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Table 1 Summary of epidermal electrodes of different materials
ok RS/ BIRBE R B 118 L/ P SR
Aw/SEIR / <150 kPa >30 <7um  EMG: ~100 pV vs. ~100 uV (Conv. ¥) [1]
Au / ~85 MPa >30 ~0.8um EMG: ~1 mV [36]
AuZKR/PVA 53x107 Qm / ~48 ~70 nm EMG: ~1 mV vs. ~1 mV (Conv.) [29]
AgNWSs/PUNF 9190 S cm™ / ~310 ~3um  ECG: 24.31 dB vs. 24.86 dB (Conv.) [37]
AgNWs/PANFs ~4Qsq” / >50 ~125nm At 10 Hz: ~10° Q vs. ~3x10° Q (Conv.) [44]
Fi SR I%/PMMA / ~3.3 GPa >40 ~460 nm ECG: 15.22 dB vs. 11 dB (Conv.) [45]
A B/ R E/Ca™ / / ~50 ~80 pum ECG: ~2 mV vs. 2 mV (H&AJF) [28]
PEDOT:PSS/fi 57 4142Scm™  ~640 kPa ~30 100 nm EMG: 21 dB vs. 14 dB (Conv.) [52]
PEDOT/ /Kt /Au 35£5 Q sq”! / >20 ~0.5mm At 10 Hz: ~10° Q vs. ~10° Q (& H#%) [54]
PAM/Ca—Alg/TPU/Au / ~11.5 kPa ~35 137um  EMG: 43.03 dB vs. 17.8 dB (£ HLHK) [55]
pDAM/Au/PDMS / <100 kPa ~30 160 pm  FEFE/K FIESE 157 Bl HhIEECG [58]
PEDOT:PSS/SMS/PVA-GA  3.79Scm™  401.9 kPa 400 270};}240 EMG: ~0.8 mV vs. ~0.8 mV (Conv.) [59]

a) Conv., {57l Ag/AgCIHLIK.

3.1 EEAE

SR A RIS vE g, Bk 2
VEEARARL. 8 5 Wt BRERR S5 M, AT LASEELE
JE 0K Sl R R TR EE . SR e T X 4 A 4 JR 4 K
LML R LR R TR, Hh, &E %%
RGP DL G FAR A .

20114F, RogersZs! il T — il th1 428 1 4% 1) S5 1
UK I — IR M S0 B b, 8 SR MG 0 e v A | e
WA RS IE(Cr/Av), FEENRIFERS 2B NI ALK
TR B EE(PVA)_E, W R B 1B 3 F K b gl 5 i
PVA A8 H A DAY A4 7 i 0 25 R ik e R
fid, 7T TG T AT ] R . N — s R EE AL S
% FE AR AT DASE IR ER AT I AR A LR 5248 3 i 4 (]
la). UbAbh, iZHRAEE S 6 h, JHAEFE. M
FE L B AREE AT A 24 hak B KN A (5 2% 1F R A2 x
Bz s A . Rtk — kN AR (4 JEE B, 20134F, Ro-
gers ZEU N 1 2N L R R AR 4 R AR 1 e %
TR T R TLE 9K e T I 25 36 Bz F A= 2
FEIR B, WP TE 2% (98 N 10 um) B 5 M B0 T 2 B H
T RGNS Nk EMA BRI ), &5 T ks
R R ST B AR . 2 AR AR RE S 72 Kk — JH 11
i Al iR EMG. ECG. fE4ERH 7405 3l b
SomeyaZs P Mii Fll T — Fh 4y K 19 45 149 £ 80 5 r ()

lc), RITEE YL IMIPVAYIK L 4E LK &P A, 2
FRPVA J 90K WX SRS B TE B BR . oK 2% 1 1
THAT DL 35 BRI 51 S Rk JORE I AR, Z il LA
#(70~100 nm). A FLfH(48%) IFESA K LF I 22 AR
EPE(10000 AR ) EEA £, I HLLE Ay 3 — JE f U Jok s
B AN S5l B Bk ARE, AT BB TN B bk H A
SERKWIIN. ZE AT RS, Eek. K
JRRE S N B PR 5 5 R R (S AR AL T — R 1
T REME.

