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Abstract

Nowadays, organic gases are everywhere. But a lot of organic gases are harmful to human body and
environment, so it is necessary to study a new type of organic gas sensor. The research significance and
historical development of saw organic gas sensor are analyzed, and then a two-dimensional model of
saw organic gas sensor is constructed with COMSOL software for finite element simulation. The
model is mainly composed of ST quartz substrate, PIB sensitive film and aluminum electrode. Af-
ter the model construction, six kinds of organic gases are selected to test the model of saw organic
gas sensor. The main performance parameters changed during the test are the thickness of alu-
minum electrode, the specific parameters of gas, the thickness of sensitive film of saw organic gas
sensor and the concentration of organic gas. The measurement of the thickness of aluminum elec-
trode and sensitive film can optimize the electromechanical coupling coefficient of the sensor.
Through the test, it is found that the thickness of saw sensitive film is an important performance
parameter, and the parameters of organic gas will also affect the test results. At the same time, the
experiment shows that the sensitivity and accuracy of saw organic gas sensor are quite high,
which have high practical value.

Keywords

SAW, Chloride, Sensors, Sensitivity

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 458
1.1. WFEW

AR FTI H 1 3 B30 F COMSOL 3 2 37 PIB BUB S/ IDT/ST- A1 S 4] Ji 25 J= 25 1y 75 3R THT g A AL
URMEIRER I e IRTTRER . 2 JE R AU i, A SR IRERAE AN ] PIB BB BEAN AN [ 45 e AR
JERET B FRErE, A5 SAW AR . HLHAR & R M PIB B ATER AR JE (AR . 3R
KA EALRARAEAR] PIB BURBE o — & e, =S ke, &Pk, =5k, R LML

R NP VTR BURRRIE, 0T TSI AR LR B RO . ReJE X 7 A ik SR R AT B 45
g, g AR RS MR AR A M B S 4

1.2. ERSMAZRIER

BARILS PR IR F R R A A R4, (AR SSL LRI FAE 19 O Cagox B, M
PEE PSR, Ja R DR 3Rk 15# ——John William Strutt (1045 2 FR A5 = ACHF| T3 &%), 7E0FA
MR I e s R BAE R R T i — Fipesh, JF B Har ORI [1]. ek T 4SRRI, X
— MR R AR T AR i A N ER A B A S B AT 1o

20 thed 60 AN, SEEBFEESZRWIM 7 —MRENSAE S AR B UTIE AR B — AR PR G A . X
SR R] AR Y AR R, X A R IR U A VR B LR, IR ARSI O X AR pe R . T

DOI: 10.12677/jsta.2021.93019 154 AR IR HIAR 5 B H


https://doi.org/10.12677/jsta.2021.93019
http://creativecommons.org/licenses/by/4.0/

SR, W

FE AT RERA OO RN, AR REAR A A AR — XS I3, RIA R - 7 - M S . AT X
TRILAERS, PRI AT I RHY 2T, A WL AR B U P R T e 1 (0 — b

Erpalbi g

Figure 1. Rayleigh wave
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Figure 2. Simplified sensor model
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Figure 3. Calculated frequency
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Figure 4. Film thickness
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Figure 5. Aluminum thickness-velocity curve
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Figure 6. Aluminum thickness-k? curve
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Figure 7. PIB thickness-velocity curve
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Figure 8. PIB thickness-k? curve
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Figure 9. Gas parameters of dichloromethane
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Figure 10. Sensor sensitivity varying with PIB film thick-
ness-Dichloromethane
10. fE PIB SEIREE TR RSB REE - —SHkKk

