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Monitor for stress substances

Background/Problems
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@ Mental burdens in daily life and at work are accelerated by COVID-19 (Fig.1)
@ Mental disorders have health effects on animals closely related to humans

@ The tedious hassle of stress tests hinders health management

B2 ARRE

Summary/Solutions E1. SElcTEHL
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cannot be put into words
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@ Development of compact, easy-to-handle, fast-response silicon transistor sensor (Fig.2)
@ Simultaneous detection and multifaceted understanding of markers of different origins
@ Simple detection from minute amounts of saliva and sweat

{Bfiit¥ Advantages
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Fig. 2. Compact multi-
@ Using DNA-derived materials as receptors to enable storage and use at room temperature element sensor

@ Highly sensitive detection of trace amounts of cortisol, the most important stress hormone

@ Technology for repeated use by washing is under development

2—7vy g,/ ®a
Target Areas/Products
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@ Simple salivary stress monitoring in daily life and at the bedside (Fig. 3)
@ Stress sensors to understand the feelings of pets and other animals that are our friends Fig. 3. Stress detection in

- . as little as 10 pL of saliva
@ Quality improvement through stress management in livestock production H
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Molecule delivering nanotube stamp and stamping system
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@ Delivering substances with different sizes, shapes, and charges into cells - e\/o — |

@ We have developed a hybrid nanotube (NT) stamp and its stamping system.
@ The proposed technology can be used for basic and applied research (regenerative medicine, drug discovery, etc.).

BME fRRE 297 T~ RIVEVTYATL i —"
Summary/Solutions SR = | I
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@ New materials: a hybrid material of metals and conductive polymers NTs waNts L .

@ Nanotube stamping system for molecular delivery and extraction
@ We proposed the system for physical insertion of the NTs into the cells and for accelerating the molecular flow by the external voltage.

{Bfiit¥ Advantages ferty i
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@ High delivery efficiency and high cellular viability e |
U BEEH |
@ Ability to delivery macromolecules (proteins and organelles) i % 7 % &
@ Succeed to deriver and extract the molecules to/from the cells P - i - "
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Target Areas/Products
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@ Manufacture and sale of smart cells (new types of cells for medical/hospital applications and for synthesize some products in the cells)
@ Molecular delivery and extraction test for cell therapy

@ Manufacture and sale of NTs membrane and stamping system

otHxEEL == Liff BERMAXFEUY—FA JIR—>3 >0 —
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Wireless monitoring system for human small signal detection
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@ Target: Wireless human monitoring system o ni.:x . o N:I? o
@ Problem: Low sensitivity and efficiency for wireless detection e
@ We proposed the parity-time symmetric resonator circuits for human monitoring system.
B R [ RZ-0AREGER | [74 -0 AEAEHRR) |
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@ New principle: the parity-time symmetric resonator circuits o Z & A Ar 8 7
@ Add a negative resistance to the detection circuit only o i ZRfl 3 T 3 P S Y

@ Wireless monitoring of resistance, inductance, and capacitance change

Bt Advantages

RhEfl : EEREHAL X

ZNETHNGD > L HBHESOREE Y ws i | aa

TR BERE, 1A MM A A | 2\ 5. ua

RIEE | BIHERZENOH N " 9) W
@ Enables wireless measurement of weak human signals. ¢ A"‘ ~ | ; "":" '
@ Sensor side: no power supply required, cost reduction possible EREET T i For—

@ Detector side: only add negative resistance

22—y b ®Ha

Target Areas/Products
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@ Wireless biosensor for health monitoring

@ Example: Smart contact lens for glaucoma and diabetes detection | [

0

P .3 MHz/mmHg

Healthy Glaucoma ®

5 10 15 20 25 30 35 40 45 50
Intraocular pressure [mmHg]

@ Implantable medical devices for wireless sensing and therapy

oiRER : =% i
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Development of new electric wireless seawater communication

%8 Problems

* BREERE *
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@ Academic : exploring the unknown deep sea

B~ f,ﬁllwl

@ Resources : available resources on the seabed accessible by developing underwater robot
@ Telecommunication : construction of underwater loT

(monitoring of Tsunami, water temperature, NaCl’s concentration, pH, etc.)

i 28 BiE
BRRFERX Solutions v

i Vout
i
BKOBEMZFIALVCERERS e
EEM : & BEE RESUERH e
o BIER RERTHETS N5V IR IBELY E it 1
SREEIEMROBEEE = SEAIC/ UL RBHEH ﬁmi\‘ __j
@ Electric communication utilizing conductivity of seawater AhER
@ Transmitter : metal electrode FSoT g
© Receiver : transistor shape sensor operating in solutions BEHERE I M w1 MHz> @NEE
@ Apply square wave voltage to metal electrode e — L"I - :
= Pulse wave is transmitted to the receiver PIREL — T };E’m

