFE%) W)
n BISESERGRIAIN - RE0 FEBIGE T EEEA e - BTz @B - R
HYFERH - AN - R S AL TE RS B BIBCEE T T B LSRR M B 1 - AT 6 P S
Y n AIRERE AR ECH S L MRS - & i A S8 T R Y p AR A= B
pEE(d)

3. SRUBEAR 4

ORI o 2 9 AT P R B A (LR 72 » FRVRITRESE Ry 110 eV - BUHHR
ERSMNER - A REB RTINS - CEECHIADEHEIE EREiarEFHE - AN REE i 2 FR IR
BEST - M B GG W - 55— IE > EHEREGHE N TR EMAINEW - 102
£ 100 °C PLL - #EHIRERME S TRER - WML SRET SR SR BB IRI Y - LT EER
FERE LA S BRI v o S5— T A ATRIRDE - SRR IR fE AR AERRAY
ot EHARELETER - BREEEHEMEREEE(LIERED TS - BRI -
DAF$smii E R S B R ) - SUBRRCHGHERERR RS 2.9 eV (VR E RS HEGEAER) ' Itk
HIECIHEE R R BRI 425 nm

= -ERSH
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B DR SRR AL B e R E AR - ARIR O T R AR B K
B - RARROLIERRZE - BIASEI & /SRR S (A o Sz iR i Fr B4 i
TRANME 2 Fos - ESERIRIIA 80 2 RBET /K REA - RF7KIEE 97 °C - fkik I AGHER
SR > FERER A /NG IR VURE AT - WA FHRGA S SRR 2 /N - X172 L 8000 rpm Y
G L 10 208 © RFEE ORI AR IOABEREIS 60 °CTNFFIR 10 /N - B EI S & LIRA AR E
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IR o FHF 0.13 TEEELIRRINA 150 271 LF% - IRGHIREEELE L - RIR1E 400
°C fREME TR 2 /NRF - ARG EIE LIRS o DU L B A S 20 R Fr -
db P EE IR EIRIBE BN B - (5 P B T AR RRE P L FE B E Rl BE g LS s 2 - BIISEREk
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0.2 M In(NO,),-xH,0
{% 0.1 M HMTA
s
/ 80 ml DI water | | u

;]
n(OH)s :_jf 3 Calcination at
¥ Centrifuge powder Spray i 400 °C for 2h
" ‘ LWy, T 1 ]
] - 3 i - i
' SRR ' i

Keep 97 °C for 2h

In,O, wafer

2. AR KA R A G R i mEE -

2. TEERCGA

HRRE SRR - SRR GEE - BT U9 AR B =R R A T R A R i
JECHT - EROBIERE R HE B R PR R E B - IR —(EBCRH - HERBIFIRF R - A6
FH R &4 (Thermo Scientific Model 49i-PS) 1E R 5RUIR » 74 —E E i H R n] eHI4E
5—1250 ppb ZRERIL - FFEARRERIEE AECHIERE - FEECH S F O BRI A 0
fels  TRABERAR - HHEHMEREER - AEDIEEE RS E R RlR - VB &Rz
il e [ G VSRR FE AR E R AR R NPT TR AR - RS - MR AT
FENEET 365 nm SEYME - AGHENN 5V BEEERA L P RR G EEAS [ SR SR T % R P IR
b - RS EGHIEE(E T 2 B R AR B LR > e (1) Al > R, BEGHIE B FER
REIE NEM - R, Rl A HEREEREI - 22E (response) Fy

R, — R,
Response (%) = —=

(M

a

m -~ FEREAETER

1. BN BER RS

3 RBEALIAZOKIE I EE T BE R (scanning electron microscope, SEM) ISR
3(a) K (b) 775R 50 k ~ 5 k FYBORAER - Al E S S LSRIIE IR — 2 - HirE.Z
IR ARy 90 EEA » HERIEFELEEHE - EBKATR 100 25K - 1L B AR E 3(c) 500
ORGSR PEH - R R EENVEH E MEREASEIEME - B 3(d) RS CIHE R
B - ATEHEERR 500 75K « R&HEAMSHT - MRS LHRTRE R /7 S shlis g » =
RERE R ORI &S H R 3.3 eV -
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2. SBERUA
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M BEREHSZRWEE AN - 06 HARRR 1250 ppb WREREHIE A - ZFEMNNER RHAIERIG -
HBEHERR 22.7 ppm ™' > B [E 2.27% ppb ' o N ZER MBI EME R 0.8% » Mifkxik
BRI R B FE SN 3 5 (7Y 2.4%) PR » (Al S LR = R Y i (AR AR A B 1
ppb * ERREREEE ST O, A (KIECHIERE 5 ppb FYEEK » BEURE(E By B AUEHI Y i 8 =k -

B~ FHRIEAEUREERCAIZ RAE

TR E B =R - T —o PRI A REB RS - DR F MG
I - HZRREA0E 6 s » 3% UV IS LECHITER » (E9RE BRI 20N R R A - R
e T =85> - UV-LED BEEhFE it el et - (FRa B mia e - NalER
DABf PRl 8 R LL B A0 - 1T (S0 EE MBI A - S BB EH a0
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. MIZ [ = 1
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—{ESFERI R RO ANN FBEEURYFIRR - P DARZ I AE i AR~ 38 R B H = (E {2k
THHIR AR RS RE -

9(a) ¥ 1 05+ 0.54 NO, HIFIEE (JREN Oy IR L NO, +48) » £ —{# H R[] -
SETRHNREE EERE L - v F MBS RO TR R A B L s WS TR E A1
BAJHERERT o [B 9(b) BT EREL (coefficient of determination) R* # 0.48 * MAE {E 5 5.24
ppb » It R* AHE BT F RS RCHIES K HE © B 9(c) F¥f O, 2R » 7 [RIFRERE 4540 S TE 2
P B L E R LS - (8] 9(d) BERUUE RS R® (75 0.19 ¢ i MAE {Efy 13.8 ppb DA F#ESR
FUR - EAEHZORERGIG R TR S SR P YNRERIER T/E - ¥ o, MARNE = EEE - H
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A Tuned Mass Damper Based
Micromechanical Mass Sensor

0

HXFE - S#ZE - BRER  FHY

Wen-Ruei Du, Jia-Ren Liu, Ting-Yi Chen, Wei-Chang Li

i 8 M R 5 X AR B A TR AT 0 5 60 B RAE B S B 6 - R BT
BB e AR 2 — o B CRATE - A EREIEEBARA - A AR A R
OB T o B R A © RSB R AT R R A B R R B B W A
Ot PSR 0 B E AU RSB A T B LR RS ) 5 604 P AR
T EMRERARTRER -

Micromechanical resonators, of which their resonance frequencies change in response to
environmental perturbations, could be used as sensors. To date, Resonant-type sensors are the
most widely adopted sensing mechanism in numerous application fields, including mass sensors,
force sensors, electrometers, etc. Compared to regular micromechanical sensing devices, i.e.,
cantilever beam resonators, this article uses a tuned-mass-damper-based resonator for mass sensing
applications to achieve higher sensitivity. This article is organized as follows: (1) physical models,
(2) measurement set-up, and (3) measurement results.
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1. BHERIRRUA R R

HA L MEGEIRaFEE T RIRVRRGT - &8 BRr e RUREIRER - B 1| E R RE RS
BRSO EY] - FEAFREIEBEINTRIED T - FXA5HE ] F ok — i S L 8 R
o BB R A RS IRIS - SRAAYEE) 7] H — B (single degree-of-freedom, 1-DoF) Hf#
DEAFR

mi+kx=0 ()

Hrf b BEIERAMAERMI M (effective stiffness) » m IR A EE & (effective
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mass) © AR [ A]RRFy
f===\= (2)
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Af Am
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/Hﬂ—é%ﬁﬁﬁgii‘ﬂﬂﬁﬁ HEIRAEER (RBEZ T « SR B b S TR R 38 R i A
FmE S HENE BRI BRI ER - e - SO B A RS EE =
FERFEIRERET » DA RS EBUE RIS BB » S535C (nanogram, ng) HYE E8 HTKRE R -475
Hz HSEERE ML » fHE TR —266.7 ppm/ng HYSEAIZK B (L EDLR 115 fZ58 (picogram, pg) HIREHT
JE o SR > STR® $2 R PM, 5 IR IORT 2 B EATE 15.9 E 156.7 ug/m > 2R » #HLA—
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Bl W e BEEUETURMATEAENR - O 1 S R R SR SR N B A -

Particles, e.g., PM2.5
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Vibrating cantilever Mass perturbation
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2. B RS HIRRUAZR R

