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The present invention relates generally to vias in integrat i its and
nore particularly to the via-sea connecting w de bottom metmm %@[MMH t al
conductors in s integrated circuits. BACKGROUND ART In integ its,
i nterconnect structures generally take the formof patterned mé¥4p¥zati on
lines, or wres, tha r e I \n ct individual

sem conduct or devi Ce&l?ﬁ&i@%@ﬁﬁﬁ@ﬁffﬁ?ﬁiﬁﬁﬁb ‘lEﬁgﬁSﬁ?ﬂ al devices may

i nclude 1o conplinentary netal oxide sem conductor (CMOS) transistors and a
single integrated circuit chip may include thousands or mllions of such
devi ces. These devices are powered hy a power strip, or power line which is
one of the top layers of an int ggp;{ Adi FEEER . General ly, the devices are
formed on a sem conductor substrate in a silicon wafer and then covered by
a dielectric Y. . ri S { |: 60 Wehd .-g.‘ﬁplrsa

formed 15 th;rléﬁgcﬁgsieﬂfa llg\(eg?é%tﬂre?dlt:esl gsg/rgfﬁé,s?dnd} l%hght gﬂlltiggﬂﬁ%gr g‘p |1c %{r‘f}ﬁges
whi ch i patioderlgepothiet viagea qohotatingswile batioen metel abdeoplimételc tondnciaay dn,

sel ectively exposi.ng the photoresist to |light through a patterned reticle
havi hg H'g?%%\t@?cﬁﬁqlg' patterns, devel oping the photoresist to forma

phot oresi st contact mask, and etching the exposed dielectric layer to form
the contact holes that |lead to the devices. Once the contact holes are
formed, a conductive material, BACKGROGND ARgsten, is used to fill the
contact holes to form"tungsten plugs”".. Additional dielectric |ayers are

t hen deposited and simlar photolitho raa@hi C processes are used to form
net al i zat i onln aifegrated nArcyitg sintefpanapct; sruspisesn generaltyn keethey form of digttemgdr s

Wiile ¢ i in:.the I | s f - ndi v n I ORS

bet menﬁﬁ%%%ég?fgﬁgse\éhea%al‘O]Irésheg{apr?{ehélg&ﬁe%n %cl'i,?lll%ﬂ? hg{ltg%%}ﬁ%?ap}%%h%@ Vi as
ar e reqsemiedndustarodoeices tto ekernab @oomitry.| i rithe Hodieidesl, deeiced maxpl msiudas, or
netal voids,, startintg rds toward

froqmthe bpotton.o he vj as extending upwa
t he 1f op SFBRERCRIARMFL l/_%’“g%é‘“ﬁma? (Pé?@f{(_)éﬁﬁé@élsm 410 ERPEGINGRERISHSER ¢ he
power  CehibYhid ifcRRRhbadaddObr Hi‘lﬁoﬂé’ﬁ?&udh‘ D8 5cedN AR Qéﬁ@és%aﬁ@fpt)%l;edtﬁyea

performance of the devices in the integrated circuit. e reasons for

thi s pr pbwenstap,erpowet iinewtishss awdofaheltop laysruief anrintegsmtddosiggulieen sought but
has equally |l ong eluded those skilled in the art. DI SCLOSURE OF THE

| NVENTI ON Th&eperaBgthe dewiesstar® formpied vh dsemicond ndtegsubtiedte in 4 silicon wafeeraadnnect
havi ng wi de t 5 tal. Line and a wi.de bottomnetal line. A dielectric

| ayer | theg @ﬁsrggﬁy Ielecicdmer of adnaierpl shch 95 e IPHAF nratacts e tormad

vi ayseanrhiv Wl MgleBricl fa§r Ydi follthoBraphid! fo8ddesPwhfeh GElul Yiifi0a

wi dt h and lg%ﬁa_ced rmrect ﬁgr_\r all\?yg gﬁ\{ a\/vg;g/raglrj\% I%}gs_s tsh‘gn four uvvélp ?fﬁ% a%? from
t he fi r photoresist layetavedihel dielestiic ldyay eelectivehnexposing e hiotieresiss o dight thiagigh

