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Supplementary Note 1. Fibre devices (F-devices) 

All F-devices fitted to weaving/interconnection process are specifically designed and 

optimised for our textile system. All fibre devices show the aspect ratio over 30 (length-to-

width with a few millimetre-scale) to incorporate them into a textile replacing warp 

(vertical)/weft (horizontal) cotton fibres; F-LED (extraction/increment of directional light), F-

photodetector (maximising incoming photon collection), and fibre transistor (easiness of three 

terminal interconnection with conductive fibre) are fabricated on planar fibre substrate, and the 

other F-devices (F-RF, F-touch, F-temperature, and F-energy) are fabricated on cylinder fibres.  

 

Supplementary Note 2. Mechanical stability of conductive fiber 

Conductive fibres (Ag-PA) exhibit outstanding mechanical and electrical stability against 

repeated external deformations (bending radius ≥ 1 mm). To further explore the mechanical 

limit of our conductive fibre, a stretching test was performed (Supplementary Fig. 14a: strain 

10%, Supplementary Fig. 14b: strain 20%)1,2. Under the uni-axial strain condition, Ag-PA 

fibers showed unchanged current (at 10-4 A), which indicated Ag layer holds conductive 

pathway under a given strain condition. It was interesting that cyclic stretching test revealed 

stress concentration in the early stage of deformation. A continuous decrease in stress showed 

accumulated plastic strain behavior after the first stretching period 3. We found that the initial 

stretching period critically influenced plastic deformation of conductive fiber based on the 

stress mapping (Supplementary Fig. 14 color maps). Then, less stress field was applied to core 

fiber (PA) resulting in a continuous decrease in stress over time. As any smart textile shape-

alteration (Fig. 1) does not exceed 20% of strain conditions, our conductive fiber shows 

compatibility with rolling, bending, and folding conditions. However, it is worth to mark that 

stretching limit of Ag-PA fiber is 35% when the percolative network of Ag layer is broken 

(Supplementary Fig. 15) 

 

Supplementary Note 3. F-RF antenna operating principle 

AC signal (from RF transmitter) applied to the antenna passes through a bridge rectifier 

where the DC voltage is obtained and optimized for signal detection at the controller unit 

(Supplementary Fig. 16a). The strength of the induced voltage was used to measure output 

characteristics without making physical contact between the RF transmitter and the antenna. In 

the F-RF without a bridge rectifier, AC voltage and output power are directly measured from 

the antenna as a function of distance between the RF power transmitter and F-RF 

(Supplementary Fig. 16b,c). To classify signal intensity visualizing on the textile system, the 

DC voltage is measured from the bridge rectifier that is connected to a load. The output voltage 

varies in the range of approximately 1 V to 7 V as a function of loads (Supplementary Fig. 

16d). With a voltage suppressing resistor (560 Ω), the maximum DC voltage at 2.5 V 

(Distancetransmitter = 0 cm) was obtained and the maximum current recorded 3.56 mA leading 

total power consumption of 8.9 mW (Supplementary Fig. 16d,e). Output voltage was found to 

gradually decrease from 2.5 V down to 0.2 V with distance between RF power generator from 

the embroidered antenna (0 to 60 mm in distance for near field activation) (Supplementary Fig. 

16f). This output voltage was to indicate the number of bars (six-segmentation levels) on the 

textile display. 

 

Supplementary Note 4. F-photodetector operating principle and application 

In the woven F-photodetector, as current range (10-7 A) was not suitable for reading signals 

at the controller, we converted the current reading to voltage readings by connecting a load and 

a capacitor (Supplementary Fig. 17a–c). The optimized output voltage of F-photodetector at 

the peak (UV on) was measured ~ 2 V (Supplementary Fig. 17d). At the controller side, the 

on-state and off-state voltage were set to 1.5 V and 0.5 V, respectively (Supplementary Fig. 
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17e). In this manner, UV responsive photodetector is accomplished without measuring tools 

such as Keithley semiconductor analyzer (Supplementary Fig. 17f). Compared with state-of-

the-art flexible ZnO-based photodetector4-15, our F-photodetector exhibits average Ilight/Idark 

ratio (102), low operating voltage (10 V), and rise time (3 sec) (Supplementary Fig. 6).  

