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Interdiffusion ina Solid Solution of the Al-Cu-Mg-Ag system
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Quaternary and ternary intetrrdiiaflAiCaMgh\y expeoeyisméave of Al
been performed in the temperature range from 793 to 853
that the diffusion distance ofn€uAgsishbhéeesothdnsohosio
Thei rantdndi iendter di Toedif o mireos s tiinvieeer namg

guaternary all oys. Tobed friactiieonto ft oi nddirreecctt ocne suggests t ha
exi st between Cu atG@uWlglalysims adnditthidoeA r ati o val ues

of converted icrotedrfdicfinffelghismtine rah & esyusyy gtelsdthient er acti ons
betewdAsol vemtd Cu atoms are attractive in the present all/l

Crystal orientation and residual stress in TiN film by synchrotron radiation
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The residual stressthen tthhiecKineNssf idfm whm déaposi tedsbyhan 1
arc ion plating was me&ssyerdhwusi ngnthadiS®riog facility i
Japan Synchr otRrecre dRathi AaUASRFiI | ms rnthiark e300 nm have
{1fktextumdhereas those with the thickness of 100 nm have
Instead of the conv&nayoeglLiupbmbat ghdorgynchrotron radiatio

be uvegprteci sely measure the residual stress in thin film
nm The residual stressasiisn atbhoiuctk e7/r GHaN ifni lcompression and i
by the film thickness. Slightly smal00 crompirre stshivekrsdgs®ess
may be due to the different crystal orientation in the f
Si02 Cu TiN
*1 *2 *1 *2

*1 * 2

vol .8@. 1@232003

Resi dual stress in a coating film is infllaweenrceedd by an wun
film system. The praetseesntr esstiudduya li nsvtersetsisg as wel |l as cryst s
threayeredifieCmsTi NSIJOCm fil m/ @mndTISNOfilm deposited on

glass substrates. Ti N film was first deposited by arc io
|l ayer andcCut amtli Sm® were deposited on it by plasma coatin

structur er easniddutahl@ sisheé e p o smu leltda y efrieldve rienve st bgat ed
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atomic force ARimarsacyopci ffraction as a function of filmt
| aeyr

It was found ,tfhialtmtwes Samor phous and both the Cu film anc
a stfdddii ent dthieocd xwposur e mseetdhodo wavsalwate residual stres
the Cu and the Ti N films by measur idred elrati niede byt caiysg¢ ail n

orientation. The Cu | ayer riesi u/aTi Nt f 4\l f tth@Di | e

Cu layegy CGund TSINOfilm had slightly | arger26@mMBal e resi dual
These stresses in both films increased with the film thi
The Ti N |ayer of CCUNTTNNhadda&soOdutaihssti eess of 300 and
330MPaspectively

Formation of droplets on thin film surface in pulsed laser deposition using metal targets
SMustbfTaHi WPaM.Ni shiBaAr aki
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In the case where albisghhgpuer ictryysafalCui d4r goebss iwoauss us ed
Thathe surface morphol ogy of target afmtoaghl aden hier caait & tail
zone subjected to the |l aser irradiation of higher | aser

Zzone.

The PLD of BaTiO3 target produced by SPS and its electrical properties for MLCC application
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The effects of sintering conditibiesflode PSS o RhEe ®Bamddiot3
and oxygen prnedddme wemr et Hinvestigated.
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Evaluation of internal stresses in TiN thin fims by synchrotron radiation
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Resi dual stTrieNs sfeisl msn on a steel substrate-wala@ayi nvestiga
equi pment and a synchrotron radiatays. dépeciememhatpreenpdrse (
in this study were Ti N films with different thicknesses
substrat-eobypadthimngi mum thickness that allows the residu
was pin dyl am equibpmemnt wasunbeblyow yon.ctlhr otron radiation. We
found extremely | arge compressiymt hieck diuiall msttriees slesv elven
resi dualevsass al mosat cegsatdl ess orestsha pfuimMomOt Bi ¢ k

