OSAKA UNIVERSITY

KBRXZEXRERIZHMAS
IFUPLEEREER I F U 7)) E
TFUTLEEI—2R U 7 b #

7565-0871 AMRAREHILEE 2-1 — Materials Science and Engmeering
06(6879)7508 [#751HY] 06(6879)7523 [V 7 U 7IHEEHEE] oy

06(6879)7522 gt L, U
http://www.mms.eng.osaka-u.ac.jp [¥ 5 7 I A ERZHFIK] 2 A ?_ Fe L = it 5% ;H
http://www.mat.eng.osaka-u.ac.jp [¥ 7 7L &% 11— 2] e T AEILIZR

P LEBENZER
U P EERZRE

N T
N T




01

AR—=ZAY v NLDOABEITIFATBERAICTHZS 28m RN RIIMELN TWE T EFEEPIVYE 21— DRE%Z
FHELSIZIE U E U RR B IEREBE FT/\1 AMBDMEDN TWE T SHOFHEREPILI MO/ X - I5RE
EDOBEERNYTITILRIZDOESBLUTESIEFTERNTLEL D,

FLWHRZEERETHICIT. BF RF DF A AVRES/  SUOBERHS HROEWMHN . SN, Bt
PHRENT ORFEZBEENT CENRETI N TITILRIETIE MR OERYIMED AN X L Z AT 25
BIARHL S FUWZ—XICISUicEiE CEEEOE WHMRM ZAIR T 2 AR E TIRAWVAR Z T o TVWET,

IRFUZILRIZI - ZHhibic. T2MAERORE#BEIEEL T TMEBE KESEMHT TV BEMHREY
= 1BERENTVWE T VYT U T ILDESREKICEZFT T ESADRHIC BRANSTHHDO S WVREOHE - iR 70
TILETOTVWE T ESAD MBE—REIC. N TUTILT—ILRDFIZLSDEREAD,

2THIBOSKEEF/,HR-BE NI A, OBBEBSITFUTLHE

NTUZIRZE TR R CEREYH SEEE -z - O Y MR EDMEMEER Z B EEM L ARy MeREBEMDO U HDRBZERY
MM KL B EBLREFLEDER BEBRICRARBT/INA R SS5ICER - BULICHDIDZERMRREINTDONYT UTILICHE
U IR BHE - HRRRZHITTVET,

RIFICPELWE/DLKD

—A . XTUTILOREF - SIS ICITHEEE - WIEDEK, AE - ST O RO E EHICREERERDICH DRLBIDEABNHETT, ¥
TUTIRIZTIREMEDSRM  HEOEEZ L CEE - BIRICWBHEZOEXTOER - TRILF—DEMHALREETEERL
ERERNBEERERER VAT LAOEEICHIDHEATNET,

02



EFHRYERESE
REEY MEFFEE

4 B T4l 5 58 3
MEBHM 7 Ot X THE B
MHIEBFEE

RESIE TS E
T —BTH;
MBEIRILF BT EHEE HERE- 7O TRE

ERRE SEMRRE A
R IB Y T 2 5EE
T8 15 14 BE Il 1 27 S8 R BERETZES
BRI T 5E
B 2
MEEELTOER TR EE R E
1 E R824

L) 1 5E

BT HIENRE S B
TIAMERAHNE
>/ AT AT RS B

PREVITFHAUOMELEY T —

SHERERT /N1 AMEOME

————— R
—_— EREESE

20ftfiE R X ICHAES NN VY IRYIF. ILZNOZY ERst
RE % = B MICEREBEIETFEF UL MY I RIRBREICHE Nanomagnetics/Spintronics
BAEnTWaHEARMEIF. BESBEBLDOT /NI IAME L Bk (BREREY) ERI AL B AR AR D Al

LTHREN. EKBLTWET. ChICH L. BEM R TH Elogspuics
" s . s . - - EBOBEICKDFHRMMERE ORI R

PHADOEELFENCR . FRFVIrERAISHASNH _ ) o

THED . FL BESN—RFARAVEBRE . Z2<OHH RR-AN Wik

THRZNTWERIT HEMRORFEDORRITEFOH
BER (QE) AV (BE) T FEAMB TR EF
DEFMDHZMABULRIN BEMB T BREAEY

DA EAVET. BHEAC Y EBEBEICRE L. FIH SRR T )\ X M RIDRIR
TEABAREY -TLIROZIRT. 21 HBDIER- :

ury IRS= =, BELE
BEERERESCIEEAQNEBOET, Sime PR TACAYE B - WA N\
e Ultrathin film/Superlattice
B.ZOREY - ILINOZVRCAVSNIBETNT  gpeseme rmeo st
AMBDORERET>TVEY,

