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There are a lot of difficult problems related to thermal energy when trying to solve global warming, heat dissipation from
electronic devices, and the shortage of electricity during summer 2011. The integrated thermal management materials of
Hitachi Chemical are applicable to solving these problems. In this paper, the features and applications of thermal management
materials, such as those used in thermally conductive materials, thermally insulating materials, and thermoelectric modules
and devices, are explained. Finally, our approach to the environmental thermal problem is discussed.
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Fig. 1 Hitachi Chemical's technologies for high thermal conductivity
Nanostructure controlled materials and particle orientation are our company’ s base technologies.
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Table 1 General properties of thermally conductive film
Thermally conductive film shows high thermal conductivity and excellent thermal stability and adhesion strength.
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Fig. 2 Graphite particles, the thermal conductivity of a sheet, and an example of application

The thermal conductivity of a sheet strongly depends on graphite particle shape and orientation.
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Fig. 3 Picture and pattern of transparent thermally conductive film
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Because of the fine Cu pattern, the film is transparent and thermally conductive.
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Fig. 4 Effect of temperature decrease by HC-001 coating on an LED light bulb

Temperature decreasing effects of about 10 ‘C at the heat sink and about 7 “C at the substrate were achieved.
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Fig. 5 Picture and thermal conductivity of cross-linked polyethylene foam Hiethylene S

By changing the foam rate, the hardness and thermal conductivity of the foam are controlled.
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Fig. 6 Temperature controllability of active light control film

The active light control film can control room temperature and keep the room comfortable by
having the color of its film changed from blue to clear.
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Fig. 7 Encapsulated thermoelectric module and device

A thermoelectric module in a vacuum metal case has excellent reliability.
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Paint with special filler is effective in decreasing the temperature of coated board surface.
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Powder metallurgy has grown with the expansion of various industries since 1950. The expansion of the automotive industry
especially, which came from the U.S., has been a big influence. Nowadays, over 90% of powder metallurgy products are used
in the transportation market.

Recently, the automotive industry is in the trend of the post-oil due to increasing environmental concerns, and technologies
for reducing fuel consumption have been rapidly developed, such as lightweight technology and engine downsizing for
environmentally friendly vehicles. To achieve this reduction, powder metallurgy products, which are components of the latest
systems, are also required to have higher performance. Moreover, the development of new field products such as magnetic
materials is expected to meet the new trends of the automotive industry, electric and hybrid vehicles. Furthermore, the
adoption of next generation applications in powder metallurgy is strongly required in growth markets such as information home
appliances, sustainable energy, and life sciences.

In this report, the features and trends of powder metallurgy are first described, and the latest technologies and newest
application examples in our company are introduced.

T —
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Fig.1 Fundamental process of powder metallurgy
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with high heat and wear resistance
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Fig.16 Fuel injector core of a diesel engine
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Fig.17 Developed compacting process for micro parts
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Thermally Conductive Metal Substrate

#l8 ME  Kazumasa Fukuda
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DB UL E O FEBEEVERE 2 VT, BEERE W/mK o E B S — b [HT-5100S] 7 & O8R4 £ HT-
5100S, 7IVIWZERE L7z, SPUEELE~N— ZHH THT-5100M | % B3 L 720 HT-5100SIE BV FiktEz AL, ¥ —h &
LCORY D ES TH D, 72, HT-5100MIFEN MBI Y TR, @OEERE, a4 5,

Due to the strong demand for saving energy, the light-emitting diode (LED) market is growing rapidly. High-power LED
devices especially are strongly needed. To disperse the heat from LED devices, thermally conductive metal based printed
wiring board is also strongly needed. By applying our novel thermally conductive epoxy resin technology, a thermally
conductive adhesive sheet "HT-5100S" and a metal substrate "HT-5100M" were developed. HT-5100S has high flexibility, so
it is easy to deal with as a sheet. HT-5100M has not only an excellent heat dissipation property but also an excellent insulation
property and adhesion strength.
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JBNR— A FER DA T L7z, Fig. 1 Dependence of resin thermal conductivity on filler content.
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Table 1 Properties of HT-5100M
B H BIFESMF =-Fva HT-5100M
R Xe7Zvak W/mK 5.4
SHSEE —IVBARE 25°C kN/m 1.5
I3 A TS 300 C s >120
2 HT-51008(B-27 — )DL ] Pt 25 °C Q- cm 51.0X10%
Fig. 2 Flexibility of HT-5100S (B-stage).
IEFIEEE HEE kV >3.0
DMA (tan 8) .
Tg 15 Ha C 165
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Fig. 3 Result of LED heating test
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Thermally Conductive Flexible Substrate with Heat-resistant Adhesive Layer

