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Transportation Equipment Industry Clustering project
- (1) Study on Machining of Difficult-to-cut Materials (2)-

Advanced Processing/ medical-engineering collaboration Group
Masaru KATO, Keiichi KUTSUZAWA
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Abstract

Recently, lightweight materials such as Carbon fiber reinforced plastic (CFRP) or titanium alloy are widely used as structural
materials in airplane and automobile for the purpose of mass reduction. Although these materials have characteristics of
lightweight and high strength, they are regarded as difficult-to-cut materials. In particular the cutting of CFRP, tool life is not
only short, but there is a problem that de-lamination and burrs. In this study, we experimented triming of CFRP by using a
cutting tool which is commercially available as a composite material processing, and evaluated the performance of these
cutting tool.

[ Key words: CFRP, difficult-to-cut material, composite material, triming, de-lamination burr ]

1. IIL®IC

BEMENCh D RFFHETR(IL 7T 2F > 7 (CFRP) 1%, Z DL TRUVRHEIZ L > THAZ R NF—%FEB T 5 4
DL LT, MZEEOAL 5T HENESCHEFICE R DICHNIIRE STV D, L22L2RA S, CFRPOYIHIINT. (73
HiF. MU I7%E) TR, LEHERENM LN L, BEFEEE (F7 Ix—ra ) ONVEREET LT LR
Lo TEY, ®HER - BEIIINT T2 Z LRk 5ENTN 5,

IR, A LEA—H76 CFRR M LTH EFRSND TENRTEIND L 9ITh>T&E, T TAHMTIZ, FU A
T CFEIYINT) Zxtgic, FREoO THARWT b Y AT A1TV Y, THEEEFES CFRP O TARREIZ DUV
THE LD TZO— R ET 5,

2. CFRP#® MU AT T EAERESE

TR CERP A4 (7 —AR 8 - 100X 100X E X 10mm., UD+EE/ u 2 & 47, REHOEY) xRz,
N—B—BATDEA YT Ra—T 7 TE 3FH, = IV TOXAVvE Ra—FT 47 TEHE 3

.49_



F1 MU LIS

fifE. DLC a—F 4> /= NIV 1fE, By Yy F=y RIL 1§

&2| An 2 il

% N e N IS 5 = % D |nit L—5—  |BEBMIAva—TY

o AAARMO TIN R Z—T (72 ROV ITREAOR 3t 9 MM 2 o P T2

TEZHNT, v =724 (B VKC4511) THHEIVICE A ® |o#t L—5— BERMS A va—T42Y

@ |wit e RERMEAva—T1

MU BINLSEERZ1T o 72, CFRP B3/ A RICEEACTHETEL, K LE L L 6 ot 483 BEBHSI A va—T42 7

B ® ot TR BERH T A v a—T4

HOB% B, WHHE 1m (10 2%&) £ TIML U7, YWHIINLIEHEZER 1LITR @ |w 27 BEEMDLOa—T 1o
- i Mt 28 RE IR

T, B LT, TEERELMLIEREZ~ S 7 aRAa—7 O ay 7 A @ |we |zsR NAABHTNG—T 127

CFRP (100 X 100 X t10mm)

B KH-2700) THBIZLTZ, REH mE/OAMY Y rEY
S o £ . ITEZ(mm) 6
B 112, THEFERO CFRP OMIEHOMN TREL =T, 4EOFRT  Isemsony oo
NUNZEN N N o ENHIEE (m/min) 188
1T, LEEEFERS CFRP MO DR NN LEM S IE, V=2 =247 Fagommn -
Ly RINE A TOBRERETRD SR Ti, A Yy Fa—y  SECmome =
1 7 TEIMENTMEREZ R L, DLC 2—7 4 > 70 @Y ) v |, TIN - 225 -
=T 4 LT AFRETH D Z L bhoT, W7 ot
A= A=n | 547 &2
HAvEY
(= |,
DHt DH# _/f)'“”/:
9‘—
%4??/ :
aMtE omt |37 o A
pa 3
HAvE,
<3 S
(DO ygw:
g._
@wmitt @mtt f:ﬂ’;ef LR
P2
s .
©oit o0t |fars L
il
’%"'f‘\’_—E/ )
ok I SR
)
o=
DMt ovit 2000 . - Ej;&wﬁ
ale: omt  |[EEV = e )51
ey e
@it omit 7177 i
)
BI1  RYLINTLICE 5 THERLE CFRP M OINTKAE
3. ¥¢&

BEMMTAE LTSN TV D —2 —THELT > KUV TEOMRETEA1T . CFRP #0 b V) 20T
BT DMLT =5 OFEMEAT Tz, A% BEEMCHHIM OINTT — 2 OERMEZR > T FETH 5,

_50_



gy iR S [
- (2)EnEREEREAEORE S v ADFEE( -

JetET et A - ELEES V-7 NEE LR

Transport Machinery Industry Clustering project

- (2) Fabrication Process Sophistication -
Advanced-process and Medicine-engineering collaboration Group Fujio UCHIDA

ik

i SR BEE A~ DR & X 5 TV D RN ZENVEE & 5 3 kot CAD/CAM/CAE, 3D 7'U & — X##CT, 3k
Biefih 3 IKTTT DX A P50 1T ZEME LT-F XN D=7 ) o TEIRCOWTEE AR E L, R0
Beffi o b, AFEREAJm A BRI SR & S LT,

[¥¢—7— F: 3%t CADICAMICAE, 3D 7'V & — X#CT, HEfIKITTVH AP — TUH LT Y
=7 V7]

Abstract
I improved the sophistication of the IT-driven digital engineering technology, as exampled by
3-dimensional CAD/CAM/CAE, 3D printer, X-ray CT and non-contact 3D scanner, because the
companies in Akita which intend to develop their business in the transportation-related industries have
needed this technology. Furthermore, I implemented technical assistance with the purpose of improving
technical power and enhancing the competitive edge of companies in Akita.
[Key words: 3D CAD/CAM/CAE, 3D Printer, X-ray CT, 3D Scanner, Digital Engineering]
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Abstract

The use of unused thermal energy sources like ground thermal energy and waste heat energy from the company are very
important for energy consumption reduction and carbon dioxide emissions reduction. The simplified evaluation system in
laboratory scale for heat exchange was constructed, and fundamental examinations were conducted for efficient utilization of
thermal energy. The big problem of ground thermal energy system are high in initial cost. Therefore, the simplified
demonstration system of the ground thermal energy was designed to reduce the cost. The final target of this study is to predict
the performance of the ground thermal energy system from fundamental data, and to raise the cost performance.

[ Key words: thermal energy system, ground thermal energy, unused thermal energy, waste heat, heat exchange ]
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Industrialization of Environmental Symbiosis Energy

- (2) Development of Utilization Technology for Unused Energy Resources -
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Yasushi SUGAWARA, Takashi SEKINE
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Abstract
Thermoelectric materials and a thermoelectric power generation module were developed to utilize the waste heat energy.
Titanium dioxide (TiO,) compacts in which vanadium carbide (VC) was added as a reducing agent were made and their
thermoelectric properties were evaluated. A thermoelectric power generation module was made and its performance was
examined beyond 600 °C. In addition, a new simple thermoelectric module was made by applying a thin film thermoelectricity
conversion technology.

[Key words: Thermoelectric material, Thermoelectric power generation module, Energy harvesting]
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~Small hydropower generation technology development for practical application~
Environment and Energy Technology Development Group Makoto INOUE
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Abstract

One of the small hydropower generation methods are expected as renewable energy includes a spiral waterwheel. The spiral
waterwheel will increase demand that because power generation is possible with low flow quantity and low head. Therefore, |
was carried out CFD Analysis and power generation experiment of the spiral waterwheel of 260mm in total length.
Conventionally, clearance of the spiral waterwheel and water channel was minimized. However, increasing the quantity of
power generation and the downsizing of the spiral waterwheel expect by arranging the moderate clearance.

[ Key words: small or micro hydropower generation, spiral waterwheel, screw, agricultural water channel, CFD Analysis ]
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Project of Creating Green Electronics Industries

- Invention and Applied Development of High-functional Thin Film Materials -
Spin and Nano Devices Group
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Abstract

L2,FeCo films were prepared for developing a next-generation high-performance magnet by using an epitaxial method.
Ferroelectric/magnetic epitaxial films for controlling magnetization by magnetostriction were developed.
[ Key words: high-performance magnet, L2,FeCo, Ferroelectric/magnetic epitaxial films ]
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Abstract
An alternating current electromagnet used for a novel magnetic force microscope (MFM) with an extremely high resolution
on the order of nanometer was developed. Design improvement of the electromagnet for reducing eddy current in magnetic
core and increasing efficiency of water cooling system was carried out by using 3D finite element method (FEM). The
fabricated electromagnet successfully exhibited a strong magnetic field along with low heat generation.
[ Key words: electromagnet, magnetic field, magnetic force microscope, eddy current, water cooling system ]
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Project of Creating Green Electronics Industries

- Development of Sensor and Energy Device -
Spin and Nano Devices Group
Takahiro KUROSAWA and Takanori KIYA
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Abstract

Wireless power transfer system with thin film magnetic core is developed. Merits of the thin film core are light weight, easy
manufacturing, and low cost. The DC-DC transfer efficiency of the system was above 70 %. This system will be adopted by a
regional company and start the development. Electric field measurement system could work on an ordinary environment.
Measured electric field distributions near the microstrip line and patch antenna show the proper amplitude and phase
distribution.