{2{iif%¥ Advantages =m b bl -},\m

1AVGEZAWS = [REAE—RHEVN, FANICIEHR
EER, ZEAESINEDOEEN

Bk NaCl 3.5% NaCl 25%
2 = (;ﬂ;;ké“ I_I&@:) (ﬁa;‘ﬁﬁ}
us s
l\ 7 /Z’)"k..’)"’('\”:E/ I\Eﬁﬁb\% » Iﬁ7kq=T§E§b1,F #{E §400 mV 1400 v _____ 1_49_!;[9\*____
@ Using ionic conduction = high speed and isotropic propagation * i o g
20 mv m
@ Compact and low power for both transmitter and receiver 2 : ",

@ Using diamond for transistor = stable operation in seawater

Z—4y bHIE Targets - L
SRRE | ABORy OSIE 5] .

iz 1 2023FICHI 2B R S, S D i
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@ Resources development : underwater robot control

. - . X1 i HIEDIRIR, FrE29F12H, BE =, p.16
(Global market size : about $ 1.2 billion forecast in 2023,,,) BRERTBORR, FR20F12A, ELZEE BER, p
https://www.mlit.go.jp/common/001215814.pdf
@ Amusement : marine sport, communication between divers

@ Ecosystem : conservation of marine environment and development of fishery

oHFxER : JIIIEMA ¥ BREXSEUY—FA IR—S3 e y—
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Application of Microdroplets to Chemical Reactions

R/ A&
Background/Problems
{LZICRICAF M NREOBHRBERZ I hO—ILDORER
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@ Realization of precise control of microdroplets for chemical applications.
@ Study of new chemical reaction conditions by applying the specificity of micro-reaction fields.
(a)

10 channels

Outlet

BE R im_vim_urn
e ‘

Summary/Solutions | | %ﬁ
| Inlet ! Mother droplet [
| ! division part
|
! |

MINREERDLRELRICRAITEYA7ATINA XD
THA YOI RPHRERELIE, REFRGORE
L2 RISHIE DI DILFMED AT EILE

@ Design of micro-devices to stabilize droplet generation,

surface treatment of channels, and flow conditions
@ Encapsulation of chemicals for chemical reaction field

control

{2(iit¥ Advantages

BRUNGHNENRETOY VIV EDRERIL
B ERZHMINREA TS
WEEE (E—h—) EHBU THRNBRBFEMG
@ Protein crystallization in microgravity
@ Completing complex chemical synthesis in microdroplets

@ More efficient reaction conditions compared to

the conventional method (Beaker)

=7y bhig Ham

BuhEEZEGRALES
YN EDFERIE

FEHAT—AVTDA
UROBDOHERIE

Target Areas/Products

Synthesis condition

EHESEIKROSNDEE - WE Towpskes:  Conmmkeiond
RIS E - YV IV BOREILSEDE RN Comvenional osropiil 56 (moi
Microdroplet RT/4 [sec] 0.5 [mol/L]

BEERAEZRAWCERER - &MEHU
@ Drug discovery that requires high-purity synthesis

@ Protein crystallization and other biochemical fields

@ Synthesis experiments using precious reagents

o k&L : HthkaR!, HEEz?2, FOEER, EFE—3

OFhlE : F.J - SA JRFRMAREIEL, TV ) AT 1h)
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7L EYMDERREBRDIER & RIGFM

e D. Tanaka and S. Shoji et al., RSC Adv., 10, 38900-38905, 2020
e D. Tanaka and S. Shoji et al., Molecules, 26, 3707, 2021
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Reforming of hydrocarbon to carbon nanotubes and hydrogen

E ==
Back ?ﬁéﬁfmems Long CNTs from On-Substrate to Fluidized-Bed
g from Semiconductor Process to Chemical Process

O RELGCNTIXRIESM. BERICCO,BHEE VA-CNTs on 2D substrates VA-CNTs on beads stuck in 30
& KRRFRRCKFN SEE. CO,%EHEH S e
@ High-quality CNTs are still expensive. Their production a few mg/cm? :’

accompanies CO, emission. B i
@ Production of H, from hydrocarbon accompanies CO, process

emission.

fi#iRiE/Solutions I-

O HBOREEETRILKRNSCNTZ RINEE K.
RILKFEC H, DD, CZCNTIC. HZH,IC
@ Produce CNTs at high yield from hydrocarbon by original
fluidized-bed technology. Convert Cand H in C_H,,,, to CNTs
and H,. QRI— R TCNTREFOBEZ CBIRIFET,

@1@& Advantages QR codes for movies of the working reactor.

