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High Temperature Resistant Die Bonding Formed
by Al/Ni Nano-particles Composite Paste

He B2 Molding compound Al wire _ § = r:‘ Ni I;lano-par;icla ‘,\
H 5 Background Sichip g g - R -
s~ e = [ = - » SIC E — o
* SICNT—7 1\ AREITHT SEHMRBRME UTAGH /L _' solder D O
FPCuF /HFIc L BIERERKIESHEE SN, ARNEDHSH L‘:fb”s't‘:_g'l’g — Heat resistant :5‘ Ag Nano-particle
TW3, bonding g g Us. _
@ Low temperature sintering bonding by Ag nanoparticles and Cu , ) o —
nanoparticles has attracted attention as a high heat resistant Heat dispersion - . . —
bonding technology for SiC power device interconnection. - R '
) onding (reflow) temperature °C
An Example of conventional Relationship between the bonding
S@EHE power device module packaging temperature of interconnection materials
&EE PrObIemS and the respective melting point
¢ AgF/EFPCuF /HFRERVEIL. 1R NEICEE @ The problems of Corrosion, oxidation and cost in Ag nanoparticles and

Cu nanoparticles
O FEEAROVI /O XU LDORA RORE

¢ RTLERCORPRRMCTEIETOMBA IS SBRARREDET @ Decrease in bonding reliability due to thermal stress caused by difference in

thermal expansion coefficient (CTE) between the element and the substrate
L Summary .

© AIRA 7 O/RFREICE IR R DOFEAHRDIREE

@ Generation of voids larger than micro size after sintering

Al-deposited layer Al-deposited layer
& Nit /HF/AIVA 7 ORFRAN—Z ML & DB U ESMEORDEMNRORE  ~

4 SIC-SBD% AW - AR P

@ Verification of void reduction effect by Al microparticle mixing Ni nano-particles bonding layer Ni nano-/Al micro-particles
composite bonding layer

@ Verification of stress relaxation effect of junction structure formed by Ninano-/Al micro-particles composite paste

@ Evaluation of high heat resistance using SiC-SBD

{2{iif¥ Advantages

O RKPICHE T BAIE DEREEAH AEE
¢ 250°CLLLIc &1 Bzt ZEE T HiEaitrl
© AIRA I ARTFREICE BIRA ROFEARR EISNEMR

A Ni _ icl . ~ . ~ .
@ Ni nanoparticle bonding can be applied for the direct bonding e bl gginno Tartlrc e Ni nano./AI micro particles
to Alin the atmosphere. o g laye composite bonding layer

@ The Ni nano-/Al micro-particles composite bonding layer has

comperison of the examples of observation of gas voids remaining in the bond layer.
heat resistance at 250°C or higher. Ni nan

rtic

(b) Ni nano-/Al micro-particle composite

@ The Al micro-particles in the bonding layer are expected to “ = T - * CEeomant b deformas
. . . ——— . Nl _nano- S eformability
have voids reduction effect and a stress relaxation effect. G | 2. :ﬂ (b)/" Cidn shear sirength

40 . = = !
s Shear strength of the bonding £ B == |
S» with Ni nanoparticles to the Al § o £ !
= . % k i
8" surface for different atmosphere & g . (a) !
£ 2w w sl 1
© 15 i 10 /’ ]
) \ i
& ! 1

; . :

R 7-29men? 25mem? 4gmm? o 500 1000 1500 2000

N, Ar+Hy(3%) Ny+H,(3%) RImezTmn)  (SonuSoend [Fenancrinen) Displacement [um]
Chip Size

Comparison of shear strength of samples
bonded using Ni nano-particles (80nm) and
Ni-nano (80nm) /Al-micro (10pm) particles
in different chip size

Relation between shear tool displacement
and shear strength for Ni nano-particle and
Ni nano-/Al micro-particle composite at chip
size of 5mm X 5mm

—RT
14.0 —100°C
—200°C
250°C
10.0 ~—300°C

STEM images for the bond interface between Ni nano-particles
and Al surfaces

Current (A]
w
5

:; 5:0
0
= Al lead
Fti% TargetAreas .
0.0 05 VOItalgDe [V] 15 20
HEV/EV @ HEV/EV
¢ / X . . I-V characteristics of SiC-SBD of 6mm x 6mm mounted by using Ni
¢ IXRE-YDAVIN—=% @ Inverter of industrial motor nano-/Al micro-particles composite paste at different operating

O MIRILF—2E @ New energy field temperature

® RE, @Ah B SREAPEFERRBEL>5—
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mRFFr/I—beRVEEFTINAR