Micro—fabrication
BFHR-KERN TN Xﬁ%‘i(ﬁiﬂﬂ?]ﬂl)

FEBY—T YK

Rkt X E U B
& BE
JA—5—-1Uyy

3 &34 7T oo o
ERB PN A= RHNTRS T
{8 EE - $R ik BAREREEHS
EAR IR IRLE—THREEZHT
AN—RNIA—F« >V 7O0AZENH
— /i HENERES S
BEEETEMELEVY p—
HFERFEERE- .
gt B B 5 M R B
1% 18 &7 35 PR o
HEBELISHERIEET PR R
~EFNEDSOFHMHFIEKR~ LSRR

RodbayzEBAVTEREMHEO PRSI PRIy AR 5~
BeRBAAD A LEEFLANITHEEA P BT HEMNRHS T

EFRICEDKE—REHECEDE. 2 FBNREVERAF I —XT1—) FERI—S YN
REBEDHEMBRZENFEAZRFELCIETIFTRERIIN T E0EEZE g T
CT.FHEFMBOEERFEPH/BE - MEERHSEORIREREBORIBZEE
UVEBBEMRZTOTVWEIT EDDITEMRETRH . FHEOHEFEELTD
EROATEZEMMN —%Ufﬁﬂ@"%_’t"@ HOBEBHZRUHANBEEIRROE

RICEBUL . BERICBRESLERVWSELREMBNOSEELEZEIE L. EFE
ﬁﬁﬂuxu‘f?—@?—@%%trﬁﬁﬁﬁﬁETEbﬁ_ﬁﬁn CEDHEATHWET,

T S\ RS E‘*)J@J% i
NN e
O e

it

ORI 100 steps 1000 steps 2000 steps 0 1000 2000 3000
time step

SV RIS *JJfJ\fo XBRET 6T

—
1

' 4
0.6
04
0.2

00 1000 2000 3000

time step

volume fraction

500 steps . 2000 steps
v SNBEES IR TS

e as SEraa el WAERTUR MRS S RO TER
BEUEWLUBFIARMA/AY]  MERROBHEETRME (W/m K]
Wi — SRR SR B & 5 T HET

03

MEOEEZ. BRRETOBEEZORINOMEA
KL TRESN TWEIT  BENIBENRTT S
MEBWANZILZ . FEF -EFLRNILTHEBEL.
SDENEEZE I MBI ZRET X -WET
IO DHEEMRZTO>TVWETHFIC.FAED
TIN—TR . BEFORYETHZRINOV(EF
CRAVEBEXBE.BRLETHNTIRICHKE>TWVWDS
RHFBEFELHEI) EMBPFICEDAH.E
FERIMAVHIERUTHER I ZER(F1Y
Vad AV DE=Mc2OERNEDET)ETO—T
KU . 2BY¥E PO FRMBARICHEE
WTWEIERFIONFTHROKERZES B =T
TED. INFTICHERICER T TRAGHER TRILF—ICH LU T fE

THRHT % ?@I*)b?—“ﬁﬁfﬂ_ T RE- FEOEOF/EERBORS
EHELTNET, sosw PS> BT B REOR

BAERRBEEEFORFZE LGLFH‘ﬂ:bT._

gy e0oPPee

A by ;W‘W@W@“'

@Ljrin;o)%}%ﬂ\cc)%@ Shes .’0.1".'. .’JG.

N ¢ & &
P0oPP e



BHIBFERAT—ITOEE - BFYED
BRIAETTITZINTYLY

MHEOYERF MEORFEECEFREICL>TE
UCHREENEFNICHESNTHIRLE I, YHE
T BEFEATEUZIEIEFRBRERTLARILD
EEAT—IILEF/ BORBAT—ILTRASZEIC
SO BEEYUEEOHEBERELTWET, EAEMIC
I BEEEFEME. EEERETEME. EFH
HEDHRIFNERFEZHREMNICERALU L ERTY
BILET2BEFRHEEETFRB-F/ VA IMRED
VIV -MREFEAUVCEFEMHRZOME. WE
ERIXINF—BFEOREERZANABLULFIREGS
J7O0CEROBEZFLOIC.HBROBESYEEDIE
BZBHESMNCIBMAZIT>TCVWERIT . S5IC. KFED
BEFEMBOERZMERZED . CNSORR
ICAIBIUIEFH BT ITZINT AV ZEDTVET,
MRBRZFORBICEDZEENGEBREOHERICH
FreBBERRZTO>TVWET,