However, the novelty of F-photodetector lies in real-life application. The smart textile over 

large scale can be installed covering in any wall or window, e.g. a smart curtain. When F-

photodetector is facing outwards, UV sensitive active material continuously read UV ratings. 

In this regard, we show sunlight responsivity of F-photodetector (Supplementary Fig. 18a,b). 

The sunlight intensity (solar simulator, 100 mW/cm2, AM1.5G, 100%) was controlled by UV 

filters (from 15% up to 100%, 5 sets) that were located on top of F-photodetector. At 15 V 

applying to electrodes, the photocurrent of F-photodetector ranges from 4.38×10-8 A to 

3.41×10-7 A that enables to advise users whether the smart textile system is rolled down (UV 

100%) or up (below UV 50%) (Supplementary Fig. 18c). From Ilight-V measurements, we can 

extract Schottky barrier height where Io can be obtained by extrapolating I-V curve at a given 

applied voltage (10 V)16,17.  

𝐼0 = 𝐴𝐴∗𝑇2exp⁡(−
𝑞Φ𝐵

𝑘𝑇
) 

(1) 

Where 𝐴 is the contact area, 𝐴∗  is the Richardson constant (4𝜋𝑞𝑚𝑘2/ℎ3), 𝑘 is Boltzmann 

constant, 𝑇 is the absolute temperature, 𝑞  is the element charge, and Φ𝐵 is the Schottky barrier 

height. Extracted Schottky barrier height was 0.532 eV that is built on ZnO-Al metal-

semiconductor junction at room temperature.  

 

Supplementary Note 5. F-touch sensor operating principle and application 

The interconnection of each conductive thread (diameter, approximately 100-200 μm) 

comprising 30 sensor points in the F-touch to a controller was made by clamping each thread 

into a pin-connector to form an electrical circuitry (Supplementary Fig. 19). To implement 

practical use, we coded internet of things (IoT) terms into each F-sensor element 

(Supplementary Fig. 20, Table 5). All the execution codes are related to current state-of-the-

art smart home gadgets.   

In addition to native F-touch performance, the critical assessment of the speed of touch 

sensor and reliability of each sensor element were performed prior to the F-touch sensor 

integration (Fig. 3c). Owing to its surface responsivity of conductive fibers, a critical resistance 

variation is required to read it as an input signal as small as 2% variation. Based on measured 

data (data acquisition interval = 6 ms), input touch was read as fast as 18 ms reflecting fast 

response speed compared to reported touch sensors18-20. Reliability test was performed in 

conjunction with cyclic touch stability test. As a nature of resistive touch sensor, conductive 

fiber is subject to experience surface weariness until it misreads ∆𝑅⁡(𝑅𝑡𝑜𝑢𝑐ℎ − 𝑅𝑟𝑒𝑙𝑒𝑎𝑠𝑒) 
values. When on-state voltage was set to ∆𝑅/𝑅𝑚𝑎𝑥 × 100 = 50% (0.5 V) for activating the 

smart textile system, 3000 continuous touch attempts were carried out to identify weariness. 

Voltage readings for on-states (higher than threshold = 50%, the average of all the readings: 

0.775 V (∆𝑅/𝑅𝑚𝑎𝑥, relative standard deviation of 4.53%), SNR>70 dB) were 100% as same 

as off-state records (lower than 0.5 V). In this regard, we have confirmed that our conductive 

fiber is able to hold several thousand push cases without surface damage. 

