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Fabrication of Innovative Metal-Based Piezoelectric Composite and Establishment of Its Characteristic Design

Method

Tetsuro Yanaseko, Dept. of Mechanical Engineering
Isao Kuboki, Dept. of Mechanical Engineering
Hiroshi Asanuma, Dept. of Mechanical Engineering, Chiba Univ.
Hiroshi Sato, Advanced Manufacturing Process Institute, AIST

ABSTRACT : Piezoelectric ceramics are used widely as sensor and actuator materials due
to its excellent mechanical-electrical energy conversion function. However, piezoelectric
ceramic has poor mechanical properties such as fragility (fracture elongation of
piezoelectric ceramics is almost less than 0.1%). In order to improve the mechanical
properties of piezoelectric ceramics, authors developed surface oxidized nickel
fiber/piezoelectric ceramics/aluminum composite. Surface oxide film of nickel fiber is
worked as insulator between nickel fiber and aluminum matrix, also worked as barrier
from reaction between nickel and piezoelectric ceramics during sintering the ceramics.
To embed surface oxidized metal fiber and piezoelectric ceramics in aluminum matrix
without losing functions, Interphase forming/bonding (IF/B) method was used. As a result,
the surface oxidized nickel fiber and the piezoelectric ceramics can be embedded without
fracture in aluminum matrix by using IF/B method. It is confirmed that output voltage
was generated by applying impact to the fabricated composite, and it was confirmed that
the piezoelectric ceramics and oxidized metal fiber were embedded without losing their
function. And optimization of embedding conditions was performed.
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Fig. 4 Schematic of the impact test system.
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Optimization of microstructure of sound-absorbing poroelastic material
by homogenization method and topology optimization method

Takashi Yamamoto, Department of Mechanical Engineering, Kogakuin University

Shinji Nishiwaki, Graduate School of Engineering, Kyoto University

ABSTRACT: Two optimization methods to design micro structures of sound-absorbing poroe-
lastic media based on the homogenization method by an asymptotic expantion are proposed in
this study. One is a parametric optimization method utlizing Biot’s model. In this method,
Biot’s parameters are first identified for various micro structure of sound-absorbing material by
using homogenization method and the linkage between Biot’s parameters and the parameters of
micro structures such as pore radius, fiber diameter and pore radius of cell membranes is derived.
Then, the parameters of poroelastic materials are optimized by using transfer matrix method and
genetic algorithm to maximized sound absorption coefficient at prescribed target frequency range.
The other is a topology optimization method based on the density approach. In this method, the
topology of a micro structure of acoustic poroelastic material is directly optimized. Design vari-
ables to describe material distributions are defined at nodes in a prescribed design domain, and
are optimized to have values 0 or 1. Here, the design seinsitivities that are inevitably important

for the topology optimization method are derived by using the adjoint variable method.
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Fig.2 Schematic view of homogenization of sound-
absorbing poroelastic material.
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7. ZIEREMHEOZREL

7.1 Kelvin EILETIL

Fig.4 SEM images of typical foam materials
(polyurethane foam).
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Fig.5 Finite element model of a typical foam ma-

terial by Kelvin cell model.
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Tab.1 Optimal microscopic parameters.

Freq wy [pm] ¢ [-]  E§ [MPa]  p§ [kg/m?]
500Hz + 1kHz 62.1 0.974 500. 1832.
500Hz + 2kHz 69.4 0.969 500. 1959.
500Hz + 4kHz 51.6 0.964 349. 1843.
1kHz + 2kHz 75.1 0.989 500. 1174.
1kHz + 4kHz 66.8 0.986 221. 1262.
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Fig.6 Optimal sound absorption coefficients for

normal incident.
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Fig.7 Flowchart of optimization process
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Fig.8 Microscopic unit cell model.
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Tab.2 Microscopic sensitivities of elastic tensor.

AAC:I [Pa] 3;;_H [Pa] Error [%)]
Cii1 1516.904630 1516.894619 6.600x10~4
Cii22  650.150283  650.144322  9.169x1074
Crizz  650.150283  650.144696  8.595x 1074
Coo0o  1516.904630 1516.894619  6.600x10~4
Coo33  650.150283  650.144696  8.595x1074
Cisss  1516.904630  1516.898059 4.332x 10~
Cozo3  433.433522  433.431387  4.926x10~4
Cs131 433.433522  433.431387  4.926x1074
Clo1o  433.433522  433.430994  5.834x10~4
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Fig.9 Macroscopic finite element model.
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Fig.11 Error of design sensitivities for objective function.
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Fig.12 Optimal topology of solid phase.
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Study on Action Inducing Mechanisms with Somatosenses and Audio—Visual Stimuli

Tadahisa Kondo, Hirofumi Nakajima, Department of Informatics
Akira Utsumi,Kenji Susami, Advanced Telecommunications Research Institute International

ABSTRACT :

This project aims to construct a model of action inducing mechanisms by

somatosenses and audio-visual stimuli. This paper describes results of the project. First,

virtual reality system was constructed for demonstrating the moving sound reproduction.

