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Calculation of gauge factor and hysteresis 

Gauge factor (GF) was calculated by Equation S1: 

𝐺𝐹 =
(𝑅−𝑅0) 𝑅0⁄

𝜀
                            (S1) 

Where R is resistance, R0 is original resistance, ε is strain calculated based on relative length 

change (ΔL) divided by original length (L). 

 

Hysteresis was calculated by Equation S2: 

ℎ% = |
𝑅𝑠−𝑅𝑟

𝑅𝑚𝑎𝑥
| × 100%                        (S2) 

Where Rs, Rr, and Rmax are the stretching, releasing, and maximum values of resistance at a 

given strain, respectively.
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Table S1. Sheet resistance of LIG from various precursors 

Precursor for LIG  Rs (Ω/square) * Reference 

Lignin 4.5 This work 

Wood ~10  1 

Cellulose paper 32 2 

Polyimide ~17 3 

Polyetherimide ~15 4 

Phenolic resin ~40 5 

* Lowest sheet resistance (Rs) obtained for comparison. 
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Table S2. Performance comparisons of state-of-art strain sensors 

* Values estimated from publications.

Sensing materials Working 

Range 

Gauge factor Limits of strain 

detection 

Hysteresis Tested 

Stability  

Reference 

Lignin-derived LIG/ 

Dragon SkinTM  

9%-14% 

4%~9% 

0.1%~4% 

960 

166 

100 

0.1% 7% at <9% strain 10,000 This work 

Paper-derived LIG  0.2%~1% 41.9 ~0.2% Not shown ~2,500 2 

LIG derived from lignin-

PDMS 

65% 20 Not shown 3% at <60% strain 5,000 6 

PI-derived LIG <1.5% 26 Not shown Not shown 20,000 7 

PI-derived LIG/PDMS 

composite  

<30% 

 

160 Not shown Not shown 200 8 

PI-LIG/Kapton tape  <3.3% 0.47 Not shown Not shown 1,300 9 

Graphene oxide/PDMS <2% 

2%~5% 

5%~7.5% 

34.3  

99.9   

402.3 

Not shown Not shown Not shown 10 

CVD-grown graphene/PDMS 0.3%~4.5% 151 0.3% Not shown Not shown 11 

Graphene woven 

fabrics/PDMS 

<2% 

2%~6% 

35 

1000 

Not shown Not shown 100 12 

CNT-based conductive paper 0.1%~0.7% 2.6-7.5 0.1% Not shown 1,000 13 

CVD-based carbon nanotube/ 

Ecoflex 

0.1%~80% 

80%~145% 

256 

3250 

0.1% ~50%* at <140% strain 

 

1,000 14 

CNT/PDMS <40% 

40%~280% 

0.8 

0.06 

Not shown ~72%* at <200% strain 

 

10,000 15 

Silver nano wire composites/ 

PDMS 

<70% 

 

14 Not shown 25%~66%* 

 

1,000 16 

Nanowire/PDMS <1.08% 35.8 Not shown <8.1%  ~1,200 17 
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Fig. S1. Characteristics of LIG. (a-c) Raman spectra. (d, e) IG/ID and I2D/IG, respectively. (f) Sheet resistance. L0.5, L1.0, and L1.5 stand 

for respective lignin loadings in the three films. P20, P30, and P40 stand for 20%, 30%, and 40% power level, respectively.  
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Fig. S2. Characteristics of LIG. (a-c) Raman spectra. (d-f) IG/ID and I2D/IG. L0.5, L1.0, and L1.5 stand for respective lignin loadings in the 

three films. Z0.0, Z1.0, Z2.0 and Z3.0 stand for 0.0-, 1.0-, 2.0-, and 3.0-mm z-axis defocus distance, respectively. All the LIG samples were 

obtained at 30% laser power. 
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Fig. S3. SEM images of LIG samples. (a-b) L1.0P20 before transfer; (c-d) L1.0P20 after transfer. (e-f) L1.0P40 before transfer; (g-h)  

L1.0P40 after transfer. Scale bar: 100 μm (a, c, e, g), and 20 μm (b, d, f, h).



S8 

 

 

 

Fig. S4. (a) Strain sensor working at 0.1% strain for about 40 stretch-release cycles. (b) ∆R/R0 

when stretched (black line) and released (red line) at 9% strain.
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Fig. S5. Strain sensor working as a speaking detector. (a) Photo of attaching the sensor to one’s 

throat. Signal patterns when one speaks (b-i) individual words and (m) a whole sentence three 

times.
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Fig. S6. ∆R/R0 of seismocardiography detected at lower chest (shown in the photo) when one’s breath is being held. 

 

 

 
Fig. S7. Signal analysis of speaking and seismocardiography. (a) Comparison of speaking signals presented in Fig.S5m in parallel. (b) Mean and 

standard deviation of seismocardiographic signals.
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