4 CCSIE& BT IL—KkHiE, TR MENTTHREE
MRICIER, KROBERBLS, BIRK

4 CCUSKEMIL1-CO,nBTEI SBOTRILE—
ERE, B5NZHR LR | ,

& FEMTEREEBMECNTTERLT | Pt 1o
HU—ohkEEES bl i

¢ CNTIER - 8 - B#E. LIBGAICHE

@ CCS yields blue hydrogen by filling carbon underground.
High cost for carbon storage and small profit from only H,.

@ CCUS yields blue hydrogen with low-price products
with extensive energy consumption for CO, reduction.

@ This technology yields high-price CNTs and clean H,. Gas residence time < 0.3 s, Carbon yield > 70%
@ Long, thin, and highly-pure CNT, ready for use in LIBs. Reforming of C,H, to CNTs + H,l

1
ety :
movie e muweﬁ e

\ Removing m & (re-)depositing catalysts, }

W

Semi-Continuously Produced Long Few-Wall CNTs 99.6-99.8 wt%-Pure FWCNTs b

T ? R . - ¥ 2. Chan, &1 al, Carbon, 80, 139 [2004)
{ ' & ey gl i |99.G wt% as collected by TGA |

-

-,

3
I IDIAIU‘& Ll'ﬂll:l .

1
fL Element e o [M T si [pe '| Reduced further to 1/6 by
t dispersion-centrifugation
Without centrifugation 99.81 010 |0.06( 0.01 [0.02 | Fe & Al possibly in powder
| With centrifugation 99.84 0.14 (0.01) 0.01 |0 being scraped off from
| W — # L
40 80 800 1000 1200 8 SRS T No chemical purification was applied in making the CNT papers. (' D®3ds.
® - * § is also contained at 0.61 wi% due 1o SDBS used"m dispersion.

Temperature (K)
Diameter 6~10 nm, Length™ 0.4 mm, Purity™ 99 wt%, # of walls™ 3, SSA™~ 400 m’/g |

99.8 wt% as collected by XRF, 440 m’ g! by BET

| Ready for use without purification. ]

offiiE% : FH & SWAAFUY—F A J"—Sa>t>y—
E-mail : contact-tlo@list.waseda.jp

oFfiE : BT Z4libe ISA{EER Tel : 03-5286-9867
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Flame synthesis of single-wall carbon nanotubes

LEYE: L B ARRE
Background/Problems Summary/Solutions

CNTIZHWE EE S INEHVES FREANRKIC K B H AMRE & ftiE R 0 BR 2 67
AT=IL7 v 79 BIFEHAMENS EEE REREDRFEESR. MIELCNTOSEERE
SER]1 nmOBEBCNTIRE&AE LTI EEICEM —ERE] nmOEECNTOERSHK

@ CNTs of smaller diameter have smaller mass. @ Premixed flame for rapid heating of gas and decomposition
of catalyst precursors.

@ Gas-heating becomes difficult with scale up.

- 1 nm-diameter single-wall CNTs remain very expensive. @ Rapid mixing with carbon source for nucleation of catalyst

particles and CNTs at high density.
— Continuous synthesis of 1 nm-diameter single-wall CNTs.

Bt Advantages

HREDENICRELHEEDCNTDREH ZLF2TIILY O ZAERISEULIZCNT
@ Providing high-quality single-wall CNTs with excellent crystallinity. @ Suitable for flexible electronics applications.

Various CVD Processes High-Quality SWCNTs by Floating Catalyst CVD

(a) Floating Catalysts (b) Supported Catalysts (c) Powder Catalysts Prof. Ohno's high-performance flexible devices.

SW: Rice (HiPco), Aalto, AIST (eDiPS), etc bW UT (ACCVDY, AIST (SuperGirowth), ete. SW: Oklshama [CoMGCAT), Tuinghua, stc. - CNT warster on top e CNT wanster on back st Al carbon

MW Shawva-Denkio (WGCF), Nikkiso [DIPS], ete. MW Tainghaa (Super Aligned Tubesh, etc.  MW: NANDCYL, Bayei, Akhema, CNano integrated circuits
¥ 5. Sun, et al, Nature
=l b s [ s e = Commun. 4, 2302 (2013)
£ = 2 A 2lL il
| / i ARacement of protecton tayers . ; =
' W e ; R
v} CNT peint of leads / - i 1027 cmVH s
{ 1" n'hm'c‘f “10