Second, attention drawing effects using moving sound was investigated. Finaly, effects of

somatosenses on the position recognition by comparing between haptic information and

visual information. The results showed that the 3D drawing sound was prior to 2D
sound, and the different driving positions might affect the drivers’ recognition. These
results also suggested that further investigations could achieve the aims of the project.
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Institut Jaume Almera, Spanish National Research Council (CSIC), Spain, Luis Artus
School of Semiconductor and Chemical Engineering, Semiconductor Physics Research Center,

Chonbuk National University, Korea, Jaehee Cho

Development of Deep UV Photosensor using II11-VI Oxide Semiconductor

Takeyoshi Onuma, Department of Applied Physics, Kogakuin University
Tomohiro Yamaguchi, Department of Applied Physics, Kogakuin University
Tohru Honda, Department of Applied Physics, Kogakuin University
Luis Artuas, Institut Jaume Almera, Spanish National Research Council (CSIC), Spain
Jaehee Cho, School of Semiconductor and Chemical Engineering, Semiconductor Physics Research

Center, Chonbuk National University, Korea

ABSTRACT : Epitaxial growth, fundamental material property, and their correlation with
the device performance were consistently studied to realize functional deep UV
photosensor using III-VI oxide semiconductor. By stacking thin a-(Alo.04Gao.96)20s3 film on
the a-Ga203-based metal-semiconductor-metal type solar-blind deep UV photosensor,
maximum responsivity of 0.2 A/W was achieved at around 230 nm by eliminating
responsivity drop in the short wavelength region. The value corresponds to the
theoretical responsivity, and was well beyond the reported values for the AlGaN-based
deep UV photosensors.
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HELEZLDOTHLEBZMT LIz, Zhboo b, &
TANX D 2 DOORFTERE2EZ THEBT RV
X =00k EEbEE T, e b IR RV X — O R 1 IER
TANF—=PEZRXNLF I KEL 7 bl 55
NI BB X NX—OBMKFENEHRIE 7 v N LTk
R, ZHGD0 VIZBITA2EB T RLX =0, ZTHEh
4.57+0.03 eV, 4.71%0.04 eV, 4.96+0.05 eV & W&
b O, BT XX — O IIIREIC LD b
DEEZLN, %BE2OOBB LI —IX, OB
R7 MV E L b ATR & & Dbk 7B L X —
[2] & K< —F Lz, ULEDOFERNDL, pGa0; ThH, ER
ERAY FELZHET DA RFETHDL Z LIRS
niz,

S 5T 2019 R RS CEI VB I A b Ol
KT ERANT R ERMIE AT 72 K 7 IR T L 91T,
RAT72 L CIEX 6 & [FERIC 3 DD MBI TZ 23 4. 4
~4.TeVIZEND 2OHDOHGNEBIZ2 oD E L
TR Sz, 2kt LURE ERIE AT o7& 24,
Fliel O NSRS U T2 o IS 3 B S Av, f-Gay05 DFFEL
TR NE RGP LTV D Z BNyt

2. 3 HAIFARAIGN ##EPib & LIRS
L+ ERDOERRE

AlGaN (X, Al #HECAHI#IF 2 2 & T, GaN O\ K
Y734 VB AINDARY REx v 7 6.0 eV £ TN
VRR Yy TERVX LI D ENTE DB
ThDH, WEICHFET D L 207~365 nm TH Y, HEEH
D DIITERAMR BRI AR Y T %, RF 77 X~ B 1 55 1k
TEX ¥ — (RF-MBE) JEIC X DA RIXEICRE &
2018 4EJE2E . BUKZEBEAT B OMGEMES & 2019 4EFE 25
BRZEGATROMBAERK 2 FHY & LCER L, &
7o, AAERSMET v Z % — MOVPE) ki L 5 kX
Cho [ 23 L7z,

