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1. Limitation & Motivation

[ PDMS (Polydimethylsiloxane) stamp | [ PVA stamp with activator ]

(Tetrahydroxyborate)
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1. Limitation & Motivation

Why body’s curvy surfaces are valuable?

[ Electroencephalography (EEG) ] : [ Electromyography (EMG) ]

Brain waves and deception

Awake with Beta '.: [
mental activity UNFORLEEST SRS 14-30 Hz s

Awake and Alpha ]
resting MNW 8130 Hz

Strong Flexion

-

Weak Flexion

. i Raw EMG Raw EMG
. eta N
Sleeping 479 Hz : : cat—— =G

N i ) Envelope EnMv(ZIope

5 I Delta .:' ) ‘
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:
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» Body’s curvy surfaces are important spots in measuring electrophysiological (EP) signals.
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2. Transfer printing

Receiver
substrate

v

Flexible device

Shape deformable
PVA-stamp

Flexible device

Shape deformable
PVA-stamp




Flexible device

1) Patterning

Cu
PI

PMMA

Glass

1200 nm
13 Mm

[ Optimized fabrication ]

[ Fabrication Process ]

2) Sacrificial layer release

Cu

Pl

Glass

Group # Cu thickness RIE source RIE run time Aceton_e time | Success rate

(nm) & amount (s) (min) (%)
1 200 0O, 80 sccm 3000 60 66.7
2 200 0, 80 sccm 3600 30 81.3
3 200 0, 80 sccm 4000 20 38.5
4 200 +%I‘:fci§iccr:m 600 20 33.3
5 300 0O, 80 sccm 3600 30 60.0
6 500 0, 80 sccm 3600 30 56.3

D

We developed the optimum condition by testing over 200 devices.

3) Transfer

Cu

Water Soluble Tape

Pl

Glass

Practice pattern

Pattern for EMG REF

[ Optimized patterns ]

I=w=1.1cm




2. In-ear EEG & EMG measurement

Image comparison

[ In-ear EEG ] [ EMG ]

Poor contact Robust contact Poor contact Robust contact
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2. In-ear EEG & EMG measurement

[ In-ear EEG real set-up ] [ In-ear EEG measurement goal ]

> Conventional EEG spectrumO| L}IEtS 2 A
[ EMG real set-up | [ EMG measurement goal ]
1) Extension 2) Partial flexion 3) Flexion 3) Flexion
' ‘ T’ 2) Partial flexion

1) Extension

> ME|d = SN

. . . R
Mo o]l 2™ . - =
> EMG REF deV|ceE 1 I validation I = = > Force dlfferenceyl_ S|gna|0" 7“%%
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2. In-ear EEG & EMG measurement

In-ear EEG results

[ Commercial electrode ] [ Flexible device ]
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yes clased , 0 Eyes closéd
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Time (s) Time (s)

Frequency (Hz)
Frequency (Hz)

Alpha-wave (8~13 Hz) region

Flexible device effectively reflects alpha-wave only in ‘eyes closed’ condition,
while commercial electrode poorly reflects EEG signal difference.




In-ear EEG & EMG measurement

[ Stability test ]

@ Commercial electrode
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g —
L o
=
S -51
e
< —10-
-15 . . . .
0 5 10 15 20
Time (s)
@ Flexible device
12+
) 8-
>
E 44
L o
=
= =44
g
< "8
_12.
0 5 10 15
Time (s)

« Commercial electrode shows unstable background noise levels compared to the flexible device.

EMG results

[ Performance test |

1) Extension 2) Patrtial flexion 3) Flexion
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@ Commercial electrode @ Flexible device

* Flexible device effectively reflects power difference while commercial electrode poorly reflects power difference.
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3. Summary & Suggestion

In-ear EEG & EMG using shape deformable PVA stamp

> In-ear EEG 2H E™ & alpha-wave2| HEH £
> EMG2| =2 SNR & 2 =531} signal?| 7| H

> Flexible deviceZ| 4| 237 EHof| ¢PEd Mo 2 2%

> Shape deformable PVA stamp?Z} 7| £2| stamp SHA|IE 22 =




3. Future applications

E__EG '”‘\‘ . "I‘
[ 'u.?w"'? 5-30pv
TR <100 Mz
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Y
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r M
Control strategy EMG
for assistive  AppricATION
devices
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Figure 4. The absolute powers of Theta (a); Alpha (b) and Beta (c) bands are shown in the cases of rest,
concentration and immersion.

