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Figure S1. RF characterization of the sensing capacitors and their scalability: A) Capacitance and B) quality 
factor for PDMS-CF capacitors with area of 2 cm2 – 6 cm2 from 1 MHz to 200 MHz. C) area-normalized 
capacitance and D) area-normalized loss tangent (tanδ) of PDMS-CF capacitors with area of 2 cm2 – 6 cm2. 
Error bars in Figures C and D are for n = 3 area-normalized samples. 



 

Figure S2. Area-normalized capacitance for PDMS-CF capacitors of 2 cm2 (black line), 4 cm2 (red line) and 6 
cm2 (blue line) from 10 MHz to 200 MHz. 

 

Figure S3. Schematic of PDMS composite capacitor temperature sensing work bench. 

  



 

 

Figure S4. Broadband capacitance data up to the self-resonant frequency for conductive composites at 20 °C, 
40 °C, 60 °C and 110 °C for A and B) PDMS C and D) PDMS-Cu, E) PDMS-GP and F) PDMS-CF parallel plate 
capacitors with an area of 4 cm2. B and D are insets of A and C, respectively. 

  



Table S1. Mean sensing response and sensitivity for loaded composite capacitors. 

Sample ID Filler S x10-2 
at 10 MHz 
(MHz·°C-1) 

S x10-2  
at 100 MHz 
(MHz·°C-1) 

S x10-2  
at 200 MHz 
(MHz·°C-1) 

Pristine None 0.14 0.16 0.18 

PDMS-CF* Milled CF 1.99 2.17 2.35 

PDMS-GP* Graphite 
Powder 

1.31 1.08 1.39 

PDMS-Cu Cu Metal 
Powder 

0.16 0.18 0.19 

*Sensitivity data taken from 20 °C to 50 °C. 



 

Figure S5. Broadband real impedance data up to 200 MHz (B, D, F, and H are an inset of A, C, E and G, 
respectively) for A and B) PDMS C and D) PDMS-Cu, E and F) PDMS-GP and G and H) PDMS-CF parallel plate 
capacitors with an area of 4 cm2. 



 

Figure S6. Frequency-dependant relative response to temperature of loaded PDMS capacitors at A) 100 MHz 
and B) 200 MHz. The reference temperature for these measurements was taken at room temperature (20 °C) 
and the shaded region is the target sensing range. Measurements were taken for composite capacitors of 
pristine PDMS (black squares), PDMS-Cu (red circles), PDMS-GP (green triangles) and PDMS-CF (blue 
squares). 



 

Figure S7. Inset of reflection coefficient (S11) data for tuned reader coils (A, C, and E) and sensor coils (B, D, 
and F) from Figure 3. A and B) 4 cm2 PDMS-CF capacitor. C and D) 16 cm2 tuned PDMS capacitor. E and F) 
Detuned 2 cm2 PDMS-CF capacitor with a reference resonant frequency of 8.45 MHz. 



 

Figure S8. The PDMS sensor’s S21 response, indicating minimal amplitude or frequency variations A) S12 
transmission coefficient and B) S21 transmission coefficient data for 16 cm2 active area wireless PDMS 
capacitor sensor with a distance between coils of 45 mm. 

 

 

 

Figure S9. The 2 cm2 PDMS-CF sensor’s transmission response A) S12 transmission coefficient and B) S21 
transmission coefficient data for wireless 2cm2 active area PDMS-CF capacitor sensor with a distance 
between coils of 45 mm. 



 

Figure S10. The 4 cm2 PDMS-CF sensor’s transmission response A) S12 transmission coefficient and B) S21 
transmission coefficient data for 4cm2 active area PDMS-CF capacitor sensor with a distance between coils 
of 45 mm. 

  



Table S2. Comparison with previously reported frequency-domain and AC/RF temperature sensors. 

