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OREICELTEZOMRZERZLEL. AITS5 70+
RIZFT BT LICKPBEREERTEBHEET HIHE
NHdLBhbhd,
[0047])AITS5TO0EADBEIZIFEMTED A
LIZERLTWR3IDONZ LA, AIDEDHAHZTOER
TTEBOABEEZDHOMNELT D 0, TR
ERETHIOEREZENEBLEERT IEENES
PEARITKFELTVEDT, ThoZ2EELELTO
NERLERIZE>TVWEIMNIEEZET,

[004 8] SEDAIIBNHAAKCD [Tk BHAIEHAH
FFEEEEZEBRLTVEVHLLIOERTHY. =
DEMETHBELILEIFEZ BV, WEFTHRRTEL:
NEDERRLTEZSE AN TSHTLERERERE
ZAHDITT. BEBZEOHREICK > TAIRFOBHIZH
EEAH LB YIZENTEIWTSFITHERTEMm S
MRELELET B EEEB L,

[0049) LItD&KSIZ. WISTIZEREHT, £
DIEEHICET ABEIZDVWTHRRTE, WIS
KO TCEMMMHENMETT B L. TORRANPAIRFDORE
BAWEHA TTERICLS Z &L ERELAETOER
EhThHEIEERALMIZLI,

[0050] Lt=A>T. AIRFOBEICTEHER
SELBNWCELERETEBET L ENATFELL,
oDl elE. WISTIZRRLT . %0 A % JLERHRIC
RITHERADEMMHEZEZEZA S L THBRETHD &
EZZ 5%,

[0051]) RIZ. AEHEDRE 1 OF EREIERPKRLE
BEH1BLUR2I2&>TEHBT %,

[0052) H1ICIX, EWICFETICIEEAET S5 1 BE
BM1 LE2BEEM2 LN, TORMADOER YFEEIC
BLTT1EOEHRATHI #BL CERMNITERIAT
WDRENTEINA TS, COE1BEEMI BLUE
2 BERMHMM2 OEREEE. EEFELL., HZIFE0. 6 um
BETHD,

[0053) F/z. H2IZ(F. R1DI—1#ROEEE
ARENTUND, FEEEM T, FIRIESIBEEBERN S
Y. TOXELEDOFRFHEMBEEBICIEATEDYF ERETRE
EBRFEFIERIN TN,

[0054) FEFXEKR1DOLEICIE, HIZIEZEBIEY
Jyay (Si0,) EhoEdEBE2ABEIATEY.
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ZFOLAIZE 1 BEREM AEESh TS, CDE1
BEHEMI (L, BAREMIa~MITATENSIBIZEAE
RAbhTEEREIh TS,

[0055] R TEOEKEMIalE, FIAIEEELTE
1BEHEM LigiE2 L oEEEESH. HhD. BiR
EMla L BIZBIFEBEEOEREMIbERRT 510
DETHY. FIZETIEIDLES,

[0056])] EXEMIb, MIflE, BIZIEEELTR
LRATA 5 L— 3> (stress migration) (- & B8
BOWBTIRZHILET EE-HDDN\)T7ETHY., HZIE
TiNEA S5, BEREMIcE, T& LTEEKEMICOD
TRBICEFREBEEDEFREMIIEZRRT 5-0DETH
Y, BIZIETIiNSHS,

[005 7] EREMIAE, BROETEHEZERT DB
THY. BIZIFAIFE=IFAI—Cu—-Sid€EIDLHE, &
KiEMelx, BIZIETIiNDHE 5,

[0058] £ 1EEEMI [F. BEHEZESIIZE-T
WEEIN TS, COBMEBRERIIREIE, HIZESI0FMN
5155, COEBMBBREISOLAIC. F2EBE/EM2 AN
BRI TS, F2BREM2 (&, EEREM2a~M2e
DTEMNSIECEAERLONTERIN TS,
[0059] RTEBOEREM2alE, FIAIFEEL L TE
1BEEM2 EERBEES L DEBELEES O, HhD.
BAREM2aD LBICRFHEEDEFREMDERRT S
ODETHY. BIZILTIENSHE S,

[0060]) EEKEM2D, M2elk, HIZIEXTELTRE
LARA T L—YavEIC L PEBEOMBTRBREHILEYT
520D\ TETHY., FIZETIN EHSE5,
[006 1] BAEM2IE, & L TERKEM2cD LE
ICBRIFHIEEDBAREM2ERET 5-0DETHY.
BIZIETiAnDHED, BAEM2IE, REOTELREEAR
THETHY. BIZIEAIFE=IFAI—Cu—SiEEEI LK
%,

[0062] #HEATH (X, BREMBBEEIIZTA LY
VYIS T4BMBLEUVRSATVFUOITEDTYFUY
Hfffick>THEEIh, COEEILTHI NI, E2B
BLigDEIREM2a, M2bH & UHEIABIRIEM3 A EOA
ENTHREEATNS, COEABKEMS (X, HIZE
BUTRATFUFEREIR VIR TUEBEEDL S B2 VYT
ATURDBERENSHY ., FIZETSr Y bW
CWD BETyFNYIREDMAEDLEIZLE YR SH
TW3,

[0063] ghbt, BELTHI NICIF., BREE
HEERTIAEEERDZEBIMERINATHEY ., F1
BEHEM] LE2BEREM2 EORBICESEATHI 28
CTERER LIEBIC, BIREM2a, M2boEAEHKE
M3 MEMIZ & DAIRFDRNEELT 5726, EHTL
TH1 L5 1BREMT B &L UE 2 BEHEM2 OFRET
AMEFOFRNDNTERE > TS,

[0064] L2AT, AXREDOHE1ITH LTI, #

BARTHI ITBVWTERORN D ARICERT 2H5ED
RIYHA, ERORNEZARICKELGFRANDRSX KUY
LRAEBEREINT NS,

[0065] F%bhbE., EHEATHI CBVLWTEROR
NAARICEEZEOEEN. ERORNSARAICKE
HEOEBIYIRECHEDLSICEREINATLNS, &
niT&Y., ERATHI BRICEVTEREIRSIED
CENTE, BHEATHI BLUZTDREDERZEHS IS
BLWCERBEENBFMICEEELLLIOEMGT S
ENTEELE BTNV,

[0066] T8, BEMRICEVTEHKATHI »
SEFNAFENETEHFACOABEFOBEEMZ S &M
TZE5DT., EHATHI OEBEIZRAS FAEREShT
LESOEMHTHENTAREE LD, T BRRIC
BLTERTHI [CEFHIRNACEHFRTOAIRFOE
BEIZZ2EMNTEZDT, EHEALTHI OEEICE
Oy RARESNTLES DEIFHTZ I ENTREL R
%,

[0067] Thbb, BERR (EREHS L TERILER
) IZBIT5EMMEZM ESEEIENTESLDT,
FEAREEORLEBOEEESLUSBY 2L ES
ZENTREE R D,

[0068) (EhDHE2) M1 1FRFEADMDE
HOMETHIFEREBRRBRESORERROENFE
HTHb,

[0069) KEBMME2(ZHLNTIE, M1 1IZRT
K5I, F1BEKRM LE2EBERBEM2 LOELYE
Wiz, FlZIEE 1 BREM] EE2BREM2 L2EXR
MICHERT 5-OIC2ADEHKALTH2, TH2 AERES
NTWdEELIZ, TO2EDEHKITH2, TH2 KE
ROFNDZARICKH L TEXRTSHARICHE>TEESL
TWb, 4. MEEETAEERORE 1 OHBETH
WR2 ERULGEDTHRBELERT 5,

[0070]) ghabb. XEEOBE2ICELNTIE, #
1BEREMI EE2BEHEM2 L EBERMICERT 518
BAICBVTCERORNSIAMICEEGCEOEEN. &
ROFNDZAMIKELEAOERBELYERECHEDELS
ICHRFLTH2, TH2 AREBESA TS,

[0071] CThiIT&Y., BHELTH2 BARICTEWVTE
RENHSEDIIENTE, BRATH2 BLUZDE
FEORBHEAICEVWTEREENRFNICEEEL LD
DEMHTH EMNAEEE E > TV S,

[0072] SO, BEBRICEVTEKATH2 »
LEFNRNETERTIE. AIRFOBEZINASZ &
MTEDLDT., A FOREEIH T ZZ ENTTREE R
%, Ffz. BBRERICBVLTERTH2 [CEFARNMAD
BT CIE. AIRFOEEZMZAS2ENTEDLDT, £
Oy DFREFNMHTEIENTREEL S,

[007 3] LzA>T. BERICHEITSEMAEZER
LESEBHIENTELDT, FERERBOBREBEDIEHE
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UELUSBYZALIEEZENTAREEL D,
[0074) (EHEDWMES) K1 2IFAFKBEDMDE
EOMETHLHFERERRREEDEFROERFE
HT#Hb

[0075)] RERDHBEIIZEWLNTIE, EVICEEIC
EET 2% 1 BEREM EE2BERBEM2 &N ZOR
FOEGZYBHBICENT 1EOEKALTHS 2B8LTE
SHICEHEISNATOLDIRENTEIATWS, BH. HE
BEFAIREEROKEE 1 DOHRETHVW R 2 LEELED
THEAZEKRT 5,

[007 6] F¥=. AEHEDOHEIIZELTIE. TEOD
F1RBEREEMI OAN, LEBOFE 2 BEMKEM2 LY LM
(EREhTWS, LT, ERATHI [CHLTERR
IBOMLE 1 BEEMI IZFNI2BEROARICERT S
FRADESXDAMNLEIZEVWEMAENELNERES
IZRO SN, EBEATHI BV TERGIEDLENE 2[E
BEHEM2 [CHN 2 EROFAMICERT H2AANOERIY
. TORSIXELEASENTIULDRESICH S K S5125
EINTLS,

[007 7] T7bbt, REBOHES TIL, BHEAT
H3 [ZHE L TERFIBEBOHE 1 BEREMT ISR SER
DFEICEELEOEEE EMREARET &S IZH
ELTWL3,

[0078] Ff-, #HEATH3 [TBLTERFIEBEDLEWN
F2EERBEM2 [CRNIEROARICEE @O EE
F. 51 BREMT [CRNIPEROARICEEL@OE
BEYELRELHBEIESITHRESNTLEIDTE 2 [ER
BM2 BITOEGEATHS OEMMMEEEET HL 512
HEINTLDS,

[0079] ChIZkY, EEATHI BRITELVTE
REBFIZHBMSBLIENTE, BHEATHS LU
ZOREOERBRDICEVWTERBENBANIIEERE
ERBZOENMHITEIENAREE T O>T LD,
[0080] CDf=¥., EHMRICENTHEMRA T HI »
LEFARNETERTIE. AIRFOBRHZIMZ S L
MTEDDT, KA FOREEZNFIT LI EMNAREL R
b, Fiz. BRRICBEVTERT HI ICEFARNIAD
B G, AIIRFOEEZMZ 2 EMNTESLDT. £
Avy DREEMENT L EMNAEEE H D,
[0081] gL, BBRICHITHEMmMMEZERL
TEBHILENTEDLNT, FEREBERBREBEDISENE
BLUSBYZRLESE DL ENTAREL 12 5,
[0082])] (EHEDHESL) M13~H18DELIE
AEBEDMDERDREET H S F BARERBREPBLES DR
BROEHTARTH D, BH. AEBEOHESLIZHL
T, B13~F18NERDHFIZHLTEZERDINAE
IFHIREREDOHEI LR L THD., £, WEEE LA
REROME1DOHRETAN:R2 LR LAEDTHEAZ
EHET B,

[0083] J'. K1 3ITRIEHENHEEIZEFNT

(X, F£1BEEM LE2BRMHEM2 EOELY BEE
2. FIZIE4EDEGEATHLE AEABRKEFORSA
ICEBEIh T,

[0084]) ZOHE. EHEARSIDHREDNLAITAE
EHEDOMEILRLTHD., THhE. RIGIEOHE
1BEREM] ISENDP2EFROARICERT S A RDESR
LEEDANSEICEVEMMHENEONZESITRD
S, ERIBOLEVE 2 BEREM2 ISTENE2EROFR
[CEXT 2AROEGLRESE. 81 BEREMI ITHRA
LEROARICERT 2ARDEHRARS LRIZICHTE
ThTW3,

[0085] B, CCTHE2EBEBEM2 ITHISE
ROAMICEXRT 2 ARAOEGKARSES L UE 1 BER
M1 [SRN S EROARICERT 2AROEHKARS
X, £IZ2EDEHALTHL O—BOMELE>TWNS,
[0086] XkIZ. M1 4ICRIERDOBEICENT
X, £1BEEM LE2BEREEM2EDER Y FEE
2. FIZIL6EDEHRALTHNEARREFDORAIC
BEEINTWS, ERIARSOEREDLAITHIRERED
HESLRELTHD,

[0087] #=#2L. CDHF&IF. EMTEDHNREE
BLERAMLTAIE, £ 1BEEM OEASEIZ2HE
DEHILT HS AERESN. F2BEHKEM2 DOigAMIC
SEDEMILTHL NEESNTVIDEEZELLLEST
W3,

[0088] Lfzh>T. ERIBDIELE 2 BERHRM2
ICRNDBEROARICERT 2ARADERILESIE. F
1BEREM] ISRN2EROARICERT 55RO ER
ARESKYER(ERESIATLS,

[0089] k. CCTHFE2EEMBEM?2 ITTNDIE
ROARICERT HARAOEHRARSIE. SEOEHKIL
THS O—LOFMTHY . F1BERHEM [SRNDHER
DARICERT 2AROERKARS T2 BAOEHKALTH
5 D—BOFMELE->TWS,

[0090] XIZ. B15ITRIERDIBEIZE T
X, E1BEHEM] LE2BEREM2EDERY M
2. BIZIE3ADEHEATH 7AEFTAEFRLFRDELE
DHEHS L VAICRESA TS, EHRAESORE
DRAIFHEEEDOHEI ERLELTHS,

[0091) COEAIE. EMAEDMEEZELER
FEInIE, £1EBREM] OEAAIC2EOEEALT
H6 AERRE SN, F2EEHEM2 OIEARIC 2 BEDHESR
LTHE NEESATWLWSIDEFLLLEH>TLS,
[0092] Lz > T, EHRIBDIALVE 2 [BERHEM2
[CHRNZ2EROFMICERT 2HFADEGARSIE. 5
1BEREM ISRN2EROARICERT 5 A MO ER
RS EAFIRESATLS,

[0093] H4dB. CCTHFE2FBEBEM2 ITTRNDIE
ROARICERT 2ARAOERARSE. 2EOEKIL
THE6 O—ZOFMTHY . F1BERHEM [TRADHER
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DAAICERT 2AROEGARSIE 2 EOEGKEIL TH
6 D—LOMELE>TWD,

[0094]) &Iz, H1 7ISRIEBOREIZENT
X, £1ERHEMI tF1BREM2EDER Y MBI
12, BIZE2@EOEGEATHT AEVIZHOHARIZGE
TEHLEICBESIN TV, ERARSOEREDLEAIE
BIEEEEDHEI LR LETH D,