Rehabilitation evaluation
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Appendix

1) PMMA/PI spin coating

Pl

PMMA
p—

Glass

5) PR strip

Fabrication of flexible device

2) E-beam Cu deposition 3) Photolithography

iZOO nm
13um J3um
$10 nm $10 nm
Cu Cu
PI P
Glass Glass
6) RIE 7) PMMA undercut etching
13 gm
$10 nm
Cu Cu
PI Pl
PMMA Q
Glass Glass

4) Cu etching

$200 nm
I 3pum I 3pum
$10 nm $10 nm
Cu
Pl
PWA
Glass
8) Transfer process
Water Soluble Tape

Cu

Pl

Transfer

Glass
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In-ear EEG

Brain waves and deception (a)MWWNW]m wv
1 sec
Awake with Beta Aoty e s &
mental activity PNV aring 14-30 Hz W‘WWW 1] -
Recording [SnmEl:r (b) 7 ?;— 200
intervening tissues . ~ = = 7
thaad d resting 8-13.9 Hz ? o g 3
S 30 & =
Sleeping MMM 4-7egaHZ = Time (s) = ;_
’ 1.2 (C) \?‘/'- < 0
Dt g 2 0 50 100
N VA WA = 59 E Amplitude IE (4V)
Pyramidal neuron < |5 =3
dipoles D04 =
I 1 sec 0 Subject
EEG source Brain wave and deception Scalp vs. In-ear EEG

 Electroencephalography (EEG): a noninvasive method for recording the electrical activity of millions of

neurons

» EEG source: Dipoles are created in adjacent neurons due to postsynaptic EPSPs or IPSPs - Temporal and spatial

summation of pyramidal cells = Field potential - EEG source

.. EEG mainly records extracellular currents that arise from synaptic activity in the dendrites of neurons.
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Appendix

In-ear EEG
Brain waves and deception (a)wwm/mw\,w]uo v
1 sec
Awake with Beta Ao b sl &
mental activity WWWMWWWVJWAW 14-30 Hz MWWW ; .
Recording [SnmEl:r (b) 7 ?;— 200
intervening tissues . ~ = = 7
of head < resting 8-139 Hz ? 0 g 2 -
5 30 ©~ 5
Sleeping f)\/\/\/\/\/.\j\f"\/\ﬂ/\/\m 4T_';_egt?42 = || &
: ? < 0
Del Z 0 50 100
Deep sleep m 0’5;!; . E Amplitude IE (uV)
Pyramidal neuron < =g
dipoles <
I 1 sec 0 Subject
EEG source Brain wave and deception Scalp vs. In-ear EEG

* Indeed, alpha rhythms are endogenous oscillations in the 8-13 Hz frequency range that are primarily found

during relaxed eye-closed.
« The PDR (oscillatory, 8.5~12 Hz rhythm) classically attenuates with eye opening because eye opening starts
a stream of visual input that activates the visual cortex at the back of the head.

. Alpha rhythms are easy to be measured in laboratory condition.
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In-ear EEG . , :
Fig 5. Artifacts amplitudes
Brain waves and deception (a)wwm/mw\,w]uo v
1 sec
Awake with Beta WMWW“W*M 7
mental activity WWWMWWWVJWAW 14-30 Hz WWWW ; S
Recording [SnmEl:r (b) 7 ?;— 200
i 4 " resting 8-13.9 Hz 5 ‘% g T‘_f
et - - —
Sleeping f\/\/\/—\/\/\j\f"\/\f\f/\/\m ot ~ e ime (s ~|| £
4-7.9 Hz i (C) T (s) 3 z 8
. 5 % 0 50 100
Pyramidal neuron = =3
divpoles . D04 2
1 sec 0 Subject
EEG source Brain wave and deception Scalp vs. In-ear EEG