Dependence to Processing Conditions of Structure in TiN Films Deposited by Arc lon Plating
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The relationship between depositing congiatong of Ti N fi
(Al P)and the resultant crystsatlilgoagtreadahb yd ix$ tf ntta cet sitroanb. Iwias h e dh
swbrate parallel to TitaniumTheugébacandopdrpendscofarly.
Ti N fil msondependay of establishing vabstdatsgst ebBiaascadl ty
inode tcd artig effect vhr smathénnal standscutrufreemmdi ti on

of Ti N Ihi lcmse of the parall el isnetbtiiansg voofl ttsdwges Tartld tOV
fimexhibite{dO}prehgrred orwheerrteaatsi cat hi ght tbdoas naoltt age
orientation of{ll1tl1B@n ftiHen omalsen eh@amdt he perebnidngubdbhr s
substratNe fi Il m exi bited randomly orilpcateatofsnbdlat bgeas vol't
at 100We Ti N film eXHiOhpreéersedoogwketatsoat high bias vol
the dominant orient aflildhhetfira hef frid@r bwesd oxygen to
titanium at the film surface and theewasedktaeembaedeen t
by-rxaphot oelsgdatornoscopy (XPS). Titawrumi Oxweee obeslerasedTi
at the interfaceabdt webdbsttrleéefilnmthe Ti N film deposited
ofOVin both the subdtowatvers ¢thteiseg oxi des twedreep dngott eadbser vec
bias volftdded.

Evaluation of Intemal Stresses in Single- Double-and Multi-Layered TiN and TiAIN Thin

Films by Synchrotron Radiation
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Ti N anNM fTiilAhsy pi cally used alsavweamerdvedatkhgnsive coverage
li teratur e Trheecseentfirylepa rephdy diycaldepapoRVDnchemi cal

vpr dep¢G\YDaroen used for coating coasiiFwgeasebasandi il die
uncl eaarcutting tool cielagaydr ed tfhi lamnmudner ally | asts sever al
than one coated withAareshdluall ayees§iimvariably develop
to differences i thhatromilcespanisn®md coedlfiicg eanndndi ti ons be:
the filtmeasdbstrate. Large residuealacksrésnstmay fli éadot ocm
the film to peel fronotnhe oslubosft rreetse.duTalusst ress is cruci a
of mechanical |l yn stttaibd eswfai dpmse.p & e eddo ushilashy mull ayer Ti N

and INifAi | ms deposipteedd doHtS&eilghari ous bi asi ool pglagtei by ar c
(ANDPThe thickness-lafyetrhd idmrbyg litshe3 -d aylelre ft ihlemaipper

| ayer ipmtahilc KN TfiiAwmi | e t he Illgwdrhiick a@ilN thkemcase of

the imalyter f40 mslternati ndNIlaryerBi MfarfTée Adeposited on the |
The total thicknkeasyseroff ityhmd mudftBl ms were deposited at var
bias voltages. ®BBle i mesidbgdléaesd rbwalyteir ed TINN fandnsTiwlas
measur ed usi f8g styme hS Prtirrofiga cri didntsatt dddined &Sy aarc hr ot r on

Radi ati onInRsetsietduA®RIh addiwe ombserved the film surface usi
and invedtisgaface roughness of the films. 1Téhse tftod | owi ng
number of | aydrhe ifndmeasued aces Dbebamavemagehef; compressi

residual streslsayer twas toeclced by stackiwng ht Isé nilghyer s i1
TilW | ayer

Residual Stress of Cu/TiN Films Deposited by lon Plating and RF Sputtering
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The residual stresses and crystaldlagraptiid mst de@towsrn ¢ £ do f
on gl ass saurbestirnavteesstilgedaTgiells are first deposited by arc i
tasubstifatld owed by Cu films deposispetdebVm@gl asynat @loating
lographic structure and muediagenl mstdepoeestied abea functi
Thckneds the Ti N |l ayer areXtagndi hveatiiganed by