Electronic devices composed of polymer nanosheets

HR R

Background/Problems

EHFBBICBOEY 75T IVTINA ADERE

WEREMICH T BMER : BALRITGEDER e 1051005 Nanosheet

ME’E%?% %%&f’ﬁ (ﬂﬂif%ﬂ"ﬁ 0)15 L\ﬁ%*j*sl": of nanomet.ers) {

ﬁé 7:'.;[,\ o E*Z@f$ﬁﬁﬂ%*ﬁné) 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 =47+ /3y —r2BEWEERF/INA 2D ER
Fabrication of electronic devices composed

WE/ ﬁg’;*’;f of polymer nanosheets

Summary/Solutions

HEeX#FERFF+/Y— M#E+~8E8F/
A=RNIE)2EM LT BIRRBEFT/INT R

Nanosheet Back side
WF/RFOA2UV Yy NEMRIIC LD ERTD 1 Electronic element Bk
BC#RAZ AR D AT 5E
NYIHIFBOAFHAI & 5RFRFORE w
@ Flexible electronic devices mounted on free- ,Lang:;;‘;““’e line 1mm

standing polymer nanosheets

@ 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

(Bfi Advantages

AR & DSERYIA D EHERE VAT §E

s — T/ = b EIRRESNICBFRT
HRUNDOEVENRN - BEMEEZFT T SEEEIR Electronic elema:nts mounted
BETRTFESERBOVENTEIC L ZERRE on polymernanosheets

@ 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= bhiG Ham

Target Areas/Products
RARR E 'E ck% %ﬁﬂ%@i'm@&f#b@ WA KETEIFE ALICEEM L ERFINA R
VITITNTNARTGE Electronic device composed of polymer nanosheets

@ Wearable devices for monitoring biological attached on human skin surface
information without discomfort due to glue contact

B R, 8 =52, KE =HE3, &8 &R PRAAYESEREEEE >y —
FJ - SA JEIGRARIEEL, BRIk BHRE - mMEFER2, E-mail : contact-tlo@list.waseda.jp

EHERNERS, BaRIEH Tel : 03-5286-9867
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Flexible antenna coil for biological tissues

W& AE
Background/Problems
EFERERBRMEN IR 7L 7LIL2 A= R
BEIEMERRRZERT I HICRDELGBNBTOELRICLZ2EMOEN
FICBICHWERSS T (RY TATILR)NOEIERERIEROBEHEINEE

@ Flexible electronics conformable to the biological tissues.

77 VDRBEICE>T
B FXRERICEKET S SERIEHR
@ The substrates are limited because of thermal treatment for the preparation of low resistive printed line.
@ Especially, to apply the medical polymers (polyester, weak heat durability) as the device substrates is important.
BIE R RE
Summary/Solutions
BIRRYEDZEIZ7x7L—V¢RFT/AVIDSKRI2BRBRENFRAEREICAI VIV N
ENRIL. SiRLE(250°C)Ic & D {EIEHMGENRIECHR (B : 2.9%x105Q - cm)ZER
J37z07L—7H eI 31EEZFAL T, HRERZEMRAEDSHFEE(Tg: 56°C)ICiEE
@ An inkjet-printed line was annealed at 250°C for realizing low resistive (2.9 X105 Q « cm) on a glass substrates.

@ A low resistive printed line was transferred onto the low heat durable materials (Tg: 56°C)

thanks to the cleavage of the multi-stacked graphene flakes. éié _é/gﬂm.ﬁg‘
€16
514
Btk Advantages =13
20.8
- . £0.6
BR - BMRICRBTH Do, HOMIFTHAD THIER i Al
oy 0.0
MERZAWS C LR <EFEBBIRE. FFiEGE) TR 0,02049898 1
Ef#AMEOERRS?FLIC. SRNEZT > EBIERGIRZESE FlAIRICED B
FRIECHROME 707 71 )L
@ The thin film antenna coil was so flexible that it worked even when the device was twisted
or folded. 10,000 633 nm
@ The antenna coil was adhesive to the biological tissues without any glues. 5 8000 r ?
@ This technology enables mounting the low resistive printed line witch was thermal-treated § 6,000 2+D
at high temperature on the medical polymer substrates (weak heat durability). ’é 4,000
§ 2,000 f
=Fv hhin B B ° 0 zoloo 4000
Target Areas/Products Raman Shift (cm™1)
— T ENRIERHMEDZ VY ART ML
V7 R 7 U7 ILOEEE IR LS WG SR S ERIE v o
PPN _— —_ S e e 2DE—9—->2-5BD7L—%
HRXBRERV PI4T35 TILTINA ANDIHH

ERICAZEEUVLEEILX O TILTNARADNYy TV —TU—{k

@ The application as the thin film printed circuits with little interferes to the deformation of
soft materials.

