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ABSTRACT: Conductive reduced graphene oxide (rGO) patterns have been successfully 
fabricated on graphene oxide films coated on polydimethylsiloxane (PDMS) substrate via 
femtosecond laser direct writing (FsLDW)-induced photoreduction. Through this mask-less and 
high-resolution technique, the electrical conductivity of rGO patterns can be tuned by simply 
adjusting the laser writing parameters. Noticeably, based on FsLDW, high-performance and 
stretchable graphene-based strain sensors were fabricated and can be utilized for monitoring of 
human motion and respiration, heartbeat detection, and human/machine interaction. 

KEYWORDS: femtosecond laser direct writing, graphene, photoreduction, wearable devices, 
stretchable electronics. 

I. INTRODUCTION

Graphene, a two-dimensional material was discovered in 2004 and rapidly attracted intense 
interest due to its unique electrical, mechanical, and optical properties [1-3]. Following this trend, 
graphene oxide (GO) has emerged as a potential precursor for the cost-efficient and large-scale 
production of graphene-based materials. By using thermal or chemical reductions, the oxygen-
containing groups of GO can be partially removed to recover the structure and properties of 
graphene [4, 5]. Recently, femtosecond laser direct writing (FsLDW)-induced photoreduction of 
GO has been reported and graphene can be directly patterned through a mask-less and high-
resolution method. In addition, due to extremely high peak intensities and ultrashort pulse 
durations, femtosecond laser not only effectively converts GO to reduced graphene oxide (rGO) 
but also minimizes the substrate damage and the heat-affected zone. More importantly, the 
properties of rGO such as reduction degree can be tuned by controlling the laser processing 
parameters [6]. 

In this work, we have demonstrated that the FsLDW-induced photoreduction of GO is a simple 
and reliable technique for the fabrication of graphene-based stretchable electronics. By simply 
controlling the laser writing conditions, rGO patterns with tunable electrical conductivity were 
fabricated. Noticeably, based on FsLDW, highly sensitive and stretchable graphene-based strain 
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IV. CONCLUSIONS 
 
In summary, FsLDW was employed as a powerful tool to effectively reduce GO coated on PDMS 
substrate. By tuning the laser processing conditions, the electrical conductivity of rGO can be 
controlled easily. Furthermore, rGO was utilized as a sensing material for the graphene-based 
stretchable strain sensors which show excellent sensing performance. These strain sensors can be 
applied for strain sensing in diverse applications such as monitoring of human motion and 
respiration, heartbeat detection, and human/machine interaction. 
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