bott om net | i.nes. , The width a acing of the.vias reduce.the gccurrence
of ot o RlsrisE; EicualE cioh ok’ ik e’ pind, 3R RESRE 16, s
capabi | bhytofdsist bentpaWedsk] hmbétcing tslvgiosed diehkcfrRClayérte foeh ftiny omitae hofest he
devices in the integrated circuit. The above and additi onal advantages of

the presuteadiodhe devics | Pnosctbe sentapihnlesire dermado scontyative auaterial niiches from
a regpdi pg, Qfent ﬁ%Jei?'tb%((jﬂ B At 1ofhs 46 Sokh PPtV i fed 2K K BditiBn A OREILAGE | ON
wi th the accohpanyl ng draw ngs.

layers are then deposited and similar photolithographic processes are used to form

metalization layers and vias, which interconnect the metalization layers.

While contacts and vias in the lower levels form individual connections between the

various metal lines, it has been found that a plurality of vias are required to connect to the

25  power line. However, metal explosions, or metal voids, starting from the bottom of the vias
extending upwards toward the top power line have been discovered. These metal explosions
reduce the power carrying capability of the power lines and adversely affect the performance

of the devices in the integrated circuit.
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. ~5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a cross-section of a portion
of .an integrated circuit showng the via-sea; FIG 2 is a cross-section of
FIG 1 taken along line 2--2 of one enbodi nent of the present invention;
and FIG 3 is a cross-section simlar to FIG 2 of another enbodi nent of
the present 20 invention. BEST MODE FOR CARRYI NG OUT THE | NVENT] ON

Ref erring nowhe gegspes for thisnproblem are Ropslyn vadesstoad and @t sabwionohast loag dweri on
of an i ik tegrated circuit (not shown).
. The c?&%g se?&f%ﬁﬁﬁrgl %Qg?%@g&s\%ﬁ leédgg?t%odnr?rret al line 12 disposed in a
dielectric 14. The wide bottomnetal line 25 12 is vertically separated
froma wde top netal line 16 by a dielectric |layer 18. The w de bottom
metal line 12 and the w d@ﬁ@&Qﬁéﬁ&EQFmEiﬁVﬁmlw pendi cul ar to each
other with the vvlde top rretal line 16 having a Iength fromrlght to Ieft in
FIG 1. 2 EE Lm. w i i ldsed b causg theaet g;hnes ar ebdm,%

wi der than t eﬁéﬁss‘? Y ?“Jg@é‘ P MeFaGH e "%STC\‘?P‘&%? PHRG %R BhRe

ter my" veieidl ik 'an®@ % wile bb#&f ndtal 132, US Biéldciid1ay&iif dispodtaibetisénate widetop! ane
respectively perpendicular or parallel to the conventional plane or surface

gf a wahed widedwdton] metl bres ha vég-saaningluding ofirst vie haminga widthng;asesend vie i s
205, aniyBe B RRLURhELEb AR ERiBR GRS IS Rin tollbdfie Bay 188 65,

vi ew of fikdt@ia ih tAt di'e@ctrimlayé}- echneas kiewgidepop awdwitie Hduenmindtal lings. The afidthi ne

16 which is enpbedded in | ectric Ia er 22. The V|a-sea 20 is sh vvn nor e
fully agndmgl the,yigs, u?m%e oppTACE e g %?’H?l%%%‘ﬁ wiych a%eémwnstaa

havi;ng %h g E‘cfftﬁél Ak ARG Gversbly a8 A &’1% t hat
t he vi as a e apa%'mg t he y%eZOa om‘t’eﬁ X/I a ZO%Ie rﬂ{é‘ Ee such

t hat "\/\dewsesshrﬂgﬁmtegrdteﬁgmmtt han width "w' and up to four times greater
than wwdth "w'. As may be seen in FIG 2, in one enbodinent "W is

sufficientl yThaamesaadtahaitloﬁalczﬁkzmmgesfof&Mrééeﬁﬂﬁﬂvemi@sW%ecbmdiappdrad tby the
dotted lines, _could be i nserted between the via a .and the via 20b

whi | e athaseskidled duyithe pe fr%@rrte@fanaef \%‘efplkorvéng/ri%ﬂ%aesaﬁaﬂ%w errigken ipor
t he t hr egsiliNetov&eh thie 3cnk D3V pe vias 20a through 20i, the vias
s] gﬂﬁly co L}%‘? %4 an

coul d be separate 28 and rows 26 and 30. It woul d be
understood that these rows and columms are not present in the present