2017 AEPEIT, EF v Vo R—MZ — Ry TR T Dk
fifi. BREHTAT 4 NVE—T2 BN H AR D T2 OFELE
Bl T o72, 2 LT, 2018 HPEITIE, BIAM TFBER
SEVTEMT L CI® T RF-MBE 28 2 VO 7= Al b ik R % BA
YD 2 LB HRZ,

2018 4EJE1E, (0001) a-Al:0; Ff B~ 2 um JZD GaN
J& % MOVPEVEIZ X 0 iR L7 GaN T > 7 L— b Hip b~
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RF-MBE V£IZ L 0 Al,Ga, N IO R 21T > 7, R &
L RF L IEENZR I scem, 200W & Lz, MRERO
AR AKUEE 1. 0x107 Torr, FREFEOE S 2. 0x107°
Torr & L7z, Nv 7 7JE & LT GaN &% MR 650°C
T 2047 R L7 ALGaN Jig % 700°CC 1 IRl R L7z,
BUEL723URHTRT L, XRD, 6=V 7Y A B U (SE),
B EOUR M BAMEE  (APM) J7E 24TV eF Al L 7=, SE
TEND GaN 2Ny 7 7 J& OEIR X 150 nm, AlGa; N Jig O fiE
JEiE 100-200 nm & BAEH Hviz,

AR U7z ALGaN il DRI, B FUBIEiNCTh 5 =
Lnn, INOF SR EADBNELEINTND Z &R
@Iz, ZO, XM zER~ v B (RSW)
HIENS, mN L EI Ok EH R RS B il
MH AL ZE RO T, T OFER K8 () lZmdT Loz,
B L 7= Al1GaN SR oD B 13 AT RS O BE IS X 0 1 S i
JEa ERIAFEETHRELTWS Z ENSghot-, K8
(a) . 8 (b) T Al 15Gag soN R & Alg s9Gag, 5 N 5D K 1
ARM A& 2 773, P F i S RUS) I 2440 59. 7 nm
L72.9mm CThHoi-,6aNT > 7 L— @D RMSfEA 47. 0 nm
EREVWZ END, UG SRR Z L3RRS
%, B8 (W)IZRd L H1T, BEHURIE L 0 JE U Al goGag, 51N
WX RIS 7 T v 7 B3RAELTWZ, £, XRC I
TEM S AL FER OB A et Frim (0002) 147 & — 2 0
PAERNEA, GaN 7 > 7 L— ROl 0. 14° 76 0.4° 2
BEE CHINN U FEebERE (1012) B4 E— 27 O i 2R A3
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ET V3] % AV CHEAE L7z GaN Ed AlGa, N IZE
DRI (FERR) L R L7 @i (LED),



GaNT > 7 L — D 0.26° 775 0.7~1.1° [ZHIL T
BY . ALHECOEINZ L0 . B8 A, FIREEAL A 2B
KU, HWIE E L CTHODICIERBER S D 2 L AR
iz,

ZZC, 2019 AT (0001) aAl0; Kb E~ 430 nm
JED AINJB % B & L7= AIN 7 > 7 L — |k _[IZ, RF-MBE £
128V ALGa N#EIRDOREZITo72, Ny 77 EE LT
AIN & % 700°C T 20 43l L7=14. AlGaN g% 700°C T 1
FEf R L7-, @3H/WE 0.5 scem (0.3 scem), IR
BRI E S 2. 7x107 Torr (9. 1x107® Torr) &
L7z & & lEROESIT 1. 0x107° Torr (6. 0x10° Torr)
T o7 RF /XU — 2200 W & L7, SEHED 5 Al Ga, N
JEDOREIE L, 430 nm (106 nm) & RAEH S7-,

B U7z AlGaN T IE, mNEREE A2 NE S 41T
WHZEIIRIBEND T, GaN T 7 L— b By
L RIERIT, RSMBIE D & B2 7 TPl L 0 AL fHLAk & sk oD
oo TORER, K9 (IR T L O, L7z AlGaN
HEOBIE L Al AR OTANC L0 ECEE SRR % -
BADBECHRE LTS Z e mholz, K9G . 9
(b) 1 Al 77Gag, 2N Tl & Al s3Gay, 17N JEE 0D 2 i AFM 15 %
N7, RMS EIXZ 4 2.67 nm & 0.61 nm TH o7z,
Hrict%E Tl AINT 7 L— D RMS fE 0. 22 nm (238
LEPERG ALz, XRCHIED B AL ML DWW 1
VN, xFPRRIE (0002) BT B — 7 O EAIED . AIN T

