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Improved understanding of graphene device characteristics is needed for the 
development of nanoelectronics.1 Inherent scattering and impurities in graphene/SiO2 
devices causes the majority of characterization to be carried out in the diffusive transport 
regime. Better-quality characterization can now take place because there has been 
advancement in fabricated graphene/hexagonal boron nitride (h-BN) devices. Hexagonal 
boron nitride has an atomically smooth surface with no dangling bonds and a small lattice 
mismatch with graphene, making it a promising substrate for graphene-based 
nanoelectronics.1 Quasi-ballistic and ballistic transport regimes can now be explored, and 
this project focuses specifically on the conductance fluctuations that take place in 
fabricated h-BN/graphene/h-BN devices in the quasi-ballistic regime. Conductance 
fluctuations can be used to evaluate device quality because they have distinct 
characteristics that can be used to infer information about the transport properties of their 
respective samples.2 While prior work has investigated the nature of the conductance 
fluctuations in disordered graphene, exfoliated on SiO2 substrates,3 there have been no 
systematic reports of this phenomenon in higher-quality graphene isolated on BN.  We 
have fabricated such devices and have studied their conductance fluctuations by applying 
a magnetic field perpendicular to the device. Conductance fluctuations generated by 
varying both magnetic field and gate voltage are investigated at low temperatures (≥0.3 
K). In our presentation we discuss the differences exhibited by the quantum fluctuations 
in these samples, and those exhibited3 by lower-quality graphene. Our efforts contribute 
to the need for increased knowledge about graphene’s unique transport properties and the 
invention of new nanodevices. 

1 C.R. Dean, et. al., Nature Nanotech. 5, 722 (2010). 

2 D. F. Holcomb, Am. J. Phys. 67, 278 (1999). 

3 G. Bohra, et al., Applied Physics Letters 101, 093110 (2012). 

 



•  C.R.	  Dean,	  et.	  al.,	  Nature	  Nanotech.	  5,	  722	  (2010).	  
	  
•  D.	  F.	  Holcomb,	  Am.	  J.	  Phys.	  67,	  278	  (1999).	  
	  
•  	  G.	  Bohra,	  et	  al.,	  Applied	  Physics	  LeIers	  101,	  093110	  

(2012).	  
	  

Background	  

Experimental	  Method	  

MagnePc	  Field	  Sweep	  

Gate	  Voltage	  Sweep	  

Temperature	  Dependence	  

Conclusions	  

References	  

Acknowledgements	  

Conductance	  Fluctua3ons	  in	  Fabricated	  h-‐BN/graphene/h-‐BN	  Devices	  at	  	  
Low	  Temperatures	  

Katherine	  Kolar,1,2	  Masaki	  Mineharu,3	  Yuichi	  Ochiai,3	  Jonathan	  P.	  Bird4	  and	  Nobuyuki	  Aoki3	  	  

	  1Department	  of	  Science	  and	  Technology,	  Central	  Michigan	  University,	  Mount	  Pleasant,	  Michigan,	  U.S.A.,	  2NanoJapan:	  InternaEonal	  Research	  Experience	  for	  Undergraduates	  Program,	  Rice	  University,	  Houston,	  Texas,	  U.S.A.	  	  
3Graduate	  School	  of	  Advanced	  IntegraEon	  Science,	  Chiba	  University,	  Chiba,	  Japan	  4Department	  of	  Electrical	  Engineering,	  University	  at	  Buffalo,	  Buffalo,	  New	  York,	  U.S.A.	  

	  

Contact:	  
Katherine	  Kolar	  

kolar1km@cmich.edu	  

h-‐BN/graphene/h-‐BN	  
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100X	  Op3cal	  Zoom	  

•  Sample	  cooled	  in	  3He	  Cryostat	  
•  MagnePc	  field	  and	  gate	  voltage	  are	  varied	  
•  Sample	  conductance	  and	  resistance	  are	  

probed	  
•  Data	  collected	  and	  analyzed	  
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•  Graphene	  has	  extremely	  useful	  proper3es	  such	  has	  high	  
conductance	  