[0095] CHBAIE. 2EDEHKALTHT A, F1
BEHEM] BLUE2BREM2 OELICEWNTZOIE
FARIZTNTEWVICROARICE DL S ICRESNATL
%, CO=&., BRIFBOLEVE 2 BEHEM?2 IZFN5E
ROARICEXRT 2 ARAOEHKLRS . 5 1 BEKEM
1IN EROARICERT 2ARDERAES &F
ZIZHRESINATWLS,

[0096] BH. CCTHE2RBEBEM2 IZFNDE
ROAMICERT 5ARAOERILES (X, 2 EOELKL
THT O—AQFMTHY . F1EBERHEM] ITRNDHER
DFEICEXRT 2FROERIAR ST 2EOEKIL TH
1T O—AOMELE>TWS,

[0097]) &Iz, B1 7IZRTEHOBEIZENT
%, F£1BEEMI LE2BEHEM2EDER Y FEE
12, BIZIESEDEEATHS A=ABKROKBFLOKX
HADBERICEEINTLS, ERARSOREDILAIF
AIRCEEDHES LRLTHS,

[0098] fzfZL. COBEEIF. BET HERATH
8 MNE2BEMM2 ISHRNIERARICH> TERLEIC
BEEINTELT.,. EVIROARIZCTIATHRET &
SIZBEShTWS, TLT. EMMHEOMREEEEL
ERAEZIAIE, F1BREM OFARIC 2 EOESR
LTHS AERESN. F2EREM2 OEARIZIED
BHEATHS AEBEINATLSINDEEZELL 2TV,
[0099] LfzA>T. EIRIEBDIELVE 2 BELHEM?2
ICRNZ2EROARICERT 2ARADERILESE. F
1BEHEM 1SRN D2EFROARIZERT 5 AR DERR
ARESFVLR(EESNATLS,

[0100] B, SCTHOFE2EBERBEM2 ITHRNIE
ROFRAICERT 2ARAOEHRILRES (L. 3EDEKT
TH8 O—ANFTHY. F 1 BEHEM ITRNLDER
DFEICEXRT 2HFROEGARSIE2EOEGALTH
8 D—ADMELE>T WS,

[0101) RIZ, B18IZRTEHOBEIZENT
%, £ 1BEE/EMI LE2BEKEM2EDEL Y FEE
2. BIZE4EAOEGEATHI AETEIDBKROKEFL
DXEDERICEBEEIN TS, ERAESOREN T
HIEHTREROBEI LA L TH S,

[0102] =f2L. COHEIF. BETIERATH
9 AE 2 EBEMEM2 TN SERAMITHA > TEBKRLIC
EBESNTHELT. EVIfROABICTATHET S &
SICEBIA TS,

[0103] #LT. EMTiEOMEEEELLRA%

FTHIE F1EBEHREMI OIEARIC2EOEKALTHI
AEREIN., F2REHEM2 OIEAMEIC4BEOEHKALT
HINBRBINTWLWANDEELLH-2TWS,
[0104] LizA>T. EERIBDILLVE 2 [BELHEM2
[CHRNZ2BEROAMICERT 2HFADEGARSIE. 5
1BEREM] ISENDP2EFROARICERT S A RDESR
ARSLYBHLREESATLS,

[0105)] LLEDKSHRK13~K18DEREDHEE
I2EWTH, FIRREREOMEILRLCL. BRRIZSIT
HEMMMEZRELEESEDZENTEDDT, FBRETR
EREBOEEESLUSBYERLSELIENTE
BEVSINBEBDIENTREELE DTS,
[0106]) (EENHES) M1 9EARKEDMDE
BOMETHLFEREERREEORBROELNFE
HTHb.

[0107) REHEDOHESIZEWLTIE. 1 9IZRT
£, EWVIEXT 55 1 BEHEMI &5 2 BRHEM
2 ENEZATHI0ZE L TERMICER I TV,
[0108) AEBEOHESIZEWLWTEH, HIZIETED
%1 BEHEMT OAN. LEBOFE2BEHEM2 KLU LA
(HEEhTWD, . HMEEEILATEEBROREE 1
DEHATHWZR2 LRILEDTHAEZERET 5,
[01009]) f=f2L. XERDHRESIZEWLTIE. fflZ
(X5 2 BEIRM2 DI, TROE 1 BEHEM] DX
& FATICERYES & 512, B1EBEBRMI OEES
MICEVUTHERIATHEY . EVCETICERYVESSE
2 BEHREM2 OEEIS LEFE 1 ERREDEL Y EEIC
2 EDERIL T H10AYEE 1 BEIEMT DigAMIZR> T
BEEIhTWLD,

[0110]) bbb, XAEEOBESICEWLNTIE, E
WIEXTHARICEUSE 1 BREMI L5F 2BER
M2 EDERREEBICERILZERELET. TALATE
TICRET HEEZHE L TEOEBICHEKATHIOR
BEELTWD, InlckY., #EGEATHIODEREIZKEL
T. HIREEREOHBEIDLS L2 AADERREEET S
DBENGELBEDEDT, ERATHIODRES L VEEZE
BHICT D ENTREELD,

[0111])] LEzA>T, REBEDOHES ITHEWLTIE.
EHEATHIODEBESIL. F1BE/EM1 FzdFE2
BRHEM2 OLWThAM—FDERNDS B, ERDELVA
[CESVTHEETNIERL,

[0112)] CO&LSIT. AERDOBES ITEWLTIL,
AISEEROTE 1 THEONEDNRDMIZ, EBHEALTHIO
DRESLVEBEZBZICT DI ENAREELEDEWLD
REBDENTEEELD,

[0113) (EkniEEe) W20 (a), (b) X
AEADMOEROETHIFERERRBEBENE
EEER. K2 1~K241EK20 (a) OFEFRER
EREBORBROMBRIBPICE TLERHMERTH
%,
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[0114] REBEOTEGDFEAREBRBESICH
WTIE, B20 (a) IZRT&KIIC. F1BREMT |
EBHATH! 98K UVE2BEREM2 OEENIGEE
HEORE1DEBEL ERG D, ThHbbE. F1BERM
11X, BREMIg~MTINTEMNSIEICFEAERONT
ElEh, £2BEHEM2 (L. BIEAEM2g~M2iNTE
MoJEICEAERONTHERIN, 52, BHEATH
1 NICIEE 2 BERE 2 DBEAREM2H & CIERABKEM
3 AEHRAFEN TS,

[0115] £ 1BEREMI [2HBTIRTOENERKIE
Migld, FIZIEEE LTE1BEBKEMI LiEgGIE2 ~0
BEEEESH. "D, BEREMIgD LEICEGREED
EREMIERETD-ODETHY . FIZETIEEE
TiNENDLHDL, £z, PEAOEVEEKEMINE, &
BROTEREHERTLIETHY. HIAIEAI, Al —Cu
EEFELIFAI—Cu—-SiEE£EN LD, RLOFWNEK
EMTiE, FIZETINDS RS,

[0116])] E2EBREM2 ZBTH2RTOENERKE
M2gl, BIZIEEE L TE 2 BEHEM2 - BRIMZEES
EDEERERD. MO, BREM2D LEICRIFLIE
BOBRKREMNERRT 5-ODETHY . HIZIETIE
T i NERETIET i NEDBERBEENMNH D, £
f-. PRIOENEKREM2hL, BEHEOTEREERT S
EThY. FIZIEAI, Al —CudLEIFAI—Cu—Si
BEENLH D, REDFWNEEKEM2i1X, FZILTIN
N5,

[0117] #EHEATHI RIZE T HEAEFREMI
. BIZIER VTR TY (W) FREZFVITRTUES
EhohiY, BT EL51Z, FIRETSory kW
cOWDEETYTFNAY I EEDHAEDOEICI YRS
NTWB, LizA>T, RAEBDOHE6 DIHFE L EKTL
TH1 RIZ, BBEEBEERT HA (EREREM2h, M
1h) ELIFELGDZEENMEDRAERLTND, ZDH. &§
1EBEREM LE2BERHEM2 & ORICEER S - &k
ATHI ZBLCTERERLEBIZ. BAEM2gOHERA
BAREM3 NEMIZK BAIEFORNZEHIET 7=,
BHEALATHI £ 1BEHEMT BXUE 2BEEM2 &
DRETARFORNDSTERE 4D,

[0118] LML, AEEDTEGIZHELNTH. R
EEOME1I~5D0NVTIANERLLSIZFTEHI LT,
BHEATHI S9ICBVTEREDRIEDLIENT
EERATHI BLUZ0OREOEZEHIIZENTE
REENBFMICEEELLLOEMGTSHZ LA HH
Lo TWS, Tz, BFER (BRH L CEGEILE
M ITBVTEEATHI ASEFARNETERTD
AMBEFOBBZMZSEATE, BHEILTHIT OEE
IZHRA FHAERESNTLES OEMHT 5 EMNATEES
BoTW3, Ff, BFERICEVTERTHI IZEFH
FNATCERMCOARFOEEEZNZ S ENTEDLD
T, BHEATHI OEEICEOYIABEEATLED

10

DEMHIFTEHZ EAAIEEE L > TLVS,

[0119]) LzA>T. KEREDOHEGICEWLTE.,
FBREBOREEZERT HERRDEMAEER L
TEBHIENTELDT, FERERRREBEDEEN
BLRUSBYERLS LT ENTREE LD,
[0120] &I, K20 (a) OFEAREBERBLES
DHEETEEZ—HILE L TERADEDAAFZEH 21
~K24(2k>THBAT S,

[0121] @21 FFEFREROBREEOHETIEH
B ITHESMEEZRL TS, FERERTE. HlZ
IESiBEFERNSHY ., ZOETELOFRFREEEICIERT
EDOFEHREBEBRRFIEEINA TN S, FEEER
1TOLE@EICE, BIZFEZEIES )Y (Si0) Ehoi
LIEBE2 AR INTEY .. TOLEIZE 1 BEREM
1 ARSI TS, COE1BREM! (X, BKEM
Ige~MIiINTEMSIEICEAERONTERASATY
%, Ff-. #EBE20LAICIE. FIZIE=EBIESY Y
(Si0) EM LG LEBHEMEBREINBREINTESY., =
hizkY., E1EBEHEM] OREIEBEIN TS,
[0122) 9, B2 2I2FRT &5, EBREHEEZES
DFREDMEIC, F1BEEM OLE (EHREMIiD
L@ PEBEHTDIISHBEKEALTHI 27+ UVTS
TAEMBEVRSATyFUIEMCIE>THEAT
%o

[0123]) #WLWT, 2 3ITFRT &£5I2. PEEKEIR
1TEIZ, BIZIET i £IET i NEM LR EENEKRE
M2gZ# RNy B U EFICK>TRRLEZER., TDOE
WEKEM2e EIZ, BIZIER VT RTUERIFZ VIR
TUARENLLIENEAEKRIEMS #CV DEEIC
KO THRT %, COBRMTIE, HEABKEMI (FiEkK
ATHI ABEUVEREALTH! ONBIOEEICHEERS
hTWha,

[0124] HAEKEMS QOEENEHALADE |
ND1/2&YBKRECHEDELSIC, CVDETHERT S
CEITEY, BEATHI RICIEABRKRENEDAFEN
%o

[0125] zD#%. TOEAZERKEMI O LEEHZE.
BlZIZCMP (Chemical Mechanical Polishing ) &%
FIFERAUD RSATYFUTERICE>THRET S L
I2&Y., B24I12FT &S5, EAEKEMI ZiEkHd
THT RIZOA%E S & 5129 5, HEH. STl ER
EM2eABRIEZIES EICES L SIZL TS,
[0126]) ZM#%. M2 0IRLELSIZ, BIKEM
2e & UHEHRAEKREMS LIz, HIZIEA T, Al —Cu
EE€FEIEFAI —Cu—S i AEMNLHEBZENERKRIEM
hERIV A Y TERFIZEKYBBRLI-R., TOLE
2. BIZIET | NENSEDBVEREM2iZ RNy 42
YUTETRKL., 5120 ZOEKENN, M2i%E T+
F)VITS T4 EMBLIVRSA Ty FUIEMICKL-
TIRE—Z 5T B LICKYE2EBEEM2 2K T
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%,

[0127]) 4. @20 (b) [TRT &S ICEAERK
fEM3 . A I THE (A1 75%4) LTHLRL, Bk
fEM1g, M1i, M2g, M2il&, TiFEEET i NEEIKTI
ETINEDHEEEZTHERIND, CDIEEL. ER
ATH! BLUBRKREEREERATIA | (EREM2
h, M1h) &IXEHZHEI ST DEREM2g, M1i%E
NLT. BREERZHEBTHA B (ThbL, B
fEM2h & BIKEMThE DORE) MRS N D, SOz,
F1EBEREM] LE2BREM2 EOMICHRA SN
WATHI ZELCTERERLEEIC, BEKEM2g, M
1TIMNEMIZEZA | BEFORNERIET 5786, EHET
THEE1BEREMT B LUE2BEHREM2 EORET
Al BFORNOTERE T D, LH L. BIEEROR
EB1~500VTINERLCESIZTHI LT, BHRICE
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(54) [Title of Invention] Semiconductor Integrated Circuit Device

(57) [Abstract]

[Problem to be Solved] The goal is to provide a technology that can improve the EM (electromagnetic)
resistance in connection holes for interlayer wiring and in their vicinity.

[Means for Solving the Problem] In the connection hole TH1, the length Y in the direction orthogonal to the
flow of current is formed longer than the length X in the horizontal direction of the current flow. This allows
the current to be dispersed in the connection hole TH1, making it possible to suppress the local high density of
current density in the connection hole TH1 and the adjacent wiring portions.