Bas IEA  Masato Nishimura
HEER FKRESWERR

WES DB T AN F— LD S FAELT, #0675 SLEDINOmRAN#E L Tnwb, ZhET, HIHHLEDIZT V3
S A ERTNICE L7z A 7 U _R— ABBICFEE SN T E s A Z R — AFBUIREE BN S — 7T, WIE TRV
EOFAY y b ABH oz, WEMEE 7 LFTE ) T 4 ZWAL LI HIE, EEERo/NL, 7L oYL, |
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Due to the strong demand to save energy, incandescent lamps and fluorescent lights are being substituted by LED light
bulbs. Such high power devices are mounted on metal-based printed wiring board (PWB). The metal-based PWB has excellent
thermal conductivity, but its rigidity and thickness are disadvantageous. If thermally conductive and flexible PWB were
developed, it would be very effective for developing smaller mobile equipment, thinner TVs, and sophisticated light equipment.
We developed novel flexible-PWB material with high thermal conductivity and a heat-resistant adhesive layer to attach the
PWB onto chassis easily.

2 MEhEEIL*Y JIVNERERIRDER
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C A IEEN SRSV -y 2 AT A 720, AKERERE L X TN T ERTRZETIENTE b,
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F1 EEEIRRAMFIMCF-50001D ($R5E,#E4& 10 pm,/$RE) D4F1E
Table 1 Properties of MCF-5000ID (Cu foil/insulator(10 pm)/Cu foil)

5 B LI ERIESREE — L I3 A TSR FHEER = IEIFIESE
0.3 Cecm*W 1 kN/m >5min at 300 C 2X10" Q - cm 2.7kV

FERD A Z VN — AREBULHIE T, ERCEATIED ShTw AR89 ~35
720 R LT, MCF-5000L3#E <, #vewv) 2w MAH 575, — {310 ym :H
FThbARTLRALILD TIIERNEETELVEVWIHEEZET 5,
RLORD Y ICHBRAE T — 7 (TIM) TEKRICEET 5 2 & 2 RXH7205, {EARLSRSE70~105 pm ——
LED % #% OMCF-500011C TIM % fi Jd 4 2 B2, Wi TR A3
Wd 2 7 EOREEAAE U720 75, MCF-50001% TIM% R L 72 #I2LED TFéA RS0 pm ——
FEEL %A, BAREREOTREZME LRI, 28— 7 OBIGHRE
Rz EOMEASA Lo MHIE C OBE R M 572010, M DemRaL s

) 70— TR Z 2 FH 2202 - M TIMZ % L, 7% MCF- 1 HT-9000ITMOKTEH
50001127 X A& — b L 7288 ELARACR B (HT-9000ITM) % L L7z (K1), Fig. 1 Cross-section of HT-9000ITM
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Table 2 Properties of heat-resistant adhesive layer of HT-9000ITM

B — LB (XFAI) FIEER =
& g BUEAA HERa —50 C&125C 85 ‘C85 %RH —_— —50 C&125C
(Bh& & =B72ht%) | 10001 7 IL1% 1000 hi% » 10004 1 7 L%
2.5 Cem?/W 1.6 kN/m 2.0 kN/m 2.5 kN/m 2X10" Q - cm 6X10"” Q + cm
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2 TREMEMERE Y > TV OB

Fig. 2 Sample for measuring difference in temperature between PWB and heat sink
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Fig. 3 Flexible-LED light bar using HT-9000ITM on an Al vessel Fig. 4 Arrangement of PWB in HT-9000ITM without causing the blank to split
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Helical-groove Bearing with Long Life for Fan Motors

