0 4 MAY 2006 1 LOCALI ZED SLOTS FOR STRESS RELI EVE | N COPPER BACKGROUND OF
THE I NVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a

met hod of avoiding stress introduced failures in copper netaJﬂﬁééM?MﬁL (2)
Description of the Prior Art Continued reduction in sem conductor device
features brings with it continued shrinkage of the widths of interconnect

metal in integrat g Lreuits,. i ogg r gg E%ﬁf rica
conductivity of tﬁ C%#F%#& %&F@ i % éﬁ%ﬁ%;e¥%ﬁi g%;ﬁﬁkﬁh m whi ch has
been the material of choice since the integrated circuit art began, is
becomng |l ess attractive than other, lowresistivity conductors such as
copper, gold, and silver. These materials, in addition to their superior
el ectrical conducti vit \BAGGRAIND GFordiE eV \&ENIHON han al um num to '
el ectrom gration, a quality that grows in inportance as wire wdth
decreases. These lowresistivity netals however also suffer froma nunber
of - di sadvant ages, such as low diffusion 0 4. MAY 2006

(1) Field of the Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method of avoiding

stress introduced failures in copper metallization.
(2) Description of the Prior Art

Continued reduction in semiconductor device features
brings with it continued shrinkage of the widths of
interconnect metal in integrated circuits in order to reduce
the electrical conductivity of the wiring material. Because of
this alumipum, which has been the material of choice since the
integrated circuit art began, is becoming less attractive than
other, low-resistivity conductors such as copper, gold, and
silver. These materials, in addition to their superior
electrical conductivity, are also more resistant than aluminum
to electromigration, a quality that grows in impoftance as wire
width decreases. These low-resistivity metals however also

suffer from a number of disadvantages, such as low diffusion



2 rates and the formation of undesirable inter-nmetallic alloys and/or
reconbi nation centers in other parts of the integrated circuit. Copper has
t he additional disadvantage of being readily oxidized at requ'ﬁglﬁwéow
tenperatures. Nevertheless, copper is seen as an attractive re% C nt
for alum num because of its |ow cost aqg ease of processing so that the
prior and current art has tended to concentrate on finding ways to
overconme the limtations that are associated with low resistivity

i nt er colfe&s rtl%:ﬁ 5 Spperdeaiahtisal it taameditd [den $ildév¥éd f or
application in the creation of interconnect wire are of al um num

t ungst er@nd/dn FFapmbiedipen qraltend ildomtip yeinte orf diHeoyigtelgnaiese
nmetal s. For conparative purposes the conductivity of copper can be cited as
bei ng 6 odrkiit. TwpbewhiHaes thtp caldicoinehect iddidadvainteadey ref disig n t he range
from between about 10-8 to 10' Siemen/neter (S/m. As an exanpl e,

pol yacetpd=1ia yhas iall RIEC ir6dlatGoRAUe il toendt AXGEESs Of Mevert@lelely, 1,

whi ch approaches the conductivity of copper of 6 x 107 -1m 1. Copper has a
relativ ; n resi.stiMvify, | r relatively
| ar ge dﬁ%é??gﬁ%g%f I %ge%l\tlM iaﬁctsdoxsatdsﬁJ]‘%%ornéédkao%l%glgg%ﬂé%%@%ﬁ@pper from

an i nterconnect

WEUMEE Pits low cost and ease of processing so that the
prior and current art has tended to concentrate on finding ways
to overcome the limitations that are associated with low-

resistivity interconnect materials such as copper.

Materials that are considered for application in the
creation of interconnect wire.are of aluminum, tungsten,
titanium, copper, polysilicon, polycide or alloys of these
metals. For comparative purposes the conductivity of copper can
be cited as being 6 x 10’ 'm™ while typical conductivity of
polymers is in the range from between about 107% to 107
Siemen/meter (S/m). As an example, polyacetylene has an
electrical conductivity in excess of 4 x 107.;ﬂmﬂy which

approaches the conductivity of copper of 6 x 107_;qmﬂ.

Copper has a relatively low cost and low resistivity, it
also however has a relatively large diffusion coefficient into

silicon dioxide and silicon. Copper from an interconnect may



0 4 MAY 2006 3 diffuse into the silicon dioxide |ayer causing the
dielectric to be conductive, decreasing the dielectric strength of the
silicon dioxide |ayer. Copper interconnects are therefore typi&aMiy 2008
encapsul ated by at |east one diffusion barrier for the prevention of
copper diffusion into surrounding dielectric layers. Silicon nitride is a
known di ffusion barrier to copper, but fhe prior art teaches that the
interconnpects should not Iie on a silicon nitride |ayer because it has a
hi gh di FetHSS TEhdilhts Eotfnhk < t9e stayebreaivadeherrblaligptric
dielectric constant causes an undesired increase in capacitance between

t he i nt érecdremsindumt ive sihsteating Whe ed copperr hass teoogte: iafpditeant f or
the creation of nultilevel interconnections, copper lines frequently show
damage afitlercarheitiwal derelchasnt catofod i siithgr dEMA ca b €d edterefdies in turn
causes problens with planarization of subsequent |ayers that are deposited

over the GORRAMN y idRGpHUIGE dDI6SE at aYVEL St BiYe NPV RS AGPAS 8 Ok gy Sur face
of poor planarity. Isolated copper |ines or copper lines that are adjacent

Lo 0Pen ¢ifd QS Al SHSCPRAME (@ & N &S LR £ ARG s ¢ these
damages areat this tinme not clearly un er st'0od, poor
layers. Silicon nitride is a known diffusion barrier to copper,
but the prior art teaches that the interconnects should not 1lie
on a silicon nitride layer because it has a high dielectric
constant compared with silicon dioxide. The high dielectric

constant causes an undesired increase in capacitance between

the interconnect and the substrate.

While copper has become important for the creation of
multilevel interconnections, copper lines frequently show
damage after chemical mechanical polishing (CMP) and clean.
This in turn causes problems with planarization of subsequent
layers that are deposited over the copper lines since these
layers may now be deposited on a surface of poor planarity.
Isolated copper lines or copper lines that are adjaceﬁt to open
fields are susceptible to damage. While the root causes for
these damages are at this time not clearly understood, poor

copper gap fill together with subsequent problems of etching



copper gap fill together with subsequent problens of etching 0 4 MAY 2006 4
and pl anarization are suspected. Wiere over-polish is required, the
probl em of damaged copper |ines becones even nore severe. The ghoMgy g ef
summary has highlighted sonme of the advantages and di sadvant ages of using
copper as in interconnect netal. Continued inprovenment in sem conductor
device performance requires continued réduction of device features and
device interconnect lines. This continued reduction in the cross section
of i nt erd¢hREEnALired idds Al SUPRRSTd + dferpataimeMisthild tesguired,

i nterconnect lines. The invention addresses the application of copper

i nt er coriectprddes wedantdyesk cappesr cloinmest tbddaress aneerpardreofseomeard.yi ng

| ayers of interconnect netal that are connected by vias between adjacent

| ayers of copper traces. The vias nake contact to overlying or underlying
| ayers of patterned copper interconnections. Wiere these patterned copper

