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Noninvasive Method to Distinguish between Glucose and Sodium Chloride
Solution Using Complementary Split-Ring Resonator
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Abstract

In this work, glucose solution and sodium chloride solution were distinguished noninvasively using a microwave complementary
split-ring resonator (CSRR). Based on the electrical properties of the two solutions measured using a open-ended coaxial probe, a CSRR
was designed and fabricated for operation at a specific frequency that facilitates differentiating the two solutions. Furthermore, a
polydimethylsiloxane mold was fabricated to concentrate the solution at a region where the electric field of the resonator was strongest,
and a laminating film was used to prevent contact between the solution and resonator. Experiments were performed by dropping 50
1L of the solution in steps of 100 mg/dL up to a maximum human blood glucose level of 400 mg/dL. Our experiments confirmed
that the transmission coefficients (S2) of glucose solution and sodium chloride solution exhibit variations of —0.06 dB and 0.14 dB,
respectively, per 100 mg/dL concentration change at the resonance frequency. Thus, the opposite trends in the variation of S with
change in the concentration of the two solutions can be used to distinguish between them.
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Table 1. Dimensions of the designed CSRR.

—n

Parameter a b c d e
Value [mm]| 26 40 | 039 | 038 | 0.22

8
0.22

2

of Aelstych FFFNAM A 2o s st 2
(N aAFo] A2 o) al, AT A
—t— HA(c, d, e, g 3AFIr9 dd
Jot= wgrolth A7 CSRRE 19 63
Fo] split rmg4 TYlA 7HE A717e] ZskAl 3
o, ¢k 2.8 GHzolM —26 dBY S5, A4S 7HAth
PDMS< polydimethylsiloxane 2.2, 74 <7} 2.6, &
A GAHET} 00012 3 £48 2te St ate
3} PDMS moldE the3t 7+ B4 o7 A 2gie}h WA
3D ZHUHE o] &dt] A RS vHS 5 =Y
ﬂv} I 5 AEE dEiER o] 28t Fol7] ool
£ 1012 82, 2% AYE 58 7125 ¢A3] AlA
o}@l a2 S Ltk FRITORZ 100TA A 45
ol 7S & EOM w8kl gudlo|E I&

> oo
>
=,
mlo Sy o
oft
QL

m

Ndsk7] flete] &0l f1Ast=

AES 25 mmHH 32 mm7HA
m $9) Wsie BRee 1Y 7oﬂ HERIATE ASy,
S 2 (@)%} 7o) PDMSS] FHo] 7} ¥ EY w 400
mg/dLe] 8o et S & Bol- 250 medD)el th e
5,08 B golth ABHN A ExY £4
93 JEEg FEe BF WAE0] 3 mmd ¥ 7H

2 59 WHalgs B

|ASZL7’| [dB] = |S

21, 7 yoomg/ar

[aBll.
S

[dB] — 8.

21,7 pruater

m—NaCl

== Glucose

2.6 2.8 3 32
Hole radius (mm)

8 7. PDMS mold®] WHAlE wsto] wmE F3AF(Sy)
Gk

Fig. 7. Variation of transmission coefficient(S) versus the
change of the radius of PDMS mold.

< g ZREE SAE §4 A5 &4 BHES
A& 59 Frof nE AlE oA AHE 1
& 8ol UEITE A S, = A (5% 2ol 7t FrolA
o Sz T8 FE7H0 mydly W el 5,0 = A3t
g gl

A Sy [dBl = Sy [dBl = Sy pruater [dBI. 6)]

A EAo)8 A 17 83 o] TEF #8343
R £8919) S 92 5,9 WSV 40 4

& Btk 18 9 7895 TREE WsAZE 1

Mo

=== (jlucose

nnnnn
Yea,
Tay
"
“ay,
........
........

-
0 100 200 300 400
Concentration (mg/dL)

2 FEAAFSy) Wk Algd
Fig. 8. Simulation result of variation of transmission coeffi-

cient(Sy1) versus the change of concentration of so-
lution.

251

HMICHEE R | 1P 165.%%%.125.90 | Accessed 2018/06/20 17:57(KST)



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 4, Apr. 2018.

