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Abstract: In this paper we report on novel gas sensors platform using standard MEMS microm-
achining technology and the rGO (reduced Graphene Oxide) material as concept to increase the 
sensing surface with the goal to increase the sensitivity and reduce the power consumption. A stand-
ard IDE (Au Interdigital Electrodes) platform has been used as substrate. On top of the IDE elecrodes 
a thin rGO-layer with 3D arrangement has been deposited using the Electrophoretic Deposition 
(EPD) technique. This increases the sensor surface significantly. To fabricate the novel 3D arranged 
Graphene biosensor, the reduced Graphene Oxide - Polyethylene Glycol - Amine (rGO-PEG-NH2) 
was suspended in Isopropyl alcohol. The ζ-potential of the in-solution Graphene flakes was opti-
mized adding MgCl2 · 6H2O and enhanced to +46 mV. A high performance ultrasonic mixer is used 
to crumple and disperse the rGO-PEG-NH2 flakes within the solvent. The layer thickness can be 
tuned by using deposition time and current. The deposited rGO material has been functionalized 
by using sensing MOX nanomaterials like SnO2, CuO, ZnO. First results show very promising be-
havior of the new platform – acetone, CO and CO2 have been detected even at room temperature. 

Keywords: Gas sensing; rGO-based; MOX 
 

1. Introduction 
Chemoresistive gas sensors based on semiconducting metal oxides (MOX) have been 

successful realized and fabricated for many years. They are used in many applications, 
such as automotive, indoor air quality and smart phones. They offer many advantages in 
compare to other gas sensing principles. They are inexpensive, simple, cheap, stable and 
can be very sensitive. There is continuous effort to improve the performance of these sen-
sors. All MOX gas sensors used deposited sensing layer over insulating substrate pro-
vided with electrodes and heaters. First sensors have used thick film on alumina subtrates 
or on alumina tubes. Such sensors are still successful on the market. Such gas sensors 
typically are exhibiting a power consumption of 0.2 to 1 W [1]. Silicon micromachining 
technology offers some important advantages such as high volume production and small 
feature size. Typically a thermally insulated heating elements suspended on a dialectric 
membrane such SiN, SiO or SiC is realized. Au or Pt electrodes are patterned on top of the 
membrane. This concept helps to reduce the power consumtion. With this concept MOX 
gas sensors with lower power (< 200 mW) have been realized.  
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2. Sensor Concept and Sensor Fabrication 
Typical MOX-based MEMS gas sensor is using a planar concept as shown in figure 

1. The thin membrane can be realized by using bulk micro machining. The working prin-
ciple of such MOX gas sensors relies on the change in conductance of the thin gas sensitive 
MOX layer (n or p type) when exposure to reducing or oxidizing gas at a certain temper-
ature. The IDC electrodes and micro heaters are realized by using standard Au or Pt sput-
ter and etching techniques. The gas sensitive MOX layer is realized by reactive sputter 
technique or drop casting on top of the IDC electrodes. Such concept has many advantages 
such simple, compact, cheap and suitability for mass production. 

 

 
Figure 1. Typical concept for MEMS MOX gas sensors in bulk micromachining. Micro heaters and electrodes are realized 
on an insulated suspended mechanical structure such SiO, SiN, or SiC. 

The heater is needed in order to lower the resistivity of the gas sensitivity layer and 
to improve the kinetics of the chemical reactions between sensing material and gases [1]. 
The heater is embedded in sandwich in a thin dielectric membrane to improve thermal 
insulation and to reduce the power consumption, which is typically in the order of a few 
tens of milliwatts. At temperatures between 150°C-400°C oxygen from atmosphere is ad-
sorbed on the surface of the MOX layer by trapping the electrons from the bulk. This has 
the effect of increasing the resistance of the sensor in the case of n-type MOX is used, or 
decreasing the resistance in the case of p-type material. The pre-adsorbed oxygen or the 
MOX is reacting with the target gas in the atmosphere and determines the resistance 
change. Although the working principle is simple, the sensing process is very complex 
and depending on many factors such as surface reaction, porosity of the layer (total sens-
ing area), temperature, charge transfer process and so on. Compact layers have normally 
low relative resistance change or low sensitivity. Gases can penetrate better in porous lay-
ers, which increase the surface for chemical reaction between sensing material and gas 
species. It’s the reason for their higher sensitivity. Different porous morphologies have 
been published in last years [2-13] using nanowires, nanosheets, nano particles etc. 

