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Abstract

In this paper, a two-dimensional defect phononic crystal sensor design is proposed to realize the
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detection of glucose concentration. The sensor design consists of a square arrangement of mer-
cury as a matrix and a periodic array of circular scatterers filled with water, and the introduction
of different concentrations of glucose solutions into the resonant cavity makes it act as a defect in
the periodic structure. Numerical simulation was carried out based on the finite element method
(FEM), the input value of the sensor was the glucose concentration, and the output value was the
resonance peak frequency. The results show that the resonance peak frequency varies signifi-
cantly with the glucose concentration in the waveguide. Through the study of peak frequency, the
sensor has high sensing performance for glucose concentration. When the glucose concentration
was 54.6%, the sensitivity and Q values were 66,891 Hz and 2235, respectively. These results in-
dicate that the two-dimensional defect phononic crystal sensor has the advantages of high sensi-
tivity, good performance, simple fabrication, and low cost, and is an ideal choice for glucose detec-
tion. The results of this study provide a theoretical basis for the detection of glucose concentration
in blood by two-dimensional phononic crystal sensors without the use of glucose oxidase to gen-
erate catalysis.
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Figure 1. (a) Two-dimensional phononic crystal unit cell; (b) irreducible Brillouin zone
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Figure 2. Band diagram of perfect phononic crystal unit cell and corresponding transmission spectrum: (a) Disper-
sion curve of the intended perfect phononic crystal structure; (b) the transmission diagram for this structure
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Figure 3. Defect modes and dispersion curve: (a) The defect mode when frequency of 447.9 kHz; (b) dispersion
curve of the created waveguide with defect modes

3. ERFBFEISIEAES N B RIEZ: (a) TREBAESTZR )y 447.9 kHz BHFEES; (b)) &KBEEHEEEZ

3. FIAEFRAERSENERIERRARE
3.1 FIEPEIE R

AL F BRI E A MR SCER[7] T R R SEIREE R, el TR E MR i S e, A
PR EE o IRE S EEANFEEN X RWE 4 Fiw, BT IE®E AR K-S E 3.9-6.1
mmol/L, & H ki Bl FF) 8 45 B R P2 T B8 S B ThREAN 4 WEIRI S, I DAFRATT B s G ()R B Y 1
& 6.1~11 mmol/L. RILAEREHAE Hh, BEAG & Bk B2 R hn, 75 ORI B VR B AR A IR UK . ik
JEE M\ 40%735 4k 5] 50%H, 7 E M 1699.26 m/s BN 1768.32 m/s, M %5 B M 1168.53 kg/m® T[4 F] 1219.2
kg/m®,  DE] I R A A £ St SR 06 1) 7 BB R A% I A 2 A B S R . LA BE A KT 3.2 5
BT R T AR A R SR B AT MR AR IR
3.2. fERRSRRANSET

PR ORI T SRR B 2L BRr I, A T A GRS R S HM R SIS 56, 4850
AR ALTCA B SRR, 75 iR I RET SR R AR, AP S ECR D, AR B S A
BEAR MRS . LR E R BB 6 Pos, &S0 18 41 947, ARG Ll — D ER
29 0.7 mm FIFLAE IR, Btk i & Rr I B0 AR S3A, AH 2 T8O P 1 AR S M B LR 2y, FLI

DOI: 10.12677/jsta.2022.102010 78 e AL A 5


https://doi.org/10.12677/jsta.2022.102010

Waik %

FRALIBY M P - AL IR R 2 5 I [8] [9] [10]. M AFMIVRAAIE N 75 S A IR BT, S TETE R 1
AR GE R R P AR BRI, R AT L R AR S A K X SO AR J R TR S SRS, T A UL SR R
iR, BEERRIRAAIR EEA E AL, SREEAR S R IR Rt 2 R AR 2 . R LRI (E 1 A B 75 21
WEPR I P AP UIBAA P “A R PR I AR A, BETAS IR AT MBI B, A SCBL O (R ik IR B e v 7 -0
R T RE VL 1 R GRBE A R IR RS

1300 L L S B e e 1900
-
1250 |- -7 71850
o5 '/ o
27 1800
1200 R 2
A PR 1750 £
£ 1150 L g
g B Ve =
= - P 41700 &
Z ra . @
= % e %
E 1100 |- /'/ /'/ -
a — o 8
e = =%
1050 |- LA 4 1600 ¥
L /_/’/’/./
’ B 4 1550
1000 b7 -7
-7 — - — Density
| — - — Speed of sound | | 1500
950 L 1 " 1 . 1 . 1 R 1 N
0 10 20 30 40 50 60

