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Abstract: In this paper, micro dried bio—potential electrodes are demonstrated for sEMG (surface
ElectroMyoGraphic) signal measurement using conductive epoxy on the textile fabric. Micro dried
bio—potential electrodes on the textile fabric substrate have several advantages over the conventional
wet/dry electrodes such as good feeling of wearing, possibility of extended-wearing due to the good
ventilation. Also these electrodes on the textile fabric can easily apply to the curved skin surface. These
electrodes are fabricated by the screen-printing process with the size of 1 mmx10 mm and the resultant
resistance of these electrodes have the average value of 0.4 Q. The conventional silver chloride electrode
shows the average value of 0.3 Q. However, the electrode on the textile fabric are able to measure the
sEMG signal without feeling of difference and this electrode shows the lower resistance of 1.03 & than
conventional silver chloride electrode with 2.8 Q in the condition of the very sharp curve surface (the

radius of curvature is 40 mm).

Keywords: Dried bio-potentional electrode, sEMG (surfaceElectroMyoGraphic), Conductive epoxy, Textile
fabrics, Curved skin surface, Screen—printing process, Resistance, Silver chloride
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Fig. 1. Shape and dimension of the designed bio—potential
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a. Screen printing for electrodes patterning
on fabrics

b. Filling in conductive epoxy

v

c. Connecting lead wires on the backside of fabrics

vy v @

d. Diffusing of conductive epoxy

vy * -

e. Dry biopotentional electrodes for
conductive epoxy on fabrics

Fig. 2. Fabrication sequence of dried bio—potential

electrodes.
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Fig. 3. Diffused conductive epoxy in fibers. (a) general
fibers, (b) fibers with conductive epoxy.

Fig. 4. Dried bio—potential electrodes using conductive

epoxy on fabrics. (a) the inside of fabrics, (b) the

outside of fabrics.



370 J. KIEEME, Vol. 26, No. 5, pp. 367-372, May 2013: D.-Y. Cha et al.

Qo] Ao A 3ATHE AFEAF]AL, 80T sHEg o] Dried bio-

Eo|A 6A17F B AZA AL gLer Aso A potential

go] Bas ARG 98 AR ] AL of electrode

G QEEon olgd 92 A=E R4 ‘ » *

2) Asel AR AwA EAE FEnA 4 Pre-amp AC amplifer
Zo| AEw AMSd H1@d) 4% 43 4 Gain : 10

gwie] A7 st ARA o EAlY Aoz A7

a9 32 HAEY A Aleld A=A o E A7 & /V X/
2bEl dwl g Apzlelt, AEA o FAlY Fito=m Z X~ « %
S

B9 91E3} HERo] /1Mo Aol Wk

Gain : 10
o

AV
X
AV

<
I8 4= AE Qo dAE A4 AAAY AFS 2nd Jow pass 15t low pass 60 I-f!_:Ttnotch
5 i filter ilter
BelFE 29o® 17 4@t A A5 3 filter
2 9% gk Yudo] PN 4B MR%S B
ofFa gler, a8 4b)= HEe dFo= JhU Fig. 6. Block diagram of EMG measurement circuit.
NEAT FEow JuHAT F sh7F wjxEe] gk
\ f Micro dried bio-
(\ ,J\ potential electrode
3. dn # uF e i B R . L T -
| Noise
AE A4 YA AT AN S92
wrl 9lsl a9 5% 2ol LV 54 Z4shav

2 AT We Jske Aol 03 Qo wlasko]
Rl EA R AAE A3 04 Qo AT

=

=

T AT AEA oFA A= HE Aske
i =

AgCl electrode

e
B Jl o K1

Fig. 7. Measurement of EMG signal.

25

20 - A9 AsE 1~500 Hz F3k H9fel ouv=]7t
S5 HTEol doemz a9 63 ol FXH7]9 o5
. ——rgCl A2, F4dg AAY (common mode rejection
e ratio) 5& wEsle] 249 NE =AHS 93 I

W= Conductive epxoy % _Z_I_L}B] —5—], 9;]\ Tq_

a8 7 ARE A4 olEA AFEe o] gafol

.. a2 = = = £ FUe A% AYS W BEAAN SHE 249

Correntma NEE BAFw gtk 29 T4 xFS ANES

oustn, yH& 2HS A5 At 278 =

Fig. 5. I-V characteristics of conductive epoxy. HE dot2 Ao Y3l =& AFZAE Ze AE

A ool ZA AFe 2Ae Ao AFo| Fado

b 2d9 AEE sl BA e w9

AdE AT AN AAAY] AFow Algo] /b ARA o|FA A= HEih miele] Wio] o

SaA ARy el W dshe A3 Waelel gl WE geke AT wiske] i el we
SHE S4 A4S APt AE A & YA