B T CEE BRI ERE - TEACKR A HEERE ke Z AR S (coupled) A
i8Ry S JER T R AT TR B oo R 2 B DA T AU EREE (two degree-of-freedom,
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Mechanical system:
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Hrp fy B iR R e N 2 B EREBE D MUREIRIR - 0/, B2 E &8 MR
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FRI - FRAE 3 FrrrYEEEE - RSO EATER 2 FREL m, MHERKNET m, R —iR
/NBE R - B R —FREE E EIHE (tuned-mass-damper, TMD) &R es 24 o MR FF
EEEERTR (8) 2 =ELL - RHEE R A
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2 (HEES LB TR U R TMD SR BERUE 2252 - i aniE 2 K& 3 2
VISR - ALEERANSR | 228 HetEREREE B LTS SER R EAA0E 4 AR -
EiEE 4 IR R r] 2 IR U RE R AR LU TMD RIS 3247 - fEAHFE &L - A
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Param.

k, (N/m)
m; (ng)
Jo (MHz)
ky (N/m) 4374.9 32.96
m, (ng) 3.728 28.21x107
Jo (MHz) 5.452 5.454
k, (N/m) 0.001 X k, —
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FHPS = A R B R 600 > AR AR Y O3 A _E A AR Z2 13T ik (state-space
analysis) RN IERENE] ARG IR (LR 2 RIRVESRE R 8 - RN =R & B
AR - B 6 ZEEN TR A FGES

M+ b+ ke + by (5= 5) + ki (x—x) + b (£ — o) + hp (x = x2) = F
m156'1+b1()'c]—5c)+k1(x1—x)=0 (11)
myXs +b2(f€2 —)'c)+kx(x2 —X)=0
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1
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0
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HE—HHF (13) FEiE LA (Laplace transform) A2 IE % 7] 15
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Y(s)=CX(s)+ DU(s) (14)
X(s)=(sI — A)"'BU(s) = ®(s)BU(s) (15)

Y(s)=CX(s)+DU(s) = CP(s)BU(s) + DU(s) = (D(s)B+ D)U(s) (16)
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7 B A FEUE S T E MATLAB FIF = (17) A& SLA00% 2@ (Bode plot) » AJERZ HY
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% ASCE— A EENCE I RRERE &L BEEHE S PEFEAL (WIEH Mode 1
HRHEFTTE) BLAAH (A0 Mode 2 §75EFTTE) BIRHERAHE -

-60 A Mode 1 Mode 2
T

-80 | o
-100

-120

Transmission (dB)

-140

—-160 e
45 5 55 6 6.5

Frequency (MHz)
7. RV 72 FUK R AT iR B S B 09 = 4 E TMD #8388 Eag s s 2O

7

6.5 "

6 T Veering
e S

55 I | =

5 Ly -

Frequency (MHz)

4.5

4
-0.3 -0.15 0 0.15 0.3
Mass Pert. Ratio
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SR - ASCEEBI e E - FE R TR O R MR Z 0.35-um CMOS-MEMS #2345 »
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= EIRRCRIER 2 BERAREY

fEl 10 Ry =HEEE TMD FEHRIECHI &5 2 f i =UEE BB (scanning electron microscope,
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PRSI AS IS AR M » SO FIRFEE I BRE) L AG IS - E RS T PR LA E BN - NI EE
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i Vp Bl v, 37558 Bias-Tee #l e 1% Bl A FBEE) EASREHUEHEE ) o AT EE) A B HHEHERE
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Network analyzer

INSTRUMCHT
ENA Network Analyzer E5080A 9kHz4.34.5GHz

Driving power supply
POWER ON
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Vacuum Probe
Station @ 35 °C

= =

B 11. TMD #HR R A B ey R 2R+ 56 -

To
Instruments

To
GND

- .

B 12. TMD #54R B0 oAk el 2 s B B @ o

2. FAPERMIRE G E AL -

Keysight E3647A Power Supply

VP | 35V
Keysight ES080B Vector Network Analyzer
vi 0.056 V
IF Bandwidth 30 Hz
Measurement Point 1601
Transmission S21

Custom-Built Vacuum Chamber
Pressure 7.5X 107 Torr
Temperature 35 °C
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1. RETTAERERRE

[ 13 #n 7HEE RIS ENFRERERE L, = 8.525, 8.800, 9.350, 9.625 um
(A1 AL, = 0, 0.275, 0.825, 1.1 um) FHYEREEEFERS R - EERET - ASHEH T E AL
(de-embedding) HIF il 2R S AR A B IR IRV 2 - ST IR (LR -
B 7B HAME R A FHTHYE G ZS 1T i - RGEIRERN B L EEG HREN
Zhe'E e LIVGE IR - DUZRAI LB - [B 14 2n 7 HEE S8 LAY EHIGE
R HAEGEREEE - S Ay A s EEEER - 1EE 14 FRMEEERGETHER
0.14% / pg (B[l 1400 ppm/pg) FUBERUE® - #57 ZHEFIETH TH 4 X - FHHE E - BHEFI LR
& A HARRERE A (Mode veering) HUFFIE: » (158 BRI SRR R S E ERIRIRE IR
TERY o AR ERE R E LA AT g - R R AR LRGSR HE— 2L - MR AR
AR ERE ERGHREA - BEERE RS LRESR ErvHE AN B 2R RGN &
BEFIRYIE D -

65| V=45V | st Al i A

v;=-15dBm —=d" = Teq
: _Fﬂ_,_J\I"'H“‘- 0Oum/0pg

. | 0.275 um/10.83 pg
75 | — 0.825 um/35.76 pg

= 1.1um/49.99 pg
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FIRG FER A I AR Ay R - DA I - [ 15 B IERRGTE - EEAE AL
EES PERRE A EE - R FLIAE) - BEREGEPEEANN LT > AEH —E7TilE
RIFHUERBTE » MRV > WFE— PRI EEE EZEAIAMA] - RS EE A
TR TEST - DU AR PR s T RL T 30 B4R - T DLE EE IR AT i 17 B
SVE o AP HIERE 1 o380 2 Jr 8tk H R & 1R I AR as R B e A (L - 20iEl
16 FrR - fEETERESR] > HEREIAVHEEIZMHIL - & | 28 2 58k - FEREERE
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FIEAVBA L

Glass slide & devices Incense holder Bottom
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L=100mm t=2mm
Cover ||I
$60 mm Tube / \\ .
t=2mm $#60 x 45 mm Entrance Pillar

L =500 mm #80 x 30 mm ¢10 mm

5mmt \ t=2mm L=150 mm
i 0mm
@ <

Bl 15 A3 S A kis & A ERWE AN ED -

72
5.838125

=~ 5.04375 (N/A) 5.830625 (1 min)
2 5.03 (1 min) (2 min) 5.886875 (N/A)
5 -76
2 5.216§75 i
E _7g| (2min) /
[
E 1
= 1

-80 ,

82

45 5 55 6 6.5

Frequency (MHz)
Bl 16. KWRAT » TR A | 2 4RI 2 A AT B R a2 & RO

Ry THEITHM - TRATERE T — AR > fEH 7 CC-Beam FERER(ERZ2% - FIGETT
R TR E B - 58 5 1ELLI CC-Beam BT/ NE BB L IR RVl - I E B
F (1 18) FRILAEH - CC-Beam FEfRas SRR &P IR G BIEL - BURH CC-Beam HYM#
TR 2 DU B0 N B L - AT - TMD R iRER Al o] DU IR (S 98y ) - JE— %
A THIN TMD FEIRERMTS - SRE LR S0 B PORS & BB R IEHT S o VB & 5 [REAY A
REREEL -

R B B AR R R 1R T B R TR IS AT T LB MBS R T A IS R
RO RAE - Al A R ERERA RSN T E R - EEERERNERE - ERERE
FRE T HEINE B rh RO E R - Rl A S B R T R I E =AU 0.2357 £ -
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R3.EREAAREG MY T RILK

Time N/A 1 min 2 mins
Mode 1 Frequency 5.009 MHz 5.002 MHz 4.992 MHz
Calc. Depos. Mass N/A 0.643 pg 1.506 pg
Time N/A 1 min 2 mins
Mode 2 Frequency 5.9593 MHz 5.9513 MHz 5.9406 MHz
Calc. Depos. Mass N/A 0.753 pg 1.775 pg

MEMS ECHITTIFEE CMOS FEIEERGETTE A B G - AREINNE b E R E H A S
H 1C - BIRTR AW FEATbE % < B B R ey — P B G R A AR E R E -
AR 53 B A5 R B B SRR S B AR B T R R
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Application of NO Gas Sensor with Circuit
Module
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E
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By R 3% ~ B
Chun-Wei Chiu, Ray-Hua Horng

H#Ha (J0T) 2Bk SXARABAREFEL A FPRBERNBL L L Poy—4E
AERENMBEZ -AARAMBABZAEF IR AMAENS  AESATESG R
Py AT AR 0 I RALR S RS E R i%—ﬂiﬁézﬂ%%ﬁ%ﬂlﬁﬁﬁa‘#ﬁiﬁg
oo RIREZ —RALRLARMAR Rrg 0 FRRRZIRIRE BT RAA B HAL R
ZHBERER - FEN AR R RS ﬁﬁ-{ilﬂ+§~%§i§ﬂ' BEEAL
TG KRERTHARE -RATREM RS4RI E B R ARG - &
LT BATR R R 2 BIRAUR T BRI MRR > T 4% M RAIEXR
B e R ey R LSRR -

Due to the development of Internet of Things (IoT), there is a large demand for various types
of sensors, among which gas sensors are also one of them. The nitric oxide gas sensor developed
in our lab is a semiconductor gas sensor, which has the advantages of high response, fast response,
low cost and small size. Nitric oxide is mostly used in environmental monitoring, mainly from
the emissions of automobiles and factories, and low concentration of nitric oxide can also detect
asthma, and if it can be measured at low concentration, it can be used in medical applications,
which will have a significant impact on the healthcare industry. The general semiconductor
process for the production of the sensor, you need to use semiconductor measurement equipment
to measure the electrical changes, the laboratory has developed a sensing circuit module, greatly
reducing the size of the measurement machine and low cost, so that it can be placed in different
venues, without space constraints to the actual environment of the test, in addition to reducing the
size of the measurement results also have an advantage.