[ Key words: wireless power transfer, Li-ion battery, electric field measurement, modulated scattering, EMC ]

1. IIL®IC

PERPEE RGO/ VMG IR, & ORI OB RS L LT D, T b/ NS A I IRMENMESE OBLR
D, TA Y U AKEEEINZ IS LT RS B RE DFERED DAL TW D /INIRERIC T A 7 L A RGBT %
BHT DB, VAT 2OBEALRCSZEIIARA~ORIEDRD D, —T7, VA Y L AREILEE N ERR %
AL T R®F =2k L THY, ZOEMFAERIC,E S RNEERE /A ZAREEERF BRIC LY, BEEE
LEOMELZR SR ITREN DD, £, NUE IR SN IRBEHOT 7T, 230 REee
A 2R FRIPERIE 72 & OEREREE D STV D, T 9 W\ o Tz, R OBhERER IECEEEET 7 T OBFSIC
1%, HEERELLOBMA A ZFHAIL, BEEROFFEST 7 F0NVERT D EMAZFHAITE D 2 EMEE L.
SRR, N HERR A~ O A R L, BEDOIIROZEREZ K S T2 U A ¥ L AFGES AT L OHAITHHFE
3 K OMRAEEL AR SR G AN & LT, FHBAHELZ R Uiz @ EIEREHI S A 7 A OHEAMBRR 217 - 72
2. BV ERZRLE—F A ZDREZE

2. 1 TUA¥VREESM

.63_



774 N SL— b TR L — b
a4

WA 7 a F T, SRR O fi (b0 @2l R B O
Rl BEAENTIC LD 2 A VR ERATVY, A—F TR
ED/INE IR~ ORERSE, 73N T 5 2 REMO T
BRI 2T A Y LV ARE I AT L% L. Bitt=
TREHE, ®E, MTHEOmE, 22 FOEEE R S 7D
W, K1 @IERTRERD 7 =74 T L— hnb @iEiE s
H9 5 FIX (b)D EIEmRAE S — b (u=15000, & X 18um) ~0D :
B2 AZHIEL, M E21T-o 2. HERKOK#EbIC LY, 1. 7xFA h7 L MMa) LT — hb)
X 2 1Rt L 9 IR S — R T 70%% 8 %5 DC-DC e
DB IENRNERTE, 7274 M7 L— FIEHDOHERE
DEONDZENDhoTl-. Zhicky, Bt 7DAF,
MINES &R0, UA YL AEEIZHAEEOERUSN DO
WICHHBEAEEE 220, IS HSPHSLE L7z,

2. 2 BEREEEREUVOBER

~
IN
T

Thin film sheet |

~
N
T

70

68 |-
Ferrite plate

DC-DC Transfer Efficiency (%)

64 | Coil:?43, 23T/23T ]
R 2 EREICEHRT B T & LT, fksaLia ) & ol o
. - . 70 80 90 100 110 120 130 140
@ﬁﬁﬁL{ﬁﬂﬁfﬁ%%%ﬁﬁ Lfﬁéﬁﬁﬂﬁﬂffé , %é}t{ﬁ)%%%ﬁo % Frequency (kHz)
LY LARBRE L ERR LTS, AEIEE, R Y 2. DCDC 2RO RBRKTAE

DR B A B L T, — iR SEBRER IR CaE nlRe /e SRR A PR L, Z MR 23l L 7-.

HES AT LT 60X 45cm DEM EITHEEE L7z, IR - [REBVRZAZT 7 T2 IZBi3 L, AT 40
IWNRHCE S T2. £z, T 7 T OFRAPERTERC S [ O U 7Bl 2 K o CREPFHREIC L S EA L2, =
DY AT BT R DA HI O ZE 53 fifRElE 1mm FREE, JIE FTREfEEUT UHF-~ 1 7 v Th 5. £/, &
FHANLE 2R ET D72 O OFHTEZBRE Lz, FHIBE LT, B L7z~ A 78 A M) v 7T (4 VB XIU~
A7 v ANy T T T T OENERGEK 3 BLIUOK 4 IZENEIurd. v~ 7nA RN v 7T 4 ki
A2 U7 EAEN OHRIE - AAR AR S HIRICBIH S TR 0, IRIBELRFHIZ FTRE L LTz, Ry F 7 7 FIT 20T,
T T F A OIARIRAEAE RIS O SO DB S 47,

7B, ZIVE TOMERCRZ R L7cim sy, - EwEE T WS ERS G IR R EE S L 0 &
Fram T EIE STz
3. &

/NI AR~ DFEH A RN LT2 U A ¥ L ARRE S AT AOBSE, B I OB BRAG A & LC, %8
(RHGELZ R U7z @R ARGt S A 7 A OB 21T o 72, VA Y L ARES AT MIERERME Y — o0&
A, iE, BEAES, ARISUEIRAZ <A X2k, BN ~OBEEBRE 72, 5l &HE, HG
DI U= H BRI 247\, B 2 HiifiBins B4, BRE L X, A%, ZERINMED R B
EOEE(L, WEREEOEFREEZED D & & BIRIEV AT 22wl s, ERE BT,

100
o o
" JeAifit R A1 BRI

A
>

B0 O

3. P& L =4 70 A+ ) vy 779 4 VEEDHNER )
i Es & ORISR, SE R GHz, 74 ~ itk 4. %y F 7 v 7 FEEOMNER G, HE M 2442MHz.
DIV R TR L 7,

_64_



FV—r sV b=y AEERETE

~FHEIT AT LOBFE-

AV s T )TN, R )—T EEERETR, )1 Y

T
Gl

J
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- Development of Measurement System -

Spin and Nano Devices Group Yuji KONDO, Kiyoshi YAMAKAWA
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Abstract

A high-precision reflective objective has been developed in order to use as a focusing device in microscopic
magneto-optical Kerr effect magnetometry. This development has been conducted by the collaboration between industry,
academia and government. The experimental production and the evaluation of tubes and mirrors for the reflective objective
were carried out.

[ Key words: microscopic magneto-optical Kerr effect magnetomery, reflective objective, magnetic device ]
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Abstract

In late years photovoltaic power generation attracted attention, and we developed a photovoltaic power generation panel for
snowfall places that became first among the industry in a study until last year and reached the manufacture. However, it was
necessary to do all a strength calculation again when this panel changed the size of the panel for special structure to let snow
slide, and it was a factor to inhibit the flexibility of the design of the panel. Therefore | only put various parameters and
developed the software which calculated the strength of the panel easily newly and improved the flexibility of the design of the
panel for snowfall places.

[ Key words:  photovoltaic power generation, power generation panel for snowfall places, special structure to let snow slide]
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Abstract

We are trying development of bulb lamp for plantation of chrysanthemum to reduce energy consumption. In this report, the
experimental result using Direct Current type lamps that are suitable renewable energy is shown. Using the specific wave
length LED that is effective inhibitation of Flower Bud initiation, the minimum energy consumption is achieved 1.7W. Fora
further study of the infrared effects, we developed and experimented. The result shows a better condition of effect to growth is
equal intensity of red and infrared.

[ Key words: Energy Saving, Chrysanthemum growing by lighting, LED ]
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Project of Creating Green Electronics Industries
-Research on Wireless Communications Control Technology-
Electronics & Communication Group  Shinya SASAKI
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[¥—1D— K : loT, M2M, IEEE1888, MQTT, EnOcean, 7 A % L A > #H— / — K]

Abstract

Various measurement data are aggregated into the Internet Cloud by loT (Internet of Things). We’ve analyzed these
collected Big Data and has been utilized as Energy saving, Safety and Marketing Solution.

We researched Next Generation Wireless M2M Technology for these measurements and developed 10T Sensor
Node System which uses IEEE1888 standard last year.

This year, we have developed some gateway devices for interconnecting IEEE1888 networks and other
communication protocols networks such as MQTT(MQ Telemetry Transport), EnOcean and so on. So we have
integrated Ultra Low Power 10T devices networks by Energy Harvesting with existing 10T networks.

