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Abstract  This paper provides a review of the electrical sensing biosensors and examine research cases of
biosensors based on clothing and textiels. A biosensor which can measure bio-signals is a device that senses
the physical and chemical characteristics of biological materials by using biological sensing materials. Therefore,
wellness wear that is closely integrated with the user’s real life will play an important role in achieving
U-Health. The biosensors’ unique feature which can be differentiated from the existing sensors is it’s using of
selective reactions and binding of biological substances. The electrical sensing biosensors are very small in size
due to the processing of electrical signals, which can be used to create ubiquitous. Therefore, it is necessary to
study electrical sensing biosensors that are easy to miniaturize to develop wellness wear. This paper describes
the electrical sensing biosensor (an electrochemical method nanowire/carbon nanotube FET method) in detail.
Finally, the future direction of biosensors to be applied to wellness wear is suggested.

Key Words : Biosensor, Wellness Wear, Ubiquitous Health (U-Health), Electrochemical Biosensor, Field Effect
Transistor (FET), Textile Sensor

Received 27 September 2017, Revised 27 October 2017 © The Society of Digital Policy & Management. All rights
Accepted 20 November 2017, Published 28 November 2017 reserved. This is an open-access article distributed under the
Corresponding Author: Hyo-Jin Kim (Smart Textile R&D terms of the Creative Commons Attribution Non-Commercial

Group, Korea Institute of Industrial Technology) License (http://creativecommons.org/licenses/by-nc/3.0), which
Email: hjokim@Kkitech.re.kr permits unrestricted non-commercial use, distribution, and

reproduction in any medium, provided the original work is
ISSN: 1738-1916 properly cited.

Journal of Digital Convergence | 231



U2 SRl A 7bs

dlol o 4 B Q1

Z 2 A A5 i3k A3
3t 502 s A AA 287
B 20204714 At 6.4% S7H7F
s al, AE7F ICTe ¥ U-Health(Ubiquitous—

oks AAe] 4 A2 F2ehe T 14T
oF IAH Foks 7MY 5 W ok F shurt vk

5 W A7

=
%
A
=
rlr
rlet
N
N
il
o
ok
clo
=2
>
o

~
>,

2 oRg Al FAVIEe] TaE Qs A o
At 217 dlolElE Sxjel o RQl gt e Farks

T A= Aol FHEAY] Wl 7hs g Aolr2l. o
2lgh T 715 o= 3l Agahe d oA T8
g RS A mol Al Al A Al ol A o= HlolH
S ojui= Aldoltsl Al Aes SAs= e
e A 2AlE ol &8sl AAEL] =l 5t
S48 AAE & de ve] A E Sl TdEn:
A2 ool g npe] @ AlA = Q1A o] ¢, Helf et
of SoFYH YAFEE FALE 7] wZol uHiol
S AA = AHEAEe] gl |3 U-Health AH| A5
TEsh= FaF s drh dwEel Ay oF
= gAEd 7|uke] whol o AlM g tXE A, TEjal Al
o AF BEE JAH0 Sl o] T Hle]AlM = 54
AAEEE AAske] PR AAE FEo=A 2
e 27|13 7hsstA shal A ds dARte R
e = glom A AR Al S5 37
< W A Aol o7 Ves FEl U
skl = w2 AvkE AxFof At} =2 &

52 ANS ] A2 AT F54 vl oAl
o8l ol sisich. olef @ 1B B
2 S5l A g s vel oA el 7%
A5

of

Ll

1)

o

o X

,d
o T ot

5
xR
H

ot

s

it

2. Hlo] @ AlA

Hlo] @ AlA = &4 (enzyme), AE-AHbiomolecule), &
A(antibody), A2E(cell) 5-2] AJ&2H8A(biological agent)
A A 742 (bioreceptor) & AF-&-38te] 24814} 6}
At Hanalyte) ¥ =2 A9 (selectivity) &2 HF
S dodA sl 11 ARE E-gehaA R A6
= o ® 71Ee] o5 g SN E giAsFSITHAL
Hho]  AlX7F 71Ee] A e EE AL who] Q41X 7L

Agde) Al e 0 AFS ol gaThs Aot

i

£ ool

2.1 <]

npo] QAN = [Fig. 1] Zo] AESH 845 1A
s AR B A2 A5 E7)(ransducer) 2 -4 5 o]
RBAA AR ZHsA o L7 SolH o= vt
S BAES B Aeste] SAstaA} e e
T Q4E MeFon FAAsh= Aot AE |
of EAleteE F4 AT} vhol LA o] AA|EA}
ool Asteld o AgshH 25 W] o] Al
7} BHAEIA E a1, o5 AlRRe] 14 7hEd AR
sto] A Fxpo] AR AAEA o] 7FEsHA
ko] © A4 o] el A (selectivity) & A A £2} 212
o8l AA= a1, vho] QAA 9] WIZFE (sensitivity) &
g7 o] Aol o3 AR 7] wite] nho] 2 AlA
dshe WS vlo] A S & o
tH6l. o] & ulo]Alx e MR T
o] E3h FolojA #Al
el AA7F dup 9H3sheRE o] si)
o s (limit of detection; LOD)o A Al 2Hake] o
WA Z4T & derkes wakth A9
(calibration)& 91314 AAM7E W #Al9] 5%

ol AdFA RIS 7= Aol FastT].