- ﬁﬁ% lb /l\IJﬁ'%

{E COVID-19 EEEET » fF 3 2 BUR AT NE - ARHEEEF - R THEHEN - ZRFIR
WHEAFREZERMER RS Rt SR E% e H0EE - B—HH  fEEEEE
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T 0 2020 FENPEE R @I 2 BB BIIRS] - AFERYAEVE T 5 2 # AR S TR - PRpEE
MRS AHAYEE R » 1E 4G mAHR R R EF A SG @Bl - T4 KA E P E RG2S
HERGR R A Rl LR B ATE R ECHIEEE B T DUR B R IR RIEEN - nl#E
H&IERAMUEEE R » REFHERREBE ST AIE A B B R TR RO - WIE 1 —
JEF ISR O W B S (R R - BhAh - ARG 2Rt F A BB A - WHoRiEH - 1%
NN PR BETEEDUSORE - Sess IS S AR B SR - &I HPAE (Acetone) »
HIFTREAIRE IR DM R A R 5 5 2IFHEAR (NH,) - HIFTRE R B ArS O 5 752
NBEVE SRS & 3 35 ppb I—& (L& (NO) - HIEMiE AT RECAS RSN « Ll R[E
FhEH - XPA—S(LE (NO) ZEER R - 1R 2018 F2EKFE T (The Global Asthma
Report 2018) #fiat » 2ERATH 3.4 (B AEE RIER - HEEFIH NO RS ECH 28 ¥ A IR
HEATHEYE » JEE AKX BT EE AR - R IR S A BRI A RE - Kt RESuiR K
ppb IRFERY NO RRSECHIER A HEE KA EE - AFEat &R/ E B A PR E R
LRV R - BRSO ER R ELE R s iTRE ST - IS e R BB R IR IR R T 2 R
Bk I 2% B 2R 3 X B FH 2 FEAR A U BI iR i oo SR e B3N+ St - ME B LR A RG]
o WG R REBRES A TSR EmARTS - K R Re 28 FE R e
TSRS - THNEH RS - DUERRIR G R 2 Bl - BLER A alE sk -

Very large scale Cloud Very high latency
EEET B8 [ Ny ﬁﬁﬁ%‘y‘éiﬁfé&%ﬁﬁ‘l BEE
Fog
r' 2
BB/ _ e S BRBERERE | HoE

1

B—EinE _ - o RESHRERE #)

0
E—RERERE -
e - Sy
el S 4

Very small scale Infrastructure / b Very low latency

a "a .
[ KEER (FRRARD %ﬁ%g]

1. %5 BACRA 2 4 4 [ -

Ll

TSI ER 5 T A H 1932 4EEH Hersch” S AFEHBEIRIR (galvanic) B8 Hh 52 HE RKHI
B ZREEE RS R RN FARER AR EIIEE - 20 1961 £ Weissburt 5 Ruka®™ #2HI[H
RETEMRE KA ECHIZS » 1953 4F P.B.Weisz! I B8 PRI I S B & 3B B L > ARk
1962 £ Seiyama'® Fi| F Y- 2L BE PH (E 0o /7 =0 EHIRHE » 10 1968 4F Figaro” SRIGHE e gl
AR RIS R 2R AL - 19741 FELE AR EOIZRRE (L - 1971 SRR RO
WA ABRRSERAABN AR - HEE LERE DR ERR RS T

38 FHEFEN 237 5 112.12



KNG SEETERRE - MR E - il /R R - Z MR EE - [EEEHER
ZIERAME RGBS AHGE - IR0 @ AR e - SR R B R SRR - B
IRSEEERE A o R > RESECHIZS TS TEMEE 2021 ££7]5E 900 BETTRH HEHE S RERE
7.3% > QM 212 Fr DA KRR M A SR A 4 B R SRS B - Hh DABR B RO R R B
F9 BRTEAIS KM R E N 22 RanE BB A ZE M - 20 Bosch #EHAYZ2 R GLE BRI
TerEAE 3 BZEGHI RS S v R By R B () H DA S AR BE (microelectromechanical
system, MEMS) » JTfFRST AT DAUHE S/ ME - SN EH H R Figaro /A ] H#E HAVEREAE
g A0 GE 4 0 HEESE DG E A EREE - TR A BRI TRE - B
CMOS Cambridge FThiff 5% 4E FE 22 R E B HIT B - 32 EGH 25 B 5 B e ) 23
(MCU) » Al #H & R AR EOEHIR TR - 26 28 N 2% R B (H S AE T 22 81 3 — &bk DA
KB BEREFEY) (total volatile organic compound, TVOC) {E B EZEHIRE - Fritb.2oh - K
Ol ZR 2 RS RO s B BB - FEEST AR BB S E W - RIMHE R —F(b
RIEENE—EM - ZLIB LSRR T B 6 FrdfRiEEHIEE SGX MiCS-2714 (FE#E=)
LUK NGK NO,-MD-1000 (B{L2) » £ 1 BItRia s EHE # % NO, ‘AEsrIECHIE A (FH
R EFTHFREFEREZ NO FAFEGHIR - BIEDL NO, R R #s E T - BhelE R
~FEHE 01T SGX MiCS-2714 EllZs LA MG - 8B/ NERE - 5—J7H - B8
MEMBRAPOR NO/S-25 S g EGHIER $FHEHEIRE A s i Bl B BUE - SRR T
0.05 ppm (50 ppb) DAR#AEHY S FERFE (25 #5) - HmHERGRELR R RAfRAR 1 - RILEE(REE
SR R 28 - B e ST MR Ry A BRI 5 2RI - EAE RS - B S a2 EINEL
AR - PR AL R RS B B8 i B an Z iR B« SOOI oK s ZE LAY B R 2%
BRI E A - I - EE BRI RS S U RS B 3R R (R RO %
INEE - ([EASHEEE B AR (BE - fEHAREEMHERERAES] - HERIL - Aifse
s AR R R B BRI R » IFCIL RSN BB R, ~ (AL - (F Epest EHEIRE R
A6 A TR T R A R R R R - DA FE R R A B RN ~ ToT Y)Wt S s =(EE 11k ps
o
= Industrial
s Transport
s Environment

600

Defense
mmmw Consumer realistic scenario
mmmm Medical
300

s Building

—#— Total gas sensors market with
optimistic consumer scenario

o

2014 2015 2016 2017 2018 2019 2020 2021

B 2. FUBY RGBS 3 K R AR YL iR B e

=
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BMP280

BMEEE;O Bosch BMEG80

Environmental sensor

Temperature, humidity, air pressure and air quality

sensor

i
Bl

3. Bosch #&- A 3K 35 40 ] A 25 o

4. Figaro TVOC 3R ¥ A28 Al 55 ©

g

5. CMOS Cambridge % 3% 18 ] B8] &5 o
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(a) (b) Top view

#15

$20.47%,

trogen Dioxbd )
H‘“ Side view

ETHO W SN

16.5

I 43

0.6

$15

6. (a) F %52 X FIGARO FECS41-250 YA % (b) E1t%: X, MEMBRAPOR
NO/S-25 #.8% R R 35 & AR -

& 1. A AR RA B SGX MiCS-2714 A& NGK NO,-MD-1000 Z j& I 3144 °

| sGXMics2714 NGK NO,-MD-1000

Sensor type MOS type Electrochemical type
Sensing gas NO, NO,
Volume (mm?®) 5% 7 % 1.88 10.2 X 10.2 X 16.5
Detection range 0.05—10 ppm 0—10 ppm
Response time (T91) - <25s
Resolution 0.05 ppm 0.05 ppm

SRRy TR — R E R RS SRR - i = H Al RASR BRI a
fiTESE R 2L A8 7 - B AR 2 L2 - SRR DR AR » Hp D58
S~ 35 = TR ek 25 1 P R 5+ R IR R T (B T DA 38 e T A B R AR
HEBEUE - SRR DHAZE ST CMOS Tof g » RS AE T ROl T i - R
Figaro #ARETALEAEAIE® (b AR B fH A A A - B8R - RO R
ROVR S BT S @S HE B R BRI IR - RIS MO A AR R
REEEY - ERE RMTLT SRR E A XA TSR ENR R - RTER
A 1.7 em #f/0E 4 mm™Y - R R B RGIOR 2R - 515 KA RO TR S MINEES -
B R SRR T MY - P ER R RS E R - ik 2 SR B IR Bl e R PE
EAAEOR Z RS 1IC 8 - HEAREM ML BERRAEEY  HAGE 5 R =
ppb FEARAIIEE - ANE 10 - ARG REUEE DU B e I MR et (AE AT DAACHE
surtEHEEMEN A B ALY EEAENREE - T HESREE V&R - GX6H#E
—EHBEH BRI - TR R R R R e -
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Printed

Eleciro

chemical

Consumer

O
<>( Holographic
)
noe
(625
k=
(s}
o
2 Electro chemical
©
s R - BOsCH
© ChemFET
£ F1§
B Electro i s
= chemical
-
g9
% 2 Catalytic Electro chemical Resonant
S
| . PID,
5 chromatography,
£ i-
£ VAISALA chemi
6 luminescence
=
(=
L
i
2 years 5 years 10 years

Lifetime
B 7. FUBY GR35 Hoalg i R AR LA Z 4 o

Comparison of three gas-sensing technologies.