——NaCl
52f... Glucose
50
S
- 48
N
46f
ul o TT—
0 100 200 300 400
Concentration (mg/dL)
28 9. #89 BEel mE 2279 QHUIUXE,
3}

Fig. 9. Variation of input impedance(Z;,) of resonator versus
the change of concentration of solution.

o
& 50 Qo 7PAA 7] Wl X Fgo 3t A
FX719 B4 WstE Bt
AXE A 50 1L Frol mE 895 PDMS
mold®] T3l Holjragly YEYA E47)(E5071B)E
R Fogo A9 & FAsAth 1 ARE Al

o4 Az} 37 18 100 VRNt A% A A

0.6 —
e N2C) g tation
0 NaCly e -8
0.4 |—Glucoseg i et
— Qs (”u“MMmuu """""
o8] | ——c
= 02} .
R o
—_ | e
(g -
%) 04
4| T
02y 00000000 TN..........
-0.4

0 100 200 300 400
Concentration (mg/dL)

a8 10, #&49 o e FAAR(S) WSt AlE
dojd 2 4% 24
Fig. 10. Simulation and experimental result of variation of

transmission coefficient(S,;) versus the change of
concentration of solution.

252

gelo] 3} o] LT 1809 299} AFUEF
]

T} 400 mg/dL FE9 ExG 893} NaCl &9l o
St 5,9 WM3tEFS AlEd el

042 dB7} #Z= ot oA, 7
ZF 9F —0.23 dB, 046 dB2] Sy 9] W3
B o] FAA] ] Apole AA <]
g4 o] AlEg ol 1 H A

4 mi o
ofp 4
L2y
Lo N
e
S
ml L
M5
rlr <
N u%

o
[\
ol

1L §2 e ol
o
L)
LT}
m
rlo
ok

o Y2 g
Qb R
3 Ty
8 g

=<

g

o

18
o
>
el
1
of
4
oo
12
iJ_{

T

=
ot
g =

2
_o|L
%
S
il
4
N, ofp rfr
12
Mo
=
o
>
Sy
oo
fr
-
%
PL
rir
£
>
(]
2

5 x o
B o
o e
oM
do ofy ¥
> o
el
[
U
rO
:O.l_f,
it
i)
1o

e e ol

=
ol
R
N
jf—)' _lE
4 o
ofo
2
10
Py
2
D
ro
2
e
o
o
=X
N
o
ol

[¢]

=
=

I

o
PL
s
Y
x
ol
QL

2
o

ol

]

o

fu

f

X,

)

r>~

g

oA

3

S

N

o

1o

ox

ofo
rod g S

2 e
o
2
g

)
rx
>
il
24
_
ofr
ol
s
>,
Y
ro
i—";
=
Bl
2
ofo
r

r

E(0, 100, 200, 300, 400 mg/dL)ell TthE+ 50 L
FEA g} AUEF &2 PDMS mold9]
ey FHAFE S48k I 23 X
= N o] FL7t F7Hstel Sy
HhE kg Hol AFH 07 ANZAM 7bE
stk

RN

2

ox B M 4 1o off M e
I = oy ok
>
i
oty
i
ut
il
pig

tlo i ofl of
ofN ox o g ofl F\X
@

o
HEL

References

[1] International Diabetes Federation, "IDF figures." Available:
http://www.diabetesatlas.org/key-messages.html, Accessed
on: Feb. 6, 2018.

[2] International Diabetes Federation, "New IDF figures show
continued increase in diabetes across the globe, reitera-
ting the need for urgent action." Awvailable: https://www.
idf.org/news/94:new-idf-figures-show-continued-increase-in-
diabetes-across-the-globe,-reiterating-the-need-for-urgent-
action.html, Accessed on: Feb. 6, 2018.

HMICHEE R | 1P 165.%%%.125.90 | Accessed 2018/06/20 17:57(KST)



Complementary Split Ring Resonator(CSRR)E ©]&-3t 2= T3 HIUEF F&H vHFH 74

[3] E. C. Green, "Design of a microwave sensor for non-in-
vasive determination of blood-glucose concentration," Ph.
D. dissertation, Baylor University, Waco, TX, 2005.

[4] H. Choi, S. Luzio, J. Beutler, and A. Porch, "Microwave
noninvasive blood glucose monitoring sensor: Human
clinical trial results," in 2017 IEEE MTT-S International
Microwave Symposium(IMS), Honololu, HI, 2017, pp.
876-879.

[5] S. K. Vashist, "Non-invasive glucose monitoring techno-
logy in diabetes management: A review," Analytica Chi-
mica Acta, vol. 750, pp. 16-27, 2012.