* Due to its proximity to the head, ear offers an unique spot to monitor the brain with the advantages of @®less
installation time compared to a traditional EEG setup, @easy to wear, @unobtrusive and @less artifacts.
» In-ear EEG systems can be integrated as routine clinical tools for continuously monitoring pathological signals
outside clinical facilities (".- demonstrated by recent studies.)
But, it should be similar to that of clinical facilities (conventional scalp EEG).
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In-ear EEG Fig 4. Correlation of a-wave

/ when eyes closed

Brain waves and deception (a)wwm/mw\,w]uo v
1 sec
Awake with Beta A gt e i 7
mental activity AN AV A AN A 14-30 Hz WWWW 11 _
Scalp A=
Recording In Ear (b) = 200
intervening tissues . ~ = = 7
of head < resting 8-139 Hz ? 0 g 2 -
2 30 w» =
Sleeping f)\/\/\/\/\/.\j\f"\/\ﬂ/\/\m 470 Hz = o0 Time (3) || £
1.2 (C) —\:? < 0
Del E Z 0 50 100
SN VAN WA e 308 : Amplitude IE (V)
Pyramidal neuron < = a-
dipoles ©04 <
1 sec 0 Subject
EEG source Brain wave and deception Scalp vs. In-ear EEG

» (Fig 4(a),(b)) An example of a short time segment of in-ear and scalp EEG signals for a subject with a high cross-

correlation (subject 8) and the corresponding relative spectrogram
» (Fig 4(c)) The results consistently demonstrate a broad range of correlations of alpha wave when eyes closed,

ranging from approximately 0.43 to 0.88, with a mean value of 0.76 + 0.19 (mean * std).
.. Similarities are proven. - We can expect measuring brain alpha wave in ear.
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EMG

Spinal cord Axonal terminals at neuromuscular junctions

\ Motor Motor
unit1 unit2

J ML)+ () ] EMG signal
Reference F &= =G, () = n(t)
electrode / {/ —(rmz(t) + n(T)))

Mot + N =Gm () - (t))

Nerve >
N
T ~ ~
Motor neuron Motor neuron S, ~
cell body axon D, 2
re
T2 3 a ~ ~
5 Z% £F% FF "Motor S o MotSragnit |
neurons recruitmen‘ 1

~ < = :vl\ A — A AL AP MUP1

’ i ._-" Motor unit potentjal (MUP) N S a A e Ak *
C Muscle @ - —_—= £ —+ LA v v v e
Muscle Muscle fibers Branching a| fiba = =~ N N il n~ N A M:ps

“‘ to motor un i > : - e A PR VA8 VS YV VATS

p— s_—— S e + I T\ ~ >

== — — A N WAL IEAN MuPa
. ’ 1 > : Y — \ ~

- E £ ) + “ — / =

B = e = =/ S Sure
— Surface 1 ~ urface
-~ bipolar g _______ i ’ * » >4 EMG
electrode A N ”\ A / \ —
‘:|> time(s)
MUPY MUP2 MUP3 MUP4

Neuro-muscular junction EMG measurement principle

» Electromyography (EMG): a method that measures the action potentials of muscle fibers
» When your brain tells your muscle to flex, it sends an electrical signal to your muscle to start recruiting motor unit.
« The harder you flex, the more motor units are recruited to generate greater muscle force.

.. EMG measurement should reflect the hardness of flexing.
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EMG

Spinal cord Axonal terminals at neuromuscular junctiong

J ML () + n(t) “ EMG signal
Reference /' — =Gm; () - n(T)
electrode / ,.’ —(rm () + n(T)))

:" /1’

Mo +ndn —Sim®-ma(t))

Motor Motor >
unit1 unit

g - AN\
»F
-"6',(,_ A

T
Motor neuron

*/\ 7
— I —— £ : ¥ LA\U"* ™ ~ s =rf
— Surface . 3 urface
- b‘:polar { ______ & ‘ . 3 * - EMG
electrode T tbe. "VL"\?&"AI'_\/\/_ ........