Characteristic Electrochemical Optical Chemoresistive
Cost low high low
Lifetime short long long
Sensitivity high high high
Selectivity good excellent poor
Response time fast fast fast
Size medium large small

i
"

8. Figaro 5.8 & B 25 Hfig A7 ©

R EEHAERERETEG SRR ERRERE - DIENSE (B - B - EH) /&Y
Fi R P E AU - R LS AN e SRR IR DR R R 7y~ SR Bk & 2295 B R A
o ERMPRE TR - NE(LESR R A - ALY E R R R RS BN RER Y
Mt - ANECE AR AR RS TR R RIS © ALIMR SR B R &5 - HARES
TIHEEE R FR 2 0 A] DA R R U R B R g 2 AR BT TR B —E S - AR
BEBHREEEGERRT ST -
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1000

- 5=
§ Tube-type
: @
c
2 Print-type

rint-
E #17 mm 5 _-yp
=] ] 12.4
& - e
[&] 1 :
g $9.2 mm Micro-beads
o) B 18.5 MEMS
2 L m
S &
- $#9.2 mm o
10
1980 1990 2000 2010 2020

Year of introduction

9. E ALK AR B AR -

1ppt 10ppt  100ppt 1ppb 10ppb  100ppb 1ppm 10ppm 100ppm  1000ppm 1%, 10%

I 1 1 I ] 1 ] ] 1 1 |
Catalytic-type gas sensors

- -
Electrochemical-type gas sensors
i
MOS-type gas sensors
*---------I----I- F

'IiMe‘““"' —
#=. ~ 'examinations

e
VOoC *v "
I ™ .g} "'::l Alcohol-
T -'h — "er | bad breath
o . e
ﬂ' .IIOdor analysis [
-
¥

10. FUB% pon) 3 3 Al BB S5 B R A -

k2. % RAS AR SR kD .

_ Electro chemical Thermal conductivity | Catalytic combustion | Infrared absorption

Response Good Excellent Poor Good Excellent
Response time Fair Excellent Good Good Fair

Selectivity Good Fair Poor Poor Excellent
Stability Poor Good Good Good Good
Cost Good Excellent Good Excellent Poor
Portability Fair Excellent Good Good Poor
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=~ RESRCRIZR IR G

1. REEEEE EESE (response and sensitivity)

BTN RER R ER A5 Z R AN T « SRASEEE (response) » RASERIE (sensitivity) ~ &
8 I FERF R B (B {E E Y (response time and recovery time) » S e Ef2 EL (selectivity) ~ FR M4
(linearity) ~ FREE (stability) o RS EENE .2 E 25 5 BT 25 75 A8 AR I S 88 i edom AL H R
Fletk C EIREZ(L L - FEDOR R HIR R E R SERRE - HR e e
= AR E R € RS IS E B sa 2 -

ESE AR HIER#E BELIEREE (W NO K NO,) » Rl iiEHERmIE T EKEA
BT A FRE o BE IR 22 Z I (depletion region) @ EEEEIHE LI o KRS EE
PR E 25 5%

_(Rg —Ry)

Sres = x100%

a

S,es - RHEGENE (response) * B Ry (EE BT (arbitrary unit, a.u.) °
R, EOHIZRAE R R R IR EHE =R EXREEE - BEMLEREHEE (basic
resistance) * {7 BEH} (Ohm, Q) °
R, + Bl E8 A H AR R & 5 I B P B AR e rR YRR PHAE - 3R 1 5 SRR PH (B (reaction
resistance) * B R EUE (Ohm, Q) -
N5 AW BRI MEREE (W NH, K SO,) @ HIISAEEI B 8 BB IR b A v s
KHEEEETBUNEER S - R ZE - ERERE TR - BT HREEEE
TERR—  FCREEBEERE R

_(R.—Ry)

Syes = x100%

4

RAEEBERBUE (sensitivity) ERHEFRMHIFRERE M RBEERIEL - A DR E
TEIRE T H SR AR I e B 2 B LU TEHE - E B e B SR AR IR A B (R R R AL
% > HERAATT

AS res

Ssen =
AC

Ss.n * RASFEHUE (sensitivity) * BEA7 R ppm ' BLE ppb ! o

ASp,, * RAGEIERE (response) 1L » B By(EE B (] (arbitrary unit, a.u.) °
AC : EITERBEIERE (concentration) Bl » BL{ ks ppm™' T2 ppb ' -
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2. [z FERFRAEL [E] 7 RFfE (response time and recovery time)

52 I e i i ] 95 R e it I A S R A Bl 1 B PR BB RESE T AR ] - IR R (R
RESEIRENANE BRI RE - HREANEEZRRANE - BRAHIESRB N HE
R

bt & R IEL—E R PG T8 S RS FE B R RS R+ [ 11 Bl 12 P - SROERE RS E 28
Ty IR R AR B S R BE IH B 90% AURFRE. 22 » BIURy SR RS S RERERY 5 [E1 A ]
b H MR B e PG [ B B BB B H B L 90% RURSRE 2 7 » BB GBS RIS RT - Ak - &
HE R IR A (B 1 R 14 Ry ISR ] B A AV B SR R — - SRS ERIHIRF B A SR e o R P A K
HIZRFRME L EEEREEML  E B RSB - BRI S SR P T A SR R AR A NEF
b > A BESEST N —REH -

771 KQ

39+ (77.1 - 3.9)*0.9 = 69.78 (KQ)
Response time = 109 — 61 =48 (s)

Resistance (kQ)

- =eoh . 3.9KQ
0 . : .
0 50 100 150 200
Time (s)

1. AR KGR H T EE -

=4 77.1 KQ

771 —(77.1-5.1)*0.9 = 12.3 (KQ)
Recovery time =170 - 98 = 72 (s)

Resistance (kQ)
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= ¥ ERRESRCH M AIRIE

EBA YRR BRI SR - TS (I RS R AL - 35 DAAIET R
RERHVERE » HPEHERE LR B A E FERE G I RIRERE (potential barrier) 4L, » 41
13 iy » NS LEREE NO FEIAMPE R E - EEEFEEE NO Rl - fitfke=
EIIAHEEE 55 (grain boundary) FUAZREMEEE T » DT FER BHEL B -

i
®¢ (10, | Depletionlayer () NO

13, BRI MR B A

AR IR A = BB L AL 1,2,3 BE5E - S5 —ERAE(L B SR R R 38 1k
BERRREEZT - KRHIERS FEHERMERE Y MERS T E it — S it
FHZFAEERF (conduction band) HFE T [IE - TR » SRS THIETHIA
BERPMRRE IR TR - AL RITE DL T & AR I E £ RETT & H (band bending)
O mthREEEZ @RS BT EHERZE T BIESEEEER - FIEEEZER
HEHES BT -

TR — BB PRRR - 38 T BEMEAR H A NO e 2 #1L - 7558 A NO S&Hgtk - H
A NO B AT E 'Y - EERIINET - MHKEREA RS THED, - hg i EER T
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IET - SRR RN R AT 2 BT Y - MEREIINET - ez 'd
A EHEDERILEE BT - it E R LRy & R e 2 f S P 2L (E -

o T BRIPRR R o BB = R LA kR B 2B A2 R IR R
RA2HETBAEINS - A EIZ BB Eb e o - fRzeZ @) - i EEH (E AT TR - (=]
FE A NO sRAznZ EIH(E -

B UR R RO At T A S E R R E I - AE = PR 5ot R ARG
R R AEARAR AV B B 0 Bt A (Rt - RS ROHIAT R Z I E (100 nm > F2RE
HFEER R T - AE 14 f9 5 s - 025 LRI - (8 14 B E - F
7 B IE s o 6] 14 PR o B1SE R e TR AR EGHIEY o AR S — (R R R
IR LB 22 B E BN - DRI TR I i B ]

@ Heater electrode deposition (Ti/Pt)