The Ti N |l ayers deposited by arc ion pdxhiilnigt osnt rgdmagss sub
{13rient dthieoCu | ayers deposited by both plasma coating
thelTildbhyers are also foufldiboi exthdtbhico-a svypo ®mmmye met hod i s
used to evaluate residual stresses in the Cu and Ti N | ay
directions fdreotnertnmienecdr y st ait tolre emd ssdpiugfrt .éRfFien g¢u and

Ti N layers in the Cu/Ti N mm are found t636xMPait tensile
and 230eNPactinvelage mtoplk theogvevtdire Cu and TiMNel ayers in
Cu/Ti N films exhibit tenside0MvMRB0OAuPesplete s ves gf 180
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fanshe students hi iscjhomilorofhiegpm try to make iron using Tat
We introduced it into our student's graduation studies t

2000r.y@Bacause there are few resevaa crha dea tTaa tadroau tf urhrea clTeat a
the tranal error. We think students could | eaadhsthe basic
basic knowledge and concept Wentwirne sctomtgil nyu ea ntdo csrteuady vteh ey
to provide students hands on training from the viewpoint

‘1 2 3 4
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i A akrgpequi pment andr aysraf hsygmchkrotron radiation. The sp
in this study were single Ti N films with different thick
singldeoeublasmd +halyteir Ti NN afnidl nisi Adeposi ted ounbshtirgaht es pbeyed st e
ar-con plating. The awaiilmaubM e hfioccrk ntelses resi dual stress meas
pm byl am equi pment wiher &gs slyalcbhwo®rdn radiation. Extreme

compressivetressdsaiwere found ivrelt hoef frielsmsd uaadd stthree slse was
most constant regardl esReoifdidle stINenBB8Ihing klieAes . more t han
twice |larger than theséttiagtTeNthiel myverage residual stres
whole film system bynmunbak®inlgmdoarmbdter ucti on comparing to t
the sinlgNl & i TimA
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Behavior of Electromigration-induced Stress in Nano-sized Aluminum

Takao HadKakhwuya "'Kisaka ShifOgamar8dkatuaya *Matsue
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Wi dt hal whi AlifTnt erconnect dsicrads iimtle@flpeavenshrunk in
recent years with the miniaturization and hicgh accumul at
probl ems assekéated nfEpimathieon i nes are becoming major rel
concerns because of the high electrical current densitie
signaling the occur rvehnecne ao fthabEgdhi aryd e$S¥ctrical current s
the | mieditceos. We i nvestigat ed nbdeuhcaevd. osrt roefsst he EM

During thet heeM ltienset t emperature di d inwdas itnlco leqlste .t rahte rtelf e
changes bbobfthbade2111 diffraction peakb deceeaaesdedubynghe
thEM tests. i hldi cated that compressive stresses were prese

in the | ines.
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Ti O2 PLD
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Evaluation of internal stresses in TiN thin films by synchrotron radiation
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Resi dual stresses in Ti N films on a steel-lakhatyrate were
equi pment and a synchrotron radiatays. dépeciememhatpreenpdrse (
in this study wietrle diifNf diémts thicknesses deposited on a
substrat-eobypadthiengi ni mum thickness that allows the resi
was pin dyl alm equi pménti t wapmbbVowy@chrotron radiation. We
found extgemebwmplassive residual -tdhtircksdad mvdarhei n exveld. brh
stress was al most obnshanfitegahidfkceeasess up to 0.8
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Dependence to Processing Conditions of Structure in TiN Films Deposited by Arc lon Plating
Tatsatyas ttMakao Hédwvabsudaewchi
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The Selnermtrimati onal Sy mposRIluans noan PSpouct eSs&sPDBRO @ 3.
The relationship boentdietarfo dbdifdre posimype@op! ati ng
Al RRnd the resultantstcrrwycstt waridvegatsa ghitagd fbfyr act i on.

