Chapter Three:
The Unprecedent Nature of Terahertz-Waves

But normally we'd do
a proper coating
on the completed

graphene,

and melt the
copper substrate
with etchant.

silicon substrate

We used a basic
recipe this time,
which is why you'd
have to scoop

it up with the

n a spatula.

Could've
told me
that
sooner

While
you
were
fighting R
for

your life This is
out here, the last one
I coated

the last

\ ohe.

have to worry dbout the
ubstrate moving around. 2

We'd
scoop it
up with
these
special
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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
N happen, so
W I've gone

Y chead and
prepared a




And let's
look at it
with the

microscope.

Do we really
have to use the
microscope
this time?

~

Phew...

yeah,
100%.

,/She’s definitel
A sussed out how

easy I thought

N
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how

| I'dsay |f(difficult

the CVD
method
is too.

But I'm
thinking
maybe now,

I need\‘\'ro
__getviton the
s,ilicon substrate
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- Now

take a look

at the
graphene

you weren't |
able to

Oh..

well now
that you

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

So
the key moving

forward is gonna be
making large sheets
of high-quality
graphene as
efficiently as
possible.

The areas with
wrinkles and
discontinuity
won't conduct

electricity
as well.

It's \|
a good
thing
there's
nothing
t

Just the
brand new,

Look through
a microscope

|  shiny
gr‘aphene}

and the quality
is obvious




This is

proof that
it's a nice
and even
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/ If the graphene
had a lot of defects,
there would be

1800

2000

S T——— as well.

peaks in this area |

! ‘, .
|
"

i

it going?
I thought

What do
you want to
do with this
graphene,

is what
comes
after

this

Raman

ttered light -y,
scatrered 19T 14'¢ called Raman

The scattered spectroscopy.
light reflects ‘ 'ﬁ

the structure = You point
of the sample,,ﬁ TR a laser at
and contains  Original light Original light 4. sample
light of different ﬂ and see
wavelengths how the light
than the original light. Raman scatters.

scattered light

If the
graphene |
| |is even, the |\
|| graph will

| graphene
is one layer,

't haﬁ WO | it shows up
orthree | - ike this.
layers,

the shape




The. 1€chnglogy thatsr
was introduced then was
perovskite solar cells.

announced a policy for
;JOII’IT research with.

These sola cel Is
4 evelopment companies

are made pr'lmar'rly\ of

'a chemical compound.- expang l'rhe o Of
called perovskite. PeeyCDClenergy. =
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A lot of the attention

\
@ which oo Wit ey iaon
,—O - ’ O - electrodes.
, ~  sunlight and
v\ oo electricitywelland W7\ L\ Generally, the
Y A8 Y isvery flexible, A% A\ extraction of
4%y 4 canalso be used VAN Y electronsis
(T for this, Sy v % done through
graphene Anode \ hAnodq \ metal or
499949 39 glass
perovskite perovskite 5 anodes|
Hole Transport Layer Hole Transport Layer
Cathode Cathode

ot which is why

“"e‘g’h there's
now a race fo
develop more
ient_ and

There's a
research
lab nearby
that's right
in the middle of
this sort of-

dlffe;'un? from 1he solar

panels we've seen thus far

developmént race. 10

Damn, %
‘[ I haven't

thought
about

I JUS'I' thought |
I'd be able to stay% in The lab
if I made as| big a%Thmg of

graphene as| poss le.

p"a}’fng

Well, what are
the topics that
are getting the
$4 most attention

right now?

Grapheneisa '\
cutting-edge material
that might endup |
being a game changer
in the race for
technological
development.




N
T-Those
aren't
ompliments,

Probably
thinks of me
like a cat
running out
onto the

Jjust
reckless?

A daredevil

5| Impressive,
whatever
N itis.

ThenI'm

~| but would you
mind giving an
\ explanation of
x| the terahertz

 \this student

/Oh,where's
| Professor

Koishikawa?
1

Hertz as in the
frequency of vibrations, right?
And tera is 10 to the twelfth
power, the one bigger

poster |
in the

hallway

-. to stidy
) Qr‘aphene

radiation.

D\ infrared rays.
»

In terms of
frequency,
they would come
between radio
waves and

12

M| 'He's |
g—/\“he.r'e. todgy

the Ando
Research
Lab?




o You'd
' think so.

But with
X-rays
you're
exposing
yourself to

: é’hnn&ac\?.ssary

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

of something like
a weapon.

Areas where
the teraherts-waves
were reflected
(White)

Paper cli
inside envelope

K. Li, et al. Advanced Photonics
Research 2021, 2, 2000095

Other areas
where the "
terahertz-waves / LTl Sho“f
penetrated (Black) a paper clip

inside of an

o envelope like
= g this, for
150 .
I 8 instance.
=
e 2 4 8 B 10
X (mm}
Fluoroscopic Whoa, y
image 50 clear™

And if your bag
gets flagged < \
in the X-ray,
they'll open a'. , %8
it up and look
carefully £

through '
Ethe:contents. ( LR

If they could “'yn A"
detect hazardous"’\h
items more clearly,

- v

a.really,

they'd be / long time.
relieved of o
that time w
and effort. & Q
(g
lﬁnb:b- (\,\ ..... )
\ _[Intthe \| (4
Can't you \ ’ security
ey check ot Y, \\ Terahertz-
see the B waves
everything airport an - can
with that solve
anyway? this
problem.