@ Sensor electrode deposition (Ti/Al/Ni)

Sensing film isolation

M~ RCAIE SR

— i PERE TR EE 2 R g DR B S A E ] - KRR S R A TE
[ME G E R REER - EEEER N EIREENAGE - W8 3 frr - FATREGRIE A 5 ik
ECERINELES (heater) | - (EERERLE TIFIRE - MAGHFEBRLE - B nEdsEZiE
FA—ERERs - FHRHEMESITRM (Keysight b1505) Bl 5 R 2sE 2 BHlgs T DLE IEE
Rt > AEEE R —ERENERREE - R XEHAREER E— R ERESRIEE - 3
It SRS B a5 RE 40 11 RIS g Al e R R

15 Ry e R RS EEANZRNE - mTDUE B A8 L EE B8 2 2253 Ry U 0 43 KT BB B (sensor
circuit) » JIZAEERE (heater circuit) © Wi-Fi 154 (Wi-Fi module) FIEHIES (gas sensor) A5 » Af
DIERE 14 HEAME EMELINEA R M - A& 75 2 w9 i RS 73 51 A W E R B 2 it
BIRINEL - gk B E 14 EE 16 Y Gas sensor * 5540 Wi-Fi SBEHAEE T » KR EGH
EIEHE RSN ERE - 2R HE g HERERELR T - DIEEEEE - HiI
BRI RIGERE ML E - EHE (PR REMMEE - ArEL B ftE R nT DB R
REE -
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Keysight B1505

_ Exhaust

heater

Power supply

B 15 — ¥ Eenis=~EE -

f 5V
OUTPUT

Sensor circuit 2.5V Wi-Fi Module
GND

Connect both sensor pad
N i
Gas sensor
L= 1 o
onnect both Heater pad
R
12V
Heater circuit
\ t
N 0 F

16. BB ERAL AT F °

o

B 17 Fo M EE B 2 5 S A ] DU B M ET I = 2 & W H# A FERH (sensor
resistance) (L [MILECHIEEE2HF 2.5 V 2 5B » fF 2.5 V BORRISG 8 5 V @ d6AE
5V 2.5V ZREHEH—F22%5EH (reference resistance) » FIZKE 4 —FRZ2ZFE T (reference
current) * MR R FEE IR ITIE Sensor FEFH » FEILAIES —FERE V, » ¥ HERE (output)
By 2.5 V-V, o HLEEMGERESKIT Sensor B IH K PEN[FIRIZ2EEI -

B 18 R inZAesEEs - Hif—HER  —HERRS N —IRELBATHEK - mitE
P& FEHEMS LB P E A E R A ER GBI R ELE - BhEEEN
1 (resistance 1) FIFE[H 2 (resistance 2) FEHEFHSE » Sl HE RS HER TCR = 0.00376 K&t
300 °C HY Heater FE[HIE (heater resistance) * i A% ZE[H (variable resistance) FH%E 1
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25V

Sensor
resistance VX
Output
Reference current = (6= 2'5),\/
reference resistance
GND

B 17. A HRA -

18. Ak E 3% -

H I Heater B[H{E - Wi{Fa% %5 B AI%L D SERAAHRIR R (REF-Fr - FrLlE S B IREY -
Heater E[H{EEZZE R ERE - R KBEERFEERAXTLUSE D 2B A0
2B ZERE - RIMBEERRSRINKER TSR 2 B  7iAS Heater 2 BT E 2
F o FEICHIRTNZR(E Heater FEHFR © & Heater FEFHFRZE 300 °C Kf - EEZEE M E&i B
FIEE D BRI RS - IRIE R IR R FF 2 B0 - MEERERAZHER 1 /68 Q

FH 2 5 2.2 Q > =l THY Heater BIHAT R 30 2 50 Q » HURIEEHT[F] (Wheat stone) Z/'\_ﬁ

HEFH 2 (R EEH = EE0H 1 (Heater E[H (300 °C)

T LT AT 1S — A B st

FUBEIA1 237 4911212 49



AJAAEEE = — (Heater FEFH (Eif25°C ) X 2.034

R AFTZ B W ZE R T Heater BFHERI I HEH A/ &EHEHR 22 - MH FkE j%,fj@*ﬁ
RZEHE - FEERE - BRTAHETETESN  BEH AL IMRRE EHESR AR EREE
B M -

SER B PR R B EL A AR A Wi-Fi 2 B RE AR 19 BdlE 20 Frs - FHIRERTRERE
EnsE B ER 2 INRE - KRR —EB 3 K rl e AL » R RS B E R n 7 =02 1C » FELDIEL
((Bndz ezl
7F 1 EIHREAUE SR R FEH B (R (temperature coefficient of resistance, TCR) » Z&[H I

e R e e BT g RS A EE B ANEIRE B R & A AR Y ERE
Uit FE R A ZE6E FH R SH 88 - B TCR J 0.0038 » [l Heater /% 50 nm $£<5
&L 500 nm S fE@AHRE © H 0.0038 HHHAE(E - KIFL IR TR A B B G B IRy
TCR ERIEHMEYER - MHIEIHIZ TCR /MK 0.00376

B 19. BRI ERAL M oo E R MR TR TIRE -

B 20. R EIALA P 6y Wi-Fi BATHRE -
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M~ RCAIE IR S — R E R R 2 DA LEER

B 21(a) F RIS ER A — 5 RS =R (Keysight B1505 system) il 1E AN ] S S 1
FE N 2 BEPH B EE - 5 2.5~ 1 DA 0.5 ppm 23 FIETEF] 105.7% ~ 73% ~ 41% ~ 22.1%
HUSR IS EIER » [E 21(b) BE B = 2 BRI E S EALRAKE (Wi-Fi system) 2 B8 JH ¥ IF [ 8
{blE > 5~ 2.5+ 1 LA 0.5 ppm 53 BIEHFEE] 270%  188.08% ~ 93.92% ~ 57.35% HIYRASELIE
& - A D ERIAE = ORI B RIS H < (B 24 HLBE PR RS (2 0 SR 2Ry B L 73 LK -
KHTEy 2.6 f%

(a) 5 25 1 0.5 Unit: ppm (b) 5 25 1 0.5 Unit: ppm
6 L 140 =
120 =
& sk — L
g g:, 100 f=
[0} 3 [0} L
g 2
S 4 8 80 =
L L
2 ! @
3 3 60 = Ir
4 3 o L r/"
Fkr\ °F U'x._
2 = 20 = =
Lis L 1 I 1 P | M i P
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500
Time (s) Time (s)

B 21. EFAHEFME 5 (a) A FERER AL (b) AR BB -

22(a) K[l 22(b) Hha] A EE Rk B S HE 5 TR %) S e e R R [ A4 e Pt e
PRI Ry 52 L FEE PR e Wit bk & BB AE R BR R A A A HAIE - T R A E BR R AR
WIS R — B/ (RE 21) FIKEFTEERZ&EAE - 7RG E R A & 22— B
{BFE— g ~-E R BRI E 2 — iRz IR - (ERT Rl & Rt -

(a) (b)
500
—a— b1505 system —=— b1505 system
«— Wi-Fi system —&— Wi-Fi system j/_/_,.r‘
= 400
g 400 F fg
I 3
S o
f’ 300 g’
e I > 300} f—’
9 g
@ 3 f
2 3 {
& 200 4 i —
& .-'*_ o T R
= 200 | / —
.'-. ---- .
ry
100 -
0 1 2 3 4 5 0 1 2 3 4 5
NO concentration (ppm) NO concentration (ppm)

22, FATAE A 4 (a) UM I Ho 3 (b) 4B B ik o
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23 R RIRER B RRHRE R A - thg @R IR Rl R Z o - BT 1 —FornEH
FINHIRE TR IR - P DU BIRI R SRR - BN A B 22 B 38 At e/ Vi
TR TRFARME R — 20 (HEERREHE L 0.995 (HEHEDZERH o SH ] LA R B Ml
SRE 21 s @ISR E 13 PRy 2 - fEE SRR AT PR R E LR 1 Tk
Eul SRS R R RPNt R L 3 - R & DALARE IR AT UG Hi I FE & A A /IR
T ERH BRI REES

(a) (b)

s ZnO b1505 2 s ZnO Wi-Fi i
100 = Linear fitting line —— Linear fitting line
2 4 & 200 b
2 _ 2 _
] R4 =0.9486 3 " R“=0.9525
5 &
Q. Q
$ ol 3
o 60 14
o 100 ¥
40
i i | ] i i
0 1 2 3 4 5 0 2 4
NO concentration (ppm) NO concentration (ppm)

Bl 23, AR R 2 M (a) A F S BEBA] A 4 (b) AR E A o

ES T

AREIRRBAZE R — S LRSS B H 2 B e/ N T — R E AR AR R R
A BN BRI ER AR E R B ES  HIER G Z ST - HBiM
AIRHEMER S FRECATESERREL - DIREREAERIIEERET - A EEFE
PR BAEE ALY SRR R A & - ARACHI EREST RN PR SR B (IR - R BRI 22T e W)
B AT EM -
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Investigation and Characterization
of Methanol Gas Sensor for the ZnO
Nanostructures with Adsorbed Au
Nanoparticles
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Yen-Lin Chu » Wei-Hong Li » Sheng-Joue Young
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Heyts e g -