%8 M Hidekazu Tokushima
BHifHRASMASH AT

LA, 77 Y E—FR3NA=YF VA Ea— S HOAR LT — ARCHEREITNIC b B S, HBEISILRETCDH 5.
77 Y=y OMMBEREREL, 80~100 CLm<, IEERMARVOT, MAORVEHIZARKD LN TE, Tk
7 FeFq ARk O HIE 1 HE R DL L ORI 2 X 5 & & AIBERTZ I IZLETH B, £ 2T, Bz oAFmm LzX 572
B, V—IVIRRER AT HNEANY AV B X OMRESERAOEEME I Lo BRIk OBER B2 I L, # 2
RO AEZRL, 16K, A2 MZAMEHN S hTw 2 BHEMHEMDE— Y B REE 45 720

Fan motors have been used in personal computers, game machines, and image equipment in recent years, and the market
for fans has been expanding. Because fan motors are used for a long period of time under high temperatures such as those
ranging from 80 to 100 °C, the bearings used in the fan must have high durability. The key factor for sintered bearings in
motors having such a long life is decreasing oil loss during operation. To achieve this goal, we developed oil that has a low
evaporation loss at a high temperature. Furthermore, a bearing with helical grooves to prevent oil escape was developed. The
developed bearing showed about two times the durability when compared with the conventional sintered bearing under high
temperature. This indicates that the bearing is suitable for fan motors and can be used to replace the conventional bearings
widely used in fan motors currently.
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Sintered Heat Resistant Material for Turbochargers

JAH BB Hideaki Kawata
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Recently, hybrid and electric vehicles have appeared on the market because of an increase in environmental consciousness.
However, vehicles with gasoline and diesel engines are still expected to be the main transporters for several years. Given this
situation, the turbocharger market has rapidly expanded because it enables engines to be downsized, which means a 20 -
50% reduction in the displacement of combustion engines. Since high wear resistance under high temperatures is required for
turbocharger applications, heat-resistant wrought steels, such as high Cr cast iron, have been used mainly in turbochargers. In
contrast, sintered materials are regarded as insufficient heat resistant materials because they are porous. In this report, new
high Cr sintered material with heat and wear resistance superior to conventional wrought materials is described. The material
was developed by both densification via liquid phase sintering and dispersion of fine particle shape carbides.
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Photosensitive Solder Resist Film for Semiconductor Package “FZ Series”
&t 88 Toshimasa Nagoshi B BE  Shigeo Tanaka T A&  Kimihiro Yoshizako

BoiRiRAT AL REER RS A AR ER
B/iE K2 Shizu Fukuzumi &R M2 Kazuhiko Kurafuchi
MERARE RS

HBARNRy r—TD 7Y v TF v T (FOEERIT- D7 74 v ¥y FALIHEY, Ry r— YV ERORINVEICHWSONE VL
F—L YA ML, @RGECZ, BESISSERENTWE, T2, Sy r— VRO EsEEIcthy, 2hETUEIZ7 7
A VM ECOHASTIYE, SEEERTO Y T v Z7iIEPERIN TS, MfhTid, BIERE, RKEFHMEO S THF)
BITANWEDEZATOENMEI VT -V I A “FZY ) =" % i LCw525, ilt, RIACEER Sy 7 — D FISHE Rk
I EVY T AEBIRE (Tg), KWEEBIRARE (CTE) TREEWYLE, 2ol CoMEMRD > XMk (ENIG, ENEPIG,
Sn) IZENTZFZ-2700G% B3 L 7= TLLFICHINT %,

With the advancement of fine pitch connection for flip chips (FC) in semiconductor packages, higher resolution and thinner
resists are required to solder the resist used for the outermost layer on the package substrate. In addition, tolerance to highly
accelerated steam and temperature (HAST) in finer pitch fabrication and crack resistances on multi-layer substrates are also
strongly required due to the high density of the package. The solder resist film “FZ series” has been launched, having the
advantage of thickness accuracy and surface flatness of the resist. For next-generation FC packages, we developed a new
model, “FZ-2700G,” which has higher Tg, lower CTE, and excellent mechanical properties. Furthermore, it has excellent
plating resistance with a thinner resist.
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Reliability of Cu Wire Packages and Molding Compounds
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Cu wire has poorer humidity reliability than Au wire. However, sufficient information regarding failure mechanisms and
negative factors was not available. We explored the factors of humidity reliability failure for Cu wire packages. As a result,
extracted chlorine ions from molding compounds were found to be a major factor, while the pH of extracted water was found
to be a minor factor through a Bias-HAST and chemical model simulation. Pd-coated Cu wire improved humidity reliability
performance. Cracks and corrosion were the root causes for open failure at positive pads. A simulation suggested that the
formation of Cu-rich inter metallic compound (IMC) and Cu-poor IMC and the Cu-rich IMC was corroded by chlorine ions.
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Fig. 1 Effect of molding compound type on humidity reliability