s
o
] | S

Catalysts floating in gas Catalysts on substrates Catalysts on powders hiasvlyad R AR e
e F ; i 1 L ™y
O Continuous feeding, * Continuous feeding possible, - Continuous feeding possible, DN RO ottt N FRRIVAE oL, NCY g JanS [A004) "
in situ formation ex situ/ in situ formation ex situ formation Prof. Matsuda's high-efficiency CNT-Si heterojunction solar cell. PCE=17%
A Catalysts at low density O Catalysts at high density Ocatalysts at high density ARTICLE — —
£ Catalyst contamination O Easy separation A Catalyst contamination . divte 9 1 2 4 = e i - w g $
Reaction in 3D-space Reaction in 2D-space Reaction in 3D-space Considerably improved photovoltaic performance 0,
=2 Middle productivity ~» Small productivity => High productivity of Earllmn nanotube-based solar cells using metal il ~o:
Products as aerosol Products on substrates Products as agglomerates Om_ sl i " _w'"" i E"m"rf' s,.smsuultsp. v " V
OReady for dispersion Onirect implementation * How to post-treat? A P e ) e e o i
High-qualitv SWCNTs Prof. H.M. Cheng at CAS Shenzen; Appl. Phys. Lett. 72, 3282 (1998).
. " * Prof. E. Kauppinen at Aalto U.; Chem, Phys. Lett. 802, 227 (2005).
Prof. Noda provides you new method! by floating catalyst CVD* oy, 7. saito at AIST; 1 Phys. Crem. 8 110, 5849 (2006).
How to Enhance Yield/Productivity
Using external heater Our approach: rapid heating/cooling using flame
* Slow heating from wall. * Produce Fe vapor by heating to ~2000 “C D, = 0.96 nm
Thosting™ B2/ @, @ = 1 cmifs rapidly in <1 ms using a premixed flame. ::ﬁ: -
R=1,10cm=2>r=1,100s * Cool the Fe vapor and heat the C-source rapidly
* Catalyst at low density in ~1 ms, both to ~1000 °C by gas mixing.
due to aggregation. * Nucleate Fe particles at high density

Tefithusion = R/D and nucleate CNTs before Fe particles get aggregated.
CHIAF s r (m?) = Dr

—T e —— | 0 ]
alfm?) = 1/7 (X 2o LY : !
=1/(br)** - L ju . 1 | L TTH
Fe[S) NPs ' M‘r I 327 144009
CH, (g) > CNTs (s) | . of [ N
in1-10s I\ A -
J at 1000-1400 °C : T B
his work Hifco «DoPs Asrosol LVD
- small burner with Narrow diameter distribution
CH,JAr =
AL

-
Intensiy (eps)

-
o
O
a
O+

= Diameter (nm)
P
O
pve
O
- S
o
a's

v

inner diameter of 2 mm

-:.-3.(_}'00 c * Small Fe nanoparticles but small productivity of SWCNTs (0.3 mg/min).
1 * Low catalyst efficiency due to narrow growth window between oxidation and
Fe(C,H,),/S/Ar -== C,H. /0, /Ar carbonization.

INERE(T nm). EfER%E(G/D~100)EECNTOERERZERK. FREAAKXEATBEBEICLDHAFHRTRAT—ILT v 7ILHHIT,
Small-diameter (1 nm), highly-crystalline (G/D~100) single-wall CNTs are produced continuously.
Compatible with scale-up owing to premixed flame for internal heating and heat-exchange structure for gas preheating.

oiRxER : IFH & BREEAZEUY—FA IR—S 3>t —
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Ag aerogel film; Binding interface easily & stably

de =3 /SHEHE
ER/E*FE BaCkground/PrOblems Air-gap disturbs electrical/thermal

CEEREOESH - BWIESIC. ERSDY conduction at solid-solid interfaces.

HYAgR—X MDRAZNRTWS, LAUL. Solders and Ag paste are widely used but
$ETRASOMATHBBEIRED, Ag  havelowheat resistance.
R—R b1 D EVEDMELY, How excellent the interface will be
@ Solders and Ag paste are widely used to bond solid-solid if bonded with pure Ag?
interfaces electrically and/or thermally. They have poor How can we do it?

heat resistance, limited by the melting point of solder
alloys and heat resistance of regins.

O AgHIFHERZI=—I BRI F7ZAOYIIEE

O AgDH»THER. BRTEELT/INILYIE.
ETH - 31 - BRAICREES. ST

o »EDAg (~10 mg/cm?, ~1 JPY/cm?)
TR - SINERTERATEE

@ A unique aerogel film made of Ag particles.

@ Contains no additive, easily sinters into bulk, and
builds excellent electrical, thermal, and mechanical
interfaces with high heat resistance.

@ Can be manufactured quickly at high yield with small Ag
amount (~10 mg/cm? material cost of ~1 JPY/cm?)

