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

| evel s foetalizatignyilimgal o omAes i thals d5et wessn tohelectrinallpudntensoniect | indévidial has
been foung il fhe@r PAHER! ty Qtex%glascir%ﬁﬁry': eq"’fih[aegndti\(r)xd&a n%%%%est Om.::[lyb Cinclude
10 complimentary metal oxide semiconductor (CMOS) transistors and a single integrated circuit
chip may include thousands or millions of such devices. These devices are powered by a

power strip, or 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.



25 power |ine. However, netal explosions, or nmetal voids, starting fromthe
bottom of the vias extending upwards toward the top power |ine have been

di scovered. These netal explosions reduce the power cary#fuguptéa@phbility of
the power |ines and adversely affect the performance of the devices in the
integrated circuit. | 5 August 2004 The reasons for this problemare poorly

under st ood arghe Ras@k Ubt @ils pashlk@nge IRBAY wREBod0d hasiitiaH HasYioh® teen
el uded those skilled in the art. DI SCLOSURE OF THE | NVENTI ON The present

i nvent i cRugitdut Basequnlly longghuded ghase skilled in Wedrtconnect having a wide top 5
nmetal line and a wide bottomnetal line. A dielectric layer is disposed
between the wide top and wide bottomnetal lines. A via-sea, including a

first via having a wdth am%%@§gmym%§qggw dth and spaced nore

than a wdth away and |less t romthe first via in the
dielectric layer, connects the wide top and wi de bottomnetal |ines. The
wi dt h and spHei prgsanf investion asovidaduaeintdgeated circrie nuercafinenehaling aphidsitops

whi ch are kpown to reduce 1 o ower. carryi ng.capability of .the. power
1 hes aretinigin e s i fom fela) BpPorintarisrasm e’ SRR bitesn st 5
i nt egr atgd widk SBitdm rldifl 13R9V & dRtkeaddiiippal ﬁr@tdmﬂaﬂgﬁa vAlithtdAa aREESRNa
invention wll becone apparent to those skilled in the art froma reading

of the flavingw widthendispacgd arase thaptd widthvaway eagk &ass ithan founpidies away KbmHhe he
acconpanyi dr aw ngs.., -1 Rl EF SCRI P O T W N Fl | Is :
P o cis{ B Y ekRerpit 3 oo R IR e 06 e oA TR The bituf

Cross-se | uirt”'show n e Vi a-

FIG 2 ismdapsdias sf fRGliisaed@e tht GecutrehékeMmatabexplddittd whick alefknong te mihidt meNt
of the resent invention; and FIG 3 _is a cross-section simlar to FIG 2
of alot hfg? PEWBDERHIRG cyrabilite op thespayyer lines and adversely affect the performance of the

devices in the integrated circuit.

The above and additional advantages of the present invention will become apparent to
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.



20 invention BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Referring nowto FIG

1, therein is shown a cross-section 10 of a portion of an integrated
circuit interconnect in an integrated circuit (not showf Audisé2004
cross-section 10 contains a wide bottomnetal line 12 disposed in a
dielectric 14. The wide bottomnetal line 25 12 is vertically separated

froma w de tp (4B alidkt ReisdPbdust HER! BEHT fifesladd/ BicH idel RiganWhé et HnbomM
nmetal line 12 and the w de tl;{) nmetal line 16 are perpendicular to each
e

ot her wiused tohistersangect iagividaladevicen e Thetenavivagical | aarigetizdntalres igpdtin hereiref t

in FIG .1. August . 2004 The term "wi.de" is _us ecause thes t al

| nos it orfid 6 B8 blefd nephafuel,l bbpititfar b2 o8 BERE DRSNS, MRCby o
devi ces.sufhe dferwafey @édardlads of lie oriv@tdtibanf #ic' waer.used in herein is defined
as in a plane respectively perpendicular or parallel to the conventi onal

plang or surf 3@eseRn0as WRbSYed if alAdicleesie [9fer lIBANAIdoBAR L A AHudINGasvEfaer . S
A via-sea 20 is disposed in the dielectric |ayer 18 and consists of

i ndi vi du@b, aidaddc20a, 20b, and 20c. Referring nowto FIG 2, therein is
shown a cross-sectional view of FIG 1 along line 2--2 |ooking up towards
the w de t op Ruftraing lnoweto TEGWA] ihhreirs iseitbed dedtossreeatichiad vest of ElC.dyapng Bge The

i a- i s sh | 1. i as..20a_t hr.qugh 20i.. The vias 20
! hr ough 0 logkETY toardn mudk fp eR btk Towhidh i witrded da s tinas ks
"W apardy. THe&islk&tANG 8Bowh Alord Riffly 2% vas 28k enrdRg 20i. Jhe iR 0k oy pir2@i03e
from.the via 20d, would be such that "W is shg\%{ly Iaglg_gr than wdth "w"

and 19p tsquirgs hayvinpr@swigite 8w ranl isaacedi efupl digtancess™ Wa epaé. rdistangep ¢hatzhe j n

one enbodi nent "W i,s ffici o] t A i1 I
o as0a ViR angrl b o s E A hELAS0R0 R A0S oA 1S
15 20a afsh tvidkh viva an@bp Whicue tithek @wai26 tleauwlidibes.nsert ed bet ween the vi as
20a and 20d. Thus, for

