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Analysis on degradation of mechanical property of Ceramics Zirconia

1 —%— K% AKX | Koji Matsui (BRY —#kx{&=1t/ TOSOH), ZHHHE5A/ Hidehiro Yoshida
(n'E - MRIEATEIB/INIMS), FFEEE / Mitsuhiro Saito (BRFEKAZ / The University of Tokyo)

SEhEkERIIE L E © $)I13EZ | Oshikawa Hiroyuki, HEZBA{Z / Akihito Kumamoto, #Ri#— / Yuichi lkuhara
(BRFEKZ / The University of Tokyo)
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Y0 /MK > THERESTNESRZO,SHERE (Y-TZP) 13, SEE - SPHEIFOMBELTHNRATATNLS, Ly
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E4lZ TV ORG—36H, EFG-BEHSREREZRETES) LORHERLTT. VHYESHRIT BY-TZPEREL, B
AMAEICRII LTe, & e FE—LY-TZPOLCNEOHMERERZT o ER. HEEHOBSHAKLRFHOZHEOEST
=81,

Y,0,-stabilized tetragonal ZrO, polycrystal (Y-TZP) has excellent mechanical properties. However, it has been used only at room
temperatures, because the degradation on mechanical properties caused by phase transition from tetragonal to monoclinic phase
takes place at high-temperature or in hot water. Based on the assumption that the inhomogeneous distribution of Y** ions accelerates
the phase transition, we have successfully developed Y-TZP with homogeneous Y**-ion-distribution. The nanostructure observations

confirmed the mechanism of the degradation in hot water in conventional TZP and the origin of the high resistance against the degra-
dation in the developed Y-TZP.

SEEHEDOIFR

B IES LR E D IBIERE T

Nanostructure observation at the initial stage of the degradation

Synthesis of homogeneous single phase Y-TZP
@ YRHDH—LICEY LR OSTEM-EDSIC & BER%EFig.1(a)lcRid, A @ Y HFNH—LHEROY-TZPOSTEM-EDSOEER%Fig.2(a), (bR, Sk

ISR LI EDALGeNAHET LTV S, ThSIBHIRICHEFELTLS,
SALIEERDKERZFig. 1(b)ITTRY . FEDHEHHIE HMR/IES ROLEE, 3YidY

ERUEADSTEMIK (c),(d),(e)ZRY . HERHAMICEY* REORE/MEREIN. —
5 CRERARUHFHEFEOEY REREEL SEMSGNEEL TSI LETRLT

DH%EFIM LIFE—H. 3Y-A3Y-AGIRYDRICALGe% FhN LYFRF Dig—
feicpzh LTzt YO —alRd RS OEMH I IFE BT LHED
IFIFE,

STEM image and corresponding EDS elemental mapping images of Y, Al, Ge
in the newly developed, Al and Ge-doped Y-TZP are shown in Fig. 1(a).
Change of the monoclinic fraction during the accelerated degradation test in
hot water is shown in Fig. 1(b). In Fig. 1(b), 3Y denotes the conventional

W3, OH HEREVHRLSERZILZN L TERMAICHEREALT, 8
REMOEMEY IREREEL S BHRMIZETETWE I EHEZIS5NS,

STEM image and EDS mapping of Y ions in the conventional Y-TZP are
shown in Figs. 2 (a) and (b). Y** ions are non-uniformly distributed. In the
early stage of degradation, the phase transition from tetragonal to the mono-
clinic phase started from low-Y** ion portions in the surface, and proceeded

from intergranular to intragranular regions.
Y-TZP, and 3Y-A and 3Y-AG are the developed Y-TZP doped with Al and M
Al-Ge, respectively. Monoclinic phase insignificantly increased in the 3Y-A
and 3Y-AG, resulting in no degradation of mechanical property.
Fig. 1(a)

Fig. 1(b) ] 80 i T

Fig. 2(e)
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Fig. 1(a) STEM-EDSIZ &%, 9—EBTDZr, Y, Al, GeRF D537
1REE, Fig.1(b) HILMEHRT TCOEMZDILEDE(LDIREE,
3Y-A, 3Y-AGTIFE(LH %L
Fig. 1(a) STEM image and corresponding EDS elemental mapping
images of Y, Al, Ge in the newly developed, Al and Ge-doped Y-TZP.
Fig. 1(b) Monoclinic fraction as a function of heat-treatment time in
the accelerated degradation test in hot water (140°C).