MUPT MuUP2 MUP3 MUP4

cell body \( @5 N -
3 re
&) N T2 2 A ~ g
o 2 Motor ~ ~ 2
A 2% 7% 2% TF towor - seSrgms
N N N N
r ~ “ 3/ Jnv Av AVI\ AV MUP1
= - +
Motor unit potentjal (MUP) T T T MUPa
g Muscle @t = i SN — LA \J v v
Muscle Branching a fibers o e o — 5 > N A A~ A A M:pa
- to motor un — — 5 s M i =D\ \A'S VAT A4 \A"S
e e e e e — N\r N S " s
=k = = ¥ =N N— LN S o _\/\/—-\/\f_‘—\{[\/— MuUP4
- / L = ) $ = A ~

Neuro-muscular junction EMG measurement principle

* The electrode should be placed between two motor points. And signals that are different at the two sites will
have a "differential” that will be amplified.

» The reference electrode (at times called the ground electrode) is necessary for providing a common reference to
the differential input of the preamplifier in the electrode. For this purpose, the reference electrode should be
placed as far away as possible and on electrically neutral tissue (say over a bony prominence).

.. We decide this position to be an elbow.
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Flexible device fabrication process

Glass cleaning : :
2 UV ozone ) PMMA coating 2 Pl coating > Vacuum oven
* 4000 rpm, 30 s * 4000 rpm, 60 s
« Air gun, IPA (10 nm) (3 um) . o
3 min, UV ozone * 180 °C, 3 min * 150 °C, 5 min 300°C,1h
hard bake hard bake

Glass | Glass | ‘ Glass \ ‘ Glass \
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Flexible device fabrication process
Cu deposition -

Cleaning —> PR coating - Exposure
* E-beam evaporator * 4000 rpm, 30 s
P » |IPA, acetone rinsing « 110°C, 1 min
« 200 nm

e 1 min
soft bake

R\
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Flexible device fabrication process

Develop ) Cu etching ) PI/PMMA etching 2 PMMA release
) .D(:el\iglege; r2nir2m * Cu etchant, 2 min * RIE * Acetone, 150 °C,
PEI13 » Acetone rinsing « 3600 s, O2 80 sccm 30 min

Cu Cu
PI Pl

Glass Glass
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Optimized recipe of fabrication

E-beam evaporator RIE
Purpose Cu deposition PI/PMMA dry etching
Equipment CHSSHO| | AXIC Inc.
model Super high speed Evaporator System PlasmaSTAR100
Equipment . Cu, Al, Ag, Etc metal process * Pre-bond cleaning, polyimide etching
roperties » TSV & Process for plating substitute » Water cooled (temperature controlled)
P parallel plate electrodes for RIE
« Cu thickness (unit: A or nm)  Etching source
e  Gas dose (unit: sccm)
* Running time (unit: sec)
o Su:lstrate Holder — Supbstt':atc:th ° Source power (400 W fIX)
Param eterS Sl;qbalitrgrai;elzd ‘l‘""-‘.“‘l""‘.‘l ;."‘;",-‘.“ — -Electron Beam
Region [ - * 1 Sround
s Magmetic ps?\fhg?r[ENMG Vv - qr * e
Water Cooled ij‘;i:itTlé @ y Plasima V =3
= gt S s
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Optimized recipe of fabrication