@ Wireless thin film bio devices.

@ Hybridization with the flexible devices to be battery-free. FOHITFTHEBLETHET S
EER7>FTFaCL

KE BT, i 852, %5 HE? BREAFEFERR#HEE>5—

WTHI ERENENL T - SA TAFRRMIE 7o 0s-ceomy o
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Anisotropic Conductive Film of Ag-Cellulose Nanofiber Aerogel

%E/?&%ﬁ 4 Mechanism & problem
Background/Problems @E'e“mde Problem

E b E hINEUE - BERUL T B BT ORI L

ACE ‘ Polymerr
Emwgﬁ"&tﬁﬂ@ﬁﬁﬁﬂ%ﬁ?% SIRULNCY L - } O Lowcontuctivity
ERGESEMANDEE m

@ Thin & Light weight devices are increasing

Heat & Pressure

Problem
@ Polymer flowing
J
Short-circuit
B RRE

Summary/Solutions m ~\

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

F) 77418 @ BILO—RF/T71IX) & N
LBHT & TS OHNSHLBHEE

BEICEPhEVWEEBRAEARICHESEICEE

: [vol%]

%Conduct ive ‘ Ai
EXHLBEEBHEZERSES partices Nanofiber= "
Air can escape to the outside - High conductivity
@ Structure is only nanofibers (e.g. cellulose), conductive particles, * Noair remaining > { . 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

Bk Advantages s o Ry
/774 REEBRFRIOYY 7V EHEOACF| L. o SIEETIN fE l >
mﬂa*ﬁm a)AC Ffd: E o) ﬂ.ﬁg,& — Particle err}(a)g:serasre exposed -

— High conductivity Self-supporting

& flexible film )

DY TIEERGE \.
@ Simple structure ACF with nanofibers , particles, and Air
@ Resin-free ACF

‘Re5|stance measurement‘ 10 O 5 1007 000
. . . . ver range S
@ The ACF was fabricated by simple filtration process ® 10" k ? a 1
6
O —10° F — ]
H ?10° | In-plane E

OCO
@)

A

o
2—4%y Mhts B GV S
ilm 3
Target Areas/PrOdUCts In-plane resistance (Q/sq) g::gz

®

5]

EAHEER(ACF). FHHEEEE(ICF) 2

B ot

7oy
AN 3 - A
HAEHE(TIM)ADISE B85 H i s
(Thick . Out-of-plane
@ Anisotropic Conductive Film(ACF) To muiipeter 10 [ e MPa) ‘ . N
. . . Out-of-plane resistance (Q)
@ Isotropic Conductive Film (ICF) 70 Ag ?v% ht ratio E[)v(\)/t " 100

@ 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'°)

¥}¥H £. )kt = PMAAYESEMREE Y —

E-mail : contact-tlo@list.waseda.j
BT =k RB{EER Tel : 03-5286-9867 o



F(bRkUFRT /Fa—JWAtI\L—5 EEEH

Heat-Resistant Separator Made of Boron Nitride Nanotubes and
Integrated Cathode/Separator/Anode for Light-Weight Batteries

= 4 Mechanism & problem
BRBE

Conventional: Conventional Divide as conventional
Ba Ckg roun d/PrOblemS Thickness  Thick electrodes (1 unit) (3 units)
[pm]
fET:EUJLM' 7'- y%i‘m(LlB) ‘iﬁﬁ%t/\o l/ _9 ’é 15 (Al) Current collector —

83 Cathode |

Fﬁ\:\'C}'a‘ D N %ﬂ%ﬂ:o) TCMM%‘EWL’J‘EE 15 Separator —
BEA L0 S EERBEC EREENED . oo |
Eﬁ D é h'z‘ ?S D . l/ —_— l\ ﬁl&lﬁltb‘{% b Ly 10 (Cu) Current collector —

M. Hagen et al, Adv Energy Mater. 5 (2015) 1401986, @ @ Active material

@ Organic separator films in the current Li-ion batteries (LIBs). pinder + Conductve mterel
Heat-resistant separator is in high demand for safety. e x Long L | x ’V'atf‘){ ?9?VY & thick

@ Thick active layer on heavy current collectors of metal foils — —
for high energy density. Uneasy to improve power density.

