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[bookmark: OLE_LINK3]Supplementary Fig. S1 SEM image of PEDOT:PSS pattern fabricated by lithography. Scale bar, 200 µm.
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Supplementary Fig. S2 a, Optical image of PEDOT:PSS pattern on 2-inch SiO2 wafer. b, Optical micrograph of PEDOT:PSS electrode on SiO2. c, Optical image of PEDOT:PSS pattern transferred onto the flexible PET substrate.



[image: ]
[bookmark: OLE_LINK1]Supplementary Fig. S3 XPS for O 1s in PEDOT:PSS with different treatments. a, Pristine films. b, PEDOT:PS with the addition of EG. c-e, PEDOT:PS with acid treatments.
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Supplementary Fig. S4 UPS analysis results. a-e, PEDOT:PSS with various treatments. f, Au electrode for calibration.
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Supplementary Fig. S5 XPS for S 2P in PEDOT:PSS with different treatments. a, PEDOT:PSS with the addition of EG (Sample B). b,c, PEDOT:PSS with 35-s and 60-s acid treatments in in correspondence with Sample D and E.  



The XPS in Fig. 1b and Fig. 1c correspond to Sample A and C.
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Supplementary Fig. S6 I-V curves of PEDOT:PSS w/o and with acid treatment.
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Supplementary Fig. S7 AFM images of the PEDOT:PSS. a, Pristine PEDOT:PSS. b, PEDOT:PSS with acid treatment. The insets show that the thickness of PEDOT:PSS w/o and with acid treatment are 51.75 nm and 33.75 nm, respectively.
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Supplementary Fig. S8 a, EDS line profiles for Mo and S signals in PEDOT:PSS/MoS2, and b, Au, Mo, and S signals in Au/MoS2 on SiO2. 
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Supplementary Fig. S9 Optical micrograph of typical FETs with PEDOT:PSS and Au electrodes on identical MoS2 flake.



[bookmark: OLE_LINK25]Supplementary Table S1. Performance comparison of MoS2 FETs based on PEDOT:PSS and Au electrode.
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[bookmark: _Hlk201676608][bookmark: OLE_LINK78]In MoS₂ transistors employing PEDOT:PSS as source/drain electrodes, the negative shift in threshold voltage (VTH) primarily arises from the synergistic effects of optimized electrode-channel interfacial properties and electrode-induced n-type doping. First, acid treatment modulates the work function of PEDOT:PSS, reducing it from its intrinsic value to align closely with the conduction band minimum (CBM) of MoS₂. This significantly mitigates interfacial energy band misalignment, suppressing Fermi-level pinning effects and facilitating the transition from Schottky to Ohmic contacts. This process reduces electron injection barriers. However, interfacial band alignment alone cannot fully account for the VTH shift, as it merely diminishes the gate voltage compensation required for barrier modulation. Even under near-ideal work function matching, chemical interactions between the electrode material and MoS₂ introduce additional doping effects. Second, acidic components in PEDOT:PSS (e.g., sulfonic acid groups) react with sulfur vacancies in MoS₂ at the interface, releasing protons (H⁺) to passivate defect states and inducing charge transfer. The sulfur vacancies capture H⁺ to form localized positive charge centers, whose electrostatic effects substantially increase the electron concentration in the MoS₂ conduction band. This is equivalent to a donor doping mechanism, shifting the Fermi level of MoS₂ toward its CBM and directly reducing the gate voltage required to activate the channel.[1-4] 


Supplementary S10. Mobility calculation.
The carrier mobility based on a three-terminal FET can be extracted from the transfer curve of the device. Based on the linear region of the transfer characteristic and device structure, the field-effect carrier mobility  can be calculated as:

Here L and W are the channel length and width, respectively. Cox is the gate capacitance per unit area (= 11 nF/cm2 for 300 nm-SiO2), and  is the transconductance, which can be extracted from the transfer curve as:
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Supplementary Fig. S11 Output characteristics of the PEDOT:PSS/MoS2 FET at the low temperature of 90 K.
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[bookmark: OLE_LINK38]Supplementary Fig. S12 Transfer curves of MoS2 FET based on PEDOT:PSS electrode at different temperatures.