Fig. 1
M2 THI M1
SR N
Fol ]
]
]

M1: first layer wiring
M2: second layer wiring
TH1: connection hole
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[Claim 1] A semiconductor integrated circuit device, wherein a connection hole is arranged in an
overlapping region of two layers (upper and lower) of wiring arranged parallel to each other, electrically
connecting the aforementioned two layers (upper and lower) of wiring, and the area of the surface that
intersects the direction of current flowing through the aforementioned wiring is larger than the area of
the surface that follows the direction of the current flowing through the aforementioned wiring.
[Claim 2] The semiconductor integrated circuit device of Claim 1, wherein the length of the connection
hole along the width direction of the aforementioned wiring is longer than the length along the
longitudinal direction of the aforementioned wiring in the connection hole.
[Claim 3] The semiconductor integrated circuit device of Claim 1, wherein the connection hole is
composed of multiple connection holes arranged along the width direction of the aforementioned wiring.
[Claim 4] The semiconductor integrated circuit device of Claim 1, 2, or 3, wherein a conductor film or
an aluminum alloy made of a material different from the main material of the aforementioned wiring's
main part is embedded within the connection hole.
[Claim 5] A semiconductor integrated circuit device, wherein a connection hole is arranged in an
overlapping region of two layers (upper and lower) of wiring arranged parallel to each other, electrically
connecting the aforementioned two layers (upper and lower) of wiring, and the length in the direction
intersecting the direction of current flowing through the aforementioned wiring is longer than the length
in the direction along the current flow through the aforementioned wiring.
[Claim 6] The semiconductor integrated circuit device of Claim 5, wherein the connection hole is
composed of multiple connection holes arranged along the width direction of the aforementioned wiring.
[Claim 7] The semiconductor integrated circuit device of Claim 5, wherein a conductor film or an
aluminum alloy made of a material different from the main material of the aforementioned wiring's main
part is embedded within the connection hole.
[Claim 8] A semiconductor integrated circuit device having a connection hole arranged in an
overlapping region of two intersecting layers (upper and lower) of wiring, electrically connecting the
aforementioned two layers (upper and lower) of wiring, wherein, in the aforementioned connection hole,
the area of the surface that follows the direction of current flowing through the wiring with a relatively
smaller cross-sectional area among the two layers (upper and lower) of wiring is equal to or larger than
the area of the surface that intersects the direction of current flowing through the wiring with the
relatively smaller cross-sectional area.
[Claim 9] The semiconductor integrated circuit device of Claim 8, wherein the length of the connection
hole along the width direction of the wiring with the relatively larger cross-sectional area among the two
layers (upper and lower) of wiring is longer than the length along the longitudinal direction of the wiring
with the relatively larger cross-sectional area in the connection hole.
[Claim 10] The semiconductor integrated circuit device of Claim 8, wherein the connection hole is
composed of multiple connection holes arranged along the width direction of the wiring with the
relatively larger cross-sectional area among the two layers (upper and lower) of wiring.
[Claim 11] A semiconductor integrated circuit device as described in Claim 8, wherein a conductor film
or an aluminum alloy made from a material different from the main material of the aforementioned
wiring's main part is embedded within the aforementioned connection hole.
[Claim 12] A semiconductor integrated circuit device having a connection hole arranged in an
overlapping region of two intersecting layers (upper and lower) of wiring, electrically connecting the
aforementioned two layers (upper and lower) of wiring, wherein in the overlapping region of the
aforementioned two layers (upper and lower) of wiring, one of the wiring's leading ends is extended
parallel to the extending direction of the other wiring, superimposing both wirings, and that the area of
the surface intersecting the direction of current flowing through the aforementioned wiring in the
aforementioned connection hole is larger than the area of the surface along the direction of current
flowing through the aforementioned wiring in the aforementioned connection hole.
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[Claim 13] A semiconductor integrated circuit device comprising two layers (upper and lower) of
wiring, an insulation film formed between the aforementioned two layers (upper and lower), and a
connection hole formed in the aforementioned insulation film for electrically connecting the
aforementioned two layers (upper and lower) of wiring, wherein a first wiring of the aforementioned
upper layer is configured to be electrically connected to the lower layer of wiring through a first
connection hole having a first length in a direction intersecting the direction of current flowing through
the aforementioned first wiring, where the aforementioned first length consists of the reference hole
diameter for the connection hole formed in the aforementioned insulation film; and that a second wiring
of the aforementioned upper layer has a width of the overlapping region with the aforementioned second
wiring and the aforementioned lower layer of wiring that is larger than the width of the overlapping
region with the aforementioned first wiring and the aforementioned lower layer of wiring, and is smaller
than twice that width, wherein the aforementioned second wiring is electrically connected to the lower
layer of wiring through a second connection hole having a second length greater than the
aforementioned first length in a direction intersecting the direction of current flowing through the
aforementioned second wiring.

[Claim 14] The semiconductor integrated circuit device of Claim 13, wherein a conductor film made
from a material different from the main material of the aforementioned wiring's main part electrically
connects the main part of the aforementioned upper wiring and the main part of the aforementioned
lower wiring through the aforementioned connection hole.

[Claim 15] The semiconductor integrated circuit device of Claim 13, wherein the aforementioned
conductor film is embedded within the aforementioned connection hole.

[Claim 16] The semiconductor integrated circuit device of Claim 14 or 15, wherein the aforementioned

conductor film comprises a titanium-based first conductor film and a tungsten-based second conductor
film.
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[Claim 17] The semiconductor integrated circuit device of Claim 13, 14, 15, or 16, wherein the length in
the direction intersecting the aforementioned first length of the aforementioned first connection hole is
greater than the length in the direction intersecting the aforementioned second length of the
aforementioned second connection hole.

[Claim 18] The semiconductor integrated circuit device of Claim 13, 14, 15, or 16, wherein the planar
area of the aforementioned first connection hole is approximately equal to the planar area of the
aforementioned second connection hole.

[Claim 19] The semiconductor integrated circuit device of Claim 13, 14, 15, or 16, wherein the direction
of current flowing through the aforementioned first wiring is parallel to the extending direction of the
aforementioned first wiring, and the direction of current flowing through the aforementioned second
wiring is parallel to the extending direction of the aforementioned second wiring.

[Claim 20] A semiconductor integrated circuit device comprising two layers (upper and lower) of
wiring, an insulation film formed between the aforementioned two layers (upper and lower), and a
connection hole formed in the aforementioned insulation film that electrically connects the
aforementioned two layers (upper and lower) of wiring, wherein a first wiring of the aforementioned
upper layer has the minimum wiring width of the aforementioned upper layer and is configured to be
electrically connected to the lower layer of wiring through a first connection hole having a first length in
a direction intersecting the direction of current flowing through the aforementioned first wiring; and that
a second wiring of the aforementioned upper layer is configured such that the width of the overlapping
region of the aforementioned two layers (upper and lower) of wiring is greater than the minimum wiring
width of the aforementioned upper layer and smaller than twice the minimum wiring width, wherein the
aforementioned second wiring is electrically connected to the lower layer of wiring through a second
connection hole having a second length greater than the aforementioned first length in a direction
intersecting the direction of current flowing through the aforementioned second wiring.

[Claim 21] The semiconductor integrated circuit device of Claim 20, wherein a conductor film made
from a material different from the main material of the aforementioned wiring's main part electrically
connects the main part of the aforementioned upper wiring and the main part of the aforementioned
lower wiring through the aforementioned connection hole.

[Claim 22] The semiconductor integrated circuit device of Claim 20 or 21, wherein the planar area of the
aforementioned first connection hole is approximately equal to the planar area of the aforementioned
second connection hole, and that the aforementioned conductor film is embedded within the
aforementioned connection hole.

[Detailed explanation of the invention]

[0001]

[Technical Field to which the Invention Belongs] This invention relates to semiconductor integrated
circuit device technology, particularly concerning effective techniques for connecting different wiring
layers electrically in semiconductor integrated circuit devices.

[0002]

[Conventional Technology] To achieve higher integration and speed in semiconductor integrated circuit
devices, the miniaturization and reduction of semiconductor elements such as MISFETs (Metal-
Insulator-Semiconductor Field Effect Transistors) are being advanced, along with the adoption of a
multilayer configuration structure where wiring layers and interlayer insulation films are stacked.
[0003] Different wiring layers are electrically connected by connection holes. These connection holes
are formed by drilling holes in the interlayer insulation film that expose the lower layer wiring, with
upper layer wiring formed within these connection holes.
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[0004] The conductor film formed within this connection hole has conventionally comprised a single
film made of aluminum (Al) or Al alloys, resulting in a structure composed solely of wiring materials.
[0005] However, due to demands for increased device integration and the consequent miniaturization of
the elements and wiring, as well as further miniaturization of the connection holes, structures have been
adopted where the conductor film formed within the connection holes consists of not only conventional
wiring materials but also various other types of conductor films.

[0006] For instance, to prevent wiring disconnection failures caused by phenomena such as stress
migration, or to improve adhesion with the insulation film, a structure has been adopted where a barrier
metal, which is a material different from Al (e.g., titanium nitride (TiN)), is formed on the upper or
lower layers of the wiring or both. In this case, the connection hole has a structure where, in addition to
the conductor film made of Al, the barrier metal is also formed within the hole.

[0007] In addition, with the miniaturization of connection holes, it has become difficult to deposit
materials like Al effectively within the connection holes. To compensate for this, structures have been
adopted where a conductor film of a type different from Al, such as tungsten (W), which can be easily
filled into the connection hole, is embedded using CVD (Chemical Vapor Deposition) technology.
[0008] It should be noted that the structures of the wiring and connection holes are described in
publications such as "Semiconductor World," published by Press Journal Co., Ltd. on November 20,
1994, pages 152-157.

[0009]

[Problems to be Solved by the Invention] However, in structures where different conductor films are
formed within the connection holes, the flow of Al atoms due to electromigration (EM) becomes
discontinuous, leading to a greater likelihood of EM failures compared to the wiring portions.

[0010] In other words, when current flows between the upper and lower layer wiring through the
connection hole, the presence of different conductor films such as tungsten or TiN prevents the flow of
Al atoms due to EM, resulting in a discontinuity in the flow of Al atoms at the interface between the
connection hole and the wiring.
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[0011]

For that reason, at points where electrons flow out of the Al wiring from the connection hole, voids are
formed due to the movement of Al atoms. Particularly, as the diameter of the connection hole decreases,
even slight voids at the connection hole can lead to increased resistance or disconnection. Therefore, in
future wiring technologies, enhancing EM resistance at the connection holes will become an
increasingly important issue for the reliability of wiring systems.

[0012]

The objective of this invention is to provide a technique capable of improving the EM resistance of
connection holes and their vicinity used to connect wiring layers.

[0013]

In addition, the objective of this invention is to provide a technique capable of improving the EM
resistance of connection holes and their vicinity by embedding a conductor material or aluminum alloy
different from the main part of the wiring within the connection holes used to connect wiring layers.
[0014]

The aforementioned and other objectives and novel features of this invention will become apparent from
the descriptions provided in the Detailed Explanation and the accompanying figures.

[0015]

[Means for Solving the Problems] A brief overview of the representative aspects of the invention
disclosed herein is as follows.

[0016]

The semiconductor integrated circuit device according to this invention is a device wherein a connection
hole is arranged in an overlapping region of two layers (upper and lower) of wiring arranged parallel to
each other, electrically connecting the aforementioned two layers (upper and lower) of wiring, and the
area of the surface that intersects the direction of current flowing through the aforementioned wiring is
larger than the area of the surface that follows the direction of the current flowing through the
aforementioned wiring.

[0017] In addition, the semiconductor integrated circuit device according to this invention has a
connection hole arranged in an overlapping region of two intersecting layers (upper and lower) of
wiring, electrically connecting the aforementioned two layers (upper and lower) of wiring, wherein, in
the aforementioned connection hole, the area of the surface that follows the direction of current flowing
through the wiring with a relatively smaller cross-sectional area among the two layers (upper and lower)
of wiring is equal to or larger than the area of the surface that intersects the direction of current flowing
through the wiring with the relatively smaller cross-sectional area.

[0018] In addition, the semiconductor integrated circuit device according to this invention has a
connection hole arranged in an overlapping region of two intersecting layers (upper and lower) of
wiring, electrically connecting the aforementioned two layers (upper and lower) of wiring, wherein in
the overlapping region of the aforementioned two layers (upper and lower) of wiring, one of the wiring's
leading ends is extended parallel to the extending direction of the other wiring, superimposing both
wirings, and that the area of the surface intersecting the direction of current flowing through the
aforementioned wiring in the aforementioned connection hole is larger than the area of the surface along
the direction of current flowing through the aforementioned wiring in the aforementioned connection
hole.

[0019] In addition, the semiconductor integrated circuit device according to this invention comprises
two layers (upper and lower) of wiring, an insulation film formed between the aforementioned two
layers (upper and lower), and a connection hole formed in the aforementioned insulation film for
electrically connecting the aforementioned two layers (upper and lower) of wiring, wherein a first wiring
of the aforementioned upper layer is configured to be electrically connected to the lower layer of wiring
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through a first connection hole having a first length in a direction intersecting the direction of current
flowing through the aforementioned first wiring, where the aforementioned first length consists of the
reference hole diameter for the connection hole formed in the aforementioned insulation film; and that a
second wiring of the aforementioned upper layer has a width of the overlapping region with the
aforementioned second wiring and the aforementioned lower layer of wiring that is larger than the width
of the overlapping region with the aforementioned first wiring and the aforementioned lower layer of
wiring, and is smaller than twice that width, wherein the aforementioned second wiring is electrically
connected to the lower layer of wiring through a second connection hole having a second length greater
than the aforementioned first length in a direction intersecting the direction of current flowing through
the aforementioned second wiring.

[0020] In addition, the semiconductor integrated circuit device according to this invention comprises
two layers (upper and lower) of wiring, an insulation film formed between the aforementioned two
layers (upper and lower), and a connection hole formed in the aforementioned insulation film that
electrically connects the aforementioned two layers (upper and lower) of wiring, wherein a first wiring
of the aforementioned upper layer has the minimum wiring width of the aforementioned upper layer and
is configured to be electrically connected to the lower layer of wiring through a first connection hole
having a first length in a direction intersecting the direction of current flowing through the
aforementioned first wiring; and that a second wiring of the aforementioned upper layer is configured
such that the width of the overlapping region of the aforementioned two layers (upper and lower) of
wiring is greater than the minimum wiring width of the aforementioned upper layer and smaller than
twice the minimum wiring width, wherein the aforementioned second wiring is electrically connected to
the lower layer of wiring through a second connection hole having a second length greater than the
aforementioned first length in a direction intersecting the direction of current flowing through the
aforementioned second wiring.

[0021] Furthermore, the semiconductor integrated circuit device according to this invention electrically
connects the main parts of the upper and lower wiring layers using a conductor film and connection hole
made of materials different from the materials of the main parts of the wiring.

[0022]

[Embodiments of the Invention] The embodiments of the invention will be described in detail below
based on the figures (the same reference numerals will be used for elements having the same function in
all the figures, and repetitive explanations will be omitted).

[0023] (Embodiment 1)

Fig. 1 is a plan diagram of a main part of the wiring system in the semiconductor integrated circuit
device according to one embodiment of this invention.

Fig. 2 is a cross-sectional view of a main part taken along line II-II of Fig. 1.

Fig. 3 is a schematic cross-sectional view of a main part showing a wiring and a connection hole having
an embedded conductor film that the inventors examined.

Fig. 4 is a graph comparing the relationship between current density and EM lifetime with and without
an embedded conductor film in the connection hole.
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Fig. 5 is a graph comparing the temperature dependence of EM lifetime with and without an embedded
conductor film in the connection hole.

Fig. 6 is a graph showing variation in EM lifetime.

Fig. 7 is a photograph showing the failure location observed in a sample that experienced disconnection
in an EM test.

Fig. 8 is an explanatory diagram showing the flow of electrons in the event of disconnection as shown in
Fig. 7.

Fig. 9 is an explanatory diagram showing simulation results of the two-dimensional current density
distribution in and around a connection hole with an embedded conductor film.

Fig. 10 is an explanatory diagram showing simulation results of current density distribution in cases
where one and two connection holes with embedded conductor films are provided.

[0024] First, before explaining this embodiment of the invention, a description is provided of the
reliability issues concerning connection holes that connect different wiring layers, as examined by the
inventors.

[0025] The inventors focused on connection holes with a structure that includes an embedded conductor
film, such as tungsten (hereinafter also referred to as a W plug), and examined their reliability. (It should
be noted that the embedded conductor film inside the connection hole is referred to as a plug.)