Nanotubes... - Light weight
ABM - Large surface area -+ High aspect ratio
Use nanotubes = Self-supporting, flexible, sponge-like films
ﬁg’;*’;ﬁ/@‘ﬁﬂ Carbon nanotube (CNT) Boron nitride nanotube (BNNT)
Solutions/Advantages Electrically conductive Electrically insulative
Use as 3D current corrector Use as novel separator material
aSEBNNT /(L —4% (>>500 °C) O Metal foil & binder free electrodes | O Thin & light-weight separator
A VYL R, ERE, B4 A ik o= il P
B/ €/ L—5 /AEERE L fc— eI vt 3 -
el Single-wall  Multi-wall
& B4 7 VLB b & EIIRE O g v ST ® ®

C NT%EE% ‘: * % ﬁ’% §¢§ I/ 1 . E = EE; http/wwwaistgojo K. Hasegawa, . Noda, . Power Sources 321 (2016) 155 neparwwiwspaceelevator ttpi/bnntcom

blog.com

_)iéll‘i\ %tﬂﬁ@fgs %I*JII:F_%EE M Laminate structure
@ Boron nitride nanotube (BNNT) separator (>>500 °C). Integrated structure gyu':i‘::;" foil less electrodes
Binder-less, high porosity, high ion diffusivity. etal vire
@ NEW integrated structure of cathode/separator/anode. Cathode
Thin-layer stack offering ion diffusivity & mechanical Separator =
Stability. Anode

Stack by
@ Light-weight LIBs based on CNT current collector instead S erial filtration

of metal foils. = caon ot
—Enhanced safety, powder density, and energy density. Thinning = Mechanical strength s ?

© Whole integrated structure is easier | O(:;neg:ZZSeSdrgti;S?izflcéiﬂiLICLS )
to be self-supported than individuals 9

Bl == T | O Light weight (Metal foil less )
IEIJIEWJ tl~ (‘:. RESUItS Trade-off between power

density & energy density will be

- - mitigated
4 Observation of integrated structure . J

The same film

2 Battery measurement Coin cell type: CR2032, Electrolyte: 1M LiPFs / EC+DEC (1:1 by Vol) 20 L, 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 e
D 42 42 42 Spring ="
N a b 4 Spacer =
Cathode side I" \node side S8 —Inital01C S8 —Inital 01C S8 — initial0.1C Electrolyte
% —aoic %6 —oic %6 —oi1c A—A—
E: —oxc 2 —oxc g —ox Anode @ !
>34 1c Z34 1c Z34 1c Separator < or @
Cathode-separator-anode uy — . — . — arote @ imegered i
integrated film was fabricated S i il —
Capacity [Ah/gcol Capacity [MAh/gyco] Capacity [mAh/g,col
SEM image (integrated structure) 160 160 160
’ 10 L Tota:85pm  1C = 0245 mA 140 | Total: 101 pm  1C = 0.292 mA 1o | Total:56um  1C =0.185 mA
T b, 12 12
g .
§ o b teeen L, § w00 f T ees,, . § 100 *1 Estimated from the parts fabricated
E g | Ce., Eoal c .., E o fteeses L. individually using same amount of
2ol . Z ol ., z 6 e, material to integrated structure
g Cathode: 35 pm, 3.67 mg/cm? g Cathode: 45 pm, 4.37 mg/cm? g Cathode: (27 pm, 2.78 mg/cm?)*! - .
O 40T Anode: 26 pm, 1.35 mg/em? O 40T Anode: 23 pm, 1.43 mg/em? o 40 Anode: (17 pm, 0.86 mg/cm?)*! Cta't‘“lla:ed :epafm"‘hh‘fjk"i“ az
20 I Separator: 24 um, 0.97 mg/cm? 20 Separator: 33 um, 1.02 mg/cm? 20 separator: (12 pm)*2 (total structure) ~ (cathode +anode)
13 0 0
0.1 1 10 0.1 1 10 0.1 1 10
C-rate C-rate C-rate

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

¥H #, &F X8 IE Eih EREAFEYEMREE> 5 —

- E-mail : contact-tlo@list.waseda.jp
BT R KAEFEH Tel : 03-5286-9867
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High Energy Density LIB Full Cells with