As may be seen in FIG. 2, in one embodiment “W” is sufficiently large so that a

column of additional vias 24, indicated by the dotted lines, could be inserted between the via

15  20a 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



the three-by-three via array having the vias 20a through 20i, the vias
coul d be separated by colums 24 and 28 and rows 26 and 30. It would be
understood that these rows and colums are not present ihAugustgé@kent
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 wide top netal

line 16 HewehepVhe GeRRPEAMe icBn Aodbeliseihined. | AV extsive MhRsH! fli8Ghdebreliayer
42 is shown under the wide top netal line 16 and the diel ectric layer 22.
Vi as 40athettho s caoes ek meebexpieigmara: similar fashion to the vias 20a
through 20i. 25 The via dielectric layer 42 has two rectangul ar openi ngs 44
and 48 f or ned)t iseangiteh inrtbaprt expaskipn batove e mblel/vieskeld@ac aratbridll) and t he
vias 40b and 40c. In one enbodi nent, the openings 44 and 48 are the sane
w dth "w' as Hadhesién diieroncabetd@an tHermetghardlhe &b ard the thetal firths préediapart
a distance,"w' fromthe vias. The rectangul ar openi ngs 44 and 48 extend

the widtdt the via-sea 40. 30 After discovery of the netal explosion in
the vias in the areas adjacent to the wide netal |lines 12 and 16, a study
was conduct ed?)t 8 dging fergeciveria arlgentized shessgradient, phish| eeatesshigh atrgrssm the04

However ot 06cA5ld 3t 1 MdRfaff0f BRLiAEAELE] Mefed. After extensive anal ysis,
that the r ol neta

it Is suspecte ot causes explosion are: 1) msmatch

in thermal ex i O t.he..nmetal /.vial.dielectric. terials:. 2) adhesion
di fference be ﬂ?\ilg%fﬁee ng.g}en%r}‘tg%eldpyaﬁac Otvﬁreed\/dlaaaat}eagﬁ%g gqﬁlé'g%PF%t:] e RbOOS &Ry i ¢
5 and/ orcekmas it fomotht Gidseataseshiodmainl PICRID 8L ehnsdvi@s theOd RN A&t , of WG hind

creates high stress on the |ocalized area at_the boundary of the
di el Kct ringeringa gelugm opening in the via dielectric layer will eliminate metal explosion.

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.



It has been unexpectedly discovered that |eaving the equival ent of one set
of rows and colums out fromthe via-sea as shown in FIG 2 504u0,8%0Y4 N9
t he equivalent of rows and 10 inserting a colum opening in the via
dielectric layer will elimnate netal explosion. It will be understood by

t hose ski,ll i r as vias becone smaller and snmaller, the

Vi as Wnéfc @S@W@%ﬁwﬁﬁzphotol i t hographi ¢ mask becone distorted and

form rectangles or circles, and the wi dths becone | engths or dianeters.

The above i nvent i OR THSEH GrPgbMtgeRNTertgwmPrisingeess mar gi n (i ncr eased

thermal 15 pwﬂg:%?meftaillﬁ%stress, and adhesi on margin) and has provided
abilTity

better product rel ity. Wiile the invention has been described in
conj unct i on #wide wttopemeth] indpest node, it is to be understood that many

alternatives, .npdj fi.cati,ons nd varjations wi |l be apparent to those
okilled in ¢haekeelive F&H?éeéfabegﬁ@n ?%W@@&Ph@nwmhoﬁpmdﬁ?tawwémi ngly, it
i's intended i plur8RPbAciEs 8 the Fuddbudd ta§ENA WbRSectiP W d iRt w?olé

vari ations V\hlpchiﬂ?% I _lvvi t hi ?1 the spi r?i t ancg 2%0 lggg%%wf)a?tt{)lﬁ%%} nc Sogét m
clains. Al mattengtakbnesfisgledingier ei n or shown in the acconpanying draw ngs

are to be interpr i n illustrative and non-limting sense. 4 5 August
2004 THE | NVENTI cﬁﬁ%ﬁﬂa%é%ngg:wxﬁﬁ-{,a% integrated circuit interconnect

conprising: a W dleechod viEliading 4 RedthanWsgscel QhdreMhdiBhd) widtieaway Ahd Hes _

diel ectric |ayer disposed between the wide top and wi de bottom’neta ﬁlnes;
a pllurality of vias inhimugvadtbe eway frpmythe fizgh diacwitnee interyeting viss.de t op and
wi de bottom netal lines including: a first via having a wdth, and a
second vi a Havi nglke itegrdtedgintug pa cleimedbimeclaitmhwhersingi dt hs away and | ess

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.