Self-subporting
on Si wafer in 2 minutes Handled by tweezers

Ag aerogel film desi_tTaE

Aerogel film made
of Ag particles only

o \_ Cross—sectiol SEM image, ~90% pore J
fRfifE Advantages AgI7O% LEDETF

O F/BEICEDER~BIRT B DTE. (il
T8 TRt 38 IS ORMER R Flectricalinterface
¢ %R - BE] MPa)FCEGREEZESMN - | e [ e

o
w
=)
w

Resistance (mQ)
. o .
N
Resistance (mQ)

0.0616

R ICEES TTHE

¢ hN#E(200-300 C)9 % L EWMMICHIES TE.
BN - #ESOMEbEICH E SN

o V—>b liAg@ﬂT*ﬁﬁzﬁnﬁﬂﬁf&c‘: FEFXHWN " 002040608 1 002040608 1 ® “rone RT.100°C 200°C 3°°°Cp’:§te

o
o
&

Reversibl¢

Low resistance
change

at any pressure |

o
g

0.0267 g, 0237

0.0175
0.0135 5 5p9g

o
[

Resistance (mQ)
o
[N)

o

[

o o o
o o
S

o
o
o
o

Pressure (MPa) Pressure (MPa) Aerogel
= s RE EHEN S Lower resistance when heated. Lower resistance than Ag paste.
- HBe o ~ ﬁ"\
@ The nanostructure allows "welding" at room/low Thermal interface Mechanical interface
temperatures, and once "welded", it shows heat s Welded at 100 MPa
< -
218 Indium sheet~20 mm?2 K/W -
resistance of bulk. . T y
@ Solid interfaces can be electrically and thermally Su v | -
g I Hol mg upper en
bonded at room temperature and low pressure (<1 210 N
MPa) ‘é 8 N Heatlngln air l
. o 6 from 25 to 900 °C
@ When heated (> 200 °C), the interface can be bonded T3 -~ /i g
mechanically, and has improved electrical and 2o - 302 Ll rns
-2 - - - - - Ag aerogel In sheet Ag aerogel Cu/In/Cu
thermal performances. 0 50 100 150 200 250 300 at300°C  at150°C stayed stable interface
@ Since the sheet is composed only of Ag without any . Te"‘lp}*;;‘"? of ;‘-‘“’ge' Q) o evenata00c got roken
PR esistance of reference indium!
res!“{ it shows excellent performances and heat \Better thermal interface when heated. Stayed stable at 900 °C!
resistance. - 1 . =
AgI7OTIEEICEZCu7 Oy VHDESHERER
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Hybrid Bonding at Low Temperature and Atmospheric Pressure

de
B E/ n% DAF Loy TL BN
Background/Problems A EE AREE

| s s TORRLS
AEXF R, IxPSTINLEFERE EEESOER ;
HRT 2O - B - BEESICKL 2RI WS
EERANMEE7OER

@ Mixed-signals integration by organic-inorganic hybrid structure
@ Eco-friendly assembly process

mg/ﬁgtktﬁ NMTVy REBTERSNIERBESERILOA XA —Y
N\ ¢ - Concept of 3D integration of mixed signals via hybrid bonding
Summary/Solutions

fcixEE & BRAERMED150°C - AREFERKITORESES (HEHESE6H D)
IEEE NANO RZ M RRY—~R—/X—H, BRHIEHAEEH (2013.10.25) , BEERTF2H B E
@ Hybrid bonding of Cu, PDMS, and quartz at 150 °C and atmospheric pressure

AREFERD

DRRRA TR BT RALRS
giﬂﬂl&i-hb(lt MBS EHEE
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““ S+R
1. EHEONMAT MRAFTFEOREE
RS FED—EHR

ERmAamnm CD?IJ:I +E$ﬂ‘&ﬁi‘ah‘:‘ [
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3 BEMOEMESUIZIO (150°CELTF)

zﬁl FOREBERE~D
lJéR!“ﬂ)ﬂ!ﬂ:

VUV/vapor-assistedFEZTRR SN REM RO ERZESREOEBE FHEMER

TEM images of hybrid bond interfaces
{2(iit¥ Advantages

150°CLLF « KSEFHSTEE - EBMEOESEZRLRVWERESZRAGERMICENE
GaNFY 7L —hEiRZigd

VUV / Vapor - Assisted i#E8FEDIRE

« B - ERNNEHICLDMBERELE : EET7OEADNRE, KBEDEGS{LrIEE

- K'ZFEEFHRDDICHA  BEE70EX, ZEEREBEOFHEHIETS

@ Covalent, ionic, metal, and organic materials can be assembled in single process, at 150 °C in ambient air
@ VUV/vapor-assisted surface modification method : Simple and easy-to-tune bonding process

22—y bhig/ ®a
Target Areas/Products

9:'\"/1\ %I,E; 7Jl]n lﬁ@&@%%&ﬁ)-

EIXb - BREESFGEFRERESEEOMFE . ﬁ'ﬂ:ﬁ’
BEEERE (B8R E) 2B MR T/INT ARHE : FOETe— - AR
A2 A, = g H ~ N=E=1 0)1%%:
HETINA AP (Bio) MEMStEYHDRE (M201 3.064468) ) 5{ “%—f i
@ Low cost, Eco-friendly joining device for mounting : Schematics of hybrid g - < e
simple structure only chamber apparatus, light source and humidifying  bonding apparatus = R

