Chapter Three:
The Unprecedent Nature of Terahertz-Waves
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Previously in the series

Koji Ota, a senior at university, takes
on a graphene production entrance
test to get into a cutting-edge scienc
lab, but fails to get the results he 1
needed with exfoliation.

He returns to Kasuga University,
confident that the CVD method,
which produces large-sea graphene,
would allow even him—in all his
clumsiness—to pass the test.

Again, however, he finds himself
schooled in the meticulous expertise
that goes into graphene production.

Having finally produced some
graphene, he finds himself again
at a loss, this time due to his inability
to transfer the graphene to a
substrate.

this might
happen, so
I've gone
ahead and
prepared a




And let's
look at it
with the
microscope.
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S0 big.
Do we really
have to use the
microscope
this time?

easy I thought

- _m

)

CVD wouldbe... ||

how
difficult
the CVD
method
is too.

But I'm
1 thinking
maybe now,

N\
I need\b‘rl /

_getviton the
s,ilicon substrate




ake a look
at the

Oh...
well how
that you

There are
lots of tears,
and those
shiny dots
are polymer
residue.

So
the key moving The.areas with Ifs N
forward is gonna be wrinkles and a good
making large sheets d's‘fon*'"g'fy T:\Z'r'"‘gs
of high-quality e nothing
graphene as ”Ty N\ there.
efficiently as as well.
possible. /
Just the

brand new,

In i
ok ,‘:g;j:ngr-ds, Look through shmy
of quality thay o @ level a microscope
uality that , P
md:sfmglgishac:;:: be and the quality gr‘aphene.

Without q

Microscope. . is obvious




This is
proof that
it's a nice

2D band

o NiCel
1t looks
9ood

and even

single-layer | . . ‘ - , :

sheet of 4o 1600 1800 2000 2200 2400 2600 2800
graphene. Raman Shift (cm™)

—~

If the graphene
had a lot of defects,
there would be

2000

\ peaks in this area |

as well.

Q},\ 1600 1800
Daman Chif
i T -

I thought

—
How's !
it going?

it'd be

What do
you want to
do with this
graphene,
Koji?
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Raman

scattered light I+'s called Raman

The scattered ﬁ spectroscopy.
light reflects ‘

the structure N You point
of the sampleﬁ - a laser at
and contains  ©riginal light Original light 4, sample
light of different A and see
wavelengths how the light
than the original light. Raman scatters.
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changes.




| chnology that

was infroduced then was
perovskite solar. cells. . Gﬂr,‘ﬁ!li":@ dapol
' v ' Jjoint-research with .
. - dé‘vel
are made primarily, of AL\,
'a chemical compound o
called perovskite. ‘ R

7 bt www.metro‘.t$kyo.)g»iD/tesei/govemor/govér ishakaiken/2022/12/02 htmi

vy But graphene, A lot of the attention

\ 7/ . .

\O —  which conducts ~ Q _ F'thlzz\;vr;sdc;r;

- sunlight and - - .
\

8 ¥ 4
v vy« electricitywelland L

.\ Generally, the

A A} A} \ . . ) b A o

v L4 N L isvery flexible, 5NN %A extraction of
A T T A7 W W Y N
v % % % A canalso be used SRR electrons is
e for this, Lg% g % gone through

graphene Anode metal or

; glass
perovskite | G (G anodes|

Hole Transport Layer Hole Transport Layer

Cathode Cathode

-t which is why

LaghtV ?\\,%e‘. there's
Y\ how a race fo
develop more
fficient and
ightweight

There's a
research
lab nearby
that's right
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Uh...
Well, what are
the topics that
are getting the
most attention
right now?

Graphene is a
cutting-edge material
that might end up
being a game changer
in the race for
technological
development.
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compliments, reckless?
are they? You've

A daredevil?
Impressive, [
whatever

Probably
thinks of me
like a cat
running out
onto the

Hertz as in the
frequency of vibrations, right?
And tera is 10 to the twelfth
/\  power, the one bigger
than giga?
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What's Terahertz-waves ? Yes.
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radio Terahertz infrared  visible * ultraviolet X In Ter‘ms of
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| frequency,
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they would come

between radio
waves and

mfr'ar'ed rays.

What's
it gonna
be used
for?
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explanation of

device to
his student
here?
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o You'd
*  think so.
But with

X-rays

_5 you're
exposing

The properties
of terahertz-waves
mean that they
reflect off the metal

of something like
a weapon.
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K. Li, et al. Advanced Photonics
Research 2021, 2, 2000095

Other areas
where the
terahertz-waves
penetrated (Black) a paper clip

Fluoroscopic
image
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It'll show

inside of an
envelope like
this, for
instance.

whoa.,

And if your bag
gets flagged
in the X-ray,
they'll open
it up and look
carefully &
through
_the:contents.

If they could X"
detect hazardous"’m
items more clearl
they'd be
relieved of
that time
and e.fforf.

a.really,
long time.

Isn't the
Can't you security
already check at
see the waves
everything airport an can
with that solve
anyway? this

problem.




We've found

2THz 1T EJx 1THz  that if you
absorbed . only those \ shine

of a frequency \\' terchertz-

waves of

specific to that

molecule are N ,{// : various
absorbed. o o jrequencies

onto a
Let’s say, for instance,
that you shine 1, 2, 3, and 4 THz mOIeCUIC...
onto the molecule.

This molecule
only absorbs 1 THz,

Yup, that's
exactly right.