 

Supplementary Note 6. F-temperature sensor operating principle and reliability over 

time 

F-temperature sensors were weft-replaced in the smart textile system, followed by 

interconnecting to a controller (Supplementary Fig. 21a). It is used to obtain the resistance (or 

current) values from which a real-time temperature is calculated and displayed (Supplementary 

Fig. 21b,c). 
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As known to be a p-type semiconductor showing a negative temperature coefficient, the 

resistance of Cu2O inversely correlates with the temperature. To evaluate fiber-type Cu/Cu2O 

resistance dependency with respect to temperature, twisted Cu/Cu2O fibers were placed on a 

hot plate21.  

𝑅 = 𝑅𝑟𝑒𝑓 [1 + 𝛼(𝑇 − 𝑇𝑟𝑒𝑓)] (2) 

Where 𝑅 is resistance at measured temperature, 𝑅𝑟𝑒𝑓 is resistance at the reference temperature 

(25 oC),  is the temperature coefficient of resistance for specified material (Cu2O), and 𝑇𝑟𝑒𝑓 

is reference temperature.  

∆𝑅/𝑅𝑟𝑒𝑓 = 𝛼∆𝑇 (3) 

 

𝛼 = −
𝛽

𝑇2
 

(4) 

 

 

𝛽 = ln (
𝑅𝑇1

𝑅𝑇2
) /(

1

𝑇1
−

1

𝑇2
) 

 

(5) 

Where 𝛽  is a temperature constant (K). At 5 to 70 oC, 𝛽 = 12835 K was obtained from 

measured resistance variation (Supplementary Fig. 9a). The classification of temperature along 

with resistance change is achieved in the range from 5 oC up to 70 oC (Supplementary Fig. 9b).  

The estimated sensitivity of F-temperature sensor was obtained by maintaining hot-plate 

temperature at 25 oC for several minutes 22. Measured temperature coefficient of resistance of 

F-temperature sensor at 25 oC was 1.44%/K where the current fluctuation is less than 10%. 

Compared to the state-of-the-art fiber temperature sensor22 with novel material and processing 

method, our F-temperature sensor shows comparable sensitivity of 0.1 oC (Supplementary Fig. 

9c).     

Thermal activation energy was extracted from fast temperature increase from 5 oC to 60 
oC. Thermal activation is a function of temperature and material property ( 𝑅 ∝
exp⁡(−𝐸𝑎/𝐾𝐵𝑇) , where 𝐾𝐵  is Boltzmann constant, T is the temperature, and 𝐸𝑎  is the 

activation energy). The measurements show 𝐸𝑎 = 0.266⁡𝑒𝑉 which reveals that the activation 

energy of Cu2O correlates to copper vacancy (Supplementary Fig. 9d)23. 

Long-term stability is the key parameter for sensor material where resistance of oxide 

material varies its conductance as a function of charge carriers. In this regard, copper oxide has 

been used for gas sensing purposes24-26. Even with an encapsulating layer (epoxy), we found 

non-ideal oxygen blockage over a year. Resistance of F-temperature sensor increased as shown 

in Supplementary Fig. 9e. However, the variation tendency of current was kept. To compensate 

measured current variation to display as a temperature, programming code was modified.  

 

Supplementary Note 7. F-biosensor module operating principle and reliability over time 

The F-biosensor module comprises fiber-based transistor, a resistor, and 

electrocardiogram (ECG) pad, based on an amplifier in a common-source configuration, as 

shown in Supplementary Fig. 10. The transfer characteristics of fiber IGZO transistor shows 

the threshold voltage (VTH) = 0.9 V, ON/OFF ratio = 108, and saturation mobility (µ sat) = 8 

cm2/V·s (Supplementary Fig. 11a,b). In this configuration small change in gate voltage cause 

large changes in output voltage with a consequence of high amplifier gain (𝐴𝑣 = ⁡𝜕𝑉𝑜𝑢𝑡/𝜕𝑉𝑖𝑛) 

with a load resistor. To fabricate a fiber transistor which replaces a weft thread as well as 

interconnecting each electrode with conductive fiber in the smart textile system, we made a 

row of transistor instead of making an amplifier circuit as a proof of concept. As shown in 
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Supplementary Fig. 11c, amplifier gain was measured to be 28 V/V at the peak. Measured 

output power (Pout) was 350 nW (at the peak) which indicates the total power consumption is 

low (Supplementary Fig. 11d). The route to increase amplification gain, subthreshold regime 

is useful for higher peak gain while achieving lower operation power27 after a transistor evinces 

mechanical stability. 