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-section of a portion of an integrated circuit showing the via-sea;

FIG. 2 is a cross-section of FIG. 1 taken along line 2--2 of one embodiment of the
present invention; and

FIG. 3 is a cross-section similar to FIG. 2 of another embodiment of the present

20  invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to FIG. 1, therein is shown a cross-section 10 of a portion of an

integrated circuit interconnect in an integrated circuit (not shown). The cross-section 10
contains a wide bottom metal line 12 disposed in a dielectric 14. The wide bottom metal line

25 12 is vertically separated from a wide top metal line 16 by a dielectric layer 18. The wide
bottom metal line 12 and the wide top metal line 16 are perpendicular to each other with the

wide top metal line 16 having a length from right to left in FIG. 1.



.invention. 20 Referring nowto FIG 3, therein is shown a cross-section 38
simlar to the cross section 10 of FIG 2. In FIG 3, the w de top netal
line 16 is shown disposed in a dielectric layer 22. A via dielectric |ayer
42 is shown under the wide top netal line 16 and the dielectric |ayer 22.
Vias 40a through 40j .are formed in a simlar fashion tg the vias 20a

t hrough 20i . 19§ terRe Widey igjugeddeacayse thege gpeta] Jingparempychvaderthan themepldmieags 44
and 48 {,Q14VBqn LR Y2 t ! ; -he

U as 40h g SRR HBRR dEyiELy R e D byt R BIERT

wi dt h " W' defmedashinaf plahe raspectivélyapdrpendinglar 4R pasaikdl &0 ¢hef convhetionabp plaad oapar t

a distance "w, framthe vias. The rectangul ar .openi ngs 44 and 48 extend the
wi dt h 0Fur$a}§:8 o\gpa\gagcgareger_dquﬁoﬁ\@p@peﬂﬁag%ggtﬁ?w&fert he metal explosion in the
vias in the areas adjacent to.the wide netal lines 12 and 16, a study was
cond¥ict ed t oAdEREFHENE dipRosed By the diglectiis layp] §randeangistspt indyyiduglyias 2

act ual Qw%ﬁd‘?ﬁ@. not be determ ned. After extensive analysis, it is
suspected ‘that the root causes of netal explosion are: 1 ) mismtch in

t hermal expagskor AYY ' .G 18l g1 R) i Qn
di fference bgt'3 gee%gnmgong@lfgé\%&fl Hée%olc&é'?&gﬁogg% céﬂﬁ%lﬁéﬁx@g?\ﬁl 'hleglggg?%lgt ric,;
5 and/ o@--3)loekiflg uy itovgartie tleewilisctop aetall lneall 6 whidh 9$ embdsddpddmiaeditlectwoilgfer
creates Ei %F sfress on _the | ocallzed area at the baoundary of the dielectric
and net af- The Vidzsea BRATShoNaBEt 9sw%%%@f%h@ﬁhﬂhee\a@ﬁz{&tm?@g@am 8| ent
of 95 Sfarl heyitia IAGHOY Y Ld Eo@Mdidimodd anSSmhaS BROUR ahesTt or

r enovi ng@%arr]e equi %I ent g# ﬁﬁ(;&ss gndgﬁ%ﬂ n%%rctggl ﬁgﬁgﬁggl umm %Ygtéahn{%ﬁgth&nthtghe

vi a di evmstard apattayueh asithd vie[20aifmoat thevid 20d, svopldlsé such thdt “W°t is shightlynklegest ood
by thoseg skill]ed,in the art,.that as vias.hbecope smaller and snaller, the
vi as \/\hﬁ@ﬂ“&‘fih‘ AP to o?rﬁgn?ﬂﬁf?%?ritﬁﬂbm‘@bh'f"c mask becone distorted and
formrectangles or circles, and the w dths beconme |engths or dianeters. The
above invent?A‘érfn?%l?eﬁF%i‘HEH}-a%tdF‘t?@nﬁpb?ﬂ*@é@ssWndF §riiciengly laigse® thaeamal 1