32 Bt T 7 =H LK — bk No.54(2011-98)



(2) ALFEFNVYIal— g

2R LI, ABFEFVYIalb—vavilihy, Ky5iq v
TREIZHIEREOFWEED—DTH HCusAl L L EDKNEEDILE D
—DTHLCUAIDBES TSN, GEMICE > THEA T ¥ L OIS
PERRLE D Ebho T,

Courtesy : Hitachi, Ltd.

2 CuA&E£IEEIBR A 4 > ORICHIEEE

Fig. 2 Reaction schematic between Cu/Al IMCs and chlorine ion
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Techniques for Analyzing Underfill Materials for Semiconductor Packages
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RNV TERNTOBREEALZ K 5720 BT, fEE2 RS,

Semiconductor packages tend to become miniaturized and thinner. In parallel, problems such as increasing package
warpage or depression in interconnection reliability are exposed. Therefore, it is important to predict warpage and bump strain
with a high degree of accuracy and to implement these predictions in the design of material properties. In this work, we focused
on underfill materials for FC-BGA. We simulated and evaluated the influence of material property. As a result, we improved
analysis precision in terms of warpage and bump strain.
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(1) FHilis JOBIRSE

2012y r =YY B I A 7V EEHl I W72 FC- ®1 FHEICHL ZFC-BGAD L1
BGADOHMER %, -1 ITALARMENS 2 7R3 Table 1 Specifications of FC-BGA for evaluation
Item Specification
Chip size 20.0X20.0X0.8 mm
Bump pitch 150 ym pitch area array
Bump count 16900 bumps
Substrate size 45.0X45.0X0.9 mm
v £ Underfill CEL-C-3730S
— . Core material E-700G(R)
2 FHMEICAVZFC-BGAD &R Sold - SR7300G
Fig. 2 Overview of FC-BGA for evaluation older resist 8
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Fig. 3 Simulation model for FEM analysis
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Fig. 6 lllustration of bump strain simulation
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Fig. 4 Underfill property imported to simulation
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Fig. 5 Comparison of warpage with simulation and evaluation
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Fig. 7 Relationship between bump strain & reliability
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D ML - LA a Y —3E8E, pp.151-161(2008)
2) John H. Lau : Flip Chip Technologies, pp.26-61(1998)
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Halogen Free, High Elasticity and Low CTE Multilayer Material [MCL-E-700G(R)]J

LI BR  Shingi Tsuchikawa
MEXRAE FEHBAMZER

1 8 =

G OER LS X OHERRRILICHE Y, RNy = VM ORI R E 2> Twdhe L LERLIZLD
FATEEERFICR ) EABARL, BREEEAET T2 2 LML 2o TwaY, 22 TUHTIE, ZAZEHERORY 4§
PTEICEN D 2 &2 B, EBUERR E StER, B I OEWT 7 ARSI 4 &% 8B 2 BBl B L PR IR 122w Tl
FTL, oML 2@ L7248 0 tho 3y o — D3RR BMCL-E-700G (R) 2 B %, Lwi L7zo MCL-E-700G (R) 1,
B R EE S M BMEIC S BEREL R T v THEEISE T 2 % RS A L, HEULAELAREAM U ICHBKT S 28 &
LTHEHSIN TV,

Currently, the thickness of base materials in semiconductor packages is becoming thinner and thinner due to the progressive
miniaturization of high-performance electronic equipment. However, thinner base materials may cause poor connection
reliability due to increased warpage from soldering. To solve this problem, new thermosetting resins having a low coefficient of
thermal expansion (CTE), high modulus, and high glass transition temperature were researched. As a result, we developed a
novel base material named “MCL-E-700G(R)” that is expected to be applicable to high heat-resistant thin packages having a
build-up structure with low warpage.