| nt erconneot ina, AT 35 ) Alel, WAL nd HHEIFAMPHoAd N cidiese W de

interconnect line tend to exert a relative force on the thereto
connect Vi Thi | ar force, caused by internal ,stress in the
h %x&% es qﬁi dls%d?faé%c ess tc dsplo%%’ Ca?rPcPey ra(:)s:l ila{blléuterconnect

w de intercon ectallnes, 'S e tor tun
metal. Continued improvement in semiconductor device
performance requires continued reduction of device features and
device interconnect lines. This continued reduction in the
cross section of interconnect lines results in new stress
patterns within the interconnect lines. The invention addresses
the application of copper interconnect lines where these
interconnect lines are part of overlying layers of interconnect
metal that are connected by vias between adjacent layers of
copper traces. The vias make contact to overlying or underlying
layers of patterned copper interconnections. Where these
patterned copper interconnection comprise relatively wide
interconnect lines, these wide interconnect line tend to exert
a relatively large force on the thereto connected copper vias.
This large force, caused by internal stress in the wide
interconnect lines, is a cause for poor and unreliable
linterfaces between the copper vias and thé thereto connected

wide interconnect lines. The invention addresses this concern

and provides a method whereby stress related failures in the



interfaces between the copper vias and the thereto connected w de

i nterconnect |lines. The invention addresses this concern and provides a
met hod whereby stress related failures in the 0 4 MAY 2006 5 interface
bet ween copper vias and adjacent and therewith connected mﬁde(ﬁpgﬂe@ 6
interconnect lines is elimnated. SUNNARg OF THE I NVENTI ON A princip g
objective of the invention is to create stress-free interconnect netal of
copper. r objective of the invention is to elimnate the occurrence

Anot
of stresd'iSf GURKS RS WAk W aERGHY bt 9nevidter connect
metal traces that are selectively located with respect to the copper
i nt er corfifddtedhed Wete gy objeadnreedf tines mvergliioninasad el i ninate
the occurrence of localized stress mgration problens in interconnect
metal lines having a width of 2 to 3 microns that are connected to
i sol ated, single vias. Yet another objective of the invention is to create

copper interconnect |ines ofsyvmaroved peld Shivigimaenf or mance. | n accordance
with the objectives of the invention a new nmethod is provided for the

creation of interconnect netal.

A principle objective of the invention is to create

stress-free interconnect metal of copper.

Another objective of the invention is to eliminate the
occurrence of stress in copper interconnect vias by creating
slots in interconnect metal traces that are selectively located

with respect to the copper interconnect via.

- Yet another objective of the invention is to eliminate the
occurrence of localized stress migration problems in
interconnect metal lines having a width of 2 to 3 microns that

are connected to isolated, single vias.

Yet another objective of the invention is to create copper

interconnect lines of improved polishing performance.

In accordance with the objectives of the invention a new

method is provided for the creation of interconnect metal.




0 4 MAY

These sl
| ength i
that is
toits |

2006 6 Current industry practice is to uniformy add slots to w de
and |ong copper interconnect lines, this to achieve inproved CVWP results.

ots, typically having a width in excess of 3 pmand ha

ing a
n excess of 3 pm are added to interconnect |ines haviﬁéng%W%th

equal to or larger than 12 pm Ehis approach however does not,
ack of selectivity of the locati

due

iron of the slots, solve problens of

IocaIiZﬁg stress, that are associated with isolated single vias connecting

to the

FERY mdddUFGTY tIRTRCTEE8S0n® tReUThYRHRT Y2 Pr BYPHRST? of 1 dhernd

addi tion_of one or nore |localized slots adjacent to isolated vias that
connect etPRY ERRRDM rtebponpechl linass thas be eadblievdeimphavedbR 2
US Patent 6,146,025 shows a nmethod of applying a | aser di ode and
substr ateesWUS PatBmtsE, 4UGL FO0t ghbwslayskavtondactbdtichip packageofindl a
met hod of creating this package. US Patent 5,920,118 shows a chi p-size

sem condutt®id peekage. a O1dndHY 2008xdess of 3 pum, are added to

m cr ons.

interconnect lines having a width that is equal to or larger
than 12 pm. This approach however does not, due to its lack of
selectivity of the location of the slots, solve problems of
localized stress that are associated with isolated single vias
connecting to the metal lines. For this reason, the invention
provides for the addition of one or more localized slots
adjacent to isolated vias that are connected to bottom or top

metal lines that are no wider than about 2 microns.

US Patent 6,146,025 shows a method of applying a laser

diode and substrate.

US Patent 6,140,700 shows a semiconductor chip package and

a method of creating this package.

US Patent 5,920,118 shows a chip-size semiconductor

package.

are



BRI EF DESCRI PTION OF THE DRAWNGS Figs. la and Ib show a top view of two

| evel s of interconnect netal with failing interconnect vias. Figs. 2a and
2b show the failure node of interconnect vias that typically interconnect
overlying |layers of wide interconnect traces. Fig. 3 shows a tﬁfﬁ%&?ﬁﬁOf
an interconnect via and surroundi ng qu}s that are provided by

invention in wide .overlying |layers of |Interconnect netal. Fig. 4 shows a
cross section of a first and a second via which interconnect overlying

| ayers of metal traces after the inplenentation of slots surrounding the
interconnect vias in layers of overlying |ayers of w de interconnect
metal. No failures are PRESEMEFGRIPBIONt @F f BidesDRAWINEGH the vias and the
adj acent | ayers of wi de interconnect netal. 8 DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS 0 4 MAY 2006 The reliability of a netal interconnect is nost
commonly described by a lifetime experinment on a set of lines to obtain

the medi um timRyst.0 1zaiandr ab Brwstd 8sp QXRES iJERyd NRlMes cxt ressing the
| ines at high current densities and at el evated

interconnect metal with failing interconnect vias.

Figs. 2a and 2b show the failure mode of interconnect vias
that typically interconnect overlying layers of wide

interconnect traces.

Fig. 3 shows a top view of an interconnect via and
surrounding slots that are provided by the invention in wide
.overlying layers of interconnect metal.

Fig. 4 shows a cross section of a first and a second via
which interconnect overlying layers of metal traces after the
‘implementation of slots surrounding the interconnect vias in
layers of overlying layers of wide interconnect metal. No
failures are present in the interfaces between the vias and the

adjacent layers of wide interconnect metal.




tenperatures. The failure criterion is typically an electrical open for
non-barrier conductors or a predeterm ned increase in |line resistance for
barrier nmetallization. The nean tinme to failure is dependent on the |ine
geonetry where this failure is directly proportional to the line w dth

and the line thickness. Experinentally, jt has been shown thaflt N0l dt h
dependence is a function of the ratio of*the grain size "d" of the film
and the width "w' of the conductor. As the ratio "w d" decreases, the nean
time to failure will increase due to the banboo effect. Sone of the

probl ens encountered in depositing thin interconnect |ines where these

| i nes contain coppePES&RE PTION o T Hird e EdiR Riflpa IEMBICES. MBIN TSopper to silicon
di oxide, (2) the tendency of copper to readily diffuse through dielectric
0 4 MAY 2006 9 materials such as silicon dioxide under certain process
condi tions and contam nate an underlying silicon region, and (3) the

resi stance ofrneopRAn oA 1tifBAIdd ANale tH Y -SIYRn P&t tied MG mRiheds (R E or
pl asma etch, and (4) the occurrence of |ocalized areas of stress in the

copper 'dgs%{]ﬁ%%@e thy tah qti £ erteﬁrlrg te ﬂ;fé 'y 1?({@ nqp : olﬂ Ly SGH NS ne-[c,h &d eeakion
addresses the
the medium time to failure. The stress experiment involves
stressing the lines at high current densities and at elevated
temperatures. The failure criterion is typically an electrical

open for non-barrier conductors or a predetermined increase in

line resistance for barrier metallization.