20194F, Someya2s" i et I A Wit T 9K AT
Yr/K L (NFs/NWs) S5, o | — il 4% 2 fLgK
IR 3 AR T 7. HARGIK R (AgNWs) FI R &
fi&(PU)NFsZ B S48 H A i S i £(9190 S em ™).
i R A (3 10%) AR I BT A4 (70% iz A 22 1 24
10007 i FLFH I 82 %) 554 il AgNWsZ [] (1) B 454
fulfd H BT & S L. AgNWs 5 PUNFs/Z AR 45 #41
[Fi) £ FH 0 B4 (9 B 5 04 L LA R A 1) 70 2 P e
1d). eAb, 1% AT AT R B, B 1 1 A n] iy
W 2% Bz FEL A B PR R P T 3 82 0 S LA B A 54,
AT DAAE Sy B A8 A IR A FH T R i 11 O 15 38 3l e
ZhangZ PO A A W (K 77 vk 4 T 3 T ST
PSR (TPE) I AgN W s i FAR (P Te). 1% 78 155 FE Bl
BAFE(83%) #E (150 nm). A FifH(62%). #ES
PEOKZE BT % 59580.18 g m™> d™ ) 4R 4, AT LUKt

839



ISCALAE: AT [ N PR 10 7 3 2 B8 AR S 1 5% S 2P

Electronics after

1
1

1

1

1

1

1

Skin '
1
dissolving PVA using water !
1

1

1

1

1
Aligned Ag NW networks

networks along the strain direction
(e)
TPE/cyclohexane " " Freestanding TPE
solution Gas injection PET slice attachment fidhomaibrane
Embedded AGNW -]
U] Percolation Network CAD Program
/ {
S UV-Laser NN
AN = 355 nm
// X x N
_— > Y
7 =
““““ » »
Ultra-thin/Flexible Rapid Digital Stretchable Transparent
blation F i iri i Electrode

B 1 (a) &BIEMEREET RS KRB, L%
CRRIBLCE Y, (b) % BT RGBS RS Al
FASEMEIEE: (o) gk M PR E P (d) AgNWsTES
TAAREEC, (e) ML RTPEGLKIEI H] % T 2R &
BIESL () /2R AgNWs/cPIZ K B A A RHK B 4R 1) 1 T
SRR EP (M%)

Figure 1 (a) Metal-serpentine-network-based epidermal electronic
systems: undeformed (left), compressed (middle), and stretched (right)
[1]; (b) a schematic diagram of epidermal electronic system and
colorized SEM image of the conformal contact of the epidermal
electronic system with the skin [36]; (c) a schematic diagram of the
nano-mesh conductors [29]; (d) characterizations of morphology and
schematic diagram of AgNWs [37]; (e) schematic illustration of the
freestanding TPE nano-membrane fabrication process [38]; (f) sche-
matic illustration of digital Kirigami cutting-process on the ultrathin/
flexible AgNW/cPI nanocomposite [39] (color online)
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Figure 2 Graphene-based electronic tattoo. (a) Fabrication process of
a GET; (b) mechanical and optical characterizations of the GET [45]
(color online).
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Figure 3 (a) A schematic diagram of fabrication, patterning and
release/transfer on the skin of PEDOT:PSS-based tattoo electrodes [50];
(b) Schematic illustration of the fabrication process of the double-layer-
stacked structure of PEDOT:PSS/graphene [52] (color online)
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Figure 4 (a) Schematic overview of Kapton-based Pt-TMD tattoo’s
design and fabrication process; (b) equivalent circuit and schematic
illustration of the dynamic change of the interface between the Pt-TMD
and skin over time [53] (color online).
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Preparation and application of self-adhesive ultra-thin epidermal
electrophysiological electrodes
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Abstract: Flexible and wearable epidermal electrophysiological electrodes are of great significance in the field of
artificial intelligence and life health. The acquisition of stable epidermal electrophysiological signals with high-quality is
the key to wearable monitoring of electrophysiological signals of human bodies. Ag/AgCl gel-electrodes commonly
used in clinical diagnosis still have a large number of shortcomings, including serious discomfort and inevitable motion
artifacts during long-term use. Therefore, it is urgent to develop electrophysiological electrodes that can be worn on the
epidermis for a long time and can effectively avoid motion artifacts. The self-adhesive electrode with a Young’s modulus
similar to that of the skin and an extremely thin thickness (<1 um) is a typical electrode that meets the above
requirements. This paper introduces the research progress of this type of epidermal electrophysiological electrodes in
detail. According to the different types of materials, the design idea, basic characteristics, advantages and disadvantages
of wearing are summarized. Meanwhile, the applications of self-adhesive ultra-thin electrodes in medical diagnosis and
analysis and human-machine interface are discussed, and we are looking forward to the opportunities and challenges of
the electrode in collecting electrophysiological signals.
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