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New Synthesis Method for Boron Nitride Nanotubes (BNNTs)

B RE
Backgrcﬁnd/Problems h-BN [1] BNNTs!"

BUMEER - MRTEN, .
BOMEER, BRNOCEKESYE  Nirogen

L L. BRBREFEL G S ! !

@ BNNTs Properties: -Boron and nitrogen alternate
+ High chemical stability - Cylindrical structures of h-BN
* High thermal stability
+ High thermal conductivity

BNNTSs are expensive (< $ 1,300/ g )™

« Electric insulator U
@ Currently, No useful manufacturing method of BNNTs BNNTSs synthesis method at low cost is needed
T [1] https://www.researchgate.net/ [2] http://www.bnnt.com
BE RRE
Summary/Solutions Synthesis methods of BNNTs
FIRGBNNTOEER X ©Synthesis methods of BNNTs
— IRy EERSE AW :-CVDEIC L B 8EHE Current production method  Research phase
Methods Physi.c?l Vaper © Chem.ic.al Vapor
@ New synthesis method of BNNTs by boric acid vapor Deposition (PVD) Deposition (CVD)
Product High crystalized BNNTs High purity
E{"'ﬁ Ad t advantage gn cry Large quantity
AL vantages 4000 °C .
g Temperature (ICP plasn:a or arc discharge) 800 -1400 °C
- . Scale up Difficult Possible
mv@&mb‘%(—t-tig ° 15:1 h&%iﬁ Price ¥70,000/g -
CVD;%E% L\ 6 Z t T*EEE % ﬂ'ﬁg ‘: -a— 6 [332]’Ig‘lsa,olggn(gzna;,);emicond Sci. Technol. [4] P Ahmad et al., RSC. Adv, 20, 35116 (2015).
@ Boric acid as a new boron source of low cost and low risk CVD method can mass-produce and

Decrease the price by finding suitable conditions
©Choose sources for Boron and Nitrogen for CVD method
© Nitrogen source : Ammonia is often used as Nitrogen source
©Comparison of Boron source

@ Possible mass production by using the CVD method

2= bhiG Ham

Target Areas/Products

/ QOur Solution! Previcu? reports
=tEN RS Cl , — o
Emnnrd' %Iﬂtl \ l\/ 9 (Eﬁj’b¢) i R —
i BRI SR E R (TIM) _ = - "
%Uhfatb\;(?:‘l'\ﬁEZEt@Eﬁ% o \ ¢ G-C‘jfg) ) s Sifg) (Boronéwfg)

s
[5] M. J. KIM, et al., Nano Letters, 8, 3298, (2008). [6] P. Ahmad et al,, RSC. Adv, 20, 35116 (2015).

@ Highly heat resistant Thermal interface material(TIM) Provide new method of BNNTs synthesis
@ Applied to hard to break smartphone screen

@ Highly heat resistant battery separator (under study)

®12 mm

BNNT battery separator (under study) SEM results: Straight and thin BNNTs

oHRESR : HFH B FREXRFYY—F 1IN~ 3505~
E-mail : contact-tlo@list.waseda.jp

o FiiiE : BT Z4libz ISH{EER Tel : 03-5286-9867
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Heat-Resistant Separator Made of Boron Nitride Nanotubes and
Integrated Cathode/Separator/Anode for Light-Weight Batteries

= ¢ Mechanism & problem
BRBE

Background/Problems e o e e e
[pm]
IEE@L"( z. V%%(L'B) ‘*ﬁ%’%tl\o l/ _9 Em 15  (Al) Current collector —

83 Cathode

‘l\_c*s D S %ﬂmt@fcwmﬁgﬁ'&ﬁibﬁﬁg 15 Separator —» == 3
FERLOOEEEEEFXICESITENENESR T o Coment oy
DEIhTED, L—MEFERLEDEL W Pyw—

M. Hagen et al, Adv. Energy Mater. 5 (2015) 1401386,

Binder ® Conductive material

@ Organic separator films in the current Li-ion batteries (LIBs). B e o s x Long L |l x Many heavy & thick
Heat-resistant separator is in high demand for safety. metal foils

@ Thick active layer on heavy current collectors of metal foils *Soluti - BNNT - d Laminate struct
for high energy density. Uneasy to improve power density.