The mean time to failure is dependent on the line geometry
where this failure is directly proportional to the line width
and the line thickness. Experimentally, it has been shown that
the width dependence is a function of the ratio of the grain
size “d” éf the film and the width “w” of the conductor. As
the ratio “w/d” decreases, the mean time to failure will

increase due to the bamboo effect.

Some of the problems encountered in depositing thin
interconnect lines where these lines contain copper, are (1)
poor adhesion qualities of copper to silicon dioxide, (2) the

tendency of copper to readily diffuse through dielectric



| atter concern by providing a nmethod that results in stress relieve in
copper interconnect netal depositions. Conventional nethods proposed for

pl aci ng copper conductors on silicon based substrates are based on the
deposition of a variety of |ayers where each | ayer has chara%teﬁhg bfs of
performance or deposition that enhance the use of copper as the @
conponent wi thin conducting |ines. This9approach has met with limted
success and has as yet not  resulted in the |arge-scal e adaptation of
copper . TSRS UCh Mreritd i @ rdimmictt SUndris & o Isldv STOERSS by t eachi ng
a nethod of copper line deposition that solves previous deposition

pr obl ensdndig istyucng alorstansigs tree dare i undeply ioey he 1 Liowerr esdgsitdryi tandret al s
such as al um num and copper and their binary and ternary alloys have been
wi del y el arted rassidtaree ldhecdpiear conneed ¢ i iorselm Copdiediomg

manuf acturing. 10 0 4 MAY 2006 Typical exanples of fine Iine interconnect

metal s ialiden: Y ¥@shodhefrer her S e %@, Yol €gualnd L Qig At both X

and <y are greater than or equal to zero and less than or equal to one,
ternarydyIf@@514g%§e§%?§-1§g--- - Pd-Nh, and .other sim./lar. | ow
resistivity rret} “based al | oyss.t_ rrp%amg} Qé%en Csocpé?elrnglntaeorv\%ormencet vﬁh%th

di mensi Ornessullq: Vi%r yrell‘?‘lra%(:‘ilsictayI ecolnnéeerq{sa.t eT e invention addresses the

latter concern by providing a method that results in stress

relieve in copper interconnect metal depositions.

Conventional methods proposed for placing copper
conductors on silicon based substrates are based on the
deposition of a variety of layers where each layer has
characteristics of performance or deposition that enhance the
use of copper as the major component within conducting lines.
This approach has met with limited success and has as yet not
resulted in the large-scale adaptation of copper. The present
.invention circumvents these disadvantages by teaching a method
of copper line deposition that solves previous déposition

problems by a structural stress reducing approach.

Low resistivity metals such as aluminum and copper and
their binary and ternary alloys have been widely explored as

fine line interconnects in semiconductor manufacturing.



(VLSI) circuitry manufacturing has led to reliability problens including
i nadequate isolation, electromgration, and planarization. Damascene
processes using netal filling vias and lines followed by chem cal
mechani cal polishing (CMP) with various Al, Cu and Cu-based alloys are a
key el enent of future wring technol ogies for very |arge-scale sxgi%g1
integration (VLSI). A key problemis fi%Qing hi gh aspect rati bt VPG&laNd
i nes without voids or seans,, and creating honbgeneous _ structures. A
nunber ofYRiEido F IR Soi %y IoiRsi HERR AL R P reRiieds dictan s Hobidm such as
Met al | o- Organi ¢ Chemi cal Vapor Deposition (MOCVD), |aser nelting, high

t enper atAk&Upi aghesputher pwy ¢Ff. 8. anboyeis56qdeyreesode) andchatiyue drmd been
attenpted but this technique has limtations below 1 pm geonetries.

Furt her,y laowe reesisstdwittharcappesqid heso aferdeiny 1l dradre b f asquac k-cend

nmetal i zation and packaging applications. However, good fill of these
al | oys idhesubia {0 Qid A AQA6 dd nep-isgstidd ghaldensing assidhe@dsting
techni ques nmentioned ab.ove |ack adequate filling properties. Referring

no ecif1c i |_a t ho i Vi e .Qf  a
ey Por il W 03 e @ng e LINEL S B0 o M0 Mh 0 0P L8, 49l

created over .a sem.condugctor . . .
B A w1é¥h éimeHSions in very large scale integrated

(VLSI) circuitry manufacturing has led to reliability problems
including inadequate isolation, electromigration, and
planarization. Damascene processes using metal filling vias
and lines followed by chemical mechanical polishing (CMP) with
various Al, Cu and Cu-based alloys are a key element of future
wiring technologies for very large-scale system integration
(VLSI). A key problem is filling high aspect ratio vias and
lines without voids or seams, and creating homogeneous
structures. A number of methods are being considered to
addresses this problem such as Metallo-Organic Chemical Vapor
Déposition (MOCVD), laser melting, high temperature bias
sputtering (i.e. above 450 degrees C.) technique has been
attempted but this technique has limitations below 1 um
geometries. Further, low resistivity copper lines are being
evaluated for back-end metallization and packaging

applications. However, good fill of these alloys in submicron



surface (not shown) such as the surface of a dielectric, with, for Fig.
la: - 14 and 16, | ayers of wide interconnect netal; 14 is a first |ayer of
i nterconnect nmetal (M), 16 is a second |ayer of interconnect netal (M)

15, interconnect nmetal patterned for interconnection of the twy layers 14
and 16 of wi de interconnect netal - 11, a via underlying |ayer

i nterconnect netal; the |ayer 14 of M s connected to layer 16 of M2
means of via 11 - 10, the area of interface between the via 11 and the

w de

i it rinecttinet Ahadd SEME 2% af Parex hide b dapniques maniponess

Niibde

by

this fallure nmode will be highlighted using Figs. 2a and 2b. It is clear

from t heliope Visew gfddawadre dndecingreadpehiatesi s shown in Fig.
via 11 is surrounded by overlying interconnect netal of w de interconnect
line 16. Any stress 0 4 MAY 2006 12 that occurs in w de interconnect |ine

16 will therefore be directly transferred to via 11. For instance, if
upvard stresteficriiig oHcadhddl tide 1ptes C@lrlfsectla{ iR HY, idhestands to
reason that this upward stress will tend to pull the under’lying

shown two top views of a layer of interconnect metal, the layer
of interconnect metal has been created over a semiconductor
surface (not shown) such as the surface of a dielectric, with,
for Fig. la:

- 14 and 16, layers of wide interconnect metal; 14 is a first
layer of interconnect metal (M1l), 16 is a second layer of
interconnect metal (M2)

- 15, interconnect metal patterned for interconnection.of the
two layers 14 and 16 of wide interconnect metal

- 11, a via underlying layer 16 of wide interconnect metal; the
layer 14 of M1l is connected to layer 16 of M2 by means of via
11

- 10, the area of interface between the via 11 and the wide
interconnect metal 16 where a failure mode occurs; the nature

of this failure mode will be highlighted using Figs. 2a and 2b.