FILUREL, 24 PIB B AT 0.18 4 A (M, A% ks RS RGBT AL 1 i i 2 . =

DOI: 10.12677/jsta.2021.93019 160 IR AR S R


https://doi.org/10.12677/jsta.2021.93019

SR, W

WIS RE N 0.224 I, FIfS i RS . R KA R 0.22 2 J5 W3R, J HgWita e T 4.25
Hz/ppm. {5 ZER 2, fEEEEIE 0.24 2 )5, SRS A EA —E MBI, RRFZIEIER N 0.342
I, A& REAS I R BN 0.31 1) 4.30 Hz/ppm 281 | 4.36 Hz/ppm, 5% T REEIEHET T EEH.
Enl, ALRE R BUE R R AR 0.224. B BINLHAR& F 006 5 e T 00 T J5L 2 PR 384 A v i T
B, DRI i THT 93X — AR A E S B 87 FH R HE AN 2 P2 AR A o RIS A 0 M3 A, 7R SERRHlIE i, B
2 REQBEE R 7% FERIA LA & REOUALE R, SRyuE S R R

TEIXZ JG, KGxHfEIEas RIS 5K R SRBEVEREAT 0 o 1% — 17 FOR S e HE A S o A B 2Rk
FE, T R AR AR AN, VO] 50 B A RS AR PR FE AT, 7 SR I FH PR B0 15 ) SR TR B 1 AR A R 1
ZUOAIEA, GAFENEEE REL RATE PIB MR 28 0.18 fif A JEJE . SIS c0 1 X E 4
Y E N 400~6000, HK A 400, FLiFATEH] 15 4.

SR, WM 6 TR 11 ok kg R B ARIR AR L A A

— RBU¥ (Hz/ppm)

4.2601 - '
4.2600
4.2599 |
4.2598 -
4.2597

4.2596 -

REUE (Hz/ppm)

4.25095 -

4.2594

4.2593

1 1 1 L 1 1 1
0 1000 2000 3000 4000 5000 6000
0 (ppm)

Figure 11. Sensor sensitivity varying with gas concentra-
tion-Dichloromethane
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Figure 12. Sensor sensitivity varying with PIB film thickness-Chloroform
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Figure 13. Sensor sensitivity varying with gas concentration-Chloroform
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Figure 14. Sensor sensitivity varying with PIB film thick-
ness-Chloromethane
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Figure 15. Sensor sensitivity varying with PIB film thick-
ness-Trichloroethylene
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Figure 16. Sensor sensitivity varying with PIB film thick-
ness-Tetrachloroethylene
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Figure 17. Sensor sensitivity varying with PIB film thick-
ness-Carbon tetrachloride
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Figure 18. Sensitivity of the sensor to six chlorides under op-
timal conditions
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Table Al. Change of fs and f, caused by change of aluminum electrode thickness