FERY—T VL

RFIVIRI—F/WF T/ Fa—T. F/ Ay R EER FEFEMRL
NTUYRMBP BFRBATOBES. AVY—HL—Yav. 75X
EV RFEE EFRE BTE AER. EF T XNR . RREAY
REFTHENR BHFCEHZE. AYE. EFYHE

‘

BRFOREEREEE FHEMER
(200 kV)

BEEETRMELYT—
MR PEMR D

BYE - EaiEBeEBTFERE(1.25 MV)

BERAMRIOYTUZIORIR
— XoV=Fo/09—

JeRERIE - RECHEEEM R - RIEAE -/ O
NFRFZEFOLELT IV IRILF—DFH
R ABAIRXTOLRATORESRL - REEFZE
MOEBRICATTOER - ICAMAZERLT
WETREXF . KBXOBEWEFBEAREIIC
TEMILFIVHMBOF/ A X 2B ZFFH
TEREEMREA AT REFEPTIANLF
EICEDBEAELTWET . Z0HIC. LA E - B
MhF -BELREORKEREETZBLY -
¥ER- B -KEMBZ. MEXICLDEER
MPEFLEFELREOXEBICEID. RF-2F
LNILDSTFHAYUTWET, S 5IC, EEAE
OYBAENHEICEIZEREERRBITZE
UCT.HMRERCEETIERBEIOEEZE
BEVBBEMEZITO>OTVWET,

FERY—T YV

KA. REXEEM B, TR

T — HRKIGE f 1N 7R AR SN

Y= RAATR REHE A ERM . B8R

K-8 RE.EATAR KXY SAMF /=R Y
A LBV EER IV IV —

LS/ RE BV IR

o

48l g
o

&R/ V5RE5—

Y=k

. 7-7—U7)[,

g T 2

S

)=t

KT

2-

| 8%?:] ﬁ:: LIRS

o

AF BRI

MEREZICAL = EEE
— F/HFHPSHMTOELAET

—REEMRPEREMRGE WIh
OMBICEWTHFREFILITHFEL. R
HICNBITZRT -9 F>IHEAE N
W) BSOS ERZEEZBLE
T EECIEMRZOEDODOHEEELE X,
EEIRRERMERTOERDRBEEXET
2RI ELFINEYEAZICIE
ZBDEVWSEALD F/RNTFHEISK
HHFETOCRETELAORETIDORIC
HUT EBRBEEFTOME 7O AEE
OB . REZERNICHBETZ LI
LB OBER. &4 E L ICE
DIHATWET . SSICIRIRF - FR
T—ILTOREAOEEDHEHEL BRER
HOSERZICLZFAEEC. Fiflcir
FEARELTCORBMAHM BN ITED
BIBLICHZFVWTWET,

FEBY—T YK

SEN O PN
RREMAMNTOCY YT IRILF—RBME
ML A7 - A5 R - BAL Y O R AT G &

MRTRILF—ETHEE
SEGIHEITPRIER

B (1) AREDEREREN —F—Z2RFIT 2L EEBHIRTHICADBEALLE
EE RO REWM Y L\ EE ZBAMICIERTE S,
(2)REHM Y LN\ ABEICRAEBZERBS L BRIREN DPREYT
2. RSB BIRREMMY LN\ RBENEAICES > TRIBL. LBICB R
RETIMREEASES,

TIORNED I RROMBBRE FEEEETOCADRE
— RE-BR-IXNF—ICRBLEHFHHEHOBIR —

ZHADOMEZRRITIMBPORFNEFOEEIOERD
ARIF.BICE/DKDOEREBDEF I HRAUELS
AN BETHIERTE. AIXRILF—. CO28EHHI
B EREREZEOREARERD. MHREe7OERMHE
RICRITZP2EBERERTI.—H.3DTV VI —ICRH
INZDE/DKODOFIFIIF MREREE 7O
RICH IR RREEEEORMAZHLSLTRD. ZDH
CIERFORZETCEFALHBALNTERVWRREEEN
FIMERF . IVE1—FYI2L—YavEDHEFE
ETOEREZY IV EDOEBRNFEZRELLFTLL
MBRFETOCROBERICRIDHEFEELPT VR
MFEEEORMWEBRREMOBELEEC T.HMRAIR
K& BEREHEERBRICLDBHIREASREIICE
MIBEEHIC. FOERELGIRBENARZFRHRADA
EREUTHE-RRILULTHATZIEZBIBULET,

