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Abstract

With the rapid advancement of flexible electronic devices, the performance requirements for pa-
per-based piezoresistive sensors are becoming increasingly stringent. Future developments in flex-
ible paper-based piezoresistive sensors will focus on achieving high sensitivity, fast response times,
wide measurement ranges and low power consumption, etc. Additionally, to cater to diverse appli-
cation scenarios, these sensors must incorporate characteristics such as bendability, stretchability
and wearability. However, as the demand for advanced technologies grows, flexible sensors face
several challenges. These devices must balance high sensitivity, durability and rapid response times
while overcoming the limitations of traditional paper substrates. Under these conditions, the ap-
pearance of interdigital electrodes has emerged as a promising solution to enhance the sensing per-
formance of paper-based piezoresistive sensors. The study proposes a novel approach to fabricate
a high-performance paper-based piezoresistive sensor by combining tannic acid in-situ reduction
and microwave-induced techniques. Silver nanoparticles of varying sizes are synthesized directly
on paper fibers using silver nitrate as the seed crystal. The sensor is constructed using a double-
layer architecture with graphite interdigital electrodes as the conductive base, significantly improv-
ing sensitivity and stability. The sensing performance tests showed that the pressure response
ranges were from 1.4 to 310 kPa, with a sensitivity of 6.193 kPa-!1 at 1.4 and 26 kPa, 0.215 kPa-1
between 27 and 165 kPa, and 0.043 kPa-1 from 166 to 310 kPa. It demonstrates a fast response time
of 200 ms and a recovery time of 400 ms, alongside exceptional durability and maintaining stable
performance over 20,000 cycles. This durability is attributed to the adhesive properties of tannic
acid, which securely reduce the conductive materials in situ onto paper fibers without detachment,
thereby enhancing the sensor’s long-term stability. The combination of these features positions this
sensor as a promising candidate for next-generation flexible electronic applications.
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Cao E 5 N[13]FF K | RIRA AT A 20 3 M 1 58 2 L% (Hollow-tubular-oriented polydopamine, HTO-
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Figure 1. Fabrication of graphite interdigital electrodes: (a) Computer version, (b) Printed version, (c) Final version
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Figure 2. Physical photographs of the bilayer paper-based piezoresistive sensor: (a) Front view, (b) Side view
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Figure 3. Microscopic morphology of the conductive pressure-sensitive material: SEM images of CF (al)~(a3), AgNPs-
TA@CEF (b1)~(b3) and DS-AgNPs-TA@CF (c1)~(c3), (d)~(f) EDS images of DS-AgNPs-TA@CF

E 3. SHESMRBMMASR: CF (al)~(a3), AgNPs-TA@CF (b1)~(b3)F1 DS-AgNPs TA@CF (c1)~(c3)kJ SEM [&],
(d)~(f) DS-AgNPs-TA@CF Y EDS [E]

3.2. SHEESM RV HIRIE
N1 BB ARGORBURL U E AR AT HE R T, A TEMA] XRD X e fil] 46 £ P9 o 4K 02 s i e ik

DOI: 10.12677/jsta.2025.133052 530 R BRER AR 5 N H


https://doi.org/10.12677/jsta.2025.133052

FREZTH

TR R i, SR WE 4. WEHRATLIEH, 1£20=14.8", 16.5°, 22.6°XbMIATHIE 73 7% B
JRAGARAHERI(101)s (101)FI(002)FhTHT o X Tl 28 [ P FP IR BRI &, 76 20=38", 44.2° I 4
PI(111)s (200)f#THI[23]. 1 H 20 = 14.8°, 16.5 FIHTHIE L RA N, 1E 20 = 22.6° A AT S K
B A, i 0 e B I A7 s S AR ip 175 500 i HE SR AR P S 7 27 4 3R 3R THT, X 5 &I SEM AT i 5 2
2R —8 74h, RYE XRD 3% B BRI R i H %A oAb 2% i T30, 350 I A JiR 1) 4% 1)
B RL R T 9K R &5 L PERR IR U, JF HLA IR &

& 4(b) CF FIJT i % 1) TA@CF. AgNPs-TA@CF. DS-AgNPs-TA@CF 204k . MW a] LG
th, 5 CF #Lt, TA@CF 7E 3600~3000 cm™' G Py HH I 1 Fa ey, 3X 2 BT 50 7 BR 70 h R BE R i 4
P51 AL 7E 1620~1590 cm ™! H B AR WU V1 & T 05 B3 b C=C 4 #Rk3h1E . 5 TA@CF AHLEL, AgNPs-
TA@CF F1 DS-AgNPs-TA@CF 7E 3600~3000 cm ™' Al 1620~1590 cm ™" &b AU AN L HLBIN 7 Hi i,
FH I T W B AR AL, X R B ARG R IORE 1) i 5 LN AL Ak 2 25 4 7 A T 52

—— DS-AgNPs-TA@CF —— DS-AgNPs-TA@CF
—— AgNPs-TA@CF R Vs e A VASM
L__JLJL — AgNPs-TA@CF
—— TA@CF v

N W I | Ve A

40 50 4500 4000 3500 3000 2500 2000 1500 1000 500

Intensity (a.u.)
Transmittance (a.u.)

10 20 30
20 (degree) Wavenunber (cm™)
(a) (b)

Figure 4. XRD (a) and FTIR (b) of the conductive pressure-sensitive material
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Figure 5. Electrical conductivity of the bilayer paper-based piezoresistive sensor: (a) Re-
sistance without pressure, (b) Resistance with pressure
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Figure 6. Sensing performance of the bilayer paper-based piezoresistive sensor: (a) I~V curve, (b) Sensitivity curve, (c) Re-
sponse and recovery time curves
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Figure 7. Stability of the bilayer paper-based piezoresistive sensor: (a)~(c) Cyclic curves and partial enlarged
views, (d) Response curves under different weights, (e) Changes in resistance under different cycling times
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Figure 8. Wearable applications of the bilayer paper-based piezoresistive sensor: (a) Thumb press, (b) Foot press
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