. . N . . . (JPA2013-064468) 4
@New devices with functional interface such as transmission : HoTRRN

mixed optical device and bio MEMS sensor

offizES KFF H, EF B2, @ BUFEs BRMEXZEVY—FAIR—S3>2E>25—
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Ultra-Thin Film Luminescence Sensor

LEYE

Background/Problems . > om .
Dfﬁo%m%% Luminescence
. N A ~nm Y RE-EAEICEAEE
O EFBHROEY Vv JHil Wgﬁ;&é&

mERRE

© WERZMICH T HRE : HEHSHEEETZ
Y—LL RICHABE, EEEBRENORE
BR7O—7DEE. IREIT ZHRYDEHEER :
@ Development of bio-sensing technology. CEEEEETBILVAANY vIELEYY—

Drawbacks in conventional bio-imaging technology: Ratiometric-luminescence sensor with bilayered structure
¢ . . . ging . gy (Ref: ACS Appl. Mater. Interfaces, DOI: 10.1021/acsami.6b06075)
Seamless imaging from cells to tissues; Stable fixation
of probes on the surface of biological tissue; Vibration
control of monitored objects. ) 1 HWT .
Tkt Iy
I;'ﬁl -H"I v f.‘l

B2 ARRE

Summary/Solutions

¢ BEXFHERRFH/o—~ BH~BEF/
X=KILE) BSBBIRILZIRYEVYREVY—

O BEITZ VY -BROEMICIKU TREIER%
BEIRATEE (B 1 (B - BRIRE)

O LoAX NIy I BEKBROEY VYT

@ Luminescence sensor made from free-standing

0.97

—RON
ROI2
ROI3

—ROM4

Mormalized ratio ()

0.81
1064 1164 1264 1364
Time (sec)

1cm

=
Normalized ratic-)

polymer nanosheets with the thickness of tens to e o '
R a8 F ”
hundreds of nanometers. EFEROBEYYEYY (Bl N7 b LY OELHREHA)
@ Versatile fabrication by selecting sensor dyes (e.g., Temperature mapping of living biological tissues
temperature, oxygen concentration). (e.g., dorsal muscle of a beetle).

@ Ratiometric sensing of biological information. -

w

. .:—‘ cHeat-Irhg g

{B{itd¥ Advantages e S} 2%

& EEEEH E OMOREICEERRE T F o
& BRBRIEIC & D EVEEEA RIEEER N S Y

¢ RLWY Y EX IS (MREKEDLSHEBET)

~ 50 r
@ To be stuck on biological tissues w/o glue fixation. £
& 40 F
@ High spatiotemporal resolution by ultra-thin structure. g
@ Wide-mapping range from a few cells to tissue size. % i
5 8 1 € 20 ¢ ® 55 um
=7y bhig  ®Ham g . o . _ ctOum
Target Areas/Products : bl Y R S -
_ oo ' ' : :
¢ BnstrY— (BVWHZERMSSHREE - EVETH) 21 23 25 27 29
¢ ERIRE (FH - %®8) , FWRE (- mE) Temperature ()

F /= by —DRERENY - ZH R
Temperature sensitivity and
spatial resolution of nanosheet sensor

@ Sticky sensor (High-spatiotemporal resolution, disposable).

@ Sensors for extreme environment, surgical situation, etc.

oTiRER : Hix REL, kB #52, KE EFS BRMEXFVY—FAINR—>32>25—
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Method for simultaneously observing atomic and electronic structures
by a high-resolution display-type photoelectron analyzer with Spherical micro-hole grid

e /BE
Background/Summary

> RERDAEBEFANETIREIWERRDILKEFEINZEHANT S LIEHHT. ERVPFEAPEEEMELGE
DHETTRDEFIRINZHETEZIFEDKRO SN TLW e,
20134, ZRRFRMTRKERKZONVMTHENEFHEY I 2L—yavyEAVWTHLWIAI 7D
EF 7714 —DFRE(RFAFHIEBIZEDINES) & FNICES BHLEREEIRZ B, RPRRAXFDOKE
HBHOIRESEUCE LI 7OMIFEMD / DI\ %FEALT. FRRHIMUZAK & EIRE BB (31T
MicroX v ¥ 1 BiR) & TR S 1o
HEREEB(3RITTMicroX v ¥ 1 BiR) ERFA (FHILEZE2FER) 2lASbEZ T &ick D, PEHGEEF
RAY 57 1 —)Ic & BIFRERFEIEAICMZ. ARPES (BELBABFON) ICLZEFESHUNEN
AER T« A7 LM BEREF OB EEIR,
2021F48IcSPring-8E—ALZ 41 BL25SUDXEKEE UTEA, SEOMEIFEREDINERL Z AR,

@ Conventional photoelectron spectroscopy is difficult to observe the 3D atomic structure of dopants, and there is a demand for a
method for observing the atomic arrangement of dopant in metals, semiconductors, and superconducting materials and so on.