FERY—TYE

PTFATATRZaT70FvIVT (3DTIVTAVT) &R
BAMBL MZEEAMR KERM R kMR, & 148

L—>3>. 7x—X71—JLR: R E . AL, BEREL. &
ZIM.TOCREZVY VI RREIOEY VY

BnFHE | BUERE
1712 74=LEE| RN
< T A
RETSL | ARERE
R I i i
R R HHEIERE 4
_ REEZE | mRAD S
S - A — e
BT % :“_; 'fe
A O Y RTTO
HEER AL
S =)
ALRAE A (S AR AT
in-situ 75 A2
i B BEs
PR ERTAT L
BAROAV Ty HEERBREME UM RIRETF R 7O AR ZED
TRREMBALIFUWALFERITT 5,

/]

<78

WERET LT F EZ DEFAR
DyNi,(C15)
© 0 O »3
OO SR

BRARAASVERBEDT7 T —X 71—/l BESOEELEREBME
Ryzal—r3y




F—FIEFHEICXSHEE - mEME O
TYA L DRIERER

E-REEHECL DB BEHROT T
Ve ZOREEREFTSHEI N —TTT.
EFOMBRENBOBHABNERS (A | ¥ REASES Gitinte ﬂ BFHRE
REEHME.NBCLZ2TYOE-Z(. B MERBORR

vV BFYIal— -0

S HACYORERRLE) B QLARER | s amaa

(R AEFE TR
WA EEEARbETERIZEFYIa —

L—yavERolERETVET. MEHED e «

WENEEE Y ORT —IL QBB RS B

” it L 20

!
#

EHRIEHICERZUTILFRAT—ILIC R A ERAL R \ ﬁggw
T%ﬁg%iﬁ.%¢§%ﬁgﬁﬁbia—oﬁﬁ%bfcﬁfft?% %ﬁ(:;éﬁﬁf ‘;

ShicARBICEDE. IXRILF—BEEMEOT \ j %Eﬁmg "% o
PV ETEREFVET. VS 2L~ e
VERBRBEROMEMEZTICKD MBHRED 91 BT 20 L—a v CE DI ORI S Y T R
EHOHARTA VU ERBEULET,

ickr of
0.5 pm
Ccusbs, o indirect gap
N Znsnp, Thickness of
Sb,S. 0.5 pm
9 Cu,0 @ Thicknessof
1 pm
o® | #ABiS, —saim
(Ami1.5,300K)
o CyFeS, | ® § Fe,0, : '
sns? -
.

]

3

FERI—TYE

@

Efficiency (%)

3

. L FeS,(pyrite)
Fe,GeS,
Cu;N . ~Fe,SiS,
%

FeS,(marcasitey™

i A5 2 25
Band gap eneray (eV)

o o

05 35

WX 2: K5EHEIDOShockley-Queisser BX3:BCCH#AD RV E R 8RR
Eimlc L 2METFA

BFREEDHEICED
T EBEMHORREZBEIELT

EE - EIIVIREVSEREMBONZEHMNIE. TR EFENS
BFRBEORDBVWCREKELI I ABREATR  MHOEREHZ

RERBFEMBEE PEFOINE BANZHEFMEFICEIDRER R
BEEBICBUDESEHZHMAENSCRATEHBEICHEB IS F BT - B P 0 22 5 1 S A
T MEFEAF TRLF—DHBTCEASNIEEBEMBOSERE RO R A
ft.BEElL. SWELEERTELODABEMEZTo>TVNET, & . :
S5 BEMBOMRTE >/ IN\IEEDVLCKABABZENDET
SHEEMEMBOSHELICEIMDBEATHEY,

WEBREFIREHRZAVCERESDZDIHEHRE WBEE TONPRESTE

RELT Y TRBREEREICES
HLLEFHEMBORRZBIELT

RIEEBEREZBNBEICHEULLIBR
N—h2I10XRBRICAETT.ENEAEEICT
ZHMUWEFHEEMB ORI RIKDSN
TWEI AEREERRPICEFZED P
ZOMENREIZLSCETERISES
TRNLZy 7RISR G M ICEXDBATWE
T EARICIE AL EREZE DB
MR TH2H5LETREXEERMEF
ICRMU. BEREBEEITAA—RORAREL. wogersmIcstovInELSE