[6] K. K. Adhikari, N. Y. Kim, "Ultrahigh-sensitivity media-
tor-free biosensor based on a microfabricated microwave
resonator for the detection of micromolar glucose concen-
trations," IEEE Transactions on Microwave Theory and
Technigques, vol. 64, no. 1, pp. 319-327, 2016.

[7] H. Park, H. S. Yoon, U. Patil, R. Anoop, J. Lee, and J.
Lim, et al., "Radio frequency based label-free detection
of glucose," Biosensors and Bioelectronics, vol. 54, pp.
141-145, 2014.

[8] N. Y. Kim, R. Dhakal, K. K. Adhikari, E. S. Kim, and
C. Wang, "A reusable robust radio frequency biosensor
using microwave resonator by integrated passive device
technology for quantitative detection of glucose level,"
Biosensors and Bioelectronics, vol. 67, pp. 687-693, 2015.

9] &£71%, "RAEAAM WG FFHES A SXA4T
WA F317] A" =2 uhe sl =Al, 28(4),
pp. 279-285, 2017 4.

[10] J. K. Park, T. G. Kang, B. H. Kim, H. J. Lee, H. H.
Choi, and J. G Yook, "Real-time humidity sensor based
on microwave resonator coupled with PEDOT: PSS
conducting polymer film," Scientific Reports, vol. 8, no.
1, pp. 439, 2018.

[11] H. J. Lee, J. H. Lee, S. Choi, I. S. Jang, J. S. Choi,
and H. L. Jung, "Asymmetric split-ring resonator-based
biosensor for detection of label-free stress biomarkers,"
Applied Physics Letters, vol. 103, p. 053702, Jul. 2013.

[12] S. G. Kim, H. J. Lee, J. H. Lee, H. L. Jung, and J. G.

Yook, "A highly sensitive and label free biosensing
platform for wireless sensor node system,” Biosensors
and Bioelectronics, vol. 50, pp. 362-367, Dec. 2013.

[13] Y. Hong, H. J. Lee, S. G. Kim, B. H. Kim, G. H. Yun,
and J. G. Yook, "A label-free biosensing platform using
a PLL circuit and biotin-streptavidin binding system,"
IEEE Transactions on Biomedical Circuits and Systems,
vol. 9, no. 3, pp. 345-352, 2015.

[14] G. Bailly, A. Harrabi, J. Rossignol, D. Stuerga, and P.
Pribetich, "Microwave gas sensing with a microstrip
interDigital capacitor: Detection of NH; with TiO, nano-
particles," Sensors and Actuators B: Chemical, vol. 236,
pp. 554-564, Nov. 2016.

[15] B. H. Kim, Y. J. Lee, H. J. Lee, Y. Hong, J. G. Yook,
and M. H. Chung, et al., "A gas sensor using double
split-ring resonator coated with conducting polymer at
microwave frequncies," in [EEE Sensors 2014 Procee-
dings, Valencia, 2014, pp. 1815-1818.

[16] Y. J. An, G. H. Yun, S. W. Kim, and J. G. Yook,
"Wrist pulse detection system based on changes in the
near-field reflection coefficient of a resonator," IEEE
Microwave and Wireless Components Letters, vol. 24,
no. 10, pp. 719-721, 2014.

[17] Y. J. An, B. H. Kim, G. H. Yun, S. W. Kim, S. B. Hong,
and J. G. Yook, "Flexible non-constrained RF wrist
pulse detection sensor based on array resonators," [EEE
Transactions on Biomedical Circuits and Systems, vol.
10, no. 2, pp. 300-308, 2016.

[18] B. H. Kim, Y. Hong, Y. J. An, S. G. Kim, H. J. Lee,
and S. W. Kim, et al., "A proximity coupling RF sensor
for wrist pulse detection based on injection-locked PLL,"
IEEE Transactions on Microwave Theory and Techni-
ques, vol. 64, no. 5, pp. 1667-1676, 2016.

[19] S. G. Kim, G. H. Yun, and J. G. Yook, "Compact vital
signal sensor using oscillation frequency deviation,"
IEEE Transactions on Microwave Theory and Techni-
ques, vol. 60, no. 2, pp. 393-400, 2012.