To evaluate the mechanical flexibility of IGZO transistor, it was attached to cylindrical 

objects with a specific radius from 5 mm to 13 mm (Supplementary Fig. 11e). The bending 

strain was applied parallel to the channel of the transistor. As demonstrated in Fig. 3e, applying 

bending strain has no influence on transfer characteristics until the bending radius reaches 5 

mm. Demonstrated bending of smart textile does not show the extreme condition of 5 mm of 

bending radius, 7 mm bending radius is practical. Compared to state-of-the-art studies, our 

transistor exhibits small subthreshold swing and high bending stability (Supplementary Fig. 

11f)28-45. In addition to mechanical stability, we have examined material stability by measuring 

transfer characteristics of the transistor. The encapsulation layer (parylene-C) on the channel 

area strongly prevented environmental effect that mobility and threshold voltage variation were 

Δµsat is less than 0.45 cm2/V·s and ΔVTH is 0.35 V over a year (Supplementary Fig. 11a,b). 

 

Supplementary Note 8. F-energy storage stability 

In order to increase total capacitance of the fiber supercapacitor, we added conductive 

fiber (Ag-PA) into carbon fiber bundle (schematically illustrated in Supplementary Fig. 12b). 

Average total capacitance of 30 F-supercapacitors with conductive fiber showed 3-fold 

increase (Supplementary Fig. 12c). Typical capacitive cyclic voltammetry (CV) curves and 

variation of capacitance (C/C100mV) at scan rates of 10 mV/s to 100 mV/s is shown in 

Supplementary Fig. 12d,e. To validate either higher voltage output or larger capacitance for 

longer textile display operation, we connected 60-cm long F-supercapacitors in series or 

parallel manner that shows the maximum output voltage and total capacitance of 5 V (5.4 mF) 

and 22 mF (2 V), respectively (Supplementary Fig. 12f). In comparison with state-of-the-art 

studies in fiber-based supercapacitors, our F-supercapacitor with conductive fiber shows high 

specific energy and specific power (Supplementary Fig. S12g)46-56. Capacitive stability under 

mechanical deformation of F-energy storage was tested for demonstrating the capability of 

mechanical alteration of smart textile system. As shown in Fig 3f and Supplementary Fig. 12h, 

negligible capacitance change was detected down to 1 mm bending radius. Besides, the 

electrolyte (PVA-H3PO4) layer does not show any noticeable capacitance degradation over a 

year (ΔC = 0.26 mF, Supplementary Fig. 12i). 

 

Supplementary Note 9. Smart textile water resistance. Mobile or wearable electronics 

directly contacted to human skin are influenced by moisture, water, or sweat during 

indoor/outdoor activities such as workouts, walking, and running. As we pre-defined that our 

textile system is not for wearable applications but mainly aiming for indoor smart home 

applications, washing is not critical. We suggest that our textile system can be dry-cleaned, or 

air-cleaned (Samsung Air Dresser or LG styler) instead of water-washing.  

To further explore practical water resistance of F-devices, we investigated water immersion 

test under IPX7 condition (1 m deep water, 30 min) based on IEC60529 that reveals the degree 

of protection against water. After leaving F-LED, F-RF antenna, F-photodetector, F-touch 

sensor, F-temperature sensor, F-transistor, and F-energy storage devices for 30 min, all F-

devices shows unnoticeable performance change including conductivity, current, photocurrent, 

transfer characteristics, impedance, and total capacitance that satisfy IPX7 requirements 

(Supplementary Video 9, Supplementary Fig. 25). 
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Supplementary Fig. 1. 