It is clear from the top view of interconnect metal that
is shown in Fig. la that the via 11 is surrounded by overlying

interconnect metal of wide interconnect line 16. Any stress

| a that the

an



via 11 in an upward direction. Simlar comments apply to the top view that
is showmm in Fig. Ib, as follows: - 18 and 20, |ayers of w de interconnect
netal; 18 is a first |ayer of interconnect netal (M), 20 s a second | ayer
of interconnect netal (M2) - 19, interconnect netal patterned l]fls?ﬂ 0

i nterconnection of the tw layers 18 and 20 of w de interconnec ’M gﬁ -
13, a via overlying layer 18 of w de i nt'ér connect et al; the layer 18 of
M is connected to |ayer, 20 of M2 by neans of via 13 - 12, the area of
interf actg‘aﬁeﬁ%éﬁst R Wi 3 nhfF aHE S el 1t dbinedtherafareo®shere a
failure node occurs; the nature of this failure node will be highlighted
usi ng Fidgecdd vateaisfemed did urie modesFehatnizredhedrt iatentdwamd in t he
regions 10 and 12 of Figs. la and | b respectively are shown in detail in
t he crossrsect iignsirofrddugsed 2an anddhintspecdinaad 1yind 314, 4 dVIRE 22036 dd g.
2a shows a cross section of the failure node that is identified as a via
hump 21,resiiceh dimtCrgatediun ddhasd i fiacer hatgeed g Wik 2 and ihgy

underlying | ayer 22 of w de bottom
via 11 in an upward direction.

Similar comments apply to the top view that is shown in
Fig. 1b, as follows:
- 18 and 20, layers of wide interconnect metal; 18 is a first
layer of interconnect metal (M1), 20 s a second layer of
interconnect metal (M2)
- 19, interconnect metal patterned for interconnection of the
two layers 18 and 20 of wide interconnect metal
- 13, a via overlying layer 18 of wide interconnect metal; the
layer 18 of M1 is connected to layer 20 of M2 by means of via
13
- 12, the area of interface between the via 13 and the wide
interconnect metal 20 where a failure mode occurs; the nature

of this failure mode will be highlighted using Figs. 2a and 2b.

The failure modes that have been identified in the regions
10 and 12 of Figs. la and lb respectively are shown in detail

in the cross sections of Figs. 2a and 2b, specifically:



nmetal due to internal stress in the wide bottomnetal |ayer 22. Fig. 2b
shows a cross section of the failure node that is identified as a via
pul I back 23, which is created in the interface between the via 26 and the
underlying layer 22 of wde bottomnetal due to the internal stress of the
wide top netal layer 28. Both of the failures nodes, 21 and %%,Mﬂr@ 6
created to undue stress that is exerted3y wide |ayers of netal ei Her
underneath or overlying the via. The via is created in order to

i nterconnect overlying |ayers of patterned interconnect netal. The sol ution
that is provided to the above highlighted problemof via interconnect
failure is shitwn i2a tshpws ewdnos SFigpctdomii €t spaaifliveal Impde gitlatglitss
slots that are provided in the |ayer of netal to which a single, isolated
via is icmaatied agypecidilcalump Wighlitghiied d nefdateB iaf @hel 4 it A ¥ 2006
- 30, a single, isolated interconnect via such as vias 11 (Fig. la) or via

13 (Fi 9pdheen he dilaYar Rfq Mldlungdty 'Ifnagf‘%]tag)eﬂ%erdfy W% bRdtim netal )

or overlying (top netal) an interconnect yer 31 Is assuned to be a
layer Ofmevi\:nacie ciunet Yray eecrtnar:rLEtsa}:lfesssucihn 61csne wide bottom metal layer 22.

Fig. 2b shows a cross section of the failure mode that is
identified as a via pullback 23, which is created in the
interface between the via 26 and the underlying layer 22 of
wide bottom metal due to the internal stress of the wide top

metal layer 28.

Both of the failures modes, 21 and 23, are created to
undue stress that is exerted by wide layers of metal either
underneath or overlying the via. The via is created in order to

interconnect overlying layers of patterned interconnect metal.

The solution that is provided to the above highlighted
problem of via interconnect failure is shown in top view in
Fig. 3, which specifically highlights slots that are provided
in the layer of metal to which a single, isolated via is

connected. Specifically highlighted in Fig. 3 are:



| ayers 16 (an overlying |ayer of interconnect netal, Fig. la) or |ayer 18
(and underlying | ayer of interconnect netal, Fig. |b) which have

previ ously been highlighted as causing the via hunp problem (Fig. 2b) or
the via pull back problem (Fig. 2b) - 32, a first slot adjacent to the

i nterconnect via 30; typical dinensions for first slot 32 arle, MAY2H0 0.8
pn2 - 34, a second slot adjacent to t he 4i%nt er connect vi a 30; typi cal

di mensions forte:first slot. 32 are 0.24 x 0.8 pn2, and - 36, athird slot
adj acent™ t3Pt e SiitEonmakatah Biereypieat Wil forRs illst(Fiot 32
are 0.24 x 1.19 pmt. The relative location of the first, second and third
slots tlat curticund i (Rigr.cdrinect via 30 have been identified as fol | ows:
- 51, is afirst distance in an X-direction between the first slot 32 and
the via3@1th ddygrstofing@aiice distranoutetth R pad: ¥y ivRyY @& ckb metadd, is a
second di stance in an X-direction between the second slot 34 and the via

30, thipsesnd @iy ancH ne@oUtaD. S M cor@dMht via; layer 31 is
assumed to be a layer of wide interconnect metal, such as
layers 16 (an overlying layer of interconnect metal, Fig. la)
or layer 18 (and underlying layer of interconnect metal, Fig.
1b) which have previously been highlighted as causing the via
hump problem (Fig. 2b) or the via pullback problem (Fig. 2b)

- 32, a first slot adjacent to the interconnect via 30; typical
dimensions for first slot 32 are 0.24 x 0.8 um?

- 34, a second slot adjacent to the interconnect via 30;
T y‘.,:_ r’ i

typical dlmen31ons for~f1rst slot 32 are 0.24 x 0.8 pm?, and

e A e

- 36, a thlrd slot adj%pent to the interconnect via 30;
T,
3§

2

typical dimensions for flrst slot 32 are 0.24 x 1.19 pm?®.

