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A graphene-based broadband optical modulator

Ming Liu'*, Xiaobo Yin'*, Erick Ulin-Avila', Baisong Geng? Thomas Zentgraf', Long Ju?, Feng Wang®? & Xiang Zhang'?

Integrated optical modulators with high modulation speed, small
footprint and large optical bandwidth are poised to be the enabling
devices for on-chip optical interconnects"?, Semiconductor modu-
lators have therefore been heavily researched over the past few
years. However, the device footprint of silicon-based modulators
is of the order of millimetres, owing to its weak electro-optical
properties’. Germanium and compound semiconductors, on the
other hand, face the major challenge of integration with existing
silicon electronics and photonics platforms*®. Integrating silicon

those exhibiting the quantum-well with quantum-confined Stark effect
(QCSE)%, a monolayer of graphene possesses a much stronger inter-
band optical transition, which finds applications in novel optoelectro-
nic devices such as photodetectors'®'”. (2) Broadband operation. As
the high frequency dynamic conductivity for Dirac fermions is con-
stant, the optical absorption of graphene is independent of wavelength,
covering all telecommunications bandwidth and also the mid- and far-
infrared'®". (3) High-speed operation. With a carrier mobility exceed-

ing 200,000cm® V™~ 's™" at room temperature®?' (this is among the

Author Contributions M.L. and X.Z. contributed to the experimental ideas. M.L
fabricated device samples. M.L. and XY. carried out measurements, analysed the
experimental data and prepared the manuscript. B.G,, LJ. and FW. prepared graphene
film. All authors contributed to discussions and manuscript revision.
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Code of Conduct for Scientific Research

at the University of Tokyo

Overview

Scientific research is indispensable for the well-being of
people and the development of society. As such,
scientific research findings need to be disclosed widely
and subject to rigorous peer review and criticism by
fellow researchers. Only then do such findings deserve
to be preserved and utilized as a common asset for
humanity. Under this principle, those who are engaged
in scientific research activity bear the responsibility to
contribute to society and, in turn, such a sense of
mission becomes their source of pride. Thus it is only
natural that researchers and students, as members of
the scientific community, strive to ensure transparency
and accountability in their research activities and to
maintain the highest ethical standards.

Misconduct such as fabrication or plagiarism in scientific
research runs counter to the basic code of conduct
expected of professional researchers. Moreover, it may
significantly erode the trust society places in the
University of Tokyo as a locus of research activity, and
consequently hinder scientific progress. Such unethical
acts deny the very nature of scientific research and
threaten to undermine its foundations, and represent a
grave breach of trust towards all humanity.

Therefore, as a matter of course, researchers should
refrain from committing fabrication, falsification and
plagiarism, and make their scientific grounds
transparent, allowing for evaluation and criticism by the
scientific community and society at large. Those who are
engaged in scientific research activities, be it
test-operators, observers, co-researchers or the head a
research group, must take concrete steps to fulfill their
accountability.

In view of the appropriate use of research funds given to
the University, the responsible action of those engaged
in scientific research is vital. Researchers must hold
themselves accountable to the great number of people
who directly or indirectly support the University’s
research activities. By doing so, they ensure the
objectivity and demonstrability of their research findings.
This is a fundamental prerequisite for research activity,
and without it, freedom of research is unsustainable.
Only by meeting these responsibilities can researchers
qualify to conduct research at the University of Tokyo.
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Code of Conduct for Scientific Research
at the University of Tokyo

The University of Tokyo's code of conduct for scientific
research (the Code of Conduct) defines the following
three acts as misconduct in scientific research.

Fabrication -
fabricating data or findings

Falsification i
altering data or flndmgs so that it contams false
information

Plaglaniam o oo cnsonmsiapasns
taking someone else s |dea or data and using it as
your own without consent or proper citation

Together, these acts are called “FFP.” The University
has a system in place to thoroughly investigate and
judge matters related to FFP.

Moreover, the Code of Conduct calls on researchers to
be accountable for their research. Thus, you cannot
fulfill your responsibilities cgncerning accountability as
a professional researchgfif you publish a paper and
research findings without confirming reproducibility of
the findings or without properly preserving raw data or
experimental notes.

The Code of Conduct also encourages you to uphold
high ethical standards as a member of the scientific
community. Therefore, you must not engage in
improper behavior such as detailed below.

Citing authors inappropriately - s
Including among authors people who have
contributed little to your paper or excluding those
who have made a significant contribution

Falsifying your record
Falsifying your record of achlevements in
application forms or reports

Submitting to multiple publications -
Submitting practically the same paper to several
academic journals and publications against rules
and regulations

2N E - MAEDFIETATY -

The following acts are deemed
misconduct in scientific research.

BAOEREFMRT 570 FRORRERE
fEH L GRXICIBR U,

Creating an altered image of an experiment to
support your claims and using it in your paper.

AR DERICEDEVWRRT — 2 ERVTIZ
TEERL RA2—FRU.

Creating a chart excluding test data inconsistent
with your hypothesis, and presenting the results in
a poster presentation.

HEEORBN I—T 1> T TRRLTVET
1FT7% . B507(77ELTORAERLL,

Presenting an idea originally set out by a colleague
at a meeting as your own in an oral presentation.

1> 8—%y NCROUY M ADEE TNV
HUTESOLR—rELTHREU,

Creating a paper by cutting and pasting someone
else’ s essay found on the Internet and submitting it
as your own.

BADBIECHUIERICOVWT. ZHEEE DL
EDBEEBLEETCESDERELTRERLL,

Modifying part of someone else’ s paper, for
example changing the subjects of sentences, and
presenting the argument as your own.

RRRS I BAXROTHENEFER LAY,
STEEOFHEETOT. ZNEEME L.

Finding a citation left out of your published paper
but leaving it uncorrected.

BEERRTRREBIC OV TES ISV EE I,
RERAFFR—LN—T QRO [BERRTHRED—F—|
(http://www.adm.u-tokyo.ac.jp/res/res4/kihan/) £ ZBETF &L,

Please visit the “Code of Conduct for Scientific Research” on

the University of Tokyo homepage for further details
(http://www.adm.u-tokyo.ac.jp/res/res4/kihan/).
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