Original CNT Sponge-Based S Cathode and Si Anode

E& $2% Background/Problems

REOZREMOEETE. FEVELUADHBENHELADOXELEEDESZLHHTVS
BHOEEL IANDRIMENDER—-RELGE/INL -5 ZERICHBEYORIME. FPEDRKIEHHF

@ 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 iRi%E/BAITE Solutions/Advantages
HBMEOCNTARY VEBDHEEE. ZEDLIA AV EZHANT IEEDERDIZH

S OER

CNTD ARy

VBEBICED., EBHMERL & ERBRIINET 5D THRI—EICRINS
EREZAVEWEE. MEMZERIVMEL TERROEV, FIREED=

Y-
REj

@ 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

anode

cathode

Cell composition
| ih ..

separator

Conductive

Battery cell
2 fillers

ttpfeli

Active material

(energy storage)

P orhite

Metal current

cathode collector

@ Lithium metal oxide

New structure

New proposal

© Silicon

== Sulfur coated CNT

Thickness : 40 um

Sulfur: 3 mg/cm?
Cathode  Anode
S-CNT Si-CNT

Silicon 1.4 mg/cm? .
*active material (5 mAh/cm?) Mass of electrolyte and sep:
Role of CNT paper
current collector

conductive filler
binder

Light-weight
High conductivity -
Self-supporting

In general, to achieve high energy density,
Choice of active material is important
Components other than active materials degrade the original performance of batteries

@ Results of measurement

Fabrication of CNT-based electrodes
with high energy density for Si-S batteries

\,

Image of Charge- Discharge Behavior

Ll

It is possible to make the volume
of the whole cell constant

[Full cell assembly] Electrochemical performance +; 1400 p—r——r—r—r—rr—rrr——r—r—
Full cell structure 28 1200 3
Coin cell 26 g 1000 g

E== SCNT

[ Separator

W LixSiy-CNT

241

2rd Ch

Voltage (V)
~

600
500

®
=]
S

arge

FNE )
o 9
S o

Gravimetric capacity (mAh g,

| = 1.6 ]
w0 15 Disch 200
o [ ] 14 ischarge ]
N -_—
20 12 L L L L L L 0
) .CNT. . 0 200 400 600 800 1000 1200 1400 0 5 10 15 20 25 30 35 40 45 50
s
000 ' Gravimetric capacity (mAh g ") Cycle number (-)
N, N/P=15 N/P=3

Cathode

1 980 467 1700 810 Anode
15 1087 462 1910 803 181 Separator
3 1100 347 1930 0968 Electrolyte

N/P ratio = 1 exhibits 810 Wh kg
based on mass of both electrodes .

Analysis

g

4 Corate

Voltage
range

High energy density based on electrodes is obtained

N/P ratio =3 shows stable capacity and
higher capacity retention after cycles

S-CNT

LixSiy-CNT
o
1M LITFS| DME (N/P ratio =3 shows
more than 600 mAh g after 50 cycles)
As N/P ratio decreases,
the capacity retention decreased as well

What is the reason of lower capacity retention ?

02 MLiNO3
«

(Activation:0.05 C)

18-28V

L 2

IBR{EZH

Discussion of capacity decay of the cell

One reason is “Lithium ion consumption”

<Half cell> s.ont <Full cell> cont

)

==t= (N/Pratio: 1)

separator (]

LixSiy-CNT

Separatol=——]

Li

ﬁ'

lithium is balanced with S
Li/S ratio: 1~2

Liis huge excess

Li/S ratio: >50

/

Although artificial SEI is formed
1 at the pre-doping process,

Bs, Calculated capacity

3 Continuous Li consumption
1 cannot be prevented

Areal capacity (mAh cn’)

The capacity decay matches to
the tendency of Li consumption

E Measured capacity (N/P=1) %

0 5 10 15 20 25 30 3 40 45 50
Cycle number ()

It is important to improve C.E. of Si-CNT

BPRAXFEFEMRRHEE> 5 —
E-mail : contact-tlo@list.waseda.jp
Tel : 03-5286-9867
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Patterning Growth of Carbon Nanotube Forests on Metal Electrodes

wE R
Background/Problems
© WERDCNT7 # L A NSHEERIELADHRRDBIAA VTHofco EREBENDRERICEWVWTIZ,
BEMESBODNEWNKRI—ZV T ZEZ2DHEELWVWEWSHEHENS > e,

@ The density of carbon nanotube (CNT) forests on metal electrodes tends to be lower than that on insulators,
and patterning growth with small scale was difficult.

BE f#:RE Summary/Solutions

O EROHMLEMEES SRS LT, SEUERLEICTILI MIEERECNT7ALAME
N —ZY IR TS EKilTDRHE,

@ Patterning growth of dense CNT forests on metal electrodes was demonstrated combining with conventional
lithographies (UV lithography or e-beam lithography).