[Key words: 10T, M2M, IEEE1888, MQTT, EnOcean, Wireless Sensor Node]
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Project of Creating Green Electronics Industries
- Magnetic sensing technology -

Electronics & Communication Group  Kenji TAN
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Abstract

Magnetic methods of sentinel lymph node identification have been proposed. In order to achieve this, magnetic sensors
which can detect small amount of magnetic field accumulated in the sentinel lymph node is required. Magnetoresistive sensors
and coil sensors meet the requirement. In this study, magnetic fluid detection by these two types of sensors were carried out,
and the results were compared.

[Key words: magnetic sensor, magnetic fluid, sentinel lymph node, magnetoresistive sensor]
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Project for Innovational Collaboration
among Business, Academia and Government
- Development of rapid Immunohistochemical staining device

using electric field non-contact stirring technology (E.N.S) -
Advanced Processing/ medical-engineering collaboration Group
Ryuta NAKAMURA, Takayuki KUSUMI, Masami KAGAYA, Hiroshi IKEDA, Yasuhiro SATO, Yoichi AKAGAMI

P

CRPERARR BIEIE, DAOUNER O EAZ 5 ECHAREN CTH S, L, 1ERFIETIE, 2 2
RELL L2 L, FIHICHWD Z EIIARFRETh -T2, 2 OREFIEOR 2T 2 HURbURSINC, RAZED T
— X T % u L A—2—Dikil %%i@ﬁafﬁﬁ%ﬁxffﬁﬁé&mwﬂb@é CER LS PILIE LRSI YN
THIET, 20 HUNTRALZE T S, FINTOREHRBGE AL rTREIC LTz, 2 OFFERER & ARG A
&%ﬂ%Lﬁéﬁﬁéﬂmk%ﬁkmﬁ%k@%E@%T%%L,$$Eiﬁﬁémﬁoh

[(F—U—F: DBh, FUTHUARUS, SERIEERIEEREIN, ik mis]
Abstract

Immunohistochemical staining method is necessary technology in order to detect the presence or absence of micro-metastasis
of cancer. However, in the conventional method, it was impossible to use immunohistochemical staining method during an
operation since it takes a long time to diagnosis. Hence, in this staining method, it is a process of antigen-antibody reaction to
waste time. By introducing the technique of stirring giving the droplets pL order high voltage field called electric field
noncontact stirring technology (E.N.S.), it has become possible to immunohistochemical staining during operation. We have
developed the medical device that enables this rapid immunohistochemical staining by collaboration among business,
academia and government.  And we launched the device in this fiscal year.
[ Key words: cancer, antibody-antigen reaction, electric field noncontact stirring technology, immunohistochemical staining ,

market release]

1. IXC®IC

TR, DS AR TEECIEE RIS UC, BIBREDH 20 CTIEBHLER 21T 5 Bl s 5. Z OWiLd ¢l
FUREEZWN IO HIWHRILE L TEECTHS. L, BUROINTHRIEZEII T~~~ XY v md oG
& (LI, HE ) ZHWC, MlROBNEESIZRBICE V2L TnD. LiL, 2O HE DA T
N%®ﬁ¢%@%ﬁﬁbftibk%b@ﬁﬁf%k%ﬁéhxw\.:@ﬁm%%%ﬁ%éﬁvﬁmTémuﬁ
PERRR BN AN TH D Z DB TN DS, iz 2RI EA 3 LT L VMW@ A T & v,
2T, FAEDSBHIE U C & o IR RN VA L, FirhIC Sk @%T%&#éﬁ&@%%%ﬁ
STWND D, ARFEL, EARFRRABELEOTEFEESEICT, I ORSEEEHRG (% FTRE & 922 E O
BR¥E Lpdnik, £ L CEMEZHIE L.

.75.



2. BRI EREAN

ABFGE RIS LT Bkt g, FEmmt] & i & 2 FEREfiil R L,
ZEEIMAET DIRREL L, B RETE 5252 8T, T
AT DEGOZAUTIGE CTRSIIZRAEL, WS L SRS %
ZET, NS A BT A BN T S, WREICE A -2 TR
OFENEX 1ITRT. EBEOHINC LV IEET, EERRCE-ES
TR D0DD.

AN, B INEIE R UE e DIE L, FRISIREE 22 BN
HITCND. AFREHAFOREE, nL 235 u L A—F—0OHie, K
A&, A offiffEl i 25 Ch 5.

3. BRI X SRR e H

Electrode

Glass substrate

Electrode

(
, /
(

T E S E N iR 258

a) E=0V

)
-

b) E=3KV

Fig.1

Table.l SRR EO T 1 ha—L

B U 7= B PR ET & S kR Y 2 O BUR LR SO TR 2ETRE ek E BRI SR

WAL, % LIRS b an 7 o b a— L i, & e domn o
bi min X 3 times 15 sec

FRERHA 2 i 2 g R et kIC L 0, ERIETIE 2 — BRI 60 min 5 min
FEEILL BT 5 SRR 2 20 RINICT 5 2 Lastikre. & Lo R = B
7LZ, %@E#Fﬁﬁwﬁffﬁ’ft ot 3) &:ﬁ{$/)%§@ﬁ|”& H ﬂﬁgg: 0B, k& 5 min X 3 times 15 sec

L 0B IMEBO R UNES 725 2 LT, ikl | SRAKRS 30 min 5 min
. b 5 min X 3 times 15 sec
l"ﬁjj:ﬁ),ﬂ;ﬁﬁf Sns. DABR 5 min 2 min
A F TRITHICHEERWIDIREE 255, FFRINASLEIZ2 D s 1 min 1 min
3 - N ke _HE e e [ N ) \2A Bk B - A 2 min 2 min
&V—Xi))ﬁ)ot z&{fc&—ct D, E@%m(%;@lﬁlb\ﬁ/)* &SFt 153 min 19 min

NEHN, BED %D QOL [f]_ECERE DOHIEA AIHE & 72
5.

4, £¢ 8

ABFFENE, BRI 2 FH I e e R
% ARRIC T D A5 E A B LIk L7z, R lsE
RIHCeok LT 201495 AIZYH I 777 A4 T v 7 % 73U 8k
XSS Bl L7e. 5%, AR guisEns, Fikrhoif
HHEEZWIOR X 2 — Rl ik e e, BKEFRED
AT AINA ) _R—=a & LTHIFCE S, S0, A
FATL, T LWHERO THRA BRI TE 5D EE R
2.

Fig.2 _Efish-ERniepeitE

5. BEIR
1) AR, IWEEESE, FREW—, ME P AEFESE, Gl e, mik B, BRI ER
hZ S LIZ FE R ISR T BB OB, R T35, Vol.80, No.9 (2014) 862-866
2) Hiroshi Toda, Yoshihiro Minamiya, Masami Kagaya, Hiroshi Nanjo, Yoichi Akagami et al. A Novel
Immunohistochemical Staining Method Allows Ultrarapid Detection of Lymph Node Micrometastases While
Conserving Antibody, Acta Histochem Cytochem.2011 Jun 29 ; 44(3):133-139.

_76-



BRI AR PE R LR

-EERME - BRAE M OER{LBR-

ST ot 2 - ETEES L—F IEE B NHE O ELR
BT WESN—T e kRS

Elicitation Project for Medical Equipment Industry

- Practical Developments of Medical Equipment and Sensors -
Advanced Processing / medical-engineering collaboration Group  Masaru KATO , Fujio UCHIDA
Electronics & Communication Group Daizo SASAKI
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Abstract

We are trying to apply to medical equipment using our technology. Three practical developments are described in this
report. First , Development of bone biopsy tool to be used in the collection of the internal organization of the bone . Second ,
Development of spine model and spine fusion screw instruction system were investigated by 3D printer. And Third ,
Development of spirometer using the ultrasonic technology. We will make effort to entry of medical equipment using our
technology, by these developments.

[ Key words:  Medical Equipment , Bone Biopsy Tool ,Spine fusion,3D printer , Ultrasonic, Spirometer]
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AT WX TR OFE 0%I123 5 2 ERNAMREE o Tz,

4. BEFERA A v A —F OB%

BEWIC K D7V 2 E V- B ERE RO EENEFELICHA L, 2l
VA 2N K o TR AR KA E2E B A PR L7, S OFEE, Miksel]
TExTHIOINE D A 1 A—Z ST DRFEIT 72, 1k, A3 A—
H1E, [IEOTEEICIESUAZEE L , Z£OmMEoENZE GEED »HiEsd R
DTV . ZOEER TR TEE UL, BRI X0 EfEZfIED
ARRICR DL, WA EEVECT ¥ v F A METHZ ENTE, UL LR
YRR TORT 72D E VW HFLER S 5.