The relative location of the first, second and third slots
that surround interconnect via 30 have been identified as
follows:

- 51, is a first distance in an X-direction between the first

slot 32 and the via 30, this first distance is about 0.2 pm



- 53, is athird distance in an Y-direction between the third slot 36 and
the via 30, this third distance is about 0.15 pm - 55, the distance over
which slot 32 is in contact with slot 36, this distance is about 0.3 pm -
57, the distance over which slot 34 is in contact with sl ot ﬁgﬁ@&2m$

di stance is about 0.3 pm Where slots 32, 34 and 36 have been n the

top view of Fig. 3 as rectangles, the invention is not limted to these
slots being rectangles but is equally valid if these slots are created as
squar es.” As] GhS KMt FashPnTfe 0t rghsiohisrediaon hafeasderthendmrans Fig.

3 would apply for square slots 32, 34 and 36. It nust be realized that the
i nvent i éildts 3fotand e ditto 3G/helebacieappl i diatianreofis b dit $X.2 sesond and
third slots as they have been highlighted in the top view of Fig. 3. Any
advant ageamus conbi nati on of these slots nmay be applied whereby all or only
part of these slots are used for the achievenent of the stated objectives

of the inentiion.a khiGd M 2QQ6 il R they .00t W HNRledrS tHOWRiiINY Fi g.
3, representing a nunber of slots that surround the surface area of a
first O3t 36 and the via 30, this third distance is about 0.15 pm

- 55, the distance over which slot 32 is in contact with slot

36, this distance is about 0.3 um

- 57, the distance over which slot 34 is in contact with slot

36, this distance is about 0.3 pum.

Where slots 32, 34 and 36 have been shown in the top view
of Fig. 3 as rectangles, the invention is not limited to these
slots being rectangles but is equally valid if these slots are
created as squares. Dimensions other than the dimensions that
have been shown in Fig. 3 would apply for square slots 32, 34

and 36.

It must be realized that the invention is not limited to
the exact application of the first, second and third slots as
they have been highlighted in the top view of Fig. 3. Any
advantageous combination of these slots may be applied whereby
all or only part of these slots are used for the achievement of

the stated objectives of the invention.



second | ayer of wi de interconnect netal where this surface area intersects
with an interconnect via, it is clear that surface tension that is present
inafirst or a second |layer of wide interconnect netal is dissipated in
the first or the second I|ayer of w de interconnect netal and therefore has
no influence on the via interconnect where this via interconQgdipyrratees
contact with the first or the second Iafé? of wide interconnect netal.
This means that via interconnect failures, as these failures have been
highlighted in Figs. 2a and 2b, will no |onger occur, significantly
enhancing via interconnect reliability and, ultimately, device
reliability. Fiqn Yhshoer wier odxmtsebs i omowf imoFiot €3 commentsantbialg a
specifically: - 42, a metal contact point provided in a sem conductor

sur f ace nynmir shiowot$ ntled it e sndriehé os bef avelea bed veen netwdt contact
poi nt 42 and overlying | ayers of patterned interconnect netal - 44, a first

llayer ofs&ydd Yidiged Nd£repetit dRiShnedhiRet &Y 8hhetS BSSYMBG oD Rd ayer
of wide interconnect netal 0 4 MAY 2006 17 - 46, a second |ayer of

overlyi %ﬂ&&é&%%{h Bt s d iShnd@yersls psspred 1o he a laygr, of wide

i nt erconnect net

tension that is present in a first or a second layer of wide
interconnect metal is dissipated in the first or the second
layer of wide interconnect metal and therefore has no influence
on the via interconnect where this via interconnect makes
contact with the first or the second layer of wide interconnect
metal. This means that via interconnect failures, as these
failures have been highlighted in Figs. 2a and 2b, will no
longer occur, significantly enhancing via interconnect

reliability and, ultimately, device reliability.

Fig. 4 shows a cross section of two interconnect vias,
specifically:
- 42, a metal contact point provided in a semiconductor surface
(not shown); interconnects are to be made between metal contact
point 42 and overlying layers of patterned interconnect metal
- 44, a first layer of overlying interconnect metal; this layer

is assumed to be a layer of wide interconnect metal



38, a first interconnect via, which connects contact point 42 wth the
first layer 44 of wide interconnect netal - 40, a second interconnect via,
whi ch connects first |ayer 44 of w de interconnect netal with the second
| ayer 46 of wide interconnect metal - 41, a first slot that hagippeels
created in the first layer 44 of wde i n7t erconnect netal, adjacent to
first interconnect via 38; this first §1 is,one of the slots 32, 34 or

36 that hav been hi rlﬁa hted. in top viewin Fig. 3 - 43, a second sl ot
that has b nacrsé’eﬂoé’tflg 3‘? He FedOffiF 1uing l%@roqoweﬂ"é: infi&cortled netal
adj acent. to second interconnect via 40; this second slot is one of the
slots 32,av3x drs seaumad tmae bedm iy ghtdsl intemgorview inetRily. 3. It
nmust be remenbered relating to the cross section that is shown in Fig. 4

t hat thi-s 3,0ss fSectti dmtier@rmpicttorvid, whepstesamaddton afntarctagiadalt @r20ss
section. In this respect, areas that have been highlighted as areas 47 and

48 take warth sdrgnidiiGant] Seanifng ¢ nedd hases sidhseat ihs0f the cross
section of Fig. 4 highlight respectively the interface between netal

contact poig)t A5AUhd dddtind & 44 ANdiNg, | WAdAase A AIMY2906,18

of wide interconnect metal with the second layer 46 of wide
interconnect metal

- 41, a first slot that has been created in the first layer 44
of wide interconnect metal, adjacent to first interconnect via
38; this first slot is one of the slots 32, 34 or 36 that have
been highlighted in top view in Fig. 3

- 43, a second slot that has been created in the second layer
46 of wide interconnect metal, adjacent to second interconnect
via 40; this second slot is one of the slots 32, 34 or 36 that

have been highlighted in top view in Fig. 3.

It must be remembered relating to the cross section that
is shown in Fig. 4 that this cross section is a pictorial
representation of an actual cross section. In this respect,
areas that have been highlighted as areas 47 and 48 take on
significant meaning since these sub-sections of the cross
section of Fig. 4 highlight respectively the interface between

metal contact point 42 and the first via 47 and the interface



between the first layer of wide interconnect netal 44 and the second via
40. It is clear fromthe cross section that is shown in Fig. 4 that the
previ ously experienced problens of reliability of the interface surfaces,
as detailed using Figs. 2a and 2b, have been elimnated for rEagmngiéhat
have been explained in detail above. Ie special attention has been
dedicated to the interfaces that have en hi ghl i ghted as regi ons 47 and