•  Preserva3on	  of	  graphene’s	  proper3es	  is	  increasingly	  
important	  in	  nanotechnology	  to	  improve	  applica3ons	  
(see	  leP	  for	  examples)	  

Surface	  height	  
distribuPon	  of	  
graphene-‐on-‐SiO2	  and	  
graphene-‐on-‐	  h-‐BN	  
measured	  using	  AFM	  

SiO2	  h-‐BN	  

STM	  topographic	  
images	  of	  graphene-‐
on-‐SiO2	  &	  graphene-‐

on-‐h-‐BN	  

•  Graphene	  devices	  have	  been	  tradi3onally	  fabricated	  
using	  SiO2	  

•  Higher	  quality	  devices	  can	  now	  be	  fabricated	  using	  h-‐BN	  
-‐	  a	  substrate	  with	  an	  atomically	  smooth	  surface	  

	  
•  Research	  has	  studied	  a	  phenomenon	  called	  conductance	  

fluctua3ons	  (CF)	  in	  disordered	  graphene	  on	  SiO2	  
•  CF	  can	  now	  be	  studied	  in	  higher	  quality	  graphene	  

devices	  	  at	  low	  temperatures	  (≥0.3K)	  
•  A	  no3ceable	  trend	  in	  this	  project	  will	  be	  the	  Quantum	  

Hall	  Effect	  (QHE)	  
•  Quantum	  Hall	  Effect	  –	  Two	  dimensional	  phenomena	  in	  

which	  the	  Hall	  resistance,	  Rxy,	  	  measured	  with	  varying	  
magne3c	  field	  or	  carrier	  density	  values,	  is	  found	  to	  have	  
quan3zed	  levels	  in	  the	  form	  of	  oscilla3ons	  or	  plateaus	  

•  Studying	  CF	  improves	  knowledge	  of	  proper3es	  of	  
graphene	  nanodevics	  and	  can	  be	  used	  for	  device	  quality	  
comparisons	  
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Significance	  

Inves3gate	  conductance	  fluctua3ons	  generated	  by	  varying	  both	  magne3c	  field	  
and	  gate	  voltage	  at	  low	  temperatures	  in	  improved	  graphene	  devices	  

•  Graphs	  showing	  such	  robust	  CF	  are	  a	  great	  result	  
•  CF	  are	  a	  real	  effect	  in	  graphene	  nanodevices	  
•  Carrier	  density	  dependent	  CF	  are	  less	  affected	  by	  

temperature	  than	  magnePc	  field	  dependent	  CF	  
•  CF	  are	  stronger	  at	  low	  temperatures	  (0.3-‐40K)	  and	  

low	  mobility	  regions	  
Overall	  Observa3on:	  Conductance	  fluctua3ons	  become	  less	  pronounced	  as	  	  sample	  temperature	  is	  increased	  and	  are	  

barely	  detectable	  at	  and	  above	  20	  K	  	  

ObservaPon:	  Conductance	  fluctuaPons	  stay	  more	  pronounced	  as	  sample	  temperature	  is	  increased	  and	  are	  sPll	  
detectable	  at	  20	  K	  	  

ObservaPon:	  Conductance	  fluctuaPons	  are	  easier	  to	  detect	  at	  low	  carrier	  densiPes	  and	  low	  magnePc	  
field	  strengths	  

•  Variable	  dependent	  CF	  amplitudes	  means	  graphene	  
exhibits	  different	  properPes	  than	  other	  
semiconductors	  which	  have	  been	  found	  to	  be	  ergodic	  

•  Conductance	  fluctuaPons	  do	  exist	  in	  preserved	  
graphene	  devices	  	  

•  Confirm	  CF	  in	  other	  samples	  through	  more	  tesPng	  
•  Improve	  graphene	  devices	  by	  altering	  fabricaPon	  

methods	  and	  studying	  effect	  on	  CF	  
10.1038/NNANO.2010.172	  	  
	  

Overall	  Observa3ons:	  
•  Large	  fluctua3ons	  are	  directly	  found	  in	  experimental	  data	  –	  before	  the	  subtrac3on	  of	  background	  
•  Low	  temperature	  fluctua3on	  amplitudes	  are	  GREATER	  than	  2e2/h	  
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