DAL A=A, MMREHR oLy frn=s 2 EF 2 X MRS
& CHFEEZATVREMMET ETH 5.
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Development of a next-generation hard material with ubiquitous composition [3]
Shigeaki SUGIYAMA, Yasushi SUGAWARA
Takashi SEKINE, Hatsumi MURATA
Masaru KATO, Tokumi KIKUCHI
Akihiro NINO, Hitoshi TAIMATSU

&

TiC ¥ 7 2 v 7 AR & BRIEE O U2 B IS, BB IS 72 TiC TR K ORI & i~ 72,
ﬁc%Xm\¥Wﬁ@%(m&mmm)K%@%%L\ﬁ%MEﬁmmib,ﬁC@ﬁ%W%W@Ltoﬁ
DAVIZBERERIC OV T, BEREME, AR, BEBREOIMEE 2 07, TIC BERSIRIE. FEIRIAE 1.47 um LU N OBR
ZRWD L 1600°C LA EDOBERSIRE T, FEXEE 97 %L EiZ7e o7, SEHRIEE 1.47 um @ TiC B3R % 1700
°C TRERS T2 & I bUE e BERE IR (FHXHETE 98.9 %) 2MF B, Z ORERSIKITY o 73 446 GPa, B> 7
— A X 17.9 GPa, BEEEIVE(E 4.2 MPa-m'? 27~ L 7=,

[¥—U— [ @ENEREMSE, RI6TF ¥, MR, K]

Abstract

To improve the sinterability and mechanical properties of TiC ceramics, the most suitable average particle diameter of
TiC powders for full dense sintering was examined using TiC powders of the average grain size range 1.35-1.86 um.
TiC ceramics were prepared by the reactive resistance-heated hot pressing. Sintered bodies were characterized for bulk
density, microstructure and mechanical properties. Powders of average particle sizes below 1.47 um lead to ceramics of
relative densities above 97 % at sintering temperatures above 1600°C. The ceramic having the highest relative density
98.9 % was obtained by sintering the powder of the average grain size 1.47 um at 1700°C used and showed Young’s
modulus of 446 GPa, Vickers hardness 17.9 GPa and fracture toughness 4.2 MPa-m"'?

[Key words : Reactive hot pressing, Titanium carbide, Mechanical properties, grain size]

1. IL®IC

TiC (X AREE, @il rE, EEs, MEEEEE & W o e E MBS L Comn M E 28 S, UIEI T AR
WHWLN TS, — X, Ni X Co HDOEBBNA VX — %I L CTHEAEBERS L7z, TiC £ —2 v b
ELTURHERTWS, RENRTAEMETHD WC-Co BREAE & ik LT, BE CMiHEEEICER, &
BRHIKI BV E WS RSN S 5, Z0d, Fb&RE % EHT 5 WC-Co DOffi &% K7 2k
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ELTHIfFCE D, Ll h, TiC £V — A v NIAEESIEM MK | WM, HEVE RO STl
WEBIZE D, Flo, BBAAL X —ZRINT 52 & T, BERbMEOMERMEIXSGET 503, TiC AKX D
O S OIR TR0, A TRAMEE 225, MEEL, Fi-efEfhAl L LT, @Ol LRtk R
SiC, BLOTiSi, ZWM L7 TIC-SICHEHAET I v 7 RE AR L, & Ofk K OB IR & 8~ 7=,
AAEEIL, TIC-SiC AT T I v 7 ZADOPERME L BRI E O E R M LA 5720, RS LTHWS
ERPRIBE D IR D TiC MR A BERE L. UL 21305 72T 72 TiC FURHm R 2 A, MEf Lz,

2. ERFE

JREEE LT, SFRRO R HTICHER (HAF®RE) 2MH Lz, MROFLRE LR A K 112
T, JREMRERIZ, =% ) — T4 h, A= I VIZ L VIRA L, BERSE, FIEHEES0°C/min, BERETE
J£1600~1800°C, FRFFEFHI10 min, ANETI50 MPa, EZEHF O T, W@EMEREREEE (A RILE,
SPS-2080) MW T To7e, VT 774 MUDIREEE)—IZT D72 OICMOEEE 7T 7 74 b7 —/LCH
NIE, MREBET DHZTIX, 77774 b —MaRE L, ZOBOBBREIX, 77774 MIoX
2 DA ER E 10 mmO R EZBRT, EOROFE2FIHREF CRIE L7E & Lz, 55 o BERE IR D ARk
WIXRmITAEE (P2 @R, RINT-2500VHF) C. #0fiAH#%IZEPMA (B AE . JXA-8200) Z AUV TR~
Too BEIZT VX AT AEEZRCTHEE Lz, BESEROBBMAOMERE X, Yo 7E A7 Yok, By h—2A
BERE, 6 X OREERIME TRl L 72, Vo 7 RBLORT Y o tid, SRkl EsE GRg 2 v o
A . UMS-HL), #Efili¥5 MHz%Z A\, BEE SV AEIC KO IE L, S, By h—AERH (Th v,
AVK-C2500) & V>, 98 N, 15 sOFMFTHRE LTz, BEERMEMEIT, IR CTAELLIERELZ TV 7 RE
& AT, IFEOEvans-Davis DR [1I2 & W R 7=,

#1 TICHIR DRI & LR,

Average particle size [um] 1.35 1.41 1.47 1.60 1.70 1.86

total C | 19.49 | 19.20 | 19.63 | 19.33 | 19.58 | 17.73
free C 0.21 0.50 0.24 0.07 0.04 0.21

Composition [wt%] N 0.00 0.00 0.00 0.00 0.00 1.43
(0] 0.59 0.80 0.69 0.56 0.44 1.80
Fe 0.13 0.30 0.09 0.12 0.08 0.10

3. EBRFERBLIVOEBE

X BRETIZ XD MR R D BT ORERE T HF IO TiC O H 03 R S 47z,

4 112 1600~1800°C THERE L 7= TiC BERE IR D, iy R O F-EIRIEE & R DO BIR A <77, 1800°C THERE
L7235 6013, 4 C D BERG A THEHE EE DY 98 %Lk b C Ui 1T BERS L 72, 1700°C 35 £ TY 1600°C DBERS A TIE,
WHRIBEN R E K 2 BT 8, MRBEME T L7z, 1600°C TlE. BROEHRAED 1.60 um LA FIc25 &,
BN E UK T Uiz, KA 1.47 um L F O TiC By R Z V5 & 1600°C LA E O BERE IR <, Fxt
FEHEN 97 %Lh ElZ7r o7z, — MBI, JFREHR KRBT L, BERMER BT CTH 203, AERIZBWTH A
BThHoTm,
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Z TiC BEfE R DY v 7R E RO VYRR O BR Z R 3, FHXHEE 98 %L E OIS RS RO ¥ >
JHIX, 445 GPa L 72 V) . SCHRE 430 GPa [2]1L 0 L

ol X1 OFXEE &SRR & S8 L 7w 105 ——4——————1——1—
N SR e : —0—1800°C
ZRLTWD AXEIZ, ¥ o 7 SRITRERS R D fH Ak & . s A 1700°G
KALRIEF L, [ILEREL D EIKTL, v X100 | ——1600°C _
R L ZAEOMITIL E = E(1-kP) OEIMERARL Y 1o, %
I IT. E BRANARVEED Y 2 /5 [GPa), k (XE § 05 | i
B, PIXRAILE %) THDH, K1 &2 n[E CEmE R o
T O, MEROKBENKE < 725 &bk L TRALER % %
KFT206THS, e
X 3 \ZHERSIR DML & v TROBEGRE RT,
. ) . 85 L | L | L | L | L | L
FHXHE FE DB, BloR Lo X vy 7 13 14 15 16 17 18 19
RPN EAANHIN L TV D BARD S HEE S5 100% TiC powder grain size [um]
sk Y o 7413 456 GPa lZ 72 5, | B RO A
500 — T 1 1 T T T 500 T T T T T 1
g £ 450! '
G R ol e
W 400 | i W 400 | A e ]
%) %) X
3 3 o
3 33s0f .
o o P
E E ,///
_U) 300 I~ = _U) 300 —,’6 —
()] (@]
5 —0—1800°C | S 550 )
L ——1700°C L
—0—1600°C -
200 | | | | | 1 | 1 | 1 200 | | | | | | !
13 14 15 16 17 18 19 85 90 95 100 105
TiC powder grain size [um] Ralative density (%)
X2 BERSEOY 7R, X3 FEXEE LY 7RO R,

B 412 TiC BERE IR DR DOSFEXJRIFE & &y 7 — A S DBIR A 777, 1800°C 35 KUY 1700°C DBERE 14 Tl
@émk%&%mﬁﬁgm&ﬂotoﬁﬁﬁ@L%umm%X%mw\mmcv%%btkém\mkm
18.6 GPa 235 H1U7-, 1800°C THERE L 72 TiC O S 1%, 1700°C DHFA L I L T, IEH 2 N KRE o T,
il CRERE D 1E EBERS 2MEHE ST RS RIS R T 5, By U — A SRR DO EIE K 0 fhshkis/h S &
L e UL COVEMENRIE SN DN, RV RESKET D L, MmN L2 & DEE KT 5
EoZ2, ZOZENR, EHOENRKRELLRDFAREEZEZ BILD, 1600°C TEHERE L7z TiC Tl FHRifE
1.60 um LA RIZ72 % & BESNAREAE TN L7z, ZAud, TiC EHRAEDMRIZ /R D 2 & THREMMENME T L,
SALENEFICEL R ZEBFRR EBEZ BN D,

