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Research on High-efficiency Thin-film Solar Cell using Quantum Effect

¥ &= Background
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@ Much attention has been paid to solar cells to prevent global warming. 2 . amorphous-Si
. . o . o © 1 1 1 1
@ It is necessary for these solar cells to increase their efficiency. g 06 10 1.4 18 22

@ The quantum effect of nanostructures is expected to enhance the solar cell Bandgap Energy (eV)

efficiency.
1 : BESXBEEROME

m E Summary Fig.1: Shockley—Queisser limit
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Band diagram
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@ There exists a bandgap energy suitable for a single-junction solar cell. 2 2 _Juu
@ A superlattice structure (Fig. 2) produces a stable exciton (Fig. 3) using S 38

its quantum effect. < < < UL

@ A stable exciton absorbs solar light efficiently.

K2 : AlGaAs/GaAsEBRTFiEE
*u ,.“ Advantag e Fig.2 : AlGaAs/GaAs superlattice structure
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Electron-hole pair
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@ An AlGaAs/GaAs/GaAsN superlattice is suitable for a single-junction solar cell, ™ > Codlomp alltaction
@ The light absorption efficiency is enhanced by an exciton in a superlattice. H3: mEF (TFohY)
@ The superlattice structure is also suitable for a multi-junction solar cell. Fig.3 : Exciton
Energy (eV)
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It H  Applications
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Light Absorption
Coefficient

."é’
VeI ETRE _: w/ exciton
@ The AlGaAs/GaAs/GaAsN superlattice is thin enough to enhance a single- I 0,I4 | 0,I6 I 0.I8
junction solar cell efficiency due to its exciton in the superlattice. Wavelength (um)
@ This thin-film superlattice structure is also suitable for a multi-junction ©4 : BRI & 3 RRIROEH

solar cell with a higher efficiency. Fig.4 : Calculation result of light absorption

coefficient enhanced by exciton

offiziER : &K (B SREALEFERRMLET > —

E-mail : contact-tlo@list.waseda.j
OFhiE : BT il BR - BHRESIER '|'e|:(I)3.528(-_',.9867@I . P



BEiREXF
ESTIRTEEE A —

I Tl el HP S U AT
I U WASEDA University

Research Collaboration & Promotion

/\ /'}_

[=3]
«Bm
i

-7/

AT—5T )« I4 I OMEFLET I\ ADRAFE

Development of Scalable Micro Thermoelectric Devices

| # & Background
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@ Energy Harvester (EH) is a key device for the “Internet-of-Things” society. f:‘\@ : : ﬁ = = .gjyr
@ Thermoelectric (TE) Generation is an ultimate technology to s ﬁ @ ﬁ\&/ G

semipermanently generate electric power from a temperature difference.
HSWDE/ DAV T—RY MCDOBDDHEN
Fig.1 Conceptual image of the Internet of Things (loT)
| E  Summary
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serhicohdugtor semiconductor
@ Si nanowire is used as the thermoelectric material. °$ I@é
. . . . o @l
@ Miniaturized TE device fabricated by the Si-LSI process éé e
capable of mass-production HOT (O (& (' (!
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#l = Advantage AERBES 1)

Fig.2 Mechanism of thermoelectric power generation (left) Conceptual
13 my N structure of the TE power generator fabricated on silicon chip (right).
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@ No etching process of Si substrate required.

Hot source

@ No toxic materials included.

Si
@ The power generation density increases with Coldisink

300

shrinking the device size. o3
FBEZEE. BT, BAE—. [REREEE] . F5FE2016-170003, 20164 8531H

REIIEBETL—FRBEREFNAA (K) &¥Zalb—Yyay

— & RN HRITER (5)
,;E\ m Appllcatlons Fig.3 (left) High TE power density device structure

and (right) a simulated temperature distribution in the device.
NOUAEVY

MRFAITUFPZRYNT—SH ' Proposed structure  Conventional structure |
AN—hELTF1VT

@ Trillion sensor network
@ Body Area Network (BAN)
@ Smart buildings

S (HW)oAT® 1 ._S:HGAT’ , SHIW)eAT? 1 §ioar?
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Fig.4 Scaling laws of (left) proposed structure and (right) conventional vertical structure
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Development of a Simple Fabrication Process for a Printable Piezoelectric Energy Harvest Device

E ano inater was use ot el
H % Ba Ckg ro u n d g/ ) \EE 1. Print nano Ag ink on PET film \f\i\? ) : 4-h|n:Ynl;“;t:z!::T:d for contact
A PET film 74 2 % ’ v Simplicity
N , N Upper electrode Bottom electrode v Speedy
RIERBOSBHNEEZARVTTVWS voree

AW e s e i
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3. Annealing and crystallize "
Top view

@ Energy harves.tlng from ambient environments o X e— —D_ y Y-
has been required as a power source of energy 4% A==
saving device B1.7X1 ZDED A