s budge i : : i LA ); .
pr oduct E?e I adbfiryldlﬁiiﬁg(l).ﬁ§l\s;v\vﬁlﬁai(;kq tlﬁ&eigﬁl%%%/% %ﬁ\ﬁﬁg?n% S%QQZ’S gfriéi%ﬁe%%?trﬁ g%trt\ﬁ‘ﬁgt ion
wi t hsa 2peand the vieeXib wiitkeg rovt 26 sould bb ensentetEbetweandthe s 26mayd 20d. eFinat foves,

nodi ficgtions, and variations, wi]l be arent .t.o.thase skilled in e art
"o | onies ik Bies S oty Mtiodhe vins 208 Reeasip gy Vins cd brsearided B
enbr ace cgilihns 24 Rnd b ahd v vEsSanddi fi cations, and variations which fall
within the spirit and 2o scope of the included clains. All matters set

forth herei nn%oaamﬂnqar&m AGL HPARW D I PAEAMRISr RSt hidshE ih MEpREGHed in

an illustrative an Imting sense.
invention.

20 Referring now to FIG. 3, therein is shown a cross-section 38 similar to the cross-
section 10 of FIG. 2. In FIG. 3, the wide top metal line 16 is shown disposed in a dielectric
layer 22. A via dielectric layer 42 is shown under the wide top metal line 16 and the

dielectric layer 22.
Vias 40a through 40i are formed in a similar fashion to the vias 20a through 20i.

25 The via dielectric layer 42 has two rectangular openings 44 and 48 formed therein
respectively between the vias 40a and 40b and the vias 40b and 40c. In one embodiment, the
openings 44 and 48 are the same width “w” as each of the vias 40a through 40i and are
further spaced apart a distance “w” from the vias. The rectangular openings 44 and 48 extend
the width of the via-sea 40.

30 After discovery of the metal explosion in the vias in the areas adjacent to the wide

metal lines 12 and 16, a study was conducted to determine the root cause of the problem.
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.4 THE INVENTION CLAIMED IS: 1. An integrated circuit .interconnect
conprising: . a wde top netal line; a wwde bottomnetal line; 5 a
dielectric |layer disposed between the wide top and wi de bottom netal |ines;
a plurality of vi as in the dielectric |ayer and connecting the wi de top and

wi de bott om net.al nes i ncl udi a first via having a w dth,. anda econd
via havRye¥eTnilf; 36t ‘éﬁ\&a‘é%a@&d‘oﬁggéie{%ﬁ‘e THRERSY %M1YP@5§ i fugpestedr

Wi dt hs awehhelrb@BabiftR of ifedl eXplBsiofareThe i nt egrat ed circuit as clained in
claiml1 wherein: the second via is spaced fromthe first via in a direction

per pendi cul a tflsthdy ftﬁ%%&g}&xﬂ%g%%g%ﬁeﬁm@&ﬁ/@%wdlél cﬁ{&?eéi ¢l uding: a

third via ha ngavm ace wo W dths an éss than four

Ly S0 3P bkl Bt OB L3 Pl B hF gL P

wher ¢i nand/bke second via is spaced fromthe first via in a direction
parallel to the length of the wide top netal line; and including: 20 a

third via hayj r&&lrﬁriﬁ% firfe AROtoSPRENARESss! fadiet M hY¥htr8esMgh k@&s dnhas four
widths fromthe fir viain a direction perpendicular to the w de top

met al | lacalized arepes thohawdayed the dielgrtricand otetdlmed in claim 1 wherein: the

di el ect ric |layer has an opening provided therein equidistant fromthe first
and 25 seconit has heen Wexpéntediy timgraraidthat leaung thesquivaieneof c'mtr set afinow4 and
wherein: the o i ng,whi.ch has .a w dt to the vvldth t eflrs Vi a.
6 “The. PBGs FBEFORT MELYiE-Ser S PR TIC-cf BF AOOR I eyt G ARG has o
I engs h aise@inga dofidhn byénGf: ke W didlediiiela§8 willelimifate ThtalieRpIRSioAL €d circuit

as clainmed in claim4 wherein:
It will be understood by those skilled in the art, that as vias become smaller and

smaller, the vias which are squares in the photolithographic mask become distorted and form

rectangles or circles, and the widths become lengths or diameters.