>

i

do do

s o, o
> o R R o
Ev)

2
E
oty
dooox [ £ 2 2 Oob o ol 2 -

B\

o

2L

=
N o

ol

¥ g

32
rir
gr I
X
et
o,
off

e
o
=

of B

232 |l Journal of Digital Convergence 2017 Nov; 15(11): 231-243



A Review Study of Biosensors applicable to Wellness Wear

Nucleic Acid Antibody Enzyme Organism/Cell

7 0 A ag
y¢ ¥

’ Bioreceptor/Interface

[Fig. 1] Conceptual biosensor concept employing

traditional bioreceptor species [4]
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[Fig. 2] Electrochemical immuno sensor, 1) Self—
ssembly monolayer on gold electrode is
formed, 2) antibody specific for antigen is
immobilized, 3) antigen is binded, 4)
electrochemically labeled secondary
antibody immobilized, 5) substrate is
added while constant voltage is applied,
6) final current (product) is measured [7]
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[Fig. 6] Graph showing how the sensors’ sensitivity
changes as weight percent of MWNTs is
varied; the inset SEM micrographs show
the surface of the optimized (low wt%
MWNT) sensor and the high wt% MWNT
sensor. (1) MWNT(0.25¢/L) in Triton X—100,
(2) MWNT(0.25¢/L) in Triton X—114, (3)
MWNT(2.5¢/L.) in Triton X-100, 4)
MWNT(2.5g/L) in Triton X—114 [30]

<Table 1> Clothing and textile—based biosensors

Clothing/Function Sample Analyte Analytical method Sensor fabrication Limit of Reference
detection
Point-of-care sweat | Sweat Na' Conductometric/cyclo Solid-state and solid 0.25mg/L [30]
analysis —oligomeric calixarene | contact ion-selective
electrodes

Textile-based e-nose | Body micro NH'OH, Conductometry/SWN Drop-coating 50ppm [26]
for body odours environment ethanol, T-COOH in different | conductive threads

pyridine, polymers embroided into textile

triethylamie,

methanol and

acetone
Cotton-based lactate | Saliva Lactate Amperometry/enzyma | Screen-printed 0.3mM [25]
biosensor tic biosensor (lactate electrodes on textile

oxidase)
Textile-based Sweat H,0,, NADH Amperometry Screen—-printed 20uM [27]
amperometric electrodes on textile
sensors and
biosensors
Cotton yarn-based Sweat pH, K" and Potentiometry/ISE Dip-coated cotton 10uM [28]
potentiometric NH, yarn
Sensors
Woven Blood Glucose and Amperometric/enzyma | Woven silk yarns 80mg/dL [29]
electrochemical haemoglobin tic biosensor(GOx) coated with
fabric-based sensors Differential pulse functional inks
voltammetry(DPV)
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[Fig. 8] Image of the screen—printed carbon electrodes
on the underwear(MERONA Ultimate Briefs
brand) (background) along with the morphology
of a single electrode(right inset) and
linear—scan  voltammetric  response  for
increasing NADH concentrations over the 0-
100 mM range(left inset) [27]
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[Fig. 9] Sensing band—aid. (a) Illustration of a K*
sensing band—aid with the membrane—
oated sensing section(A), the heat—shrink
tape(B) and the connection to the reading
instrument(C). (b) Illustration of the
placement of the sensing band—aid on a
human model. (c) Response obtained
when solutions of different concentrations
of K* are added with a syringe [28]

Choudhary et al.(2015)2 [Fig. 1013} #o] #7]3}3}
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Dt [Fig. 11]2F 2] A2 d7|sheh4 A& 7]k
Al WEFTS(woven electrochemical fabrichased sensors)
RARAZ2H  AJZF-45F 5 (chronoamperometry)
1 DPV(differential pulse voltammetry)S AF&3to] £
B2 A JTH oz A Aoke
1&& FAA dyx of /e & 7MeAS
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[Fig. 10] Manufacturing of fabric—based electrochemical

sensors. (a) Custom—made yarn coating
instrument for coating conductive inks,
enzymes and other reagents to make

electrodes. (b) A view of the handloom
used to weave the sensors. Weaving of
electrodes into the weft of the fabric was
accomplished using a shuttle(wooden tool
in the left hand of the weaver). (¢) A closer
view of woven patches on the loom which
will be cut into individual strips after
pasting on medical grade backing. (d) A
woven array of 90(15 X 6) sensors which
was cut from the loom [29]

[Fig. 111 Sensor design and interfacing. (a) Single
packaged patch of a woven glucose strip
containing four individual strips and a gap
indicating the mark to cut the individual
strips, (b) design of a single glucose strip
showing the working(WE), reference(RE)

and counter(CE) electrodes, (c) glucose
sensor showing connecting points for the
potentiostat(using a dotted line) where
there are no yarns woven and also
showing the path for the whole blood
sample along the hydrophilic channel
made from a combination of hydrophilic
and hydrophobic silk yarns. (d) Fabric
sensor interfaced with an adapter to read
and perform the amperometric test for
glucose sensing, (e) multiplexed fabric
sensor for the detection of glucose and
hemoglobin. The same CE and RE are
used for both tests [29]
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[Fig. 12] Electrodes patterned on: (a) Glass microscope

slide. (b) Cotton fabric. (c) Plastic
weighing boat. (d) On the outer surface of
a polypropylene centrifuge tube. (e) Nitrile
glove [25]
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