48 in cros i 0 f must be noted fromthe cro

section e‘{qt S% vét“?% gl Igf C’tﬁtd‘tl%%e”ﬁﬁlﬁecr‘?%tbé‘t%@gt ¥néng %i’ﬁ vi a
38 and the first layer 44 of metal, and the interface between the second
via 40 &FFAKk Eec 1Ty ers 48 5¥ fetont e crefmldscivian tdhadatied shednshow
no deviation froman ideal, flat and well-connected interface. By

provi di g tfhey .sldotthadf tthwe pﬁmxﬁemalqn,emﬂﬂe;‘rdécgm:mbliemst af viewin Fig.
3, the cross section of Fig. 4 shows that all related interfaces between

over | yi ngMiaas land, &y elte afntdRdtarcomnact Jetadt diawe iegmg arieat.ed
free of reliability concerns. By inplenmenting slots in a layer of w de

i nter comecihd iRl ndETR ] USidmya e Advani Agaausin, d rf@v%*%@eeﬁd in ways

other than the exact method that is shown in top viewin Fig.

varlatl%r;&)b 1né33(§”5é¥§11 égo&gOV|d|ng slots in the vicinity of t he
interfac

While special attention has been dedicated to the
interfaces that have been highlighted as regions 47 and 48 in
the cross section of Fig. 4, it must be noted from the cross
section that is shown in Fig. 4 that the interface between the
first via 38 and the first layer 44 of metal, and the interface
between the second via 40 and the second layer 46 of metal are
equally well created and show no deviation from an ideal, flat
and well-connected interface. By providing the slots of the
invention, as highlighted in top view in Fig. 3, the cross
section of Fig. 4 shows that all related interfaces between
overlying vias and layers of wide interconnect metal have been
created free of reliability concerns. By implementing slots in
a layer of wide interconnect metal, these slots may be
advantageously implemented in ways other than the exact method
that is shown in top view in Fig. 3. Variations of the concept,

of providing slots in the vicinity of the interface between



0 4 MAY 2006 19 interconnect via and patterned | ayer of w de interconnect
netal, can readily be derived and can be optinally created follow ng the
same concept for special applications. To summarize the invention: the
invention applies to single, isolated vias the invention appl |g§smyogggﬁ
single, isolated vias that interconnect. overlying | ayers of w

i nt erconnect net al wi de interconnect et al |s understood to be
interconnect netal having a width of about Em or less a first, a

second, HEFHTYRECE B2 aﬁ%%rﬁb?%‘é%?%%dth%Y%Bfo sz%éFe]d’tl%ﬂFWfaecF%yer of

wi de interconnect netal in a surface area of the w de interconnect netal

t hat is BRffakentan oreadily merdecev et meencamdoa ofet imd Bl v orresctedret al  and
a thereto connecting via the location of the first, a second, a third

sl ot or follbonbiqathomnsdmerenicapt hfoespeetidD 4hel séagiensi solated via is
defined and known but can be nodified in order to achieve the stated

obj ectives of the invention, and the invention applies to interconnect
netal that conprises copper.

To summarize the invention:

¢ the invention applies to single, isolated vias

® the invention applies to single, isolated vias that
interconnect overlying layers of wide interconnect metal

¢ wide interconnect metal is understood to be interconnect
metal having a width of about 2 pm or less

e a first, a second, a third slot or a combination thereof is
created in a layer of wide interconnect metal in a surface
area of the wide interconnect metal that is adjacent to the
interface between the wide interconnect metal and a thereto
connecting via

* the location of the first, a second, a third slot or a
combination thereof with respect to the single, isolated
via is defined and known but can be modified in order to
achieve the stated objectives of the invention, and

® the invention applies to interconnect metal that comprises

copper.



0 4 MAY 2006 20 Although the invention has been described and illustrated
wth reference to specific illustrative enbodi nents thereof, it is not
intended that the invention be limted to those illustrative enbodi nments.
Those skilled in the art will recognize that variations and ﬁD%V ﬁ@ti ons
can be made without departing fromthe spirit of the inventio L NAYE
therefore .intended to include within tH® invention all such variations
and nodifications which fall within the scope of the appended clains and
equi val ents tPHHEBIIh Fhanddivent iy heen dlep quiverbomd 114 ufdtede dof
form ng copper interconnects in the fabrication of an integrated circuit
devi ce, wie mztfrrotkromnprd sipwyiprovi diver we siubes tardtced heari ey thapmioft, dft
"electrical contact in or on a surface of said substrate and having a first
i nsul at iing day emteeidy itrtsaik subsditet® Beormimic- < fid sthapper

i nterconnect to said electrical contact through an opening in said first

i nsul at img J et MReTRIdb Biddeh dd I Sin SAPRSL; 1 IELTGONNRCT, qonpryises  a first
single via isolated fromother vias and an overlying first copper line; and
I/\A?(ra;neing Iaec,%cﬁ';[iien tshaa'td Ja{rrisa{[tico%Péj ea[ncﬁ In'{]oediaid:'!caaqcel'gns:[ Ocasnalbde fnllar et wslltrk]l%lu% via

departing from the spirit of the invention. It is therefore
intended to include within the invention all such variations

and modifications which fall within the scope of the appended

claims and equivalents thereof.




said slot provides stress relief at the interface of said first single via
and said first copper line. 2. The nethod according to claim2l further
conprising: formng a second insulating |ayer overlying said first copper
~interconnect; and formng a second copper interconnect through said second
insulating layer to said first copper interconnect wherein said second
copper interconnect conprises a secondlsingle via isolated f ropn, omheus Vi as
‘and a second overlying copper line. 3. The nmethod according to claim1l
wherein said first copper line has a width of nore than about 0.2 m 4. The
met hod acaphdiingaingedgkal m 2 wherein said second copper |ine has a wi dth of
nore than about 0.2 m 0 4 MAY 2006 22 5. The nethod according to claim2

more than about 0.2 m 0 4| ding to claim
R e e e R s

met hod accor di .to clai further conprising formng a slot in said
second copp€ lia%ﬁ%eamﬁla%tg]ﬂ%cwap%%% second single via wherein said slot in
said second copper line provides stress relief at the interface of said

second singl e Wreviding asubgrateshayingh paipbefrel¢dtmeal cantact ireomast hstfase ebr di ng t o
claiml1 wherein said slot conprises: a first slot spaced a first distance
f rom sai d sidrsabstsmteayidehaving a firstinsiating Rgéd ®Rtlying said substrate;
forming a first copper interconnect to said electrical contact through an
opening in said first insulating layer wherein said first copper interconnect comprises
a first single via isolated from other vias and an overlying first copper line; and
forming a slot in said first copper line adjacent to said first single via wherein

 said slot provides stress relief at the interface of said first single via and said first

copper line.

2. The method according to claim 1 further comprising:
forming a second insulating layer overlying said first copper interconnect; and
forming a second copper interconnect through said second insulating layer to
said first copper interconnect wherein said second copper interconnect comprises a

second single via isolated from other vias and a second overlying copper line.

3. The method according to claim 1 wherein said first copper line has a width of

more than about 0.2 pm.