{2)it¥ Advantages

© 500CU TOCVDEI &S D EREB LICEZEECNTZEERRI TS LITLD,
CNTZ7 # LA b & Tt ZRERDEBEERIE ZRE,

@ The direct growth of CNT forests on metal electrodes by chemical vapor deposition (CVD) realized the low contact
resistance between the CNT forests and the metal electrodes.

NA——V KM Example of patterning growth of CNT forests

UVUVIS71i1cLd. BEBECNT7ALAMNDNRY—ZV IR
Patterning growth of dense CNT forests by UV lithography.

BEFRREEICELS. BZBECNT7ALAMNDODNRY—ZVIRER
Patterning growth of dense CNT forests by e-beam lithography.

RREBXFEFEMRMEEE>5—

E-mail : contact-tlo@list.waseda.jp
Tel : 03-5286-9867
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Highly Durable Interdigitated Electrode with Dense CNT Forests

PR/ A&

Background/Problems

ERDOEHREBOMHHIERB P H—RUHEDAVWShc,

LHL. SIERYICH T 2RHRENMEV., AELMEL., T7OERRENTVEWSHEBERD B S,

@ Conventional interdigitated electrode (IDE) with metals (Au, Pt, etc.) or pyrolyzed carbon have disadvantages
of low sensitivity, low durability, or high process.

BE #RRE Summary/Solutions
BEMERLICYIL I MCNT7 4 LA M Z2EZBEICHRI EERE &MAEDOS WVEBERD IR,

@ Highly-sensitive and highly-durable IDE with dense CNT forests directly grown on electrodes at low process
temperature (<500 °C) is demonstrated.

{B{iif¥ Advantages

500°CUTOCVDEIC & D £BEB EICCNTZEERRI TS Z Lic L hESIBRMEL.,
BRECIGEREHRESZRE,

@ Low contact resistance between the CNT forests and electrodes is realized by the direct growth of CNT forests
on electrodes by chemical vapor deposition (CVD).

il 7E #i Results

H. Sugime, et al. Analyst 143, 3635 (2018).

Metal-IDE (Au-IDE) CNTF-IDE
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N -1f Collector potential = -0.1 V ] -1} Collector potential ==0.1V -
HREEBEEBRELFCNT 74 LR NORAISEDS EMEE R N T L L A L
Side-view SEM images of IDE with CNT forests. 0 01 02 03 04 05 0 01 02 03 04 05
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3 — o £ — £BEMHBIDE & CNTEMBIDE & DHE
g 5 ] — CNTERBIDERFZMCERETH S,
3 o0 1 ¢ — o Comparison between the Metal-IDE and CNTF-IDE.
£ E ! The CNTF-IDE shows much higher sensitivity.
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Generator potential, E, (V vs Ag/AgCl) DA concentration, Cpa (M) Generator potential, Eg (V vs Ag/AgCl) Generator potential, Eg (V vs Ag/AgCl)
FPRAIANEVEZEDR—NIYOBERIREOBOY XL —5 BIBETOREIL BEER—NZ2(100uM)FTY XL —F BEDEMDIF5| Z30E#ED &
BRE. 8LVIALIYEBTOETEREZTY. BREETORREICHERR, LIcEZEDCVHEE. SLiIC&IBEREERTBMOELDIFEAERSNEW,
Dopamine (DA) measurement under coexistence of L-ascorbic acid (AA) (100 pM). Repeated measurement of DA (100 pM).
Selective detection of DA under coexistence of AA with CNTF-IDE shows superior anti-fouling property with a negligible shift of
high concentration (CAA/CDA > 1000) was achieved. half-wave potential (| AE1/2| < 1.4 mV in 30 measurements).
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Direct bonding of dissimilar materials having 3D nanostructured interfaces

#® R

Background/Problems

S n[ B RFEHBHEHEICESHE(CFRTP) D BEIEHE &
ADBERARYC., £EME, VYL 7)LE BMEORLE o
NIWFITVZINEICEBCFRTPEZILE =D A 4
A (Al)DES TR hotplate