J\I) \ "’\
K% BFEX (RRAFHHEERT TSy 74— L) nanotechJapan
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Fig. 2(a) HERDYRIG—HBDSTEMIK. (b) EDSIC & BYDFRIG—IREE,
Fig. 2(c).(d),(e) HILMMEHERMIAT, YIERERD CHMKNDEEHRR
Tha, REREERA. WHHEE. HADIETEITLTWLL,

Fig. 2(a) STEM image and (b) corresponding Y mapping image of the con-
ventional Y-TZP. The transition to monoclinic starts at the low Y** ion re-
gions in the early stage (15 min) of the accelerated degradation test.
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Development of advanced functional materials for next-generation
semiconductor wiring bonding materials
11— — K% : BiRE(S/ Shigenobu Sekine (BBR&4t7F 73 | Napra Co., Ltd.)
EhEERIIE L E - FEHIX/ Tomoyo Nakao, 1EAEFHF / Sakiko Enomoto, HEFEEF / Mieko Nakano
FiHES / Shigeo Arai, ILUARIA / Takahisa Yamamoto (BHEXE / Nagoya Unlversny)

» Key words Lead-free solder, s%mlconducﬁor
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EE RBERED ST U— N\ EDERDEDSNBEIITEOTWS, BREMT TSI FEEGEDEAMBICAV3HRINT Y —
NZDRFITHETI LT, 2O, 85 (Sn) Ic—EDEIATH (Cu) LEERAL. B-SnhlcEEBREL&ME IRy MeLfcigeit
BHFEETHD, RO/ N\ F ELLBRL T HBEITBNDEEDIT, -40~200°COBEZHBET 1 VIVICEHABIED TES. F
BEHOBEEA/N\EMELT. REHFENTLS,

In recent years, the spread of lead-free solder has been promoted from a viewpoint of environmental problems. Napla Co., Ltd. has
succeeded in developing a novel lead-free solder as a bonding material for semiconductors. This material is a functional fine metal
particles produced from alloys of copper (Cu) and tin (Sn), in which an intermetallic compounds are formed in 3-Sn. Compared to con-
ventional lead solder, it has excellent heat resistance and can survive severe thermal history cycles of -40 to 200 °C. It is widely ex-
pected as novel soldering material for bonding semiconductors.

FIB-SEM (Hitachi:MI-4000L) | & %EEHTEISEM{S
Continuous section SEM images by FIB-SEM (Hitachi MI-4000L)

1000k V3B EE 75 % (JEOL:JEM-1000K RS) I< & B i RA 5 &
Grain boundary images by 1000kV HVEM (JEOL: JEM-1000K RS)

w o

(a):Sn-SnfEIDHIFR (b):Sn& Sn-CuRIDHIFR

& SEMBIRIZE & 1um B FIBCHIN L oS iR 200kV TEM (JEOL:JEM-2100F/HK)Ic & A%~ v EV J 1K)

FEL RSN, IO D L RESn-Cus BRI LAY EDS Mapping images by 200kV. TEM (JEOL: JEM-2100F/HK)
1000V E EF5AHEE (JEOL:JEM-1000K RS) I & B HNZA2ER
Heating by 1000kV HVEM (JEOL: JEM-1000K RS)

STEM Image Cu Image

200kV JEM-2100F/HKIC & SSTEM-EDST v > V&

Cu-SnDEREELE (AimDE) &, Sn&SnDHFREICEFIEL.
Sn-SntiFREIDEHZHEHN (7> H—3HR)

The intermetallic compound of Cu-Sn (the image at the right end) exists
between the grain boundaries of Sn and Sn to decrease the strain be-
tween Sn-Sn grain boundaries (an anchor effect).

155F (5560292225) Napra Co. Ltd.
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EE, AEY—TNAZARF v NV 2 \DISA%Z BNICREERMHOBMRESBINIITOA TS, TOPT, §
1000 Z£#BX % ALOTiO, FEMRITEE L. BEX ¢ L ETFHGHENEIIT 2B OMRET o>,

[RFFEH#FREE (ALD) Z AL TH A 75 ALO,ITIO, FABIRZ (P8 L. BALER DR & BB RS S UMBRIFEDREREER TSI LT,
CNETIREVEIER - SBTEROT/\1 AEREHH T,

High-permittivity materials have become the subject of vigorous development in recent years with the promise of applications in
memory devices and capacitors. We focus on a high-permittivity material composed of AL,O, and TiO, layers, which exhibited a giant
dielectric constant of about 1,000 due to Maxwell-Wagner relaxation and have assessed the viability of device fabrication using
Atomic Layer Deposition (ALD) to investigate the correlation between electric characteristics of the multilayer materials and the film
formation process.