Approach Nanotubes... + Light weight
Approach - Large surface area - High aspect ratio
Use nanotubes = Self-supporting, flexible, sponge-like films
[ g el
ﬁg}*;ﬁ/ﬁ'ﬂﬂ Carbon nanotube (CNT) Boron nitride nanotube (BNNT)

Solutions/Advantages Electrically conductive Electrically insulative
Use as 3D current corrector Use as novel separator material

aSEBNNT /XL —4% (>>500 °C) O Metal foil & binder free electrodes | O Thin & light-weight separator

NLVTLR, BERE, 51 A VHEE

HWEm/t/\L—5 /aEEREL—dmemc | © @ o 03
& 31 7 VIEER | & IR DR g v S L W .

C NT%EE‘ {* ‘: * % ﬁ E ?ﬁ X o E = htpy/waistgojp K. Hasegawa, 5. Noda, Power Sources 321 (2016 155 o smwwspaceelevator N nbntcom
B b l/ ==R-:9

blog.com

_)gfg'l‘is Etﬂﬁ@fgs %I*}b#—ﬁfg w Laminate structure
@ Boron nitride nanotube (BNNT) separator (>>500 °C). Integrated structure gyu':ﬁ:)a | foil less electrodes)
Binder-less, high porosity, high ion diffusivity. -
@ NEW integrated structure of cathode/separator/anode. Cathode s
Thin-layer stack offering ion diffusivity & mechanical Separator =)
stability. Anode Stack by
@ Light-weight LIBs based on CNT current collector instead Metalvire - serial filtration &
of metal foils.

- == Metal wire

—Enhanced safety, powder density, and energy density. Thinning = Mechanical strength v ?

© Whole integrated structure is easier \J(:Snegce);/sesdrgtizsnglc;niECLS )
to be self-supported than individuals 9

SRl == T O Light weight (Metal foil less )
:ﬁ“i]‘.ﬁ] 1& & RESUItS Trade-off between power

density & energy density will be

\_ mitigated >
4 Observation of integrated structure /
—— The same film ———
2 Battery measurement Coin cell type: CR2032, Electrolyte: 1M LiPFs / EC+DEC (1:1 by Vol) 20 pL, Cut-off: 3-4.2 V
@17 mm BNNT
LCO-CNT Graphite-CNT Polypropylene separator BNNT separator Integrated structure Coin cell structure
) o ) o with BNNT separator
Parts were fabricated individually | Parts were fabricated individually P Top cap e
D 42 42 42 Spring _—
N 4 4 b Spacer =_—
Cathode side [H - — initaloAc <38 — il 01 <38 — it 01C Electrolyte
S —oic F —oic H —oic Av‘—
536 —o3c 30 —o3c £36 —oac Anode @B
23 1c 254 1c Z34 1c Separator > or @
Cathode-separator-anode . —t N - N — tote @ meored im
integrated film was fabricated e T e e T e ——
Capacity [MA/g.co Capacity [MAh/gycol Capacity [MAh/gyco]
- 7 Botomep [
image (integrated structure) 160 160 160
1o | Total: 85pm  1C = 0245 mA a0 L Total: 101um 1€ = 0.292 mA 10 L Total:56pm  1C =0.185 mA
? 120 . "g 120 "g 120
fo Sreeal Swolb * teen,, BN *1 Estimated from the parts fabricated
E g S, E g c .., gl °ceee. ., individually using same amount of
z . 2ol . Z ol Cee., material to integrated structure
g Cathode: 35 um, 3.67 mg/cm? g Cathode: 45 pm, 4.37 mg/cm? 2 Cathode: (27 pm, 2.78 mg/cm?)*! -
o0 Anode: 26 ym, 1.35 mg/cm? © 40T Anode: 23 pm, 143 mg/em? © 40T Anode: (17 um, 086 mg/cm?)*! Ca""l‘a‘ed separator 'hh‘fjk"e“ asd
20 I Separator: 24 um, 0.97 mg/cm? 20 I Separator: 33 um, 1.02 mg/cm? 20 I separator: (12 pm)*2 (total structure) - (cathode +anode)
0 0
0.1 1 10 0.1 1 10 0.1 1 10
C-rate C-rate C-rate