RFLANLTHESNRERER ORI TTEETH D KELRB FREEZRIH LWL B G

KEEBMHOESMEARE ICEAIFTIEHEZT ERIRT BT ENTEES,
TWET S5 FMENZHIRTRAL o
ORERFEISHAHESIOCHMNEIRFBEEEA

ICL2HEM EICHEMDEATED . HKIRITS
ETHREZHENMEEBRIESILICHTIL

TWEY . F . REEFMREEZBEROE
MEBRDERBARBEO TENRMARIMIC
BHIBBEMABITOTVET,

FERY—T YL A
. MBI T 7 Ot REE - KPR 2 T L

YRR LT ERMBIE T\ G VNI T2 U/ S ZE B L. L—FREPEREAICLD

I S B PR A L T

e RmFIWICES
S REEEME ORI R

SHEHEOBLABEMOBBBESICLD  MBOFERARENLDZ KL -TEMHLT
WBH . ZDELVWREDZEAICHIGTEZ2H RN RICEEFNTVWET  AHE
BT . COFLBBRECAN- BRI 2aMBREEMBORES . ME / BERO
REZ7OCZAO@ER. REKEBEOHEEROICHBERRET>TVWET . MR OM
BEHOREZEZORK . MHBFREEIOMEREICERINIREREOEET
T INSEREBEDRETOCLRZERIEENFIRICLDERTZEEDIT.HE
FRAXEREDREMBIMEZASHNICTZILICED . MRBEHEICEN MK Z B &
T5EZBEEL VR, —AMBEREOEEFERICL>TAZ—IRKREAZD
oL T<NBIEHHNFI. DNONRBESREEZTOCLRICLS . BEZHIEU
BEEM B REOREST>TVWET,

— WE@"" XA~

F

WAV E— LRIy 9 2B SRR % B
SNIMBOMERREZRH NS

MRHEBE(L T O E R T HEE
BRI ZRE
EERY—TYE

R FE R, B
P RANE. A AVEAE

B N S Y o




e RN NN

N
S

4 AHEHR DB RE ARRA & HI 4D PR 7O e R T2 T5XRHHOESEE TISYOT A SR E S—
3DTV U RIC K BHREGIHEORIR S FIE 7O 2 FEHA DR 7SR

ERFPHEREEZLBEOHM B TR TEDONICFM - BT - GlfEC. FERY—T Vb
EFHFDOIDTV T ZREL . EEY DM - BITRINORE R, £4

B R - FERBORBEAIEEORL AFEBBERNORSE-

AR HEORRZERE UV CHBTEMAZT > TVERI . EDDIFEHME

ETR EFEBICHEENCBECCOMMBE  EA MRS ICEE
UDWEARRAZEORHARET CSAbERERRZIRET2H Rz
BIZLHODD"RBAMEDOHMBBE EEVWSREZHEROEBEZEE
UCLHMBTIZ2ZEBEUVCER? ®BF - RFCOEEDODE ZERNMR
ICEDHATVNET,

FERZFFHEECET2HMEMI7O0ERICHK
KREINZESIC. 7 AVIEARMITBEDEE
BINICODEBERARBEDER > TWET . AAR
ETR . IIANZHERT 20T OEELEESK
EREOFAZITW 7S AVOEEEZEREN
BLRILHSHEETZIET LDENRNETZAY
TOEZRNORE®. HULWISIXVIEAZHMAA
TEWRZIT>TWET fo& xIE E/INTILITIC
RARESNDTIRAFVIFEOHEMBEADT
SAR7OCRADBEAP. IXILF—HBE-RE 4§ | \
RECERTEZNBAOTSIAVEMOAM, o gL T PUGERIN ws.imoro2-IMG_47765: BT FXY
M sugimoto1-| DFEH

SSICIFERAMBOSEELCRITOREGED

AEEBLTC.RMERISATEMOER%ZBIE '
LTWET,

FERY—T YK

WHUIERXIREHT B, B2 2O RBSEMNOEREPESREBORITZRIEE  WM3DT UV ST REGRTRIORIE, FLRTEH TR HE (RFAECIIRE) - HEEDHITHEH
ELET, HAREICIZD D DHDET,