BE (g) B

BEEEDEIE LERAE
Concept and Fabrication method of multilayer films

@ SHFERLMBIFHEHERDOT/N\A AEREBEL. Fig. 1 [CRLIESEE
Z¥D ALOYTIO, TfEMEZ RFEHMERE (ALD) Ik W IFR LT,
YILAV—BEDRED YTV (FTLAv—EE : 03nm~ 10nm. &5t
RE% 280nm) Z{FH L. BRSH GEXRLENMB ZHE L Tl
ALO, Z/FRY BBV BRILAIZELEE BT ETT N\ RAFMHEDNKRECE o

BIafEih & 7 \1 ADREL

Optimization of the process and structure for high aaaa

@ TN\AREFUEERY Bcé. ALOYTIO, FiEREDEEZ NEMESBETHE
Wi (CsSTEM) ZRWcIRILF—BROHNE (EELS) ICLVBELT.
ZOIER. ALO, BRI AL BELAICL Y. TO, BOBEBICHET 5T
EDERAE N (Fig. 3).

We investigate the insulation property of Al,O, by STEM-EELS method. Al,O,

An ALD was used to fabricate the Al,O,/TiO, multilayer films
on glass substrate (Fig. 1). We investigated that The electrical
characteristics of the films were measured to determine the
mechanism by which both giant permittivity and low dielectric
loss could be obtained.

ftyacezRV L (Fig. 2). 7 AED

¢ 1mm STEM and EDX images

Pt electrode

Suble:;er 2nm
(Total thickness: 280 nm, Sublayer: 0.3 nm~10 nm)

ALO,(e=7)/TiO,(£=80)

=

Q@ HERITOBREZBER. BABRLMERIFEE

layer (TMA) depletes oxygen from TiO, layer and O, compensates the oxygen
defects in TiO, layer. The oxygen defects in TiO, layer might be necessary for to

Maxwell-Wagner relaxation. o
Oxidizer: H,0

Counts (arb. Units)

400 450 500 550 400 450 500 550 400 450 500 550
Energy (eV) Energy (eV) Energy (eV)

Investigation of the oxidation state of TiO, layer by using EELS

Additional
ALO, layer

6nm: poor
2nm: exellent

TEM image of samples for EELS

Fig. 3

ERDT /N1 ABEZ R L TER LIeBR.

Fig. 4 ISR KO GBUVFEZERR L.

Both a high resistance and a high dielectric
constant was achieved with optimizing the
oxidizers for AlLO, layer.

Fig. 1 Device structure and Cross section STEM images of ALO, / ° |
TI°2 multilayer 1100 " Dielectric constant: 1140,
- . iF Resistance: 1.7E+8 Q/1mm f @100Hz

1.E+08 1.E+04 & 900 | Optimization of oxidizer s ingividual layer thickness: 0.50m

' * & - ®:H,0 ®:0, ®:H,0 & O, g and device'structure
& es ° R E —:Reported by Wei Li < 700

1.E+06 + 1E+03 — i itanee-seri
3 : g o connected model o #° 2:nm-thick addiional ALO,

B £
S 1E+04 o 1.E+02 ® S 500 )
3 b= ° o °
2 g Lttt & 300 |__6-nm-thick'additional Al,O
& 1E+02 O jpypq oo EHA AL
o D5 4
: e 100 °
1.E+00 1.E+00
0.1 10 100 00 7 10 100 1.E+05  1.E+06  1.E+07  1.E+08  1.E+09

Sublayer thickness (nm) Sublayer thickness (nm)

Fig. 2 Relationship between electric characteristics and oxidizer
for ALO, layers

Resistance (Q)

Fig. 4 Optimization of the process and structure for high resistance
& high dielectric constant

K4 : =T (Y Z v 7 (#)/ Panasonic Corp.)/ ¥ARRZ (A8 AF / Hokkaido Univ.) e
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Development of broadly wavelength swept pulsed QCL

1—Y%— K% #ZWLWEE XFARE/ Atsushi Sugiyama, Satoru Okawara
GERRR b =9 A# &4t / Hamamatsu Photonics K.K.)

