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Supplementary Figure 1. (a) The setup of blow-spinning technique. Images of representative
large-scale synthesis of polymer-based inorganic fibers by blow-spinning: (b) In(NO3)s, Ga(NO3)3
and Zn(NQs)2 in PVB fibers, (c) In(NO3)s and SnCls in PVB fibers, (d) Cu(NOs)s in PVB fibers.
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Forinstance, a Cgy = 0.5 pm-' results
fromthe following calculation:

Total length of five fibers is 50 pm;
The area is 10 ym x 10 ym = 100 pm2

Thus,
Crw =2 Syt
FN = Topm x 1opm M

10 ym

10 pm

Supplementary Figure 2. (a) Fabrication process and device structures for all the devices
discussed in this paper. (b) Schematic representation for defining the fiber coverage (Cen) from
supplementary reference 1. Note, for TFT applications, a low Cey is optimum since additional
excess fibers will prevent efficient switching. For resistor-based devices, middle/high Cen is
preferred since this enhances conductivity and, for sensors, sensitivity due to the high surface area.
High-coverage fiber networks are optimum for self-standing conducting samples, which can be
more easily integrated into monolithic devices.
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Supplementary Figure 3. Scanning transmission electron microscopy (STEM) of a single ITO
fiber and Energy-dispersive X-ray spectroscopy scans for In, Sn, and O elements.
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Supplementary Figure 4. GIXRD spectra of IGZO, ITO, CuO and Cu FNs (all Cen = 0.5 pm™)

on SiO,/Si substrates.
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Supplementary Figure 5. Optical images and I-V curves for (a) IGZO, (b) CuO, (c) ITO and (d)
Cu fibers. The fibers were fabricated on SiO2/Si substrates. Evaporated 30 nm thick Au is used as
electrodes with channel length of 100 um. The conductivity of both fibers was evaluated by using
following equation:

L L

OC=——=—"5—,

SR nzr’R
where L is channel length, n is fiber number, r is fiber radius, R is resistance obtained from |-V
curves.
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Supplementary Figure 6. SEM images of (a) CuO and (b) Cu fibers on SiO2/Si substrates.
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Supplementary Figure 7. (a) Transfer curves of IGZO FN-based TFTs on SiO2/Si substrates from
different batches, showing the good reproducibility. (b) SEM image of IGZO FN-based TFT with
Al electrodes. (c) Representative output curve of an IGZO FN-based TFTs on SiO2/Si substrates
(Cen = 0.15 pm™). (d) Transfer curves of flexible IGZO FN-based TFTs with ion-gel dielectric under the
indicated bending radii.
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Supplementary Figure 8. (a) Real-time source-drain current (Vp=Vs=50 V) response to dynamic
switching between NO> concentrations (20 ppb-20 ppm). The data are acquired from different
batches, showing the good reproducibility. (b) Control TFTs as NO. sensors based on ~10 nm
thick/dense 1GZO film fabricated by solution combustion synthesis (from Ref 2). Both the gate
and source-drain voltages are 80 V. Unlike the device based on IGZO FN, there is no current
saturation when exposed to 20 ppm NO2/Air. Thus, the response and recovery times are estimated
to be >50 s and >60 s, respectively.



10% strain

Supplementary Figure 9. Optical images of several IGZO fibers on a SEBS substrate under (a)
no strain and (b) a 10% strain.
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20% strain
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Supplementary Figure 10. Optical images of 1IGZO fibers on a SEBS substrate under (a) 20%
and (b) a 30% strain.
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40% strain

Supplementary Figure 11. Optical images of an IGZO fiber on a SEBS substrate under a 40%
strain. The fiber section parallel to the stress direction exhibits several cracks while that perpendicular to
the stress direction does not exhibit any crack.

12



10 pm

Supplementary Figure 12. Optical images of an IGZO NF (Cen = 0.5 pm™) on a SEBS substrate
under a 20% strain. The six images were recorded under different focuses, from the bottom to top
of the film. Obvious broken fibers are observed for fibers contacting the SEBS substrate under 20%
strain (S9a), while no breaks were recorded for the fibers located further away from the substrate.

13



(@) original Recovery
S:165 S cm”

SEBS PEDOT: PSS/[EMIM][TFSI]

|PEDOT:P SSTEMIM][TFSI]

e ¢
i 4]
3

0-

40 50 Recov
Stram (%)

