1 * 2 3
x4
16 pp2Z14 2004. 8
15
9
16 2 8 30
5
1 2 * 3 4
1 * 2 3
x4
28pp6@83%94 2005. 3
Ti-Al-Cr 3
*1 *1 *1 *1 * 2 * 2
*1 * 2
54 pp. 280(024)
B Ti V MoCr B (bcc) Al
a (hcp)
1378473 KiAiCr
14K 3
T2 Mat ano T+A4CT
B Cr Al
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Dependence to Processing Conditions of Structure in TiN Films Deposited by Arc lon Plating

Tat suya MAaTkSadJE *HANABUSA12 a*md Yasukazu | KEUCHI

*M i hama Nati onal Col t2eFgaec uoft yToef c hEnogkiongeye rman guni ver si ty
vacuwuaonl . 472004

The relationship between deposition parameters of Ti N fi
(Al ®ndhe resarlytstngl | segr aphisicressei gatrerdagbiyf f r afcdri on
substrates oriented parallel with an@dipsrpehtdiagel andto t
substrate orientation are varied systematically to deter
t he f itrniadt sr € an d pshuorlfoagcye onio t he Ti N films. The Ti N film
parall el oriented substr@VYies afnaurad bti @ sdqvlplldirisdd esrtarfeoch g
orient awhieoreras at high thhesdomilnamgtesori ent §i}l okhowof the fi
perpendicul ar or itawewWd®Vibisas avt@lst age Ti N film is found t
random orientation. And O0fVohre aTibN afsi Ivm | it s gffeosorfdon @ exhi b
{101preferred omhiearetast iadn hi gh thiead i ¥ on{telkidper keiftes r ed ori ent
The ratio ofcairlBomgg®exygen to titanium at the film surfac
bet ween the fat endies @r shiyldeadghot oel egdatornoscopy

(XPS) . Titani oml odi, hensdTiT@rOe observed at the interface bet
and substrate in the Ti N film O¥posi bedhwsubstar i asowvioé n:
however these oxriwed iamr ef inloms obesposi t etlO¥t a bias voltage

Evaluation of internal stresses in TiN thin films by synchrotron radiation

Takao HakKakhwya "KuBakga MatMasayuki® NissamidaSakat a

and Toshi ki Sato

Facul ty eodr iEfngkiuss hi ma UuNi veamatiNaGdlolneage of “RebénhNabigygnal
College of fleacphanjorlloSgyynchrotron Radi a@&Kolbe Reeehricthd!| nsti tu
vacuwml . 5412004

Resi dual stresses in Ti N Wer ensi rowne sat isg aeted dl sankbtayrart ki nar y
equi pment and a synchrotron radid3taypyiSpeeyimea st Ipate pamietds
in this study were Ti N films with different thicknesses
substrat-eobypanalte nmgi.niTmum t hickness t Hheatssalmeasaurtelmentesi
was 0.8 -mmbbeyqunpmeénti t wapmbbVowyOchrotron radiation. We
found extremely | arge compressiymt hieck dfiuiall msttriees slesv elven
stress was al most obnshanfitegahidmkeesess up to 0.8

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

Films by Synchrotron Radiation

Takao Han&busya'* Kisakayd Massyeki® NisamiddSakat a
and Toshi ki Sato
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"Faculty of Hmoklusedrmangihveamat National Col I'kgbeoNaTeohad
Col |lefgyeTechifbdmp&yynchrotron Radinsai it aitkoREsedd &h

JSMiEt ernati onabedbeswmadall . M0. 3312004

Ti N anM fTiilAmpically used &=sv e ardac eiomdd nggxt ensi ve coverag
literature recenphrepafeldsdiy¢al cdeppsiRVDNnc hemi cal

vapor dep®wD arenused for coating couastiinggtobds meaadsoms dst
uncl amarcutti cgatedlawimdhyerféed m generally | asts several tir
than one coated with a sintgdses liarywear ifaldlm. deweslsdpeudali i mr

to differences i thhatromilcespanisn®md coedlfiicg eanndndi ti ons be:
the fahdan t he substrate. Large r escirdaucakls sitnr etshse niaiyl nh ecard cta
the film to peel fronootnhe oslubosft rreetse.duTalusstress is cruci a

of mechabnabclbd | mis st hi s sweaidpyr epar eddo usbilamgd edhalyteir Ti N

and INifAi | ms deposipteedd daHtS&eilghari ous bi asi ool glagtei by ar c
Al R The t hio€tkhnee sssil mylee fi bmshi s8h8 -d aylklre ftihlemaipper

l ayer ipmaTilAISNwHiillan t he L oq@erTiiNsIina time case of the multi
layer fi0Ol m$ternati ndN|larwyerTBi dfarffée Adeposited on the HSS s
total thickneslsaypdr tfhigimmm3Iihesf Bl ms were deposited at vari (
The residuasi sygdesudblaEnmull ayered TIN fanldnsTiwvlas measur ed
Bindh8Pri8ynchrroddioafta oinli intsy adtleaga&ynnchrotron

Radi ati onInRsetsietduA®RIh addiwe ombserved the film surface usi
and investigatedosghness défoll lbevi migl mesuTh®s aar ¢ hebt ai ned:
number of | aydrhsfiilnmrewarsfealces b2t ahme asmoaglkeenf compressi
residual streslsayer twwaes tomeduced by stackingnghe | ayers i

TilW | ayer.

