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Fig. S1 SEM images of the Cu@LIG series samples prepared at different CuCl2 
concentrations. The laser power is uniformly set at 4W during the preparation process.
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Fig. S2 SEM images of the Cu@LIG series samples prepared under different laser 
powers. The concentration of CuCl2 in the precursor is fixed at 0.04 mol/mL.

Fig. S3 EDS analysis of the Cu(0.04)@LIG(4) sample during the SEM test.
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Fig. S4 TEM images of Cu(0.04)@LIG(4) sample.

Fig. S5 SEM images of PDMS/Cu(0.04)@LIG/PDMS series samples prepared under 
different laser power.
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Fig. S6 (a) Raman spectra of LIG prepared under different laser power. (b) D/G and 
2D/G peak intensity ratio of Cu@LIG samples prepared at the same laser power (4 W) 
but different CuCl2 doping concentration.

Fig. S7 Effect of laser power during the preparation process and the concentration of 
CuCl2 in the precursor on the resistance of the resulting Cu@LIG.
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Fig. S8 XPS analysis of Cu(0.04)@LIG(4)/PI sample. (a)-(b) High-resolution C 1s and 
O 1s spectra obtained from the sample surface. (c) High‑resolution Cu 2p spectrum 
collected from the cross‑section through micro‑area XPS (spot size: 30 μm).

Fig. S9 High-resolution Cu 2p spectra of the Cu(0.02)@LIG(4)/PI and 
Cu(0.06)@LIG(4)/PI surfaces.



6

Fig. S10 Temperature-dependent relative resistance change (ΔR/R0) of the Cu@LIG/PI 
and PDMS/Cu@LIG/PDMS series samples. The mean values with standard deviation 
error bars (n ≥ 3) are ploted. 

Fig. S11 Relative resistance changes of the Cu(0.04)@LIG(4)/PI samples prepared by 
laser in-situ synthesis and post-processing methods. The post-treated sample was 
obtained by first spray-coating a 0.04 mol/L CuCl₂ solution onto the LIG/PI substrate, 
followed by secondary laser irradiation (4 W).
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Fig. S12 (a) Temperature-dependent resistance change curves for 
PDMS/Cu(0.04)@LIG(4)/PDMS samples from different batches. (b) Resistance 
change response curve of the fabricated sensor at different temperatures.

Fig. S13 (a) Measured relative resistance change as a function of strain for a 
PDMS/Cu(0.04)@LIG(4)/PDMS membrane. The strain gauge factor is obtained by 
linear fitting the measurement data within the 0–2% strain range of the sample, as 
shown in the inset figure. (b) Temperature-dependent relative resistivity measured in 
LIG(4)/PI, Cu(0.04)@LIG(4)/PI and PDMS/Cu(0.04)@LIG(4)/PDMS materials 
(symbols marked with different colors). Taking PDMS/Cu(0.04)@LIG(4)/PDMS as an 
example, the figure also illustrates the contributions of the first term, second term, and 
their sum (represented by lines of different colors) to the resistivity variation, derived 
from equation (1) based on the theoretical model.
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Table S1 Comparison of the sensitivity of carbon-based flexible temperature sensors.

Sensing Materials Substrate/Matrix
Temperature 
Range (℃)

TCR（%/
℃） Linearity Reference

LIG PI 30-100 -0.05 0.999 1

LIG PDMS 20-100 0.25 0.98 2

LIG Silicone 25-43 -0.3 0.999 3

LIG/LTrGO PI 0-50 0.526 - 4

LIG/VOx Pluronic F127-resol 30-110 0.045 0.969 5

NiO/LIG PI 30-100 -0.079 0.999 6

CuNPs@LIG PVDF 30-45 -1.74 - 7

GF PDMS 30-100 5.203 0.996 8

CB TPU
25-60
60-100

-1.18
-0.36

- 9

N/rGO PI 20-50 0.842 0.991 10

AgNPs/CNTs PVA/PBGA 20-40 2.99 0.998 11

NiO/CNTF PDMS
-15-25
25-60

-9.1
-2.1

- 12

PrGO/Cu PI 30-40 -2.058 0.994 13

PPS/CNT PDMS -30-90 -0.4 0.996 14

Gr/PVDF/PANI PDMS/PEG 20-45 -0.832 0.98 15

MXenex PU/PVA 0-30
30-80

-5.27
-1.11

- 16

Cu@LIG PDMS
25-100
55-100

9.341
11.38

0.98
0.999
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