. S Fig.1 Fabrication process of the device
@ Piezoelectricity is a well-known phenomenon that g P

has been widely studied for energy harvesting

#f E Summary

p=23/em

metal nanoink&A ¥ oYy N FUVH T e | B | G e
Eﬂﬁ it 5 o 2 .
2. T/»f/?@EﬂﬁU@#&t?&ﬁd)Eﬁﬁ\
*Z*—I'”:VDF/TFFE A t 1= I~ 1fT§*E Fig.2 Printing Time vs Impedance
1 uJ’a‘:Eﬁz.%%’ﬁ—
To obtain appropriate annealing crystallization was
observed by FESEM s All annealed for 1hour —
@ A metal nanoink and a household printer is used Ej{g};ﬁ/l -
10°C e 120C |7 / 150°c. ¥ Grain became too large
for electrode Fabrication and lamination method o | s E?’f:’&'”f';&,. ¥ ks weeohred
is used for Assembly of the device : st :

@100nm shows better ferroelectric

@ Electric power of ~ 1.12 uJ was obtained

10 | g oot
“ : _m”'“ Bl 130°C was emp for polymer cr
X 3.5t45RE & VDF/TrFED#ERIE DR R
*u '“‘ Advantage Fig.3 Observe crystallization by FE-SEM
hAH —O—JARGETFINALR

1’E %E Changing electrode pattern is cffective for improve the adhesion p .

B AR M) & ST TR RE e — I e

WERDEUARNELUNKERKES I_I i :

B ® Capasitance [pF]
@ Easy to Fabricate — . ea e e
Side view Tl device improved
@ Cheaply Fabrication Process J—% e —a=——>a " st o
(a) Rectangular type (b) IT type e e :

@ Generated Energy is Larger than Previous Work R4.BE/ Y —> & B DR

Fig.4 Relationship between electrode pattern and generated power

IREIFARI S 5B/ S R éﬁ
AEBEARET /A 2 f ol ﬁ
@ Simple Energy Generation Device by Vibration - ek the device =1

@ Energy Generation Device Attached Human

Stackmg number

5.7\ ZDEEIL & HA DR
Fig.5 Relationship between stacking number and generated energy
offiziE® : HRHEH Ml , F I, A4K &EKkl, HiEg |/AL,
Wi E—2, 9O &KL, s F3, gF 1
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Power Generation Micro Device using Fe-Co Metal Alloy
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¥ &= Background
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@ Market expansion of Energy-Harvesting technologies
- Unnecessary for the exchange of the battery, charging,
and refueling
- No use of power supply wiring ®
- Long term power supply
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Principle of power generation by magnetostrictive material
B E Summary

¥ﬁm§*¢*ﬂ®ﬁ'&%iﬁ h\ L/ “ {“H‘ the FaCo[zsw.:.m':
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@ Vibrational power generating device utilized (BIPoiuer genaraion pan sasembly

Magnet,

the characteristic of New Fe-Co based a":::
magnetostrictive material

AL plpe{lD:ﬂmm‘i * OD:13mme)
(4)Choping part assembly

,Pushtool

#l = Advantage
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BULWRBNRZFI S EHRET/INIR

@ New Fe-Co based magnetostrictive material
(Developer; Hirosaki Univ, Tohoku Univ, Tohoku Steel Co., Ltd.)
@ Vibrational power generating device with
high electrical efficiency

LED(4~6Vx5)
Emergency Light (without battery)

It F  Applications
KEHNSINBEFETORETINA ADRETH AHE

@ Provide design and fabrication of vibrational
power generating devices

Infrared remote control Toys (synchronize with sound)

(without battery) _
RIEFTINA A
Applications
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Operation of 3-D MEMS Micro Mirror by Single Superposed Driving Signal

¥ &= Background

MEMSYA703X5—R@7AY Y 7 vARERRLG E
VELWAEF DK TINA R ICIHFARTEE

SRTICHEEEIT BSMEMS I 5—\DFE
RENFFRDIEMICEL BT INA ADKEMLT B HERE

@ MEMS micro mirrors have been widely used for optical devices
such as projectors and endoscopes

Direction of Au wire
magnetic flux

@ Requirement for three-dimensional (3-D) scanning by MEMS 3RTEMEMS S 5—
micro mirror in addition to 1-D or 2-D scanning 3-D MEMS micro mirror

@ Increase in device size due to increase in driving direction
x-rotational mode z-parallel mode y-rotational mode
fi=743kHz  f=1835kHz f,=31.96kHz

Bt T Summary

E—DRHEEBICED3IDDHIRE—REHA
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@ By single driving apparatus, MEMS micro mirror is actuated Resonant frequencies and modes of MEMS micro mirror
in three resonant modes