Device # Cu thinkness (nm) RIE source RIE run time (sec) Acetone dipping time (min) Successful soldering QW:I? 428
1 200 02 80 sccm 3000 60 [¢) [®)
2 200 02 80 sccm 3000 60 [®) X
3 200 02 80 sccm 3000 60 [e) [e)
4 200 02 80 sccm 3000 60 (o) X
5 200 02 80 sccm 3000 60 (o) (o)
6 200 02 80 sccm 3000 60 (o) X
7 200 02 80 sccm 3000 60 X =
8 200 O2 80 sccm 3000 60 (o) (o)
9 200 02 80 sccm 3000 60 (o) (o) 1
10 200 02 80 sccm 3000 60 (o) (o)
11 200 02 80 sccm 3000 60 (o) X .
12 200 O2 80 sccm 3000 60 — — @) | quallfled
13 200 02 80 sccm 3000 60 = = L
14 200 02 80 sccm 3000 60 (o) (o) X | unquallfled
15 200 O2 80 sccm 3000 60 o) o) - | failed before
16 200 02 80 sccm 3000 60 [e) [e) t f .
17 200 02 80 sccm 3000 60 (o) (o) ransierring
18 200 02 80 sccm 3000 60 O X
19 200 02 80 sccm 3600 30 O O
20 200 02 80 sccm 3600 30 O O
21 200 02 80 sccm 3600 30 O O
22 200 02 80 sccm 3600 30 [®) X
23 200 02 80 sccm 3600 30 [e) [e)
24 200 O2 80 sccm 3600 30 (o) (o)
25 200 02 80 sccm 3600 30 (o) X
26 200 02 80 sccm 3600 30 (o) (o)
27 200 02 80 sccm 3600 30 X = I_I3 e 16|
28 200 02 80 sccm 3600 30 (o) (o)
29 200 02 80 sccm 3600 30 (o) (o)
30 200 02 80 sccm 3600 30 (o) &)
31 200 02 80 sccm 3600 30 (o) A
07l
32 200 02 80 sccm 3600 30 — Moo= _
33 200 02 80 sccm 3600 30 [e) co&E = 7H A
34 200 02 80 sccm 3600 30 (o) (O + X) ™
35 200 02 80 sccm 3600 30 (o) O
36 200 02 80 sccm 3600 30 (o) (o)

* Qualified = @ Qualitive: fine critical dimension, @ Quantitative: < 20 Q device resistance before transferring
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Optimized recipe of fabrication

Device # | Cu thinkness (nm) RIE source RIE run time (sec) Acetone dipping time (min) Successful soldering Qualified? 438
37 200 02 80 sccm 4000 20 () X
38 200 O2 80 sccm 4000 20 ) X
39 200 02 80 scacm 4000 20 O O
40 200 02 80 sccm 4000 20 ) X
a1 200 02 80 sccm 4000 20 (o) o)
42 200 02 80 sccm 4000 20 (@] O
43 200 O2 80 sccm 4000 20 = =
a4 200 02 80 sccm 4000 20 = =
45 200 02 80 scam 4000 20 — —

5 of 13

46 200 02 80 scacm 4000 20 O X
a7 200 02 80 sccm 4000 20 () X
as 200 02 80 sccm 4000 20 X

49 200 02 80 sccm 4000 20 (@] X
50 200 O2 80 sccm 4000 20 () (o)
51 200 02 80 sccm 4000 20 () X
52 200 02 80 scacm 4000 20 —

53 200 O2 80 sccm 4000 20 @) X
54 200 02 80 sccm 4000 20 () [e)
55 200 02 80 sccm + CF4 15 sccm 600 20 (@] X
56 200 02 80 sccm + CF4 15 sccm 600 20 O X
57 200 O2 80 sccm + CF4 15 sccm 600 20 () X
58 200 O2 80 sccm + CF4 15 scam 600 20 = =
59 200 02 80 sccm + CF4 15 sccm 600 20 — —
60 200 O2 80 sccm + CF4 15 sccm 600 20 = =
61 200 OZ 80 sccm + CF4 15 sccm 600 20 = =
62 200 02 80 sccm + CF4 15 scam 600 20 — —
63 200 02 80 sccm + CF4 15 scacm 600 20 — — 3 0f9
64 200 O2 80 sccm + CF4 15 sccm 600 20 () X
65 200 O2 80 sccm + CF4 15 sccm 600 20 (o) o)
66 200 02 80 sccm + CF4 15 sccm 600 20 (] (@]
67 200 O2 80 sccm + CF4 15 sccm 600 20 = =
68 200 OZ 80 sccm + CF4 15 sccm 600 20 = =
69 200 02 80 sccm + CF4 15 sccm 600 20 (o] X
70 200 O2 80 sccm + CF4 15 sccm 600 20 @) X
71 200 O2 80 sccm + CF4 15 sccm 600 20 () [e)
T2 200 02 80 sccm + CF4 15 sccm 600 20 — —

