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1 Supplementary Figures
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3 Supplementary Fig. 1 | Tape peeling test showing the robustness of Au nanomembrane
4 on SEBS against mechanical abrasion. a, The Au nanomembrane on SEBS shows high
5 resistance against tape peeling, while the surface remains nearly unbroken after tape peeling,
6 due to its interpenetrating structure. b, The conventional Au on PDMS has weak bonding
7 between AuNPs and substrate, thus the Au was easily peeled off by tape, leaving transparent
8 substrate. ¢, Relative resistance changes of the Au nanomembrane on SEBS under tape peeling

9 compared to the conventional Au on PDMS, which demonstrate the mechanical and electrical

10 robustness of the Au nanomembrane on SEBS.
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Supplementary Fig. 2 | TOF-SIMS analysis of AuNPs diffused within the SEBS elastomer
matrix at different deposition rates. a—c, Au dispersion profiles at deposition rate of 5.0 A s!
(a), 0.5 A s (b),and 0.1 A s! (c). d, The Au-to-C- peak ratio. Au- (yellow) and C- (blue) were
selected as the characteristic group during sputtering to evaluate the nano-dispersion of the

AuNPs to SEBS elastomer matrix along the film thickness direction.
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Supplementary Fig. 3 | Normalized resistance changes of Au nanomembrane electrodes
under strain, displayed on a logarithmic scale. a,b, Measurements across strain ranges of

1.0-6.0 (a) and 1.0-1.5 (b). The sample has a width of 1 cm and a length of 3 mm.
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Supplementary Fig. 4 | Transmittance of the T-iSPV electrode compared to that of the
SEBS-Au bulk electrode.
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Supplementary Fig. 5 | OM images show the as-fabricated mesh electrodes after the wet

etching process (a) and the lift-off process (b).
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2 Supplementary Fig. 6 | The sheet resistance distributions of the T-iSPV. Histograms

3 showing the sheet resistance for 48 individual electrodes.
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Supplementary Fig. 7 | OM images of patterned PR (a) and Au nanomembrane (b) on
SEBS.
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Supplementary Fig. 8 | Transmittance of the T-iSPV electrode as determined by the ratio

of pitch to line width.
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Supplementary Fig. 9 | Photographs and transmittance of the wet-etched control

electrode and the T-iSPV electrode.
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Supplementary Fig. 10 | TOF-SIMS analysis of AuNPs diffused within the SEBS
elastomer matrix. a—d, Au dispersion profiles in the control line mesh region (a) and its
adjacent blank region with residual AuNPs (c¢), compared to the T-iSPV line mesh region (b)
and its blank region without AuNP accumulation at the surface (d). e, The Au~-to-C- peak ratio.
Au (yellow) and C- (blue) were selected as the characteristic group during sputtering to
evaluate the nano-dispersion of the AuNPs to SEBS elastomer matrix along the film thickness

direction.



Supplementary Fig. 11 | Photographs of T-iSPV on the forearm skin. The blue dashed
boxes on the right highlight the outer boundary of the electrode, while the red arrows indicate
the directions of compressive and tensile strains. The red dashed box at the top left corresponds
to the field of view shown in the bottom left. After undergoing compressive and tensile strains,

the T-iSPV remained conductive.
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2 Supplementary Fig. 12 | OM and AFM images of the T-iSPV line mesh region and its

