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Figure S1. Raman spectrum of the 20 wt% SWCNT/PEDOT:PSS composite. 

The Raman spectrum of 20 wt% SWCNT/PEDOT:PSS composite is shown in Figure S2. The 

characteristic peak at 1595 cm-1 in the composite shows a graphite E2g (G) mode. Other bands are shown 

on the spectrum that can be explained as Cα=Cβ asymmetrical stretching (1536 cm-1), Cα=Cβ symmetric 

stretching deformation in the aromatic thiophene ring (1423 cm-1), Cβ-Cβ intra-thiophene ring (1369 cm-1), 

Cα-Cα inter-ring stretching (1256 cm-1) 1–3. Compared with the Raman spectra of pristine PEDOT:PSS 

membrane measured in Ref. 4,  the Cα=Cβ symmetric stretching shifts from 1433 cm-1 to 1423 cm-1 in 20 

wt% CNT loadings’ composite. The shift demonstrates that the π-π interaction is improved between 

SWCNT and PEDOT chains.  
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Figure S2. Grazing Incidence X-ray Diffraction (GIXRD) of the 20 wt% SWCNT/PEDOT:PSS composite.
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Figure S3. Homemade Seebeck coefficient measurement system. Detailed calculations and instructions are 

in Ref. 5.
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Figure S4. Measured Seebeck coefficient of PTE detectors of different SWCNT loadings.
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Figure S5. The CNT SEM with growth time of (a) 15 min, (b) 30 min, and (c) 45 min. 
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Figure S6. The device resistances of the SWCNT/PEDOT:PSS composite at different CNT loadings. The 

electrodes are 200 nm Al and 120 nm Ti. 
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Figure S7. Optical imaging of the free-standing flexible PTE detector based on SWCNT/PEDOT:PSS 

composite.
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Photothermoelectric numerical simulation. Figure S8 shows the temperature distribution simulated by 
the COMSOL heat transfer module. By changing the input power, the temperature difference can be 
increased up to 4.0 K. The measured 29.6 μV/K Seebeck coefficient of 20 wt% SWCNT composite 
membrane is chosen (Figure S4). The measurement method can be seen in Figure S3. In terms of the 
equation of PTE voltage , the calculated photovoltage is 10-140 μV, which is slightly higher U =- S × ∆T

than the experimental value. The photocurrent can be also calculated using . With the device resistance 
𝐼=

𝑈
𝑅

of 100 Ω, the photocurrent value is 0.1-1.4 μA, which matches well with the actual photocurrent value. We 
attribute this reason to the ignored thermal diffusion between the device and the ambient environment, and 
the practical temperature should be lower than the simulation value. 

Figure S8. (a) Simulated voltage difference mapping of SWCNT/PEDOT:PSS composite. (b) Simulated 
results of voltage differences under different input power. (c) Simulated temperature difference mapping 
of the PTE detector under 2 mW deposited power.  (d) Simulated results of temperature differences under 
different input power.
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Figure S9. Ambient environment stability of suspended SWCNT/PEDOT:PSS composite and Si-based 

CNTF/PEDOT:PSS PTE detector.
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Table S1. Comparison between this work and representative PTE detectors in MWIR/LWIR regime. 

Active material Response time Wavelength (μm) Responsivity Detectivity

(Jones)

Bias 

voltage

Flexibility Ref

EuBiSe3 ~200 ms 118.8 0.69 V/W 1.17×108 0 No 6

CH3NH3PbI3 126 ns 10.6 483 mA/W 2.6×107 1 V for responsivity 

0.01 V for detectivity

No 7

RGO-Si nanowire 

heterojunction

10 s 10.6 1.65 mA/W 

(923.15 K)

- 1V No 8

SrTiO3 1.5 s 10.6 1.2 V/W - 0 No 9

SWCNT/PEDOT:PSS 

composite

MWIR/LWIR 2.47-5.06 0.16 V/W 1.9×107 0 Yes

CNTF/PEDOT:PSS 

Composite

MWIR/LWIR 2.47-5.06 0.12 1.7×107 0 No

This 

work
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