/
In ofhel' words,

We've found

: / [
. #=. terahertz-waves have
1TH -
oM ved 7P, "™z that if you %%, the penetration
/o M ly th \ shine "% 2z / 1
... only Those ' \\ tenabont % of X-rays,
of a frequency \ erahertz- & and gives a clear view
specific to that ¢ {_ waves of i of what's inside and
moleculeare . -// VoL are also harmless.
D R /. frequencies
absorbed. D e

Let’s say, for instance, I I
that you shine 1, 2, 3, and 4 THz molecule...

onto the molecule.

krjj\’(gs._and other

weapons are

the only things

- they check™
for atairports.

Yup, that's
exactly right.

You can tell what
the molecule is
from the frequencies

@sarbs.
Intensity of Intensity of Le‘l”S Sﬂy,
b i g for instance,

that illegal drugs

absorb And it turns out, ou®

“ and that ” electromagnetic the frequency of ~ ®%. 'r
| explosives waves of 1 THz. these vibrations
~2miz - absorb 1THz is just about the

electromagnetic same as _
waves of 2 THz. terahertz-waves.

Molecular

vibrations can1
. be used to

check for

_ ‘ . these.

k-
radio Terahertz inlrared Tjsiblé; ultraviolet X
waves waves rays ight © " rays rays
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s The goal is to If you shine
2 develop a sensor terahertz-
e W, sfhat can target . waves
2 Wy *#  awide area 5§  ontoanarea
* with no contact. Ve where there

& are a lot of

g:ffs"af:o different

" materials...

Carbon nanotube
network

Mechanism So we've turned

' Light irradiation our attention to
networks S \:c-[-:---nu.,:e-: nee‘.::‘!}anocur‘bon ma‘ter‘ia,:ﬁ
e/ which reacts

W < %7 p— very well to light,
heat, and electricity,
as the material for

Graphene NV e e\ this sensor.
sheet e

~—— ] ..._‘-‘ :
“There’are places
' wﬁ‘e,r;gfhe. waves

? Jare dbsorbed,
and where it isn't.

CNT'?>

SWCNT.

# Nanocarbon material
Nanoscale carbon materials
such as carbon nanotubes

K. Li. etal. 2022, B, and graphene.

CNT
Solution

Nanocarbon
material

is easy to
work with,

- And you can
ﬁgur'e out that

= .
—there are illegal
—drugs hidden here.

“printed”

and
arranged
in sheets.

D. Suzuki, K. Li, et al. Ad
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b byt S _ It's predicted that
O2ressarch/02OIENERIN the social infrastructure
" that was developed intensively
o during Japan's period of

rapid economic growth...

will all deteriorates

Take,

Driving a vehicle
equipped with v for example,
these sensors pet® maintenance

inspections

through the tunnel q-c for tunnels.

Jjust once would be

enough to inspect Cracks P e

the entirety of, @& _

the Tunnel.? >
Terahertz-waves  mwmm RO

e If this were

a rigid,
. % or more

S limited sensor,
;l[ AW e I 5 you'd have to
Z ’ change the

Inspections
without blind
spofsare

really hard,

direction of

the sensor

;I‘ hci‘r ?rvo;! dbe as you moved
ruly tedious, alonig,

and would take
a lot of time.

It can be arranged
like this in sheets,

and transformed
into any shape.

The\
strength of

/| our sensor
is that it's
flexible.

wigagle P -3

i, C)

cRWISSE
Icango

anywherel

Because of this;
it can also be
wrapped around
a thin wire,
which would allow
for a 360-degree
inspection with

A 20

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

in all directions.

Can also detect

this scratch

For instance,
Scratch/contamination gas pipes.
All you'd need to do
is to get the sensor
inside and move

serious
S\ contamination,
Direction of
fovement 19




Heavy! Gets in the way!

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

' .. but it's of course
Sensor < better to be able to use it
at temperatures you would
find in everyday life.
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Thp'rs why Tianocarbon material

Realizing Zero-Bias Operation of a Gmphene
Photodetector at 220 GHz and Elucidaring
the Optical- mﬂlectrlcal Convcrslun Process:

of
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s ge‘r'rmg all this attention

==right now as a material
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Being able \

to conduct
these

inspections

without having
to stop

electricity,
disrupt

| logistics, or

disassemble

- anyThingy

... would be truly
wonderful for
modern society.

We don't just ( o
make the graphene %{
and then we're done’, /| /
flr— ; “d |
by \

’F%N'\‘(v_\

M|

reserved
but he's actually
really passionate
about this,

——
-

T just told you that
nanocarbon material
can move electrons
and electron holes
at high speeds, and
absorbs a fon of ||gh1‘

But the key here
is that it retains
this property
even in room
temperature.




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 6G and 76.

which have a higher _

You've

\ heard of the
\telecommunication
{ technology 56,
right?

It's been
getting a lot
of attention
n y riecen'rly.

=

- __
2?::::\;\\5 e 6'1.._

But even then,

we're still just developing
oscillators and detectors
that can handle these
terahertz-waves.

detectors

jireless technology,
develop technologies
haring of our senses,

automated driving,
and remote support of
robotic surgeries.

o Oh,and it's trade  \oy,
secrets from here on out.
You might be an undergrad
student, but youve gotta /
keep this a secret. /;

. /] nothing
7 (| To worry

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.

J
finished
explaining|
it fo him, ;

and...

In terms of
what's not

impromptu
poster
session?




of
course
Professor
Ando

It'd
do you
good to

visit the

) sense,
il intercalation

would

R graphene

Komatsu feotis o -3 | you made
Bacedrch areally _.
Lab. interesting

gotten it!
Now they'll
have to

let me in
that lab!

Kunoshiro-san..

Right, Koji,

Professor Y

; _ L(ft’s have i3 Komatsu's you’re going to
e ] hmf work the intercalation
| itk s | research lab next,
on our ' S5
AndoResearchlab| = mission. el
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