3-D scanning

@ MEMS micro mirror is operated in 3-D by single superposed

-
signal with the three resonant frequencies )
A
Sl Timet
= V. sin2nft
#l = Advantage N Laser ..
= —_ 50y source
B —EREMEIE P E—BEIE S & 57/ RQNETL Flaaaas 3-D MEMS
2! Timet mirror
@ Miniaturization of whole device by single driving apparatus V.sin2nft
and single driving signal N t
g 0
=l
S — | 2
Symes, |7
I B Applications ySIN2mht Time ¢

HIRFEBDERGLEIESIC X B3 RTEEE

3-D operation by single superposed signal

SRTEHEZRF TESIRRFEVRIRRE 7O

9 EIRTREENE T D/NEFINT R with the three resonant frequencies
x-and y-
@ Optical device that acquires 3-D images such as an endoscope xaxisscan  y-axisscan  axis S{;Van

and retinal projector

—DDANESIKLZZHMER

Multi-axis scanning by single superposed signal

ofizsER : 5l A BREASESERREEE > —
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Ultra-Thin Film Luminescence Sensor

E % BaCkground [> Luminescence

O EEREMICH T BRE : High SHEEETE
Y=LLAICHAHRE, EEERRENDRE
B7O0—-7DEE. IRET SHRMOBER

@ Development of bio-sensing technology.

FEERIUER

“EREERFIBLIAANI IR EVY—
Ratiometric-luminescence sensor with bilayered structure

@ Drawbacks in conventional bio-imaging technology: (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.

#f E Summary

¢ BexXBEsR¥FH/o—F @+~HEF/
X—KNILE) DERBBIHRILIXRYEVAEYY—

4 ?Eﬁ?%tyﬂ—éﬁwﬁ*ﬁt:rﬁU‘C’lﬁﬂjlﬁﬁ’a:—
FIRATEE (B 1 (BE - BRRIRE)

O LIYAANIY Y 7&&%‘!‘%#&0)12/9‘/7

@ Luminescence sensor made from free-standing

polymer nanosheets with the thickness of tens to
hundreds of nanometers.

Normalized ratio (-)

09 " L
1064 1164 1264 1364
Time (sec)

o

Normalized ratio(-)

$HHEBOBREYYEYY (WIJ 7J7I~L\/0)"‘*"B§5I§)

Temperature mapping of living biological tissues
(e.g., dorsal muscle of a beetle).

@ Versatile fabrication by selecting sensor dyes (e.g.,
temperature, oxygen concentration).

@ Ratiometric sensing of biological information.

fl = Advantage gros .:_Jq. * Cooling | 2%
& EEERG E OMOREICEENTE TR R IO
* BEBRABEI S DBV KERHRIE R SRS

21 26 31
Temperature (°C)

O REWY Y EY IR (MiaE@ED 5B ET)

@ To be stuck on biological tissues w/o glue fixation. g j:z I . ﬁ am [zlz;l;r: igﬁgéﬂ a55 o

@ High spatiotemporal resolution by ultra-thin structure. é a0 | Eﬁ %%%;

@ Wide-mapping range from a few cells to tissue size. g 2o | - «55 um
L S B
* BnBEUY— EOREEOEE - T ¢ oLt P T T e

¢ BRERE (FH - Fig) , FORS (B - 0E)

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

Temperature (°C)

F/o—hEVY—DRERRMY - ZRIEHREE

Temperature sensitivity and
spatial resolution of nanosheet sensor

@ Sensors for extreme environment, surgical situation, etc.

oHARER : Hik
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Nanyang Technological University3 ,
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Monitoring Chemical Balance in Epidermal Barriers

Je
)

& Background
AVRICEZIPEBEV YO ATLDIEICESZLTWDS

EFZ EOMREICED HEICHbEFEV P ELE

4 chips x2 ch = - |
LFE Y EMBLY YBHEVE<TEIENE b

4 ch realtime
monitoring

BROEFYMEZAVYRTEZYISFETEVY

Fig.1 Multi FET sensor system monitored from a smartphone

@ Physical sensor system based on a smartphone device is being established.
@ Diagnosis based on medical knowledge needs chemical sensors.
@ Friendly chemical sensor device like physical one is a key.