* Qualified = @ Qualitive

: fine critical dimension, @ Quantitative: < 20 Q device resistance before transferring
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Optimized recipe of fabrication

Device # | Cu thinkness (nm) RIE source RIE run time (sec) Acetone dipping time (min) Successful soldering Qualified? 438
73 300 02 80 scam 3600 30 O O
74 300 02 80 scam 3600 30 O X
75 300 02 80 scam 3600 30 — —
76 300 02 80 scam 3600 30 O X
T7 300 02 80 scam 3600 30 (] o]
78 300 02 80 scam 3600 30 (] o]
79 300 02 80 scam 3600 30 O o]
80 300 02 80 scam 3600 30 O o]
81 300 02 80 scam 3600 30 O X

9 of 15
82 300 02 80 sccm 3600 30 — —
83 300 02 80 sccm 3600 30 — —
84 300 02 80 scam 3600 30 (8] X
85 300 02 80 scam 3600 30 (8] X
86 300 02 80 scam 3600 30 (8] o]
87 300 02 80 scam 3600 30 O X
88 300 02 80 scam 3600 30 O o]
89 300 02 80 scam 3600 30 (] (o]
a0 300 02 80 scam 3600 30 (] (o]
91 500 02 80 scam 3600 30 (] X
92 500 02 80 sccm 3600 30 — —
93 500 02 80 scam 3600 30 (o] o
94 500 02 80 scam 3600 30 (o] X
95 500 02 80 scam 3600 30 (o] O
96 500 02 80 scam 3600 30 (o] O
97 500 02 80 scacm 3600 30 (o] X
98 500 02 80 scacm 3600 30 (o] (@]
99 500 02 80 scacm 3600 30 (o] X
9 of 16

100 500 02 80 sccm 3600 30 O (@]
101 500 02 80 sccm 3600 30 O (@]
102 500 02 80 scam 3600 30 O X
103 500 02 80 scam 3600 30 —

104 500 02 80 scam 3600 30 O O
105 500 02 80 scam 3600 30 O X
106 500 02 80 scam 3600 30 O O
107 500 02 80 scam 3600 30 O (@]
108 500 02 80 scam 3600 30 O X

* Qualified = @ Qualitive: fine critical dimension, @ Quantitative: < 20 Q device resistance before transferring
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Optimized recipe of fabrication

Group # Cu tr(lri]c;‘rl]<)r1ess RIE Source & Dose RIE run time (s) Acet((:nni(ra])time Qu?géiltj?ttive
1 200 O, 80 sccm 3000 60 10 of 15
2 200 O, 80 sccm 3600 30 13 of 16
3 200 0O, 80 sccm 4000 20 5 of 13
4 200 +%2F?01§CS‘;Tm 600 20 30f9
5 300 0O, 80 sccm 3600 30 9 of 15
6 500 O, 80 sccm 3600 30 9 of 16
Group # Qualitative reasoning
1 Pl residue amount 1
2 Pl residue amount |, Patterns were stable
3 Pl residue amount | |, Patterns detached afterwards
4 Pl residue amount |, Patterns detached afterwards, Toxic gas off necessary
5 Device detaching hardness 1, Etching time 1
6 Device detaching hardness 11, Etching time 11
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Optimized recipe of fabrication

Group # Cu tf(\ri]c;‘rlf)ness RIE Source & Dose RIE rtjsr; time Acet((:]:witra])time Qu?géiaelattive
1 200 O, 80 sccm 3000 60 10 of 15
2 200 O, 80 sccm 3600 30 13 of 16
3 200 O, 80 sccm 4000 20 50f13
4 200 . %ZFfolgcsccrgm 600 20 30f9
5 300 O, 80 sccm 3600 30 9 of 15
6 500 O, 80 sccm 3600 30 90of 16

Group '8 43 E

1.000

0800 80% @ E-beam Recipe @ RIE Recipe
0.600 (Frequency: 13.56 MHZ)
0400 {Thickness: 200 nm} Power:- 400 W