,| o
A "o r
Jl;ﬂﬂﬂufﬁﬁﬂu MNL
e ) o — il
T X o} 1,@ o) m ol
<lTE o ﬂﬂ@r%ﬂ )
gzﬂﬁl E%M @J@@% &
<= Nfo oﬁ - Mm o g do A " < oo
SFEE RN T Rl L 2 m
iﬂ%o 5 . %x%%x Aﬂol L S
< X Jlﬁﬂu o T N = X o T x o E‘_u of
~ Eg i =) T 0 N 3 J ﬂw\_ 10 Jl.._Ll T
o) i 7 Hr - B 3 0 ~ _Lu g ol Ury W_ 07 T©
g ? o ﬂr%ﬂ;z:f ~OF Kl T M E 4 X o >
S Nr o) o o N Rl - < 5 W ® i
: 5 R ﬂ%ﬂ% gt do oo T H Sham® <
g 3 1H ] "R - <0 qr o =y T o = T HA R o ﬂt —
¢ =) oy T = o o < K o)) o - h 0
= £ g Ny o) = s By R o -
& 3 - B ‘Mﬂoﬂ ° ) " W 1] ﬂuﬂo\ol,‘w EE ‘WO %0 ,Dl ;oo‘UIM‘UMUWH iy
% 2 ﬂ”,.rolﬁ_uATo LCMO‘:L 1 _aﬁo#om.,_A ﬂ_rmc,#%wﬂm‘%l XMzﬂ . I
N g - =g aﬂﬂm * [\ o Ao R -« _n_n_vu%mﬁﬂdu;ﬁﬂ
" g g ﬂﬂmo%%wufrﬂﬁ < %mmﬂe Tﬂﬂnd.ﬂ%%mmeg}Q%E
S 3 3 X r X T " N N CUNNe
L 3 um%ymu%%%wa LOWWM%%M&xﬂﬁQ%ﬂ%x&
¢ | >, xtm,.ﬁuumfxmm__do% g ﬁqmmo%mn%%qumw%?ﬂﬁ
| g = o) ~ TR o @ﬂﬂa T o S = 4
l e 2 ﬂmug%%owﬁagu L s o L T
- 2 R .ﬂ]ﬁ;%% ol & e4.ﬁﬂmﬂ S
E 2 B I ol ~ o 7O o S 63 o o
] 8y m G B g .M — ) i o< ol ”o o 5 s
y 5 3 %%1@ o}mo;% i;ﬂailioﬂa /B
- i 3 s TRl R o B e & R «
R g s = ' Wu dﬂ w0 T w = ) B R B Moo i =5 1n_rEM o))
- g 3 3 omﬂomimiﬂ W Mo L
- = m:_.o_nﬂuﬁzmo# Jmm T o ol _Aﬂ@lﬂLOQEiﬂm‘_ﬂL
- R - B " G
: . %War.a;mm%q anﬂ@%%%% i a_iﬂu;@
. =y Jw.oﬂuup %ﬂ7ﬁmﬁ %.m%wx oﬁUrﬂr%wﬂm%ﬂw%o_a
= 0 — fi = Y P
1 “ ..m ~ NIl 70 %w 03 A|n Wﬁ T iE h o o N T M S =
v = F M 5 = o %ﬂﬂ%ﬂa.ué
. & , Bh %_nsnuﬁour x5 ST T,
S 2_.:_ﬂ_=_uuz < R Vdﬂ%ol W o 2o jln ™ V‘_ XN M oy
o ¢ . 8: RENEE nTd %ﬁ@%oﬂy@%
% 233 <% T mﬂwii; TEU LT W
i mbmm ) ﬂmﬂ o T Iy n_,vmnmﬂ " duﬂmﬂLxX
= o SE85 ; R Fo g R W N "o
2 s e 0 E]ﬁ nd R N oor X0 o oy =y T ~+ How i
% 5 E M E mwaﬂ;Holﬂ@ﬁﬂ ol #LW@.AA#M
S _ E ;.\u.‘.uu c < - = r 3 0 I
e 25 A % = g ﬂﬂ%wﬂaﬁ%wi ﬂﬂ%@ﬂ@_zma?
= 23 D F | ) R & R P @uanﬂr.ﬁﬂmﬂ
S S5 : | f ; = LI Aol 2 < w B COMC
o 8% O & - g ¥ PR CE 7= AT
5 =% 3 o \‘PH_ 5 i o 1 " O W ir = <
o - Z ° - N3 oy \Jllnﬂ < K o ol ~ oy
4 [ & © £ ZTE_wéoMﬂLo# 911,_]%LaﬁimﬂA
. [ = =\ e W BR A K < < o = | = 3%
g m I = 2 i o o Tor oy of Tl ~ 4 7 no W mr =0 0
, = = d ol o o 3 N g & o %
, aE! o 5 TR ™ D ) 5 oo N
iof ; — S Um 7 E i o o ozmowaﬂ
2 D) — = m%ﬁnmm, 5 %ﬂa__A%1qEQT 3
— 1 . 238 25sy
o ’ 1 < 0 — T o
X - — (4 — o &
o3 = S W © i
i3 < —F
P
) _ k:
m _ ~
=
X
X
T
N



372 J. KIEEME, Vol. 26, No. 5, pp. 367-372, May 2013: D.-Y. Cha et al.

‘_H
>

_‘<',>:
FEAI7) AL, T
Kl

of A

REFERENCES

[1]1 G. Torster, The Agenda of Wearable Healthcare,

(IMIA, Geneva, 2005), p. 125.

[2] S. Grimnes, Martinsen, Bioimpedance and Bioelectricity
Basics (Academic Press, New York, 2000) p. 4.

[3]1 J. G. Webster, Medical Instrumentation : Application
and Design, 3rd ed. (John Wiley & Sons, New York,
1982) p. 2.

[4] H. Nicolai, L. Teodorsscu, and L. C. Jain, CRC Press,
243, (2001).

[5] P. J. Kybred, C. Light, P. H. Chappell, J. M.
Nightingale, D. Whatley, and M. Evans, Robotica, 19,
593 (2001).

[6] D. J. Hewson, J. Duchene, and J. Y. Hogrel, Proc. of
the 23rd Annual EMBS Conf, (EMBC, Istanbul,
Turkey, 2001).

[71 D. Farina and R. Merletti, IEEE Trans. Biomed.
Eng., 50, 1340 (2003).

[8] C. J. Luca, IEEE Trans. Biomed. Eng., 26, 6 (1979).

9] S. H. Park, J. P. Kim, and W. M. Seong, J.
KIEEME, 18, 827 (2005).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