@ In 2013, Prof. Matsushita of NAIST invented the principle of a new type of electron analyzer (retarding field analyzer: RFA) and the
special spherical micro-hole grid (3D Micromesh electrodes) using electron orbit simulation. By combining RFA (element electric field
type analyzer) with a special grid, it has become possible to observe the 3D atomic structure of dopants by using PEH (photoelectron
holography). In addition, it also enables to observe the electronic structure by ARPES (angle-resolved photoelectron spectroscopy).

@ Prof. Mizuno of Waseda University, who has accumulated know-how of micro processing technology for many years, and IMUZAK Co.,
Ltd. have realized spherical micro-hole grid (3D Micro mesh electrodes).

@ This RFA has been installed at SPring-8 Beamline BL25SU since April 2021.

=4l £/Observation
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MCP Screen b (e)
(@) Third ég (®) Second grid T ——
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" tgm:l ", g; Cylindrical i Holed grid
i ", £= =
grid 2
Sample £
- _AI!_.___%_ S il
X-rak

SPring-8 E—L54 ¥BL25SU @
(e) BDINEBFANY IV RFA ERAF—Y 3V,
2021F48IC3RTMicroX v ¥ a
EREAINT.

ALY
L T

= = (d) e

(a)RFADIEER (b) HEREEMB(3RTTMicroX v ¥ 1 BIR) DERE (c)¥
REBEGRTMicrox v 2 BEOLHER (&) RESHORABZR,
FEEA40MmM,EZ100u D (1) ICRVILZBEWT40umDRH 80 f)IMoS, DREFHKOY S L MoS., ®ARPES JIE D
FEAHG T5 5. AL O&SBNTERT ORERCERENCENT  omari e B o ME DR
TER, AR 0.5 T CHIR 00° DI HR TRBEF ENETE 3,

(@)~ (f) :BIFAIT https://journals.iucr.org/s/services/authorservices.htm
(g)(h) :BIFJT https://kaken.nii.ac.jp/ja/file/KAKENHI-PROJECT-17H06201/17H06201seika.pdf
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Quantum computers with Cavity QED with nanofiber optic resonator

Background/Problems

> EFNRICEDKEFIAVE1—FIF. RETE
BWEIEZREEE TH ERELHIFFEIhTWS,
GoogleldBEEAK. lonQttlEI AV MZ v
AXDEFCPZRFEL TLWBHENZNEED
& DA ERRICIKRFADH S,
@ Quantum computers are highly expected to enable
calculations that are not currently possible.
@ Google is developing a superconducting quantum
computer,and lonQ is developing an ion trap quantum

computer, but there are problems with each and
the calculation scale is limited.

BE Bt
Summary/Advantages

MERMO /%7 70 /\—H#IRBRQED,) =
FolaBMBEEFIYEL—YE2RE
HEOHIEREFI DA FPREFZEFEY M E
UTEDRS, SDHT 71 IN—ICHMHAATL
A=y bD—DVEDHEFIAVEL—T ERD,
— MR T 7 INERU & S ICERRATHE
E—D1=y  NaMBEDF /KT 71 IN—TEH
DR 2 Elc & tnAR E LR U TEANG
KRUEEDEAFTE D, HE—I1 =y FTHHRED
EFIAYEa1—Y L LOFTERIEN FIHE
@ Proposing a distributed quantum computer using the original
technology "nano-fiber optic resonator QED”
@ The unique resonator treats photons and atoms of light as
qubits. Each unit incorporated in this optical fiber becomes a

quantum computer, and can be connected in the same way as
a general optical fiber.

@ By connecting multiple single units with unique nano-optical
fibers, an overwhelmingly large scale can be expected

)14 v 7HR
C. Monroe and J. Kim, Science 339, 1164 (2013)