You can tell what
the molecule is
from the frequencies

\Qbso rbs.
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that illegal drugs
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and that electromagnetic
explosives waves of 1 THz,
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electromagnetic
waves of 2 THz.
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In 9‘r/hell' words,
terahertz-waves have
‘r/h/e penle‘rr'a'rion

of X-rays,

and gives a clear view
of what's inside and
are also harmless.
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The goal is to
velop a sensor

’\((, w, sthat can target

a wide area

with no contact.

NG
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Carbon nanotube
network

AV/= (Seent—Sn-cnm) ASTE

Graphene
sheetit

K. Li, et al. Science Advances 2022, 8, eabm4349

Mechanism So we've turned
Light irradiation our attention to

N \Dh nanocarbon material

1S, oto-induced heating

-y} . S which reacts
%V; o very well to light,

 heat, and electricity,
as the material for

this sensor.

*Nanocarbon material
Nanoscale carbon materials
such as carbon nanotubes
and graphene.

H ra Polyimide i
Solution e i

Liquid
nanocarbon
material

Release i
~ ) Film printed with
nanocarbon material

D. Suzuki, K. Li, et al. Advanced Functional Materials 2021, 31, 2008931

Membrane
filter

Nanocarbon
material
is easy to
work with,

printed”
and
arranged
in sheets.
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If you shine
2%s :

b terahertz-
Ny . waves
272, " S onto an area
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. are a lot of
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And you can
7/ figure out that
~—there are illegal
ugs hidden here.
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It's predicted that

the social infrastructure

that was developed intensively
during Japan's period of
~rapid economic growth...

., will all deteriorate
elnext;
| e

Driving a vehicle Take,
equipped with < for eTxample,
these sensors (Y f:;llpne Cefrr;:;e
through the tunnel > :

ot e wodld b ‘FC'. for tunnels.

just once would be
enough to inspect Cracks
the entirety of,

the tunnel: Tl .
Terahertz-waves R VO
e If this
Inspections . — - f L]r\‘/:!;ir;{e

without blind
spots are
really hard.

or more
limited sensor,

‘\( - you'd have to
, ' \ change the

direction of

the sensor

Ihc;'r :/0;! = i as you moved
ruly tedious, along.

and would take

a lot of time.
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Thex
strength of

our sensor
is that it's
flexible.

It can be arranged
like this in sheets,

and transformed
into any shape.

Enlarged view
of sensor

Because of this;
it can also be
wrapped around
a thin wire,
which would allow
for a 360-degree
inspection with
no blind spots

e For instance,
Scratch/contamination gas pipes.

¢ ) Allyoud need to do
is to get the sensor
inside and move
it-around to inspect
for scratches or

/Any abnormalities
would absorb the
terahertz-waves,
and this would be
detectable

in all directions.

serious
S\ contamination.
Can also detect Direction of
this scratch pvement 19




There are some
terahertz-wave sensors
that need to be cooled
to have this property...

Being able
to conduct
these
inspections
without having

... would be truly
wonderful for
modern society.

. to stop
= ... but it's of course electricity,
= Sensor < better to be able to use it disrupt

T — at temperatures you would logistics, or
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But the key here
is that it retains
this property
even in room
temperature.

Success in High-Speed, High-Sensitivity Terahertz
Detection Using a Graphene Transistor:

A Bright Light of Hope Towards the Realization
of Next-Generation 6G and 7G Ultra-High-Speed
Wireless Communication

Ll S fsaa

https://www.tohoku.ac. i i 15_02web_th,pdf /22




The use of
terahertz-waves,

frequency than
radio waves...

would allow us to
advance our
telecommunication
standards into the
ultra-high-speed,
high-capacity realm
of 66 and 76.

which have a higher _

You've
\ heard of the
\telecommunication
technology 56,
right?

It's been
getting a lot
of attention
recently.

£\

fee\s
E\Jﬂ\

e\ red:

But even then,

oscillators and detectors

g i ) a0 .
% & we're still just developin
ey %ﬁ,“ ! e

cy that can handle these
Wy terahertz-waves.

oscillator

B35 :
N7
o

detectors

telecommunication
e
'technology:all around

ed wireless technology,
o develop technologies
haring of our senses,
automated driving,
and remote support of
robotic surgeries.

You might be an undergrad
student, but you've gotta /
keep this a secret. //

nothing
k to worry

And so...
we too are taking
advantage of
the exceptional
properties of
nanocarbon
material..

... To compete
in the development
of a device that
can handle these
terahertz-waves.

I heard from
Professor
Chikushi
earlier.

In terms of
what's not
writtenon |/

“"I poster..,
I /

finished |
explaining
it to him,

and...




It'd
do you
good to
visit the
Komatsu
Research
Lab.

of

Ando . .
would intercalation
have a is also
great areally
interesting
subject,

course
Professor

Makes
sense,

Ando Research Lab.

by

oy

 Kunoshiro-san..

Let’s have
him work
with us

You 3

wanna
take the
| graphene

Yeslll T've \
gotten it
Now they'll
have to
let me in
that lab!

Right, Koji,
you're going to

| the intercalation
—\research lab next,
aren't you?

\o
Professor
Komatsu's |/
research lab}
at Tiyama |

There

Supervised ; Group AO1  Hiroki Ago, Professor,
Global Innovation Center, Kyushu University,

Group A05  Yukio Kawano, Professor & Kou Li, Assistant
Professor, Faculty of Science and Engineering, Chuo University,
For more information https://25d-materials.jp

©BATADTZ Hideko Monden
SeniorlLecturer, Kanagawa Institute of
Technology, Science communicator

Are you

serious?

=

was a
message for
you from
Professor
Ando.