Weaving pattern design for smart textile system. a, Asymmetrical weaving pattern for 

electronic devices in smart textile system. b, Symmetrical weaving pattern for smart textile 

frame fabrication. c, A schematic illustration of 1 warp/2 weft mesh. d, 3D illustration of 

asymmetrical weaving pattern. e, Insertion of F-biosensor module during weaving process and 

alignment with vertical conductive fiber.  
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Supplementary Fig. 2. 

Fabrication method of conductive fibre. a, The fabrication procedures of conductive fibre; 

electroplating, washing, and drying. b, A photo of 1-km-long conductive fibre and its surface 

morphology investigated by scanning electron microscope (SEM). Surface of polyamide (PA) 

fibres is fully coated by silver (Ag) nanoparticles.  
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Supplementary Fig. 3. 

Fabrication of fibre LED and textile display. a, Fibre LED fabrication method (comparison 

between high and low resolutions fibres). b, The textile display circuit configuration and 

interconnection method. c, Woven F-LED (comparison between low resolution and high 

resolution). d, Comparison of resolution difference depending on number of LED per fibre. e, 

Current density–voltage–luminance (JVL) curves and electroluminescence spectra of RGB 

LED. a. u. on the EL spectra is arbitrary units. 
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Supplementary Fig. 4. 

Photos of F-RF antenna. Conductive fibres (Ag-PA) were used to form an antenna by 

embroidery method. Designed pattern was delivered to a machine. Rectifier bridge was 

connected directly to the antenna by conductive fibre (not shown in the photo, the backside of 

textile). A portable power transmitter was used to test power transferring property. A densely 

packed conductive antenna is shown in a zoomed photo. 
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Supplementary Fig. 5. 

Calculated inductance of F-RF antenna and measured impedance. a, Calculated 

inductance of F-RF antenna (variables: dimension and spiral turns). The inset is the schematic 

description of the dimension of a square spiral antenna. b, Inductance density maps calculated 

by outer length (or width) of antenna and spiral turns, based on the modified Wheeler formula. 

c, Calculated inductance of antenna as a function of line width and turns (blue dot, the measured 

induction of F-RF). The error bars on the plot represent the standard deviation of calculations. 

d, Measured impedance of F-RF antenna (95.3 + j220 Ω at 13.56 MHz). 
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Supplementary Fig. 6. 

F-photodetector characteristics. a, A photo of F-photodetector. Extracted current rise and 

delay at various input voltages; b, 𝜏𝑟 = 3.2 and 𝜏𝑑 = 1 sec at 3 V, c, 𝜏𝑟 = 3 and 𝜏𝑑 = 1.2 sec 

at 5V, and d, 𝜏𝑟 = 3 and 𝜏𝑑 = 1 sec at 10 V applied to one electrode (the other is grounded). 

e, State-of-the-art flexible ZnO-based photodetector studies. a. u. on the plots is arbitrary units. 
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Supplementary Fig. 7. 

Fundamentals of F-touch sensor embedded in smart textile system and F-touch sensor 

response speed and reliability. a, Photo of woven F-touch sensor with cotton/conductive 

fibres (weft-polymer encapsulation and warp). SEM images show conductive fibres in the 

textile. b, Cross-sectional point of conductive threads. Before connecting to smart textile 

system, a location-indicative touch sensor was confirmed by connecting 5 × 6 LED matrix. c, 

Working principle of F-touch sensor based on resistance change on each sensor element. d, 

Direct measurement of resistance change without signal processing reveals that a minimal 2% 

resistance is required to identify the touch as an input stimulus. Relative resistance changes 

when touch is e, Sensed and f, Released. Both touch-releasing sensitivities are as fast as 18 ms. 

g, F-touch sensor reliability over 2000 touch attempts. On-voltage was programmed at 0.5 V. 

