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Background: A dry-type electrode is an alternative to the conventional wet-type electrode, because it can be applied without
any skin preparation, such as a conductive electrolyte. However, because a dry-type electrode without electrolyte has high
electrode-to-skin impedance, an impedance-converting amplifier is typically used to minimize the distortion of the bioelectric
signal. In this study, we developed an active dry electroencephalography (EEG) electrode using an impedance converter, and
compared its performance with a conventional Ag/AgCl EEG electrode. Methods: We developed an active dry electrode with
an impedance converter using a chopper-stabilized operational amplifier. Two electrodes, a conventional Ag/AgCl electrode
and our active electrode, were used to acquire EEG signals simultaneously, and the performance was tested in terms of (1)
the electrode impedance, (2) raw data quality, and (3) the robustness of any artifacts. Results: The contact impedance of
the developed electrode was lower than that of the Ag/AgCl electrode (0.3x0.1 vs. 2.7+0.7 kQ , respectively). The EEG
signal and power spectrum were similar for both electrodes. Additionally, our electrode had a lower 60-Hz component than
the Ag/AgCl electrode (16.64 vs. 24.33 dB, respectively). The change in potential of the developed electrode with a physical
stimulus was lower than for the Ag/AgCl electrode (58.7+30.6 vs. 81.0+19.1 nV, respectively), and the difference was close
to statistical significance (P=0.07). Conclusions: Our electrode can be used to replace Ag/AgCl electrodes, when EEG
recording is emergently required, such as in emergency rooms or in intensive care units.
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Input 1: Ag/AgCl electrode + electrolyte

Input 2: Active dry electrode

Hair band

Lorimpedmee P

Reference

Conventional EEG
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Raw signal Power spectrum
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Figure 1. Locations of the electrodes and schematic structure
used for verifying the active dry EEG electrode.
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Figure 2. The developed active dry EEG electrode (left)
and the impedance-converting circuit on the PCB (right).

Table 1. Characteristics of electrode
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Figure 3. Raw EEG signal at the active dry electrode and
Ag/AgCl electrode.

Active dry electrode Passive electrode
Impedance at 0 min [kQ ] 0.3+0.1 2.7£0.7
Impedance at 10 min [kQ ] 0.3£0.1 2.240.6
Power by 60 Hz artifact [dB] 16.64 2433
Average voltage [uV] 0.11£13.9 0.15+£32.0
Difference of voltage by stimulus [uV]* 58.7£30.6 81.0£19.1

" P=0.07
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Figure 4. Power spectrum of the EEG signals acquired for
the four volunteers (delta, 0.5-4 Hz theta, 4-8 Hz alpha,
8-13 Hz betal, 13-19 Hz beta2, 19-30 Hz).

T
o
T
fr
re
ofd
il
=2
z
%
o
=
o
u
N
flo

4 S
Alss A=A SHE B8 5ol ofgh [Aek Hk
(58.7430.6 uV)o] 44] Ag/AgCl HH81.0£19.1 pV)ol 1|3
Wi Holon BAHOR Fojula o] o2
= B3 tH(Figure 5, Table 1).

=}
=

Rl

e
-
=2
o
=
ik
it}
N
>,
o
O
N
|y
o
o
oo
ol
o
s
AN
ox
ot

o
o

1 & o
>
N Ho of
)
lo
offt
ojl
st
j>
MN
1o
1209
for
i
[y
o
of
Sls
30,
32,

H
o

4
30,
fu)
rlr
o
o
o
30
M
o
4z
=
>
o
ol
_0|L
I
rO
ok
i
2

A A T > o
>
™

52 3
E@ 1=
L
035 2
&

@)

2

[

2

e

_O|L

£

o

=

»or

o

il

Hir

rlo

AN ot

N
ox,
ol
o
T
b %)
v

)

AFolM= AR 57t =] A2 &
thal BARE 97k Al ot AlErel duf Fukas
s ARt Blarstglon el Fup o] 7
Ao w97t | wgph” s Huh 5=
Ao wet opefet Fuk dige AMSSER
Fup djeuto® Ao R ARl ZhsThA]
22o] Stk olek g, & dAtolM=
§3hs W ok Foll tisf vl 24
or] del-wel Fuk 7R Ag/AgCl &
o St 225 HAt= oA uzt Al
Futss tldolA] ohE Aate] ®iro]" il
=] o971 Ag/AgCl A=K w4 obotd A
e AT FTIE RSt ATl FFE
Uf ol=25 avpdo g AAsielr] wolztal &

o of & 30 ¢

fr ol

POoroh ox > 12 W
ol rﬂ

+7

o
2
lo N
=
~ rr
b o

& il
Jo
)

ol

o
ki

> ol
ofr
i

o O

i)

AN rlo A i Jl mo me fEo2 e A S oo

L

o]
~

1 Scale
Ag/AgCl electrode WWMM 300wV

i || Seale
Active dry electrode NJM'MWWMM

Figure 5. Pop artifact and 60 Hz noise acquired without
a notch filter.