Reference 
Sensor 

Architecture 
Active 

Material 

Temperature 
Sensing Range 

Δ𝑇 (°C) 

Centre 
Frequency, 

f0 (MHz) 

Sesitivity 
(MHz·°C-1) 

Frequency-
Normalized 
Sensitivity 

(%·°C-1) 

[S1] 
Dielectric 
resonator 

(chipless tag) 
Ceramic 20 – 370 2920 0.307 0.0102 

[S2] 
Chipless split-
ring resonator 

Ceramic 28 - 1100 2470 0.0956 0.00395 

[S3] 
Near-field LC 

resonator 
Ceramic 19 – 900 36 0.00522 0.0158 

[S4] 
Dual split-ring 

resonator 
Ceramic 23 – 200 11930 0.462 0.00389 

[S5] 
Dual split-ring 

resonator 
Ceramic 25 – 135 2030 0.068 0.0034 

[S6] Patch antenna Polymer 33 – 77 5000 0.205 0.0041 

[S7] 
Microstrip 
resonator 

Rogers 3210 30 – 80 2400 0.5 0.0208 

[S8] 
Bulk acoustic 

wave 
resonator 

Ceramic 10 – 80 2480 0.1 0.00403 

[S9] LC Resonator Ceramic 500 – 1200 54.5 0.00357 0.00655 

[S10] 
Cylindrical 
antenna / 
resonator 

Ceramic 0 – 400 10500 0.35 0.00333 

[S11] RF cavity Metal 20 – 170 2493 0.005 0.006 

[S12] 

Patch antenna 
Conductive 

polymer 
composite 

35 – 205 2000 3.17 0.124 

Resonator 2 35 – 205 1770 3.29 0.186 

Resonator 1 35 – 110 820 2.14 0.262 

[S13] 

Log-periodic 
dipole 

antenna 
(LPDA) and 
cavity filter 

Ceramic 20 – 1400 54.5 0.356 0.032 

[S14] 
3D photonic 

crystal 
Ceramic 0 – 1400 84000 5 0.0714 

This work 
Parallel plate 
capacitor and 
inductive coils 

Conductive 
polymer 

composite 
20 – 110 6.8-7.0 

0.028-
0.036 

0.38 – 0.55 

 

 



 

Figure S11. Photograph of NanoVNA wireless temperature sensing setup. 

 

Figure S12. Reflection coefficient (S11) data of 4 cm2 wireless capacitor read by handheld (Nano) VNA. 



 

Figure S13. Reflection coefficient (S11) data from 20°C - 110°C for PDMS-CF measured with the laboratory-
grade VNA (solid lines) and hand-held VNA (dashed line). 



 

Figure S14. Transmission coefficient (S21) data from 20°C - 110°C for PDMS-CF measured with the NanoVNA. 

 

 

Figure S15. Layout and dimensions of the inductive coils used in this work. 



 

FigureS16. Properties of 10 cm square inductive coils employed in the wireless chipless sensor interface. A) 
Measured Inductance, B) Measured resistance, and C) measured capacitance. The reader coil was tuned 
using standard high-Q ceramic capacitors 

 

 

Figure S17. Equivalent circuit of  unloaded resonant frequency of reader coil and sensing coil with 4 cm2 
PDMS-CF capacitor and 47 Ω resistor in the sensor coil. 



 

Figure S18. Broadband response of sensor tag with 47 Ω resistor and 4 cm2 PDMS-CF capacitor in parallel 
with inductive coil and RL reader coil. A) Reflection coefficient (S11) before heating (black line), at steady state 
with applied heat (red line) and with heating removed (blue line). B) Reflection coefficient (S11) at different 
temperature steps from 20 °C to 60 °C with forward steps (solid lines) and reverse steps dashed line). 

 

 

Figure S19. Circuit Diagram of chipless temperature sensing array. Li represents mutual inductance between 
each sensor coil and the reader coil. 



 

Figure S20. Properties of 5 cm square (blue lines) and circular (orange lines) inductive sensor coils in 
temperature sensor array. A) Measured inductance, B) Measured resistance, and C) measured capacitance. 
The coils were tuned using standard high-Q ceramic capacitors. 

 

Figure S21. Broadband data for mated one-turn wire reader coils. A) Reflection coefficient (S11) for reader 1, B) 
S22 for reader 1, and C) S12 between the readers. 
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