Press

@ Application of carbon fiber reinforced thermoplastic % B ! £
(CFRTP)composites to vehicles and improvement of CFRTPEAIDEEES AIEE o i
. g P DF/ANRA V1EE
their productivity, recyclability and fuel economy Bonding between CFRTP and Al Nanospike structure =
@ Development of joining technology between CFRTP and on Al surface

aluminum alloy for the multimaterial light weigh vehicles

BE fRRE
Summary/Solutions ,
. ) ZIVZZOLTHBILESERA
A|§§EJ:@7' JANA 7*%1\%(NSS) 0)1’E§% Single-lap joint specimen broken in aluminum plates
CFRTPEAIDIRY M 7L RIC & B EEES
95‘/73“/7') Dﬁﬂiﬂl:&%?%ﬁ?ﬁfgo)lﬁli g 30 T T T T T T 26'7 T
@ Fabrication of nanospike structure (NSS) on aluminum surfaces E 259
@ Direct joining of CFRTP and Al by hotpress 2 20r 1
o
@ Improvement of adhesive strength by silane-coupling treatment 2 11.4
2 10 : .
b
Btk Advantages 3 0
0 1 1 L 1 1 1
RRDIFEAL D BHMEHREERR R
- W 3 S
CFRTPEAIDHDERESDIHBE WY Y1 7L S
@ Higher adhesion strength due to anchor effects EEREOLE
@ Excellent in recyclability for only Al and CFRTP use Comparison of adhesion strength

e/ RIE R 0D SR ERIR

=45y g &

Target Areas/Products

XS EDORY ML ALK BEEES
CFRTP L AlDFHiMEEMEI DR

@ Direct bonding of transportation equipment members
by hotpress molding

@ Development of new composites based on CFRTP and Al

FE-SEMIc & 2R E#E

Observation of fracture surfaces by FE-SEM

PuJ=p HE, HH Efgl NA EZ BAXFEFEMRH#ERE> 55—
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Nanosheet for detecting deformation and
motion of biological tissue(soft materials)

(ﬁ,%q'ﬂ'

O AR RRME) OER A& &K UEEEHAIRKX T Mo s —
& EEEBNOEREOY —F > JRBREAOSEX £ zaq_y tgq_
‘ T—Y3 ‘/=\='\’79"'\’61$ﬁ§0)'717’5:42\§3:3'%o %u;«%::% & Ponkcomespandence ;—I::mwgi-};
@ Development of motion or deformation detection technology for B. L etal, JEEE Trans, Biomed. Eng.DOI: 10.1109/TBME.2016.2626442.
biological tissue(soft material) ERDEFBHEDO VI HEHARM(RENDEEY— )
@ Marking directly on skin is burdensome for subjects. D: mimte
. - . . ®AFF/ =t D=l EXE
@ Designated suit is necessary when using motion capture. - 121-v%) ook
HE nm (’f% u [ sﬁzgmﬁg g fzum
k2 . \\\ | o M (&S ~
BRRFER  Solutions PR | sanzasmue
O BVWRRMEZERI SRR T/ V— N eEMICFIA WEAG L TOERERICENEIRRES T/ V— b
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¢ Ky FOREBEROTILETICEE - THEKRSE

@ Polymer nanosheets for the substrate has high flexibility

Normalized elongation(%)

@ Dots were marked on nanosheet at regular intervals

@ Motion or deformation were estimated from position information of dots

& HERERWS T &1 < R0 (515 8) IR TRE s
O EHRBOTR (B, B8 ICHT 2 TS EERE TIER R
& BRI EGRED S BEICHBATETS D, SEElRE  cov

. SRR~ . A - t:321nm
EY—F T DHNHZERSEV, (K hDFHEFEEI >V
U1 v MENRIIC B3 IS AT8E eofiors
@ Dot nanosheet is pasted on biological tissue without any glue. fff: :f:,
@ Polymer nanosheets little interfere the deformation of biological tissues.
@ Easy to remove from the skin after and no signs of marking left. K:Etg::
t:12.5 um
— = \L) =] Scale l;rs: 1em
9 7 j I~ T-Eiﬁ Targets Tetsu et al., Appl. Phys. Express, 10 (8) 087201-4 (2017).
¢ Oy MR & OISAICA e SRR ER O tohT Y PERAEECENL <O, A0

; . L MBZEREI0%E < BRY 3 Z LRSI
© AR—=YiAR E LT e FFEHEDEHE

¢ FiRZ VRSO Yy EYY)
P @&~
@ Measurement deformation of biological tissue deformation for soft pa—

robots etc.. [ =
. o . S
@ Motion capture of human body for the application of sports science etc..
. . . . . . ¢ SRz DETE
@ Mapping biological tissue (surgical operation) gg‘?*i%;wm EFEBOT Y £V Y (Fil)