(a) x=0.77

(b) x=0.83
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9 RE-MBE /ffﬁk% L7= (a)Alo_ 77Gag, 23N %Hﬁ &

(b) Al ssGao, ;7N =D F1H AFM 14, (c)People and Bean
ET7 V3] & AV CER L2 AIN E D ALGa NARICE
T HERFURIE (GER) & AR Lo BRE LAY
MOVPE £ Th R L 7o il D ) 2 O TR g,

41

WA vy = 7 MIFEHEE H31)

L— FOfE 92 arcsec (0.026° ) 75 208~327 arcsec
(0.058~0.091° ) FCHINN L., FEHFRE (1012) 147 &
— 7 ONAERWEN . AN 77 L — K DOfE 247 arcsec
(0.069° ) 238 807~1795 arcsec (0.22~0.50° ) I
ML THRY, ALHROBIIC LY, b8 A FIRIEENL
NI R LT, LEOFRERMS, EX 106 nm D
Al gsGao, 17N TR 2 e g & U CERH L, RSN
P BYE L, FMT 2. 5HEICRT.

MOVPE fF 1% Cho [i-E725H2 L7z, (0001) a-Al.0; 3k
W E~430 nm ED AINJE &R L2 AINT > 7 L— b |k
{2, MOVPE JEI2 LV Al,Ga, N Wil a8 T 7= [4],
AZETT SE JE 24TV ALGa, N B OB, 1 pm FEE &
FAEY DAz, RSM I A O BeNr 7 gl & 0 Al fHRk %
b= L Z A x=0.59~0. 73 Th - 7=, ARMHIED B RMS
fEIE0.86~2.23 nm & RAEH b7, BEAITIESH 508,
B9 ()T &2 & BEITEREELL ECldd 5 A3, MOVPE
BT TEVEHMER R D Z ER%D TrREN
Too FRETNEIX, YMFJEE T RF-MBE JECTHOE L7
AlGap N R A E O R EEHEEZHET L2 ETHS I,
XRC JGE A & st FRiE (0002) [BlHF B — 27 O P4 E 1L 67
arcsec (0.019° ) Th-o7=A%, FExtFriE (1012) [EH; & —
7 DNAEARIE 216~1440 arcsec (0.06~0.40° ) &
RF-MBE 5 & [RIERIT AL FHER ORI VB R LTz,

2. 4 NERBREHMFEREZAVEZRENREY
—DEAE L T84 Z4F T

2. 1THITHHBRARZL I, 2017 X, £9, IR
I CVD JEI2 L 0 (0001) a-Al:0; Fafi b~ Sn #shlla-Gag0;
MR E 21TV, va vy =TT XA 4 — RRIO%E
AR E =2 B UYE LT, T8 ADONBLT R &Sk
JEERFEA T 012”3, JEEmME TIL 450 W D Xe
TSN THANL L, L TR IS L
Too AN ASA T AZEIINET, MR CTHEZITo 72, X
WRT LT, N FEy v FITIET %5 5.3 eVi(230
nm) (TSI E O ©— 7 Z B U=, 2 8 13 KT
2.5x10" A/W TH 7=, LL, 4.2 eV(300 nm) (FiTiZ
Xy v TNENISER N T 2 HISEN Bl s iz, 22T
2017 4EPEEF 121, Metal-Semiconductor-Metal (MSM)
EIARAG D A X v~ A7 % Ui L, SEWIUE 2 B3
D a-Ga0; & LT MM DS o —28E L2, X
1 TIZRT L 91T, 5.0 eV AHns &I E OB A i
L., Y—=9—=7 74 MO REIT ) Uiz, MR
TN a-Gag0y B D R R RE & 400, 450, 500°C & 28 (b &+
FoRBHC R Ll A L= & 2 A, fsPE 2 s L 450°C
ORBF TR O EWEZ IR &7 | K TH 2.0x10"
A/W FREE & PEERIRAUCIE DG b/e, Lo, HHi
BRI CONREDIR TGRS NIz, ZAUTEENE <
DI, RORAES D L, vV T OXEE
FEOHADOBMAERN L THWD EEZBND,



Ni/Au Schottky contact

Ti/Al Ohmic contact
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Nl (VN fl' R DN % [5] B b . pGa0; ko~
S (Al Gay ) 205 R A R L MSM Bl o — 2 B UET 5
LT, EEAYIR—Ta UHRICE Y, EREMO
HISEREOEENB OND Z L A SN, £ 2T,
2. 1HEH TR L 21T, aGa0y HEE E~X 5 1(C
a(Al,Ga,).0; Wil ZRE L, Br—%28E+ 52 &
T, RN R DG B D DMREE LT,