X 512 TiC BERE (R DRy R O FHPRIFR & MBS O BIR 2 /8, BEEEIMEEIL, PR K OWERE IR
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PR FABIE /2 < | 4.0~5.5 MPa-m'"? OFEIHIZ & o 72, FEIRIEE 1.41 um O TiC ByK % 1800°C THERS L 72
BERSIRIT ., B b i OVAREERIMEE 5.2 MPa-m'? 20k L72, 1.35 um 38 X OV 1.47 um O R &2 FI VT2 BERE A & o~
T, 14l um OHFEN DT NITEWVIEMEE CH - 72, K4 TRUEBESZ(LTIE, 14lum THOLETL
TW5, RIS B et T Iy 7 2 CIIE MR S & AOMBRRAH 2 & FhiTH Y [3]. 1800
°C THERE L 7o FEPRIEE 1.41 um OBERE IR TS [RIER D BRGSO v 7z, BEFEIREE 1600°C T, FHERIFEDY 1.60
um PLEZ72 5 8 HENKE KT LZICHEL ST, MBI o Bak i & FFEE O T, ik
PEAE & i S IR OHBRBERITRD b olz, T, [ALBE W EREREL WL EEX LD,

B S 36 K OV M 728 LR ) i W BERS IR 1 X B ARSI RIAE Y 1.47 um O TiC BERSIKCTH Y . By I —R
il & 17.9 GPa, fIERIMEME 4.2 MPa-m'” Th - 72,

20 T T T T T T T T T T g 6 T T T T T

& 18] o
o | ] o ]
~ § 5 | -

> 16 — -
I o

@ I | X 3
o 14+ - )

o] 7

c - 1 o 4r .
T 12+ . <

@ I ] = .
< =

» 10- I 2 3L ]
g i O 180000 T 2 —O0— 1800°C—
Qo 8t —4—1700°C 3 ——1700°C |
> L —0—1600°C S —0—1600°C ]|

6 L | L | L | L | L | L Lt 2 1 | 1 | 1 | 1 | 1 1 L
13 14 15 16 17 18 19 13 14 15 16 17 18 1.9
TiC powder grain size [um] TiC powder grain size [um]
4 JEREIRO Y v 1 — A X, 5 BEAE IR O BEN A,
)

EHPRIR D72 2 TIC IR A LT, @EMELERFIEIC LV B LR, RO ERnnhoT,

(1) By K O F-HPRAR BN 72 H1F &, BEREMES U L, U e BERE RS DTz,

(2) FAXTE FE 98 % LA O 72 TiC BEFS IR TIXY > 70 445 GPa, B v 7 — Al &4 17 GPa, HZEEEINE
i 4.6 MPa-m'? Tdh - 7=,

(3) IR DILPRIAE D 1.47 um O TiC #yR % JFUBF & U 7B R 03 e & BAT 7o MM EE 2 77 L 72,

X Bk

[1] C. B. Ponton and R. D. Rawlings: “Vickers Indentation Fracture Toughness Test Part 1. Review of Literature and
Formulation of Standardised Indentation Toughness Equations”, Mater. Sci. Technol., 5-Spt. (1989), 865-872.

[2] W. J. Lackey, D. P. Stinton, G. A. Cerny, L. L. Fehrenbacher, A. C. Schaffhauser: “Ceramic Coating for Heat
Engine Materials — Status and Future Needs”, ORNL/TM - 8959 (1984), 8.

[3] R. W. Rice, C. Cm. Wu, F. Borchelt, “Hardness-grain-size relation in ceramics”, J. Am. Ceram. Soc. 77 (1994),
2539-2553.
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Development of the advanced polishing technology for substrates of
next-generation semiconductor using controlled slurry under AC electric field [2]
Takayuki KUSUMI, Ryuta NAKAMURA, Yoichi AKAGAMI

Hiroshi IKEDA, Yasuhiro SATO

ek

LED OFERIZHNDND 6 A > T HAERY 7 7 1 7 Hbli 7o & O R ERILA DO A 2 2 MR % [X]
D721, BRRRLHIEEIT 2 )5S LB T » 78l & Rl CMP £l 2 8 A U 7o WS 2L & A £
WO ZIT> TWD, AREEIT, ERT v FHIFORE M, B ORES B ERELHND 7 v 7L
I LT b3 2 A0 = X LD 2R T, TORR. BRI v 7EIRICHW D BIEEERIC L > TR
P72 I LIRS ATRE & 72 0 | BRI AR DR D TN L - T, R 23 m 325 2 L 28 50T
Uiz, F7o, WFEREHER - 7 BT 5 72 DIIXE R EALER AR THDH 2 & boanoiz,
[F—TU—F:FvEr 7, CMP, HFEL— k., BERL, AZHiER]

Abstract

The single crystal sapphire substrates for LED always spends a lot of time to process, because it is hard material and a
larger diameter trend becomes for improvement of productivity. Therefore we have attempted to develop the novel
processing technologies that enhance the process ability of sapphire substrates. In this paper, we described the results of
evaluation of the novel lapping process for processing sapphire substrates. We confirmed that applied AC electric field
induced to enhanced removal rate and the surface roughness was improvement.

[Key words: Lapping, CMP, Removal rate, Abrasives, AC electric filed]

1. IXC®I

BUE, HFRABREE AR ORREE NCE = f L X — (LA ORE L S, 7V —r A ) _X—= 3 PN
HLTWD, TOREEEDLON, BEH Y UL (GaN), RIL7 A FE (SiC). ¥ A YEL N Lo tepg
K, TRbHUA RXy v 7PREKRTH D, N R¥y v 7 EEHHE) BREFEO VY 2 AR TAND
O OFERIT ERBEEB RN RKE N KIROT S ANRETE L 2 LN REIMFEN TS,
ZDTA R¥ v v THEROREN 2T A AN [HEEFNT A 4 — R (F LED) ThH, & LED I,
AR L HAEDE T, REIEE LED & L CHH I, BT A X BICRH SN TETWD, BEfFOR
BT R L L TE =R LF—PEICEBN D LED BB O B 7 5% RARHE DO FEIT, RFHM 25 mE AL &
a2 MERTH 5,
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LED ARI%, Figl [Z/RTH Y, HEESY 7 7 A 7 HERICE
fEH ) 7 (GaN) 2T EXF Uy VKESEDL AR LS
KBEHENTWD, ZOHEGY 7 74 75T, &V E %z
BT L6k T, oL FZERICEDEM TH D, 20U
= ZRET LB HiEE B LUV TEERRE R D
LMD, EMLIZENTE O E 2 XA FZ2HL LT
W5, 22T, a2 A MEIHT D72 DIERORARIICL S
B AT HRVBM BN TWD, L, IMLEWIZ 7R EREICE > THRNEWVWSBRRH 5,

AHFFERRFEIT. 2OV 7 7 A TIHEMRFEIN T, TOMT A RE¥ v v 7 EERIER OBFEN TIZB\W T,
BORL O BL B HIEHAT & L CORET L Q0 2 BRI B 2 8 L, dohsie M LE 2 R+ 22 & %
L35, WREEE CIL, 7 v 7 TRICERRRIHEEN 2@ H Lz [ER T » 78Il & CMP LR2IC
BESARRIHI RN A i L7z TSRS CMP i) 2B L. ZhEHWTH 7 74 7 U = — I LREH]
BENEIL, 27%, 24%5ME LI RICOWTHE Lz, DI, AT v 7HcRW T, R Xz
FICE/ZZ L TRELETHD CMP LEON LERHZ8HE CE 2 RetE bR Lic, AMEEIX, Z0ERT
v THACBN T, REH S 2 M9 2 A 7 = X LRI E R T O TEORERIZ OV THET 5,

buffer

Sapphire

Fig. 1 GaN on Sapphire

2. BRI v 7 HIM
2-1  FESRRIHIE BN A EA LR T v TR
—RIZ, Ty T IRIE, Ty T TRLFEIND
LB e EORE @R EME A A Y FRRKL
REZHAT L, T aR M OIA A TEEIR 72 [FE E K
RNT & LTMTZERSES, AETIE, 2
DEJEERD 2 2 ME AT O BN AR T 2 2
LEHARE LT, MEMEEREZ T v 7 TRE L
THEHAT A, FOBS., BRI OAENTICHEE  Fig. 2 Principle of abrasive control technique with AC electric field
EROEERIC L D0 X - Tk, mEE?
LTLED ZEmER b, BHEL— L0 F i | [water
% .