Source: 0, 80 sccm

0.200 R Run time: 3600 s
0.000
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R ﬁ:'m

Measurement basic set-up

EEG or EMG Data processing
signals Serial Bluetooth (MATLAB)

terminal
Anisotropic Conductive Film (ACF)

AWM 20624 80C 60V VW-1
AWM 20624 80C 60V V
£WM 20624 80C 60
AWM20624

Connect through soldering

- / '} ™\ !
" \
0.0 0.2 04 06 08 1o
T T T T T -
0.3 : : : : : Amplitude
| ' 1 | ' ]
I 1 [} (] 1 {l
I {l [} (I 1 (
0.2 ! q [l q [l q
1 (1 [ {1 [ 1
[ ] [ ] [ ]
i i i i i i
0.1 [} ] I ] I 1]
1 1 1 1 1 1
| S L |
0.0 q 1 1 1 1 . 1 T 1
o 2 4 6 8 10
Time (s)

- FFC adaptor

Bluetooth low-energy
(BLE) transceiver circuit
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EP measurement components

* Bluefruit < Serial Bluetooth
Connect Terminal

* Anisotropic Conductive Film (ACF):
Jtg /71t ItM e Ed) sh= disfozor X

27t S31A sH= =T > 225 Co| HH
7|1& £l flexible device?} FFC AO|E A

* Flat Flexible Cable (FFC):
QAMO|EtE MHOZ device?t 3|2
AO[E A ZSt= A OlE > Transfer
printing J—|_|.7t-| Oﬂ A—| o| O|-X-| )k-l o ol OH
ACFRLe| HZA Z P| tape2 117, FFC
2 2 &8 FFC adaptoret ¢4

- FFC adaptor: + Bluetooth low-energy (BLE) transceiver circuit:

FFCet 2|2 & P8R o2 A ZF, Flexible device2 =%t EP signal dataS Bluetooths &

adaptorE S5t O|F 2l0|0|& 8l Z7t77t2 monitoring deviceZ M &,

28510 A 2|=et HA It 500 mAh, 1.85 Wh, 3.7 Ve| HIHZ|E 2|20 HZASI =
2

o
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* Alpha wave measurement
(with conductive gel)

1. Eyes closed : 3 min
2. Eyes open: 3 min

In-ear EEG measurement scheme

* REC: flexible device
(for practical measurement)

> 7 ot/ 7 B2

 REF/GND: commercial electrode
(for stable measurement)
> H & - % /00 - 7 F

 Circuit with battery
> o/ 5 £
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o X|M3}3t recipeE In-ear EEGE A}

3670 M|Z > 32/360] Mgt AX}= Ty

ofnjoln}oln|oln
dnf4n)4nf4n

Device # REC REF&GND Circuit HE o8
1 Tl Bl H & 017 X
2 T e H & o7 O
3 o e H & o7 o
4 Tl Bles H & 017 0
5 o e H & £ 5 (0]
6 o e H & £ 5 (0]
7 7 et= H & = 5 X
8 7 et= H & = 5 (o]
9 7 et o|ot of 74 X
10 H ez o|ot of 7 X
11 7 e o| ot of 7 X
12 7 etz o| ot of 7 X
13 T El== 0| Ot 5§ X
14 T Sl 0| Ot S 5 X
15 T Sl 0| Ot S 5 X
16 T Sl 0| Ot S 5 X
17 7 B2 2 of 7l X
18 7 Bz 5 of 74 X
19 7 Bz 5 of 74 X
20 7 B 5 o174 X
21 7 B 2 S5 X
22 H Bz 2 5 S 5l X
23 H sz 5 S 5l X
24 7 B 7 5l = 5l X
25 7 B2 o|ot o174 X
26 7 B2 o|ot o174 X
27 7 B2 o|ot o174 X
28 7 B2 o|ot o174 X
29 T "R o|Of X
30 #H =Pz o| ot X

X
X

31 7| Hp2 o| ot
_ 32 7 B o| ot

In-ear EEG measurement preparation

Q@O & w0 6

©

- REC $/X] / REF & GND 9|#%| / Circuit YXIE 7|Z2 2 87|12 AES}

Group®: REC 7 ¢t% /
REF&RGND 7 % / Circuit 074

Group®: REC # ¢t% /
REFRGND + F / Circuit & 5l

»

L%
2h)

Group®: REC | ¢t% /
REF&GND 0|0t / Circuit O 7j

Group@: REC # 9t%& /
REF&GND 0|8} / Circuit

L £

T

.