TA AEEEX 1 21277, I AN CVD JEIZLY
(0001) a-Al0; FEHT 1 pum JE D ar-Gag0s R 2 pl R L |
E 51220 nm JED a-(Al,Gay) 0; A R R L7=, Al fit

Yuan

Wtk a 2. 1EiICHl~7= X 912 60, 70, 80 mol% & ZA(b
SH, LT, BErE—LaXKEHEIZEY, Ni(G0

nm) /Au (100 nm) > MSM FEMRZ TR LTz, 52 R Frit %
X1 3 (b)IZR7, Al ff#aH 60 mol% (x=0.04) D& g
RIBSE LT 2.0x1070 A/W E7220 0 K1 1137 T aGa0; ~
—AD® Y — L FRREOZIEEN G iz, £,
Ny KXy T OB EE R RN ER B~
FLTWDZERTD5, K1 3 ()ImnT LI AL
B 0% & A%D PR CROE RO TRE 2 3 RF/y Lkl L
7= & 2 A a (Ao oiGag, o6) :0: TR Z FEE 92 2 & THI 33%
M ELTWDZENDhoTz, L, Al flifakb % 70,
80mol% (x=0.12, 0.37) & S BHITHIIME® 5 &, Ik
FEDIR T RB O ATz, & AL LD - (AL,Gay ) 205 B %
R L2 2 LT kD AL D0, REDFAE, b
LSEANY R Y v 7OBMC LS v 3 v b3 —EEE S
SOEI EOBBOERNDEEL TWHEEZILND,
UEEXY | aGa0; RIEEIEE P —I2B W\ TH, Al
FRk A B Il L Ca(AlGa, ) 205 A FEfE T 5 =
LIk FREAN Y IR—=2a VIENESND Z L AVR
S,

2. 5 AlGaN ZAVEREN RO H—OREL

ABNV AT TlE, SHEHBOKRKE % 3 mmx3 mm, 7
A EMIEZ 100 um & L, A— 7 A= ZE % 100 um
L 200 um O 2 FEEHAE V2, 2019 4EFEIX, X575
HEEOWKEHIE L, 74 M) V7T 7 o —HHiliz A

Ni(100 nm)/Al,Os

200 uym

K14 V7747 HWEICIBRE L 72 MSM fEf S & —
VOISR T, T A EMNE 4 pm, A—TF R
AN— AN 8 um & L7z,
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Wt v — ORI bR 21T o 7o, O RE S %
400 pmx400 um & L, 7 A »EME (4 —7 2 A—2
fE) %2 1 pum 3 pum), 2 pm (5 pm), 4 um (8 um) @ 3
FBHO7+ ) Y~A 7 ERE Lz, 774 7K E
NRYUVVA ML R F == 7L, BE— LK
FRICLD 100 nmJEO NI 2K L, V7 hA7I2kD
FHEEM Y — U B LR A2 K 1 412787, M
DB NS — PN EFIERLTETNDZ LRGN,
2. 3HITHRAZ L D2, RF-MBE % FIVCAIN 7
7 L— b RICEE L7ZE & 106 nm O Al gsGag, 12N A
FEHAME, FERPE S bICHBMERL T D, IR
Ze WU E & L C MSM BUERER A v — 2 U E L 7z,
FlR L7774+ N YT T T 4= L AEWEKIL, e
RGO BECRREEChH - 7270, Bk~
a~Gaz0; D MSM Bz > — L [RIRIC, A Z L~ A7 &V,
FA- B — AARAEIEIZ XY . Ni (100 nm) /Au (100 nm) 0> MSM
FBMEIER LTz, T34 ZAONB G & IR PE R %
15127 T, BUTRT L DT, 4.6 eV(270 nm) 1Tl
HISEDOE— 27 Z@R L, m=Rx X — < 20D
Vand—a2 @Bl Lic, SOCEEITRRT 104107 A/W
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& Sl . -
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Thol-e LI L. AlggGag N DAY RE Y v 7135, 4
eV(230 nm) THDLDIZK L, HIGEDOE—7 1% 0.8 eV
AR RTINS N, ZORKE LT, &
D2ODETNANEZZ LD, 1| DHIE, AlGaN J&g 23
Z & T ALGaN/AIN O F i AHE TR AR E TWDH Z &
NEZHND, K1 5DALT MLOFFEARIZRT LD
2. AlGaN, AIN ORERLHEITITE ISR Py, EED
8 Ppy (O PE D [ EFEM A FAL6] L, R, N TN R
DAY D, AlGaN JEREWEE 1ZE A LRV RiliR
DDIRNT Ty MefEIRCHIRINAEZ 5, LML, K
FZER THUE L 72 106 nm JE 0D Al gsGao, N FEFIT M7= 8
12, ALGaN/AIN O FEAHETH WIS Z 5 B2 5
nNd, ZoHE, REITELE L, 11 ORFEEBIX, A
X7 MR TENENOLFICHIE L TNnD EEX D
nsd, =5, 22BOFEFTNVELTE, AINT T L— |
FOX ¥ v TNEMBEEG LI ERIRE 2 HvDAIN
T, RFBIEEOHIM L HIZ, 265 nm Z 0 & 45 I
MREL 2D, 300 nm LL FONEWILT 5 Z EnMmbi
TWD 7], HEEE RFBIRFREHRIA M eEfT 52 &
THEWT 7 7 X EMETERL L, 265 nm O RE