: " X Active material-CNT BNNT worked as Integrated structure worked correctly
Three-layered structure was confirmed electrodes worked separator stably with thin separator

oifAzREL : FFH B, &F #XE, E =k EREXFUY—FA I R—S3a>t>s—

- E-mail : contact-tlo@list.waseda.j
oFhE : BT ZMPe IRAIEFEH Tel : 03-5286-9867 o
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High Energy Density LIB Full Cells with
Original CNT Sponge-Based S Cathode and Si Anode

E& iR% Background/Problems

BREOZREMOEETE., EVELUADHBENHEEAOXELEEDESZLHHTVS
BEHOEEL AR NDORIMENDER-ZTEL /L —5 ZERICHEYORIME. EMEORKELHF

@ The conventional secondary batteries are made by coating active materials on metallic foils with conductive fillers and
binders. These non-capacitive components accounts for significant mass function.

@ Mass and cost of batteries will be minimized if electrodes are built on stable separators with minimal use of such
components.

iR iRiE/BAITE Solutions/Advantages

MBEDOCNTRARY VEBOHEE., SEDLIA AV ZHANT ZEEDEBDREHE
CNTORRYIEBBICELD, EEHERL & ZEBINET 2D THEBELI—EICHRN S
ERB\EZAVEWEE, Y ERIMEL TEEROBWV, FRBEDZRE]

@ Original CNT Sponge-Based Battery - holds highly capacitive active materials (S cathode and Si anode) within light-
weight, conductive, flexible CNT matrix, allows reversible volume change (S expands and Si shrinks during discharge)
while conserves the total cell volume

@ Novel design with practical production process will realize “Soft Batteries” with innovative capacity at low cost

# Current Cell composition m
N

. cathode anode . .
Cell composition \&L Binders New structure 0 Image of Charge- Discharge Behavior

New proposal

CNT-based electrodes 2 150
Conductive

’ fillers © Silicon 1200

=" Sulfur coated CNT 200

Energy density [Wh

600

Battery cell
hpy/eliypowesiojp
|

Active material Thickness : 40 um

300

(energy storage) Sulfur: 3 mg/em?

Cathode ~ Anode Silicon 1.4 mg/cm? -
S-CNT  Si-CNT “active material (5 mAh/cm?) Mass of electote

Role of CNT paper

A DRy —E

s

@ Lithium metal oxide

P oehie

Light-weight || current collector

Separgtor
Metal current
collector

cathode  separator § High conductivity - | conductive filler
Self-supporting || binder 3
In general, to achieve high energy density, A
Choice of active material is important Felnrezton of CNT—based electroldes i ) It is possible to make the volume
Components other than active materials degrade the original performance of batteries \ with high energy density for Si-S batteries of the whole cell constant )y
# Results of measurement
[Full cell assembly] Electrochemical performance - 1400 Discussion of capacity decay of the cell
Full cell structure 28 R AR A & 1200 F 4| One reason is “Lithium ion consumption”
Full cell structure b
Coin cell 26 12
1000 fogn
. S-ONT 24 1 E S <Half cell> st <Full cell> conr
>
S t s = 800
 —] eparator 2 22 20d Charge 7] === (N/P ratio: 1)
mmmmw  LixSiy-CNT s 1 8 600
£ 3 Separato——] Separator =)
60 S 18 4 e — vs.
£ 400 —_-
- CNT 16 g fg' L LixSiy-CNT
X || - 14 1%t Discharge i3 200 Liis huge excess fithium is balanced with S
3 CNT 12 L L L L L L & 0 Li/S ratio: >50 Li/S ratio: 1~2
% i 0 200 400 600 800 1000 1200 1400 0 5 10 15 20 25 30 35 40 45 50
£ ; 0 ° .
TN wpets s Gravimetric capacity (mAh g ) Cycle number (-) T Although artificial SEI is formed
X . % 25 ) o
. P P N/P ratio =3 shows stable capacity and £ w, Calculated capacity at the pre-doping process,
1 ) a87 1700 810 Anode Lisiy-CNT higher capacity retention after cycles 3 s Continuous Li consumption
15 1097 T 1910 i T Separator WUV;; e (/P ratio 3 sh £, cannot be prevented
i ratio =3 shows H
3 930 lectrolyte § . . i
4 1100 - 347 T : N::‘: - nmi . gecroye | oot more than 600 mAh g-' after 50 cycles) £os y\‘/\ea‘sun?d (‘apa‘mly‘\ ) tT}ITetcapdaCIty dechy matchesfto
N/P ratio = 1 exhibits 810 Wh kg™ o spucy | AT < As N/P ratio decreases, L ooty e eneeney e consamption
01cC . .
based on mass of both electrodes . vt reomsows | Crte | iiorons the capacity retention decreased as well
High energy density based on electrodes is obtained | ‘mm | 1828 What is the reason of lower capacity retention ? Itis important to improve C.E. of Si-CNT