Abrasives

Electrode E

LR TE L ER ZEBNBES N, £D
728, Fig. 212739 K 51T, BT E ARSI A2
it = B FES & G- 2 72703 BARRLOBEE 4 217 9
BRI B & HA L. BRKL O R 2 B <,
INLDOMMT Mz [ERT v FHA) LR L
THEEAED TETWND,

SUS

Fig. 3i%. AR 7 v FHdlr & T EME ¢ 910mmD epoxy
FT A RS B N U - B R 1 O S L C festll

4. b FEMEITEm S 457 DSUSH A VWS, Fig. 3 Lapping machine using controlled slurry under AC
electric field
F 7o BRI EME R KT D 2 E D,
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FRBHIF B S i OB GRE M O 7 L — PR LB LT, TR 2D X 9T, Fig3AKII AT L 91T, LEBD
BRSO AT EI IR A 3R T DA E LTV D, NHEVER BT EMIEER A 1, 7y 7L
HELTHWS,

ZOIEBELNN T vV TR ONE L — MIEEREFOL1L5 pm/h (IxF LVEREIINAZT 5 £ 17 pm/h
720 BB L — MXAT%IN BT AREREZSTWAD, TV, @ OERE A AV E L — R 13um/h &tk
L TH21%mM LT R TH D, £o. Fig. 4 ICHERIC L DN T & . BAEEME T b7 L ok
WM A e U7 R 2 m T, a2 W72 iEkiE O R if il 1PV 35.85nm, Ra2.14nm, &R 7 » 7
HEirc kv Eonz®
Bt o oM S 1T PV
16.01nm, Ra 1.48nmT
o Tz, FEIZPVAEILR
IR E N TE D
BT THDHCMP L
ROBREREAIMHI T
D AlREME A R LT D,

Fig. 4 Surface roughness:
(a) Cu platen ( PV 35.85 nm, Ra 2.14 nm), (b) Resign platen (PV 16.01nm, Ra 1.48nm)

R thetls o, 17 B iy T
22 BHIES T > 7 TR O B Table. 1 Lapping conditions

Figd TR L RS ORI L0 | RIS | Work piece Sapphire g 2inch*3pieces
5 _ 3 . Slurry Water + diamond abrasive (2-4um), 2wt.%
v P THRERWZERT v 7L, @ OaR Slurry flow rate Iml/min
)
EREOMLE T, RESADS B TH 5, Load 160g/em
Rotational Speed 100rpm
ZOMLRAT=ALZWH LT D728, 77 | processing time 6min

IMTRED T > 7 T B EIZHFET D IRRLORAEIZ DO
T, ST L OB ER 1T -7, FERIZIT,
Fig 5o~ 9 5 EAFEELEE (BUEHLEREY, EAREE ¢
180) % Hv ., =D EMIT, MG ER. &R (t=1mm)
EENENM VT, EEX A YEY NIRATER
FNDOBREEToT-bDE Ty FTRELE L, B
WEE#, 024 > F V7747 7 = — 3% L
TERRICAL O A1 N TREEe D 0 7 » TIN T IR %
1Tolz, BRTZ v 7ML TIHEMED S Y 344
VR T 503, BiRER EOFMBEOT- ., SEBEEITTKE AWz, 7 v 7L % Table 1ic
KT, ENENDT v TINLH,, BIREEE. SEBREZIR AL, FTKEEEITo72%, Zhd AaEM T8
7 (ZYGOHINewView6300) # VT, MTEiI%D T v 7 TEHOREMIRBIZR 21T -7, BIEHR%ZFig6ic
R, Figb(b) TR L7ZE D12, 7 v 7Lk OMRER EIZIiX, ZEOM» RS- X A vEY RBVBIE
SNTe, Flo, RRBRICKI L TEEDO/RNEREN LN, Tud, RRAHERICHEOIAEIL, TD%, &
&R LTI L2 b D EBEZ LD, —RICHOND Ty TIMLAN=ALE) ThdHZ &%

Fig.5 Lapping test machine
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R Cx e, —, BIRERTIE, BIREEZITO L, BIRMO LI OEROEHEHEZET D, O
JEMONTRig.6(c) TiE, BT MICOTEZTERR L T D, 7 v 7L OB %44 Fig.6(d) Tid. MM ONIHES
FIZHNTWD, 7y TRRICBM SIS A VEY PRI Z OO TR SND Z LN BES D, REF
SNTZFATYE Y FIRRITEE O 7 v 7ML L1380 | BRI ERICHDIAEN TR, £, MRS

RIDND 70 < MR DSHEFRF S NUERTE L T B,
(a)

0.000 0.0000

amp | L R MR R 0.0000
0.0000 mm 0.0706

Fig. 6 Platen surface: Cu platen before lapping, (a) and after lapping, (b). Resign platen before lapping, (c), and after lapping, (d).

THH R D BHIEER TIE. Z A v E L NIRKLH R rTRE R I LEA 3 M > TWRWZ 3B 2 B,
BRI TN 5 2 2 BT M T bR b D & PREIND, S HI2, BRRIAES BICHOIAEILTW
HIZEWLIRNT LD HAYEY RIRRLLERRRLE U CTER L, FEBEIN LA ERIE WD b0 LE
ZHib, TOX KA TEY RERRLDEREIRR. & U CTIRS 2 5 728, B _EOIRKIPRRFIZ 138 SRR
WEA P VEARR R THDHZEME A D, MAT, YIREPHERSND Z LB 2T U —DOEREAN PR
HTE LR H L &b ahoT,

3. ¥¢&®

BEFD Z v ZINTAZ A~ TS S 2 7] B S 0D WHER R Z 27%M L T& 28R 7 v 7HMIZIB N T,
ZDOREALIA] EA T = X LD Z AT, TORER, BRERZ WS Z & TRBTBIZINTES 238
TE, WK R IRD VAT 2 2 & s Rinafim BICKRESFET L2 3 nnole, £ Zh
D OWFEERN R HERF - 1 EA2 S5 720 b EFURRLHE S LE R R TH D Z LN ol S HIT, BRKL
HAEOIEER FXNOFA R & R X M~ R bR Lz, 4%, BRANSEFOE#EbZED | KR
SRR S 2 2 N O~ F G T 2B RN A E T 2 2 L 2 BEET,

X BR

[1] 7R BB —, MRRIEU ML 2 44 ; R0 BOMBSREVEDR (8 2 W T RS BT EE 7k O BRSE, B AHR IR P23 AR
c i, 66 %, 649 5, 270—275 EH (2000) (FFiF 3595219 &)

[2] BG4, THVHE ; BIKR o RG22 W7o SRR L OBRSE, B AR5 U C iR, 514, 471
5, 3145—3148 H (1985)
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Liquid atomization by using ultrasonic technology

Nano-Mechanical Control Group

Shigeki MORI, Akira SAKURADA, Ryo ARAKAWA

E25 3

MR T2 AV MO EE LT v Y 2 S BIOIRE) 7 2 IO OB S BT & 2 BALITRK T THBEE B B
RV T TeDICHNRTED =D Th D, 7P aNARBT OSIRICERY (1 bl — 3 HRIC L SRS 2
AR L AR— SR IS . SR EICF v BT Ve RAESED, o, KB AV e Bl 5N TE v v
TV a YERIICHEAESE, 2 ORI IV RANTHBUNEEIC LD LE LIBLREEL 7> T D, ABFJET
13 2 SOIRAPRDOFAL ) Xz kB L, RO & LIRF B ORI OV T~ @E2FA L72H(E
FAEOBERER LG 21T~ T2,
[F—T— R BEEZ. GBS, WAk, 722 XUVEBEERE . 77 Faxz—%, MERAEERT]

Abstract

To coat organic thin films in the atmosphere, we have studied about ultrasonic atomization by Langevin-type transducer using ring
type piezoelectric element. Langevin-type transducer generates ultrasonic wave to tune in to its resonance frequency to drive. The
generated longitudinal vibration is amplified by a horn fastened to the transducer. By satisfying the atomization surface of the end of
horn at a constant thickness of the liquid, liquid atomization is occurred by ultrasonic wave. The ultrasonic causes capillary wave on
the end of the horn and cavitation bubble in the liquid. In this study, we have developed two ultrasonic atomizers with difference
resonance frequency types and have compared to base on the average size of particle and it distribution.