BT 5 Z LR STV A 8], Z OEFICE L T,

St bR 21T 9 BN D 5.

Cho f#+ X vt 727272 MOVPE i S h 7z
Al,Ga N #EIZ DWW T 2. 3EI Tl 7 bl o
e, AN RATERN, BTE—LKEFIEICLY,
Ni (100 nm)/Au(100 nm) > MSM EMEATERL L7=, LL.
A FHAOEEIC LY | ARG ZEOR M F CIIL
BPEOREICE SR o7, SHOEE Lz,

BB, ZNE TIos (9] SRR v —0
ZHIESE LR OBBREX 1 618 L, HilgE LTAR
Mg cfELEZE Y —DEERT, RICITEE
230-290 nm T, B T-2hHRE 100%E L= & & DOZHEED
PRER PRI 2 IR D TR Lz, AlGaN RGN E > W
—®DFEETX MOVPE {EIZ L D7 7 A 7 A H 50 i AIN
T 7 L— b EICEESNTE L O, AL T 2D
AL L THERRA L HETERVWESHE ST
W5, AHEFSETHRE L7 MSM Y AlGaN ZRLE4 M Rt o —
I, WEE LY b 3IHHEIRLS . 62580 mEME
RO BID, —J5, f-Ga0; RERIMR vV —1F, MSM
B XS fliGeEiETH. A 7 AR X 0 HERR
REMBZDZIBENHRE SN TND, EEE, REFET
BUE L 72 MSM B o-Ga,0, TRERSMIRE o — T b L K/
IR—y g VERATHILET, AL TRAELTY
HERR U W R 2155 2 E N TE e, BiL0%
VRIS C ELER I R OV R E S DT T LI RRE TR
T LED, BOZRBENMIOND A =X NT5H
OREFRREE L2,
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T A B CVD BRI L D (0001) a-Al05 Fob B~ MG
a-Ga 03 Wil 2 R L, 2 a2 tfE & LT MSM AL D4R
oY —28ESTSHZ LT, 5.2 eV (240 nm) fIiF &
DE TR — M GEERM) OB THRIEEST LY —T
— 74y P o®-EICKSDI Lz, 612,
o (AlGay-y) 05 A flJE S5 2 & THE/N Yy v _—
a VERIRPE B, BRSO L 2. 0107 A/W &7
D, BEERIRLCE S ER GO, Fo. BB XY,
5 235 nm LU R OS2 R A 33%m) L7z, b s L
T. RF-MBE % AW AIN o 7 L— b b~ AL AR
Al,Ga, N DRSS R 21T > 7o, BEREEZ BT 2
Z LT, MOVPE THRE S U7 il PCied 2 fk sk oo i
PEMF B AT, Alg saGao 1N B A YW & L -C MSM 2
SN T —2BEL, 4.2 V(295 nm) 225 5.6
eV (220 nm) £ TEWEEIICIEY | RESMR AT D 2
AR LTz,
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Study on Gas Flow Conductance through Glass Nanopipette

Tomohide Takami, College of Arts and Scineces,
Center for Promotion of Higher Education