3 adjacent blank region, before and after stretching. RMS, root mean square roughness.
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2 Supplementary Fig. 13 | Transmittance changes in T-iSPV electrodes under strain.
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Supplementary Fig. 14 | Resistance changes in the T-iSPV electrodes during stretching

cycles at 30% strain. The inset shows magnified resistance changes over 20 stretching cycles.
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2 Supplementary Fig. 15 | Impedance of T-iSPV.
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Supplementary Fig. 16 | EIS impedance measurement between the T-iSPV and the skin
surface. a, Schematic illustration of the EIS measurement setup. REF, reference electrode; CE,
counter electrode; WE, working electrode; WS, working sense electrode. b, Impedance
measured on the forearm in contact with the T-iSPV in dry state for normal skin condition
(black) and wet state for skin surface moistened with 1X PBS to mimic sweat exposure (blue).
¢, EIS fitting parameters, from the equivalent circuit diagram of the contact impedance,
including the T-iSPV-skin interface resistance (left) and the T-iSPV-skin interface capacitance
(right). Data are expressed as the mean + s.d. (n = 5 for independent samples). Statistical
significance and P values were determined by two-sided unpaired t-tests; ns, not significant.

[[llustration in (a) was created with BioRender.com]
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Supplementary Fig. 17 | Schematic illustration of fabrication process of SECD.

This revision more precisely describes the vertical stacking and bonding process used to

assemble the SECD. We hope this explanation and the added visual aid address the reviewer’s

concerns thoroughly.



Short circuit Open circuit
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Supplementary Fig. 18 | Resistance changes measured from tactile sensors upon finger
touch. a, Sensor configuration based on a short-circuit design, exhibiting negligible resistance
variation due to a direct conductive path. b, Open-circuit sensor configuration with a parallel

resistor, showing a distinct resistance change upon touch, enabling reliable tactile signal

detection.



1 | %% Connect to LabChart and Initial Settings
2 | el

3 | clear all;

4

5 | % Global variskles (related to LabChart)

6 | globsl gllapp;

7 | global gucvoc;

8 | globsl gehans; % Channel nusber containing &P data (e.g., 1)
9 | globsl gChansData; % Data retrieved from LabChart

10

11 | % Check LabChart connection

120ty

13 gLCapp = I *apIChart fon');
14 [ cateh err

15 error('Please start LabChart first.');

16

17 | 1f isempty(gLCapp.ActiveDocunent)

18 error('Please open a document in LabChart.');

19

20

21 | glLtboc = gllipp.ActiveDocument;

22 | gchans = 1; X Chonnel with BPH data (sodify §f necessary)
23 | RegisteriCevents(glcDoc); % Register LabChart event handler
24

25 | X% Arduino Serial Communication Settings

26 | serislPort = "COMS™; % Arduino connection port (modify as nceded)
27 | baudrate = 115200;

28 | arduino0bj = serialport(serialfort, baudRate);

29

36 | %X Plot Setup and CloseRequestica for the Figure

31 stoploop = false; % Loop termination flag

32 figuretandle = figure(1);

33C] % Execute closeFigure callback when figure is closed

38 L xser(rigurenandle, ‘CloseRequesticn’, Bcloserigure);

35

36 | time = []; ¥ Array to store time data

37

38 | subplot(4,1,1);

39 | h7 = plot(nan, nen, 'b-'); ¥ Tactile sensor data plot

40 xlabel('Time (5)

41 ylabel('Tactile sensor');

42 sensori s []; % Array to store sensor d

a

44 subplot(4,1,2);

45 | h2 = plot(nan, nan, "g-'); % ECO chl data plot

46 xlabel('Time (5)°

47 ylabel('ECO1 state’);

48 | ECDL = []; % ECO chl monitor

4

50 | % 6P data plot (value from LabChart)

51 subplot(4,1,2);

52 hEPH = plot(nan, nan, ‘b-

53 | xlabel('Time (s)

54 | ylabel('8PH (LabChart)');

55 | bpaData = []; % Array to store BPH data

56

57 | subplot(d,1,4);

58 b3 = plot(nan, nan, "g-'); ¥ ECO ch2 data plot

59 | xlabel('Time (s)°

60 | ylabel('Ecp2 state’)

61 | ECD2 = []; % ECO ch2 monitar

6

63 | X set fixed y-axis and hide ticks for all plots

64 subplot(4,1,1)

65 | b7 = plot(nen, nen, 'b-');

66 ylabel('Tactile sensor');

