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Experimental Research on Love Wave Humidity Sensor Based on PVA/ST-90°X
Quartz Structure

WANG Lijun, LIU Jiansheng, HE Shitang
(Institute of Acoustics,Chinese Academy of Science, Beijing 100190, China)

Abstract: The humidity detection performance of a Love wave sensor coated with polymer film was reported. A
polyvinyl alcohol(PVA) layer was spin-coated on an ST-90°X quartz substrate as the waveguide layer and absorbing
layer. When the relative humidity in the closed test container was increased from 9% to 88% , the working frequen-
cy and insertion loss of the device were measured. Experiments showed that both frequency shifts and insertion loss

increments were caused by the mass load of absorbed water vapor. The variations followed the III adsorption iso-

therm,

Key words: surface acoustic wave; Love wave;humidity sensor; PVA;relative humidity

0 3%

BEM AN B HARE . TR AR BERRT
SHYIMR, T 3500 AT A AR B R,
FRE (SAW B FAEBER B 7E SAW #4F
2R T i VE R A B A OB R, U B K 4 F
FEE JREERENA, B8 SAW #4 TI/EME
W%, AR EF KRS E. A TERA
MMFEE R, REES. ETHREAMERALSER
MOERBEESM T . RETHR . EH DL
RAETZHRNARTR.

LHTH K SAW B B2 B 88 2 SR F B F B4R
x. SEFPA . Love ik RAETEAK T840 7 19 59
JR LR - TE B A B R AR B B b 6 R A AR
XEB TR SRR ERN ER; 55, Love W4
KEBE—RES  HEERRAKSMERRE,

¥ %8 H 89 : 2014-10-10
ESTEH:ERXRERABEESEHME (No. 11104314

RRBEENRAEE" , HIFET R SE X8k
BER(IDT) S B, Love AEKBKBE KRR
WEREELRBMASERKEL  ER S
ESHEBEEEEERA, HEEHE SR E
AR, IR AR E ARABERGE LK., ME
R SIO, S FHBAE . BEWH B EE /D B
Bl AR B FES REUE Love A RB M,
Fot, RZIFEE(PVAY SR &Y ¥ FIfE SAW i
BEERBNBEEY, BT EAHAXRET
—FpR ARG W FHRIEGRZE M Love JE FE %
B,

AR CAHIFEAE ST-90°X AZEH L Love 3
B AR, RARSKEERREE —Z PVA
5 2 5 0 R 18 BURZ 4R Love IR 1B BE 15 R 28
IR I BT . % DCHE JS B9 Love BA6 I B8 JT K B 75

EEBE M ELF 990, &, IWRIIRA, WLE, TENBIFEYPEBRARHTA. NREAT9,. B, BMAR, EENEFE Love
B SAW (&35 B0 B AR 2 8RR DRI AR S IR BL AR AL .

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

L

EVEF:ET PVA/ST-90°X B Love i F RSB LRHK 547

FHEHET RSN & T A B A X 2 E
(RHD) B 4% J% 28 B 53 38 0 57 5 43 BF 7 A [B) 3 B T )
P AR SRR A% 704 A B FE AR AL AR AE 5 %o 35 3 B4
PEB MR AEARFERE RH BB RE R,
AXHRET Love M ERMMBH M, £ 5
THREREYER SAW SAERBHERITFR.
1 Love BBEHERBEIREKE
1.1 Love B 844

Love K #8 fF B ST-90°X A EE K . B A M
K IDT.PVA B %= Z4H R, E 1 Brw.

IDT

Y 74

2 a
i
, !

PVA ST-O0° XG4

B 1 LovelidsfhrigMH

M IDT WELAEN J2 mm; X8 FHA
28 um,H XIBHAERS 72 MR W aEas b0
BEB N 4 mm; R AR BAR, BARER 200 nm, TfE
FRY N 178 MHz,
1.2 PVA BE@HIE

PVAR—MRABMHEY ZRKEESS TR

OH

ot g Rk -[—CHz—(llH—]n .

HEWRATEL. B—-AxHRAE - EE
(—OH) A=Y MK o FEREEATR
HESTHAr. 2—-MMEROREEES .
PVAEKTHBERERITAKR. EFREERH
b

LDPYARHEMEANHSE. g5 BETF
FEN g BWMPVYARK(EHRESEN 170
S0Y, B AT A 600 mL £B FK. KI5 H
BEEIEFSOIHLEEELEBBEER . L&
ez 60 CH, RFEFEZREHHFN O min 7
FREZZLEH, AL 90 CELAFERHY
50 min, BRI R A E &8 W/N B B BB F R A
Ik, REESSFTAAY 3 h, BIEFEANBEBRE
FRY4 %N 480 mL,

FABM—FM RASBEITFH PVA BB, A
1.2 AR, AR ECBAFENSY BOF, BH
PVA BBBE L.

