Piezoresistive sensing performance of ex-situ transferred
nanocrystalline graphite on a flexible substrate

Octavian-Gabriel Simionescu?:2

Cristina Pachiu?, Gabriel Craciun?, Niculae Dumbravescu?, Silviu Vulpe!, Andrei Avram?, Radu Cristian Popa?,
Octavian Buiu!

INational Institute for Research and Development in Microtechnologies — IMT Bucharest, 126A Erou lancu
Nicolae street, Voluntari city, lIfov county, 077190, Romania;

2Faculty of Physics, University of Bucharest, 405 Atomistilor street, Magurele city, 077125, llfov county,
Romania

octavian.simionescu@imt.ro; octavian.buiu@imt.ro

Piezoresistive-based strain sensors can be used in a multitude of applications, from tracking industrial
structural integrity, to health monitoring and man-machine interactions. Commercial-grade strain foil
gauges usually employ — as a sensing element - either a patterned metallic film or a semiconductor
bar; their gauge factor (GF) could be either ~2, or ~100, respectively. From this perspective, the
carbonic materials, with a graphene-like structure, have proven to be a feasible alternative, exhibiting
GFs with one order of magnitude higher [1]. In particular, the large area scalability of nanocrystalline
graphene/graphite (NCG) [2] and its intrinsic and inter-molecular structure (Figure 1a) makes this type
of material one of the top candidates for high-sensitivity (GF ~ 300, 600), low-strain (<1%),
piezoresistive sensing [3, 4]. Our contribution presents the performance of NCG as a piezoresistive
element in strain sensors. The NCG film is grown by plasma enhanced chemical vapour deposition
(PECVD) on a metallic substrate; the structure and the morphology of the film is investigated by
Raman spectroscopy and scanning electron microscopy (SEM). After the ex-situ transfer on a flexible
substrate, the piezoresistive performance is investigated by measuring the electrical resistance of the
sensitive layer during controlled mechanical stretching of the device (Figure 1b). Experimental results
confirm NCG is a fitting material for low-strain piezoresitive sensing, GFs of up to 236 being recorded.

REFERENCES

[1] O.-G. Simionescu, et al., Rev. Adv. Mater. Sci., 59 (2020) 306-313

[2] O.-G. Simionescu, et al., Plasma Process Polym., 17(7) (2020) e1900246
[3] J. Zhao, et al., Appl. Phys. Lett., 101(6) (2012) 063112

[4] J. Zhao, et al., ACS Nano, 9(2) (2015) 1622—-1629

FIGURES

Ed
@

—=a— elongation GF ~ 236.3
[ —e— relaxation

Intensity (a.u.)
w w IS
° @« °

Electrical resistance, R (kQ)
&
T

N
=)
T

15|

1 . 1 1 1 4 i1
500 1000 1500 2000 2500 3000 3500 00 01 02 03 04 05
Raman Shift (cm™) Displacement, d (mm)

(a) (b)
Figure 1: (a) Raman spectrum of a NCG film grown on a metallic substrate. The dotted lines at ~1347 cm,

1595 cm-1, 2687 cm-?, 2937 cm! represent the specific D, G, 2D and D+D’ peaks, respectively. (b) Electrical
resistance variation with respect to the mechanical displacement for a 1.25 ym thick NCG film.
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