Itestablished substrate parallel to Titanium target and p
Ti N fil s depeéehe way of establishing substrates. Bias vo
inordeaoc!| art iggf f ect oWwasuadwn atnhe final structure and surfa
of Ti N Ihilcmse ofl ehespatiahg aof bduwalss tvrodvtt eatghee alti NO

film exhibi{tleldp}seéfremmged orwheerrteaatsi cat hi ght lbe ado mion d ratg e

orientation of{ 1tlHogn ftiHen omalser chaprdof the perpendicul ar se
subst fTatNe feixlhm b irtaendl o nrl tya toirare vinl thaggeslm fcasVe of bias voltac
at 1t00We TiiNm exhi bi{tleldp}isé¢fremmged orwheerrteaatsi cat hi gh bias vo
the dominant ori ent atliloly eo fr atth eo foi€lam b@wmsh gexnygen t o

titanium at thedfitlhm swnfeadeamc® bet ween the film and subs
byxray photoetecscopyTGigtEBS)i.um oxi dgosr sTuicdo sy revie@
at the interface between the film and substrate in the T

ofOVi nt hot he subst rheotwe veat ttihregse oxi des were not observed
bias voltage of 10V.

Evaluation of Intemal Stresses in Single- Double- and Multi-Layered TiN and TiAIN Thin

Films by Synchrotron Radiation
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Ti N anM fTiilAmy pically used haasv éarac eionmdd nggxt ensi ve cover a
literarnaclgnt Theseprfadargehly viycaldepap o tPiVvé@nrc hemi c al

vapor depe¥Dtaireen used for coating coaasiinggtobdbs measoms ds
uolea cutting tool coelagaydr ed tfhi lam npdetvde adll yt il mess sl onger
than one coated witm aAsregidubbystrfss invariably devel
to di fcfeesmemt omi ct spamahgexpansiamdcoedlfiicg eandndi ti ons be:
the film and the substrate. Largerrackisduial tster d94d mmay Ica
the nfitlo peel from theonsobsbfatesi @bak stress is crucial
of mechanical l yn stttaibd eswfal dgmsap s- W@lud lasnd +Hhalyteir Ti N

and INifAi | ms depossipteeedd aHtS&reilghar i ous ebibaysi amocl glagt i ng
Al R The thicknesslayert hfeifdsmshgiltshe3 -d aylelre ft ihlemaipper

| ayer ipmtahilc KN TfiiAwmi | e the | qowarhiick a@ilN. F hemcase of

t hemudlltaiyer ,f4i0l m$ternati ndNlaamyderTs Nofare deposited on the H
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The total thicknlesyeroff ityhmeImudftBd| e pwsi ¢ed at various
bias voltages. The r esidbwallagsd riewlgteir @ad sT Y IfanldnsT iwva s
mesaired using8tsenSProngadmiirltadn satt dddined&Syarc hr ot r on

Radi ati on InRsetsietailtdehRI h addi tweonobserved the film surface u
and nvest igurtfealce roofugthneesfsi | ms. The f ol |l owilngs rtelsaul t s ar e
numlodr | ayers thedridansesdurfaces b2t ahmeasmoaglkeenf compressi
residual stress in the total | ayer was reduced by stacki
TilW | ayer.

Residual Stress of Cu/TiN Films Deposited by lon Plating and RF Sputtering
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The residual stressecsstanud teurryesst solfilayréalp iNi Immé tdeposi ted
on glass substrates are investigated. The Ti N | ayers are
the subsol daoewed by Cu fil msodepngi bedRByspuasening. The
lographic struadlst e egdgme drheeslimytleri fi | ms deposited as a fur
thickness of the Ti N | ayerr ay editfhfernadtniverst i gated by x
The Ti N |l ayers depositeldady sulcst oat gikadarn dniyo smd otng
{111}ntoatiidd@n.Cu | ayers deplasimaecgpl@agnbtdoRR pputtering on to
t heNTl ayers are also fo{nkdotioermrix#Hithibo-aaxwpds wmeg met hod i s
used to evalusateesess diumalthe Cu and Ti Nthapwser snbywmeasur |
directions det er mi noerd efnrtodm itoime crpet @lf RiFe sPuwtardi ng