In this paper we report on novel gas sensors platform using standard MEMS microm-
achining technology and the rGO material as concept to increase the sensing surface with 
the goal to increase the sensitivity and reduce the power consumption. A standard IDE 
(Au Interdigital Electrodes) platform has been used as substrate. On top of the IDE elec-
trodes a thin rGO-layer with 3D arrangement has been deposited using the Electropho-
retic Deposition (EPD) technique.  The EPD is an advanced technique, which allows to 
deposit suspended particles on a target, using an electrical field. This technique has many 
advantages such as less contamination and better uniformity in compare to other transfer 
techniques like stamping, drop casting or spin-on. The transfer of graphene material is 
still the most critical step in sensor fabrication using this type of carbon nanomaterial [15]. 
The rGO particles are charged up and so can be moved in the fluid toward the chip sur-
face. The particle velocity in determined by the applied field and the particle potential (ζ-
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potential). Knowing the potential of the suspended rGO particle is essential to operate an 
EDP for deposition of particles. EDP deposition leads to a 3D arrangement of the rGO 
particles on the chip surface. This increases the sensor surface significantly. The figure 2 
shows schematically the 3D arrangement of the rGO flakes in compare to a planar one. 
The overall sensor concept can be seen in figure 3.  

To fabricate the novel 3D arranged Graphene biosensor, the reduced Graphene Oxide 
(from company Sixth Element) - Polyethylene Glycol - Amine (rGO-PEG-NH2) was sus-
pended in Isopropyl alcohol. This reduced Graphene Oxide has nearly the same proper-
ties as CVD grown Graphene. The ζ-potential of the in-solution Graphene flakes was op-
timized adding MgCl2 · 6H2O and enhanced to +46 mV. An ultrasonic homogenizer 
(Hielscher, model UP200St) was used to shatter agglomerates of the rGO-PEG-NH2 raw 
material to microscopic particles well-dispersed within the solvent. The solution has been 
filtered to define the flakes size for deposition. The layer thickness can be tuned by using 
deposition time and current. In this work a uniform layer of 2µm thickness is used. 

 
Figure 2. 3D arrangement of rGO flakes in order to increase the sensing area between sensing material and gas species. 
Left – planar arrangement. Gold – IDC electrodes, grey – rGO and green – MOX nano particles. 

Metal oxides (MOX) are widely used for gas sensing in thin film. But they have poor 
gas selectivity and need relatively high operating temperatures in order to react with 
gases. But thanks to the combined efforts of synthesis procedures, analytical instruments 
and robust fabrication techniques there are vast of new gas sensing nanomaterials availa-
ble [14]. The sensing MOX material (nanoparticles WO3, CuO, SnO2, ZnO) has been suc-
cessfully functionalized. Comprehensive overview of MOX nanomaterials can be ob-
tained in [14]. 
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Figure 3. Concept used in this work with metal oxide nano particle decorated 3D arranged Graphene scaffold as innovative 
gas sensor approach. The 3D arranged rGO scaffold has been deposited on top of IDC electrodes by using electrophoretic 
method. This 3D arrangement has enlarged sensor surface in compare to the planar concept in standard MOX MEMS gas 
sensor described above. Left top the arrangement of the rGO-flakes (scale 1µm), and right top enlargement (scale 300nm) 
of rGO flakes with MOX NP on top. 

3. Results 
First results show very promising behavior of the new platform. The technology pro-

cesses are stable and could be up scaled for mass production of low-cost gas sensors. The 
rGO material is a low-cost nanomaterial from Sixth Element and has been produced using 
Hummer method. Figure 4 shows the surfaces of the gas sensor platform before and after 
the EDP deposition process. 

 
Figure 4. Chip before rGO deposition (left) and after EDP deposition process (right). Sensor diameter is 1mm. 

The platform has been used to gases. For example – acetone, CO and CO2 could be 
detected even at room temperature. The figures below show some sensor data of detection 
of acetone and CO at room temperature. In case of CO it could be seen, that the presence 
of humidity has very high influence on the sensor signal. The figure 6 shows the sensor 
signal with CO gas at RT and at 95°C. The resistance decreases at high temperature. 
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Figure 5. Detection of acetone with the sensor platform rGO functionalized with WO3 MOX nanoparticles at room tem-
perature as example. 

  
(a) (b) 

Figure 6. Detection of CO using rGO platform at RT (left) and 95 °C (right). 

4. Conclusions 
A novel platform using rGO and functionalized using MOX NP for gas sensing ap-

plications is presented in this paper. For deposition of uniform rGO layer EDP method 
has been used. This deposition method has some advantages in depositing of nanomateri-
als in compare to other technique. It leads also to 3D arrangement of rGO. The EDP dep-
osition process could be scaled up for mass production. The idea of using rGO flakes and 
EDP deposition technique is to increase the sensing surface with the goal to realize low-
power low-cost and high sensitive gas sensors in future. The platform is sensitive for gas 
detection already at RT. It needs further excessive investigation in future in term of reac-
tion and charge transport in the material system, the enlargement effect of sensing surface, 
the temperature dependency, the role of humidity and long-term stability. 