[0026] Electromigration (EM) resistance of wirings made of aluminum (Al) or similar materials has
significantly improved over the past ten (10) years by adopting multilayer structures using appropriately
selected stacking materials.

[0027] In contrast, when W plugs are provided, a decrease in EM resistance is observed. A feature is
that the current density dependence of the wiring lifetime determined by EM becomes smaller compared
to flat wiring, and the lifetime in actual use conditions predicted from accelerated testing becomes
shorter.

[0028] Failure analysis results revealed that the imbalance in supply and demand for Al atom migration
caused by discontinuities in material along the current path, and current crowding near the connection
hole, are causing such reductions in EM resistance.

[0029] Therefore, preventing discontinuity in metal atom migration and avoiding current crowding are
considered as essential countermeasures. This is a common issue not only for W plugs but also for the
reliability of connection holes in metal wiring going forward.

[0030] Fig. 3 schematically shows the structure of the wiring and W plug evaluated in this study.

Both the first layer wiring M1 and the second layer wiring M2 are formed with multilayer structures, for
example, Al-copper (Cu)-silicon (Si) sandwiched between titanium nitride (TiN) and titanium (T1).
[0031] In other words, the first layer wiring M1 is formed by stacking conductor films M1a to M1fin
order from the bottom layer.

Conductor films M1a, Mlc, and M1e are made of, for example, Ti; conductor films M1b and M1f are
made of, for example, TiN; and conductor film M1d is made of, for example, Al-Si—Cu.

[0032] In addition, the second layer wiring M2 is formed by stacking conductor films M2a to M2e in
order from the bottom layer.

Conductor films M2a and M2c are made of, for example, Ti; conductor films M2b and M2e are made
of, for example, TiN; and conductor film M2d is made of, for example, Al-Si—Cu.

[0033] Inside the connection hole TH, conductor films M2a, M2b of the second layer wiring M2 and the
embedded conductor film M3 are embedded. This embedded conductor film M3 is made of materials
such as tungsten. The embedded conductor film M3 is formed in the connection hole TH by a
combination of blanket W/CVD method and an etch-back method. The wiring width is approximately
0.6 um, and the diameter of the connection hole TH is approximately 0.4 to 0.6 um.
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[0034] Fig. 4 compares the current density dependence of EM lifetime with and without the presence of
a W plug. The current density for both cases is that at the flat part of the wiring. It can be seen at a
glance that the W plug has worse EM resistance compared to the case without it. In addition, a
characteristic feature is that the current density dependence of the EM lifetime of wiring with a W plug
is smaller. Typically, the following Black equation is used to estimate the EM lifetime in actual usage
conditions:

[0035]t = A -jn -exp(Ea/kT)

where 7 is the lifetime, A is a proportionality constant, j is the current density, Ea is the activation
energy, k is the Boltzmann constant, and T is the absolute temperature.

[0036] In flat wiring where the influence of the W plug is absent, the exponent n showing this current
density dependence is close to a value of 2. However, in wiring with a W plug, as seen from Fig. 4, the
exponent n takes a value close to 1. There is still room for discussion regarding why the exponent n is 2
in conventional metal wiring, but a possible explanation is that the density of Al voids is proportional to
the current density, and the growth rate of voids is also proportional to the current density, which results
in the exponent n taking a value of 2. In the case of the W plug, however, the movement of Al voids is
interrupted by the W, so the density of voids no longer becomes proportional to the current density.
Instead, only the growth rate of the voids remains proportional to the current density, which may explain
why the exponent n approaches a value of 1.

[0037] Fig. 5 compares the temperature dependence of EM lifetime with and without a W plug, for
example, when the diameter of the connection hole is 0.6 um. The white circles represent the case
without a W plug, while the black circles indicate the case with a W plug. From Fig. 5, it can be
observed that in this Embodiment 1, the temperature dependence (activation energy) when there is a
connection hole (plug) is almost unchanged compared to when there is no connection hole (plug). In
other words, regardless of the presence or absence of a W plug, it is clear that the EM phenomenon
occurs within the wiring section.

[0038] Fig. 6 shows the variation in EM lifetime. The measurement conditions for this Fig. 6 were set to
approximately 200 °C and about 30 mA, flowing electrons from the first layer wiring M1 towards the
second layer wiring M2. It can be seen that the variation in the case with the W plug is small. This is
interpreted as the place where disconnection occurs being in a certain Al section near the W plug,
leading to less variation.
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[0039] Thus, due to the smaller current density dependence of the EM lifetime of wiring containing a W
plug, the estimated lifetime in usage conditions derived from these parameters using accelerated testing
is shorter. The simplest workaround is to increase the number of W plugs to reduce the current density
(more accurately, the current density of the metal near the W plug), but this comes with a trade-off
regarding the allowable layout area.
[0040] Next, the results of observing the failure locations of samples that reached disconnection in the
EM test are shown in Fig. 7. In addition, Fig. 8 schematically illustrates the direction of the current
(electrons) that was applied during this case. The measurement conditions for Fig. 7 were approximately
200°C, 40 mA, with a diameter of the connection hole of about 0.6 pm, and the current flowed from the
second layer wiring M2 to the first layer wiring M1 as indicated in Fig. 8, after applying stress for
830,000 seconds. It should be noted that in Fig. 8, the arrows indicate the direction of electron
movement.
[0041] As seen in Fig. 7, disconnection occurs in the downstream second layer wiring M2 in the flow of
electrons, and it is also near the W plug. When the polarity is reversed, and the current flows from the
first layer wiring M1 to the second layer wiring M2, disconnection occurred near the W plug in the
upstream first layer wiring M 1. From these observations, it can be inferred that voids tend to grow on
the downstream side of the W plug where there is no supply of Al atoms, leading to disconnection.
[0042] Observing the failure points like those in Fig. 7 indicates that disconnection occurs at quite
specific locations, prompting attention to the current density distribution within the wiring. The results
of a two-dimensional current density distribution simulation are shown in Fig. 9. For this simulation, a
voltage of about 0.01 V was applied at the left end of the second layer wiring M2, while the right end of
the first layer wiring M1 was set to approximately 0 V.
[0043] It can be observed that there is a concentration of current near the W plug, indicating areas of
locally high current density, which coincide with the disconnection points. This result suggests that it is
necessary to consider current concentration when establishing connection holes.
[0044] Fig. 10(a) and (b) show the current density distributions for cases with one W plug and for cases
with two W plugs aligned with the direction of current flow, respectively. The voltages have been set so
that the average current flowing through the wiring is equal in both cases. For the voltage settings in Fig.
10(a), for example, the applied voltage at the left end of the second layer wiring M2 is around 0.0138 V,
while the right end of the first layer wiring M1 is approximately 0 V. In addition, for Fig. 10(b), the
applied voltage at the left end of the second layer wiring M2 is set to about 0.00859 V, with the right
end of the first layer wiring M1 at around 0 V.
[0045] Simply considered, in the case of having two W plugs (Fig. 10(b)), the current flowing through
each W plug would be halved (1/2), thus one would expect the EM resistance to strengthen accordingly.
However, as can be seen when comparing the maximum values of current density in the diagrams, this
ratio does not necessarily conform to the anticipated 2:1, and caution should be taken as the
improvement in EM resistance may not be as significant as expected.
[0046] Aside from W, the embedding method of the connection hole involving Al has also attracted
attention. Techniques for embedding Al include high-temperature reflow, high-pressure applications,
and CVD Al, among others. The advantages of Al plugs compared to W plugs are the potential
simplification of the process and the reduction of plug resistance. However, regarding the increase in
circuit operating speed due to this resistance reduction, it is essential to quantify its effect and weigh it
against the issues arising from switching to the Al plug process.
[0047] Many reports on the Al plug process mention improvements in EM resistance. However, it is
important to be cautious when considering these reports, as the Al film quality in the flat portions of the
embedding process can change, and the current density at the current concentration regions mentioned
above depends on the thickness and resistivity of each layer that constitutes the stack. A fair comparison
should take these factors into account.
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[0048] High-pressure Al embedding and Al embedding by CVD are new processes that have not yet
been experienced in mass production. At this stage, it is difficult to make a clear statement, but
considering the previous content, it can be inferred that current concentration will still occur with Al
plugs. As long as there is discontinuity in the movement of Al atoms due to the presence of adhesive
layers, it is difficult to imagine that EM resistance would improve significantly compared to W plugs.
[0049] As mentioned above, this discussion focused on W plugs and addressed issues concerning their
reliability. It was clarified that EM resistance decreases due to W plugs, and the causes of this include
the discontinuity in Al atom movement across the W plug and current concentration near the connection
hole.

[0050] Therefore, it is preferable to prevent discontinuities in the movement of Al atoms and to reduce
current concentration. These factors are common challenges when considering the EM resistance of
connection holes in future metal wiring, not limited to W plugs.

[0051] Next, the semiconductor integrated circuit device of this Embodiment 1 will be explained with
reference to Fig. 1 and Fig. 2.

[0052] Fig. 1 shows the state where the first layer wiring M1 and the second layer wiring M2, which
extend parallel to each other, are electrically connected through a single connection hole TH1 in their
overlapping region. The wiring widths of the first layer wiring M1 and the second layer wiring M2 are
nearly equal, for example, about 0.6 pm.

[0053] In addition, Fig. 2 shows a cross-sectional view along line II-II of Fig. 1. The semiconductor
substrate 1 is made of, for example, single-crystal Si, and semiconductor integrated circuit elements are
formed in the element formation region on its main surface.

[0054] On the upper surface of the semiconductor substrate 1, an insulation film 2, made of, for
example, silicon dioxide (SiO2), is formed, and the first layer wiring M1 is formed on top of it. The first
layer wiring M1 is formed by stacking conductor films M1a to M1f in order from the lower layer.
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[0055] The lowermost conductor film M1a is a film primarily for improving the adhesion between the
first layer wiring M1 and the insulation film 2, and for forming a good quality conductor film M1b on
the upper layer of conductor film M1a. This film is made of, for example, Ti.

[0056] Conductor films M1b and M1f are barrier films primarily used to prevent wiring failure caused
by stress migration, and are made, for example, of TiN. Conductor film M1c is a film primarily used to
form a good quality conductor film M1d on top of conductor film Mlc, and is made of, for example, Ti.
[0057] Conductor film M1d forms the main part of the wiring and is made of, for example, Al or Al-Cu-
Si alloys. Conductor film M1e is, for example, made of Ti.

[0058] The first layer wiring M1 is covered with an interlayer insulation film 3. This interlayer
insulation film 3 is made, for example, of SiO.. The second layer wiring M2 is formed on the upper
surface of this interlayer insulation film 3. The second layer wiring M2 is formed by stacking conductor
films M2a to M2e in order from the lower layer.

[0059] The lowermost conductor film M2a is primarily for improving the adhesion between the first
layer wiring M2 and the interlayer insulation film 3, and for forming a good quality conductor film M2b
on top of conductor film M2a. This film is made, for example, of Ti.

[0060] Conductor films M2b and M2e are primarily barrier films used to prevent wiring failure due to
stress migration and other factors. These films are made, for example, of TiN.

[0061] Conductor film M2c is primarily for forming a good quality conductor film M2d on top of
conductor film M2c. It is made, for example, of Ti. Conductor film M2d forms the main part of the
wiring and is made, for example, of Al or Al-Cu-Si alloys.

[0062] The connection hole TH1 is formed in the interlayer insulation film 3 using photolithography
techniques and etching techniques such as dry etching. Embedded within this connection hole TH1 are
conductor films M2a, M2b of the second layer wiring and the embedded conductor film M3. The
embedded conductor film M3 is made, for example, of tungsten or tungsten alloys, and is formed using a
combination of blanket-W-CVD method and etch-back techniques.

[0063] In other words, within the connection hole TH1, metals different from Al, which constitutes the
main part of the wiring, are formed. When current flows through connection hole TH1 between the first
layer wiring M1 and the second layer wiring M2, the conductor films M2a, M2b, and embedded
conductor film M3 prevent the flow of Al atoms due to electromigration (EM). As a result, the flow of
Al atoms is discontinuous at the interface between connection hole TH1 and the first layer wiring M1
and second layer wiring M2.

[0064] By the way, in this embodiment, the length Y of the connection hole TH1 in the direction
orthogonal to the current flow is formed longer than the length X in the horizontal direction of the
current flow.

[0065] In other words, the area of the surface of the connection hole TH1 perpendicular to the direction
of current flow is larger than the area of the surface in the horizontal direction of current flow. This
configuration allows current to be distributed across the connection hole TH1, preventing high current
density from becoming localized at the connection hole TH1 and its surrounding wiring regions.

[0066] For that reason, the movement of Al atoms at the point where electrons flow out of the
connection hole TH1 in the wiring system can be suppressed, thereby preventing the formation of voids
near the connection hole TH1. In addition, the accumulation of Al atoms at the point where electrons
flow into the connection hole TH1 can also be suppressed, preventing the formation of hillocks near the
connection hole TH1.

[0067] In other words, by improving the EM resistance in the wiring system (wiring and connection hole
portions), the reliability and yield of the semiconductor integrated circuit device can be improved.
[0068] (Embodiment 2) Fig. 11 shows a plan diagram of a main part of the wiring system of a
semiconductor integrated circuit device in another embodiment of this invention.
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[0069] In this embodiment, as shown in Fig. 11, two connection holes TH2, TH2 are arranged in the
overlapping region between the first layer wiring M1 and the second layer wiring M2 to electrically
connect the first layer wiring M1 and the second layer wiring M2. These two connection holes TH2,
TH2 are arranged in a direction orthogonal to the direction of current flow. It should be noted that the
cross-sectional structure is the same as the one shown in Fig. 2 of the aforementioned Embodiment 1, so
the explanation is omitted.

[0070] In other words, in this Embodiment 2, the connection holes TH2, TH2 that electrically connect
the first layer wiring M1 and second layer wiring M2 are arranged so that the area of the surface
perpendicular to the direction of current flow is larger than the area of the surface in the horizontal
direction of current flow.

[0071] As a result, it is possible to disperse the current in the connection hole TH2 portion, thereby
suppressing high current density from becoming localized at the connection hole TH2 and its
surrounding wiring regions.

[0072] For that reason, at the point in the wiring system where electrons flow out of connection hole
TH2, the movement of Al atoms can be suppressed, thus preventing the formation of voids. In addition,
at the point where electrons flow into the connection hole TH2, the accumulation of Al atoms can also
be suppressed, preventing the formation of hillocks.

[0073] Therefore, by improving the EM resistance in the wiring system, it becomes possible to enhance
the reliability and yield of the semiconductor integrated circuit device.
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[0074] (Embodiment 3) Fig. 12 is a plan diagram of a main part of the wiring system of a semiconductor
integrated circuit device according to another embodiment of this invention.

[0075] In this Embodiment 3, it is shown that the first layer wiring M1 and the second layer wiring M2,
which extend perpendicularly to each other, are electrically connected through one connection hole TH3
in their overlapping region. It should be noted that the cross-sectional structure is the same as that used
in Fig. 2 of aforementioned Embodiment 1, so the explanation is omitted.