Glucose concentration percentages(%)

Figure 4. Relationship between acoustic properties of glucose and concentration
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Figure 5. Schematic diagram of two-dimensional defective phononic crystal sensor for simulation
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Figure 6. The frequency transmission spectrum of different glucose concentrations: (a) 28.9% to 60% glucose concentra-
tions; (b) 1% to 10% glucose concentrations
B 6. FEEEMERE THMRBEL: () AERE N 28.9%-60%; (b) BEMERE A 1%-10%

K7 9 28.9% I AT HHIAC S T 3 5 DA K Hi Hh A 5 e L 1) 75 95 A SRR S A R AR 3 R DL s FRUIR
03 [ PR 7 95 T DAFEAS TR AR R NI T P i A%, (R AT S I AR — B P A s IR 5 A e AR AR 2
i, WAL, RGN, Gl E R E A f, AR IRIE, TR T f, AE
SR JE AT DAk SRR . 1] 8 NILIRIGER 5 M A VA BOR BE M AR 2R, R LA SRR it o5 ] 26
WL RSN EEE K, RERVESCR, % TUAE RONA AL 1 i A e ks S i ey AR 38

St T PR .

1.0 T T T T T T
0.8 4
Sosf -
2
=
wa
=
S 04 :
02| -
00 1 1 L J.L 1 . 1
270 280 290 fq300 310 f, 320 330
Frequency(kHz)

Figure 7. The wave propagation of 28.9% glucose concentration on the
resounance frequency (f,) and zero transmisson value frequency (f)
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Figure 8. Diagram of sensor resonance peak frequency and mass percentage of glucose solution
8. ERFHIRIEENEME TR RRER TR XRE

RIS MR 2 S 50E 00, BN BRI E REE, REVZMTHE AT
g_Af
AX
A AN SRR 2 (A1 ZE A0, AF = Foop — Fro, FLrb Frog R AR N 1% FIILIRR, o eff
ANEETREAR B B 0 R EEIRIR , AX = Xag — Xaop A Bl AR H 2 L2 [RIIR S 22 . i R4 Q 32 3
TR AL B R H 2w 4 8 (FWHM) 58 2052 [11] [12], Q fERIHE AW R
f
Q -

1:0.5

T LA T ANFE A RERRE T I RIG AR . REEE. FWHM (CEmide). Q{H, BEEHI & Mk E
(BG4 A 1938 N3 2% 10%-. 38.8%- 49.1%#11 60%H, X N 1) 7 5% 43 51 v 58,300 Hz.
60,444 Hz. 65,812 Hz. 66,625 Hz. 66,852 Hz, 4% & flivAE I 1% I 21 54.6%m] 4 2245 1 = 85U e i s
L F 66,891 Hz, 1X EEIRTE T & AR FE A 0% 1% 22 77 424 668.91 Hz HISLHRIERS , 5t /2 Ui X i & BE A
st (40 75 2 200 (o FE AR 7R J) P KA AT AR AL B A U, AN, AR IRER 0 Q HIA R T 2235, HZEM
o R SR BRI, JFRE R Q A, MR AT LU W B ER FE I i g oK, Q B bE
R ESERTBET IR, FEHRIE 58 LT A IR AR . SR S, 758 2P (RIR B R vk
(I 10 A S T R B R A e ) R BURE A Q

Table 1. Performance parameters of sensors at different glucose concentrations
= 1 ERSRETREEREKE THHESH

Concentration (%) f (kHz) Sensitivity (Hz) frwnm (KHz) Q
1 279.310 - 0.087 3210
2 279.893 58,300 0.085 3292
3 280.481 58,550 0.089 3155
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4 281.060 58,333 0.093 3022
5 281.684 59,350 0.091 3095
6 282.263 59,060 0.091 3101
7 282.900 59,833 0.097 2916
8 283.521 60,157 0.104 2726
9 284.103 59,912 0.107 2655
10 284.750 60,444 0.115 2476
28.9 297.622 65,634 0.136 2188
338 300.914 65,865 0.136 2212
38.8 304.187 65,812 0.137 2220
43.3 307.420 66,453 0.136 2261
49.1 311.357 66,625 0.141 2208
54.6 315.164 66,891 0.141 2235
57.4 317.020 66,861 0.159 1993
60 318.753 66,852 0.168 1897
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Table 2. The performance comparison between the designed sensor and the existing sensor
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