Ry hF/o—FDBERXHFADIGH
R 88!, 5 tHhE2, KF BE52 EREAYESEMRMTEE> 5 —

o T/ SATRNEREME, BTN ERENPEMZ 0 osssceser T
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The New Interface Measuring Device using New Plasmon Sensor
and Raman Scattering Spectroscopy

LtV & RE fRRE

Background/Problems Summary/Solutions
SH7O—THEILBEVEEN-REDREEL L */ Z’J‘—)b‘é‘@lﬁl;{“&ﬁﬁﬁ tgﬂﬁﬁh‘éﬁi
SRR A, IR R ik R T e NIcREVYERFLANILOCFEEE(LHRIE T §E

@ Molecular configuration at buried interface,

i.e. solid / liquid, Chemical structure change
@ High-precision nondestructive inspection is difficult of the atomic level, are simply measured in
nanometer scale.

@ Non-destructive depth profile analysis, is difficult

@ Complicated operations of large measurement
equipment.

Btk Advantages A=Ky PHiE W
0.1nm TR SR, FR10EU EOBRBE reeppyarep———
IEfgEEt . i, ZDIBBEN EE *:1;; R Eﬂﬂ « Lif A&t

@ Depth-resolution 0.1nm or less
(More than 10 times of the present sensitivity)

Target Areas/Products

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

@ High-precision nondestructive inspection, semiconductors, Li ion battery, fuel cell,
low cost and high measurement convenience vital reaction, and so on.

AENRELD NMEBNRE OBl

BEAF N

Example of buried interface ERBERT )
E/ERE solid/solid B/#ZRA solid/liquid Qy Lmnmm L.0nm
e : e M(AE) - ~osm
o T . | s
R . - BEW AR FLE HFR) T
t o HWATARY /
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! ) The structure of the thin film magnetic head (DLC overcoat/ lubricant film)
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Display Device for Visual Texture

HE RE

Background/Problems

BICEAL T, REeICEDREBRRAENEIZNT

W3—AT, MOPoP; P 55, LW HlEN

RERBERZUEICHBRRRI A ERELIINATVGN

@ Although various colors can be reconstructed from "three
primary colors", the primary elements and reconstruction

method for visual texture (i.e. glossy, matte ...) are not
obvious.

BE ARRE
Summary/Solutions
BOREBERKIC, DPOVERAELISISHREEE
FMNICTEEY 5 & THRANGHEENERZRRY 5.
DPOVPLRKRAESISSSHRADHKRINGZE(L=ES
CETELBIFHNBHEENEREZRTRIZIEDNTES

@ We proposed spatial mixing using glossy and matte surfaces
for reconstruction of visual texture.

@ Our method can display various visual texture by changing
the area ratio of glossy and matte surfaces.

Btk Advantages

SRBICED S ELBBZBHRTESDLRAKIC, TF
SELGRENER BRI T IHE

@ We can display various visual texture like color display using
three primary colors.

=4y bhig  HE

Target Areas/Products

BEFITR<HAENERBIRERTEST1ATLA
RENEROELT BER
Emm% - BARICERZEEISHOE - BEREF

@ Display device which can display not only color but also
visual texture

@ Wallpaper with changing visual texture

@ Color and visual texture calibration chart for product design or
purchase

=g

#QA
_a

HT il HSRNF

" R

REET (K& F - 2Bet0)
[FEGERR] Y (RE) ZART FIVRER
[THIEANERTFE] RGB (CMY) D3 FETELD
BOBRIRTETHE
RENEBRT (OPIOP - D2PHL - ES5ESetd)
[FES G ER] MUY BlELE
[THCBOERRFE] ERSE+FHMEE? 77

Mﬁ =

BLARNERORRTE

Display method for color and visual texture

@ (®)

SV NV
N <
P

™~ \i Specular reflection :Qi
Ligh\ / Light\; Scattering
© | ()] |
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Light E Light i
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(@) DPOVPLERME, (b) E5XSHBRME,
(c) FENGHRENERORME, (d) ZENIEEICKL S
FRMNGRENERREDOER

Surfaces of various visual texture
(a) glossy surface, (b) matte surface,
(c) surface with intermediate visual texture, (d) reproduction of
optical profile by spatial mixing using glossy and matte surfaces

Acrylic plate
(glossy surface)

Drawing paper
(matte surface)
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% 40
20
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ZERMIEEIC & 2 PHENBGHEENERDRT

Display of intermediate visual texture by spatial mixing

PRAXFEFEMREEE> 5 —
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