E]—Zl

Paeo] b Al 24 cEo] A45EHT
|9 A A7} Ag/AgCl Ao H|3| Yrte A E3 8
a7doltt. BAHOR Wl ZA A9 Yules
o

=
T
= WsEAL Yok 1 olf AT Yud
A =
=
o

r
4r
32

et 1o
R o o 1
= & & =
o

o

:

)
H
o
g

A50] Alo] A ek of e}

kv
=
i

e o >
>
N
N,
=
[y
=2
>
lo
julss
i)
anj
[>
)
o
_\|l_‘
o>
ek
5
I
e

58
oflt
fl

|o
R |
-z
o

N
=)
Bl
©
o
re
-
iy
i I
)
o I
;
o
)
4l
10
a4
=)
r
[>
rir

vE
N
;:‘ .

NN
i)

i)
B o Mo
N, &
&
@)

[ H
' o

)
K3
e [
&
N
e,
0y
30,
o
g
mu

ox o E =2 O gt xo
ﬂ.l]O :10 L

- Hr M
o ol
- =
N
2 i
= o
)
2 4

2
o

filo
dr 2
o
i
U}
H
rot
N
o
%
o
o

=
o
Y,
>
off
ot
2r
4
10 ox
=)
-z
1o
A
o
rr
=)
o
et
2
o
)

i

o e

Bk X g HOE
Yy

al i
o
~
i
>
o
o
i
o
. b
lu
N
E=)
Sl
=2
=2
I
X

do o o N 2 qr

o2

o7

2

€0

Sk kA AWFol §l7] upe] B2 e
Foll glol WP FhHOE AL G
Sok gk & AFALY o] Aol M Lo A
2 ol gsto] AT AAsHEOLS WA

Hm&o}dﬁ

Dol we e 2l e 1o B orlr R oE
oox T on

Korean J Clin Neurophysiol / Volume 13 / December 2011



A o BAsE WP AA F5ol
A% 9%7t Bake) 1S ohn Aek
TEAAE BN e F5E 2
ARolA] TS AL A WA v
ook 9184 edto] Ha gl hie(nano) 47
AL o5k Fol BAHol glof Al
2y Gejo] e F o A7t Baskt® g5
st Apol2 2 ZPsshaAE Qo] Raste A
o] F& Wal olUe} 55 Yos|H G 4
Aot £ At AgRhE o 2 AW U
Aoz oA,

iz
oZ

[0
—_

U
S o

L

e

oo
By

o

A

o

o e
oy
oo &2

H
L

001
o B ox M Hr % XN rlo 2 1o

=)

RPN
32

N
oo L
S
I 4,
o ™
1T
olr
5
rir 2
O
o\ e
2
N
i o
o
;E jany
5 ﬂ)ﬁ
o ML N
> ©
ol -
o =
fr

32
IS0

rel
=
o ox lo &
N
o ox o &

r
(]

o o
o 1
[ = A L

o M do

2
i)

2

¢

o

ol

1>

=2

1o

o

_>|i

e

—qi‘ 0
I r =

i)

29

et

>

0.

~

i)

2 me Y

R
b
o -
w2
o I
; >
ju
o|N rhe
) mzl
Ql
& o
B X
a rr
R i)
d ox
fllo Tko
« o
e il
ok —M
i
ok

flo
ks

RUe:
fr 44 S ok ox

>~_|Zi‘9‘
ofo

ijgiu
r o
;

b
o

o
2 3

¢
(12

o,
o
)
4
jiAeA
=2
R
i',ﬂ 1 \TO oX, ©f

2o i
OtO o,
)

o

i3
P,l
rr
i)
ofu
i
ol

R

4l
lo 1

ol

o

N

o

o,

2

Hir

e > St

=

A8 5 1ol B 2
ST E9 Y5 B -
RO R 3§ AN FE Rl
She o] wWeke] FHA g A A
FFsshEE B A1ele] o] 7]of

A

d0 o
i)
rO
i)
L
°

<
N
)

I
O

to oy i
ol

o
4> o
0,

5
AL
lo
e M e gy

R
i
ke
[
1)
=
12
2
512
ox
=
>
op
ol
o
N
1
=Oé
o

dr e
By

2

offt XL oX N oo ot 2

ox
o
|
X,
filo
4o
s
re,
10
ox
I
<l
]
o
o2
o
1
e Hr

o
o
=)
o
H1
of
oN
filo
Jo
ik
_C?]_l(
R
52

Ir
)
|y
1o
2

©
o\
ol
i
o
fu
=
ek
hul
=
T
re
hul
o r
i)
st
pav
|o
fu
o A=
!
2

P
i o
i)

REFERENCES

1. Kwon OY. Artifact in Electroencephalography. Korean J Clin
Neurophysiol 2003;5:157-169.
2. Niedermeyer E, Lopes da Silva FH. Electroencephalography:

Korean J Clin Neurophysiol / Volume 13 / December, 2011

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

02
E
m
>
3
rhor
fo
hu
M

0l TAISS LTINS

basic principles, clinical applications, and related fields. Baltimore:
Williams & Wilkins 1999;110-121.