4. The method according to claim 2 wherein said second copper line has a width

of more than about 0.2 ym.



a second sl ot spaced a second distance fromsaid first single via in an X-
direction opposite fromsaid X-direction of said first slot; and a third
sl ot spaced a third distance fromsaid first single via in a Y-direction.
8. The method according to claim?7 wherein said first, seconq, mychgbshi rd
sl ots have a rectangul ar or square shage. 9. The net hod accoréing to claim
7 wherein said third slot overlaps said2first slot by a fourth distance
and therein said third slot overlaps said second slot by a fifth distance.
10. The nét hod The owtitidregcowling taichaim Avivbereinrsaikbslat ihisaidtfirsticoppendiee i s bet ween
about 0.1 and 0.4 m 23 0 4 MAY 2006 11. The nethod according to claim?7

wherei n sakdvideecRed reliciad ednietfales MR edRdinSe ViAdHd sBidbedBndedppethe met hod
according to claim7 wherein said third distance is between about 0.05 and

0.3 m 13y,Jhe nethod according to claim9 wherein said fourth distance is
bet ween algou't 0.1 and 0.5 m 14. The nmethod according to claim9 wherein
said fifth distance is between about 0.1 and 0.5 m 15. The net hod
according to claim7 wherein said first slot has di nensi ons of between

about 0.1 and 0.5 m by between about 0.5 and 1.0 m o
6. The method according to claim 2 further comprising forming a slot in said

second copper line adjacent to said second single via wherein said slot in said second
copper line provides stress relief at the interface of said second single via and said

second copper line.

7. The method according to claim 1 wherein said slot comprises:
a first slot spaced a first distance from said first single via in an X-direction;
a second slot spaced a second distance from said first single via in an X-
direction opposite from said X-direction of said first slot; and

a third slot spaced a third distance from said first single via in a Y-direction.

8. The method according to claim 7 wherein said first, second, and third slots

have a rectangular or square shape.

9. The method according to claim 7 wherein said third slot overlaps said first slot
by a fourth distance and therein said third slot overlaps said second slot by a fifth

distance.

10.  The method according to claim 7 wherein said first distance is between about

0.1 and 0.4 pm.




16. The method according to claim7 wherein said second slot has di nensions
of between about 0.1 and 0.5 m by between about 0.5 and 1.0 m 17. The
met hod according to claim7 wherein said third slot has dinmensions of
- between about 0.1 and 0.5 m between about 0.9 and 1.5 m 18. The net hod
according to claim6 wherein said slot in said second copper 01 NgY 200
conprises: a first slot spaced a first28listance fromsaid second single via
in an X-direction; 0 4 MAY 2006 24 a second slot spaced a second di stance
f rom sai d 1$ecofitle siettgldercvdrdinignoainin{ Tvhaein sall paesdittenderiobetsaéw
X-direction of said first slot; and a third slot spaced a third di stance
from sai dgagondaRig@s via in a Y- direction. 19. The nethod according to
claim 18 wherein said first, second, and third slots have a rectangul ar or
square shape. 20. The nethod according to claim 18 wherein said third sl ot
overlaps said first slot by a fourth distance and wherein said third sl ot
overl aps said second slot by a fifth distance. 21. The nethod according to

cl ai m 18 Wher eilRe misthodraceerding terclpime’ wherpiatspiddhird Bistance &.betwiged abowt m  sai d
second di stance is between about 0.1 and 0.4 m and said third distance is
bet ween abdatand035umnd 0.3 m 22. The nethod according to claim20 wherein
said fourth distance is between S

13. The method according to claim 9 wherein said fourth distance is between

about 0.1 and 0.5 um.

14, The method according to claim 9 wherein said fifth distance is between about

0.1 and 0.5 pm.

15.  The method according to claim 7 wherein said first slot has dimensions of

between about 0.1 and 0.5 pm by between about 0.5 and 1.0 pm.

16.  The method according to claim 7 wherein said second slot has dimensions of

between about 0.1 and 0.5 um by between about 0.5 and 1.0 pm.

17. The method according to claim 7 wherein said third slot has dimensions of

between about 0.1 and 0.5 pm between about 0.9 and 1.5 pm.

18.  The method according to claim 6 wherein said slot in said second copper line

comprises:

a first slot spaced a first distance from said second single via in an X-direction;




about 0.1 and 0.5 mand said fifth distance is between about 0.1 and 0.5 m
23. The nethod according to claim 18 wherein said first slot has dinensions
of between about 0.1 and 0.5 m by between about 0.5 and 1.0 m. said second
'slot has dinensions of between about 0.1 and 0.5 m by between] aM®2000. 5
and 1.0 m and said third slot has dinensions of between about 0.1 and 0.5
m by between about 0.9 and 1.5 m 0 42#AY 2006 25 24. A nethod of forning
copper interconnects in the fabrication of an integrated circuit device,

t he nmet hod conparsegindgslotspaneidaisagoral distaste fooppad sédond simglerviaimsand%t r at e;
formng an insulating |ayer overlying said first copper line; formng a
copper i ntdgeeunppbsitedfromisaidf X ldsctidranid fildes1éthaRPgh an opening in said
insul ating | ayer wherein said copper interconnect conprises a single via

i solated from,qi: i - - | /] . .l 1ge; and form ng
a slot in one gﬁﬁl?r&g)%lgyﬁgg?scg?gm?llrhrlgs%%(&;en%rgg%g(rglgc%@ggbg?ep‘ﬁé hneéngdj acent to
said single via wherein said slot provides stress relief at the interface
of said sidﬁﬁftéor\'/i a and said one or nore of said first and second copper

| ines. 25. The nethod according to claim 24 wherein said slot conprises: a
first slot spaced a distance fromsaid first single via in an X-direction;
a second sl ot spaced a second distance fromsaid first single via in an X-
di r ect i on 18ppodiht endthamhacsaidihgtodiaimcts whereif saili fitst, kdcohd, sind thirddiots

have a rectangular or square shape.

20.  The method according to claim 18 wherein said third slot overlaps said first
slot by a fourth distance and wherein said third slot overlaps said second slot by a fifth

distance.

21.  The method according to claim 18 wherein said first distance is between about
0.1 and 0.4 pm, said second distance is between about 0.1 and 0.4 pwm, and said third

distance is between about 0.05 and 0.3 um.

22.  The method according to claim 20 wherein said fourth distance is between

about 0.1 and 0.5 um and said fifth distance is between about 0.1 and 0.5 pm.

23.  The method according to claim 18 wherein said first slot has dimensions of
between about 0.1 and 0.5 pm by between about 0.5 and 1.0 um, said second slot has
dimensions of between about 0.1 and 0.5 pm by between about 0.5 and 1.0 pm, and
said third slot has dimensions of between about 0.1 and 0.5 pm by between about 0.9

and 1.5 um.




athird slot spaced a third distance fromsaid first single viain a
Y-direction. 26. The nethod according to claim25 wherein said first,

second, and third slots have a rectangul ar or square shape. 27. ﬁ@ thod
.according to claim25 wherein said third slot overlaps said fird I

a fourth distance and wherein said third slot overlaps said second slot by
afifth distance. 26 0 4 MAY 2006 28. 2fhe net hod according to cl-aim?25
wherein said first distance is between about 0.1 and 0.4 m said second

di stance is between about 0.1 and 0.4 m and said third distance is

bet ween about 0.5 and 3.0 m 29. The nethod according to claim27 wherein

sai d fourt24.di sA awtleod of foahingeoppdranteridndectyid te fabritaivd ofahthtédried di stance
is between about 0.1 and 0.5 m 30. The nethod according to claim25

wher ei n sqhguﬁugﬁbeqh@ﬁwhﬁg‘ghgggﬁgons of between about 0.1 and 0.5m by
bet ween about 0.5 and 1.0 m s econd slot has di nensi ons of between

about 0.1 and bout 0. .0 pm and said third slot
has di nensi ons o?v@n%v\eer%{a (5)u{ %F‘iveéﬁ&‘?‘bs by bet ween about 0.9 and 1.5
m 31. The netHbd accordln to claim 24 wherein said first and second
copper lines HEVRIE aRi1QY B‘ﬁ ?’ﬁéﬁré"’?qlﬁémg sHe dirstgoppaling2.  An i nt egr at ed

circuit device conprising: a first copper line over a substrate;
forming a copper interconnect to said first copper line through an opening in

said insulating layer wherein said copper interconnect comprises a single via isolated
from other vias and an overlying second copper line; and

forming a slot in one or more of said first and second copper lines adjacent to
said single via wherein said slot provides stress relief at the interface of said single via

and said one or more of said first and second copper lines.