[Key words: Ultrasonic atomization, Organic thin film, Liquid atomization, Langevin-type transducer, Actuator, Ring type

piezoelectric element]

1. IICHIT

SEAE, TR % TTHELC T 5 AH BL RIS H SRTV 5, ol injecing tyer
I F BN S DSV T, A SR D ORI S AOR] S T

ectron-injection layer

RABTHFA MR EDOENSEREN TS, —RICHH EL 1% Back plate

VRS XD 72 5 MG THRL S L TR Y . RRT ORI DA
A EL 2 B S/ D720, ENENHERLA /Ny ZIT KD RURD
—RIAT RN TE Tz, L L b, ERLV—T7RIPA~ORM 2% 27256, RESlRE2H3 2 KEOBIEE L~
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Fig. 1 Schematic of organic EL
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Fig. 2 Schematic of  Bolt-clamped
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Fig. 3 40kHz type ultrasonic atomizer
(SJ40kD04-1)
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Fig. 7 Particle size distribution of ultrasonic atomizer

Fig. 6 Microscope image of liquid particle

(SJ40kDO04-1) (SJ40kDO04-1)
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Fig. 8 120kHz type ultrasonic atomizer
(SJ120kD04-1)
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Fig. 9 Frequency property of SJ120kD04-1

Fig. 10 Microscope image of liquid particle
(SJ120kD04-1)
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Development of Basic Technology for Semiconductor Spin-Devices [4]
Spin and Nano Devices Group Toshio SUZUKI, Tetsunori KODA

e

HEAER A VTN ANTB T D FEBATOWIZEBIFE 21T > T D, AFEEIX, SOl EMRIZISIT 5 SilEMEE
DAL Z WE U, BAF 2 RIIRIEZ A9 2 85 SO i &2 1ERl4 25 Z L3 T& 2, &HI2, 2D SOI HEiR
IZA T EANEATO, & F—7'0 Si{EVEE CREMEA MR T 2 SefF 2 R Uiz, $£70. BUNEMEIROEE 5
FEFHT2H LT AL AR ZBEL, BrE—A 0 V777 0 —HC X5 EA 100 nm, BEEARRE R
80nm D L YA hNZ — U ZARRIT DA L 7w A A EE LTz,

[¥—U—F: A br=J A AEUEA, AEVVRVEVZ, SOLEKR, EFE—2V YT T77 44—

Abstract

The research and development of basic technology for semiconductor spin-devices has been carried out in the 4th year
of the five years project. In this annual, thinning a top Si layer of an SOI substrate was studied and the flat and clean
surface of the top Si layer was successfully obtained. Furthermore, ion-implantation conditions were found for the high
doped top Si layer with clean surface. Aiming at the development of a new device operating by thermal fluctuation for
the nano-scale ferromagnet, a resist pattern of 100 nm-diameter and 80 nm-pitch was achieved by the electron beam
lithography process.

[Key words: Spintronics, Spin injection, Spin pumping, SOI substrate, Electron beam lithography]

1. IZC®IC

FRBE SR 2) FGMR) D% S & il b o R VBRI R(IMR) DRI A% L, A vz Ly b
=7 AR, A hr=27 2)EMHIN OIS BENER ZED TS [1], EELLTH N—F7 1 X
7 R4 THOBE~Y N, BEEMKE T —, BT X L7 7R AE T —(MRAM)~ & )i #iPH %
IR, TGOS ORLIMENHFF SN TWD, Eo, FEEEIRICH T 2 A LRI E — %L — 3
EATT AHBBOERE L THHREESN, 777 4 BT 4 —OHEFICHWDEH LS TS,
ARBCORIFIEIL, PR I8 AEEEN D 2 FEOMICHEM LAY = L7 ha =7 AT 3 ZHAF O TR %
ZEASIFICEB SE 250 TH D, BEC, BELRFLEOHEBEICLY, Si~OFEEA L EAZ IR
BTN L TV (2, 3], ZOHEHM OIS Z NS 5 & & I M & LT, W CTIEAKH
VoD B SRR FE O PR RIS I 92 Z L A HIE L. BFERRR 2D T\ D,

SHEPEIL, Si AT NS RERIET D72 E L 72D SO FR & 2 OREE OFREEIZ BT 2 it 21T
ST, Elo. BUNEMEEOBGZE S KA FIHT2H LVA L TN, 2B E B L, BiEE L HHER T o
RO Z1T o7, BIEIZ OV TR, BEIZOWTIIMHBEBIBREHR REE LD 5,

.92_



2. Si AT NA ZADO%

WEAEE & ClT SR O £ R ALPE & KRB,
MgOEREDFEE ., X 5 I1ZMgO/Sift i DIEEIZ D
THEBHRRF 2T TE T, SFEEILIINLD
BREHIINZ, SIAE TS R ET 572012
MEE L 72 D SOUERDIER E F— Sk (U V)
REOFFEIZOWTHRE L7z, S 6IT, RigMEE
e U TERTZAE EAN - iR E 2 i T
% FeCoiF 0D BRI e % #at L 72,

M1, CZEEMI L USOEMR DIEF L% ORHEED /N ¥ — U ZoRd, CZH:
B & Rk, SOLEAR T2 X AN E (HRFITRI/NZ =) M6 T
W5, ZOSOEMNIE, WEZHEEOH IO L & O SOEEM O SiiE M
xR LD TH D, BIRILICKHAREH A —IUDIRES NN, K
WFZE CERH L7238 IS K 0 | CZHEMR & R D TsEE & PN S b h
HZ Enbhol,

BI203 7ML L 72 SOEMIC MR E D VU > & T HiA A 723U ORHEED /X #
—VERT, fTHIAREIE R INHEELE F—X&IX, AEO7 v T A

(@) ‘ |
b""l'l‘l'l’h‘ .
:

e .

| Si[110]

by

| Si[110]

X1 SiRKDIEFL% O RHEED /X% — 2, (a)CZ
FA, (b)EEAL SOI JeAk,

et

e

[| Si[110]

X2 SOI #:#?® RHEED
INE— U (FTHIARLR)

ERWZyIalb—yallV@RELE, Ko 5.4 prym
Ncz
B DOITHIABR BT X107 (em™) T 5, CZHEMR . @ Implatation
. > ~
R BIALRIOSOUERIZ R, 2 M) =27 0l L 53 &8
A \\\
WL 7o TDbOD, 2X IEERFLA T ¢ RN
B. fhoT. SEOTLAHEHCHMLERR R 52 S
— 7 OSOLERKHEIX, v a— LV TEHRT % \}\
LUV T TH D LWV R D, ES& \\‘
31E. SOUEMUC T2 BF ML & KA T '
T VORGEREROBRE R, KX, F—7 >0
1.E+10 1.E+12 1.E+14 1.E+16 1.E+18 1.E+20
I8 A THERL U 72 CZEE BRI 3 2 JERE R b .
BEFIRE (1/cm3)

D=7 ey Lz, B, REART v
X VOMEBEIL, AuDBEMAS5.2 eVE L TIRIE
L7, BEFREOEKIZMHEN, REART vy L
DNS L e DR~ b b, Zhik, R
WNSLRDZEEW®RT D, E-T, R—7&
F: ) IINKEARPI IFPIEE S KE N RESY iIE S S RN 2
L. B8 OERE OIS LIz BiR0 fH
HanTwas &E&Ex b,

BJ41%, FeCo/MgO/Sitfit Z /FH L 7o a7,
SiFEAMRILCZIAM & FH =, K(a)ld, TSR DFe & [H]

_93_

| Si[110]

M3 SiFEHOER@mART vy EEFRE

1R

|| Si[110]

4 FeCo(13 nm)/MgO(1.4 nm)/Si 54> RHEED /%
F— o RIS O ()i LT

(b)Y %



RO BN GA: CReCoa I L 72 b D TH Y | fEfMENEL | S HICHNT V& AFRBIONY T N OfFE%
RT VU RONRE = BBHISNTWD, ZHUSHK L, K(b)ix, FeColEfEo kgt % Kb L7z b DT
HY, AR —=TRORY =2 R T BRI B X VY VB E /oo T D, XfREHTor v 2 7%H
— 7 OEMRIE, K@)OREHIS 4 THDHDIZx L, K(b) TiX2.8° R H LT 5,

b o ROV EERE 2 T D SREEE SR D DSIND A B U IEANZBWT, HEABRO R EUARMREN/NI N &
WEUERE L 72> TRV, RIAZEHRBRSEEN TS, 4%, TNETICHELZHEFEHAVWS Z L TA
EUEAREOFAM ATV, MAIEOAE U EAEZEBRT 5O BEHERELINEE XD,

3. MINEMHEOBGE O 2R L2 A B EADRR

AL MHEN D E SO A Y A EER RO A HIE L TR A AT 2 A YL hr =2 2OHE
EBPERIATONTEY . N"—FT 4 A7 DGR~y FELTHRICEMEIN TN D, ZOREOEE
IREEANT L UL FEREMEIR T O A B WA B D, SRREVEMR & FERETER ()R, CHER) A SETRIC
B THBMEARICERBME IS 2T 5 & SRBEIE RO BERIL & FEREIE R O(REE 1 O AR CIERE
KRHICAE U HEAERSEDL ZENTE S, ZHUTAE VRV E U 7 LIRS FE [4] T, 208 M
ANX=REL AL REAERTEDL L ThDH, —FH., MMM EZFHET 28I Nb~ A 7 1k
o8 B IR 5 2 SR E R ISR T A VBN S D720, AV VRV BT ERA LZERT S ADFER %K
HlZSHTN 5,