[0076] In addition, in this Embodiment 3, the lower first layer wiring M1 is formed to be narrower than
the upper second layer wiring M2. Furthermore, the length X in the direction perpendicular to the
current flowing in the narrower first layer wiring M1 within the connection hole TH3 is determined to
achieve high EM resistance first, while the length Y in the direction perpendicular to the current flowing
in the wider second layer wiring M2 is set to be equal to or greater than that length X.

[0077] In other words, in this Embodiment 3, the area of the surface perpendicular to the direction of
current flowing in the narrower first layer wiring M1 within the connection hole TH3 is set to improve
EM resistance.

[0078] In addition, since the area of the surface perpendicular to the direction of current flowing in the
wider second layer wiring M2 within the connection hole TH3 is set to be larger than that of the first
layer wiring M1, the EM resistance on the second layer wiring M2 side of connection hole TH3 is also
improved.

[0079] This configuration allows for good dispersion of the current in the connection hole TH3 portion,
making it possible to suppress high current density from becoming localized at the connection hole TH3
and its surrounding wiring regions.

[0080] For that reason, at the point in the wiring system where electrons flow out of connection hole
TH3, the movement of Al atoms can be suppressed, thus preventing the formation of voids. In addition,
at the point where electrons flow into the connection hole TH3, the accumulation of Al atoms can be
suppressed, preventing the formation of hillocks.

[0081] In other words, by improving the EM resistance in the wiring system, it becomes possible to
enhance the reliability and yield of the semiconductor integrated circuit device.

[0082] (Embodiment 4) Fig. 13 to Fig. 18 each represent a main part plan diagram of the wiring system
of a semiconductor integrated circuit device according to another embodiment of this invention. In this
Embodiment 4, the state of the wiring system in each example of Fig. 13 to Fig. 18 is the same as that of
the aforementioned Embodiment 3. It should be noted that since the cross-sectional structure is the same
as shown in Fig. 2 used in the explanation of the aforementioned Embodiment 1, the explanation will be
omitted.

[0083] First, in the embodiment shown in Fig. 13, four connection holes TH4 are arranged at the
intersections of a square lattice in the overlapping region between the first layer wiring M1 and the
second layer wiring M2.

[0084] In this case, the method of setting the length of the connection holes is the same as in the
aforementioned Embodiment 3. In other words, the length of the connection holes in the direction
perpendicular to the direction of current flowing through the narrower first layer wiring M1 is
determined first to achieve high EM resistance, while the length of the connection holes in the direction
perpendicular to the direction of current flowing through the wider second layer wiring M2 is set to be
equal to that of the first layer wiring M 1.

[0085] It should be noted that here, the lengths of the connection holes in the direction perpendicular to
the current flowing in the second layer wiring M2 and the first layer wiring M1 are both equal to the
sum of the sides of two connection holes TH4.

[0086] Next, in the embodiment shown in Fig. 14, six connection holes TH6 are arranged at the
intersections of a square lattice in the overlapping region between the first layer wiring M1 and the
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second layer wiring M2. The method of setting the length of the connection holes is the same as in the
aforementioned Embodiment 3.

[0087] However, from the perspective considering the effects of EM resistance, two connection holes
THS are arranged in the width direction of the first layer wiring M1, and three connection holes THS are
arranged in the width direction of the second layer wiring M2.

[0088] Therefore, the length of the connection holes in the direction perpendicular to the direction of
current flowing through the wider second layer wiring M2 is set to be longer than the length of the
connection holes in the direction perpendicular to the direction of current flowing through the first layer
wiring M1.

[0089] It should be noted that here, the length of the connection holes in the direction perpendicular to
the current flowing in the second layer wiring M2 is the sum of the sides of three connection holes THS,
while the length of the connection holes in the direction perpendicular to the current flowing in the first
layer wiring M1 is the sum of the sides of two connection holes THS.

[0090] Next, in the embodiment shown in Fig. 15, three connection holes TH7 are arranged at both ends
and corners of an L-shaped line in the overlapping region between the first layer wiring M1 and the
second layer wiring M2. The method of setting the length of the connection holes is the same as in the
aforementioned Embodiment 3.

[0091] In this case, from the perspective considering the effects of EM resistance, two connection holes
THG6 are arranged in the width direction of the first layer wiring M1, and two connection holes TH6 are
also arranged in the width direction of the second layer wiring M2.

[0092] Therefore, the length of the connection holes in the direction perpendicular to the direction of
current flowing through the wider second layer wiring M2 is set to be equal to the length of the
connection holes in the direction perpendicular to the direction of current flowing through the first layer
wiring M1.

[0093] It should be noted that here, the length of the connection holes in the direction perpendicular to
the current flowing in the second layer wiring M2 is the sum of the sides of two connection holes TH6,
and the length of the connection holes in the direction perpendicular to the current flowing in the first
layer wiring M1 is also the sum of the sides of two connection holes TH6.
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[0094] Next, in the embodiment shown in Fig. 17, two connection holes TH7 are arranged diagonally
relative to each other in the overlapping region between the first layer wiring M1 and the first layer
wiring M2. The method of setting the length of the connection holes is the same as in the
aforementioned Embodiment 3.

[0095] In this case, two connection holes TH7 are arranged in such a way that they are displaced in the
width direction of each of the first layer wiring M1 and the second layer wiring M2, and are placed
diagonally relative to each other. Therefore, the length of the connection holes in the direction
perpendicular to the direction of current flowing through the wider second layer wiring M2 is set to be
equal to the length of the connection holes in the direction perpendicular to the direction of current
flowing through the first layer wiring M1.

[0096] It should be noted that here, the length of the connection holes in the direction perpendicular to
the direction of current flowing through the second layer wiring M2 is the sum of the sides of the two
connection holes TH7, and the length of the connection holes in the direction perpendicular to the
direction of current flowing through the first layer wiring M1 is also the sum of the sides of the two
connection holes TH7.

[0097] Next, in the embodiment shown in Fig. 17, for example, three connection holes TH8 are arranged
at the intersections of a triangular lattice in the overlapping region between the first layer wiring M1 and
the second layer wiring M2. The method of setting the length of the connection holes is the same as in
the aforementioned Embodiment 3.

[0098] However, in this case, the adjacent connection holes TH8 are not arranged in a straight line along
the current direction flowing through the second layer wiring M2 but are positioned with a displacement
in the diagonal direction. From the perspective considering the effects of EM resistance, two connection
holes THS are arranged in the width direction of the first layer wiring M1, and three connection holes
THS8 are arranged in the width direction of the second layer wiring M2, which is equivalent.

[0099] Therefore, the length of the connection holes in the direction perpendicular to the direction of
current flowing through the wider second layer wiring M2 is set to be longer than the length of the
connection holes in the direction perpendicular to the direction of current flowing through the first layer
wiring M1.

[0100] It should be noted that the length of the connection holes in the direction perpendicular to the
direction of current flowing through the second layer wiring M2 is the sum of the sides of three
connection holes THS, while the length of the connection holes in the direction perpendicular to the
direction of current flowing through the first layer wiring M1 is the sum of the sides of two connection
holes THS.

[0101] Next, in the embodiment shown in Fig. 18, for example, four connection holes TH9 are arranged
at the intersections of a parallelogram-shaped lattice in the overlapping region between the first layer
wiring M1 and the second layer wiring M2. The method of setting the length of the connection holes is
the same as in the aforementioned Embodiment 3.

[0102] However, in this case, the adjacent connection holes TH9 are not arranged in a straight line along
the current direction flowing through the second layer wiring M2, but are positioned with a displacement
in the diagonal direction.

[0103] From the perspective considering the effects of EM resistance, two connection holes TH9 are
arranged in the width direction of the first layer wiring M1, and four connection holes TH9 are arranged
in the width direction of the second layer wiring M2, which is equivalent.

[0104] Therefore, the length of the connection holes in the direction perpendicular to the direction of
current flowing through the wider second layer wiring M2 is set to be longer than the length of the
connection holes in the direction perpendicular to the direction of current flowing through the first layer
wiring M1.
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[0105] In the embodiments shown in Fig. 13 to Fig. 18, as in the aforementioned Embodiment 3, it is
possible to improve the EM resistance of the wiring system, thereby enhancing the reliability and yield
of the semiconductor integrated circuit device.

[0106] (Embodiment 5) Fig. 19 is a plan diagram of a main part of the wiring system of a semiconductor
integrated circuit device according to another embodiment of this invention.

[0107] In this Embodiment 5, as shown in Fig. 19, the first layer wiring M1 and the second layer wiring
M2, which are orthogonal to each other, are electrically connected via connection hole TH10.

[0108] In this Embodiment 5, for example, the first layer wiring M1 at the lower layer is formed thinner
than the second layer wiring M2 at the upper layer. Since the cross-sectional structure is the same as the
Fig. 2 used in the description of aforesaid Embodiment 1, the explanation is omitted.

[0109] However, in this Embodiment 5, for example, the tip of the second layer wiring M2 overlaps
parallel to the tip of the first layer wiring M1 at the lower layer, and is formed extending in the direction
of extension of the first layer wiring M1. Two connection holes TH10 are arranged in the width
direction of the first layer wiring M1 in the overlapping region of the extended portion of the second
layer wiring M2 and the first layer wiring, which are parallel to each other.

[0110] In other words, in this Embodiment 5, connection holes are not arranged in the orthogonal
intersection region of the first layer wiring M1 and the second layer wiring M2, but rather, a region
where they intersect in parallel is formed and the connection hole TH10 is arranged in that region. By
this way, when arranging he connection hole TH10, it eliminates the need to consider two directions of
wiring as in aforesaid Embodiment 3, making it easier to set and arrange the connection hole TH10.
[0111] Therefore, in this Embodiment 5, the number of connection holes TH10 can be set based on the
one of the first layer wiring M1 or second layer wiring M2 with the higher current.

[0112] Thus, in this Embodiment 5, in addition to the effects obtained in aforesaid Embodiment 1, an
effect of making it easier to set and arrange the connection hole TH10 can be achieved.

[0113] (Embodiment 6) Fig. 20(a),(b) show a main part cross-sectional view of a semiconductor
integrated circuit device of another embodiment of this invention, and Fig. 21 to Fig. 24 are cross-
sectional diagrams of main parts of the wiring system formation process of the semiconductor integrated
circuit device shown in Fig. 20(a).
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[0114] In the semiconductor integrated circuit device of this Embodiment 6, as shown in Fig. 20(a), the
structure of the first layer wiring M1, connection hole TH1, and the second layer wiring M2 differs from
the structure of the aforesaid Embodiment 1. In other words, the first layer wiring M1 is formed by
stacking conductor films M1g to M1i in order from the lower layer, the second layer wiring M2 is
formed by stacking conductor films M2g to M2i in order from the lower layer, and in the connection
hole TH1, the conductor film M2g of the second layer wiring and the embedded conductor film M3 are
embedded.

[0115] The thinnest conductor film M1g at the bottom of the first layer wiring M1 is, for example, a film
primarily intended to improve the adhesion between the first layer wiring M1 and the insulation film 2,
and is a film for forming a good-quality conductor film M1h on top of the conductor film M1g, such as
Ti or TiN. In addition, the intermediate thick conductor film M1h is the film that constitutes the main
part of the wiring, and is made of, for example, Al, Al-Cu alloy, or Al-Cu-Si alloy. The topmost thin
conductor film M1i is made of, for example, TiN.

[0116] The thinnest conductor film M2g at the bottom of the second layer wiring M2 is, for example, a
film primarily intended to improve the adhesion between the second layer wiring M2 and the interlayer
insulation film 3, and is a film for forming a good-quality conductor film M2h on top of the conductor
film M2g, such as Ti, TiN, or a laminated film of Ti and TiN. In addition, the intermediate thick
conductor film M2h is the film that constitutes the main part of the wiring, and is made of, for example,
Al, Al-Cu alloy, or Al-Cu-Si alloy. The topmost thin conductor film M2i is made of, for example, TiN.
[0117] The embedded conductor film M3 in connection hole TH1 is made of materials such as tungsten
(W) or tungsten alloys, and as described later, it is formed using a combination of methods such as
blanket W CVD and etch-back techniques.

Therefore, in this Embodiment 6, a metal different from Al (conductor film M2h, M1h) that constitutes
the main part of the wiring is embedded in connection hole TH1. For this reason, when current flows
through the connection hole TH1 formed between the first layer wiring M1 and the second layer wiring
M2, the conductor film M2g and embedded conductor film M3 block the flow of Al atoms caused by
electromigration (EM), causing the flow of Al atoms to become discontinuous at the interface between
connection hole TH1 and the first layer wiring M1 and the second layer wiring M2.

[0118] However, in this Embodiment 6, using the same method as in the aforementioned Embodiments
1 to 5, the current can be dispersed at the connection hole TH1, which prevents the current density from
becoming locally high at the connection hole TH1 and its nearby wiring portions. For this reason, in the
wiring system (wiring and connection hole parts), the movement of Al atoms can be suppressed at the
locations where electrons flow out of connection hole TH1, and the formation of voids near connection
hole THI can be prevented. In addition, since the accumulation of Al atoms at the points where
electrons flow into the connection hole TH1 can be suppressed, the formation of hillocks near
connection hole TH1 can also be prevented.

[0119] Therefore, in this Embodiment 6, the EM resistance of the wiring system that constitutes the
semiconductor integrated circuit device can be improved, which can enhance the reliability and yield of
the semiconductor integrated circuit device.

[0120] Next, the embedding method of connection holes in the semiconductor integrated circuit device
will be explained using Fig. 21 to Fig. 24, as an example of the manufacturing process of the
semiconductor integrated circuit device shown in Fig. 20(a).

[0121] Fig. 21 shows a cross-sectional view of a main part during the manufacturing process of the
semiconductor integrated circuit device. The semiconductor substrate 1 is made of, for example, single-
crystal Si, and predetermined semiconductor integrated circuit elements are formed in the element
formation region on its main surface. An insulation film 2, made of materials such as silicon dioxide
(Si032), is formed on the upper surface of the semiconductor substrate 1, and the first layer wiring M1 is
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formed on top of it. This first layer wiring M1 is formed by stacking conductor films M1g to M1i in
order from the lower layer. Also, an interlayer insulation film 3, made of materials such as silicon
dioxide (S102), is formed on the top surface of insulation film 2, covering the surface of the first layer
wiring M1.

[0122] First, as shown in Fig. 22, a connection hole TH1 is formed at a predetermined position of the
interlayer insulation film 3 so that the top surface of the first layer wiring M1 (the top surface of
conductor film M11) is exposed, using photolithography and dry etching techniques.

[0123] Next, as shown in Fig. 23, a thin conductor film M2g made of, for example, Ti or TiN is formed
on the semiconductor substrate 1 by sputtering or a similar method. After that, a thick embedded
conductor film M3 made of, for example, tungsten or a tungsten alloy is formed on the thin conductor
film M2g using a CVD method or the like. At this stage, the embedded conductor film M3 is formed not
only inside the connection hole TH1 but also in the area outside the connection hole TH1.

[0124] By forming the embedded conductor film M3 via the CVD method such that its film thickness
becomes greater than half (1/2) the diameter 1 of the hole to be filled, the embedded conductor film can
be embedded into the connection hole TH1.