W sugimoto-IMG_9939ts: 75 XY Z AW e EBM RO EFFMNE

FMI70ADREICKSD P 7 O e R T2 KRRETTOF /MHHEHOBIRTOERE EER RIS
FTERT M OEIR HER SIS 155 3638 X H = X L D AREY +/ s BRI ST

BEMBICOVNTE RO EHICHELTHMRAE ICROSNET AR 08 EE il INNSOMBBZTRRFRAT —ILTHEEZH
HOMEMOMBEN LT IRESREME. FRREMEREIZIEIRILE ] | vrrovscsEmnmy th BLTHLWREZRRSEIMRAEDNRDS
AR BEEFENNSVWIAYFUPL BRRRORFEEEELFZSMIE | | i i NTVET, 20Tl RERICT/ ML T/ T
HE . BELELTEEERULCRBNRGENBERDSNTVWET AREET | o 7 S Z (07 NARZRIRIT BT LR ZZRFAT—ITE
F. 25Uk —R AU HMEERIN T 2 obic. MELREOTm A ERB I | 700 . BERATIIENBETT S5 ARLES/
DABZEDTEREHMMBMI 7O ROEEET>TWET, FFLT AIRE | o R MRS/ TZNRAADBEEYEZ RERICERS
NEH MR OBBCHEEHMICTHL MI 7O ERORBECRITTVET &5 [ 2, 00 S : Ny NHZRE(RRE) D ORFRAT—ILTER - BRI
K REMI7OERAROMBOEREHOMELSLORE. /- WEOREANT | tensz - TRIELHEEBRETIMLERIIEFTOR
ZADBELEDTNET, AN TR SR ABEHHE BB ETEMESE

FRICEELCHA—RY ST/ Fa—TIKRERSN

2T/ BEDEREERYL. RRETCOSES/

W F IS D RS & WM DR & ICEXD AT W

WERIEH SR BT MR

FTHEHE.IRFRMERE DM BRZOMH

EHElcttoRICHRIDF/ MEIZE2EELR . 5955
Mo, — A TEASNEREROEAICESYED b &
BBEHHHOLE THREED TVET,

FERY—T VL

BERESZAVCHNI7OERICKLZHRER—FX

WV

WIERMEEIC LD TIET LI =V AR EIROAE

09 10



BEERY T/ - v/ O@ERIEICE DL
BEELXEMHORREZTOLA

EIIVIAPERBRBREZRDLEVEMBICOVWT. RF- A F . fa@. F+/
NENIVART—ILETOERBEICEITZIBEDORT . HHELUCREE
F—FTI/BY LT EREBEBEZVEDDOMBICER UL E
BNILIMBP RE - IRLF— - £RDFLRENER TR ¥
BHRS/MBORREISARR.SSICEFESERBICERBERBOD
HERTE - BEEEROBECRBRALEZEC. MIRGEERIEE
BERENHELCEEMROMERAEZT>TVWRI ChoZ@EU.
SHOHRIPRAZEEZEGRERRICEI IR ERBEOEREM KA HE
ZOIGAZERLTVET,

BIEBSAEE(Vickers) g A0/ THESHH

‘e | ERREE
‘ (ZBWARD)

BT

BYILFHRIBAROS/TIEAEMROERICETZEILFANSRIBGERERERIE

I ¥ % E(GPa)

WREEF/ Fa1—TDORE
B-IXILEX— 5B %

KRS EREEEFRAESRE

—>

1

0 10203040506070809

A, 6(°)

BiERFPNRTEEFAUCERERCFEORE (FIVEBORMERR )

HBRZEEMTCO2%ZHIRL.
WRTHEAGVIEEMZES

HAREMWERE T HEEICHENREELET AL KBRKZEDH
LZREAICEVNTE 1995 FICKBEDHENREEL. Z<DEE
ERERPELBREOBENNFEELELIL. ZORICENLLBRD
Q0% U LIFAE BRI TI UMRETIE. TERBHES.TR
FERESIBREBRAOFRERERERICIDE#R ENHEWEE
MENETDLHOEERMZARLTVWEIT . ChSOERESR
ETR HMERBTTIC.EROEFEESINDZIOT. TOMR O
HEFDITENUCEEBEYIEONET,

BA.BHEETE. /N\MTUMEVW->TRITEWVENFEDLN DL
SIKB>TETCWEITCORT. REAKFIEEINTWZONTE
RBENAT VI TS COMBIE UIARETHRULERERE
BECE - TEENAREICADEL . ZOMBEFERT 2L, 8
ROCOEKAEECLEMAEETROFERAEZARIBICHESTIEMNT
EZeH. INSOERERFR ERPHSEETEINTVEIRITOD
—D27TY,

