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  From
 a m

icrow
ave engineer’s perspective, graphene is a resistive sheet w

ith a real-valued surface 
im

pedance and alm
ost no dispersion up to one terahertz and beyond. D

ue to its unique electronic structure, 
the sheet resistance of graphene can be controlled by an external gate voltage, by light irradiation or by 
chem

ical doping due to a m
olecular m

onolayer attached to the graphene surface, w
hich enables external 

control of the reflectivity of a graphene layer over a w
ide range.  

 The m
icrow

ave-to-terahertz properties of CV
D

 (chem
ical vapor deposition) graphene layers transferred on 

low
-loss m

icrow
ave substrates have been investigated by various m

icrow
ave- and m

illim
etre w

ave 
resonator m

ethods and com
pared w

ith TH
z tim

e dom
ain spectroscopy.  D

ue to the real-valued surface 
im

pedance, the device quality factor is controlled to a large extend by the sheet resistance of graphene, if a 
transferred CV

D
 layer is integrated as part of a resonant device. Specifically, it w

as show
n that a ceram

ic 
dielectric resonator at X

-band frequencies (Fig. 1) can be utilized for contact-free determ
ination and 

m
apping of the sheet resistance of large-area graphene layers deposited on low

-loss substrates, and for real-
tim

e m
onitoring of externally induced alterations w

ithin an open device configuration (Fig. 1, right).  
 A

s a first step tow
ards a fully integrated device, a graphene layer w

as incorporated in a photonic crystal- 
based high-Q

 resonant device (Fig.2), w
hich w

as prepared by reactive ion etching from
 high resistive 

silicon. The device properties at 100 G
H

z w
ere studied by sim

ulation and S-param
eter m

easurem
ents w

ere 
perform

ed by a m
illim

eter-w
ave vector netw

ork analyzer.  
 Based on these results, concepts for integrated sensor and com

m
unication devices at m

illim
etre w

ave 
frequencies w

ill be discussed. D
ue to the shortcom

ings of sem
iconductor technology for this frequency 

range, state-of-art CV
D

 graphene has a realistic application potential, w
hich range from

 G
bit/s W

IFI 
tow

ards biosensors.   
 [1] W

. J. O
tter et al. subm

itted to IEEE M
TT 

                        Fig.1 : D
ielectric resonator for graphene sheet resistance characterization at X

-band  frequencies  
   

 
  Fig.2: 100 G

H
z high Q

 photonic crystal resonator m
ade from

 high resistive silicon (from
 [1]) 
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