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Graphene: A brief review
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1/f noise: probing carrier properties
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* Measured by recording the normalized | :
power spectral density (PSD) of voltage or < ]
current across the DUT :f‘ 10™ 1
g -13 1
* Noise in a semiconducting medium: - " (b)
— Mobility fluctuation (Hooge’s model) 10™ 10 100 1000

— Carrier number fluctuation Frequency (Hz)
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* Xu et al., used Hooge’s model to explain
the M type behavior with changing size of
puddles.
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Device fabrication

Graphene

Viscoelastic stamping method was used to create the An SLG encapsulated HFET
VDW heterostructure.

RIE and EBL techniques used to fabricate encapsulated-
edge contacted graphene devices (HFETSs) .
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Cryogenic transport measurements
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Conductivity

e Conductivity:
" Resul egion () = {¢222)
Residual reglon.a(l{g) {C P
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* Diffusive region: o(T) = h2h
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McWhorter model for puddles

* Hooge’s model: homogenous system, mobility fluctuation
* Presence of electron-hole puddles make the system inhomogenous
Mcwhorter’s model: Carrier number fluctuation

S _ g
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Sy fb < | | Flat band voltage spectral density

Frequency normalized

n= SVfbxf <

* Flat band voltage fluctuation represents the charge fluctuation between the channel and
underlying traps in dielectric.
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Normalized flat band noise
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Pinning and depinning of Puddles

Slopepg " BLG/Z + A/z

For SLG:

Puddles are pinned at lower temperature
Puddles are unpinned at higher
temperature.

For BLG:

10°
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Increase in n* makes the channel more
puddle like (more Type-l).

Increased activation energy to escape
from puddle to percolation region
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Summary

Noise in graphene channel near CNP can be explained by
McWhoter’s model with fluctuations in flat band voltage.

Noise in graphene channel away from CNP is explained by
mobility fluctuation.

Puddles are pinned at lower temperature and depinned at
higher temperature for SLG.

Higher n* value for BLG at CNP makes puddles harder to
depin with increasing temperature.

KANSAS STATE

UNIVERSITY




Acknowledgements

« Center for Integrated Nanotechnologies, U.S. Department of Energy (DOE) Office of Science,
Sandia National Laboratories (National Technology and Engineering Solutions of Sandia,
LLC., a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of
Energy’s National Nuclear Security Administration) contract # DE-NA0003525.

« U.S. National Science Foundation (NSF), grant no. NSF CBET # 1935676.

+ Research Council of Norway (project # 250555 and 280788). The Research Council of
Norway is also acknowledged for the support to the Norwegian Micro- and Nano-Fabrication
Facility, NorFab, project # 245963/F50 and for support to the NORTEM infrastructure, grant #
197405, TEM Gemini Center, NTNU, Norway.

» Elemental Strategy Initiative conducted by the MEXT, Japan, grant # JPMXP0112101001,
JSPS KAKENHI grant number JP20H00354, and the CREST(JPMJCR15F3), JST.

» Kansas State University, IMSE Department and College of Engineering.

)
Sandia )
ool . (@ SINTEF
Laboratories /a
A~
) ENERGY KANSAS STATE

UNIVERSITY

Office of Science



Thank You for your attention! Questions?



Additional Figures
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Additional Figures
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