oxER : ¥ &, I8 =i BEMEXFEVY—FAIR—>a>teoy—

E-mail : contact-tlo@list.waseda.jp

OFfiE : BT Z4ibe ISHA{EER Tel : 03-5286-9867
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Background/Problems

ZLF YT IVEREET « JLL(TCF)DRERER
« ITOIXRERM - MEFEMEICRE
PEDOT:PSSVYAg7/ 71 ¥ — XA KICERE
- CNTZEHREERIIMREEERTOERICRE

@ Problems in flexible transparent conductive films (TCF)

« ITO has limited flexibility and abrasion resistance.

« PEDOT:PSS and Ag nanowire have insufficient durability.

+ CNT-TCF have issues in performance and production process.

B RRE
Summary/Solutions

PSSKBRBICCNTZAEIS B TRIET S

23 DBSBFEDRM

BiB41(115 Q/sq). EEBF(90%).
BWIRAME(>1000 h). i@ (250 °C)Z=X3R

Simple fabrication via dispersing CNT in aqueous
solution of PSS (Poly(p-styrene-sulfonic acid)) and
coating

Conductive (115 Q/sq) and transparent (90%)
Stable in air for >1000 h or at >250 °C without

passivation

{20it¥ Advantages

PSSTEIFTCNTHHI—ICHEITE S

B Performance B Structure
ﬁﬁﬁ’l‘jlﬁflfi;ﬁis I\ - 7IE;FE 100 {90%-115 Q/sq
95 |79%-49 Q/sq
@ PSS is a promising dispersant and dopant for CNT =
290
@ No need for removal process of surfactant g _
No need for additional doping process %“85 1 e
580 PSSiwraps' h
< d dispersion|&{doping
3 [=] L. Waseda University 800
9 — 7 “/ I~ $ j‘% / u I:ﬁ:l ._75 i Waseda University
Target Areas/Products 70
10 Sheet regi%(t)ance (Q/sq) 1000
TILFEYTI - Iz PSTLFINA R . subi
e ability
M7 EREEER
EHABEHE—Y— =3 gl o
% ool\..’. g" @"\%
~ E Y\ A A '(:: o4 .
L7 X4 ILERAWE\W\EREE : et 60000606060
1é¢ @ 00 1
E CNT:PSS stable for long time § CNT:PSS stable at high temperature
@ TCF for flexible & wearable devices % 3
o
@ Transparent heater for automobiles 0 S B S —
100 1000 25 50 75 100 125 150 175 200 225

@ Rare metal-free TCF

offizsESL : BFH &1,

3 KR L, 28 EE

IGR{EFR1,

o FhiE : BT iR

\Unstable chemical doping and gradual performance degradationy

G

.