EREERIIENE | FREKER, WM, IRIIEE / Kentaro Totsu, Masaaki Moriyama, Masayoshi Esashi
(3RILKXZ / Tohoku University)

» Key words MEMS gratings, Quantum Cascade Lasers (QC
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HEEREICMEMS J L—T 1« V7 %FMELTe. TL—ABKRD I L—T 1 2 J1El1d5 mmeDKRERET. BELOAELEHENAZ
EH Lz, HIERHEBIIHEH K Z1800 Hz. RAHIES B39 degZiZR LTz, R LILERIBSIQCLZRAW T, IFSEEMIEE
FHAIEER B LU X 2~ ORAREHAICARTh LTz,

The MEMS grating, with a mirror diameter of 5 mm, is fabricated for broadly wavelength swept quantum cascade lasers to realize
high sensitive gas sensing and biosensing. It consists of a Cu damascene coil for the magnetic actuator and a nano-imprinted braze
grating. A resonant frequency reaches approximately 1800 Hz. Despite a large mirror, a mechanical scanning angle of 9 deg is mea-

sured. Using a MEMS grating, absorption spectroscopies of blood glucose and CH4 are demonstrated with an external-cavity quan-
tum cascade laser.

MEMSY L—7 « > J DFI% BRESINIVAEFHART—FL—5
Development of MEMS grating Wavelength swept quantum cascade laser

@ BHIAIETL—T o VI EFA—EALITEMT ST ETIT—%ETHT @ MEMSY L—7 « V7 LIEFHERFIRIMDEFHRA T — FL—YZRAVT

EHTE. 5 mmeDLEBHAETEI S —RICHEMDDS T, BUOHIRERKEE 1) b O—BINEREIRES AR L. 1.8 kHzD R E— R T200cm 'Ll DRSS
KE BB R LT, e me fn me e EEH3 T, HERE UVRBTHRY — KL —Y R,
o FTIRICD % LLFRADHALR
o mursFaT—4 (hEm A B o U—LSEIMIC & B0 - SR
o CudN¥YIMELIL—F127 R o EEAF v UICLBHHAIL—Tv ML
o JL—=7 27 5mm o EHES. EERIUEO—IERE memx
o F/AVTUYEILLS . o J)LO—XFHA (MI¥EE. BREE)
IL—XGL—Favy T e
o BAMBIENDA 87 & A — B4 L14890-09 DR & B iR
o SRR 705 e - — 448 ()
O+t X T2 MEMSY L—7 « > J D& 22 TBY 6 =3 9.3 ym
. . Pt L1l 200 cm-' (8.3~10.3 um )
I, =TT 2
(1) 4TI UEERR (2) BRI, B LR 2400 W
T — —T T FEimRE oy
— Am... PESPAVETS 1.8 kHz
(3) IL—T4 v IFR ~ (4) #E. HE7OER Absorption spectroscopy
G e —— & @ VEMSY L—7T 1 VI =EH LIORRB I/ IWARBFART— FL—Y%ZH
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Collection of Urine Extracell
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lar Vesicles via Nanowires

JII&%01= / Tomoji Kawai
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National Cancer Center Research Institute)

EhERIR Y E | RHILH | Takao Yasui, BIBEISY
nanowire, urine extracellular vesicle, ¢
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Microfluidic device composed of nanowires anchored into a substrate for urine-based early diagnoses with short treatment time was

demonstrated.

It enabled collection at high efficiency more than 99% of urine extracellular vesicles and in situ extraction more than

1000 types of microRNA compared to conventional methods identifying around 300 types. Cancer-related microRNAs for lung, liver,

bladder, prostate and pancreas were found from this methodology.

form urinary microRNA-based cancer diagnosis.

F/ 74 Y T\ 1 RIc K BFRAT 1 ¥ ORNAHH

Extraction of microRNA via Microfluidic Nanowire Device
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This device concept will provide new medical application to per-
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Cancer Diagnosis by the Detection of microRNA
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Publication of Paper and Press Release
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3.