Atsushi Sekiguchi, Learning Support Center

ABSTRACT : Glass nanopipette is widely used for the transfer of the various kinds of the
small amount liquid less than femtoliter, and many applications have been explored. The

evaluation of the inner condition of nanopipettes is necessary for the stable use of
nanopipettes for these studies. However, the evaluation of prepared nanopipettes with an
optical microscope is beyond Abbe’s resolution limit. We proposed a new nondestructive

gas flow method to test glass nanopipettes before using them. We observe the exit gas

pressure of nanopipettes by changing the entrance pressure of nitrogen or argon gas up

to atmospheric pressure. In addition, water gas flow through the hole and pipette was

investigated. We have found several problems on the measurements, such as the

dependence of entrance pressure increasing speed and the choice of vacuum gauge.
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measure the vacuum conductance through nano-

Schematics showing the pronciple how to

pipette using vacuum chambers.
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vacuum conductance through a nanopipette using

nitrogen gas.
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nanopipette between the vacuum chambers was
modified as shown in Fig.8(b).
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conductance through a nanopipette using nitrogen gas,
from the data shown in Fig.9, where the setting method
of the nanopipette between the vacuum chambers was

modified as shown in Fig.8(b).
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Table 2 Vacuum conductances and estimated

inner diameter D using N2 gas.

av Ry xR mds Je¥iEfE nm
1 A H 5.94 x 10712 252
2 [ H 4.25x 10712 213
3EH 2.63 x 10712 168
4 [ [ 4.12 x 10712 210

EHEIZ o B 2 AN 4.12%10 2 m3/s THEER 211
nm & RO 5, PEAEFFET 16% DAL e o 7=,

[FERIC
L=t D% Table 3

TN T AEHNTEREIT M REE2 E
IR,

Table 3 Vacuum conductances and estimated
inner diameter D using Ar gas.

AV RYA md/s Jehinf® nm
1 A H 5.95 x 10712 276
2 [EH 2.93x 10712 194
3 [ H 4.48 x 10712 239
4 A H 539 x 1072 263
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Fig. 11 Background pressures after closing the pumping
valve, in case of using the partition (A) in Fig. 1 (blank
flange). (a) and (b) are the same measurement but the
following time sequence is different; (a): measured for
30 minutes (dark blue plot), ballast valve of the backup
drypump opened and angle valve opened for 2 minutes,
measured for 30 minutes (orange plot), angle valve
opened for 20 minuites, measured for 20 minutes (gray
plot), angle valve opened for 20 minuites, measured for
20 minutes (yellow plot), angle valve open for 70
minuites, and measured for 30 minutes (light blue plot);
(b): measured for 30 minutes (dark blue plot), ballast
valve of the backup drypump opened and angle valve
opened for 2 minutes, measured for 30 minutes (orange
plot), angle valve opened for 30 minuites, measured for
30 minutes (gray plot), angle valve opened for 20
minuites, measured for 20 minutes (yellow plot), angle
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valve open for 23 minuites, and measured for 20

minutes (light blue plot).
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Fig. 12 Time dependent pressures after closing the
pumping valve (0 minute) and water exposure started
at 0.5 minutes by opening the metering valve, in case of
using the partition. (a) and (b) are the same
measurement but the following time sequence is
different; (a): opened the metering valve 0.35 mm and
water exposure for 20 minutes (blue plot), exposure stop
and exhausted with a drypump for 30 minutes, then
opened the metering valve 0.45 mm and measured for
20 minutes (orange plot), exposure stop and exhausted
with a drypump for 150 minutes, then opened the
metering valve 0.60 mm and measured for 20 minutes
(gray plot); (b): opened the metering valve 0.35 mm and



water exposure for 30 minutes; up to saturated vapor
pressure of water (blue plot), exposure stop and
exhausted with a drypump for for 30 minutes, then
opened the metering valve 0.45 mm and measured for
20 minutes (orange plot), exposure stop and exhausted
with a drypump for 60 minutes, then opened the
metering valve 0.60 mm and measured for 20 minutes

