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Evaluation of impedance of graphene with various tuned
electrical properties from 1 to 50 GHz
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Graphene has been researched as a transparent conductive film for various devices,
displaying potential use in millimeter-wave devices for 5G technology. Although graphene
possesses excellent transparency, its carrier concentration is lower than that of metals,
leading to high electrical resistance. This presents a challenge for its use in millimeter-wave
devices. Recently, there is been extensive research to replace metals with graphene that still
maintains transparency. Different studies have tried to achieve low resistance through
methods like multilayering and carrier doping. However, few studies have measured and
clarified the effects of these approaches on devices designed for applications in the millimeter
wave band. In this study, we applied single-layer, triple-layer (3L), and P-type doped 3L
graphene to coplanar waveguide (CPW) transmission lines of practical sizes. We recorded
transmission characteristics from 1 to 50 GHz, covering the frequency bands operated for 5G
technology. We also constructed an equivalent circuit model of the CPW used in the
measurements and conducted simulations. The simulations aligned well with the measured
results, validating the transmission properties of graphene and its contact impedance with
electrodes in CPW circuits. By comparing the transmission loss of various graphene types,
we identified parameters to improve transmission characteristics.
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Fig. 1 Fabrication process of CVD graphene on quartz.
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Fig. 2 (a) Design and (b) image of Hall effect measurement.
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Fig. 3 (a) Design and (b) optical microscope image of
CPWs. (c) Measurement system. (d) Probe measu
rement area.
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Fig. 4 (a) Raman shift of 3L graphene (blue) and P-type
doped 3L graphene (red) of 2D, (b) G peaks.
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Fig. 5 Optical properties of SL graphene (green), 3L gra
phene (bule) and P-type doped 3L graphene (red).
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Table 1 Results of Hall effect measurement of three types
of graphene.

P-type
SL 3L
doped 3L
graphene graphene
graphene
Carrier mobility [cm*/V's] 1200 2250 1090
Carrier density [1/cm?] 46%x107 | 68x102 | 4.6x10"
Hall coefficience [m%C] 144 91 14
Rsheet [Q] 758 405 125
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Fig. 6 Equivalent circuit model of CPW.
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Fig. 7 TLM with three types of graphene.
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Table 2 Electrical properties of three types of graphene.

SL graphene | 3L graphene P-type doped
3L graphene
Reontact [Q2] 20 15 10
Ceontact [nF] 0.19 0.19 0.94
Si [em?) 3.4 %107 2.8x 107 53x10°
Rerephene [Q2] 78 42 13
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Fig. 8 Measured (solid line) and calculated (dashed line)
S21 as transmission coefficients for SL graphene
(green), 3L graphene (blue), and P-type 3L graphene
(red) from 1 to 50 GHz. in a Polar chart.
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