5 August 2004 VI A-SEA LAYQUT I N | NTEGRATED Cl RCU TS TECHNI CAL FI ELD The
present invention relates generally to vias in integrated circuits and nore
particularly to the via-sea connecting w de bottom net al5 Anglust @p04ret al
conductors in 5 integrated circuits. BACKGROUND ART In integrated
circuits, interconnect structures generally take the form of patterned
metalization lines, or wires, that are used to electrically interconnect

i ndi vidual sem condEAHSEMLAVGUTINENEEGRATEDCIRCYITIhe i ndi vi dual
devices may include 10 conplinmentary netal oxide sem conductor (CMOS)
transistors and a single integrated circuit chip may include thousands or
mllions of such devices. These devices are powered by a power strip, or
power line which is one of the tDpCcHayers. ©EI@ i ntegrated circuit.
Generally, the devices are fornmed on a sem conductor substrate in a silicon
waf er and then covered by a dielectric |ayer of_ a material such as silicon
di oxi de. Cont Eht Bresend myppiian relates gegarghy t 19e viss eine éntegratet agisquity sandg more
photol it j 5SES i I NG e resl st l ayer
ver t ne rarey, fo RhPARSSES iHcEiing Atk ARER R B9 RoP M6l S ba iR

t hr ough inegpétd @rongsl reticle having contact hole patterns, devel oping the
photoresist to forma photoresist contact nmask, and etching the exposed
dielectric layer to formthe contact holes that |ead to the devices. Once

the contact holes are fornmed, a ' rial, such as 20 tungsten,
is used to fill the contact holégﬁ?g&%gbmﬁnggggstenvaugs". Addi t i onal
dielectric layers are then deposited and sim |l ar photolithographic

processes ar €nUsegrdted tRtdls, iRkRbhAct istictuA¥eiheNS MkéIhe Wtinf BT patterned
i nterconnect the netalization layers. Wile contacfs and vias in the | ower

level s foe@lizalignyilimeal ogomiess itbals aet weadh tohelecirinallpudntensomiect i indévidual has
Peen T ouhitdiahoy PIAAL 1. Qb i@y CI4hE *thdi Al BeGiked Qnby'CingRaROMeT

| i ne. However, ne expl osi ons, or e i Ng om

of tive Vécasplinsontandiaty axpleesedscdnduatol(CMO ) eRNFOEY arld NéinglaviRe@aRA circuit
di scovered. These getal ex Iosiqgs reduce the power carrying capability of
the poweT1R MKYsInglyge thapsrnds| oF mkens; of speh glevicgs ndhere defices se @evErRdsbs A t he

I nt egr at @ik istrfp b power line which is one of the top layers of an integrated circuit.

Generally, the devices are formed on a semiconductor substrate in a silicon wafer and

then covered by a dielectric layer of a material such as silicon dioxide. Contacts are formed

15 through the dielectric layer using photolithographic processes which include depositing a
photoresist layer over the dielectric layer, selectively exposing the photoresist to light through

a patterned reticle having contact hole patterns, developing the photoresist to form a
photoresist 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, such as

20  tungsten, is used to fill the contact holes to form “tungsten plugs”. Additional dielectric
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.



| 5 August 2004 The reasons for this problemare poorly understood and. a
sol ution has | ong been sought but has equally |long eluded those skilled in
the art. DI SCLOSURE OF THE | NVENTI ON The present inventipAugustPes an
integrated circuit interconnect having a wide top 5 netal line and a w de
bottomnetal line. A dielectric layer is disposed between the w de top and

wi de bottom mefeajeaddn8 sy ths \Préble@aare i pyotly dirdgrstoddl difd a soRutidaViald dofg We6kd h
and a second via having a width and spaced nore than a wi dth away and | ess
t han foueughtduhbasaguglly %@melufﬁ’@d thase skillgd & the atthe di el ectric layer, connects
the wide top and wide bottomnetal |lines. The wwdth and spacing of the
vias reduce the occurrence of netal explosions which are known to reduce 1

0 the power carrying capabprétyosREGFRIEINVERGSORANd adversely affect the
performance of The devices In the integrated circuit. The above and

addi ti onal advantages of the present invention will becone apparent to
t hose ski |l | edllienpretemt amenfiow previdesamh mipgodted hacdio intawbmgcdbsang edwvide top

descri ption when taken jn conjunctiqn,wth the acconpanying draw ngs. 15
BRI EF DHSOR T G DM O Pty & diftop e Jer SSOORBAT P eGr T5F BERIPBn of
an i nt egrtyiide GbitGHintetSNReE NG {iatsel) iAcIG8RL aMirS vid hiving a Hiohsma aGkt@E WA

