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論文内容の要旨

　　　　Recently，　large　scale　i磁egra重ed　cir切it（LSI）uses　electrodeposited　c◎PPer　thill　f目ms　as　an

imercolmect　material　to　be．血rther　l7niniaturized句submicroll　scales　fbr癒ster　operation　and

more　f已11ctionaU鯉．　While　those　Cu品1s　compose　multilayered　structures，　the　weak　adhesion

strength　of　interfaces　between　Cu　alld　insulation　layers　has　becOme　one　of　the　inlportant　issues

fbr　interco㎜ect　reliabi蹴》た　The　weak　adhesion　str㈱gth．11◎t　only　causes　delanlination　during

the　ma田1恒cturing　Process　but　also　leads　to　poor　electro－］migration　resistance，　which　sometilnes

brings　about　fatal　Inalfbnction　of　the　device．　On　the　other　hand，　since　the　interc◎lmect

strucmre　in，　LSI　typically　has　sub－micron　dimensions，　inte漁ce　streng也may　significantly

depends　on　locally　inhomogeneous　material　structure．　For　instance，　inter飽ce　strength　on　the

microscale　Cu　layer　may　be　innuellced　by　the　diffもr斑t　defbrmation　behavior　caused　by

diffbrent　grain　orientatiol竃s．　伍addition，也e　plastic　defbrmation　behavior　may　be　strongly

a飽cted　by　not　only　the　size　but　also　the　microscopic　structure．

　　　　In　this　study，　firstly，　a　new　evaluation　method　of　imerface　strength　was　deslgned　and

applied　fセom　the　viewpoint　of　plastic　zone　at　the　interface　crack　tip　with　di飽rent　specimen

size．　By　considering　the　influence　of　the　plastic　zone　at　the　interface　crack　tip　with　the



10x10μm，5x5μm　and　lx1μm　specimens　by　rneans　of　an　elastic－plastic　flnite　elemeぷ

simulation　technique，　i磁erface　bonding　energy　was　evaluated　and　almost　equal　among　all砂pes

of　spec加ens．　Since　the　average　grain　size　of　Cu　lines　was　much　smaller　than　the　specimen

dimensions，　no　significant　difference　should　be　expected　in　bonding　energy．　On　the　other

hand，　the　fluctuatlon　of　the　evaluated　interf5ce　str印gth　tends　to　be　larger　with　the　decreaslng

specimen　size．　The　locahnter硲ce　strength　may　s｛gnificamly　varies　depending　on　local　grain

distribution　in　the　Cu　interconnect　structure．　It　was　also　concluded也at　an　accurate　estimati◎n

ofthe　plastic　zone　is　essemial　fbr　micro－scale　specimen　evaluatlon．　The　new　method　pr◎vided

an　accurate　evaluation　tool　fbr　the　reliability輌ssues　of　interface　strength　in　Cu　metallization

systerns　in　LSL

　　　　　Secondly，　it　was　successfUlly　demonstrated　th爪the　sigl〕ificant　fluctuation　of　strength◎f

inter硲ce　CU／SiN　in　LSI　intercomects　was　induced　by　the　inhomogeneous　grain　struc加re◎f　Cu

l輌ne　by　comparing　the　resu狂of　streng品distribution　w責h　that　of　the　C〆SiN韮nter飽ce　on　a

homogeneous　Cu　layer．　　In　addition，　the　de我）rmation　behavior　of　Cu　目ne　負）r　dif允rent

specimens　were　illvestigated　and　the　results　revealed　that　the日uctuation　of　interface　strength

was　influenced　by　the　di舵rent　plastic　defbrmation　behav｛ors　caused　by　dif允rent　grain　structure

in　LSI　interconnect．　It　was　dem◎nstrated　that　potential廿acmre　irl　LSI　i挺ercome戊s◎rlginate

廿om　the　weak　po愉which　depends　on　the　microscopic　material　structure　ofCu　line．

　　　　FinaUy，　in　order　to’relnove　the　Urnitation　on　the　廿eedom　of　grain　or三entation　ln・the

experiment　on　Cu　line　and　fllrther　investigate　the｛Mctuation　of　interface　strength，　bonding

energy　6f　interface　between　Cu　and　SiN　was　evaluated　on　single　crystal　Cu　substrates　with

di餓うre1“surface　orientations　and　in　di餓｝rent　Ioading　direct▲ons。　With　the　aid　of　comp漁t韮onal

simulation◎f　elastic－plastlc　imerface　crack　extension　process，　it　was　newlγrevealed　that　the

bondillg　energy　depen（ls　only　on　the　suぎflace　crystal　orientation　of　Cu　and　that　interface　strength

changed　ln　dif允r鋤t　loading　dlrection　even　on　the　same　surface　orlentation　throu帥the　dif吊erent

defbrmation　behavior　of　Cu　substrate　caused　by　elastic－plastic　anisotτopy．桓addition，　the

f］uctuation　of　interface　strength　c◎vering　the　entire　range　of　crystal　or輌entatlons　an〈110ading

directions　was　expected　to　qbtain　through　the　crack　eXtension　simulations　in　LSI．

　　　　Afler　accum司ating　these　new　findings，　this　study　provides　not　only　a　possibility　to　make　a

map　of　local　streng也distribution　but　also　toward　a　systematic　design　scheme　on　the　basis　of

mechanical　engineering　and　thus　to　enhance　the　mechanical　reliability　brought　into　LSI

lnterCO1〕rleCt　StrUCtUreS，