Miz= 1. SRR REE T SHAIERINER S RIERIEREN

EHEREE BRI RERER
(2 550 f, (GHz) f. (GHz)
0.01 0.794641122408591 0.794893563017957
0.02 0.793463489593740 0.793712185856909
0.03 0.791954961230289 0.792200004468959
0.04 0.790122045312839 0.790363468796461
0.05 0.787962262251855 0.788199999820902
0.06 0.785459972283507 0.785693870947220
0.07 0.782613554372388 0.782843369450841
0.08 0.779408862568247 0.779634261775219
0.09 0.775861304290009 0.776081871594510
0.1 0.771970232001660 0.772185518228401
Table A2. Change of V, and k? caused by change of aluminum electrode thickness
Mizz 2. FRENBEERBEEBREETLED
EHEREE FE FlERBERH
(5% V, (m/s) k? (%)
0.01 3179.07 0.07833
0.02 3174.35 0.07729
0.03 3168.31 0.07630
0.04 3160.97 0.07535
0.05 3152.32 0.07440
0.06 3142.31 0.07343
0.07 3130.91 0.07241
0.08 3118.09 0.07131
0.09 3103.89 0.07011
0.1 3088.31 0.06877
Table A3. Change of f; and f, caused by change of PIB film thickness
Mz 3. PIB BIEEE T X SHMIEIRINES RISIRMETH
PIB R WiRIE RIERAE
(1 155 f, (GH2) fa (GHz)
0.1 0.786676150998304 0.786929856996458
0.14 0.789383128299327 0.789608391274881
0.18 0.792119819306519 0.792327946614633
0.22 0.794292144691835 0.794490141573113
0.26 0.795857967148623 0.796049923999295
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Continued
0.3 0.796933279135795 0.797120811860067
0.34 0.797662000839724 0.797849395515656
0.38 0.798120020873900 0.798305617639304
0.42 0.798408228187905 0.798592713185162
0.46 0.798580214276765 0.798763769532281
0.5 0.798673261747029 0.798855812667180
Table A4. Change of V,, and k? caused by change of PIB film thickness
Misk 4. FRSHBIES RKE PIB EREETHiEES
PIB MR FE PLEERE S R
“BFE) V, (m/s) K2 (%)
0.1 3147.21 0.07952
0.14 3157.98 0.07037
0.18 3168.90 0.06480
0.22 3177.56 0.06148
0.26 3183.82 0.05948
0.3 3188.11 0.05804
0.34 3191.02 0.05794
0.38 3192.85 0.05735
0.42 3194.00 0.05699
0.46 3194.69 0.05669
0.5 3195.06 0.05637
Table A5. Sensor sensitivity varying with PIB film thickness-Dichloromethane
MisR 5. ARSI _ SR RYAERE PIB SHIREE T HAEEE
R PIB SRR it e BHCURRERER e REUE S
(=40 fs (GHz) f, (GH2) (Hz/ppm)
100 0.1 0.786676150998304 0.786929856996458 295.934016 2.9593
100 0.14 0.789383128299327 0.789608391274881 384.315244 3.8432
100 0.18 0.792119819306519 0.792327946614633 425.934479 4.2593
100 0.22 0.794292144691835 0.794490141573113 439.456505 4.3946
100 0.26 0.795857967148623 0.796049923999295 439.136773 4.3914
100 0.3 0.796933279135795 0.797120811860067 430.071352 4.3007
100 0.34 0.797662000839724  0.797849395515656 436.268815 4.3627
100 0.38 0.798120020873900 0.798305617639304 428.648398 4.2865
100 0.42 0.798408228187905 0.798592713185162 425.157239 4.2516
100 0.46 0.798580214276765 0.798763769532281 424.168699 42417
100 0.5 0.798673261747029 0.798855812667180 426.128516 4.2613
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Table A6. Sensor sensitivity varying with gas concentration-Dichloromethane

iz 6. RN —RRRER WEMSEKREE LGS

i PRI
400 0.792119819306519 0.792118115553654 1703.752865 4.259382163
800 0.792119819306519 0.792116411760950 3407.545569 4.259431961
1200 0.792119819306519 0.792114707928395 5111.378124 4.25948177
1600 0.792119819306519 0.792113004055990 6815.250529 4.259531581
2000 0.792119819306519 0.792111300143741 8519.162778 4.259581389
2400 0.792119819306519 0.792109596191641 10223.11488 4.259631199
2800 0.792119819306519 0.792107892199685 11927.10683 4.259681012
3200 0.792119819306519 0.792106188167864 13631.13865 4.25973083
3600 0.792119819306519 0.792104484096190 15335.21033 4.259780647
4000 0.792119819306519 0.792102779984669 17039.32185 4.259830462
4400 0.792119819306519 0.792101075833272 18743.47325 4.259880283
4800 0.792119819306519 0.792099371642027 20447.66449 4.259930103
5200 0.792119819306519 0.792097667410907 22151.89561 4.259979925
5600 0.792119819306519 0.792095963139931 23856.16659 4.260029748
6000 0.792119819306519 0.792094258829083 25560.47744 4.260079573
Table A7. Sensor sensitivity varying with PIB film thickness-Chloroform
MisR 7. RSN =S R R AR PIB SHREE T iE
PO PIB MR wiRgr  BHECUREEREER L REE S
(A% f, (GHz) f! (GHz) (Hz/ppm)
100 0.1 0.786676150998304  0.786674990343706 1160.654598 11.60654598
100 0.14 0.789383128299327  0.789381621008889 1507.290438 15.07290438
100 0.18 0.792119819306519  0.792118148780321 1670.526198 16.70526198
100 0.22 0.794292144691835  0.794290421128076 1723.563759 17.23563759
100 0.26 0.795857967148623  0.795856244835136 1722.313487 17.22313487
100 0.3 0.796933279135795  0.796931592370662 1686.765133 16.86765133
100 0.34 0.797662000839724  0.797660289794328 1711.045396 17.11045396
100 0.38 0.798120020873900  0.798118339704028 1681.169872 16.81169872
100 0.42 0.798408228187905  0.798406560707637 1667.480268 16.67480268
100 0.46 0.798580214276765  0.798578550671302 1663.605463 16.63605463
100 0.5 0.798673261747029  0.798671590451758 1671.295271 16.71295271
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Table A8. Sensor sensitivity varying with gas concentration-Chloroform