The above invention has provided additional process margin (increased thermal

15  budgets, film stress, and adhesion margin) and has provided better product reliability.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and

20  scope of the included claims. All matters set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



.the opening has a length and the | ength extends perpendicular to the I ength

of .the wide top netal line. 8. An integrated circuit interconnect
conprising: 5 a wide top netal line; a wide bottomnetal line; a dielectric
| ayer di sposed between the wide top and wi de bottomnetal |ines; and a

via-sea_in th ielectric |layer and connecting the wide top and w de bottom
net al IFHQ&W@@&&LA&MI?P@: colum of vias having a width, and a second

colum of vias having a width and spaced nore than a width away and | ess
than four w 8t hs ARdytegiatad cirenit {nterepnnest ¢AMPING;i as. 9.- The integrated
circuit as clai i lhai.m 8 wherein: the second columm of vias is spaced
fromthe fi ré?l(?:r%ﬁ%gnn?net%flmﬁ as in a direction 15 perpendicular to the length
of the w de hepdeimittim fhetadlinggnd i ncl uding: a first row of vias including a
viain the first colum of vias having a,w dth, ,and spaced re than two

Wi dthe and | BSICHIRaY G RonRse P ETLRE MG Top a3 96K AHPTOME HECS - a

direction pap ﬁiqrgét%tog v\%g‘?n Y}‘iCQﬁelE%ch fhnd édgnﬁectfl%r;c%g g?dé;/t:agealﬂa Q&i@@b&tic{iﬁ ui t

as claimed inc ereln: 20t second co s I's spaced from
the first col um ofetalliass inpludingi recti on parallel to the Iength of the w de
top nmetal line; and including: firgt row of vias including a via in the

first colum of vPEEStYRRRAYR Wad&lﬂ’t‘?‘“ nd spaced nore than two w dths and

less than four W gibonfi v 4 Width a6@spared afory tad o Wideh SaEstd REs than
perpendicular to the wide top nmetal 25 line. 11. The integrated circuit as

clailléred in claim8 \Ahef@irmidigheweﬁ’ &pmdthe figst viayer has an opening provi ded
therein equidistant fromthe first colum of vias and the second col um of
vias. 12. Th2 i nt &e atteglated ciouiit asadaioled imelding i vdleadim 11 wherein: 30 the
openi ng has wi dt h equal t he width of the first colu f vias.. 13. The
Pt eor ot ed cMecErndags i Soptelh ot 4 Sishviin airegsion PorRetilth FoiBe F ongt b
greater than tw Ceelviige topfthbal &S 8Ad incfudingl4. The integrated circuit as
claimed in claim1l wherein: the opening has a | ength and extends

per pendi cul ar to #ierd waderingfa width atddwacaesimenstthan twowidths and less than four
15 widths from the first via in a direction parallel to'the length of the wide

top metal line.

3. The integrated circuit as claimed in claim 1 wherein:
the second via is spaced from the first via in a direction parallel to the length of the
wide top metal line; and including:
20 a third via having a width and spaced more than two widths and less than four
widths from the first via in a direction perpendicular to the wide top

metal line.

4. The integrated circuit as claimed in claim 1 wherein:
the dielectric layer has an opening provided therein equidistant from the first and

25 second vias.

5. The integrated circuit as claimed in claim 4 wherein:

the opening which has a width equal to the width of the first via.

6. The integrated circuit as claimed in claim 4 wherein:

the opening has a length greater than twice the width thereof.
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first column of vias in a direction parallel to the wide top metal line.

10.  The integrated circuit as claimed in claim 8 wherein:
20 the second column of vias is spaced from the first column of vias in a direction
parallel to the length of the wide top metal line; and including:
a first row of vias including a via in the first column of vias having a width
and spaced more than two widths and less than four widths from the
first column of vias in a direction perpendicular to the wide top metal

25 line.

11. The integrated circuit as claimed in claim 8 wherein:
the dielectric layer has an opening provided therein equidistant from the first column

of vias and the second column of vias.

12, The integrated circuit as claimed in claim 11 wherein;

30 the opening has a width equal to the width of the first column of vias.

13. The integrated circuit as claimed in claim 11 wherein:

the opening has a length greater than twice the width thereof.
6
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