FIG 1 taken along line 2--2 of one enbodinent of the present invention;

and FI G hagirgsa width aad spased ingme dhaw 4 width ewey @nd fesp thaadouhwidtbhdivall fremt thef

Lhe present v 20 KenL 0%, BESE MR ECR CHERANG M THE LANEIT! B i

. C
Referri Fein 1s sShown Cross-'secti on

of an igideghdhgdf teraas redindatthe 6cunRate bMmatal éxpledeatveltcls aretuhiotvn(td @éduce
shown). The cross-section_10 contains a wi de bottommnetal line 12 di sposed
i n alldi efhe peppe camying prpaRilie obBie ReTdings ang advepssly offecd theaperformenge of the

separatq%vi%gﬁ}ﬁgq%gggﬁﬁgmggﬁal line 16 by a dielectric layer 18. The w de

bottom neta the wde top netal line 16 are perpendicular to

each ot her Wit fGe alth 8aifi6R T8bkageb BEuk briBY! AVeidn WA Rob i Tphdidito ! ©

those skilled in the art from a reading of the following detailed description when taken in

conjunction with the accompanying drawings.

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.



2 5 August 2004 The term "wi de" is used because these netal |ines are nuch
wi der than the netal lines wused to interconnect individual devices. The
term"vertical" or "horizontal" as used in herein is defAngaétag04n a pl ane
respectively perpendicular or parallel to the conventional plane or

surface of a wafer, regardless of the orientation of the wafer. 5 A vi a-sea

20 is di sposefleitdint Agidet BIRED béGudcdti8e m&aPtks GANDSH Hid thaadhy hitualinké as
20a, 20b, and 20c. Referring nowto FIG 2, therein is shown a .

cr oss- sastd wriatereonpopt didiFdaal devigennghe ferva “vertical”|agokomgpnial” avugedds hetein wi de
top netal ,line 16. which is enbedded in.a.dielectpnic |layer 22. The via-sea
2071 5 sHoMRG & I Ps SR mRPUTR SoPericio, M Fomatopioiait B "
are 10 sgtfadeast dwaater ge@rdibddton thenbricandionpadedwefgrial di stances "W apart. The
di stances that the vias are apart, such as the via 20a. fromthe via 20d,

woul g be suchy thadea 2dis Hispsdeti GR tHleVdibRE®IR My N8MnW Ghélsts WE irkieldndl Wigs Joaur
times greater than wwdth "wW'. As may be seen in FIG 2, in one enbodi nent
"W is SAbfarsiet |y |arge so that a colunn of additional vias 24,

i ndi cated by the dotted lines, could be inserted between the via 15 20a and
t he via 20b Ruféreing noewvio F8Ge duthdreeisi shewntacaotsetentena] vivav of B 20dompntng0d.

Thus, f he. t h - by:t ' ._hayi th ' Oa th h,20i,
he Vi ad-GolpPinereEnais Bt nge BoReirhtng o et & i iReda s RS2t
woul d beundengd-e@td §ahowh 8oee filfas 3 208 khsh 20;8 THelviR 208 thtbus20iNee
present invention. 20 Referring nowto FIG 3, therein is shown a

cr 351:9- S SguareH lhgﬁfns ianwvidgh “w0 anf spaged sesuakdistaness ‘N~ gpanty Ghexdistppeeg|tizt the t he
: Cob metal i iy . . ol o iouer .
o e il S galt 350 & 48 ROV b oS Bull GLAEH Ut g Sl ©

IS SAown uni I ne
di el ect rihgn Walterw2dnd Wb asfolip dndeh g gh tiiwidte“i’ormed in a simlar fashion
to the vias 20a through 20i. 25 The via dielectric |layer 42 has two

rectangul ar oRehNAS dtnand 148 2 ok BB clREBhéht VoS RESHff¢RIHY DabvesnhkNg
vias 40a and 40b and the vias 40b and 40c. In one ermbodi ment, the openings

44 and 4®hame of pdditionab vigs dthindigated dyethe Hoted Hings, gowld baauserted bemsentic vad
ar'€ ;5 720a and the via 20b while a row 26 could be inserted between the vias 20a and 20d. Thus, for
the three-by-three via array having the vias 20a through 201, the vias could be separated by

columns 24 and 28 and rows 26 and 30.