U animcomneteviommomene g (mewmy ©
: — . . (2017) (*Corresponding Author) (CIBEENBE LI, BAA. FiFk. BH. B
B2, () F/ 7477\ AR oo ®
() F7 74 ik I000BBEN DA/ ORNARIR s LD, BIRADIOR EOWeb=2-a & CRIREN SR EMR
HIERR (WWNKE) =HE#. FEElE @EEKXRE) S%s
> Contact E-mail : nano-platform@chembio.nagoya-u.ac.jp nanOtEChJapan

Nanotechnology Platform




(MEMO)




L

nanotechJapan

Nanotechnology Platform

XEBHFEEF/T9/09-T5 v b7 4L
{ R A

REELIFAN—FDEERYy hT—7

~10005 24 EORHi R &/ 7D 2 fd it~

Advanced
GCharagterization .
4 = LBEKRE
noiectnocy S ARAT - BERITT S 7L Fokeads Unversy
j j‘y I\jz' —A Advanced Characterization Nanotechnology Platform -
w - NI TSy N T — L
R mcanan b FRRERAS

Chitose Institute of Science and Technology

EEHRFRESR - AFMEERTSYEI—L
teri thesi
JNFE - NBEEBTEME. IEHESD e \)

AR T RIS, IR T AT T B, 15 Bk R
IO TAIOTF AT, B RIS

R R A B 7 U, SIS
RS B T IR R 2 REE
B T M, BT S T .
SPring-SIREIHIRE — 54> . BT 4R
P T B

nanom' 4

FRRHRIARITATERAY | LEEHBFRIMTAZRAS
Nara Institute of Science Japan Advanced Institute of ¥
and Technology Science and Technology

- -

Eloec
Tohoku University
-—" e N

FRKZF
University of Tsukuba
-

A

y Shinshu University %§
' 0T ks W FPRRIEHN 5
" joa\y I\jj‘ — A KA KLot%pUniversity [\'l]a‘tignal Iréstitltjte)for Materials Science
=2l atform Center)
“ Osaka University Yoo e e
- aEn o
= EEERAMTHR A BITERR
Igﬁﬁ%sﬂ' gla}ional Ins‘}iglyzhofﬁl\dvanced Industrial
EEAS cience and Technology
BFE-LABENEE. A7v/(— ) \WIEE Hiroshima University &0
RIE (Reactive Ion Etching) #&. CVD - EbN-2
RKE, WRAAVE-LEE. L-T-ITEE The University of Tokyo
PR R DATERIE. IARETRIERE., R g -
EHRIEE(SEME) z S
4 Tokyo Institute of Technology
7 -
g\
IfmpR=ad f 4 PREXRF
ﬁ? . mgéﬁﬁ Yamaguchl University, yd ' - Nxégﬁofﬁi_vj;rsity W-aseda University

TSYNIA=LA

o |BNIXF SEETEAS BIZARIFHRIERAN 5 F RIS TZERR
olecule terial Synthesis agawa University Nagoya Institute of Technolo nstitute for Molecular Science
Melecule & Material Synth K- U] it goy: gy | Institute for Molecular Sci
EERFRSR
- BRATEAS
*ﬁ ﬁ% /77_\. K U,% % E 7‘L’. ﬁ *FI' = I_ % E ﬁ‘*ﬁ Y4 Toyota Technoi_gical Institute
s ﬁﬂ ) *_; %j;ﬁp “ﬁ;jé AP B fflffe . 1LY e - N
e ! J |, ARG st
J? E@ﬁi'ﬁfﬁ) iﬁﬁ}fﬁ uj?;g N < ? Science and Technology —
i A EE FEEE . ="
BT IEMIE(SEM)/EDX/EPMA, BT 3k JUNRZ T
(XPS/UPS/AES)) . X #SEHf4E, EAR sy N e P
N> RIVEEEE (STM) ./ BT R S SEMEE Radiological Sience and Technology
(AFM)
, ﬁ,\a‘ smomnBEE ILVITFIELR

- YEY -

SRR XD

bmwnr 1:9

>»F—O—-KRh5ET
>PHARDEFNSIET

> ISYMIA-LDSET
>IRAFRMENSIET
>IUF (i) HMSET
ok ; >EEDBENSIET
Iu\-w--_

R https://www.nanonet.go.jp/yp/

MRFIAENI0—R—3

F)70)05-

SMELED
uﬂﬂﬁngwb

! 1-Y¥&EO
;tm https://www.nanonet.go.jp/
TS3YNIA-LEYH— (GEE :ME-HRAEHIE. NERHIREEE)
Phone: 029-859-2777

E-mail: NTJ_info@nanonet.go.jp

TR 31E2A8