FJ - SA JRIFRRFHE2

CNT-PSS iBHREEHE :
% * R - (K - BE

Im: Simple, Flexible, Highly Conductive, Stable

~

Our technology: >90% conversion of
CNT powder into high quality films

(a) Addition of dispersant
0.5 wa SO8S.0q,, 20 m. in total

“aE

Quality-quantity tradeoff
in CNT applications

Dilute dispersion Con(enlraledlsoe O
of Iml CNTs  shar

(b) Dispersion

with aggregates mthutaggrmlﬂ Bath type 3O W & 435 kM2, 3-200 min

CNT aggregates | NIy

R a

e nmonu lhnrwdr. ATy

with e

=

4 | 2T tclmmh‘nm (d) Film fabrication
£ | g5 3500 rpm for 20-30 rrin Vacuum Sitration & Eraeater onto MET
¥ — 53
et b
M i IIW

T [+

L Sediment

] Smi
Disparshon power * tima +iad CNT line patteres CNT TCFs
H. Shirae, D.Y. Kim, K. Hasegawa, T. Takenobu, Y. Ohno, and S. Noda*, Carbon 91, 20-29 (2015).
Issues:

Post treatments for surfactant removal & chemical doping.

Doping of PEDOT by PSS is stable \
but PEDOT:PSS is not stable due to agglomeration of PEDOT.
v' CNT network is stable

but CNT-TCF is not stable due to de-doping of HNO,.
Why not to disperse and dope CNTs by PSS?'

QARG

PSS=poly(p-styrene-sulfonic acid) PSS wrapping on CNT
Simple fabrication process for CNT-TCFs

Dispersion-
filtration

CNT-TCFs

centrifugation

~) i kupernatant H

transfer

N |

CNT-TCFs,

“'ﬂ
E.
-

sonication

cycle

kedimenl

vacuum filtration

X

2

UY—FA I)NR—>3>1>5—
: contact-tlo@list.waseda.jp
03-5286-9867

0
Time (h) Temperature (° C)

2 BREXE

E-mail
Tel :
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Anisotropic Conductive Film of Ag-Cellulose Nanofiber Aerogel

E%/%;EE ¢ Mechanism & problem
Background/Problems Electrode

t A.I t /Ulj\iﬂ_’, %i{t?% ?%ﬁwﬁbu o e o Ooo OOO O(‘ } ACE Polymerremalnlng
EW@% ﬂtﬁ%@%ﬁ%l&%ﬁ?é (a2 08 0000 5 Lowconductmty
HEERCESRMADEE HE!M_

@ Thin & Light weight devices are increasing Ay

@ Required effective connecting technology with
in-plane conductivity and out-of-plane insulation

Problem

Polymer flowing

oo
Short-circuit

BE RRE

Summary/Solutions m

F/77408 B B(ILVA—RF/T7A4N) &
EEBAF EERDHADSBBIBE

BEICEONEVWERBNAEARICHERICEE

! [vol%]

}Conduct ive l A.
E _‘,b\ﬁﬁ WF& Eﬁ%é _u_% particles Nanofibers Ir
Air can escape to the outside « High conductivity
@ Structure is only nanofibers (e.g. cellulose), conductive particles, + Noairremaining 2 [ . No short-circuit

and Air + Prevent particle flow

@ High conductivity due to the presence of particles
NOT covered with resin

@ Air insulation between adjacent electrodes

Strong point 2
Conductive particles are
entwined with nanofiber
- Particles cannot move

- No short-circuit

I

{Bfiiff Advantages

F/I771NEEBRFREITIDOY Y TIVGEBEDACF B pamcfets'?:fsﬂggltr:ed o
- . nanofibers
E“E;FEFH @ACF’&: t wﬂﬁg'& = Pariicll;e_ s:rface; ars gxposed
igh conductivity Self-supporting
VT IEREE & flexible film )
@ Simple structure ACF with nanofibers , particles, and Air
@ Resin-free ACF .
|Re5|stance measurement‘ 108 Over ranr; (>108 Q/sq)
@ The ACF was fabricated by simple filtration process ® 107 ¢ 4
_10° ]

o

2—%5vy bk, B Qany g i :
Target Areas/Products in-plane resistance (@/sq)  S.10° 5
EAMEER(ACF). FAMEER(ICF)
BAEME (TIM)ADISE S RH - N
ot e Haa, 4

@ Anisotropic Conductive Film(ACF) ' @1 MPa)

dcvod o sl

> B>

Out-of-plane resistance (Q)

@ Isotropic Conductive Film (ICF) 70 80 90 100

Ag weight ratio [wt%]
@ Considering application to Thermal interface Material(TIM)