. Huigen E, Peper A, Grimbergen C. Investigation into the

origin of the noise of surface electrodes. Med Biol Eng Comput
2002;40:332-338.

. Carter SJ, Linker CJ, Turkle-Huslig T, Howard LL. Comparison

of impedance at the microelectrode-saline and microelectrode-
culture medium interface. /EEE Trans Biomed Eng 1992;39:
1123-1129.

. Rosell J, Colominas J, Riu P, Pallas-Areny R, Webster JG.

Skin impedance from 1 Hz to 1 MHz. IEEE Trans Biomed Eng
1988;35:649-651.

. Padmadinata FZ, Veerhoek JJ, Vandijk GJA, Huijsing JH.

Microelectronic skin electrode. Sensor Actuat B-Chem 1990;
1:491-494.

. Webster JG, Clark JW. Medical instrumentation: application

and design. Boston: Houghton Mifflin 1992;248-290.

. Handbook of chemistry and physics. Cleveland, Ohio: CRC Press,

1974-1975.

. Ferree TC, Luu P, Russell GS, Tucker DM. Scalp electrode

impedance, infection risk, and EEG data quality. Clin
Neurophysiol 2001;112:536-544.

Nishimura S, Tomita Y, Horiuchi T. Clinical-application of an
active electrode using an operational-amplifier. /EEE Trans
Biomed Eng 1992;39:1096-1099.

Searle A, Kirkup L. A direct comparison of wet, dry and
insulating bioelectric recording electrodes. Physiol Meas 2000;
21:271-283.

Bergey GE, Squires RD, Sipple WC. Electrocardiogram recording
with pasteless electrodes. /EEE Trans Biomed Eng 1971;BME-18:
206-211.

Mclaughlin JA, Mcadams ET, Anderson JM. Novel dry
electrode ECG sensor system. Proceedings of the 16th annual
international conference: /EEE EMBS 1994;804-804.

Geddes LA, Steinberg R, Wise G. Dry electrodes and holder
for electro-oculography. Med Biol Eng 1973;11:69-72.
Fujisawa M, Uchida K, Yamada Y, Ishibashi K. Surface
electromyographic electrode pair with built-in buffer-amplifiers.
J Prosthet Dent 1990;63:350-352.

Degen T, Jackel H. Enhancing interference rejection of
preamplified electrodes by automated gain adaption. [EEE
Trans Biomed Eng 2004;51:2031-2039.

Valverde E, Arini P, Bertran G, Biagetti M, Quinteiro R. Effect
of electrode impedance in improved buffer amplifier for
bioelectric recordings. J Med Eng Technol 2004;28:217-222.
Taheri BA, Knight RT, Smith RL. A dry electrode for EEG
recording. Electroencephalogr Clin Neurophysiol 1994;90:376-383.
TLC2652, TLC2652A, TLC2652Y Advanced LinCMOS PRE-
CISION CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS.
Texas Instruments, 2001.

Hsieh KC, Gray PR, Senderowicz D, Messerschmitt DG. A
low-noise chopper-stabilized differential switched-capacitor
filtering technique. IEEE J Solid-St Circ 1981;16:708-715.

. Hanasusanto GA, Yuanjin Z. A chopper stabilized pre-

85



s

. XMX| . Olx}
oo

(L= |

rio

. 0|IL}EH < ZlMOof . Olil-

e} OO ()

ok
ro

=

amplifier for biomedical signal acquisition. International
symposium on integrated circuits: /EEE 2007;200-203.

22. Miller HA, Harrison DC. Biomedical electrode technology:

theory and practice. New York: Academic Press, 1974.

23. Ko D, Lee GT, Lee EJ, Lee SH, Kim BJ. Development of

86

PDMS and silver ball based dry-type flexible EEG electrode
for long-term EEG recording. 13th Conference of the Korean
Society of Clinical Neurophysiology. Korean J Clin Neurophysiol
2010;12:114-114.

24.

25.

26.

Ruffini G, Dunne S, Farres E, Cester I, Watts PCP, Silva SRP, et
al. ENOBIO dry electrophysiology electrode; first human trial
plus wireless electrode system. 2007 Annual International
Conference: IEEE EMBS 2007;6690-6694.

Casson A, Yates D, Smith S, Duncan J, Rodriguez-Villegas E.
Wearable electroencephalography. IEEE Eng Med Biol Mag,
IEEE EMBS 2010;29:44-56.

Shin JH, Seo EM, The trends of BCI based Entertainic,
Technology, The Magazine of the IEEK, /EEK 2007;34:71-82.

Korean J Clin Neurophysiol / Volume 13 / December 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