It would be understood that these rows and columns are not present in the present

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 201.

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.

3



further spaced apart a distance "w' fromthe vias. The rectangul ar openi ngs
44 and 48 extend the wdth of the via-sea 40. 30 After discovery of the
metal explosion in the vias in the areas adjacent to the Migst20@tal |ines
12 and 16, a study was conducted to determ ne the root cause of the
problem 3 5 August 2004 However, the actual cause can not be determ ned.

After exersleyethd@hib tduse ichn bt 541 9PRERBEId. LA éx%sfv@%a@@fésﬁﬁs QhspaBikd!
explosion are: 1) m'smatch in thermal expansi on anong t

net al / vi @pidherast causes plmetel epdosian argdhesi on di f f er ence bet ween the netal
and the via, and the netal and the dielectric; 5 and/or 3) a driving force
due to a Iocall)i m&h%mh'mstbermabdimnsipnwmugtkwmemh‘sia,hiiejbnts'c nmessiaby) t he

| ocal i zed area at the boundary of the dielectric and netal. It has been

unexpect edl y 2jiagthesiar diffetdna¢ béteewn tg mhétel aguthy aloahd e el Htthe Hield@wse; and
columns o fromthe via-sea as shown in FIG 2 or renoving the equi val ent
of rows T 10 inserting a colum opening in the via dielectric layer will
elimnate netal explosion. It will be understood by those skilled in the

art, that as ¥i aéﬁlﬂaﬂoﬁ%cesdrﬁltpérb%@ed stiess| gsadienthwhishpzeaips bigh siressamuthees
in the pilagélggahgg%g’g g%fﬁﬂ% Hbﬁﬁc?gfe?a‘f' and form rectangles or
the w

circles eng t S or aneters. The above invention

ci7obs, and dBRELPERY mfpec%?f" acoafs%'d%%t' PR RE o sh bt e et ARy,

Whi | e t heoliine ot Romhihe vieen ﬁeﬁﬁmbﬁdﬂlm X O feiiilin® e duvalert REGHHE GnBest
node, it.is_  to be understqod that many alternatives, nodifications, and

vari ¥ i oiseTiing p colsmanpspiBgn th via ﬁ@?@triﬁxliaﬁféﬂdll qkimingte metalienplosight of t he
af or egoi ng descrlptlon Accordi ngly, is intended to enbrace all” such
al ternati ves,ltolli ba vadargaed bartboﬁiﬁaiikllsl@d mshanhitcthaf ab [viasi basomet dneallepiandt

and 20 s tters set forth h in _ar. shown
in the aéézgagf%gﬁe BB@ “lrh a‘(\%g%gs asrlé1 & PBY OtOh é?aB }gtrg%!gtkl ‘??"%‘%df ?}%tdraa['% ﬁ?gnand
non- 1 i m ﬁebﬂﬁgglﬁﬁﬂlsﬁrcleﬂs andAthg i lithe B8bme 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 I NVENTION CLAIMED I'S: | . An integrated circuit interconnect

conprising: a wide top metal line; a wide bottommetal |ine;s f,ast2004
dielectric |ayer disposed between the wide top and wi de bottom netal [|ines;
a plurality of vias in the dielectric |ayer and conpectlng_ghﬁ mndg top and
w de bo ' j iding: a first via having a wdth, and a
second {1/] am’gﬂoﬁtﬁ?‘gﬁwéﬁ ‘spaced nore than two wi dths away and less 10
than four widths away fromthe first via with no intervening vias. 15 20 25
2. The integ'atedgEP#@EF SYCUL BIFFEQNICH COMEFWINE: wherei n: the second via is
spaced from } feadthp fletdii;@ed N @ direction perpendicular to the length of

the w de topEi nmet atIISI ienéé?lﬂ?i’nd including: a third via having a width and
spaced nore 2 wade hofomanetzhneand | ess than four w dths fromthe first via

i i i on, | he wjde, t tal line. 3. The
|t G at ed. of PEBETRI PR Dol b PBRE] idoraoTeagAtinsa. | 5 Spaced
fromthe firspludldy bfvias # the AidQRORYE el qohﬂe&iﬂ%tﬂaefﬂﬂfgﬁ?j}%n& Q’?dé; Wdn LOP

metal line; and including: a third via having a and” spaced nore than

two widths and | e®stat bias ddudingwi dt hs fromthe first via in a direction
erpendicular to Wi top netal . line. 4. The integrated circuit as

(F:)I a!omed in clai m%ﬁl\%ﬁ‘élragﬂ%‘rff:ngta%l ’@%ctri c layer has an opening provi ded

therein equi di st anbechbhd®iat ieifgl 4 SHdtBNED sBRZARMorY tR: two widifs AvMyPRAfeed
circuit as clained in claim4 wherein; L ) i )
10 than four widths away from the first via with no intervening vias.