Electrical Properties of (K,0)ss#(RE-0:);2(SiO,)s«(RE  Sm Gd Dy Y Ho Er Yb)Glasses

Susumu NAKRArAAMMAA SAHA Li'n RWNG OHHARMas at omi

SAKAMOTO

Depart memp | Codfirh raynBi ot echnol ot NOalalbei@e chnol ogy
“Depart ment IsofEnMaitneereirai ng Ni i hama Nat irmnBaelp aCrotl heergte off Meaetce
and Bi ol ogsitcrayl FGhceunh ty of ®weescéyYamagata U

Journal of the Ceranmbbc. $p222841 00#. Japan

Seven kinds of potassium r@@e(B®r(¢d) HiRRBmMG@Gd e gl asses
DyHoY ErYb)were prepared by meC®Oi RG aan dpiSdt@unrsel toyf ikncr eased

with increasing atAmmiex omeh egrhthi obfpeRaEk| att o crystallizatior
was observed in the randcowdeawednf72@candn8a@abal ysi s
showed the formation oOofKREnSDQKsabaoavce @hyusteasl | ization tem

The conduc(tP i B, (0S)s,g9lass was simil agfSot, @ etraons € sof K
with the same compbB8i.dgliass awowd €CEnNtaining Y
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Residual Stress Measurement in Sputtered Copper Thin Films by Synchrotron Radiation and

Ordinary x-rays

Mi t suhiakm HMak ao HakeadbwysaKukiakwmo To nil sntagglaye® Mat s u

and osami® Sakat a

"Faculty of Hmokluséemimansgi@fy Engi nTeekusilgi ma uUANi veamaty

Nati onal Coll egeYafpaheSlymalho @yReamhcRiati aut en

Proceedi ngslinafertnhaaCiomifirelr ence on Re&G61R08KM Stresses

Resi dual stredsges cioppreand hi n ftiglamse dc obuyl du shien g nsvyensc hr ot r o
radi atSiRbre c atutsier i ghtame@sas al | efsysmhrrodiratnh ®am e

hi gher than the ordknayyg. chheacoppestthbhin films were dep
by dc planer magnetron sputtering under the conditions o
In the case of /W48 thi FkOKpeersfbfms changed from 15 to 96
Crystal orientation and residual stress in the films wer
Xrays as a function of substratednt ethfpeweatabsceramedd fi | m t h
the fil mvsiutalb aameeil ectmicm osEBMedt orhioa ce

mi cr oskMdhel fowing resultsl weppeobfai mesdwere formed in
processes; a tiny gmragubwingtistandestructure and a unif
2 sputtered copeel tdriildmst ek except for the thinner film
deposition tem{ydmatkuraemdofbeT 13V 03 Kntre nasti [7e4 3r esi dual stress:
were developed amél di Fferkems residual stress relaxation o
fim structure.

In-situ thermal stress measurement in nano-sized aluminum and copper films with SOG

passivation

Kazuya "KuBakao HMan&hbhosa Sh’% nlgautbsauyad aMat ssami Sakat
"Facultyof EMgkunskBirmaguBMieshsmayunfNvehsaimay National Coll eg
Technoldapywn Synchrotron Radiation Rssearch Institute
Al P Conference Pr eicredewdd endg sP hoef n dSmherreas sivnl .Me41, 229 i zati on
June 2004

Il msitu thermal stress iint halsunhiincuomm noBx@ Gifeis|gihsaaswsi on was
Investilgyuseegnchrroddioadtt mn®pr i8nAl umifndwnly ar yi ng
thichn®s®0, weérmmdeposited on thermally oxidized silicon
sputtefamlg.speci needn iwasailhreaotver two cycles between room t
300 The following resullt{§ Jwwvprenedtafl naldmmé myust alanof i

wer e orirealtledl ptao t he sudbsheaie@teosmal; of 111 diffractior
independentatafeempeept i n -nimwehiccaks ef Jotfimg hFeWHM of 111

di ffraction was almost independent of tenMpormatal® at any
filmshe thermal stress varied |lineanbyttwethybmatéensgstbmpw
the heating and cooling steps di sappeared.
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R,S-MXOy