Indigenous bacterial flora

Epidermal Barriers
Sensing Objects

Orl Cavity
iy Calt
m ; S u a ry Short-chain fatty acids (butyric acid
mm int [Stress hormones](cortisol)

 Female hormones

BHOLENEZAVHIDSARBE=Y I 5z (Fig.1)
DEEDERICENDRILEVPREVMEZEE (Fig.2)

IgA

" “Tistamine

4 Disease markers

Dermis

&EDHE 'I Oﬁyu?TEﬁE ‘: iﬂu@g‘%%fﬁ% F;ﬁ% (Fig_s) External Environment ?grcog:gmnce
@ Detection of multiple chemicals in epidermal barriers from a smartphone i
@ Challenging to monitor stress hormones and small ions for healthcare. EGFREDLS OREMNRYE

@ Accurate measurement method of skin pH within 10 sec Fig.2 Sensing targets in epidermal barriers

"
635 & i Frequeey
fl = Advantage 5 1| R
YUY 7 7 JCRETEBEIRNFETELY g L. .
MERREAS BVEA Y E—5 > R LN el
EEOERT—N—ERABICE=S LTRITTES oemdvdte | el LTI

@ Low-cost mass production of FET sensors at silicon fab

Water volume in swab / pL

RO EREPHIEETE

Fig.3 Estimation of true skin pH

@ High impedance FET sensor gives a non-invasive detector.
@ Simultaneous data monitoring from multiple markers

Human (pH~4.7-6.3) | [Beagle (pH~7.3-8.2) |

1.03

It H  Applications

s el P
&%@%Fg%: 9 ‘: ; %Eﬁ ¢ ig?. I ‘y 7 (Fig'4) : .mtgnuor; Lln:an 2T ,.'m n reter‘mon tumle: RT. .-’rr.|r.nl S 8.0
/\O “j l\ *‘; ; U“E%Eﬂ%@% t 'B‘w@,ﬁ%iﬂ (Fig.5) .Urt‘?cani:\: acid ePhenylalanine e Triptophan (allied) ;:
e by |7 R = (s, e 6 '
EREZRAWCRES SURBISTORANLRE = & 65
1 6.0
@ Skin condition monitoring for health and beauty care L — Re S AB AB A
@ Health management for working/companion animals
RfpH & R REYE B ORIEPH

@ Stress diagnosis at office/residence using salivary analysis
Fig.4 Skin pH and detected substances

Fig.5 Animal skin pHs
on various regions

ofiffRE®R : KIF Bz, Ei &R SREAXFEFERAMELS5—
E-mail : contact-tlo@list.waseda.jp

Tel : 03-5286-9867
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Development of Biosensing Technology for Food Safety

|__# & Background |
RICHT 3ELHORRIHES DRED Y O— /UL O FCEETH 3.
AR, RET LI —BEMEEE ROICHNO—2 WS> T NS,
RRBHORAY (BYTLLYVE) RERHOBE LIRS SNTVS,

@ Food safety assurance is of great importance under the globalization of distribution in recent years.
@ For example, the number of food allergy patients has continuously increased year by year.
@ Simple technique for detecting contaminants (i.e. food allergens) in foods is awaited.

Bt ¥ Summary

FEFENA ALYV ZAVT, RRFOHESHEVHOBSREZTS,
WMETEHET7FT747F0—2av I EsIERITRYTZ LTV OEREZHET 2EMZEMFAE L.

@ Semiconductor-based biosensors can detect a small amount of target molecules in foods.
@ We have developed a biosensing technology to determine the presence of anaphylactogenic food allergens.

#l = Advantage & B Applications

X - fHfE - HRE - BIRAMDFHE BmIEVPIER. RECKIT2BERARRE
EHBEBEHONENA AT F YT oy ONBEELIC K 2 SHEERRRH
AV—h7 A2 VICLBREHERDFHEHUL ZLIWTYEADY VIRV BEREADFIA
@ Rapid, easy-to-use, high-sensitivity and low-cost method @ Easy food check at factories, schools and homes
@ Low-power-consumption driving biosensor chips @ Simultaneous multiplex detection by sensor integration
@ Control and analysis by smartphone @ Applicable to detection of various protein except allergens
(@) (& V\:ns\m';em - * [m10ugm @wpe

50 | ™ 5mg/mL OVA

H: g/HmSC‘&

- _ SDS-coupled 40 |
BWp16

without SDS with SDS

Bluetooth
FET =
(© oo mediie

¥BENM ALY ZARLERYM7Z LIV Y O%RE. (a) ¥3EFENM ALV TOEELHER, AtYYRY—5 Y MIEOBRZRA
IT2EVYTHD, LETY—%ZEFEIBIET, SEERLBY—T Y aRkETES, (b) BRM7ZLILIT VDL SBRESFIVINVE
OEEEREEE LT, REERRITY Y NIBEZAET ZF R LU (BFERMKNStt & HRATRITFHER) . (c) BREEZ
FIA932&T, ¥BENAMAELIYILEZ TP LT VRET—I DAY — N7 A VICEBHRAHUDAIREE 2B,

Semiconductor-based biosensor for food allergen detection. (a) Photograph and schematic illustration of semiconductor-based
biosensor. (b) Signal amplification in electrochemical detection of buckwheat allergenic protein using field effect transistor
biosensor by introduction of anionic surfactant. (c) A prototype sensor module and a smartphone application which manages the
module were developed for detecting food allergens.