+ Ag weight ratio T In-plane & out-of-plane resistance |
* Ag 90 & 92 wt% film have excellent anisotropic conductivity ( x10'°)

oixEA :BFH £ )k = BEMEXEUY—FAIR—>3>t>F—

- E-mail : contact-tlo@list.waseda.jp
oFhiE : BT Fibe RAEER Tel : 03-5286-9867
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Electronic devices composed of polymer nanosheets

HR R

Background/Problems
EEEBICBOBY 7 I 7IVTINA ADERET
HEREMICH T BHER : AN REDER :‘Tj‘@:heet 10s-100 Nanosheet
" . S ickness: 10s~100s

MEEEE? % %ﬁ*ﬁﬂﬁ (ﬂﬁﬁ?&'l‘.ﬂ&@ﬁb\ﬁﬁﬁﬂk of nanometers) i

i@é AN E*j@{ﬁﬁﬁ!&%jﬁn%) Electronic nanosheet
@ Requirement of wearable device design with > @ > ;

conformable contact to biological tissue surfaces Conductive line Electronic element
@ Drawbacks in conventional packaging technologies:

High-temperature process damaging organic materials BRFF/— b ERVWLEEFTINT ZADER

mg /ﬁg.;*.;ﬁ Fabrication of electronic devices composed

Summary/Solutions of polymer nanosheets

HEXHERSFF/Y—ME+~8FF/
A—=KNILE)2EM LT ERRBEFT/INTR

B> /RFOAY Iy NEIRIICE ZEBTD Nonosheet = | |RacKside
HCH#RAZ AL D P BE
N TRIFREDORFHRNICLZIBEFRFOEE
@ Flexible electronic devices mounted on free- | Conductive line
standing polymer nanosheets Nanosheet

@ Fabrication of conductive lines by inkjet printing
of silver nanoparticles at room temperature

@ Soldering-free packaging of electronic elements
(e.g., LED) based on van der Waals interactions

{Bfiiff Advantages

A7 & DI RYIN D EIERE T ATEE

EFRTFLEERBROYMEBENEZERICLDIERER on polymer nanosheets

@ Direct attachment of electronic devices owing to
physical adhesiveness of polymer nanosheets

@ Conductive lines with high conformability and
adhesiveness

@ Packaging at room temperature by physical adhesion
between electronic elements and conductive lines

2=y b G Ha

Target Areas/Products
W2 EIC L BRBHOFRBZFDBWERKEHAA
DxFPZTIWTIRARGRE
@ Wearable devices for monitoring biological
information without discomfort due to glue contact

MICEESF LEEFT NI

Electronic device composed of polymer nanosheets
attached on human skin surface

O AR ES : BixRE!, & 342, KF =583, 5MH &E* BRAXZVY—FA IR—>3>E>49—
OFRIE : . - SA JRIFHMFHIE!, BT FillR MRS - MEFEPEM2,  E-mail : contact-tlo@list.waseda.jp

EHERNFRE, BEMRIFERE Tel : 03-5286-9867



HEESHOMT—F
EREIRSA T RED

#8128
Background/Problems

HEEEFEPRERBEFOVILFYTUTILE
ICHS EEES RO

MR LB BY TS X F v 7 (FRTP) B D
ESEHICR T 3 EECEMANS MO B EE

@ Development of dissimilar joining technologies for multi-
material automotive bodies and aircraft fuselages

@ The Need for Accurate Mechanical Characterization
of Fiber Reinforced Thermoplastics (FRTP) to Metal Joints

E fRRE

B

B2 488
2

BIRRISHD

e

1ol
¥

Insert film

pper:A5052

er:CFRTP

T

Custom mounting block

%

Development of Test Method for Evaluating Pure Mode Interlaminar Fracture Toughness of Dissimilar Materials

25 mm

250 mm

o= R A

Constant
loading device

Load cell (Peye)
—Constant

ENF loading tip
Test specimen

ENF Support

CL-DCB test

Summary/Solutions DCB test

DCBSER DG ) . °
- . WEDOEBEBIEN AR

BEMER IS EATE— ROREERE ? g -

N
n
—_
o

BERBLHOTEEZF YL
IEHEGE— R | ERBIENE O
@ Application of Double Cantilever Beam (DCB) test