[0125] Thereafter, by removing the upper layer portion of the embedded conductor film M3, for
example by a CMP (Chemical Mechanical Polishing) method or an anisotropic dry etching method, as
shown in Fig. 24, the embedded conductor film M3 is left only inside the connection hole TH1. It should
be noted that, in this case, the conductor film M2g remains on the interlayer insulation film 3.

[0126] After that, as shown in Fig. 20, a thick conductor film M2h made of, for example, Al, Al-Cu
alloy, or Al-Cu-Si alloy is formed on the conductor film M2g and embedded conductor film M3 by a
sputtering method or the like. Then, a thin conductor film M2i made of, for example, TiN is formed on
its top surface by a sputtering method. Furthermore, the conductor films M2h and M2i are patterned
using photolithography and dry etching techniques to form the second layer wiring M2.
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[0127] It should be noted that, as shown in Fig. 20(b), the embedded conductor film M3 may also be
formed of Al (an Al plug). The conductor films M1g, M1i, M2g, and M2i are composed of, for example,
Ti, TiN, or a laminated film of Ti and TiN. Even in this case, the main parts of the wiring, which are
composed of Al (i.e., conductor films M2h and M1h), are connected via conductor films M2g and M1i
that are made of materials different from Al (conductor films M2h and M1h). For this reason, when
current flows through the connection hole TH1 formed between the first layer wiring M1 and the second
layer wiring M2, the conductor films M2g and M1i block the flow of Al atoms due to electromigration
(EM), resulting in a discontinuity in the flow of Al atoms at the interfaces between the connection hole
THI and the first layer wiring M1 as well as the second layer wiring M2. However, by adopting the
same approach as in any of the aforesaid Embodiments 1 to 5, the EM resistance can similarly be
improved.

[0128] (Embodiment 7) Fig. 25 is a cross-sectional diagram of a main part of a semiconductor integrated
circuit device according to another embodiment of this invention.

[0129] In the semiconductor integrated circuit device of Embodiment 7, as shown in Fig. 25, the
structure of the first layer wiring M1, the connection hole TH1 portion, and the second layer wiring M2
differs from that of the aforesaid Embodiment 1. In other words, the first layer wiring M1 is formed by
stacking conductor films M1j, M1k, and M1m in order from the lower layer, and the second layer wiring
M2 is formed by stacking conductor films M2j, M2k, M2m, and M2n in order from the lower layer.
Furthermore, the conductor films M2j and M2k of the second layer wiring M2 are embedded within the
connection hole TH1.

[0130] The lowermost thin conductor film M1j of the first layer wiring M1 is, for example, mainly
intended to improve the adhesion between the first layer wiring M1 and the insulation film 2, and also to
allow the formation of a high-quality conductor film M1k on its upper layer. It is made of, for example,
Ti or TiN. In addition, the intermediate thick conductor film M1k constitutes the main part of the wiring
and is made of, for example, Al, Al-Cu alloy, or Al-Cu-Si alloy. The uppermost thin conductor film
MIm is made of, for example, TiN.

[0131] The lowermost thin conductor film M2j of the second layer wiring M2 is, for example, primarily
intended to improve the adhesion between the second layer wiring M2 and the interlayer insulation film
3, and to form a high-quality conductor film M2k on its upper layer. It is made of, for example, Ti or
TiN. In addition, the conductor film M2k on its upper layer constitutes the main part of the wiring and is
made of, for example, tungsten or a tungsten alloy. A portion of this conductor film M2k is embedded
inside the connection hole TH1. In addition, the conductor film M2m on the upper layer constitutes the
main part of the wiring and is made of, for example, Al, Al-Cu alloy, or Al-Cu-Si alloy. The uppermost
thin conductor film M2n is made of, for example, TiN.

[0132] In this Embodiment 7, as well, a metal different from Al, which constitutes the main part of the
wiring, is embedded inside the connection hole TH1. For this reason, when current flows between the
first layer wiring M1 and the second layer wiring M2 through the connection hole TH1, the conductor
films M2j and M2k block the flow of Al atoms due to electromigration (EM), resulting in a discontinuity
in the flow of Al atoms at the interfaces between the connection hole TH1 and the first layer wiring M1
as well as the second layer wiring M2.

[0133] However, in Embodiment 7, by adopting a similar structure to the aforementioned Embodiments
1 to 5, the current can be dispersed in the connection hole TH1, and the current density in the vicinity of
the connection hole TH1 and its surrounding wiring can be suppressed from becoming locally high.

For this reason, the movement of Al atoms at the location where electrons flow out from the connection
hole THI in the wiring system can be suppressed, and the formation of voids near the connection hole
THI1 can be prevented.
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Also, since the accumulation of Al atoms at the location where electrons flow into the connection hole
TH1 can be suppressed, the formation of hillocks near the connection hole TH1 can also be prevented.
[0134] Therefore, in this Embodiment 7, the electromigration (EM) resistance of the wiring system
constituting the semiconductor integrated circuit device can be improved, thereby improving the
reliability and yield of the semiconductor integrated circuit device.

[0135] To form such a structure, first, the thin conductor film M2j is formed, then a conductor film
made of, for example, tungsten or a tungsten alloy is formed on its upper surface by a CVD method or
the like. The upper portion of this conductor film is then removed using a CMP method or an anisotropic
dry etching method so that the conductor film remains on the interlayer insulation film 3. This forms the
conductor film M2k. After that, a thick conductor film M2m made of, for example, Al, Al-Cu alloy, or
Al-Cu-Si alloy is formed on top of the conductor film M2k by sputtering or the like. Then, a thin
conductor film M2n made of, for example, TiN is formed on the upper surface of M2m by sputtering.
Finally, the conductor films M2k, M2m, and M2n are patterned using photolithography and dry etching
techniques to form the second layer wiring M2.

[0136] (Embodiment 8) Fig. 26 to Fig. 33 are plan diagrams of the main part of the wiring structure of a
semiconductor integrated circuit device according to another embodiment of this invention. Fig. 34 to
Fig. 36 are simulation diagrams of the current distribution in the connection hole portion.

[0137] The wiring structure of the semiconductor integrated circuit device in Embodiment 8 will be
explained below with reference to Fig. 26 to Fig. 33. Fig. 26 to Fig. 33 show plan diagrams of the wiring
system provided in a single semiconductor integrated circuit device, where each diagram shows a
connection hole TH formed simultaneously in the interlayer insulation film 3, and an embedded
conductor film M3 simultaneously embedded in the connection hole TH (a connection hole of the same
layer). In other words, Fig. 26 to Fig. 33 illustrate a case where multiple second layer wirings M2 with
different wiring widths W are formed on the interlayer insulation film 3, and connection holes TH are
formed in the interlayer insulation film 3. It should be noted that since the cross-sectional structure of
the connection hole portion is the same as the one explained in the aforementioned Embodiments 1, 6, 7,
such as Fig. 2, Fig. 20, or Fig. 25, the explanation is omitted here. In other words, the connection hole
TH has an embedded conductor film M3, just as in the aforementioned Embodiments 1, 6, and 7.
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[0138] Fig. 26 shows a state where the first layer wiring M1 and the second layer wiring M2, which
extend perpendicular to each other, are electrically connected through a single connection hole TH11 in
their overlapping region. In this case, both the first layer wiring M1 and the second layer wiring M2 are
the minimum width wirings, and for each of them, the wiring width is the same at both parts where the
connection hole TH1 is located and where it is not, and the overall shape of both wirings is a band shape
with equal width.

[0139] In addition, in Fig. 26, the symbol a indicates the alignment tolerance between the connection
hole TH11 and the first layer wiring M1 and the second layer wiring M2. The wiring widths W0 and W1
of the aforementioned first layer wiring M1 and second layer wiring M2 are set to satisfy the following
relationships between the length X1, Y1 of the connection hole TH11 and the alignment tolerance o
W0 =X1 + 2a,

WI1=YI1+2a.

These wiring widths W0 and W1 need only satisty the above conditions and are not particularly limited,
but for example, they are approximately 0.4 pm.

[0140] In addition, in this case, the connection hole TH11 is a connection hole with the minimum
dimensions (i.e., the reference hole diameter for the connection hole formed in the interlayer insulation
film 3). The length X1 of the second layer wiring M2 in the extending direction and the length Y1
orthogonal to the extending direction of the second layer wiring M2 are nearly equal (X1 =Y1), and the
overall shape in the design is square. The lengths X1 and Y1 are, for example, approximately 0.32 pum.
In other words, W1 = WO. It should be noted that the shape of the connection hole TH11 will actually be
rounded (e.g., circular or elliptical) in a state of being transferred.

[0141] Fig. 27 shows a state where the first layer wiring M1 and the second layer wiring M2, which
extend parallel to each other, are electrically connected through a single connection hole TH11 in their
overlapping region. In this case, both the first layer wiring M1 and the second layer wiring M2 are the
minimum width wirings, and for each of them, the wiring width is the same at both parts where the
connection hole TH11 is located and where it is not, and the overall shape of both wirings is a band
shape with equal width.

[0142] The wiring widths W1 of the first layer wiring M1 and second layer wiring M2 are equal to each
other, and are set to satisfy the relationship with the dimension Y1 of the connection hole TH11 and the
alignment tolerance a as follows:

W1=YI1 +2a.

The wiring width W1 needs only satisfy the above condition and is not particularly limited, but for
example, it is approximately 0.4 pm.

[0143] In addition, in this case, the connection hole TH11 is the connection hole with the minimum
dimensions, and the length X1 of the second layer wiring M2 in the extending direction and the length
Y1 orthogonal to the extending direction of the second layer wiring M2 are nearly equal, and the overall
shape in the design is square. However, the shape of the connection hole TH11 will be rounded (e.g.,
circular or elliptical) in a state of being actually transferred, as described in the previous case.

[0144] Fig. 28 shows a state where the first layer wiring M1 and second layer wiring M2, which extend
perpendicular to each other, are electrically connected through a single connection hole TH12 in their
overlapping region. In the first layer wiring M1 and second layer wiring M2, the wiring widths W0 and
W2 are equal at both the parts where the connection hole TH12 is located and where it is not, and the
overall shape of both wirings is a band shape with equal width. In Fig. 28, the wiring width W0 (W0 =
W1) of the first layer wiring M1 is the minimum width, as in the case of Fig. 26, but the wiring width
W2 of the second layer wiring M2 is larger than the minimum width and smaller than twice the
minimum width, that is, 2W1 - a > W2 > W1. This wiring width W2 of the second layer wiring M2 is
set to satisfy the condition W2 = Y2 + 2q, in relation to the length Y2 of the connection hole TH12 and
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the allowance a. In other words, the relationship 2Y1 + o> Y2 > Y1 is satisfied. Thus, the width of the
overlapping region between the second layer wiring M2 with wiring width W2 and the first layer wiring
M1 is larger than the width of the overlapping region between the second layer wiring M2 with wiring
width W1 and the first layer wiring M1, and it is configured to be smaller than twice that width. The
wiring width W2 and the dimension Y2 are not particularly limited, as long as they satisfy the above
condition, but for example, the wiring width W2 is approximately 0.6 pm.

[0145] In addition, in this case, the connection hole TH12 has a length Y2 in the direction perpendicular
to the extending direction of the second layer wiring M2 that is longer than the length X2 in the
extending direction of the second layer wiring M2. In other words, in the connection hole TH12, the area
of the surface perpendicular to the direction of current flowing through the second layer wiring M2 is set
to be larger than the area of the surface perpendicular to the direction of current flowing through the first
layer wiring M1.

[0146] Currently, in the design of semiconductor integrated circuit devices, the low allowable current
value (EM resistance) of the wiring with connection holes has become a significant issue. In stacked
wiring using high-melting-point materials and Al alloy layers, which have been used since the
submicron process, the Al alloy layer between the upper and lower wirings is always discontinuous at
the connection hole. Therefore, the current tends to concentrate in the wiring portion near the connection
hole, causing voids (or hillocks) to form, which significantly lowers the allowable current value. For this
reason, alleviating this current concentration is a key point in improving EM resistance, that is,
improving the allowable current value.

[0147] In this Embodiment 8, since the area of the surface perpendicular to the direction of current
flowing through the second layer wiring M2 at the connection hole TH12 is set to be larger than the area
of the surface perpendicular to the direction of current flowing through the first layer wiring M1, it is
possible to improve the EM resistance on the second layer wiring M2 side of the connection hole TH12
and thereby increase the allowable current value.

[0148] By the way, to improve EM resistance, it is advantageous to have a larger planar area for the
connection hole, and it is better to mix connection holes of various diameters between fine wiring parts
and power supply wiring. However, in the process of embedding a conductor film in the connection
hole, if the dimensions of the connection holes in the same layer differ, problems such as the following
may arise.
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[0149] First, as shown in the aforementioned Embodiment 6, when embedding a conductor film in the
connection hole TH using etch back or similar methods, the etching rate of the embedded conductor film
differs depending on the size of the connection hole's diameter. Specifically, the embedded conductor
film within a connection hole that has a relatively large diameter is more likely to peel off compared to
the embedded conductor film within a connection hole that has a relatively small diameter. For this
reason, arranging connection holes of various diameters can lead to an increase in peeling of the
embedded conductor film, and the peeled embedded conductor film may become foreign matter,
resulting in decreased yield.

Second, if the diameters of connection holes in the same layer differ, the growth rate of the conductor
film during the embedding process varies according to the diameter of each connection hole, causing the
state (height, thickness, etc.) of the embedded conductor film to differ for each connection hole. Due to
these factors, the current layout rules only permit one type of diameter for connection holes in the same
layer.

[0150] Therefore, ideally, to increase the allowable current, it would be effective to arrange multiple
small-diameter connection holes (for example, connection holes with the minimum diameter) in the
wiring width direction.

This approach would allow for an increase in the allowable current while also mitigating the issues of
peeling of the embedded conductor film. However, in the case shown in Fig. 28, since the wiring width
W2 of the second layer wiring M2 is smaller than twice the minimum line width W1, meaning that the
relationship 2W1 - o > W2 holds, it is not possible to place two minimum-diameter connection holes
TH11 side by side in the wiring width direction. In other words, if the wiring width W satisfies W > 2Y1
+ 30 =2WI1 - q, then two minimum-diameter connection holes TH11 can be arranged side by side.
However, if the wiring width W is less than 2Y 1 + 3a, two minimum-diameter connection holes TH11
cannot be arranged side by side. Thus, the overlapping region width between the second layer wiring M2
with wiring width W2 and the first layer wiring M1 is larger than the overlapping region width between
the second layer wiring M2 with wiring width W1 and the first layer wiring M1, yet still constructed to
be smaller than twice that width.

[0151] Here, in the case of Fig. 28, considering the improvement of EM resistance and increasing the
allowable current at the connection hole, it is conceivable to make the length in the width direction of
the second layer wiring M2 at the connection hole longer than the length in the extending direction of
the second layer wiring M2. However, simply setting dimensions in this way would leave unresolved
issues such as the peeling of the embedded conductor film mentioned above. On the other hand, if only
one minimum-diameter connection hole TH11 is arranged while considering the peeling problem of the
embedded conductor film, the allowable current value at the connection hole would not differ greatly
from that in the case shown in Fig. 26, resulting in a degraded structure.