5. Patents 
FhG IZM team has pending patent related to the rGO deposition method for use in 

bio detection. 

Author Contributions: H.D.N. conceived the project. All authors contribute equally in project real-
ization (chips fabrication, measurement, data collection and analysis). H. D. N. wrote the paper. 

Funding: This research received no external funding. 

Acknowledgments: Authors thank FhG IZM and the University of Applied Sciences Berlin for sup-
port this project. 

Conflicts of Interest: Authors declare no conflict of interest.  



Chem. Proc. 2021, 3, x FOR PEER REVIEW 6 of 4 
 

 

References 
1. Janisso, R.; Tan, O.K; Semiconductor gas sensors, 1st ed.; Woodhead Publishing: Philadenphia, PA, USA, 2013; pp. 221−260. 
2. Das, S.; Jayaraman, V. SnO2: A comprehensive review on structures and gas sensors. Prog. Mater. Sci. 2015, 67, 161. 
3. Zheng, H.; Ou, J.Z.; Strano, M.S.; Kaner, R.B.; Mitchell, A.; Kalantar-zadeh, K. Nanostructured tungsten oxide–properties, syn-

thesis, and applications. Adv. Funct. Mater. 2011, 21, 2175–2196. 
4. Bai, J.; Zhou, B. Titanium dioxide nanomaterials for sensor applications. Chem. Rev. 2014, 114, 10131–10176. 
5. Golberg, D.; Bando, Y.; Tang, C.C.; Zhi, C.Y. Boron nitride nanotubes. Adv. Mater. 2007, 19, 2413–2432. 
6. Zhai, T.; Fang, X.; Li, L.; Bando, Y.; Golberg, D. One-dimensional CdS nanostructures: synthesis, properties, and applications. 

Nanoscale 2010, 2, 168–187. 
7. Wu, S.H.; Mou, C.Y.; Lin, H.P. Synthesis of mesoporous silica nanoparticles. Chem. Soc. Rev. 2013, 42, 3862–3875. 
8. Hu, J.; Zou, C.; Su, Y.; Li, M.; Han, Y.; Kong, E.S.; Yang, Z.; Zhang, Y. An ultrasensitive NO2 gas sensor based on a hierarchical 

Cu 2 O/CuO mesocrystal nanoflower. J. Mater. Chem. A 2018, 6, 17120–17131. 
9. Song, X.; Gao, L.; Mathur, S. Synthesis, characterization, and gas sensing properties of porous nickel oxide nanotubes. J. Phys. 

Chem. C 2011, 115, 21730–21735. 
10. Chen, M.; Zhang, Y.; Zhang, J.; Li, K.; Lv, T.; Shen, K.; Zhu, Z.; Liu, Q. Facile lotus-leaf-templated synthesis and enhanced xylene 

gas sensing properties of Ag-LaFeO3 nanoparticles. J. Mater. Chem. C 2018, 6, 6138–6145. 
11. Torsi, L.; Magliulo, M.; Manoli, K.; Palazzo, G. Organic field-effect transistor sensors: a tutorial review. Chem. Soc. Rev. 2013, 42, 

8612–8628. 
12. Huang, M.; He, D.; Wang, M.; Jiang, P. NiMoO4 nanosheet arrays anchored on carbon cloth as 3D open electrode for enzyme-

free glucose sensing with improved electrocatalytic activity. Anal. Bioanal. Chem. 2018, 410, 7921–7929. 
13. Sahatiya, P.; Kadu, A.; Gupta, H.; Thanga Gomathi, P.; Badhulika, S. Flexible, disposable cellulose-paper-based MoS2/Cu2S 

hybrid for wireless environmental monitoring and multifunctional sensing of chemical stimuli. ACS Appl. Mater. Interfaces 2018, 
10, 9048–9059. 

14. Malik, R.; Tomer, V.K.; Mishra, Y.K.; Lin, L. Functional gas sensing nanomaterials: A panoramic view. Appl. Phys. Rev. 2020, 7, 
021301. 

15. Zöpfl, A.; Lemberger, M.M.; König, M.; Ruhl, G.; Matysik, F.M.; Hirsch, T. Reduced graphene oxide and graphene composite 
materials for improved gas sensing at low temperature. Faraday Discuss. 2014, 173, 403–414. 