25, The method according to claim 24 wherein said slot comprises:
a first slot spaced a distance from said first single via in an X-direction;
a second slot spaced a second distance from said first single via in an X-
direction opposite from said X-direction of said first slot; and

a third slot spaced a third distance from said first single via in a Y-direction.

26. The method according to claim 25 wherein said first, second, and third slots

have a rectangular or square shape.

27.  The method according to claim 25 wherein said third slot overlaps said first

slot by a fourth distance and wherein said third slot overlaps said second slot by a fifth

distance.



an insulating |layer overlying said first copper |ine; and a copper

i nterconnect to said first copper |line through an opening in said

insul ating | ayer wherein said copper interconnect conprises a single via
isolated from other vias and an overlying second copper |ine wherein a
slot in one or nore of said first and second copper |ines adjB¢MAy 2806 said
single via provides stress relief at tB8 interface of said single via and
'said one or nore of said first and second copper lines. 0 4 MAY 2006 27 33.
The devi c@8accdbdimethadnceprgling 214w 2 hehercimrspid fistdjstazceds béteeen almut ayer
overlying said substrate and underlying said first copper line wherein an
el ectri cal0.lcamt0at i, b£i8 seddndIdiihcedd BetGd@sitoat 6.1 aaf 0. 2uhi illsaRiORREr Vi @
through said dielectric |layer connecting said electrical contact and said

first co i j ! ki copper via is isolated from ot her
PRRSarkt A HOESHBEES dnd 503!

vias and ereln sal at least in said first copper line

adj acent to said first copper via. 34. The device according to claim 32
wherein said slot in said first copper line provides stress relief at the
interface of said first copper via and said first copper line. 35. The

net hod acé8r di A§e msthadgicaedmathetading 7sehaeinisaidtfoanttidismocnid bevymeer | i nes
have a width of nore than about 0.2 m 36. The nethod according to claim 32

wher ei n sabahit§l lodnddrpm @elsaidfifth Gtansé BibespRaedon .1 %l 0.9iugd.ance from said
first single via in an X-direction; a second slot spaced a second di stance

fromsaid first single via in an X-

30.  The method according to claim 25 wherein said first slot has dimensions of
between about 0.1 and 0.5um by between about 0.5 and 1.0 um, said second slot has
dimensions of between about 0.1 and 0.5 um by between about 0.5 and 1.0 pm, and
said third slot has dimensions of between about 0.1 and 0.5 um by between about 0.9

and 1.5 pm.

31.  The method according to claim 24 wherein said first and second copper lines

have a width of more than about 0.2 pm.

32.  Anintegrated circuit device comprising:

a first copper line over a substrate;

an insulating layer overlying said first copper line; and

a copper interconnect to said first copper line through an opening in said
insulating layer wherein said copper interconnect comprises a single via isolated from
other vias and an overlying second copper line wherein a slot in one or more of said
first and second copper lines adjacent to said single via provides stress relief at the

interface of said single via and said one or more of said first and second copper lines.




direction opposite fromsaid X-direction of said first slot; and a third
sl ot spaced a third distance fromsaid first single via in a Y-direction.
37. The nethod according to claim36 wherein said first, second, and third
. slots have a rectangul ar or square shape. 0 4 MAY 2006 28 38. TWEMFP?@Ed
according to claim 36 wherein said third slot overlaps said first slo y
a fourth distance and wherein said thied slot overl aps said second slot by
a fifth distance. 39. The nethod according to claim36 wherein said first
di stance is between about 0.1 and 0.4 gm said second distance is between
about 0.1 and 0.4 m and said third distance is between about 0.05 and
0.3m 40. 3Bhe riktevicaacwirdingtpo tlaint B2furtid8 cwhprighg sai d fourth distance is
between about 0.1 and 0.5 mand said fifth distance is between about 0.1

and 0.5 pm 41,4 dTél@ctH@ld?@ﬁo@&@%gjéngJthr&E ahdurPr s%id"ﬁl%?%(%g{ﬂ' IRt slot

i
has di mensi ons of between about” 0.1 and 0.5 m by "between a 0.5 and 1.0
m said s I J f_.hetween about 0.1 and 0.5 m by
bet ween ag)g}%?g%%&tg%%‘%%c@gwg%dg%zgﬁ al?ﬁ}l % agel’ ?(?has di mensi ons of between
about 0.1 and OTS m b betﬁgen abgy& 0.9 .and 1.5 m . .
a first copf\)ler via through said dielectric layer connecting said electrical
contact and said first copper line wherein said first copper via is isolated from other

vias and wherein said slot is formed at least in said first copper line adjacent to said

first copper via.

34.  The device according to claim 32 wherein said slot in said first copper line

provides stress relief at the interface of said first copper via and said first copper line.

35.  The method according to claim 32 wherein said first and second copper lines

have a width of more than about 0.2 um.

36.  The method according to claim 32 wherein said slot comprises:
a first slot spaced a first distance from said first single via in an X-direction;
a second slot spaced a second distance from said first single via in an X-
direction opposite from said X-direction of said first slot; and

a third slot spaced a third distance from said first single via in a Y-direction.

37.  The method according to claim 36 wherein said first, second, and third slots

have a rectangular or square shape.
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38.  The method according to claim 36 wherein said third slot overlaps said first
slot by a fourth distance and wherein said third slot overlaps said second slot by a fifth

distance.

39.  The method according to claim 36 wherein said first distance is between about
0.1 and 0.4 pm, said second distance is between about 0.1 and 0.4 pm, and said third

distance is between about 0.05 and 0.3pm.

40.  The method according to claim 38 wherein said fourth distance is between

about 0.1 and 0.5 um and said fifth distance is between about 0.1 and 0.5 pm.

41.  The method according to claim 36 wherein said first slot has dimensions of
between about 0.1 and 0.5 pm by between about 0.5 and 1.0 pm, said second slot has
dimensions of between about 0.1 and 0.5 um by between about 0.5 and 1.0 pm, and
said third slot has dimensions of between about 0.1 and 0.5 um by between about 0.9

and 1.5 um.