[0152] Thus, in this Embodiment 8, the length Y2 at the connection hole TH12 is made longer than the
length X2, while ensuring that its planar area is approximately the same as the planar area of the
minimum-diameter connection hole TH11 (X1 x Y1 = X2 x Y2). In other words, at the connection hole
TH12, the length Y1 of the minimum-diameter connection hole TH11 is extended to become length Y2,
and the length X1 of the minimum-diameter connection hole TH11 is shortened by the same amount to
become length X2.

[0153] This allows for the maintenance of the current concentration mitigation effect while also making
the etching rate of the embedded conductor film in connection hole TH12 approximately equal to that of
the normal square connection hole TH11. For this reason, it is possible to improve EM resistance
(allowable current value) and avoid issues related to peeling of the embedded conductor film.

[0154] In this way, when multiple second layer wirings M2 with different wiring widths W1 and W2 are
arranged on the interlayer insulation film 3, a connection hole with wiring width W1 is formed at
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connection hole TH11, and a connection hole with wiring width W2 (2W1 - a > W2 > W1) is formed at
connection hole TH12, thus improving EM resistance.

[0155] Although it is not particularly limited, the length X2 of connection hole TH12 is approximately
0.2 pm, and the length Y2 is approximately 0.5 um. The shape of connection hole TH12 will have a
rounded configuration in the actual transferred state, similar to the above. Connection hole TH12, as
shown in Fig. 28, is effective, for example, at the connection point between minimum line width wiring
and power supply wiring.

[0156] Fig. 29 shows a state where first layer wiring M1 and second layer wiring M2, which extend
parallel to each other, are electrically connected through a single connection hole TH12 in their
overlapping region. The wiring widths W2 of both first layer wiring M1 and second layer wiring M2 are
equal. Other than that, since it is the same as in the case of Fig. 28, the explanation is omitted.

[0157] Fig. 30 shows a state where first layer wiring M1 and second layer wiring M2, which extend
perpendicularly to each other, are electrically connected through two identical-sized connection holes
TH11 (the same as in Fig. 26) in their overlapping region. The two connection holes TH11 are arranged
along a direction that is orthogonal to the direction of current flow. In other words, the connection holes
THI11 are arranged such that the area of the surface oriented perpendicular to the direction of current
flowing in the relatively larger cross-sectional area of second layer wiring M2 is greater than the area of
the surface oriented horizontally in the direction of current flow in the relatively larger cross-sectional
area of second layer wiring M2. This arrangement allows for improved EM resistance at the connection
between first layer wiring M1 and second layer wiring M2, thereby increasing the allowable current
value. In addition, since the arranged connection holes TH11 are the same as those in Fig. 26, issues
such as peeling of the embedded conductor film during the process of embedding the conductor film
within the connection hole do not arise.

[0158] In Fig. 30, the wiring width WO of first layer wiring M1 is the same as the minimum line width
in the case of Fig. 26, while the wiring width W3 of second layer wiring M2 is larger than twice the
minimum line width. In both first layer wiring M1 and second layer wiring M2, the wiring widths WO
and W3 are uniform in sections where the two connection holes TH11 are arranged and where they are
not, resulting in an overall band-like shape with equal widths. The wiring width W3 of second layer
wiring M2 is set to satisfy the condition W3 =2Y'1 + 2a + B in relation to the lengths of connection hole
THI11 Y2 and the allowances a and . This wiring width W3 need only satisfy the aforementioned
condition and is not particularly limited; for example, it may be approximately 0.8 um. It should be
noted that the allowance J is the alignment allowance between connection holes TH11 and is equal to
the alignment allowance o.
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[0159] Fig. 31 shows a state where first layer wiring M1 and second layer wiring M2, which extend
parallel to each other, are electrically connected through two connection holes TH11 in their overlapping
region. The wiring widths W3 of both first layer wiring M1 and second layer wiring M2 are equal. Other
than that, since it is the same as in the case of Fig. 30, the explanation is omitted.

[0160] In this way, when multiple second layer wirings M2 with different wiring widths W1, W2, W3
are arranged on the interlayer insulation film 3, a connection hole TH11 is formed based on the
minimum hole diameter (reference hole diameter) on the interlayer insulation film 3. By providing a
connection hole TH11 or a connection hole TH12 with a nearly the same planar area as connection hole
THI11 according to the wiring width, the EM resistance of the wiring can be improved. It should be
noted that when the wiring width of second layer wiring M2 is greater than or equal to W3, various
arrangements of connection holes TH are possible within the scope that does not change the essence of
this invention.

[0161] In Fig. 32(a), instead of arranging two connection holes TH11 as in Fig. 30, a rectangular
connection hole TH13 is arranged. In this case, the length Y2 of connection hole TH13 in the direction
perpendicular to the extension direction of second layer wiring M2 is longer than the length X2 in the
extension direction of second layer wiring M2. In other words, the area of the surface perpendicular to
the direction of current flow in the wider second layer wiring M2 within connection hole TH13 is set to
be larger than the area of the surface perpendicular to the current direction in the first layer wiring M1.
[0162] In addition, the length Y3 of connection hole TH13 is made longer than the length X3, but its
planar area is made almost the same as the planar area of the minimum-sized connection hole TH11. In
other words, in connection hole TH13, the length Y1 of the minimum-sized connection hole TH11 is
extended to length Y3, and the length X1 of the minimum-sized connection hole TH11 is shortened to
length X3 by the same amount.

[0163] With these adjustments, while maintaining the current concentration mitigation effect, it is
possible to make the etching rate of the embedded conductor film embedded within connection hole
TH13 nearly the same as that of the normal square connection hole TH11. It is possible to improve the
EM resistance (tolerable current value) and avoid issues such as the peeling of the embedded conductor
film.

[0164] Although it is not particularly limited, the length X3 of connection hole TH13 may be
approximately 0.43 um, and the length Y3 may be approximately 0.21 um. The shape of connection
hole TH13 in its actual transferred state will be rounded as described above.

[0165] Fig. 32(b) shows the state where first layer wiring M1 and second layer wiring M2, extending
parallel to each other, are electrically connected through a single connection hole TH13 in their
overlapping region. The wiring widths W3 of both first layer wiring M1 and second layer wiring M2 are
equal. Since this is the same as in the case of Fig. 32(a), the explanation is omitted.

[0166] Fig. 33 shows an example of wiring widths where the second layer wiring M2 has a wiring width
W4 larger than wiring width W3, to the point that two connection holes TH12 cannot be arranged in
parallel. In this case, by arranging connection holes TH11 and TH12 in parallel, the EM resistance can
be improved. Naturally, if the wiring width W4 allows two connection holes TH12 to be arranged in
parallel, it is also acceptable to arrange two connection holes TH12 in parallel.

[0167] According to Embodiment 8, it is possible to improve the EM resistance of the wiring connection
part, and by avoiding issues such as the peeling of the embedded conductor film inside the connection
hole, it is possible to improve the yield and reliability of semiconductor integrated circuit devices.
[0168] Next, the simulation results of the current density distribution in the connection hole part will be
explained with reference to Fig. 34 to Fig. 36. Fig. 34 is a perspective diagram of the outer shape of the
simulated orthogonal wiring. In other words, first layer wiring M1 and second layer wiring M2 are
formed in directions orthogonal to each other, and the connection hole TH is placed in the overlapping
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area between them. The two wirings are electrically connected through this connection hole. The width
of the first layer wiring M1 is approximately 0.6 um, and the width of the second layer wiring M2 is
approximately 1 um.

[0169] Fig. 35 shows the simulation results for the case in Fig. 28. The hatching indicates the current
density distribution, with the intensity of the hatching corresponding to the density of the current. In Fig.
36, the simulation results are shown for the case where the connection hole has a square shape. In Fig.
36, the regions of current density that are almost the same as in Fig. 35 are marked with the same
hatching. From Figs. 35 and 36, it can be seen that a connection hole with a rectangular shape results in
a more relaxed current concentration compared to a connection hole with a square shape. In other words,
in Fig. 36, there are regions with high current density at the edges of the connection hole, whereas in
Fig. 35, there is no corresponding current density distribution.

[0170] Fig. 51 is a cross-sectional diagram of the main part of the semiconductor integrated circuit
device of this embodiment. The MISFET transistor Tr has a pair of n-type semiconductor regions 10 as
the source and drain, a gate insulation film 12, and a gate electrode 14. The semiconductor regions 10
are formed within the substrate 1, and the region under the gate insulation film 12 between the
semiconductor regions 10 serves as the channel formation region. The gate insulation film 12 is formed
on the main surface of the substrate 1, and the gate electrode 14 is formed on top of the gate insulation
film 12. The first layer wiring M1 is formed on the insulation film 2, and the first layer wiring M1 is
electrically connected to the semiconductor regions 10 or the gate electrode 14 of the MISFET transistor
Tr via the connection hole THa formed in the insulation film 2. An embedded conductor film MO is
formed inside the connection hole THa. The second layer wiring is formed on the interlayer insulation
film 3, and the second layer wiring is electrically connected to the first layer wiring M1 via the
connection hole TH6 formed in the interlayer insulation film 3. An embedded conductor film M3 is
formed inside the connection hole TH6. A third layer wiring M 10 is formed on the interlayer insulation
film 6, and the third layer wiring M10 is electrically connected to the second layer wiring M2 via the
insulation hole THc formed in the interlayer insulation film 6. An embedded conductor film M12 is
formed inside the connection hole THc. It should be noted that the insulation films 2, interlayer
insulation films 6, and 8 are flattened on their surfaces, for example, by CMP or similar methods. Fig.
26 to Fig. 36 mainly explain the connection hole TH between the second layer wiring M2 and the first
layer wiring M1. However, similar connection holes are also formed between the second layer wiring
M2 and higher layer wiring, such as the connection hole between the second layer wiring M2 and the
third layer wiring M3.
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[0171] (Embodiment 9) Fig. 37 to Fig. 44 are the plan diagrams of the main part of the wiring for
explaining the wiring structure of a semiconductor integrated circuit device of another embodiment of
this invention.

[0172] In Embodiment 9, the case where the part of the wiring where the connection hole is placed is
formed to be wider (dockbone shape) compared to other parts is explained. Other than this, it is the same
as the aforementioned Embodiment 8.

[0173] Fig. 37 shows a state in which the first layer wiring M1 and second layer wiring M2, extending
perpendicularly to each other, are electrically connected through a single connection hole TH11 in their
overlapping region. In this case, both the first layer wiring M1 and second layer wiring M2 are wired
with minimal line widths, and the width of the parts where the connection hole TH11 is placed is wider
than the width of the parts where it is not placed.

[0174] The width of the wide portions of the first layer wiring M1 and second layer wiring M2
corresponds to the wiring widths W0 and W1 described in aforementioned Embodiment 8, and these
wiring widths W0 and W1 are set to satisfy the conditions W0 = X1 + 2a.and W1 = Y1 + 2a in relation
to the lengths X1 and Y1 of the connection hole TH11, along with the allowance a. The wiring widths
WO and W1 only need to satisfy the above conditions and are not particularly limited; for example, they
can be around 0.4 um. In addition, the narrow portions of the first layer wiring M1 and second layer
wiring M2 have wiring widths W00 and W10 that are equal to each other, and are set to satisfy the
conditions W00 = WO - 2o and W10 = W1 - 2a in relation to the wide portions' wiring widths W0 and
W1.

[0175] In addition, the connection hole TH11 in this case is the minimal dimension connection hole,
with the length X1 in the extending direction of the second layer wiring M2 and the length Y1
perpendicular to that extending direction being approximately equal, resulting in an overall square shape
in its design. The lengths X1 and Y1 can be around 0.32 pum, for example. It should be noted that the
shape of the connection hole TH11 will appear rounded in a state of being actually transferred.

[0176] Fig. 38 shows a state in which the first layer wiring M1 and second layer wiring M2, extending
parallel to each other, are electrically connected through a single connection hole TH11 in their
overlapping region. Other than this, the explanation is omitted as it is the same as in the case of Fig. 37.
[0177] Fig. 39 shows a state in which the first layer wiring M1 and second layer wiring M2, extending
perpendicularly to each other, are electrically connected through a single connection hole TH12 in their
overlapping region. In the case of Fig. 39, the width of the part where the connection hole TH12 is
placed is also wider than the width of the parts where it is not placed for both the first layer wiring M1
and second layer wiring M2.

[0178] The first layer wiring M1 has the same minimal line width as in the case of Fig. 37, while the
wide portion of the second layer wiring M2 has a wiring width W2 that is greater than the minimal line
width and smaller than twice the minimal line width. The wiring width W2 of the wide portion of the
second layer wiring M2 is set to satisfy the condition W2 = Y2 + 2a in relation to the length Y2 of the
connection hole TH12 along with the allowance a. This wiring width W2 only needs to satisfy the
conditions mentioned above and is not particularly limited; for example, it can be around 0.6 pm. In
addition, the narrow portion of the second layer wiring M2 has a wiring width W20 that is set to satisfy
the condition W20 = W2 - 2a in relation to the wide portion's wiring width W2.

[0179] In addition, in this case, the length Y2 in the direction perpendicular to the extending direction of
the second layer wiring M2 is longer than the length X2 in the extending direction of the second layer
wiring M2 for the connection hole TH12. In other words, in the connection hole TH12, the area of the
surface perpendicular to the direction of current flowing through the wide wiring of the second layer
wiring M2 is set to be larger than the area of the surface perpendicular to the direction of current flowing
through the first layer wiring M 1. This configuration allows for an improvement in the EM resistance of
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the connection hole TH12 on the second layer wiring M2 side, making it possible to increase the
allowable current value.

[0180] In addition, in this Embodiment 9, similarly to Embodiment 8, the length Y2 of the connection
hole TH12 is made longer than the length X2, but its planar area is set to be approximately the same as
the planar area of the minimum dimension connection hole TH11. In other words, in the connection hole
TH12, the length Y1 of the minimum dimension connection hole TH11 is extended to become length
Y2, and the extension is compensated by shortening the length X1 of the minimum dimension
connection hole TH11 to become length X2. This allows for the maintenance of current concentration
relaxation effects while ensuring that the etching rate of the embedded conductor film embedded within
the connection hole TH12 is approximately equal to that of the normal square connection hole TH11.
For this reason, it becomes possible to improve EM resistance (allowable current value) and to avoid
issues related to the peeling of the embedded conductor film.

[0181] Although it is not particularly limited, the length X2 of the connection hole TH12 is
approximately 0.2 um, while the length Y2 is approximately 0.5 um. The shape of the connection hole
TH12, in a state3 of being actually transferred, takes on a rounded shape as described above. Connection
holes TH12 like those shown in Fig. 39 are effective, for example, at the junction between minimal line
width wiring and power wiring.
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[0182] Fig. 40 shows a state where the first layer wiring M1 and the second layer wiring M2, which
extend parallel to each other, are electrically connected through a single connection hole TH12 in their
overlapping region. The wide part wiring width W2 of both the first layer wiring M1 and the second
layer wiring M2 is equal. Since the rest is the same as in the case of Fig. 39, the explanation will be
omitted.