2 MCL-E-700G(R) D4R

<X, YHMOBMEREAVNE <, HERIEN T &2 5 KRz SR A IS %,

- BRI EE SR ARSI, VR Ty THEEICET S,

S RV ER, a2 T X MEKDSSTTRETH 5.

oa Y REERAL, T TR BIORY VAR TICHEERIEULIAV-0E E T A BB I TH 5,

3 FRORRE

LHTIEINFE TS, Ny Fr—VERORY ERE Y I 2L —3 9 VT L, M2 KEERSRS X O st 5
CTETRYZEBTELIEEZRVZLTW Y, & A RRILS X OBBMERILT 2 Pk, BRI E S RIS
METH2FELH LD, TOFHEEIRDITKOFYIVE Y bANOAIKREL D720, F)IVIILKEOREIZ . £ T,
PEAR D BTN 12 et B & OB IRYE 2 F6 B3 2 ol 2 SAREALPERI NG 2 8T L, PER3EM X 1) & ik o {2t
itk 2 BT 2 M ORFEEZ ML 2 & & LTz,

NE T2 &4 9 5Bl & B & ¢ 2 SR VR AR 13, wutt, RBRYE, B X O &2 388l 2 2%, AR
MR L LTS 2 IIEAIEMRES AR L2 ), BRI ISR e KT 2 2 EOREEZ A 5. £ 2 THHIL, &
It % 5500 % 720 D EHIERR, AL CRELSUS ASEST S 2 POSTERE 2 BRREE B AT 25 2 L2k ) RitoMEn 2z
e, 78y r — Y REBHFMCL-E-700G (R) % Bi%E L 720

4 BiiNE

(1) MCL-E-700G (R) D454

Ny o — D IEMAMCL-E-700G (R), B X OH T AFEMIZSH T X %A L 72MCL-E-700G (RL) D5k %R 1 12”3 E-700G
(R) B & O'E-700G (RL) 3 FE K D FA N LRGSR R 7T AN, MAWREZ AT 2. T2, BOMIREDLR
YL RT v FIHEEEICENR, ¥I 75474 7ITHECEAEN T v 7HEEISHE L, BHOBMIL, SEELICL IS TE %,
(2) TEGEMROK') 45

RKIZ, 3 KIL/8y r— Y Th APoP (Package on Package) M DTEGHM A /ER L, V7 u— U L 72BEOK Y = 2 #lE
L7ze #RAER1ITRTAS, PoOPOTE Sy 7y —VHIBL LBy r—=Vflo & 54, HEMICE700G(R), E-700G(RL) %
V2 DR ) BEAKRIBIR SN TWDE Z Edbholz, ThE, E700G(R), E-700G(RL) DECEELS & OVE M
FICKD2RRLEZ ON L,
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#&1 MCL-E-700G(R), E-700G(RL) D4tk
Table 1 Properties of MCL-E-700G (R) and E-700G (RL)

H H ESEs B E-700G(R) E-700G (RL) =Tg FR-4
1o 2GR E TMA(55K) 250-270 250-270 165-175
TMA (£4#8) T 220-240 220-240 165-175
DMA 295-305 295-305 200-220
#HORERE TGA(Td5) o 400-420 400-420 340-360
s AR R ER X, Y a1(515K) 7-9 57 13-15
a2(515K) 5-7 57 10-12
a1 ([E#E) i 10-12 8-10 13-15
— ppm/C
o 2([E#E) 4-6 35 10-12
z a1 (FEH8) 15-25 15-25 23-33
o 2(EHE) 90-120 90-120 140-170
SRSEE— ILEE 12 um(Std) kN/m 0.9-1.1 0.9-1.1 0.8-1.0
B SRR A GPa 32-34 34-36 23-28
& e T-288 TMA min >60 >60 >60
vIT7F1 77L& .
R . 260°CY7a— I >2 >2 >1
A 60 Cl cycle 0 0 0
150 150
@25 °C @ 25°C
100 |/=260°C 100 L™260°C
<=
% Concave . 90 S=—
£ £ Concave
= 0 = 0
] ] -
> -50 L:é -50
I /=
~100 Convex ~100 LT | =
L7 | e L Convex
_150 -150 ——
-200 -200
STg FR-4 E-700G(R) E-700G (RL) STg FR-4 E-700G(R) E-700G (RL)
TEG #1 #2 #3 TEG #4 #5 #6
B-up—= [ -
(1) FERINy r—3 (2) EBINy r—2