[bookmark: OLE_LINK17]In van der Waals transfer-fabricated PEDOT:PSS/MoS₂ field-effect transistors (FETs), although Ohmic characteristics with low contact resistance are achieved through interfacial energy-level alignment, the nonlinearity of ID-VG curves under high gate voltages remains predominantly governed by the carrier transport mechanisms within the channel. When the gate voltage increases substantially, the lateral electric field in the channel exceeds a critical threshold, triggering the carrier velocity saturation effect: under strong electric fields, the electron drift velocity becomes limited by intrinsic phonon scattering within the material, causing the drain current growth rate to transition from linear to sublinear. Concurrently, the enhanced vertical electric field confines carriers near the channel interface, intensifying interface roughness scattering and surface phonon scattering, which markedly reduces the effective mobility and further disrupts current-voltage linearity. [5-7]
Additionally, self-heating effects and carrier concentration modulation under high bias jointly exacerbate nonlinearity. Joule heating elevates the channel temperature, establishing a negative feedback loop through enhanced phonon scattering and temperature-dependent mobility degradation, thereby aggravating current saturation tendencies. As demonstrated in low-temperature measurements (T < 100 K), where phonon scattering is suppressed, the ID-VG linearity of MoS₂ FETs shows significant improvement, confirming the dominant role of thermal phonon scattering.[8]
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[bookmark: _Hlk201258810]Supplementary Fig. S13 Optical microscope image of MoS2 FETs based on PEDOT:PSS electrodes at various channel lengths (L). Scale bar, 20 µm.
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[bookmark: OLE_LINK67][bookmark: OLE_LINK2][bookmark: OLE_LINK32]Supplementary Fig. S14 SEM images of the transferred PEDOT:PSS electrodes for TLM measurements.








Supplementary Fig. S15 Output characteristic curves for the PEDOT:PSS/MoS2 device with channel length of 860 nm.
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Supplementary Fig. S16 W×RTOT versus channel lengths for MoS2 devices with transferred (a) PEDOT:PSS and (b) Au contacts.





Supplementary Fig. S17 Histogram distributions of field-effect mobility (µe) of MoS2 FETs with PEDOT:PSS electrodes.








Supplementary Table S2. Comparison of the typical characteristics in the reported MoS2 FETs.[9-31]
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[bookmark: OLE_LINK62]Supplementary Fig. S18 a,b, Mobility (µe) and current on-off ratio (Ion/Ioff) in PEDOT:PSS/MoS2 FETs as a function of storage time in the atmosphere.
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Supplementary Fig. S18 PDOS of PEDOT:PSS.
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[bookmark: OLE_LINK66]Supplementary Fig. S20 Transmittance spectra of PEDOT:PSS electrode with the average transmittance of 87.4%.
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[bookmark: OLE_LINK65][bookmark: _Hlk165044053]Supplementary Fig. S21 IG-VG curves for transparent flexible 2D FET at various VD.  



Supplementary Table S3. Performance statistics of the transparent flexible MoS2 FETs based on PEDOT:PSS electrodes with the L/W of 20/13 μm.
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Supplementary Fig. S22 a, Multiple transfer curves at VD = 0.1 V for the transparent flexible MoS2 FET based on PEDOT:PSS electrodes with the maximum mobility value of 205 cm2 V-1 s-1. L/W = 20/13 μm. b, Output characteristics of the MoS2 FET with VG from 0 to 35 V in 5 V steps.
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[bookmark: OLE_LINK59][bookmark: OLE_LINK61]Supplementary Fig. S23 Fabrication process for lithographic PEDOT:PSS electrode.



Fabrication Details
Supplementary Fig. S23 illustrates the fabrication process of the lithographic PEDOT:PSS electrode. Initially, an aqueous solution of PEDOT:PSS (Clevios PH1000), mixed with ethylene glycol and a surfactant, is spin-coated onto a substrate modified with OTS (Step Ⅰ). Nitric acid is then used to selectively remove portions of the PSS component from the PEDOT:PSS film, with the extent of removal controlled by varying the immersion time. This acid treatment enhances both the stability in aqueous solution and the conductivity of the PEDOT:PSS film. Subsequently, a 10-nm-thick gold film is deposited on the PEDOT:PSS film to serve as a protective layer during the lithography process (Step Ⅱ). Traditional lithography is performed on the gold film, rather than directly on the PEDOT:PSS film, to obtain a photoresist pattern on the gold layer (Step Ⅲ). A metal etchant is employed to selectively etch away the gold film that is not covered by the photoresist pattern (Step Ⅳ). The PEDOT:PSS microelectrode pattern is defined using lithography, followed by etching the exposed areas with oxygen plasma (Step Ⅴ). The residual photoresist is then removed using acetone (Step Ⅵ). The gold film on the PEDOT:PSS pattern is subsequently etched away using a metal etchant, resulting in the final PEDOT:PSS electrode pattern on the OTS-modified substrate (Step Ⅶ). Finally, the transparent PEDOT:PSS electrode can be transferred onto the target substrate with the aid of an organic polymer (Step Ⅷ).
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Supplementary Fig. S24 I-V curves for PEDOT:PSS electrode before and after lithography process.
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Supplementary Fig. S25 Ci-f curves for PMMA dielectric. The Ci measured at 1kHz is 6 nF cm-2.
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