Above 0.5 V, touch attempt is believed to be solid input. h, Touch attempts up to 3000 cycles 

to validate the resistance against surface fatigue by human finger. a. u. on the plots is arbitrary 

units.  
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Supplementary Fig. 8. 

Fabrication method and woven F-temperature sensor. a, infrared photo during the 

combustion oxidation of Cu fibre to form a Cu2O. b, XRD pattern of Cu/Cu2O fibre. a. u. on 

the plot is arbitrary units. c, Crystal structure of Cu2O. d, Twisted Cu/Cu2O F-temperature 

sensor and embedded as a replacement of weft (horizontal) thread.  
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Supplementary Fig. 9. 

Characteristics of F-temperature sensor. a, Measured current as a function of temperature 

(at 5 oC steps, heat source: a hot plate with accurate temperature readout). b, Extracted 

temperature coefficient of resistance and normalised resistance change (R25 is reference 

condition). c, Temperature sensitivity estimation at 25 oC (1.44 %/K). d, Extracted activation 

energy (0.266 eV, range from 5 oC to 60 oC). e, Stability of F-temperature sensor over a year. 
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Supplementary Fig. 10. 

A schematic illustration of F-biosensor module and its interconnection within cotton 

textile with conductive threads. a, Schematic illustration of IGZO transistor and amplifier 

circuit diagram for heartbeat detection. b, Interconnection between conductive threads and 

transistor electrodes (gate, source, and drain). c, Laser soldering procedure and photos of real-

time monitoring during laser irradiation. d, Temperature profile of Ag glue as a function of 

laser irradiation time. The error bars on the plot represent the standard deviation of 

measurements. e, Strength of laser-soldered Ag glue holding a conductive fibre. f, Photos of 

Ag glue on drain electrode of IGZO transistor before/after shear stress test. 
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Supplementary Fig. 11. 

Characteristics of F-biosensor module and state-of-the-art of flexible IGZO transistor. a, 

Transfer characteristics and electrical stability of IGZO transistor over a year. b, Threshold 

voltage shift over a year. c, Measured voltage gain (Av = 28). d, Current and power 

consumption of F-biosensor module. e, Photo of bending test conditions and measurement 

setup. Critical assessment of bending conditions for F-transistor as a function of transfer 

characteristics. f, State-of-the-art flexible IGZO transistor studies focusing on high mechanical 

stability show that our transistor exhibits comparable bending stability even with a thicker 

substrate. 
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Supplementary Fig. 12. 

F-energy storage as textile display power switch and improved capacitance by 

incorporating conductive fibre. a, F-energy storage as a power switch of textile display. b, A 

schematic illustration of conductive fiber with carbon bundle for F-supercapacitor electrodes. 

c, Histogram of capacitance distribution (3-fold increase with conductive fiber). d-e, CV 

characteristics of fibre supercapacitor on various scanning speeds. f, Serial/parallel connection 

of F-energy device for higher voltage output and higher capacitance. g, Ragone plots compared 

with the selected previous fiber-shaped supercapacitor (electrical double layer capacitor). h, 

Photos of fibre supercapacitor and bent device. The constant capacitance of fibre 

supercapacitor under bending radius more than 1 mm and electrochemical stability of F-energy 

storage under 1000 cyclic charge-discharge test. i, Conservation of initial capacitance over a 

year (∆𝐶 = 0.26⁡𝑚𝐹). 
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Supplementary Fig. 13. 

Electrical (operating voltage at 100 mA/cm2) and mechanical (bending radius at 20 mm) 

stability of F-LED over a year. Operating voltage at 100 mA/cm2 over a year; a, red, b, green, 

and c, blue. The error bars on all the bar graphs represent the standard deviation of 

measurements. 
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Supplementary Fig. 14. 

Mechanical stability of conductive fibre (Ag-PA). a, Cyclic bending test under 10% strain 

of conductive fibre showing initial plastic deformation. b, Cyclic bending test under 20% 

strain of conductive fibre showing continuous plastic deformation. 
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Supplementary Fig. 15. 