1 ETEG(PoP)EARIC £ 2 FHEIFER

Fig. 1 Measuremental results for test element group

5 SkORER

CEHAET T T 7 A VT ) — ORI & B RAMERH G RR
- i AP (RS © 35 ppm/C, BEPESK : 3540 GPa) DRI

[&& k]

D) FEHZE Sy r—YEAEIN, L7 o= s AEREPEAGE
No.5, pp.353~357(2007)

2) FHHERHIALKT 7 = H VL E—}, 51, pp.29~32(2008)
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Anti-Fingerprint UV Curable Hard Coatings

diff 58 Takeshi Nakamura
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PO TAMEE 2> TWd, ZO72D, UL 2HENAMFE L, HEWY 3w, FLHU 22w v F 780 VK
DN— Fa— MLPEFEAMSEE L o5 T b,

AFTIE, N—Fa— MREZBHEC L TR EIRDY 9L, poHVE2uN—Fa—- M EHFELz0T, D
TR A2 R,

Recently,touch panels have been applied to a wide range of consumer products such as car navigation systems, smart
phones, and tablet PCs, and the market has been expanding year by year. As input is achieved mainly by touching with a
finger, there is a strong need to solve the problem of fingerprints.

In this report, the development of new hard coatings by making a lipophilic surface is described. These coatings enable
fingerprints to be wiped off easily, making them indiscernible.

2 FHEmOYER

IR E T 2 ) VBIRICEAT B 2 X T, RO RS TH B LA Y BROBRA DRI 022" 5 5851275 B
A= Fa— P EEOBMEORBUC & > T, BTN LT 5.
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K127y F RNV ORHERERT, N—FI—MEEILCHIN=T A V2O EDIEEENDIEDO7-DICEINTWS
A%, AR TIZARICHERB LR E £ > T b,

WRON—Fa— TR, 7vFY, YV a—URMRAEREH LT - Fa— FOXTEZHEA - B L, $Bo
HENERIES 52 LB THAY, LHL, TOHETER2ITRT L) SN EZREN- 72543, HBRAWSEOEL S
Lo THZBR T W & 2R L 72

FITNA—Fa— M T 28 0OBMAZET S5 LT, LB ZHH TE, BRPHE V2L b E 2,
Wi 2175 720

/N— K 1— |
oyt A TR RS 10 @5 & By 7%
BT
(ITO)
PR Ko bxA—4 :

1 2y FRILOKER"
Fig. 1 Cross section of touch panel

2 #K - Bom/N— RO — M OMRIERGHE

Fig. 2 Anti-fingerint property of water and oil repellent hard coating
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Fig. 3 lllustration of developed hard coating
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Fig. 4 Comparison of the lipophilic properties of hard coatings by using oleic Fig. 5 Relation between oleic acid contact angle and haze

acid contact angles

5 S&kOER

- FEAEEEAL OGRS GREEE 5 HUL L)
< T AT D

[ZZ3]

1) E: AFF4 2714, voll6, Nol2, pp.6-9(2010)

2)  4¥BI2000-144097

3) KRR MHERL - B OG- L TR 3 & OV Rl i,
29-34, A EH < (2010)

4 RKABR:HFETLLZ bo=2 A, 137(2006)

Biftm T 7 =H LK — bk No.54(2011-98) 39



HitachiChemical

Working On Wonders

7T/ WAF R EREIRO R IERADGH

Application of Layer-by-layer Assembled Nanoparticles to Anti-reflection Film

=R 1588 Nobuaki Takane
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Anti-reflection film in flat panel displays is indispensable for reducing the reflection of incident light and eliminating the ghost
and flare phenomena that occur in a camera lens. In this report, an alternate layer-by-layer assembly of silica nanoparticles
with polycations was investigated to create a super-low refractive index material for single-layer anti-reflection film. Materials
with a refractive index lower than 1.32 can be fabricated by controlling the zeta-potential on silica nanoparticles.
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Fig. 1 Layer-by-layer assembly process (image)
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Fig. 4 Comparison of reflection spectra