ofizER : SE ¥, #R LEH EREXFEFERRKTEE>5—
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Self-driven Perfusion Culture System using the Paper-based Double-layered Scaffold

B = Background Bl E Summary

MFEDTORITBREAN/ AL RARBEFBEBEERICEE HRESEICEBNZ ESFYyOovr7AQ77(4/\—%2IL Y+

fErsk e gEsE G 2 MRk 4 T 57 )L SRER T 3 LT H AORAEZVJETIRO EICHAR U EEB(CEMZRE (K1),
REOETERROMES : [ |BELHAMIaRryE, & BOSMERREY 174> REC S0 HROICERREDR

[2IBRETY 27 ASBHEEL. [BIB#RNON  ©UD [E2), BRRACKEETRRFEHTHE,
RISEEHE (um2 ~ mm?) @ The double-layered scaffold consisting of a paper for medium
perfusion and electrospun gelatin microfibers for cell adhesion
is developed (Fig.1).

@ Self-driven, stable, and constant perfusion of the medium

@ Mechanostress (e.g. shear stress caused by blood flow) plays
an important role in the development and formation of various

biological tissues. k : ! | !
@ Perfusion culture circulating a medium is a promising method has been achieved by using both cgplllary action and siphon
phenomenon of the paper-layer (Fig.2).

for applying shear stress to cells in cultivation. The flow rate is controllable just by changing the height levels.
@ Disadvantages of the hitherto reported perfusion culture

systems :[1] Advanced nanotechnology facilities are needed p——s
to fabricate devices. [2] Peripheral equipment tends to make a Fﬁ m App|lcatl0n5

e syseem large and complicated. 3] Closed and small BIRRD O KERDBEEME S TIEAH / X b L 2 EFIE
Ut ABIO = RITE A A A D e
# = Advantage AROEWAEFBRROETILE
S AR B S 25 s BN £ L SRRETO L RER 0SS

@ Fabrication of three-dimensional large and thick engineered
tissues by using a large and open culture area of the scaffold,

BB DOCM2RA T — )L L TORERIEED AIHE

BERORNICE DHENDWENBAN/ ARLAD and mechanostress.
a8 (E3) @ Perfusion culture of large and thick tissues.
@ Simple and easy-to-fabricate @ Culture of epithelial cells and tissues at air-liquid interface.
@ Open and large culture area (cm?) Ref.) Ozaki A, Arisaka Y, Takeda N, Self-driven perfusion culture system
. . using a paper-based double-layered scaffold, Biofabrication.
® Mechanostress caused by the medium flow can be effectively 2016 Aug 22;8(3):035010. doi: 10.1088/1758-5090/8/3/035010.

applied to the cells cultured on the scaffold (Fig.3).
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Fig.1 The paper-based double-layered scaffold. Preparation (left),structure and SEM images (right).  Fig.2 Self-driven perfusion culture system.
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Fig.3 SEM images showing orientation control of endothelial cells by

loading mechanostress in a direction of the perfusing medium (arrow:
direction of the medium flow).
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The New Interface Measuring
Device using New Plasmon Sensor

SERSZHW\=JDSXEVEYYRUAEY AT L and Raman Scattering Spectroscopy

E & Background

SHE7O—THENMEWVEDNICREDREIFEE UL

FERSRAIED S, AEHBH KRB TERIED R
@ Non-destructive depth profile analysis, is difficult
@ High-precision nondestructive inspection is difficult
@ Complicated operations of large measurement
equipment.

#] = Advantage
O0.TnMmETOFREHFRE. WK1 OFULDOFEE
FERIRET A, Rffi. € DRI AIEE

@ Depth-resolution 0.1nm or less

(More than 10 times of the present sensitivity)
@ High-precision nondestructive inspection,
low cost and high measurement convenience
HAENRERZD EENRE OFl

( Example of buried interface
~ E/ERE solid/solid

El/BFFHE solid/liquid

- e -
BIRF
BiE
$EBE - KTNARABE  BIE NS ROY—, fhigh

E /
E.g. semiconductors, optical devices E.g. energy device /

New Plasmon sensor which enhances SERS effect effectively

r4

BR3Ink
EBIXEER
0.3nmHEkE <.
REBEDERMIES S
IFIF—3

The lamellar structure
almost accords with real
interlamellar distance
every 0.3nm

J3774 hOGE—VBEDORSAR7OT 7L
Depth direction profile of the G peak strength of the graphite
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@ Molecular configuration at buried interface,
i.e. solid / liquid, Chemical structure change

of the atomic level, are simply measured in
nanometer scale.

It F@ Applications

BRT 1 AV %> ERFME. Li1 AV Eith,
EEBETINARABE

@ High-density optical recording multilayer film,
avariety of devices, i.e. magnetic disks or

semiconductors, Li ion battery, fuel cell,
vital reaction, and so on.