67 | ylim([-1000, 1000]);

€8 set(gea, 'XTick®, [], 'XTicktabel®, [], 'YTick®, ‘¥Ticktabel', [])
&

70

n

72 ylabel('ECOL state’)

73 | ylia([-1, 2));

74 | set(ges, 'XTick®, []. ‘XTicklsbel', [], 'YTick®, “YTicktabel®, [])
7

76 | subplot(s,1,3);

77 | heen = plot(nan, nem, 'b-');

78 | ylabel('sPn (LabChart)');

79 | ylis([40, 108]);

s set(ges, 'XTick®, [1, 'XTickisbel’, [1, 'YTick®, *¥Ticktabel’, [1)
81

82 subplot(4,1,4);

& | h3 = plot(nan, nan, ‘g=');

84 | ylabel('£CD2 state’);

bed ylis([-1, 2));

86 | set(gea, 'XTick’, [], ‘XTicklabel’, [], ‘YTick', {], ‘VTicklabel', [])
&7

88 | startTime = tic; ¥ Record start time

5

96 | X Main Loop: Run while figure is open

91 while ~stoploop

92 currentTime = toc(startTime);

93

9 X 8PM data from LabChart

25 iF ~isempty(gChansOata) &% ~isempty(gChansata{1})
96 bpaValue = gChansData{1}(end);

97

98

99

100

101 % Store time and dats

102 time(end + 1) = currentTime;

103 bprOata(end + 1) = bpaValue;

104

105 X Process data received from Arduino

106 receivedData = readline(arduino0bi);

107 values = split(receivedbata, *,')}

108

109 1 numel(values) 3= &

110 valued = stradouble(values(2))

m valuez = stradouble (values(2)

m2 valued = stradouble(values(4));

13

12 sensori(end + 1) = valuel;

15 ECDL(end + 1) = valuez;

116 ECD2(end + 1) = value:

17 end

18

19 X Index for data within the last 10 seconds
120

121 recentIds = time »= (currentTime - recentilindow);
122

123 % Update plots (last 10 seconds of data)

124 4f dsvalid(hepn)

125 set(h7, xData®, time(recentldx), ‘Yiata', sensorl(recentldx)):
126 set(h2, ‘XData', time(recentldx), 'YData', ECOI(recentldx)
127 set(hd, 'XDats', time(recentIdx), 'YData', ECD2(recentlds));
128 set(hBPH, “XData®, L '¥Data®, bpaD b
129

130

131

132

133

134 % Send control value to Arduing

135 1f bpmvalue <= 70

136 zendvalue = 2;

137 se

138 sendvalue = 1;

139 end

140 writeline(arduinodb], nun2str(sendvalue));
141

142 % pause(0.005); ¥ Uncomment if needed

143 L eng

142

135 | % Clean up serial port after loop ends

146 | clear arduino0by;

147

148 | %% Callback Function: CloseRequestfcn for Figure
149F]  function closeFigure(sre, ~)

158 slobel stoploop;

as1 stoploop = true;

152 delete(sre);

153 1 en

2 Supplementary Fig. 19 | Matlab code applied for TIBS




analogPinl = A
tactile -
tactilevalue
previousTactilevalue

ecdPinl_High
ecdPinl_Low
ecdPing_High
ecdPind_Low

power = tr
lastPower

String Rx
String lastR

puml_H =
pwmd_H
statel =

powerChangeTime =
rxChangeTime =

powerChanged = false;

rxChanged = false

je(ecdPinl_High, OUTPUT);

(ecdPini_Low, OUTPUT);
ie(ecdPing_High, OUTPUT);
ie(ecdPind_Low, OUTPUT);

p()

tactile = : Read(analogPin1)
tactilevalue

(previousTactilevalue > @ 8 tactileValue <= 8) {
power = !power;
powerChanged = tru
powerChangeTime
}

previousTactileValue = tactilevalue;