FERY—T vk

EREa (ERBERES BEERE. |
BRPEBTOCRDREFK. B#E

5 2 BE O Il 1

B) FE & RS O RERR. Z
HEHE D AR BE B A REHEE DEAT. BB

MR E S ORI

21 RRICHIFTEOM B ZEIET DD ICHA
D BABIRILF—RBIZIE. 1A E—L,
TIANEHERE) AW E7OERICET S
MREEBEZTVWEI . F.INS5OT7OEA%Z
AW . BUMNEES ERECEERR (/8
NEEIM)DERANZNLEBREZORE
BREFEAREZABRUL. FIVEVRELDHE
WHHEL LD EBVNESI VIR BHTEIC
CWEBBRERABEDOHMBPZAIETZZEEE
PETHE - ZBLTWEIT . SHIC.ABR. A
IXNF—%ZREBEIZREBELEOFAMBEB L
ZOMPEAETZ. HFLLWIRILF—TOER
BBERRULTEDET,

FEBRY—T YK

AAVE-—LATAOLR  7S5AYTOERA . BRRIOEX. I VUK

BiE. BRELIIVIR BEEE. EE

SHRIHIGH

o
0.0 00
Q@ RERELRE
Qo f veueoQo
_°_°_°‘-A‘A:-_ . . : o l_
0006 2 _ g6

1A E—LEDREER T EDOBEEA

S

-3 -2 1 0

BEAEREALOHER

Wi EREGHT OBEEDNH

1

Ml FEE 7Ot AEHHAR

MA T METOEREERELELI—Ta> T
TOEXORAFBICED . EIPEDSD DD EAM
DEBERD.RE.BE.IXILF-—BEEA
DEBEBECTC.ANVN—hI—Fr o 708X
POBBICHFESEITZCEEBELTVWET,TTL
AT IVEIETEIWRTY TR EWSZDDT
ZO0—FIL&D A= DA—=FTr 770D
HBWREZEDDEEDICUFILIAYIR
Bt EARBRCYTERREL SEM R B
CEMHGE BE - IXILF—FHEMHORRE
FRICEBAULTWEI . X . FRARLGERE
ROl MEFREOEREIEOFEEE
BEUT.HUWEBRYZATAICET 2MERR
BREBHEHTWVWET,

FEBRY—T YK

BB WTRM R ILINO703 v IR BaES
BB RSV T TUNY =S RTL VA7) €52
A BB F/HNF.ZAR RTFERBUTFES /EE. R

T - BE#E

AN—NI=F VT TOERERH

WS HEREEARC MR Bt ORI 5




BEE /71 FEFHRMRETHS
EmEFOHRAE

HRABEEMEREEDIOOAMNINBEEE FEME
I HBERNICEET ZHRARNBEPZITEELTL
2EGRERFORBEYILGEEZF/ A—MNILDX
T—ILTHLNCTZIENTELFIT . ISICERS D
FRADGIRIETOHBEZHITTEDIDOT. ARE
BUEHMRBYEARED TZ . BEEMIBULEEER
TEBEBRT—IVEF ODIZAAETFHEMEZRN
LT OMBERNERAUBEZLEERED FZBEITT
EETENIEED ERTDFORFLANILDIZGE
BEZHASHCLTWET . ZDEEIF. EFABREDRAR
DEBERZIOHTHLIEYDFABALTWSENE
MEROTHEAZBESNCTZIET. ZFDIHHEICERZ
HACZENTEXFT  UNBFTCIR.BEEEBETFTEMEZ
FWTHIOTHRELGZARICERZES. MERNICL
2ERSDFOBEICEDYEH R R E DR
EZEELTVWEI . FNICLD FBRBICE DL
AzRRI2EREZBELET,

W3007 ML MBE EEFEME

BOSAABFEMBEZRAVTRSNK
KFA AR T OILFEE

\ : \\\\\:\\ s

Materials Science andEngineer

SERCDNT

ARBRRPIZHAEELIIYTUZIBZI - ATR2RCHICE RKRRZTZROAETEZRICAZIZRENHDXIICAETE
BHEAZURZER NTERETRERITUZINZERBM T Z2OERBRZHLBEAVF 15 LDBETREO 2ERICNTUZIVEERZE
BEIFZO_DOZBEICHNN. EFBBRBOEZHZROTWZEIERDTFINTUPIEERNZZREZEEVCZEF . 3FEXR
IE EEIRNTUZIRZI-REAERZI-RICOMMNMEI NTIUZLRZI-RZELELLZEFI 4DDEHFBE (MBI IEFHE
BEMRBIRIF-EITZEE BEEEtEPEE MREELCTOCATEEE) OFRRE (BR)  HBVWEF NIV ITHA MR
REVI— DM RBEEDHEEICEWTEEMRZTVEI,