(gray plot).
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Fig. 13 (a)-(c): time dependent pressures after closing



the pumping valve (0 minute) and water exposure
started at 0.5 minutes by opening the metering valve,
in case of using the partition (B) in Fig. 1 (flange with
a 1 mm hole); upper chamber pressure Pi (a), lower
chamber pressure P2 (b), backgound pressure of lower
chamber Py (¢). (d): stagnation pressure (upper chamber
pressure P1) dependence of calculated gas flow rate

from the data (a)-(c) using the equation (2) in the text.
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Fig. 14 Stagnation pressure (upper chamber pressure
Pi, from 100 to 1200 Pa) dependence of calculated
vacuum conductance from the data in Fig. 13(a)-(c)

using the equation (6) in the text.
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Fig. 15 (a): time dependent pressures after closing the
pumping valve (0 minute) and water exposure started
at 0.5 minutes by opening the metering valve, in case of
using the partition (C) in Fig. 1 (flange with a glass
capillary); upper chamber pressure Pi1 (a), lower
chamber pressure exposing water P2 (blue plot) and
backgound pressure PO (orange plot) (b). (¢): stagnation
pressure (upper chamber pressure P1) dependence of
calculated gas flow rate from the data (a)-(c) using the

equation (4) in the text.
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Fig.16  Simulated temperature dependence of the

estimated nanopipette inner diameter using the data of

N2 gas vacuum conductance shown in Table 2.
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Fig.17 Entrance pressure increasing speed (Pa/s)
dependence of the vacuum conductance at the
decreasing dependence stage 1 (square plots) and flat
dependence stage 2 (round plots), using N2 (shown

orange) and Ar (shown blue) gas, respectively.
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Development of All-solid-state Battery for Innovative Large-scaled Usages using Polymer /
Inorganic Hybrid Electrolytes

Shiro Seki, Department of Environmental Chemistry and Chemical Engineering, Kogakuin University
Kazuhiro Suga, Department of Mechanical Engineering, Kogakuin University
Toshinori Okura, Department of Applied Chemistry, Kogakuin University

ABSTRACT : Polyether-based polymer/cubic Li7LasZr:012 (LLZO) composite solid
electrolytes were prepared by dispersing LLZO powder in a lithium (Li) conductive
polyether-based solid polymer electrolyte. [SUS | SUS] (SUS: stainless
steel) and [Li | Li] symmetrical cells were fabricated, and the ionic
conductivity, Li/electrolyte interfacial resistance, and Li-cation transport number of the

electrolyte |
electrolyte |
electrolytes were evaluated by electrochemical impedance spectroscopy. The
polyether-based polymer/ LLZO composite solid electrolytes showed relatively high ionic
conductivity of over 1074 S cm~! at 333.15 K, along with high electrochemical stability
and low interfacial resistance to Li metal electrodes. Remarkable changes of Cole-Cole
plots were observed with the variation of LLZO content, which was attributed to the
formation of local percolation pathways between LLZO grains in the polymer matrix.
Li-ion conduction was faster in the LLZO phase than in the polymer phase. The
Li-cation transport number of the polymer/LLZO composite solid electrolytes was almost
constant value regardless of LLZO content because of the rate-limiting ionic transport in

the polymer phase with a low Li-cation transport number.
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Fig. 1

Appearance of the P(EO/PO)/LiTFSA-LLZO
composite solid electrolyte (x = 0.5) (a).
SEM images of P(EO/PO)/LiTFSA-LLZO composites with
(b) x =0.42, (¢) x = 0.5 and (d) x = 0.66.
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Fig. 14 Cole-Cole  plots of [Li |

P(EO/PO)/LiTFSA-LLZO | Li] symmetrical cells at 333.15
K (a), (b), and dependences of the Li* transport number of
P(EO/PO)/LiTFSA-LLZO composite electrolytes on x (c).

S S S SR
P tE. ' jek= T H0 R 2000
Ba 77 B @)

A4 VHFE L LLZO REOMFEEZ K 14(c)iZRT,
P(EO/PO)/LiTFSA O Li A A4 U §izRi% 0.04 & FEF IR
E% 7~ L7z, (1-x)P(EO/PO)/LiTFSA-xXLLZO @ Li A 4 >
i ZR1% LLZO J OB KIZ X 59, P(EO/PO)/LITFSA &
FIREE DM Z R Lz, ZORESRIL. LLZO BE OO
KTH>THRD Li A A UVRIIE(L LR & 2R
LTHEY, (1-x)P(EO/POY/LITFSA-xLLZO @ Li A 4 15
WA RY~—HTHEELTND I EERELTND,
Z OFEFRIE, (1-x)P(EO/PO)/LITESA-xLLZO DA A il
JE2S LLZO 12K 7789, P(EO/PO)/LITFSA (x=0) &
Wb CTHNA A NG EZ RS2 & & —8T 5,

4. FED

RN =T VRS E IR FEME & R 5 MR E (4
BREE DS LiskasZnOn ##8A& L, AU =—TF )L
LLZO #EMEEEMEEZ Y Ja—arFxy AT 47
B K VAL 5<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>