String receivedData
String newRx
(newRx !
L
xChanged = true;
rxChangeTime = mi

(powerChanged & power && (millis() - powerChangeTime <
pwml_H
statel =

f (powerChanged 8&& !power && (millis() - powercChangeTime ¢ 16
pwml_L =

powerChanged
(power) {
statel = 1;

f

{

statel

(power) {
(rxChanged && ( lis() - rxChangeTime < 1
if (Rx 1%) {

stated

pumd_H
stated

(rxChanged && (millis() - rxChangeTime
rxChanged = false;

ecdPinl_High, pwml_H);
(ecdPinl_Low, pwml_L);
(ecdPina_High, pwm4_H);
(ecdPind_Low, pwmd_L);

O H
(tactilevalue);
t(",");
t(statel);
t(".")

(stated);

lastPower = power;
lastRx = Rx;

2 Supplementary Fig. 20 | Arduino code applied for TIBS.
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1 Supplementary Tables

TSPV ITOM24 Cu metal mesh* Graphenets# AgNW# CNT=wn2
Intrinsic stretchability 50% =3% X =6% 100% 80%
Sheet resistance (Q ) 83.7 250,30 0.22 350-1200. 125 13, 11.1 58-110, ~560
Optical transmittance (@ 550nm) 77147 =90% 83% ~97.4% 85%, 90.6% 71-80%, 75%
Microfabrication compatibility (0] o] o] o] X X
Substrate thicki
thstrate fiickness =5 pm 200 pm - 25 um, 188 ym 150 pm 230 pm
(Skin conformity)
Uniformity o] o] o] X X X
2 Biocompatibility o X X X X X

3 Supplementary Table 1 | Comparison of T-iSPV with transparent conductive electrodes



[\

Year x:f;:; S€re|:;3btllty Trans‘g:)len:y Sheet Resistance Cyclic Durability L'":u‘::’mh Substrate Fabrication method slm;‘:m Application Reference
2025 A;ﬁ a?g{im flexible 679 9 (b:ﬁig o) 15 NOAG3 Ph";g:f':;‘i'i’:gw Square OLED 13
2025 Ag metal mesh flexible 71 152 (b;ﬁodni:g) PET Nanasphere lithography circle Heater, EMI sheilding [14]
2025 Cu metal mesh 60% 83 022 mzeor;z‘i’:g] 43 PDMS Ph“i?::::‘g;’p"y Serpentine Film heater [1s)
2025 Ag grid 100% 848 209 S0 R o 35.50 POMS Inkjet printing Serpentine Touch panel 116l
2024 C"J“;fw"l‘m';’h 800% 78.9-95.1 152-776 (30092 gﬁg‘uﬁhl - 35 SEBS Laser ablation Serpentine | "m';;pﬁjm o 17
2024 Cu metal mesh 30% 858 018 (b;ﬂ:g) 12 POMS sfe‘f"f;::?;”g:{;gﬂ’ Iregular Heater 1)
. Electrophysiological
This work Au mesh 50% 7747 87 . L0 ; 10 s;’;’g""r‘“) '"’52.!22732‘.1.’"’ tlnfr‘:::i’;lly s
9 Lo phtoli F display
system

Supplementary Table 2 | Comparison of T-iSPV with state-of-the-art literature on metal

mesh-based deformable transparent electrodes.
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Supplementary Video

Supplementary Video 1. Real-time demonstration of the integrated bioelectronics system.
A fully assembled wearable platform integrating T-iSPV-based ECG electrodes, a stretchable
electrochromic display (SECD), and a tactile sensor was mounted on human skin. Upon tactile
stimulation, the system activates in real time, toggling the sSECD to visually indicate operation.
Concurrently, ECG signals are acquired via the T-iSPV electrode, processed through the data
acquisition module, and used to control the second sECD, which turned on when the measured
heart rate falls below a predefined threshold. This demonstration validates the seamless

integration and functional responsiveness of the system under dynamic conditions.
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