[20] Y. Hong, S. G. Kim, B. H. Kim, S. J. Ha, H. J. Lee,

253

HMICHEE R | 1P 165.%%%.125.90 | Accessed 2018/06/20 17:57(KST)



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 4, Apr. 2018.

and G. H. Yun, et al., "Noncontact proximity vital sign
sensor based on PLL for sensitivity enhancement,"
IEEE Transactions on Biomedical Circuits and Systems,
vol. 8, no. 4, pp. 584-593, 2014.

[21] Y. An, G. Yun, and J. Yook, "Sensitivity enhanced vital
sign detection based on antenna reflection coefficient
variation," [EEE Transactions on Biomedical Circuits
and Systems, vol. 10, no. 2, pp. 319-327, 2016.

[22] S. M. Aguilar, M. A. Al-Joumayly, M. J. Burfeindt, N.
Behdad, and S. C. Hagness, "Multiband miniaturized
patch antennas for a compact, shielded microwave breast
imaging array," [EEE Transactions on Antennas and
Propagation, vol. 62, no. 3, pp. 1221-1231, 2014.

[23] W. Huang, A. A. Kishk, "Compact dielectric resonator
antenna for microwave breast cancer detection," IET
Microwaves, Antennas & Propagation, vol. 3, no. 4, pp.
638-644, 2009.

[24] E. Topsakal, T. Karacolak, and E. C. Moreland, "Glu-
cose-dependent dielectric properties of blood plasma,"

o
Fe
it

20179 2€: AN gL ARF e (35}
/K]—)

2017 3L ~&A: AMNTL A71AA
83 ALy

[ A EZ0H RF Component, HFo] 2 Al

A

254

in 2011 XXXth URSI General Assembly and Scientific
Symposium, Istanbul, 2011, pp. 1-4.

[25] C. S. Lee, C. L. Yang, "Complementary split-ring reso-
nators for measuring dielectric constants and loss
tangents," IEEE Microwave and Wireless Components
Letters, vol. 24, no. 8, pp. 563-565, 2014.

[26] M. S. Boybay, O. M. Ramahi, "Material characterization
using complementary split-ring resonators," /EEE Tran-
sactions on Instrumentation and Measurement, vol. 61,
no. 11, pp. 3039-3046, 2012.

[27] A. Ebrahimi, W. Withayachumnankul, S. F. Al-Sarawi,
and D. Abbott, "Dual-mode behavior of the complemen-
tary electric-LC resonators loaded on transmission line:
Analysis and applications," Journal of Applied Physics,
vol. 116, no. 8, 2014.

[28] H. J. Lee, J. G. Yook, "Droplet sensing using small and
compact high-Q planar resonator based on impedance
matching technique," Review of Scientific Instruments,
vol. 87, p. 094706, Sep. 2016.

2014 84 FETiSt A7 A sk
(F3Ah

20143 9€~&A: AAdist A7) AA
T A AL SR

[F ZAZO0H who] & A, 7k AlA, RF

bl
System, RF Component, A=A &2}

HMICHEE R | 1P 165.%%%.125.90 | Accessed 2018/06/20 17:57(KST)



Complementary Split Ring Resonator(CSRR)E ©]-§¢ 2= ASPHEF F&4 9 HAGH 74

1984'd 2¢9: Ax st Ay} (33}
/\})

1986'd 2¢¥: Axhste MAAg-st3} (38}
A}

| 1999 29 At Ak et (33
HFA})

198599 19 ~19974 29: AAEE7|&9

HAR) 2%

1997\ 39 ~2009d 29: o9
2009 39 ~dA): At HREA
[+ HAE0H RF 55 ¥ $53 /A2, L, vlo] QA41A

1999\ 39 ~20001 2€: FFH71=4

s
R

2000 39 ~&A: A A7
Fotsh s
20124 ~201343: IEEE Distinguished Lecturer
(EMC Society)
T B EO SR 4, vpo] & AlA, n}
o372y T2 4 % AA, RF MEMS, 99 34 TZ,
EMVEMC, HEMP, Ze}2v} 84

255

HMICHEE R | 1P 165.%%%.125.90 | Accessed 2018/06/20 17:57(KST)



	Complementary Split Ring Resonator(CSRR)를 이용한 포도당과 염화나트륨 수용액의 비침습적 구별
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 혈당 센서 설계
	Ⅲ. 시뮬레이션 및 측정 결과
	Ⅳ. 결론
	References