2) PVA BRI . RABER + 75 7 38 & B i
TEBUR B, XM TR BIER BN E - RE SIS
HEEDY . B ALK S S K Love I #8447
FE.HAR S PVA BERESRE, ZILEHM T K
BRENRER, AH TRESERSNREE,

BHIER IDTHARBRF REBEAERES LA
WRENBLHEERREORBRLTHN PVAE
W% R 4 000 r/min, JE5% 20 s, RIEHIE
W 28 1 B A I AR b, BB I AE 60 CHe&E
30 min 47 GURBE K B4k .

HAFEARTIF B IDT ILH &K PVA B, R
F Alpha-Step IQ R E 47T {1 PVA BLEH R
0.47 pm, M HEF IDT A BB Love HFHE K W
1.68% . EadERlEkEEMN RIS RFEERE
5 PVA R,

1.3 EBXRES

VGRS B &8 L I 6 7E DO 4 WL B B 4
K DIP)FHE L, R 5 HREA— WK A& B
B&4R (PCB) b, F]F LC Jués 6 Love B8 1F B i
A B HEPIICELRE) 50 Q £/ . ¥ Love B 814 %
] PCBEA—-FBHAHEGN, MBI EES
(SMA) 823k fif Z 5 M 4% 4> B7{X (Agilent E5071C)
BEEE. IHEREEEZETAK Love iR E
e B (LB 2) , A4 S5 56 v A B A IR 3 A J0ORE
R B AR & P BOE B, B AR 45 R 3 i K &
H YR E .

SEHE . RECH IR L

Loveik 25 1k

Lovelt 4 {171 2 ST (LM 608
H2 LovetiBEMRRGBHELBTER

2 EBERRAM

B 3 HR.FIRIFET SN mmi&k, A
3(a) W TAESR 2 178. 22 MHz, i AR FE 4N
27 dB, B 29 13 dB; B 3(b) B TAES R4 %

177.72 MHz, 3G A B FER 10. 9 dB, B 1 # 4
21 dB,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

548 E B 5 5B X

2015 4

2un/ s ommcaam

/
/LAL] /
|

\/
- [l I N
gk |
(b) PVAEEE 2047 AT Love i 354
B 3 Love &% 14 BY 35w 45 1

B 4 W Love &% 4 5 =R £ BE I X &
MXBERAERXRR. U PVAENR 0.47 ym
Love &4 A5 , TR BEFR B T (RH<T38%0) , #%
B9 57 2R (s 7 88/ (<< 10 kHaz) , B B 45 2R 4R %8 A0
RH EARBLRMXE TE 38U <<RH<C60% B, iR
R 18 2R T AR, Foe RH =60 % B , B X Bz B
MRREEL K 100 kHz, 553858 85 R Af & 18 fE & (/]
AEERERE £ RA>S0 NI, MR R R
B SRS 3 A AR B TE AL ERRE S AT Love
AR AR MBI 2 % . £ RH=88% T, it
R AR MR T 450 kHe, S EF M
2w F5 Bl A PR B TR IO A B L AR A ITT 26
38 BET (Brunauer, Emmett § Teller, = {2
KGR G it EM R 25T ERMN A
F-MEZMNBETFEE ML, BEMFER

100

- PYAIE 5047 um
of = s PYAR N0 um

ISR FE/TT
é I

i 0 T B0 ED 100
FHEE B

B4 RS- R E R R

B <1, XRENKSTFRERMSTF RN
Ltk A AR A R kYK

kA Matlab A & LR BF/ATH PVA R
4 0. 47 pm ) Love {5 8514 B 57 284 B - 1 X BE 3¢
A

Afi=—0.001 668z°+0.124 52*—

3.316z+29. 05 €))

A AW EREN RH. REFEAE PYAE
0. 72 pm ) Love {8514 i) 57 284 B - 1 X BE 3¢
A

Af;=—0.002 632z°+0. 207 4z*—

8.361z+68.7 (2)

B 5 FWE Love 4% 7 A FE (IL) Ak
BEW & W RH WAEALRXRR, UL PVA ER
0.47 pmiy Love WA EMEBEHRRT
(RH<38%), #% 1 B9 1 #6 3 i 3% /) (35 #6 3 &
AIL<<0.1 dB) , #i#6 MY 7E 0.1 dB DA T8
EFET, B 38 % <<RH<70% i}, AIL 348 Z 8 in
HREBREENTE 3B YUT; AEHIEERE
(RH>T70%) 1, AIL 3 5 W AH Xt 38 FE 3 i 10 38 3%
s RH=82% B} Brxt B i AIL 52k 7 dB,RH =
88 % Bt AIL k% 12 dB,

14
- PYAIE 5047 um f
12} n e
° PYAR A0 pm i
10}
S &
= 5
£
=t
'__: L
E| L
-2 L L L
0 20 1] &0 100

?ﬁnﬁfﬂﬁw
5 HERSETEEXR

PVA B35 0,47 um #Y Love ¥ 851 AIL-RH
RF BT RN

AIL=—0.024Af, (3)

PVA B30 72 um B Love B 85{F 9 AIL-RH
KEH

AIL, =—0.01BAS, (4)