@ Cancel the effects of mixing modes when joining
dissimilar materials and thermal residual stress

[

W
S
o

N
i

o
n

Energy release rate G kJ/m2

Energy release rate G kJ/m2

<

L | Bizz—FIN
+0

mode [
mode II

@ Accurate mode | interlaminar fracture toughness
evaluation

{E{iit¥ Advantages

(=)

12
Load per width P/B
DCBEAERTI/EOND
[E BRI SN 1 fiE (R (B)

<

1 s
Load per width P/B
CL-DCBERERTRON S
[EMER S E GEERE)

12

R, E—RIDEBEEE—F E—FIOHFETEENARE

R ODCBRBRED A THEN A S g oan
EAICSHARRINHOREBEZR U Tl g REAT | fon = e
~ = - ~ 60F ® CL-DCB AT#0 & ]| Inverfece
WHAER S EBEMESHRA ICEWTHEATHE 2500 e
FESTIC AN 9 2R EED IS Bk - i 'SR -mm T
g20F 0 TTeel e
S L 2 010 N
@ Easy evaluation by conventional DCB test method =1 £ 00s E“ E“ 3
@ Evaluation considering the effect of thermal residual stresses 14— 4% 75 12 00— oo — a8
@ Applicable to any dissimilar material bonding specimen Load per width P/B N/mm e ot b S
@ Obtaining fracture toughness values for numerical simulations xstgi-n+2E—FEAZOLE BHZREEHESTIREBAD
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Target Areas/Products
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@ Design of machines and structures with dissimilar materials
@ Improvement in the bonding strength of FRTP and metals
@ Development of new composite materials.
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The New Interface Measuring Device using New Plasmon Sensor

and Raman Scattering Spectroscopy

#%/ B
Background/Problems
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@ Non-destructive depth profile analysis, is difficult
@ High-precision nondestructive inspection is difficult

@ Complicated operations of large measurement
equipment.

Bt Advantages
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@ Depth-resolution 0.1nm or less

(More than 10 times of the present sensitivity)
@ High-precision nondestructive inspection,

low cost and high measurement convenience
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Example of buried interface
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E.g. semiconductors, optical devices E.g. energy device
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New Plasmon sensor which enhances SERS effect effectively
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The lamellar structure
almost accords with real
interlamellar distance every
0.3nm

Depth direction profile of the G peak strength of the graphite
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Summary/Solutions
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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.
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@ High-density optical recording multilayer film,
a variety of devices, i.e. magnetic disks or

semiconductors, Li ion battery, fuel cell,
vital reaction, and so on.
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The structure of the thin film magnetic head (DLC overcoat/ lubricant film)
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Raman spectra of the surface of
nitrogen doped DLC overcoat

Raman spectra of
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)
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Raman spectra of
DLC overcoat/ lubricant film
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Operation of 3-D MEMS micro mirror by single superposed driving signal

Background/Problems | o \/ £
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torsion

Direction of Au wire
magnetic flux

SMm

@ MEMS micro mirrors have been widely used for optical

devices such as projectors and endoscopes 3XRTMEMS S S5 —
@ Requirement for three-dimensional (3-D) scanning by MEMS 3-D MEMS micro mirror

micro mirror in addition to 1-D or 2-D scanning x- rotational mode z-parallel mode y-rotational mode

@ Increase in device size due to increase in driving direction ~=743kHz f.=1835kHz f,=31.96kHz
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Summary/Solutions
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3O0HIREE#EERShE-—DEEDAN Resonant frequencies and modes of MEMS micro mirror
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3-D scanning

@ By single driving apparatus, MEMS micro mirror is actuated
in three resonant modes

w'—]

@ MEMS micro mirror is operated in 3-D by single superposed
signal with the three resonant frequencies
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@ Miniaturization of whole device by single driving apparatus W %
and single driving signal > VE:IIE;I}I - Ty
A—=Fv bhig B85 HIFREBDERSDE(ESIC L B3 RTHEEN
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X axls scan V- axis scan axis scan
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Multi-dictional scanning by single superposed signal
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@ Optical device that acquires 3-D images such as an
endoscope and retinal projector
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