Supplementary Figure 13. (a) Optical images of a stretchable PEDOT: PSS/[EMIM][TFSI]
electrode array before and after a 50% stretching. Scale bar is 100 um. (b) Resistance change of
the PEDOT: PSS/[EMIM][TFSI] electrode upon stretching. The initial conductivity of the PEDOT:
PSS/[EMIM][TFSI] electrode is ~170 S cm™ and it was tested for different tensional strains (0-
50%). The relative resistivity change (AR/Ro) first increases slowly to 0.16 when stretched to 20%
then increases rapidly reaching ~7 when stretched to 50%. The conductivity returns close to the
original upon relaxation without detectable damage of the electrodes.
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Supplementary Figure 14. (a) A photograph and (b) UV-Vis spectra of IGZO FN on SEBS
substrate. Optical image of an IGZO FN (Cen ~ 0.5 um™) on a SEBS substrate with (c)
PEDOT:PSS/[EMIM][TFSI] electrodes and (d) Au electrodes.
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Supplementary Figure 15. Photographs and schematic morphologies of (a) pristine and (b)
stretched IGZO FN (Cen = 0.5 pm™) on SEBS substrates.
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Supplementary Figure 16. Relative current change vs. time of an 1IGZO FN/SEBS device
with/without UV irradiation (wavelength = 365 nm, power ~ 7.3 mW cm). The Cen is 0.5 pm?
and the contacts are Cr(3 nm)/Au(50 nm). The device was tested without strain and upon a 10%
strain, respectively.
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Supplementary Figure 17. (a) Cycling test for an 1IGZO FN/SEBS sensor from another batch
exposed to 20 ppm NO2 under no strain and 50% strain (bias = 5 V), showing the good
reproducibility. I-t curves of a stretchable IGZO FN/SEBS device exposed to (a) 20% COz and (b)
20 ppm NHa. The Cgy is 0.5 pm™ and the contacts are PEDOT:PSS/[EMIM][TFSI].
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Supplementary Figure 18. 1-V curves of a stretchable 1IGZO FN/SEBS device at different
temperatures (a) without strain and (b) with a 10% strain. The Cen is 0.5 um™ and the contacts are
Cr(3 nm)/Au(50 nm.
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Supplementary Figure 19. Dynamic I-t curves of IGZO FN/SEBS device exposed to air with
different humidity. The Cen is 0.5 pm™ and the contacts are Cr(3 nm)/Au(50 nm).
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Supplementary Figure 20. Gauge factor and sensitivity to NO> for IGZO FN-based devices
under different strain.
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Supplementary Figure 21. I-t curves for a CuO FN/SEBS device with IGZO FN loaded under

different pressures. The Cen is 0.5 pm™ and the contacts are Cr (3 nm)/Au (50 nm).
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Supplementary Figure 22. I-t curves for a CuO FN/SEBS pressure sensor pressed by a finger for
7 times. The Cen is 0.5 um™ and the contacts are Cr (3 nm)/Au (50 nm).
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Supplementary Figure 23. Photograph of a free-standing (a) IGZO FN, (b) ITO FN, and (c) CuO
FN. The Cen is ~ 2.0 um™,

24



8 - Straight
7 -
g
=5
4 ]
. abe-
31 60 °
2' Elenln:ling 90 *
0 20
Time (s)

Supplementary Figure 24. I-t curves ITO FN/SBES device mounted on a finger when the

finger bends at different degree.
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Supplementary Figure 25. Photograph of an integrated wearable device.
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Supplementary Figure 26. TGA curves of PVB fiber and IGZO/PVB fiber. The heating rate is
10 °C/min and the dry air is used as the purging gas.
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Supplementary Table 1. Comparison of the IGZO FN-based NO gas sensor with literature

reports.
Material Structure Gas Working LOD Sensitivity or  Response Year "f
conditions response time

Si Nanowires NO, RT 500 ppb <0.7% 30-40's 20092
Te Nanofibers NO; RT 10 ppm 0.6 1.4 min 20133
SnOx Nanowires NO, RT 9.7 ppm 89.2% 6s 20124
WOs3 Nanorods NO> RT 1 ppm 1.7 40s 2014°
Sn02/Zn0O Nanowires NO> UV illumination 1 ppm 238.7% <20s 2013°
CuPc? film NO;, RT 415ppb  60%/ppm >10 min 20177
PANIP fibers NO, RT 1 ppm 80% 50-60 s 20148
TIPS-pentacene®  film NO; RT 20 ppb 1000%/ppm 200s 2017°
PPy/NiQ¢ composite NO; RT 100 ppm  47% 49's 201410
SWCNTs® nanotubes NO; RT 6 ppm 0.034 - 2003
Graphene Nanosheet NO> RT 5 ppm 27% <90s 2009%
CNTs/SnO2 Nanowires NO> RT 100 ppm 1.8 4.5 min 2009%
Graphene/CuxO Nanosheet NO, RT 97 ppm 95.1% 9.6s 2014
ZnO@ZIF-CozZn®  Nanowires Acetone 260 °C 2 ppb 27 43s 2016%
IGZO Film Ethanol UV illumination 750 ppm  37% 53s 20161
IGZO Film NO> 100 °C 5 ppm 200%/ppm >2.5 min 20187
IGZO Film NO2 UV illumination <2ppm  3.47%/ppm 13.5 min 20188
1IGZO Nanofibers NO; RT 20 ppb 33.6%/ppm 2-3s This work

(a) CuPc: Copper(ll) phthalocyanine; (b) PANI: Polyaniline; (c) TIPS-pentacene: 6,13-

Bis(triisopropylsilylethynyl)pentacene; (d) PPy: Polypyrrole; (€) SWCNTSs: single-wall carbon nanotubes; (f) ZIF:

Zeolitic Imidazolate Framework.
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Supplementary Note 1

How do IGZO FN-based resistors distinguish strain, light, temperature, gas and humidity?

1. First, the resistance increases upon exposure to NO2 gas or when strained, while it

decreases upon ambient light exposure, by increasing temperature, and increasing the
humidity.

. With regard to NO> gas and strain stimulus, we plotted the gauge factor (GF) and gas
sensitivity (Sc) of IGZO FN-based devices under 0%, 10% and 50% strain below
(Supplementary Figure 20). The GF is much smaller than Sg at 10% strain, indicating the
NO: gas affects the resistance of devices under small strain. When the strain is 50%, we
observe an opposite trend. Thus we can easily distinguish strain from NO gas. Note, in
actual use for wearable devices, the skin strain from the most body parts (such as fingers,
forehead, etc.) is less than 10%, and thus the strain within such limit has negligible effect
on the NO2 gas detection.

In terms of light, temperature, and humidity, the sensitivity is ~16 mA W, ~2.1%/°C and
~2%/%RH. The device is very sensitive to UV light, thus it can be distinguished easily.
The differentiation of temperature and humidity requires the integrated e-skin platform.
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