(a)BEEAR
https://ai.googleblog.com

(@QEBIVTIVEYOBERITHNT ZRENSH . HHIKE PEKRORKIMH
KD, BEORMOERTIIEEEFLE Y NMEEDLRR

(L) EFIVE21—YDORE (EFEY M) BETHEFEYMcEEFEST
&0, VOA =707 — MEEDORED S Th EOREDIEK IS EE

B BFEVMIDBRREITEMOSGEELT, BRONMRRGE
FaALEa—8ERYED =L, KRREEFIE1—S
FERTH A EFIUE1—2 0 ERBTh TS,

HERE(HHEEFIVEL—S)

compared to other methods. Even a single unit can be / \ s

calculated on a larger scale than the current quantum el . ®2A42F %

—— E[\‘;’WW"- —-," : @‘\
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2= N ==1=] BERE €|
K?ﬁ‘l‘hf/j?’r/ \_.':rHEH]?Ea‘EQED — %\ HTRES
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BEHOEFHEIZ Y MNCBVWTERICBALRFICHRY 7 E—L
ZRHL, B—AFEISHALAFEZEFHEIZY MCAHT
32ET. INSOEFEY MIHUTEF IS —MERITTE S,
S5, A7 7AN-TERULLEBOEFHEI=- Y MNTERLT
HFEANTRZETINSDI=ZY NRDERBICEARLEFEY K
KKNTBEFT—FERTTES,

B A E, IsTCRESTIAC A4 &, BIEEXFIZHE LTI
BHIZH#EEh -2 LWAKIF /38774 —1iRSRQEDIIC
HEI(EBFOAUVE1—FIN—FITTTH5.
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SHBEEFaUE1—2ILY., hARELBLTESLKRE
BILAHFTED,
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Ultra-low-loss Tapered Optical Fibers(TOFs)
and Ultra-high-Q Microtoroidal Resonators

%8 Background (@)fERDT—IHT 7I8 Conventional technology

e e
By (WEY) CLTOEFREMRETE 0 -

BE) eLTDF/T7ARZIR =
%Tj%z%g%q% g 7 (b) FAFEUIBEKXRT—/GET 70/C Ourtechnology

EE, BFIAVE1—9—PBEFRYIT—VE
Wo e EFIRBRRIMOAEDEAICEOTWS, - ?
@ Development of nanophotonics devices o ’

@ The development of quantum information technologies ~ 7—/X—&b%E<. 99.7%DEBEZRHDF /KT 71 N—ZFHHE
such as quantum computers and quantum networks has The highest transmission in excess of 99.7%. A total TOF length of only 23mm
become active.

MBORMZRAWT, 99.7% L EDEBEZFED
15;5*@7’/%7 7’{/\_0355%‘:&173 Optical Fiber
S5, FIHRTFAN=ETPAN=T SV ITRF sl
(FBG) =#HHEHLERL TFH /X7 71 /I\—HiRES
QED, Z %, chicL—Y—5# - Sy TEhi:
BH—RFFzHEa3Es2LT, HRTHHT

2771 IN\—*vET1QEDRZEER

v ET 1 QEDRRETZEME—RKZN U TEEXKIC

'\. Low-Loss Tapcr/

BT 3 ENTENR, SHOF v ET 1 QEDRA e Brass Gracnes
ERNEMZRTTHESLLETRY N T7—7 ORBEN BRI T—/Wt7 7 1 N\ EFGBE A B bER

_ . ] o ZNEBWEEFIVE 215 2H%H
@ Succeeded in developing a nanofiber optic with a Developed all fiber cavity QED system.

transmittance of 99.7% or more using our unique technology Quantum computer using this is under development

@ Developed a "nano-fiber optic resonator" that combines a
nano-fiber and a fiber Bragg grating (FBG). By combining this
with a single atom that is laser-cooled and trapped, the
world's first all-fiber cavity QED system is realized.

@ Developing extreme generation, measurement, and
manipulation technologies for quantum states of light using
nano-fiber optic resonator

@ Aiming to realize scalable optical quantum computation by
connecting cavity QED systems to each other with low loss via
propagation mode and constructing a quantum network in
which a large number of cavity QED systems are connected
at a macroscopic distance.

“ - e BRE, SEIFELYERICESVWVEEFIVE1—IDBHRINTVET
22—y bhlg 855 B, WENGAERD () OVE 21— ZRRT B LR ENT 21
Target Areas/Products NOUATREBRELL > CWET
iU, —2DEFIVE1—YZRRELTZDTREL, 2HD
—_ o IMREREFIAVEA—YZEXT 7AINTOBWVWTRY NT—J(T 3B
EFIAYE1—9 DA ETARELETIVEI—FERRTS HPRBFIVE1—5, &
EFHFETINA ADHF BRLTLVET, ' ' '
Currently, quantum computers based on various physical systems are being
‘ Application to quantum computer resrefarched, bu; the major chahllengfe isto expan(: :ol a scalle) that achieves b oth
. . . . . erformance that surpasses that of conventional (classical) computers. On the other
® Quantum information SCIence(.e'g". nonclassical Ilght Eand, instead of enIarF;ing one quantum computer, we are devellaoping a
sources, scalable quantum |OgIC with phOtOhS, quantum "distributed quantum computer" that realizes a large-scale quantum computer by
networks connected with Iight), ultra-low threshold connecting many small-scale quantum computers with optical fibers and

. . . . . networking them.
optical devices, and single atom/molecule detecting devices
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