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

30 7. The integrated circuit as claimed in claim 4 wherein:

the opening has a length and the length extends perpendicular to the length of the

wide top metal line.



t he opening which has a width equal to the width of the first via. 6. The
integrated circuit as claimed in claim4 wherein: the openi ngafsms: 204 engt h
greater than twice the width thereof. 30 7. The integrated circuit as
claimed in claim4 wherein: the opening has a length and the | ength extends
per pendi cul ag to Lengt.h.of. the wde top.metal line. 5 5 August 2004 8.
An int egr at e%’ ci r%‘gi e ﬁ%grcérgﬁlﬁg&:rcgmwo& ME 3 wide top netal line; a
wi de bottom getd tohii®al iRedi €l ectric | ayer di sposed between the wi de top
and wi de bottomnetal lines; and 5 a via-sea in the dielectric |ayer and
connecti ng thwidd whetoromemhinei de bottom netal lines including: a first
colum of via _Pavi, ng a wdth, and a second colum of vias having a width
and spaced n%a’é eHimaysishisosrdhetwesndhe wide top a8d widarbdtionr majalitines; awhy from

the first co f. vias: Wih 10 no intervening.yias. 15 9. The integrated
cir csLit as c%‘ gl{g‘n%; lfl\r‘%heglﬁglygr% %grg%ngonpﬁ%mggbgﬁvdg%&pmﬂ]q wide\hogfem; %‘e@gaced
fromthe first coliggmndhdidgas in a direction perpendicular to the Iength
of the wide top netal line; and including: a first row of vias including a
via in the first zétstimvlumh ofivées Hasingmgyidthyadd h  and spaced nore than two

wi dths and |l ess than fQur widths fromthe first colum of vias in a
direction parall e S?WHBFFQIWH@ftVE?é having a|\wid andpspaved mose depnatvend widthe uj t

as claimed in claim8 ok econd. col u of . vi.as is spaced fromthe
first colum of vias I%Wéf%lld;] g%sttﬁagnnfsouﬁg?a ?%‘Wa)fnﬁo?jﬁge 'SBSEQ?WO%"I‘?@ WWhie top
netad |ine; and incl udﬁd\gﬁera&,i@gf,iiag‘st row of vias including a via in the
first colum of vias having a wdth

9. The integrated circuit as claimed in claim 8 wherein:

the second column of vias is spaced from the first column of vias in a direction
perpendicular 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

15 and spaced more than two widths and less than four widths from the

first column of vias in a direction parallel to the wide top metal line.

10. The integrated circuit as claimed in claim 8 wherein:
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:
20 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

line.
11.  The integrated circuit as claimed in claim 8 wherein:
25 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:

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:

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

6



and spaced nore than two widths and | ess than four widths fromthe first
colum of vias in a direction perpendicular to the wide top ngf JobAe-
11. The integrated circuit as clainmed in claima8 wherein: 25 thlzéu(sjtl echtric
| ayer has an opening provided therein equidistant fromthe first colum of

vias and the;seco. colu af vias, .12, The integrated circuit as clai ned
inclaim11l %/ﬁsﬁere 71 qggz{%bgﬁquﬁgas Lrimed i elim bhwasreiy the width of the
first col umthefop¥iiag hasldlengihtntRkRAIAS G Berfh &ty LPRE e Gl ARt
wherein: 30 the opening h%:dél a Iengtﬁlséggeeat er t%gﬁé{aﬁ ggfrﬁ%e&@meg‘%%n?ﬁ r eof .
6 5 August 2004 1lme. The i nt egrated circuit as clained in claim11l wherein:
t he opening has a |l ength and extends perpendicular to the Iength of the

wide top netal line. 7 VIA- SEA LAYOUT I N I NTEGRATED Cl RCUI TS ABSTRACT An
integrated circuit interconnect is provided having a dielectric |ayer

di sposed between a wide top netal line and a wde bottomnetal line. A
via-sea in the dielectric |ayer connects the wide top and wi de bottom
netal lines by neans of a first via having a wdth, a second via having a

wi dt h and spaced nore than two wi dths away and |l ess than four w dths away
fromthe first via. Figure 1