[0183] Fig. 41 illustrates a state where the first layer wiring M1 and the second layer wiring M2, which
extend perpendicularly to each other, are electrically connected through two connection holes TH11 (the
same as Fig. 37) of the same size in their overlapping region. In the case of Fig. 41 as well, the width of
the portion where connection hole TH11 is arranged is wider than the width of the portion where it is not
arranged for both the first layer wiring M1 and the second layer wiring M2.

[0184] The two connection holes TH11 are arranged along a direction perpendicular to the direction of
the current flowing through the second layer wiring M2. In other words, the connection holes TH11 are
configured such that in the connection holes connecting the first layer wiring M1 and the second layer
wiring M2, the area of the surface perpendicular to the direction of the current flowing through the
relatively large cross-sectional area of the second layer wiring M2 is larger than the area of the surface
parallel to the direction of the current flowing through the relatively large cross-sectional area of the
second layer wiring M2. This allows for an improvement in EM resistance at the connection point
between the first layer wiring M1 and the second layer wiring M2, making it possible to increase the
allowable current value. In addition, since the arranged connection hole TH11 is the same as that in Fig.
37, there will be no issues such as the embedded conductor film peeling during the process of
embedding the conductor film within the connection hole.

[0185] In Fig. 41, the first layer wiring M1 is, like in the case of Fig. 37, wiring with a minimum line
width, but the wiring width W3 of the wide portion of the second layer wiring M2 is larger than twice
the minimum line width. The wiring width W3 of the wide portion of the second layer wiring M2 is set
to satisfy the condition W3 =2Y'1 + 2a + B in relation to the length Y2 of the connection hole TH11 and
the allowances a and . This wiring width W3 must satisfy the aforementioned conditions and is not
particularly limited; for example, it may be approximately 0.8 pm. It should be noted that the fitting
allowance B is the fitting allowance between the connection holes TH11 and is equal to the fitting
allowance a. In addition, the wiring width W30 of the narrow portion of the second layer wiring M2 is
set to satisfy the condition W30 = W3 - 2a in relation to the wiring width W3 of the wide portion.
[0186] Fig. 42 shows a state where the first layer wiring M1 and the second layer wiring M2, which
extend parallel to each other, are electrically connected through two connection holes TH11 in their
overlapping region. The wiring width W3 of the wide portion and the wiring width W30 of the narrow
portion of both the first layer wiring M1 and the second layer wiring M2 are equal. Since the rest is the
same as in the case of Fig. 41, the explanation will be omitted.

[0187] In Fig. 43, instead of having two connection holes TH11 arranged as in Fig. 42, a rectangular
connection hole TH13 is provided. In this case, the length Y2 of the connection hole TH13 in the
direction perpendicular to the extension direction of the second layer wiring M2 is longer than the length
X2 in the extension direction of the second layer wiring M2. In other words, the area of the surface
perpendicular to the direction of the current flowing through the wide wiring of the second layer wiring
M2 in the connection hole TH13 is set to be larger than the area of the surface perpendicular to the
direction of the current flowing through the first layer wiring M1.

[0188] In addition, the length Y3 of the connection hole TH13 is made longer than the length X3, but its
planar area is set to be approximately the same as the planar area of the minimum dimension connection
hole TH11. In other words, in the connection hole TH13, the length Y1 of the minimum dimension
connection hole TH11 is extended to become length Y3, and the extended portion causes the length X1
of the minimum dimension connection hole TH11 to be shortened to become length X3.
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[0189] As a result, while maintaining the current concentration relaxation effects, it becomes possible to
make the etching rate of the embedded conductor film embedded within the connection hole TH13
nearly equal to that of the normal square connection hole TH11, thereby improving EM resistance
(allowable current value) and avoiding issues such as the peeling of the embedded conductor film.
[0190] Although it is not particularly limited, the length X3 of the connection hole TH13 may be
approximately 0.43 pm, while the length Y3 may be approximately 0.21 pm. The shape of the
connection hole TH13 will take on a rounded shape in a state of being actually transferred, as described
above.

[0191] Fig. 44 illustrates a state where the first layer wiring M1 and the second layer wiring M2, which
extend parallel to each other, are electrically connected through a single connection hole TH13 in their
overlapping region. The wiring width W3 of the wide portion and the wiring width W30 of the narrow
portion of both the first layer wiring M1 and the second layer wiring M2 are equal. Since the rest is the
same as in the case of Fig. 43, the explanation will be omitted.

[0192] Thus, while the inventions made by the inventors have been specifically explained based on
Embodiment 1 to 9, it goes without saying that this invention is not limited to the aforementioned
embodiments and can be variously modified without deviating from the essence.

[0193] For example, in the aforementioned Embodiments 1 to 9, the case of electrically connecting the
first layer wiring and the second layer wiring has been explained as an example, but it is not limited to
this and can be variously modified. For instance, this invention can also be applied in cases where the
second layer wiring is electrically connected to the third layer wiring or where the first layer wiring is
electrically connected to the third layer wiring.

[0194] In addition, in the aforementioned Embodiments 1 to 9, the case where the conductor film with
barrier functionality formed above and below the main part of the wiring is TiN has been explained;
however, it is not limited to this and can be variously modified. For example, titanium tungsten (TiW) or
tungsten may also be used.
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[0195] In addition, in the aforementioned Embodiments 1 to 9, a case was explained where tungsten is
embedded in the connection hole; however, it is not limited to this and can be variously modified. For
example, this invention can also be applied in cases where aluminum (Al) is embedded.

[0196] In addition, as shown in Fig. 45, this invention may also be applied to a connection hole structure
without an embedded conductor film. In this case, the first layer wiring M1 is constructed by stacking
the main part formed from conductor film M1d on top of a conductor film M1a that has a barrier
function. Furthermore, the second layer wiring M2 is constructed by stacking the main part formed from
conductor film M2d on top of a conductor film M2a that also has a barrier function. No tungsten or
similar material is embedded in the connection hole.

[0197] In addition, this invention can be applied to wiring where the main part is made of copper (Cu).
In the case of Cu wiring, a barrier film such as tungsten is coated around the wiring to prevent the
diffusion of Cu. Therefore, as in the aforementioned Embodiments 1 to 9, discontinuities in the flow of
Cu atoms occur in or near the connection hole.

[0198] In addition, in the aforementioned Embodiment 3, although the shape of the connection hole was
set to rectangular, it is not limited to this and can be variously modified. For instance, it can be shaped
like a T as shown in connection hole TH14 in Fig. 46. Alternatively, it can also take the form of an
inverted L as shown in connection hole TH15 in Fig. 47. It can also be shaped like a hook as shown in
connection hole TH16 in Fig. 48.

[0199] In addition, as shown in Fig. 49, it may also extend along the diagonal of the overlapping area
between the first layer wiring M1 and the second layer wiring M2. In this case, it becomes possible to
increase the area of the surface intersecting with the current in connection hole TH17 without increasing
the wiring width.

[0200] In addition, as shown in Fig. 50, when the first layer wiring M1 and the second layer wiring M2
are arranged horizontally as in the aforementioned Embodiment 1, a parallelogram-shaped connection
hole TH18 may also be provided. In this case, it is also possible to increase the area of the surface
intersecting with the current in connection hole TH18 without increasing the wiring width.

[0201]

[Effects of the invention] To briefly explain the effects obtained from the representative inventions
disclosed herein, they are as follows:

[0202] (1). According to this invention's semiconductor integrated circuit device, by ensuring that the
area of the surface perpendicular to the direction of current flowing through the connection hole, which
electrically connects two layers (upper and lower) of wiring extending parallel to each other, is larger
than the area of the surface parallel to the direction of current flow, it becomes possible to disperse the
current in the connection hole part, thereby suppressing high local current density in the connection hole
and the nearby wiring parts. This enhances EM resistance within the wiring system, improving the
reliability and yield of the semiconductor integrated circuit device.

[0203] (2). According to this invention's semiconductor integrated circuit device, in a connection hole
that electrically connects two layers (upper and lower) of wiring intersecting with each other, by
ensuring that the area of the surface intersecting with the direction of current flowing through the
smaller cross-sectional area wiring is equal to or greater than the area of the surface aligned with the
direction of current in the smaller cross-sectional area wiring of two layers (upper and lower) of wiring,
it becomes possible to effectively disperse the current in the connection hole part, thereby suppressing
high local current density in the connection hole and the nearby wiring parts. This improves EM
resistance within the wiring system, enhancing both the reliability and yield of the semiconductor
integrated circuit device.

[0204] (3). According to the semiconductor integrated circuit device of this invention, in the
arrangement area of the connection hole that electrically connects two layers (upper and lower) of
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wiring that intersect with each other, the two layers (upper and lower) of wiring are arranged to overlap
in parallel with each other. One of the wiring ends is extended in the direction of the other wiring, and
the connection hole is arranged such that the area of the surface intersecting the direction of current
flowing through the wiring is larger than the area of the surface along the direction of the current in the
wiring. This arrangement provides the effect described in (1), and it also makes the design and
placement of the connection hole easier.

[0205] (4). According to the semiconductor integrated circuit device of this invention, when the width of
the overlapping region of the two parallel layers (upper and lower) of wiring is larger than the minimum
wiring width and smaller than twice the minimum wiring width, the area of the surface intersecting the
direction of the current flowing through the wiring in the connection hole is larger than the area of the
surface along the direction of the current in the wiring. By setting the length of the connection hole in
the width direction of the wiring to be longer than the length of the connection hole in the longitudinal
direction of the wiring, current can be effectively dispersed in the connection hole area. This suppresses
the local high current density in the connection hole and the surrounding wiring, improving the EM
resistance of the wiring system and enhancing the reliability and yield of the semiconductor integrated
circuit device.

[0206] (5). According to the semiconductor integrated circuit device of this invention, when the width of
the overlapping region of the two intersecting layers (upper and lower) of wiring is larger than the
minimum wiring width and smaller than twice the minimum wiring width, the area of the surface
intersecting the direction of the current flowing through the wiring in the connection hole is larger than
the area of the surface along the direction of the current in the wiring. By setting the length of the
connection hole in the width direction of the wiring to be longer than the length of the connection hole
in the longitudinal direction of the wiring, current can be effectively dispersed in the connection hole
area. This suppresses the local high current density in the connection hole and the surrounding wiring,
improving the EM resistance of the wiring system and enhancing the reliability and yield of the
semiconductor integrated circuit device.
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[0207] (6). According to the semiconductor integrated circuit device of this invention, since the planar
area of the connection holes within the same plane, including the aforementioned connection hole, is
almost equal, in addition to the effects such as those described in (4), when performing the conductor
film removal process (planarization process) in the embedding of the conductor film in all connection
holes in the same plane, the amount of conductor film removal can be made almost uniform for all
connection holes. Furthermore, when embedding the conductor film in the connection holes within the
same plane, the deposition speed of the conductor film can be made almost uniform for all connection
holes. For this reason, it is possible to avoid problems where the conductor film in a specific connection
hole might peel off due to uneven removal amounts for each connection hole. Therefore, it is possible to
improve the reliability and yield of the semiconductor integrated circuit device.

[0208] (7). According to the semiconductor integrated circuit device of this invention, in the
aforementioned (1) to (6), the upper and lower layer main parts of the wiring are electrically connected
via a conductor film made of a different material from that of the main parts of the connection hole and
the wiring. This improves the EM resistance, thereby enhancing the reliability of the semiconductor
integrated circuit device.

[Brief description of the figures]

[Fig. 1] It is a plan diagram of a main part of the wiring system in the semiconductor integrated circuit
device of this invention.

[Fig. 2] It is a cross-sectional diagram along line II-II of Fig. 1.

[Fig. 3] It is a schematic cross-sectional diagram showing the wiring and connection hole with an
embedded conductor film that the inventors examined.

[Fig. 4] It is a graph diagram comparing the relationship between current density and EM lifetime with
and without the embedded conductor film in the connection hole.

[Fig. 5] It is a graph diagram comparing the temperature dependence of EM lifetime with and without
the embedded conductor film in the connection hole.

[Fig. 6] It is a graph diagram showing the variation of EM lifetime.

[Fig. 7] It is a photo observing the failure location of the material that resulted in disconnection during
the EM test.

[Fig. 8] It is an explanatory diagram showing the flow of electrons in the case of disconnection as
illustrated in Fig. 7.

[Fig. 9] It is an explanatory diagram showing the simulation results of the two-dimensional current
density distribution around the connection hole with an embedded conductor film.

[Fig. 10] (a) and (b) are explanatory diagrams showing the simulation results of the current density
distribution when one and two connection holes with embedded conductor films are provided,
respectively.

[Fig. 11] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 12] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 13] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 14] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 15] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
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[Fig. 16] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 17] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 18] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 19] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 20] (a) and (b) are cross-sectional diagrams of a main part of the wiring system of a semiconductor
integrated circuit device according to another embodiment of this invention.

[Fig. 21] It is a cross-sectional diagram showing a main part during the formation process of the wiring
system of a semiconductor integrated circuit device according to another embodiment of this invention.
[Fig. 22] It is a cross-sectional diagram of a main part continuing from Fig. 21 during the formation
process of the wiring system in the semiconductor integrated circuit device.

[Fig. 23] It is a cross-sectional diagram of a main part continuing from Fig. 22 during the formation
process of the wiring system in the semiconductor integrated circuit device.

[Fig. 24] It is a cross-sectional diagram of a main part continuing from Fig. 23 during the formation
process of the wiring system in the semiconductor integrated circuit device.

[Fig. 25] It is a cross-sectional diagram of a main part of the wiring system of a semiconductor
integrated circuit device according to another embodiment of this invention.

[Fig. 26] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 27] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 28] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 29] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 30] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 31] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 32] (a) and (b) are plan diagrams of the wiring system of a main part of a semiconductor integrated
circuit device according to another embodiment of this invention.

[Fig. 33] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.

[Fig. 34] It is an explanation of the simulation of current density distribution in the connection hole
portion of another embodiment of the semiconductor integrated circuit device of this invention.

[Fig. 35] It is an explanation of the simulation of current density distribution in the connection hole
portion of another embodiment of the semiconductor integrated circuit device of this invention.

[Fig. 36] It is an explanation of the simulation of current density distribution in the connection hole
portion of another embodiment of the semiconductor integrated circuit device of this invention.
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[Fig. 37] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 38] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 39] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 40] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 41] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 42] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 43] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 44] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 45] It is a cross-sectional diagram of a main part of the wiring system of a semiconductor
integrated circuit device according to another embodiment of this invention.
[Fig. 46] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 47] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 48] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 49] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 50] It is a plan diagram of a main part of the wiring system of a semiconductor integrated circuit
device according to another embodiment of this invention.
[Fig. 51] It is a cross-sectional diagram of a main part of a semiconductor integrated circuit device
according to another embodiment of this invention.

[Description of the reference numerals]
1: semiconductor substrate

2: insulation film

3: interlayer insulation film

M1: first layer wiring

MIla ~ M1k, M1 m: conductor film
M2: second layer wiring

M2a ~ M2k, M2m, M2n: conductor film
TH1 ~ TH18: connection hole

TH: connection hole

M3: embedded conductor film
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