High-density and well-aligned zinc oxide (ZnO) nanostructures and adsorbed gold (Au)
nanoparticles grown on indium tin oxide (ITO) glass substrates were used as gas materials.
Through a simple hydrothermal method and at different deposition times of the DC sputtering
system (0 s » 30 s), the nanorod (NR) arrays adsorbed by Au nanoparticles were successfully
grown on the substrate to produce gas-sensing devices. Through instrument analysis [scanning
electron microscope (SEM), energy-dispersive spectroscopy (EDS), X-ray diffraction (XRD),
photoluminescence (PL), transmission electron microscopy (TEM)], the surface morphology of
nanostructure, crystallinity of the material, optical property, and distribution of element content
were observed, confirming the successful adsorption of Au nanoparticles on the nanostructure.
In the device section, the response values of ZnO nanorods with or without Au nanoparticles
adsorption to 1000 ppm methanol were 63% and 41%, respectively, and showed good
characteristics at operating temperature of 150 °C and methanol concentration of 1000 ppm. This
further confirms that Au nanoparticles can not only effectively improve the sensitivity of the sensor
but also enhance the stability of the sensing device.
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R (1 em X 0.5 cm) | B HKBVESREACFERRAE - MEFFH BRI AT (direct
current sputtering) HEHE 575 KK TR EA LS KA _ESEEOTTiE (BREERFRT R 30 s) » FfRHE
B TR (scanning electron microscope, SEM) ~ REE TEL X B 75T (energy-dispersive
spectroscopy, EDS) » X S (X-ray diffraction, XRD) » F:Z(Z & (photoluminescence,
PL) » ZF A E FHAMBEE (transmission electron microscopy, TEM) ETT 1 YR ETF 5 55

BT+ DURE F SRR i (R B Aok AT AR B R A - = (SR B ORI SR 34 - @

Substrate clean (ITO glass) |
ZnO seed layers were prepared using a RF sputter system i
Grown ZnO nanorods by Hydrothermal method I

Adsorption Au |

Characteristic analyzed I Silver plating electrode I
SEM I EDS | XRD | Electrical analysis |
PL I TEM |
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FEZ W HARE s EENRERRENR - 39591 RF » SR RMENREMER S
AFs 1.71 pm Al 59 nm » [ 23Kk R i S LSRRI R A B 5 5 Ry 1.75 wm F1 54
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6 ;BRI A X SR BEST EE  0T m (E R L 2 AR BT (B RY - AR MER S EA
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ZEkR PR Z K425 1E . (JCPDS Card No. 89-3697) » )
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In Air In Methanol
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Design of Microelectromechanical
Heater Thermal Analysis Simulation and
Verification

T WAL

Bo-Ming Huang, Yu-Jen Hsiao
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Microheaters are developed for higher conversion rates of input power to operating heat,
lower energy consumption, faster response times, precise temperature control and in smaller size.
This research mainly focuses on the design and manufacture of a micro-heaters combined with
bottom heating and gas sensing applications. Along with the main purpose of analyzing energy
consumption, temperature distribution and using this component for development and simulation.
Simulation comparison of 4 heating electrodes with different geometric designs are compared for
less energy consumption design and are developed using micro-electromechanical technology
processes.
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Microheater applications

Electrical Mechanical

Gas Sensing
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B E TN | Outlet

ropeled fow =y

d L] Self
+-Cell culture chamber: Flow - by C‘;mﬁwhm -
S« - - +MiCroheater L. ﬁ
3 & - #Microthermal sensor
Cell culture DNA amplification Biochemical Wearable
research devices

1A B B2 B R@ .

FEZ Y)W (Internet of Things, IoT) B S FIEE FATTEREEGN (5G) HUFERE - ~f5HE
AL RS RO g thRr s AL~ S 50RE ~ (RRERE RARRCA T i - HElfA i
REREGHIER T EEIZ ER - W3S MEMS Fflf8ls » iy hn2ies Bl R i R eR B 5 —
i HEAE R TIRAREE - R85 H AR B HRGIRKEHE A R/A F (Grand View Research)
O Wi - A0 2 B 0 2022 FREREBEEGHIE TSRO 26.9 (E357C - THAF 2023
FHRBEEGH ESETH S B S F3985 K38 (compound annual growth rate, CAGR) LA 7.9% HY
ERFERE -

ERBERGHIEIR - N EBELYFEH#8 (matal oxide semiconductor, MOS) HYJ5 A8 Ek
HIZS R E AT B2 i BRRUE ~ RRCA A B S M DUR AR BEZ (R T 0 [ S AR JE M e
PEMAAFFCAIER - ANERER R ~ BEEE « il 12 - TN BRSNS - Ho - i
AINEES & MOS FASRCHIER 1 BASRAR 1R - HAF R PRI IR -

=1 SELHG S A R T i 2 A P R P e i AR e SR B IR R Y b, SE ML SO A BB R (E
e Ry T heilE LU EERH AL - NG R R R A B N BN W I R IRE RIS 2] © By
It - B MEMS #ilrSEE R nn2ies - w] DARE BORIE f2 Y B R 2 T [ (R AERE - 1658
FEEULT - RSIREY EE RN TROEERE - MR INEASR VIR A EfTEEE AL » DR
7 B IR R S Y = 1R o FHAY SRR Y 55— (il (8 B 2 ] DARE B B AR 8 BR A E — 11 5%
Fr b - fEMR SR R AR A MEREFIRRE I - (Al - S BN A~ 8 S SR R IR 25 TR 17 v
ERAEEA G - R DR G EOIHE AR B - MR- E R R R 2R B A E %
HE °
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U.S. Gas Sensor Market BE v E

Size, by Product, 2020 —2030 (USD Million) GRAND VIEW RESEARCH

$542.8M

L 1 L

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

7.9%

U.S. Market CAGR,
2023—2030

@ Carbon dioxide (CO2) sensors Carbon monoxide (CO) sensors
Oxygen (O2)/Lambda Sensors Nitrogen oxide (NOy) sensors
& Methyl mercaptan sensor @ Others (hydrogen, ammonia, hydrogen) Sulfide)

2. B B HGA A A IR 8 (Grand View Research) #7314

WtgtZ HRUZEET BB LA b (AR RE MY Sh i B & Z N B B 1R AE Llﬁ%fﬁéﬁi?ﬁﬂ
Al TAEGRE A] DT I AT e 0y TAE SR fRAEE AT St « & T R LRI ER RS -
M BRI INEEE MR A AR ~ RO RIAA R, - TS I R AT DA FERE TT%T";EE%\@
AL INEES R - B EPVRBRAY AR IN BN A E 1T A 3% - ML OE BN B G T B DU AR RE 70
e

=~ IRBHEIINEL 2R 2R ETRIE

EERAE SR —ErRER > REYRBZHAEREEZENFEE  BMEERT#4E
SR LR - B EE R B o BVEIR VT 50 R = ¢ HE (conduction) ¥
(convection) FIEHES (radiation) » 73-HIE & H B « TLas EENAI B RGE AU ET - Eﬂ:thj
AR R E R R 7 AR R EAGE - R R TR I E e E B EE
HE—RERSFIEY > BB RMEARFE - LA E S SFIEEE - JH:E"%%?EEP
fEEHEFA - T ZREBRLER - B—EREW KEEBEEAMERNS
X o HREEARKM (EEEEIEE) - HERIE : EEE A EE LR R BRI i
BT o I - BEESFIRAI AT AT ¢

Ein + Egen - Eoul = Est (1)

EP i M1 E,, Ui ERIT L BN RESUHEMRRE - E,,, FoREEAEL - HIPA B H MR (A
E ‘ff ESF) BURREGE - £, REFHRESERAE - RIBREEFILAVAS - BEINEGSE
i*ﬂ (Eg.r) I BEETELES|HIRE 300 °C & HFES RS - RILERFERERERS
(FEEZY - WHFEhry AR InE e R B A AN G - HFER 8 2 SR EINEUEE (Joule
heating) » 5 FEREBHA L BUAE - SR ﬁﬁfjtﬂﬁﬁ}ziﬁk e B R [ AN EE Y T IR LL - A

Eﬂ% s
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DAERY AT R IR RE SE IR IR EREIR SR  FRLAE B INBAII A FRAT T -

2
P=VI=12R=% 2)

Hrh PlufERElRR (BEEY - VIRERE - I RHER > R HEIE - SE XL (F8RA
RFEHAEAVAER) = (R BIFTRRAVRER) X (BOLIFMHIEE SRR E AR M &) - KILTERT
BAREREIRAR AT - FFEFTHR MG THIMALINE G RIFEIRE - I ERR/ NG REE R A
INERGR YRS AN 250 - (H2 BRI R eCE RN hEs R A Ao - At rl DUEsE
PHERECERE A Ed A K - A VPR E R BB G T2 AN ~ 2 IR AR E R
il AT