Mechanical properties of conductive fibres (Ag-PA). Cyclic strain applied to conductive 

fibres (78 dtex: grams per 10 km of yarn, f18: the number of filaments). Two-electrode current 

measurements indicate that conductivity of up to 35% strain is stable and above which the Ag 

layer delaminates. SEM image in the inset shows surface morphology of conductive fibres after 

stretching (scale bar: 10 µm). 
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Supplementary Fig. 16. 

Characteristics of square spiral F-RF antenna. a, A schematic illustration of F-RF antenna 

operation scheme. Stage configuration was down by categorising output voltage. We have 

divided 1 cm of distance sensitivity by programming code. b, Without a rectifier, AC voltage 

is directly measured from the antenna. c, Output power as a function of distance from a portable 

RF generator to the antenna. d, Matching a load with the antenna for minimum power 

consumption and higher signal sensitivity. e, Rectified voltage with suppressing load resistor 

(10, 100, and 560 Ω). f, Signal classification of output voltage and representative images 

displaying on the F-LED depending upon distance. 
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Supplementary Fig. 17. 

Abrasion test (Martindale method) for functional textiles. Cyclic abrasion of textile with 

disc-type surface tester was applied onto RGB LEDs and conductive fibres embroidered both 

on cotton and polyester textiles at a fixed load of 1 kg. After 1000 cycles, the luminance of 

LEDs maintains 1000±10 cd/m2 at a given voltage (1.75 V) as well as the conductivity of Ag-

PA fibres shows unnoticeable change (2.32×106±0.5 S/m) which validates the mechanical 

stability of F-devices. 
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Supplementary Fig. 18. 

Operating principle by F-photodetector. a, Photo of woven F-photodetector in cotton fabric. 

All F-photodetectors are aligned in horizontal direction to minimize mechanical damage during 

the weaving process. b, Single F-Photodetector circuit for operating test. c, Eight-channel F-

photodetectors installed in the smart textile system in this study. d, Output voltage of F-

Photodetectors installed in the system. The operation condition (𝑡𝑈𝑉 = 10 sec) was optimised 

for visualising the UV detection function on the textile display. e, Classification of on-off status 

based on the output voltage. ON/OFF states are programmed at output voltages of 1.5 V and 

0.5 V, respectively. f, Schematic of UV photodetector signal processing sequence. Working 

principle of F-photodetector and photos of non-activated smart textile (idle status)/activated 

status (university logo) or position-dependent activated status in the eight-channel array. 
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Supplementary Fig. 19. 

Implementation of F-photodetector in real-life application (smart curtain). a, I-V 

characteristics under various solar irradiation conditions (AM 1.5G). b, Classification of 

current range with UV filter located on F-photodetector. c, Simulated smart curtain operation 

by detected UV range (opening smart curtain is set to 50% of UV irradiation measured at 385 

nm). The error bars on the plots (b and c) represent the standard deviation of measurements. 
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Supplementary Fig. 20. 

Fabrication method and weaving/circuitry of F-temperature sensor. a, Schematic 

illustration of encapsulated F-temperature sensor and its circuitry with current reader connected 

to F-LED display. b, Fast heating of F-temperature sensor on a hot plate. c, Real-time 

monitoring of temperature (grasping F-temperature sensor by fingers) displayed on F-LED.  
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Supplementary Fig. 21. 

Displaying amplified ECG signal on the smart textile system. Measured ECG signal from 

a person and captured photos of the smart textile system during F-biosensor module operation 

with different heartbeat rate (before/after running).  
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Supplementary Fig. 22. 

Interconnection method from F-touch sensor to controller and flow diagram of signal 

processing. A Conductive fibre has approximately 20 filaments in one thread. Symmetrically 

woven F-touch sensor textile is connected to a controller by using a pin-connector.  
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Supplementary Fig. 23. 