Appendix

o X|M3}3t recipeE In-ear EEGE A}

3670 M|Z > 32/360] Mgt AX}= Ty

Device # REC REF8:GND Circuit A3 oy
1 T Bl 7 = of 7 X
2 T Bl 7 = of 7 o
3 T Bl 7 = of 7 o]
4 T Bl 7 = of 7 9]
5 T Bl=s 7 =l S 5 o
6 T Bl=s 7 =l S 5 o
7 T Bl=s 7 =l S 5 X
8 T Bl 7 = S 5 (e}
9 7 er= ojot of 74 X
10 7 er= ojot of 74 X
11 7 er= ojot of 74 X
12 T El=5 ojot of 74 X
13 Tl E=s ojot = X
14 T al=s o|ot = X
15 Tl = o|ot = X
16 T El= 0| Of = 5 X
17 7 HpZ 7 = of 74 X
18 = H F Of 74 X
19 = H F Of 74 X
20 7 HpZ 7 = of 74 X
21 T dpZ H 5 s 5 X
22 s H 5 s 5 X
23 s H 5 s 5 X
24 FH dpZ H 5 s 5 X
25 7 "pz o|of Of 74 X
26 7 5Pz o|of Of 74 X
27 7 5Pz o|of Of 74 X
28 7 5Pz o|of Of 74 X
29 + dpz o|of X
30 7 "pz o|of X

X
X

oln|ojn|oln|ojn
an4n4n 40

31 7 =2 o|of
32 7 =2 o|ot

In-ear EEG measurement preparation

Q © © ® w o 6

©

- REC $/X] / REF & GND 9|#%| / Circuit YXIE 7|Z2 2 87|12 AES}

Group®: REC 7 HZ /
REF&GND T % / Circuit 074

Group®: REC 7 BHZ /
REFRGND # F / Circuit & Fl

Group®: REC 7 HZ /

Group®: REC 7 HZ /
REF&GND 0|0t / Circuit & F

REF&GND 0|0t / Circuit 074
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In-ear EEG qualitative reasoning

Condition

Group #

REC

GND&REF

Circuit

Qualitative reasoning

3 Inner Forghead / Shoulder Forehead, blinking eyes cause noise
concha behind ear

4 Inner Forghead / Back Forehead, blinking eyes cause noise
concha behind ear

5 Outer Behind ears Shoulder Outer concha, signals weak
concha
Outer , :

6 Behind ears Back Outer concha, signals weak
concha

7 Outer Forghead / Shoulder Outer concha, signals weak
concha behind ear

8 Outer Forghead / Back Outer concha, signals weak
concha behind ear

D
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. EMG measurement
1. Tension
2. Relax

«  Why elbow?
- For stable measurement with

minimum noise

EMG measurement scheme

REC: commercial electrode
(for practical measurement)
> O|F0 27} (fix)

Circuit with battery
> 3 (fix)

REF: flexible device
vs. commercial electrode
(for stable measurement)




Appendix

» Extension

tension: 3s
relax: 3s

}x4

EMG performance test

» Partial flexion

120°

Ooq

tension: 35}
x4
relax: 3s

1 cycle: Extension - Partial flexion - Flexion
«  Total 2 cycles

* Flexion

tension: 35}
x4
relax: 3s




2. In-ear EEG & EMG measurement

Measurement basic set-up

Band pass filter

» S

Time-frequency .. Time-frequency
(raw spectrogram) (final spectrogram)

EEG

Raw data -
(ADC) : Sampling rate

"4

v ¢

. Time-amplitude

EMG
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