Y77 m A O NREIERIZE OEREDN /NI W EIZERE L TR 2L F— X0 b xLF
— DRI R E < 7o B 72D, BGRD & LIHEN 2 B F AR EN
LHBRNBENT 5, BED XA L T D MEMIRICRSS 2 N4 %
EBGR D ENZ X o CEDOBE RIS &k & 9 2 SRS 3 A U 5 [5],
AR TIE, ZOBRRL L > THESNDMEMELBIZER L, 2
FCTHE B O MU NMEMEROBE S A2 FIH LT IFREMER~D A B U
AEBRFHLTWD, ZOFELBIBT AL R — A REMAEG DY
5L RHBBENBRE P —SRERTEOT A ARBEIIFTX 5,
1 OOBUNEHEN S DAY VR E v ZOMBITIERITNINEEZ S
N5%, ERRRT A A LT D03 INEEROEA R ERY 5
VRS D, T 2T, AFLEIIBREE ORGFOHRTERT 72 2O
HMC e L 7=,

AWFZE TIEIFREMEAR P DA E iR Z I T 2 I A E U R— L R x
FIAT S, ZHUIAE LT EMIEO LD 5O F RIS S IEBE 2 F I ET N
MNLBRETHD [6], WAL U AR—AHRITAE VHEMAERICE -
CHEMEI SN A, A BB OK X 2WEE D BER L Loz s
%o ARFTTIZZ ONREMNLRWE CTH D Pt 2 IERMERE & LAV, FER
PEREH D 2 & FRIFIEREMEE T O A EREDMIC L > TSN D, A -
v B R AT X IEREME I ORI NRREME R DY 4 X - RRIZ Ko TR
ELED DT, WY A E U ERAM DG B D B E O RS & iR

LI R -2

M5 RERFEROTN

_94_



B XV Ei Lo, ZORHE, FERMEARE LTPtA B THWS &
Pt JEPIC A B ERD BN R S 71, WA R — R
LA UROFMZ G 5 2 EVHI LTz, Z OB [R5
FEE R L, A A AR B W IERAEM B CTH S Cu
EPtORBEIC L, Ho, TNENEZEUREEICTHZ LTk
T, PLENOSFIRCTAE VEENA LD 2 &2 HEFRE TR\
L7ze ZOMEHERICHESNT, Si K B2 DC KON RF = 7% b
1 Ay HYEIT X0 {RFEI/NiFe/Pt/Cu 70 B 72 5 2 JE s 4 fERL L 7=,
B S ICHIERFAEROWILE RS, MUMEVEROIERIZIE, ET
WYY TTT7 4 —EE Ar IV U TEEMAG DN T v
TEARHNWONIZ ETRY V7T 7 ¢ — T - BB SN E T
VYA Re~<wA27 & LT Ar 2 VU 702 X0 st 2 H 0 %
PERE SR 2 ERT 2, BTS2 G L. 6 1IR3 XL 9 A2 B 100nm, BEMEIRREE 80nm o L
A RARE— L EBRMERERCX AN T I R HE L, ZOL YR MZ— 2RV TER X
T UINEEMEAREE B IR E 32 7 & IO CHIERRERTAT 2 JE0 L T\ D, MBI EIMERBICH DA, £
DR HEZBEFT L TV DR T, REEE S 5] Skt S BMERBEOMRIEZAT O,

AAD

Q0L _AsB__2014/12/08

6 BUNEMEAESERR LY

A RRH—

X W

[1]http://mobelprize.org/nobel prizes/physics/laureates/2007/

The 2007 Nobel Prize in Physics goes to Albert Fert and Peter Griinberg "for the discovery of giant
magnetoresistance".

[2] T. Suzuki, T. Sasaki, T. Oikawa, M. Shiraishi, Y. Suzuki, and K. Noguchi, “Room-Temperature Electron Spin
Transport in a Highly Doped Si Channel”, Appl. Phys. Express, 4 (2011) 023003.

[3] Ak, “FET (A OffdsE, HAYFIR TS HERE. RPERTR> TDK, BK” , 55 1 1, 2011
3411 H.

[4] S. Mizukami, Y. Ando, and T. Miyazaki, : “Effect of spin diffusion on Gilbert damping for a very thin permalloy
layer in Cu/permalloy/Cu/Pt films”, Phys. Rev. B, 66, (2002) 104431.

[51 Y. Zhou, A. Roesler, and J. Zhu, : “Experimental observations of thermally excited ferromagnetic resonance and
mag-noise spectra in spin valve heads”, J. Appl. Phys., 91, (2002) 7246.

[6] E. Saitoh, M. Ueda, H. Miyajima and G. Tatara, : “Conversion of spin current into charge current at room

temperature: Inverse spin-hall effect”, Appl. Phys. Lett., 88, (2006) 182509.

_95-



WBR~A 70 LU AT VAL BEXERET A 2O (F2#)

FF RV T vu=r R —T GRS NHEPE. TIE
Ay T I TR AT N—T ITREIR

Development of a light distribution control device using liquid-crystal (2)
Opto-electronics Group Satoshi YANASE, Masaru UCHIDA, Bin WANG

Spin and Nano Devices Group Yuji KONDO
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Abstract

We report three studies on the LC lens. First, In the color coordinates, color changing of LED light to white from red,
green or blue by light diffusion effect of the LC microlens array was confirmed. Next, the LC cylindrical lens array
with optimized electrodes design indicated the transmittance of about 50 % and the deviation angle of 7 degrees as a
light deflection device. Finally, response property of the LC lens was investigated by measurement of MTF and
observation of fringe patterns for the LC lens. It was found that fast switching time less than 30 ms can be achieved by
the over drive method that controlled in milliseconds.

[Key words: Liquid crystal, micro-lens, cylindrical-lens, light diffusion, light deflection, over-drive, Fast-switching]
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Study on Application of Next Generation Transport of Long-Carbon-Fiber
Reinforced Plastic on Microcellular Injection Molding [3]

Composite Material Technology Development Group

Mitsuhiko KIMURA, Makoto KUDO, Motoi FUJISHIMA, Rie NOBE
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[F—T— N : BEREQFHEE, SRt 7 25 v 7 SUNEVEWmH, BE(LER, JIREE, SMEINE]

Abstract

Microcellular injection molding uses high pressure gas in supercritical state as a foaming agent. Thus, it improves
characteristics such as light weight, dimensional and morphological stability. However, there are also problems about
mechanical properties and appearance. Generally, glass-fiber and carbon-fiber are used for reinforcement of
thermoplastics. Although it is difficult to maintain fiber length because fibers are chopped in molding process.
Therefore, in this study, the effects of microcellular injection molding conditions on mechanical properties and cell
structure were investigated, using for glass wool reinforced nylon66 (GW/PA66). As a result, microcellular injected
GW/PA66 reduced weight and maintained tensile strength compared with PA66. Furthermore, the effect of rapid
heating and cooling on appearance was investigated, using carbon fiber reinforced polypropylene (CF/PP). In
consequence, heating mold temperature improved gloss of CF/PP remarkably and decreased swirl mark.

[Key words: microcellular injection molding, fiber reinforced plastic, rapid heating and cooling, weight reduction rate,

mechanical properties, appearance]
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Optical measurement and imaging technologies for advanced bio-agriculture [2]
Akita Industrial Technology Center, Haruki YAMANE

Akita Prefectural University, Masaki ISHII
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Abstract

Optical measurement and imaging tools are useful for the development of advanced bio-agricultural technologies
which promote a high quality agricultural production. For example, optical instrumentations such as colorimetric and
visible/near-infrared (Vis-NIR) spectroscopic measurements suggest what the agricultural products are in the growing
and the maturation conditions, and we can comprehend also the physiology function of the agricultural products. We
will be able to propose an agricultural production support system, in which objective and efficient cultivation methods
that require little experience and intuition are established. Furthermore, we investigated a new high sensitivity
biosensor which can detect the ultralow volume toxic substances, such as residual agricultural chemicals, and can
examine the allergens in high precision. These technological bases will support the continuous development of
agriculture, and will ensure the safety, security and health of the people of our prefecture.

[Key words: Optical measurement and imaging, Advanced bio-agriculture, Vis-NIR spectroscopy, Biosensor]
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Abstract

This project aims at carrying out the infrastructure development of the core research institutes in the region in order to
promote innovation by local companies while aiming to foster growth industry in our country. In this paper, we outline
specification, technical content, equipment feature, application examples, etc. of a combined environmental reliability test
system that has been introduced into the Akita Industrial Technology Center.

[ Key words: vibration testing, environmental testing, combined environmental reliability testing]
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