R=p—=— (3)

Ho BB IIEG RS (cm) © A BHANZGSHIEIETRE (cm®) © p BEER (Q-cm) > o f3E
BR (Qem™) > o Ak p FEE - FrDIETEHEIREB )N - RFHEELBD - F31E
SEREREIEZS - BRE T MR A N B AE RE BVELIR 1) - R RR(E AR - — (@ DAY
INEGRTE R BNAER - IR R TEIE » B RHMA B E MR IR H O
TEVUEE R BRERY AR BT -

AN 3 A o (BEBVELRE T R AR DU B Re A SN AR EEREAE Z
T AER - P DABE R FH AR DB ER Y U OB B 1 RERAETT - B E RS AR
EHERE - BAEDKEES - WL R BOR DIER B SR - e ZAPH P 207 /e [ ok
o —{EZHEEEE 4 (no heat generation) SHYh—{E/ETFREMHZEL (steady state) o Ff DATEE {E
TEIT AT DAMB S B G R 2 2 BRI 2R R R Fy 300 °C - AR (T) - RUREEEHTR
RUNN#AERAE B T EE - AT DAR] DUME B HH R O B e 78 22 26 AR B ] DUE B R 2R 2R 1 Fy
300 °C » By EEREE (T) - FIEHMAINZGRITRE 2% - al ISR MAS T N g HER
S BRI R B RRIEAU T 2 - RIHEER T BN EAER Z A » HMA T AR DAEARE Fy R HERY
HEEVELREL U (overall heat transfer coefficient) {FRE(EE PRI ATARLE - HAFKAT -

U=—1 )
Rl‘otA
Hft (R, RSB HRE B EREEEIN ESTIEE (Rogn + Reony) FHLEK - 4 HZHAEENH

WIRRTEITE © Rognq A PRI NS AU ZARE RN RIS I AT DABVEE 5 (B - B EIRIPE T Ry &
HEGH - HFoRAT

L
Rcon =— 5
4= ()

Hrp L B2iSEHAYRE - K 2 BVEERE R, ARG (225R) ZHAE
PH > fE R BN EAE - HEORATT ¢
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SnO,
TP |

BT ]
[
- e

7SN, R
M si .
Air ]

w A iR

|

| B

T
” R6.7 -
7 T 3R
R7,8
TE
3. BATEVA B 3 2 BT -
1
(6)

Reowy =—

hA
b h ZEET AR - (SEIMERRE U 2% 0 BEWAREE ¢, HAXFRATT ¢
g» =UAAT (7)

Hp AT BIRERE - KR @) (D) G [SEEVER ¢, FREAFTRAT ¢

LA @®)

tot

qx =

RHSEIZGE & (q,) BAAAIRE (T) M0 > AT DAS 2 FARRE (7) -

MR IR AU E EEBEER AR ST - SE (E1E DUR ) A BV AR A - B il
INENER A RTTRL G Bl — (B AP - 35 BRI A NGRS (B (L B AR AT > R DUFI R ETTRG
B HERVERE N H ARG © B E AR T AERA i A TR

ox\ ox) oy\ oy) oz\' oz ot
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mm&ﬁ%ﬁTﬁﬁﬁﬁﬁﬁgilﬁoH%%M:%E%f%@’%uZQH%%%5
E%?*R%M%%%%%ﬁﬁ’%up%%:EE%%oﬁ%k%ﬁ%v&ﬁ%@Z
CARFTAIT -

fﬁu/ﬂ

=

1

q
+—-=0 10
k (10)

ARRATFHAER A - SHEERE R 5PN E SIS RTR YA TRZ 70 20 S B RTRS W s ry 2 il e
& - FrDAAERAT

[yTUJ0+yT@J)

™ P }r%(m-Ay):o (11)

Hep Rzt (1) B9 x 0y 23505 B A AR AR (E 1A % FRFERENIR - T(x, y) FURAEZE L
12 (5, ) LRUIREE - FFZERIERR (x,,, v,) WAL - x BHDUR y BHEZE S AT -

O°T(x,y) _T(x+Ax,y)—2T(x,y)+T(x—Ax,y)

12
o’ (Ax)* (12)
O'T(x,y) _ T(xy+Ay)=2T(x,») + T(x,y = Ay) (13)
2 2
0y (A4y)

#(12) ~ 13) XA (1) Kb - T EMRE Ax = Ay - BEHGER ] DS EIR —HEVEE RSN
AAE

T(x+Ax,y)—2T(x,y)+T(x—Ax,y)

(Ax)’
+T(x,y+Ay)—2T(x,i/)+T(x,y—Ay) (14)
(Ax)
LA’
k
i (14) HEH 2 1% - A DUGE| M BVEERREEUE Fman T
A 2
Tm,n+1 + Tm,n—l + Tm+1,n + Tm—l,n + q(Ax) - 4Tm,n =0 (15)

ARt FE RIS INE S 2 R (W B - INIBL e 2R GE DI U BRI 2 1 B
FTFHERRE TR E > A0 4 Fror - EEETEE T (ERTRR A - A DN A TR Y
it FEE AR b 0 ) e 7 {5 B O P A SRAS:
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B4 A iR 2 NGB TEE -

HESERERTILZ®R - B MARTES BRI 28 RGBS a 2GS
Rrf o INEAERE ZENRELU R FHE - DIE RIS 7 25 B R A B R
ELRE - DURGETR SRR H AR R AT AR HIAERE - AWTERIiMA N EER 2 60 FH R #1
(Ti/Pt) - ZFTLABEFSK 81 - RE R EAESRER T EREREED R BRRFES -
LURER 1 5 T AR R B E e D R S R 2 8 -

IRIZRBRECHI S IR ~ ST ~ IBAAE M ~ FEE - ERIHIRE M  ECIHIRE DA FEAE T
AT HH = S A I I AR SR AR R SR A o B BN ER A S (TR A TR B IME R 25
FRAR © 2004 £ M. Baroncini A - $EH T — ISR AR ECHIER AV IR FE N B U T I - I
INEGRARRE BT R (Y B AT AL © 2010 4F Velmathi A - 351 T /70 S 5% frf [@ Y
BONEES - BRAT T RTRERASES - HE A NREIBR SR - E & WE MR R 7 2R IR
AT RIIIE T =X - A AR ASh =R - 2014 4F J Kathirvelan S5 A - F5E T SEURAEARI %
WALINELES - B A IR AT S A B R DRE ALY < 2017 A S B REE TR
2 Shifeng Yu ¥ - SR TSI A MEMINEGES - CEAA IRV B0 L 5 1787 2 H B ek ]
FRIMBLINEAER" « ELRFTEIL 4 BERFT R T B AU MBS T R AREAIAN 2
AR » 3% 2 B asiR R T ORISR - ZATPLERGRET R R R R AN AR I
T RV > BRI - EERNERCR YT - (HEFREth e GRS > RIRAE
TR IR EAERE © R 2 #— T IR - SRR AR M E A (T B AT IR AR R SRR —

= B INFA R ROIRBREARAE

WAL NBAERAO BB TR AR — VBRI T - UM B BB AV I 300
°C W2 B (L LUR RERE IR © BUETE — BVBRBRLEENT B LR 300 °C » IR RAERES
BT+ FITDAAN 5 BRI R - (e LA A B B R A SR 5% - A 5 it
BT IIA I PF B T REAT T -
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E L SR AB A LT ¢

L peeE ] si Losion ] siNg | T e | AL |50,

e
Density 2330 2220 2400 4500 21450 2689 6950
(Kg/m?)

B IR GREL
CTE 3.61E-06 SE-07 2.8E-06 8.9E-06 9.1E-06 2.55E-05 7.1E-06
q©)
1 SR8
Young’s modulus 1.1238E+11 TE+10 2.9E+07 1.1524E+11 1.7236E+11  6.8E+10 5.588E+10
(Pa)
SERA
.@&,tt . 0.28 0.16667 0.25 0.34 0.39 0.36 0.27
Poisson’s ratio
IR E
Bulk modulus 8.5139E+10 3.5E+10  1.9333E+07 1.2004E+11 2.6115E+11 8.0952E+10 4.0493E+10
(Pa)
SOy &
Shear modulus 4.39E+10 3E+10 1.16E+07 4.3E+10 6.2E+10 2.5E+10 2.2E+10
(Pa)
B(EE 28
Thermal conductivity 148 1.5 16 21 72 210 27.4
(W/m-C)
FEEL
Specific heat 712 745 691 552 133 951 0.000227
(Jkg-C)
EliES
Resistivity 0.01 NA NA 5.54E-05 1.06E-05 2.7E-06 7140
(Q-cm)
R 2. AR XA Ak 33 Z BRI 3L 3T o
I AN E a
_ _ Sample A Sample B Sample C Sample D
T i i B3 iR P
CAD g% &1
HOEA IR 400 ym® 400 ym® 400 ym® 400 pm’
TGS T
S 7 15—20 15—21 15—21 15—19
RS Hm #m p#m Hm
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R iEE -
FIFH BRI - B INZAES 1 TR 22 °C MNEE] 300 °C R UIHERFIE EARFE - ADA