iz 8. AR ZRRRR WEMSEKRELE LGS

IR fyciny Wﬁf"iﬁfﬂm BHRBERTS i
5 0.792119819306519 0.792119735781119 83.52539992 16.705079985
15 0.792119819306519 0.792119568730025 250.5764941 16.705099607
25 0.792119819306519 0.792119401678560 417.627959 16.705118361
35 0.792119819306519 0.792119234626709 584.67981 16.705137430
45 0.792119819306519 0.792119067574475 751.732044 16.705156533
55 0.792119819306519 0.792118900521853 918.7846661 16.705175747
65 0.792119819306519 0.792118733468854 1085.837665 16.705194847
75 0.792119819306519 0.792118566415465 1252.891054 16.705214054
85 0.792119819306519 0.792118399361694 1419.944825 16.705233236
95 0.792119819306519 0.792118232307543 1586.998976 16.705252380
Table A9. Sensor sensitivity varying with PIB film thickness-Chloromethane
Mizz 9. ARSI SRR R BUERE PIB HREE TGS
O PIB MR B e WICURRIREGR L e REE S
(5% fs (GHz) f, (GH2) (Hz/ppm)
100 0.1 0.786676150998304 0.786676130284313 20.71399093 0.207139909
100 0.14 0.789383128299327 0.789383101399081 26.90024602 0.26900246
100 0.18 0.792119819306519 0.792119789493152 29.81336701 0.29813367
100 0.22 0.794292144691835 0.794292113932009 30.75982583 0.307598258
100 0.26 0.795857967148623 0.795857936411215 30.73740792 0.307374079
100 0.3 0.796933279135795  0.796933249032943 30.10285199 0.30102852
100 0.34 0.797662000839724 0.797661970302933 30.53679109 0.305367911
100 0.38 0.798120020873900 0.798119990870570 30.00332999 0.3000333
100 0.42 0.798408228187905 0.798408198428954 29.75895107 0.297589511
100 0.46 0.798580214276765 0.798580184587039 29.68972588 0.296897259
100 0.5 0.798673261747029 0.798673231920126 29.8269031 0.298269031
Table A10. Sensor sensitivity varying with PIB film thickness-Trichloroethylene
Mizk 10. FRBMN =R CHERBUERNE PIB EEEE TS
PO PIB ML ERE wiRgr  BHECUREEREER L RS
(1 5350 f, (GHz) f! (GHz) (Hz/ppm)
100 0.1 0.786676150998304 0.786672366271751 3784.726553 37.84726553
100 0.14 0.789383128299327 0.789378213201514 4915.097813 49.15097813
100 0.18 0.792119819306519 0.792114371872145 5447.434374 54.47434374
100 0.22 0.794292144691835 0.794286524268783 5620.423052 56.20423052
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Continued
100 0.26 0.795857967148623  0.795852350765583 5616.38304 56.1638304
100 0.3 0.796933279135795  0.796927778608683 5500.527112 55.00527112
100 0.34 0.797662000839724  0.797656421397606 5579.442118 55.79442118
100 0.38 0.798120020873900  0.798114538735221 5482.138679 54.82138679
100 0.42 0.798408228187905  0.798402790661661 5437.526244 54.37526244
100 0.46 0.798580214276765 0.798574789363538 5424.913227 54.24913227
100 05 0.798673261747029  0.798667811724891 5450.022138 54.50022138
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