L maeur

A

EREERT
DLC R (~wF) -

FEE o_—¢ ©_9 1.0nm

0.6nm
~0.5nm

o ——8 6—a

NE—T &
DLCIREERE (5 1w Foron—t

R R SR

(CoFi=lEFe & )

ERA AR FrE HIR)

1.5nm

RS T4RY
WRT 1 RV DEE (DLCIRER, HEE) OBE

\

The structure of the thin film magnetic head (DLC overcoat/ lubricant film)

Intensity (a.u)
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Raman spectra of the surface of Raman spectra of

nitrogen doped DLC overcoat DLC overcoat/ lubricant film
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Raman spectra of DLC overcoat/ lubricant film
as a function of the thickness direction
(a frequency-shift and intensity) 3

500 1000 1500
Raman Shift (cm™)

Raman spectra of
DLC overcoat/ lubricant film
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Direct Bonding of Dissimilar Materials Having 3D Nanostructured Interfaces

¥ & Background

8B R SRR {L R S KL (CFRTP) D B &)= Hk Ve
DEAKRY. E£EE, VY1 7ILE, BEORLE

TILFIFYFILICEBCFRTPE PILS =Y A Ljﬂp'ate
B2 (Al) DES MR

@ Application of carbon fiber reinforced thermoplastic (CFRTP)

Press

a

CFRTPEAIDEFES
Bonding between CFRTP and Al

v

AIRED T/ RIA V18i&E

. . . . Nanospike structure
composites to vehicles and improvement of their on Al surface

productivity, recyclability and fuel economy

@ Development of joining technology between CFRTP and
aluminum alloy for the multimaterial light weigh vehicles

# ® Summary 7S =9 A TR A B
AIETLDF / R)A 71’%1\%(NSS) DYES Single-lap joint specimen broken in aluminum plates
CFRTPEAIDRY 7L RIC &K D EFES

- . - c 30 T T T T T T T
S5 YNy TV VB & BEEREOR L £ T a0 267
@ Fabrication of nanospike structure (NSS) on aluminum surfaces %, 20k )
@ Direct joining of CFRTP and Al by hotpress §
@ Improvement of adhesive strength by silane-coupling treatment § 0 11.4
‘%
<]
=
= ]
O | | n | | |
#] = Advantage gg%%\ S
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CFRTPEAIDHDEFEESDIHE N YY1 7L ’
EEBE DR
@ Higher adhesion strength due to anchor effects Comparison of adhesion strength

@ Excellent in recyclability for only Al and CFRTP use
fiHE /158 B A OD SR ETRRUR

It F  Applications

EXEBRBMEFEORY N TL ALK BEERES
CFRTP L AlDFHiMEEMEI DR

@ Direct bonding of transportation equipment members
by hotpress molding

@ Development of new composites based on CFRTP and Al

FE-SEMIC & 2 EERE

Observation of fracture surfaces by FE-SEM

oifRES : ME E, WiH EX, )IHA FHREAFEFEHRTEE >S5~
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Healing of Fatigue Crack in the Metallic Materials by Heat Treatment

¥ = Background fl = Advantage

A \A/T
< | VV I

127 F1EEYDEHLIC K BIRIRE BZERTIN#T ST TESICRS ERZERE

B - BEY ORIRREROHSEINE SR B - BEYORPEBREERUTRAEDR L
@ Failure accidents by deterioration of infrastructure B8 - BEORREEMIES A 7Y 2)L]
@ Fatigue is the main cause of failures in metallic structures. Z N &HIR

@ Healing of crack healing by heating in vacuum furnace
Bl E Summary - .
@ Improvement of long-term reliability and durability
SREIMEFETIEH0%DIEFH ERaEmaRIE  of machines and structures

H175%DEME EREDEEE =R [ ﬁt:(;lij:;zr;;)f life cycle cost by extending intervals of repair
EZEMEIC L SBRACERRE R U FH = R pr—
_ s e S i F  Applications

A. RFIERIC L PESERRE .
@ Implementation of fatigue crack healing of 90% BREEDBERMADAYTFV R
@ Implementation of static tensile strength of 75% IYVIVEMD &S LB nimiERRDIER
@ Fatigue crack healing due to elimination of oxide film @ Maintenance for components of infrastructures

by vacuum heating, plasticity-induced crack closure and @ Repair of high-value-added products such as aircraft

atomic diffusion.