Ti N layers ifhink rad @du/tTo Ne x hi beésti dtuean s islter ef6 3@ sMB& 450

and 230 rMPaapecth veedsye of pl ehsormvee dado@&uandgTi N | ayers in the
Cu/Ti N films exdsibdual esitsiz24e8ebPafand@68p6cMPael y.
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Resi dual stresseél fiinl Mid Norangt €féelA substrat euawere investig

i nflak¥ray equi pment amaysldfr asyhnghr xtron radiation. The sp
inhits study were single Ti N fohms$hei sheéif bebsbhtathki akde:
singl doudhdnudltaiyeraddMNN fil ms depogsiheed st eawrtle shuypstr

ar-corMmatp ng. The mini mum thickness avmaasrenlte wlasr 0t 18Be resi d
pm bylam equi pment whmrley ss yred lorwo tOrEcknt rreankeil vt il amr g e

cogpmessive residual stresses were found in theodti |l ms and
constant regardless of the il mNKFiédhwlemessmorReshamal stre

twice |larger than thesétingTtN f eldeansiedudle satvreesaggein t he
Wbl & i ¢yshem by noarlkeongtmidlayer cfoinlsmr ucd aroinrogh 4d tn
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Resi dual sthreesfsidsmsi nwetr e evadxwmdsuwr éoymdathleod wtoo obt ai n | at
strains for 2220 dohahda?®®i dh, GWK atTlhe .results reveal ed
very high compressive7tets®.dl@Pa swhiestseasr @fone order | ar ge
t helrmmesi dual stress expected from the thermal strain mi:
Ssubst Maotesse resi dual stresses decreased with increasing a
ti mend fimeddlyed a | evel of the atfhema@ainmge sribd wamgetress

abolv@e7 NKr. esi dualwaeasesthrseesrisvieldeubstirmtt erifrmceesdeposi ted
statTe.nsile ressidwedstvesltopesd after the alnhnreeal i ng above 127
ratio of nitrogd&Nih Tivast bbaetrhudmdaglhhyot oel sexcdatornoscopy
XP3efore and after taslnheealriensgu [tMPsS acefmethhyes i at tdhowed t h

Ini tivall ue of N/ Ti was -dbposi 087 TnNt hel ams and that the r;
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Local Structure Analysis of Alkali Silicate Glasses Containing Sulfur
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Howe uwéire behasvulofrurofies flaas not beenhenaplree cil ®ash sthudi es.
this sdlady network anions are partly isobstinutled $y®memx
of al kali gbab&eetnm cal tbaoensdionfg ssul fur and coordinating st
atoms were discussed by spectroscopy
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Chemical Bonding State of Sulfur in Oxysulfide Glasses And Local Structure Analysis
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Chemical bondculnfgumtexys wlffi de gl asses and | ocal structur
and the role of sulfur i8(tRe, JhakpsfosmsiscablsedglRass wi
net wor k f orymetrh eo xciodnev ebmtuieonncahl meetlhtod. These obtained gl as:
colored and the remabonfhngmetdagbbfoel samesatornoscopy

(XPS)was used to study chemical bangdulnfgumskxamgenof anionic
in oxiydeildl asses. S2p binding enrgy of ¥HevglThss was obsce
value is | ower than that of oantdhoarlhnoonsbti ct hcer yssatnael laisn et hseu lv
of ,MNa From t hiet rwassulftound that the el ectg omasdiemesart yt f su
t hat 2offheS structural studies of oxideXmapsdief haovti bmen c
MASMRaman s pecetrcooscopy
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