1

R LiNaK MxOy SiO, B0, GeO,

*2 3 4 4

*1 * 2 * 3

41 p.®B2005

(Qos)l-x( QQé)x(XO- 105 35

2 * 2 * 3 * 4

*1 * 2 * 3

41 p. HBR2005

5 (BQ.(D@,( x0. 1G35) BiG
Do, goaao 1000
(QQ»)b(( Q@)x X O 25 X

X 700 300

500 x 0.25

Behaviorof El deduvoead gSthisiim e nAl hmiememnnect Line

Takao Han&busya®* KShaka SHKi nOgsudbnair dSakattasy a* Mat sue
"Facul t yof EnTgonkeuesrhiii engas i@ iyr os mivma sUlgpan Synchrotron Radi a
Rasedmsthi tute "N ABRI National College of Technology.
SPri8ndlser Experi ment ReQpOod&t NO.12(2003B)

The width(Aliinmierwcnonnect {sicrmdse iimtlegmra@da i on(LSI)has shrun
years with tmoniandrhizgh accumul aties. oPrecime mo nasuscd oiratde
wi tlheca romi g Ed)ni oonhe | i nes are becomongemagor reliability
because of high electrical current applied to such inter
of EM induced strainsi sAsoastmdewmledurface diffusion occur
unpassivated | ine but does not occur in the passivated |

Ther mal Stress BdlhlaviAd unmd fn ua Adeiart FKiylcrh i ngd e r
Kazuya "KuBakao HaShhdozes aSh'figtthaya® Mdmau&akat a
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"Facul t yof EnTgoiknuesehii emgas illyr os mivma sUMNiyi hamaalBati ege of
Teclomy “Japan Synchrotron IRati alA®RJ Research

SPri8ndJser Experi mer2t0 ORB&p0ol0rdt. NO. 12

Wi doh al umi comnienpntien |Iln®asvier unrke ¢ gretawistthh e

mi ni aturization and high accumul atipmolfems mscondiuatteod d
with elmégtrrmadi on -mhdr atirensisn ztehd imanso The purpose of thi

to inwgeaste basic propiezdifeisl mn Wa nmeia & thregdnailn stirzeess i n na
aluminum films with SSO@assil Léi eer @ bmistsu t her mal
stresses-simend&hofil ms were measured by Tsgncheomaln radia
stresses in the film shoeneldi miot hygtleirersars 1 ®logpti on in th
TiAl
1 1 1 2
1 2
(107 ( ) (2004)
B Ti V MoCr B (bcc) Al
(hcp)
107B473 KiAlV
1473 K K2 Mat ano TiALV
Al \Y, 3
Al V
Al r Mn Si,
1 *2
1 *2
13 166 19
Mn S Al Cr
Al Cr 02.0a
C ) (HP) Mn Sis
Al Cr
1 2
1 *2
13 166 19
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( AlCu

FeNi SUS303) 9. 5mm
3.5509 SBID4 1m Al
Resi dual Stress Measurement in Sputtered Copper Thin Fil

ordi naray sx

Mitsuhi kg THahay &fha Kakuyaa’KKiskako TH Mianagya™ Matsue

an@ami Sakat a

"Facul thyghnefer iTok us mivma sUbd fy ireger iTok usbwvima si"Niyi hama
Natil€Cod | ege of Tkapmam!| Sygrychrotron IRatdi auten Research

The Thttrer natGCeomfadr ence on ReXiadlhalnaSiures s2G04

Resi dual stredges cioppreand hin films could be investigate:
radi atSiRbe c atutsier i ghtam@sas al |efsysamho @ir adi alt ¢ am e

hi gher tdirachi néhrey ehaXagtsecpher t hd wef olshep vbmt 4

by dc planer magnetron sputtering under the conditions o
|l nhécasod 743 ttoher 710lKi cknesses of copper MfmI ms changed fro
Crystal orientation and residual stress in the films wer
Xrays as a function of substratdntedgetrvwednabesernded i | m th
the filmwiuafaae®ilrergtm cr osSEMed omiier ce

mi cr oskMdhel fowing resultsl weppeobfai mesdwere formed in
processes; a tiny gmragubwingtistandestructure and a unif
2 sputtered copdkBfilems edercraxcepitnher fhkem below 160nm a
dposition temp&b®&t amel bdfel DW373/On M3 aend48e residual str6ss
were developed am#él di Fferkems residual stress relaxation o
fim structure.