engine members

® Before heat treatment
A After heat treatment

10 — - 700 T T T T
USRS U T— ) S £ S 600k ]
Esg : P " SR ) g 600 1
g 3 >l M o soof v
el T R N R -4 ° I
5 .~ L HE: g 400+ .
20 o A - I~ £ 300 X
% 777777777 j 77777777777777 L R e —¢ 3 200 1
E 3 B ! m — -
oz M 1 S0l Undamaged specimen
- 1 ) i 1 < — Healed specimen
05 1 15 7 25x107] %5 10 1B 2
Number of cycles N cycle Stroke, mm
REATROES EROHE (SUS316)  EHRBWAIROREY ERERFIE DO ERBAATR OFHI5 3R D Sl
Observation of fatigue crack in SUS316 Evaluation of fatigue crack growth behavior Evaluation of static tensile properties
before and after crack healing before and after crack healing before and after crack healing
Crack propagation Healad'crack area Plastic region Crack opening Solid solution elements
Heating
- |-
Oxide film Crack Oxidefilm ~~  Dislocation
Notch tip Healed crack tip Pre-crack tip(7. (a) Before healing (b) Disappearance of (c) Segregation of
= - oxide film solid solution elements
Cooling
-)p l‘:——T\
10um ol 0um  a S om Segregation Healingarea
(a) At 3mm (b) At 5.5mm (c) At 7mm (d) At 8mm (d) End of heating  (e) After cooling
EXRBROBHWEAMEROEL IR ERBRA N = X LBHRE
Change of crack surface nature after crack healing Schematic of crack healing mechanism

oifRER : HH ¥, HiH EXE, JIHE B2 FHREAFEFEHRETE >S5~
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@ Problem: Contaminated with catalyst metals

« Side effects
. Deteriorate CNT performance

Fl Advantage

= Background

ll‘\

—KIF/)Fa1—-TJ

NATFYHRICEBZ VY TILDD RS A TOUNIESE
HAEAHE, BRINECNTIKIA—IZEEZ KW

90%L LD EEAIIRZRE

7—2ik. CVDE, FEEHNSDOCNTICER
@ Propose and develop simple dry purification method of CNTs

@ Applicable to a conventional apparatus
@® CNT No damaged

@ Over 90% of catalyst metal was removed

@ Very Effective for CNT manufactured by arc method,
CVD method, floating method

(CNT) DORRGE

A Novel Method for Gas -phase Removal of Catalyst Metals from Carbon Nanotubes

#3KE Previous studies

-

Air oxidation

carbon shells/—\
@

Repeat cycles

N

Acid solution

metal

A Long process
X Air oxidation
X Not suitable for re-dispersion (".”

@ Standard method: oxidation + acid

metal

broke carbon shells

CNTs aggregate)

\

Binding energy/eV (atomic%)

. Gas phase treatment

. . . SWCNTS/MW, /Cl,
X Air oxidation

X Iron oxide cannot be removed by Cl,
X Metal content was increased after treatment

sample Cis o1s Fe2py €l 2pyn

" MWCNTS 284 531 710 -
- 969%)  (25%)  (0.6%)
E MWCNTSMW,, 28 530 711 -
J iy (918%)  (46%)  3.6%
i i] o Fe® encapsulated catalyst particle. MWCNTSMW,o/Cl, 283 530 m 200

4 1 (916%)  (59%)  23% 0.2%
i A ) Fe-oxide catalyst particies SWCNTs 284 532 707 —
....... (945%)  (42%)  13%

Virginia Gomez et al. RSC Adv. . 6, 11895-11902, (2016)  SWCNTs/MW,, 284 530 710 -

(68.8%)  (2L.7%)  95%

711

1.4%

o

Conventional idea: To remove catalyst metal,
it is necessary to remove carbon shell at first
-> Need air oxidation process - CNT damaged

TEM observation

f53M  Applications

/Our proposal

Arc SWCNTs

Flame synthesis SWCNTs

CVD MWNTs

AN

. R Before
Our etching-precipitation method for
graphene Metals are removed through
graphene layer by Cl, gas.
G deposits on Cu G deposits on Cu
C-50ur C-s0ur —
| Cu heated heated ‘
C dissolves in Ni G precipitates on N
— After

¢, FeremovedfromFeC ¢  C precipitales on $i0;
h T b,
= = —
heated H heated
Si0,

Direct remove of metal catalyst from CNT
* No air oxidation

—>Prevent metals from oxidation
* Dry process - CNT do not aggregate

Carbon shell
Carbon shell L

metal

* Hollow structures

after treatment

& > Metals were

removed without
pre-treatment

/

ﬂlemental composition

\

Arc before dfter CVD before after Flame H,
. before after
SWCNTs (wt%) (wt%)@MWNTs (wt%) (wt%) @ synthesis (wt%) (wt%) treatment
CK| 44.48] 85.90 CK| 87.56] 92.56| [EkbASMA (wt%)
OK 3.53 1.67 OK 3.60 1.16 CK| 36.79] 67.51 90.41
YL 5.10 1.99 MgK 1.87 0.00 OK| 12.46 8.45 2.25
SK 5.84 0.55 CIK 0.00 5.59 SK 2.30 0.87 0.69
CIK 0.00 2.46 FeK 6.57 0.69 CIK 0.00| 10.87 0.62
NiK| 41.04] 7.42 Cok| 0.41) 0.00 FeK| 48.45] 1231 6.04