$72, 47 0L Y ABIRNARBEZTEH L 72828, RIS RS &9 %, RERBIREREZRT I Ehbhrol 56N
7RI L LEOMETH D, BREOKE EPHES LRI Eh b, TN AWK I N LFEL ¥ ANO#EABE 2 5

ARBEF 81 -
i_k _

N5

5 ARMEK L7170l > X (SEME)
Fig. 5 AR-coated micro-lens (SEM image)

5 SEOER

- DEORLT- TR O B B0 BE (B RE) o> i) I

- REFRGE P % 7oA et B oo o B R
- BETOR ANOEH

e3¢ 3) Y.Lvov et al, “Langmuir,” 13,(1997)6195
1) G. Decher et al, “Thin Solid Films,” 210/211,(1992) 831 4) Bravo J, Zhai L, Wu ZZ, et al, “Langmuir,” 23,(2007)7293
2)  [EBRZABIW003/082481 A 1(2003)

HIfbr 77 =H VLR — b No.54(2011-98) 41



19834EIZAITI &, HAaSGRED B 2R IR L T&72 [HIALET 7 =)V LR -] O
&, kOO THERT AIMREINE L, AT 7=V LR — FERAITTHHE, 4t
B, Tu—r\WHEOEFEL KGR TR, TEEIIBINATE S, MIEHEMEETHLZ L, it
DHIZ T NT272 2 e THAH ), EBoTwET,

G, TS LRI E AT RICEGET VW2 LT

BIHETIE, BHOFEZT TR, WIERIE, AN ZECHTLIEY ar e 20gERikE
BIRL T, RATE, BROWLHIN, H25EIEMBHMZMHEL72) 2T, PO FkE
BELES. HnT, BAfiLA—bTIE, WRERZEHSEDS, B, SRR, s, i
Bz EERBA V2 LET, STITIE, MBIy, BEoRECHEoTRMIEEEL 2L
%, PN ZHRIL, SHIKIBHMRIEL T, HEDH A ITELLTWZT 5LV e HiEd 2

LlizwizLE T,

SHOYE#MUT, REDVWHIETLE, LVLRFHON 212, LDE THEHEN 2220
WT9, MK
—— BREVEDE% ~

C BIFIHICE T ABHWEDTICOETL TR, A V=AY PFR—2R=VDTRT FL R
OBHNEDLE T+ —2% THHLEZE LD, TR TERFBERETBHVWEDLELEZE N,
BEWEHOER—JTRLZX

https://www.hitachi-chem.co.jp/cgi-bin/contact/other/toiawase.cgi

N J
mEZE

WA # @ R B F & x# RIBxH B HBEFz @HKH
w B2 PR E R MR FE O OKET B X % H f# B = B E B
= KFERB B F OB B A " # B W BFXE X H E =
HE E# KRAEINEZ 5 B WA ESz F M FM

AL T 7= HILLFKR—~ HE545

20114F9H
HAZALR L3Rt
T163-0449  HULHRHTE X PERTE — 1 H 1% 1 (B =9 ev) a6 (03) 3346-3111 CR1LH)
R FresEARES HEG (03)5381-2388
& X

TIWERIT HA vy — X714 v 7 Ak a4t
T101-0054 HEHUHET-A0 H X AN HSRNT — T H1%#5 &% (03)5281-5001 (5 1 YV 1 %)

©2011 by Hitachi Chemical Co., Ltd. Printed in Japan (Z% ¥z )

AERHCH/B L TV AMMEERRIMETISH EEh, SEETY, EREOERICEANELTREFICHIEF v 7EBBROVELET,



	TR54_01_frontcover
	TR54_02_contents
	TR54_04_commentary
	TR54_06_review01
	TR54_13_review02
	TR54_22_report01
	TR54_24_report02
	TR54_26_report03
	TR54_28_report04
	TR54_30_report05
	TR54_32_report06
	TR54_34_report07
	TR54_36_report08
	TR54_38_report09
	TR54_40_report10
	TR54_42_backcover