MBIEBE ZERFTEH  Love 45 8 19 5 2w
BHEREREAMEEMEL R B L ER
HEANTER R W B K 4 F 5 T B i B R BT A

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

L

EVEF:ET PVA/ST-90°X B Love i F RSB LRHK 549

B, BT PVA R—F R BB &Y 48, R A
BREREENR LT EBRRNEHEDRE TER
BRGBEWRA Ry — RO A 52 R -
B RGUE SRR W AR MK T RER
SKFR 5 MR X L B -5 4% 3 U R R, B AR AR B AR

WEMKHEEINER,
__Av,tiAvy, e . SE
Sm"__TZE___|f”"Sﬁ '54.6 %)

# PVA JBE2R 0. 47 pm 1 0.72 pm B Love
BRI ERRER . ZFH BIGR R A, EX
ﬂ:*ﬁﬁﬁgﬁgﬁﬁ ,0. 72 pm %%'ﬁ:nﬁmﬁﬁj(s El]ﬁ‘

FERHEEABRYUE,
3 HXRE

mTRAREERXB SR FIMLR, Love K
R AW E A TRERRFE . AL ST-90°X
AIENEFUREBHREY PVA SR IERE
TRE R T Love BUB BB LB RE, FI AN
484 BT AT K T A X I BE 990 ~88 %0 1 Love i
JBE AR IR A% B AR B R A48 A48 XL B BRI &
53 B30 i X 3B JBE OR AR AN 45 76 i B X R B R
R, SL KR T BEE A X B AR AL 5 =R 0 1
FEmMBREFEERERR.

2% 30k :
[1] LEIS,DENG C,CHEN Y,et al. A novel serial high

frequency surface acoustic wave humidity sensor[J].
Sensors and Actuators A Physical,2011,167(2) :231-
236.

[2] BUVAILO A,XING Y,HINES J,et al. Thin polymer
film based rapid surface acoustic wave humidity sen-
sors[ J]. Sensors and Actuators B; Chemical, 2011,156
(1) :444-449,

[3] E#®Y ELEBE FUSFKREHEEEEERI] B
FHHAR,2014,51(2):115-119.

[4] KOVACS G,LUBKING G W, VELLEKOOP M ], et

al. Love waves for (Bio) chemical sensing in liquids

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

(15]

Proc[C]//Tucson, AZ:IEEE Ultrasonics Symp,1992;
281-285.
MCHALE G,NEWTON M I, MARTIN F, Theoretical
mass, liquid, and polymer sensitivity of acoustic wave
sensors with viscoelastic guiding layers[ J . Journal of
Applied Physics,2003,93(1):675-690.
B0, . E & T ORI i SR E A R AR LT .
REAR 5L RE,2003(3):10-12.
JAKOBY B, MICHAEL ] V. Properties of Love
waves: applications in sensors[J]. Smart Materials
and Structures,1997,6(7):668-679.
LIU J,HE S. Properties of Love waves in layered pie-
zoelectric structures[J . International Journal of Solids
and Structures,2010,47(2):169-174,
B, 5 R\ AR RS RE R E GRS
BRI R SR L, 2011,30(1) : 38-40.
MCHALE G,NEWTON M I, MARTIN F. Theoreti-
cal mass sensitivity of Love wave and layer guided a-
coustic plate mode sensors[J]. Journal of Applied
Physics,2002,91(6):9701-9710.
LIU J, WANG L, LU Y, et al. Properties of Love
waves in a piezoelectric layered structure with a vis-
coelastic guiding layer[J]. Smart Materials and Struc-
tures,2013,22(12) ;125034.
PENZA M, CASSANO G. Relative humidity sensing
by PVA-coated dual resonator SAW oscillator [ J].
Sensors and Actuators B:Chemical,2000,68(1):300-
306.
A WAL T BB B 2% B A 1 R AR A
(M. L5t 47 R Toll H it 51979 :105-109.
LIU J, WANG L. Dynamics and response of a humidi-
ty sensor based on a Love wave device incorporating a
polymeric layer[ J]. Sensors and Actuators B; Chemi-
cal,2014,204:50-56.
LIU J. A Simple and accurate model for Love wave
based sensors:Dispersion equation and mass sensitiv-

ity[ J1. AIP Advances,2014,4(7):077102.

(EEF 545 7D

[6] KAMADA K, YANAGIDA T. Large size single crys-
tal growth of Luy Al; Oy : Pr and their uniformity of
scintillation properties[J]. Journal of Crystal Growth,
2012,2(352):91-94.

[7] KUWANO Y,SUDA K. Crystal growth and properties
of (Lu, Y)3AL 01z [J]. Journal of Crystal Growth
2004,2(260):159-165.

(8]

(9]

STRZE A, RYBA-ROMANOWSKI W. Spectroscopic
peculiarities of praseodymium impurities in Luz Al; s
single crystal[J]. Journal of Alloys and Compounds,
2013, 3(550): 173-178.

DROZDOWSKI Winicjusz, DORENBOS Pieter, Scin-
Praseodymium  Activated
Lus Al; Oy, Single Crystals[J]. TEEE Transactions on
nuclear science, 2008, 4(55) :2420-2424,

tillation Properties of

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