TR R E PTG R R IREEIRE 22 °C » 0B BF SmA -

BRI

22 HRTEEHDETE S - OB NEGS KR T AER B AN R A2 - G R R B a 2
FUE A BRETERR - RIEEVEEY FHEE H ARBIRAUE AR (2 —25 Wim’K) fHEF
FEIEIT (25—250 W/m’K) BESE/D - BHAEINBGERE T > BT hnEVE A E AR5 E
PCB 7258 » HEREEHBERAT @ FIHZ2 RS R BB 5 -

B AWFFERF FER AR INEEY - SRR INEREEEE - PECER - FeBERS
INENEE MR ZE A 2R o HH LS AITEINBGERE PRIz A - Kt ERN EgERED
FEBEE SR - Al DUSEIRERE -

5. AR -

BT AR M EEER A A N 2hes < B R iR ORI SR 1 BRE P B TR FE R P BE AV SR
HEEQHIER 2L MEMS A5 SRR 2R BF - HERR TR F 22 DIg R At S B P 2k 25
BRI ERA5HE - HEGHIZS 2R BR A& 6 Fs - B EZE AT DA Ry ol » 43Rl S8 (Si»
Si0, ~ Si;N,) » JNZEVEM (Ti » Pt) ~ #8F&E (Si0,) » EHIEM (Ti » Pt) ~ EUHIE (SnO,) LA
KRR (AL © B 52 it = i e B R B (Sh) BV T &b (Si0,) AR FEALRY
(Si;N,) » R FHALEEBEMAFEE (chemical mechanical polishing or planarization, CMP) #/(1H
SERURY BRI (Si) SEFTHIEEAL - WAETIDE - BEEF M E TR 2R (E-gun) JIFESK (Ti)
DURZHE (Pt) FirAH A INE EE M » PRI P BB AL B2 RAHYITE (plasma-enhanced chemical vapor
deposition, PECVD) V(T8 & Lt (Si0,) 1Rtk » 2 PA] Ry T o7 Jek I B Ak B T BB Al
Fl] Rl 2 5 B 25 © P AR P B 1B 2R R (E-gun) VURESK LUK $01 P #H B ek HI B
T o B2 T AR ARG EE i A FH S A IR E BE(RF Sputter) (T —E —&{L#5 (SnO,) 1ERyEGHI
o NRAEHFH BT ST A (DC Sputter) fTEERE HIVIE —f@8a (Al) fFRIAER @ &EFH
B EE & ah %] (ICP) 1R A PHIEE I B8R - H HEE Ry T o0 1V EE M P /2 AR Y 2
EER g - B A DA N EER C RERELL S B E T R B EE R -
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RURIED

6. JEA XA e 2 B 2 F 4

o RBHEERER

il
A

ARAMBARTE

s
o

RIS 4 A FEAARYRAE - 8 7 ForfeiiEmREREIRE 300 °C R -
DUR i e BRAERERR (A8 - MEANAT#Ia TR DARERBTR LR Ry 22 °C » T E SRR T A A
B FHEIE T - BAEE (200 Wm’K) » I EHIIZVEMR I E LA ES R BT S mA

DUBIEZ IR R 300 °C FRHEFEZL D FERE -

Sample A

Sample B

= =

Sample D

Temp. (°C)

300 - = Sample A 5l

& Sample B e

4 - Sample C e
2504 o Sample D ol

¥ A
200 - w -
ol
150 i
P
¥
100+ v
-
504 W
0 20 40 60 80 100
Power (mV)

7. AR B e AR T LA AR SR -

& B ARBHS R H - Sample (A—D) BIINE A5 - Al HANEAAIFEREH 22 5% -
{EZMHELZ T > Sample D HUFERE Ky PURE A (] [BJE T R B AERE -

eI ey BN B B 1T - IE A IR AL IE

OEGA

anig

THINBGEMER - FEkRER

BorBEINIRBRTIRE - SN FIRE MR E R T - A0ME 8 A et B E RS
BLIRERE (300 °C) NAUFERE » DL EBEINE > il -
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Sample A

Sample C

p1 307.38

300.0

300.0

250.0

200.0

150.0

100.0

| Sample B |
304.7 & Sample A i =
» = Sample B
i
& Sample C
" = Sample D gt 2
y ] L J [ ]
. :‘ & = L]
] S - w L
37.2 GE_, 150 i L]
=
] Sample D | i =
307.4 y P
W u
@E 20 40 60 80
Power (mV)

100

120

L RS B A H - Sample (A —D) BYINEVARE 5] > Sample C FYAERE Ry PUE £
A& R i (R AERE - PR REEAE Sample C i » {H/2 Sample D HETE Sample C &
T XA RS R & A A iERE - GERRFEEHE0REEEREE (lift-off) BEHET E

SE A AR s B e AR S A P Sample D fE Sample C FEAFE#EE - DIER

Sample C £ ZFHEJZIF Sample D BISRE A FTA - FrLAIRERE LLEZ T Sample D ByfwfE: ©

3 Ry HET RN EGS B AT FELLE - feFk 3 AIDAE BRI (glass) AYHAL

NG FERE AR =)

127 mW #F 84.66 mW -

HIE - ¥E6ER 70.89 mW

e A& F A DB AT 5T
"‘M*#FFTLAEEKE%%E@%rF;%?

AT DAHER AT Fe A Rk e A N AR SR LB T R/

f‘i 7 J ’3“;%2 b o
___
Si;N, Ti/Pt 20/200 nm be Sputte::;g and lift- Gas sensor 1w
Glass Ti/Pt 20/200 nm DC pulse spujctermg Gas sensors 1.3W
system and lift-off
. 150 nm Semiconductor 127 mW
S10, Pt 100 nm NA gas sensors 84.66 mW
SI§N4/ TPt 300/300 nm E-beam evaporator and ~ Semiconductor
Si0,
=
5~ fEaw

ST AR A A N G B AN R A (B E T T

PRBGEAERE -

FER Ry Sample D R PUE N ESRMEETZ F R E -

lift-off gas sensors

foLfE -

T AR BRI AT - T
H mirfR R B PR Bre e

R 13W FREREERIAW (Sl3N4)7%1W BEEEREZSIY (Si0,) B
BRI (Si;N,) B E (LY (Si0,) Ky
(B FERE B

0

2%
(15)

(7

(18)

70.89 mW  ASHfFEE

TE

ATROBIELINENER IR AR P A FEAHIE] - (H R AERE B HART 7eAH LU B - (2 A EEAE

BERVRR K » Al TR SRR AL RERVRTE -
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A Novel Gas-prism Applied on the
Inspection of Gas Refractive-index
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Hsing-Min Tu, An-Chi Wei, Jyh-Rou Sze

AHFF AR FURE AR ST AT B B AR R RBE AT A F 0 AR LR SRR AR AL T RR
I A > BB Shack-Hartmann R ATAR B 224 T4 B B aTtA&L A Z %ibg » i —
T A AR AR - AR ERAREREAZ RN EEN A4 0 Hd Shack-
Hartmann & AT BR Z MBS T » TTIAEIRIR E % B E AT R A & 2847 5
$ o

In this research, we present a new system for real-time inspection of gas refractive-index. The
system combines with an optical prism to measure the refraction by the deviation angle. A Shack-
Hartmann wavefront sensor is also used in this system to analyze the wavefront change resulting
from the different refractive indexes of gas. In this system, we use a plane wave as a light source to
collaborate with the wavefront sensor. Also, the system applies a single-light-path design which is
easier for adjustment or calibrations.

—

BIS

Shack-Hartmann (8 iz I8 SR S5 51 =0 ke il 6 - HRT5 Ry Hartmann (¥ FifeH]
&2 A1 1 - Hartmann 3 AT 2 A B 551 (lenslet array) » AL FE B 85 T 45
Y o HFFUERN R CESESH - ALMERIRR SRR ETEL - 3 H SRR
fiiE - DSEFEAE NG -

Shack-Hartmann % i 8 G5 & 128 H I e MGE S S < B - B RE D
JEISEEIEBPRER (point spread function, PSF) » Z0[E 2 AR 5 BEHRERRE ARG 0 {55552
) I {3 PR 4 (modulated transfer function, MTF) » FHDAO AT &SR 2 B4 -

B Rk S — 5 R A 2R B b Es - A HESEE < FE ST 9 - IR
2 o T - BT S AN R e mh - (B2 T EIR AR E B K S - HHEREIR
I S EDIBI TSR - RIRIBRRIE SR - FEERE R AR -
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Mirror under test

“~ Point Hartmann
light plate
source
1. Hartmann & AT Ak =& B2 -
Aberration Point spread function

Angular distance (lambda/D)

-1 -0.5 0 0.5 1 -6 -4 -2 0 2 4 6 8
Angular distance (lambda/D)

20k AR E A R ATIR A BRI B -
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