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Figure S1. Fabrication process for a sc-SWCNT/a-IGZO heterogeneous phototransistor. a. PI substrate
coating. b. Deposition of Cr/Au gate electrode. c. Deposition of Al,O; gate insulator using ALD. d. IGZO
precursor solution coating and photochemical activation. e. Deposition of IZO source/drain electrodes. f. sc-
SWCNT channel layer coating. g. DUV photochemical patterning of sc-SWCNT layer. h. PMMA

passivation. i. Exfoliation of the PI substrate from the carrier glass substrate.
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Figure S2. Current density vs. electric field characteristics and areal capacitance vs. frequency

characteristics of an Al,O; gate dielectric layer deposited by ALD method.
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Figure S3. Transfer and output characteristics and statistical data of sc-SWCNT TFTs. The statistical data
of field-effect mobility, sub-threshold swing (SS), threshold voltage (Vrt), on-current, off-current, and on/off

current ratios were obtained from 100 sc-SWCNT TFT devices (Vp=-5V, W/L =100/ 50 um).

AV: (V) Blue 406 nm | Green 520 nm | Red 638 nm IR 780 nm
IGZOTFT 3.95 1.62 0.25 0
Hybrid device 9.6 7.07 2.98 1.06

Table S1. Threshold voltage shifts for a-IGZO TFT and sc-SWCNT/a-1GZO hybrid device in the range of

406 ~ 780 nm wavelength of light.
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Figure S4. The dynamic photoresponse behavior of sc-SWCNT/a-IGZO hybrid phototransistors under a
pulsed-light illumination. Here, the Vpg was set at 10 V and the Vgs was set at -0.5 V. The wavelength of
the pulsed-light was 638 nm and light intensity was 3 mW/cm?. Back gate bias (10 V for 1, 0.5, 0.1 sec) was

applied to eliminate PPC effect.
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Figure S5. a. Noise power spectral density (Sy), b. noise equivalent power (NEP), and photodetectivity (D*)
of a-1GZO TFTs. c. NEP and photodetectivity of sc-SWCNT/a-1IGZO hybrid devices. The photodetectivity
was extracted at Vpg = 10 V and Vs = - 0.5 V with light intensity of 3 mW/cm? for R/G/B and 20 mW/cm?

for NIR.
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Figure S6. a. Photocurrent, b. photosensivity, external quantum efficiency (EQE), and c~e. photoresponse

characteristics of sc-SWCNT/a-IGZO hybrid phototransistors with respect to channel width to length ratio.

(W/L = 100/50 pum (c), 200/50 um (d), and 500/100 um (e), Vs = 10 V, Vs = -0.5 V with light intensity of

3 mW/cm? for R/G/B, and 20 mW/cm? for NIR.

External quantum efficiency (EQE) was calculated by the definition.

EQE =

(Jpi'q) / (P/hv)

where J,,;, is the photocurrent density, g is the electronic charge, P is light power, and 4v is the photon energy.
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Figure S7. Noise equivalent power (NEP), and photodetectivity (D*) of ultra-flexible sc-SWCNT/a-IGZO
hybrid phototransistors with bent surfaces measurement. Note that hybrid photosensors were kept adhered to

the curvatures of 13, 8, 1 mm, and 150 um during the measurement. The photodetectivity were extracted at

Vps =10 V and Vgg = -0.5 V with light intensity of 3 mW/cm? for R/G/B, and 20 mW/cm? for NIR.
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Figure S8. Dynamic range (dB) of ultra-flexible sc-SWCNT/a-IGZO hybrid phototransistors with bent
surfaces measurement. Note that hybrid photosensors were kept adhered to the curvatures of 13, 8, 1 mm,

and 150 um during the measurement. The photodetectivity were extracted at Vpg =10 V and Vg =-0.5 V

with light intensity of 3 mW/cm? for R/G/B, and 20 mW/cm? for NIR.
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Figure S9. Photoresponse characteristics, noise equivalent power (NEP), and photodetectivity (D*) of ultra-
flexible sc-SWCNT/a-IGZO hybrid phototransistors with respect to cyclic bending test. Bending radius is
about 150 pm. The photodetectivity were extracted at Vps = 10 V and Vs = -0.5 V with light intensity of 3

mW/cm? for R/G/B, and 20 mW/cm? for NIR.
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Figure S10. Dynamic range (dB) of ultra-flexible sc-SWCNT/a-IGZO hybrid phototransistors with respect
to cyclic bending test. Bending radius is about 150 pm. The photodetectivity were extracted at Vpg = 10 V

and Vgs = -0.5 V with light intensity of 3 mW/cm? for R/G/B, and 20 mW/cm? for NIR.
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Figure S11. a. Photocurrent behaviors of sc-SWCNT/a-IGZO hybrid phototransistors without/with PMMA
passivation, (W/L = 100/50 pm, VDS = 10 V, VGS = -0.5 V with light intensity of 3 mW/cm2 for R/G/B,
and 20 mW/cm2 for NIR). b. Optical transmittance of PMMA film, c, d. Photoresponse characteristics of sc-

SWCNT/a-1GZO hybrid phototransistors without/with PMMA passivation.
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