10 than four widths away fromthe first via with no intervening vias. 15 20
25 2. The integrated circuit as claimed in claiml y\/nerel n: tNgugmecoos via
is spaced fromthe first via in a direction perpendicular to the | ength of

the wide top netal line; and including: a third via hav}nga\r/]vid;hand_
spaced nore §han widths.and.l.ess than four wdths fromthe first via
ilr[: a di recti%’n pa%ﬁﬁ?tg ateg Cfrﬁ]éﬁfrg?fﬁ?lﬂlefﬁcwswgde top nmetal line. 3. The

i ntegrated chhigdd bpasetflli@eed in claim1 wherein: the second via is spaced
fromthe first viain a direction parallel to the length of the wide top
metal |ine; awmuded bodloudinety] lime;t hi rd via having a width and spacgd nore than
two widths and less than four wdths fromthe first via in a direction
per pendi cul af g’te&?%aifﬁrdlésl’@ﬁ?ﬁi begwean) the wide top andwédd batiogr mewlilines;end t as

claijqred in claim.l . in: dielectric.|ayer .has an openin rovi ded
thergan equi %?isatngfﬁtlm%?ﬁepeﬁg}cfhl%esrt Emgn%mngcg‘&‘g © Wg%.?"pﬁndfﬁ’éleim)?‘@ : @F@g
circuit as clai mefndsindflhdihg? 4 wherein: the opening which has a w dth equal
to the width of the first via. 6. The integrated circuit as clained in
claim4 wherein: afitwcopamiofyidsdmvinglamigtth agd eat er than twice the width

t hereof. 30 7. The intagpr t ed gi rcuit as clainmed in claim4 wherein: the

openi ng has a | enySFORAFOIHRN 108 Yéashhayviage A ddihernsk pricced more thant tveo wadths h of
the away and less than four widths away from the first column of vias with

10 no intervening vias.

0. 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



wide top netal line. 5 5 August 2004 8. An integrated circuit interconnect
conprising: a wde top netal line; a wide bottomnetal i ne;sguéag@ gﬁtri C

| ayer di sposed between the wi de top and wi de bottom netal |ines; ang a
via-sea in the dielectric |ayer and connecting the wide top and wi de bottom
metal |ines;jncluding: i.rst, colum of vias having a width, and a second
col um of vi %a‘l's ha %8%%%?%“&&8‘3 ey fpirelt whereinio wi dths  away and

| ess than f ofhe opelh Bapy R ofh j : | 4. 10 N0

i nterveni ng vi a‘g.a ,1% 9. Th%ﬂlia%?] g;é{éggi%ér@%r}dgﬁﬂll#qgﬁlfeg@gmen$lg?é‘m'ﬁnﬁtal
wherein: the secof#f-col um of vias is spaced fromthe first colum of vias
in a direction perpendicular to the length of the wide top netal |ine; and
including: a first row of vias including a via in the first colum of vias
having a width and spaced nore than two wi dths and | ess than four w dths
fromthe first colum of vias in a direction parallel to the wide top

nmetal line. 10. The integrated circuit as clainmed in claim8 wherein: the
second colum of vias is spaced fromthe first colum of vias in a
direction parallel to the length of the wide top netal |ine; and

including: 20 a first row of vias including a via in the first colum of
vias having a wwdth and spaced nore than two wi dths and | ess than four
wi dt hs fromthe



B

first colum of vias in a direction perpendicular to the wi de top netal
line. 11. The integrated circuit as clainmed in claim8 wherein: 25 the

diel ectric layer has an opening provided therein equidi s?&H8Ust28R¢t he fi rst
colum of vias and the second colum of vias. 12. The integrated circuit
as claimed in claim1l1l wherein: the opening has a width equal to the width
of the first colum of vias. 13. The integrated circuit as clained in claim
11 wherein: 30 the opening has a length greater than twice the width
thereof. 6 5 August 2004 14. The integrated circuit as clained in claim11l

of Lhe wide top motal Tic AR IS AR ATRPRR Ry CRaii e 0

ABSTRACT An integrated circuit interconnect is provided having a dielectric
| ayer di sposed between a wi de top nmaETRACE and a wi de bottom netal |ine.
A via-sea in the dielectric Ilayer connects the wide top and w de bottom

metal |ines by neanseghted ciictiistinteicanitay isnGoddedvhaltiRg a dideRQO thyét disPaeting a
wi dt h and spaced nor.e than twp mjgths_ama% and | ess than four w dths away
fromthe fi B%rtvem a Wi t@alnéetzil ine and a wide boltom metal line. A via-sea in the dielectric
layer connects the wide top and wide bottom metal lines by means of a first via having a
width, a second via having a width and spéced more than two widths away and less than

four widths away from the first via.

Figure 1