Smart home gadget communicating with F-touch sensor. This photo summarises all 30 

touch elements coded for smart home-appliance operation or voice/video recognition 

functions. 
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Supplementary Fig. 24. 

Thermal stability of textile system. Continuous running of textile display for 6 hours leads to 

temperature variation less than 2 oC (from 24.7 to 26.2 oC), which is highly safe for human 

interaction (touch or structural/physical transformation). Excluding F-LED module, all other 

fiber-based devices remain their temperature below 24 oC as confirmed by the infrared camera 

(both Seek thermal and FLIR camera). 
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Supplementary Fig. 25. 

Standardized water resistance test (IPX7, 1m deep, 30 min) for all F-devices including F-

LED, conductive fibre, F-temperature sensor, F-photodetector, F-transistor, F-RF antenna, F-

energy storage (supercapacitor) that shows unnoticeable performance change after immersion 

in the water for 30 min. The error bars on the bar graph represent the standard deviation of 

measurements. 
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Supplementary Table 1. 

Conductive fibre fabrication speed as a function of drive frequency 

  

Drive Frequency (Hz) 

Thread 

Running Speed 

(m/min) 

5 2.1 

10 4.2 

15 6.02 

20 8.27 

25 10.37 

30 12.31 

35 13.02 

40 16 
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Supplementary Table 2. 

Deposition parameters of conductive fibre during electroplating 

parameters minimum Maximum 

Speed 1 m/min 16 m/min 

Temperature 25 oC 80 oC 

Volume of electrolyte 100 mL 80 L 

Current density 0.5 A/0.01 m2 2 A/0.01 m2 

Layer thickness 100 nm (±50%) 5 μm (±10%) 

fibre count 1 (Φ = 50 μm) 64 (Φ = 20 μm) 
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Supplementary Table 3. 

Summary of parameters for F-RF antenna inductance simulation. 

Parameters Value 

Turns Variable 

Total Length (mm) Variable 

Total Width (mm) Variable 

Line width Variable 

Line spacing 2, 2.5 mm 

Line height (mm) 500 µm  

Substrate Thickness 700 µm 

Substrate Permittivity  3.18 

K
1
 (square) 2.34 

K
2
 (square) 2.75 

c
1
 (square) 1.27 

c
2
 (square) 2.07 

c
3
 (square) 0.18 

c
4
 (square) 0.13 
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Supplementary Table 4. 

Material property of Ag conductive glue for laser soldering 

Component(s) CAS Number Percentage 

Silver 7440-22-4 80-90 

Fatty acids, C18-unsatd., dimers, hydrogenated, 

di-Me esters, hydrogenated, bis(2,5-dihydro-

2,5-dioxo1H-pyrrole-1-hexanoate) 

 1-5 

Isobornyl acrylate 5888-33-5 1-5 

2,2-dimethyl-1,3-propanediyl bismethacrylate 1985-51-9 1-5 

1,3-Butadiene-maleic anhydride copolymer 25655-35-0 1-5 

Formaldehyde polymer with 

1,1'oxybis[benzene],2-methyl-2- propenoate 
 0.1-1 

(2,4,6-Trioxo-1,3,5-triazine1,3,5(2H,4H,6H)-

triyl)tri-2,1-ethanediyl triacrylate 
40220-08-4  0.1-1 
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Supplementary Table 5. 

F-touch sensor execution code for smart home applications. 

Weft \ 

Warp 
1 2 3 4 5 

1 Fan On Light On Blinds Up 
Aircondition 

On 
Curtain Open 

2 Fan Off Light Off 
Blinds 

Down 

Aircondition 

Off 
Curtain Close 

3 
Sprinkler 

On 
Hi Siri Temp UP ECG On Volume Up 

4 
Sprinkler 

Off 
OK Google Temp Down ECG Off 

Volume 

Down 

5 Door Lock 
Hey 

Cortana 
TV On Camera On Screen Out 

6 
Door 

Unlock 
Hi Bixby TV Off Camera Off Turn Off All 

 

 

 