* Fe, Ni, Y can be removed by Cl, gas

Conditions: P¢, = 7.6 Torr,

\_

* Residual Cl on CNTs can be removed by H,

1000 °C, 60 min

/

Propose and develop simple dry purification method of CNTs !
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Light-Weight, Three dimensional Current Collector of Carbon Nanotube
Walls Directly Connected to Metal Films for Rechargeable Batteries &
Electrochemical Capacitors

Provide light-weight, 3D current collectors of CNT wall-Metal composite films for various battery/capacitor devices.
¢ CNT-walls directly connected to metal foils without any binder are realized via rapid and simple processes.
* Vapor deposition yields 2-10 um-thick layers of Al and Cu for cathodes/anodes in 10-60 s.

* Heights & spacing of CNT walls are adjustable in a range of 10-100 um and compatible with various active
materials.

¢ Thick and porous Si-alloy anodes are demonstrated using CNT-Cu current collectors.

* CNT wall roots buried in metal layer = Stable & conductive connection

* Height/spacing tailored at 10-100 um -> Active materials deep in the space with good electrical connection.
CNT forests are too fine; active materials shallow at top sub um of tens-nm-spaces.
Metal foams are too coarse; active materials unconnected electrically in sub-mm-spaces.

Porous Amorphous Si IP overview

/ 3-Dimentional CNT Title : Composite membrane and a method of manufacturing the same
3 ) Inventors: Suguru Noda, Shigeki Aoi, Yusuke Morikawa, Yoichiro Honda
Binder
Sellout : Y
Free .
License: Y
Directly Connected CNT-Cu Patent :PCT application (PCT/JP2016/055888)

Filler-Embedded Metal Foils?

Conventional electrodes built on metal foils S. Aoi, et al., 80th SCEJ Annual Meeting, YB207 (2015).

CNT-Cu Hierarchal Structure

S. Aoi, et al., 81st SCE) Annual Meeting, ZCP211(201S)

Active | * Active materials with conductive fillers Process - (ev] [ Prstalpectrg ] [ Edanc Dot i
materia Sputter
>~ Conductive  are attached to metal foils using binder. Fe1om/ AL om B = = .I--’llm-)' ' ' ' '
" - filler D face & binder = Resistive & K
i . _
Metal foil Binder interface inder esistive & weak. CNTside Cuside '?‘a
A )
Making current collectors by RVD? Y "
Possible continuous process Experimentin batch f | Ig ﬁ -
1. Making free-standing i + Free-standing Cu foils by RVD: - Net-like CNT-Cu hybrid foil
Cufoils byRVD — § e o ay Entowetght N xR o Covenoieament ]

. Cu
#=Z=. 2. Making Cu foils

with embedded CNTs |4
CF or CNT paper

Fe 1nm /Al 0,50 nm
AR ~ L NN YYTVY

i Si/CNT wires
CNTs embedded in Cu

. Cu ~10pm T Walllike CNT- u hybrid foil
3. Making Cu foils Tens pm-tall standing CNT waIIs can be formed on Cu foils
on porous Si films with embedded interface and controllable wall-to-wall interspace
Si [ v

Cu & Si-RVD: Anode Performance

Cu & Si-RVD: Anode Performance

S. Aoi, et al., 81st SCEJ Annual Meeting, ZCP211 (2016).
3500 s, o, et al., 81t SCEJ Annual Meeting, ZCP211 (2016).
1 M LiClO, in EC/DEC(1/1 v/v)+ 1wt% VC
Charge/Discharge @0.1C

® /O 3 pm-Si-Cu/CNT-Cu

W /0 7 pm-Si-Cuf CNT-Cu

S. Aoi, et al., 81st SCEJ Annual Meeting, ZCP211 (2016).
Our £'S. Aoi, et al., 81st SCEJ Annual Meeting, ZCP211 (2016).

4 Si Theor?tlcal .+ & 1% cyde
Capacity

= | th Graphit
1 (si:4Ahfg 1w ° 10 Cyde phita
< 4 50t Cycle

=

w

Capacity / mAh cm™2
N

0.8 mAh/cm? Previous works” h )
4 m Black : With out carbon-coating
PR\ Red : With carbon-coating
0 i —— e A, :
I
T T T T — 1 H in: 1
0 20 0 100 All processes in 1 min: CNTs by CVD, Cu by RVD, & Si by RVD.

40 60
Cycle /-

o3& % : Suguru Noda, Shigeki Aoi, Yusuke Morikawa, Yoichiro Honda  WASEDA UNIVERSITY

- . a . Re h Collaborati d P ion C
®Ffii® : Department of Applied Chemistry, School of Advanced Science g’ contact-tlo@list. waseda jp

and Engineering, Waseda University
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