KERICDOWNT

HEER KRPRICEZLV L IDBERABTZRITEZIENTEX I YT UZIIRZI-RICBF ARERIZMER YT U7ILEER
BWRIHRE (BLHRE. 28H) RPRE (BLHRE SEM) MFRSNTVWE I RZRICIIZEERIET 24BENHD . ZDftlc
NIV ITHAUMBEEY Y — EERZREM BEERNZMEFR. BSVCICBEEBEFEMBELY Y —ICBODBENHBD I mIATIF
MEEEDBEIU ENKRERARRICEZLE I BERGDFERARZREARE TR - BRESSICRDDIENTERTBEF
BEERCEIROBRDOENEN S D PEIFR TRICKZRIARENEZLLD  KZROETERZRMBLILD T DI ENFIETT,
NTUZIWEERZER S XHBRZE21HMLCOETOY L (F14-18FE) .V O—/NILCOETZAY A (FM19-23FF) (5]
E TEBUARZRILR[REZRTAT S L) (Fl24. 25FE) ICRRESNTOWEIMATCBERERE ) —Tw I T7AT L1V
SUOTATYERZ - ATYRNTOTTL) (FH25FE~) ICHBSELTVWET,
INSDTAYSLAZEBIATHREANATHRBZ  T20FOKAREESERREEBAIMERRFEACRA—/N—T ) — 7z Xt
HICERT 3 DERNBEEMRLFAEL T TEMAR NEREES - REXEMR T TV HBEMA LYY — 1 ZHBLTVWE I 2
LT.CDEYy—TIR BLRBREZENDARE - HE5 G - BAFELRANDORBIKEICIA WA OEEEBEPEREFNEA
MRELDRRITEDORE. ERENBIERICESBRPHIUVCMEREORBBEDFEVTEZT>TVET,

BRE U7 NEENS SN 70— X EROARE

MR R MR TR E — BT 5 a5
=, =00 ~ o ~

o5 =1 _ PRhEVIFHAVHREY Y —
Ii5 F3 B 22 N7 7IE BFHEMBRGST. TIAVOERHSH
ERERZMERR r/ms mermmns
== N -
BT EHT EARNEHRAN
BEAREREAT. TR S —TREES

IR S BEEETEREEY

EREDTLHMEE

WM. JFERF — )L ERBRTE ARDEHE, JREE. 2AAZH. AOFREHE, BAME
DOWAT—L 7«72 BAEH BILE. S TBATE,

—HEREIZE.UACJ
il K- EAF
1 dok PPN N TE S s Sl e PN E AV N N R i N =N

IHILOREG IRBHERT Y A TV M T A F 2 TE DMGHREHE. %o)ﬂﬂ

HiEm ZHBFR%. Z2ET. VoY —
AGC.NTTRIENTTEBA KRR SARENRL BEH 12 IRy IR

e — R =
B X\ - 18 &

ALAYAYYIRRA FV/ VY JREF Vv —T Y- F2Z.
NFY vy BB ETB. ZZ8#K. V11—

EEIERE e
JIBETE. SUBARU. R TATE. NIFEDHE. ERAHHIE.
Fyy— BEABE ARRHIE. XYY TI\EBE 2017~2019

Rk RAE R
= -{L2 VKl

JBALAR ARA AU —T LI/ EKEZTE E-—RITRIEZTE.
AEBLEIE RY - RL . BELFTE

IRXRLVF—ER-BH-HA
HARE. ARA R BESH. EBERERFEE IXTRLE -
CELTN Y CENCEE




	material_kagaku_H01-H04_ol.pdf
	material_kagaku_P01-P02_ol.pdf
	material_kagaku_P03-P04_ol.pdf
	material_kagaku_P05-P06_ol.pdf
	material_kagaku_P07-P08_ol.pdf
	material_kagaku_P09-P10_ol.pdf
	material_kagaku_P11-P12_ol.pdf
	material_kagaku_P13-P14_ol.pdf