Insitu thesrtmeasuriemamtd zalkdu miamumcopper FO0G ms with
pakvssion

Kazuya 'KubBakao H&habos&hi dgtubaya *dMad susanmi® Sakat a
"Faculty of HEnogkiumsehe rman gu’nli ves mivmyg sUNiyi hamanMat Col |l ege of
Technoflapyan SynchroteemriRaodi attt en R

Seventh internati onaln dwocrekds hpohpe ndorimiesrtar @sns tnfe & A

June 2004

Insitu thermal stress in aluminum n8@@fisli matwionhwsaisl i con
Investilgyuseegnchrroddioadtt n®pri8n Ahl miinen ar yi ng
thichni®s®0, weérmmdeposited on thermally oxidized silicon
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sputtefFamlg.speci men was heated im radaomotvemp drweot wrye | eersd b et
300 The following resull {4%1MpHraemesbtodi mddiimi num nanofil m cr
were oriented parallel tdtthkrei sttlesntsi atye ofiorlmdl di ffractio
independent of téempéhat cecé&Swthiepk f3 tmp FWHM of 111

di ffraction was al most i ndepeenndefnitl noft htiecnkprieensast;aitaen dat any
fil méhe ther maalr isetdr elsisnear |y wi t h haenadt itnhge theynspteerraetsuirse bet w
the heating anddicoappear sdeps

X Cu
1 * 2 1
1 2
53 1 2008 .
Al P
Ti Cu Si,0
X Al P
Cu Ti N 111
Cu/ Ti N Cu 18®40MPigOCu/ Ti N
Cu 21 ®60MPa Ti N
Al P Ti N
1 * 2 1
1 2
13 2008
( Al P ) Ti N
Al P
ov
Ti N 20
Si,OCuTi N
*1 * 2 *1 * 2 * 3
1 * 2 3
39 2009 .
Al P PC

Ti Cu Si,0
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Cu Ti N 111
Si/OCu/ Ti N3 Ti N

1 .p0m 250 600MPa 0.plm
570 930MPa Cu Cu/ Ti N 2

hiroclks,/OCu/ Ti N3

1 2 2 *3 1 4 5

1 2 *3 4 5
39 2009 .

Al P
Ti N
Al P
AFM Al P
15

Ti N Al P 30

39 2009 .

Width of aluminum intlehavensbtyuynki hesreaehtS years with t
and hi ghataicocrunmufl scmiicesndubsposaltleeamoci ated with

el ecmirgrati on -mndr atrenssisn ztehd imaenso. The purpose of this

investigate basi c-spirzoep efritline.s Wesi maansothrea dnailn stirzeess i n nan
aluminum films with sipassinvadsgi eer gb=mibtsu (tSHO&G)mal stresses
i n nanone Al films were measured by synchrotron radiation
in the film showed, enxohihbyisttienrge sliisme drlo @r & Ihaetrinmard icycl e.
Al
1 1 *2 I 3 3 4 5
* 6
1 2 *3 4 5
* 6
39 2009 .
The width Adliuveti ocamnect | i-seal éni hiaé Geraatsi ssthrunk in recent

years with miniaturization and high accumul ation of scmi
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wi tlheca romi gEM nohhe | ines are becoming major reliability
becauseh odl ehdtgri cal current applied to such interconnect
of EM induced straitnss Asnaideseldtthat a surface diffusi
unpassiivred eldut does not occur in the passivated |ine.

PreparafR28E29i3®% stGdms ReAsl kaRERateear tamdhei r

El ect Piroplerties

T. ASASII NAKAY AMA

"Depart ment of Mat erNiail sa ntan gNeanteieananlg Cobkpget mEnfTechnol og
of Applied ChemistryNandaBaotN€ohbelgegpwyf Technol ogy
XAnternational Co2@0 3.sB0 .2Ih (G yed3tsd)

Al kal i-earatrfe si |l i cat(fR):;B&s6&H0(,REmM Gd Dy Ho Y Er and

Yb)were prepared by meC®PRbgNaK)MRtand BIfORKRr t he
composition ratio REPHaThecoamphenyg! éRses were colored d
on raarth el embdénsswmalydi neamlcy ewistelticr ea hii@h o mi ¢

wei ght -efart&rel ements. Itnhd ipgdweyardixfdtreamti on analysis in
thatSILOLS I ;BE.QRENQ andli;E,Q formed a760nd 650

75800 nd -8B8830@respectlhvelgyanduct jOVLH(IRB, 66);QPgliass was

about 2.5 orders hi;gB0g,rc etrhaamimi ct hwahti cohf,Sci@arsS®OY s of Li
phaswlsereas the condWqi(ilRB,(LB)MRfglase (IN@ about two orders

| ower thangYtSh,atepo & mNas.

1 2 3 3
1 *2 3
i n 20 04.
80 pH
pH3 10
pH
1 2 * 2 3 2
1 * 2 3
10 2005. 1
pH
Li X@Ss.x,» LI 4 5 pH

-56 -



2005.2.16

N#RB,Ge(ORE: )

1 2
* 1 * 2
[] 2005 2005.-B422
5N& R} 8 GERELa, Pr, Nd, Sm, gd, dy, Y, Ho, Er, Yb)
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