Assorted Aluminum Wiring Design to Enhance Chip-Level Performance for
Deep Sub Micron Application Background of Invention 1) Field of the
Invention This invention relates generally to fabrication of semiconductor
devices having metal conductive lines and particularly to the fabrication of

ARG MU InBTuIa T Sk 8s T C EHIBIRACFHSAR R PRIRYRRHOTFNES Sub-
and more particularly to the fabrication of conductive lines and underlying
supplemental lines that togethernvaiergickpphatisainly the conductive line in

critical path areas of the conductive lines. 2) Description of the Prior Art

Wiring delay is a dominant factor in the performance for deep -submicron

CMOS devices. With smaller devices, larger wiring delay per unit length is

inevitable. In current technolggckgtiaaldosttiavsstieaually made wider to
reduce wiring resistance and double pitch is commonly employed. However

the double pitch layers cause chip size to increase. The importance of
overcoming the various deficiencies noted above is evidenced by the
1$XERRVer @ IRlesifs development directed to the subject, as documented
by the relevant patent and technical literature. The closest and apparently

more relgyanintechivieat sleygloRmBnts imbhie NRIEOF Nighalbit easr lewvgleaned
by considering US 5,990,001(Oda) that shows a process to lower the wiring

havinglelays eynmrkinglthes wiie pirasthigkes ihErilitad MQast JININRYEE IS that are
process is complicated.
thicker in critical path areas to improve performance and more particularly to the fabrication of

conductive lines and underlying supplemental lines that together are thicker than only the

conductive line in critical path areas of the conductive lines.

2) Description of the Prior Art
Wiring delay is a dominant factor in the performance for deep —submicron
CMOS devices. With smaller devices, larger wiring delay per unit length is inevitable. In current
technology, critical paths are usually made wider to reduce wiring resistance and double pitch is
commonly employed. However the double pitch layers cause chip size to increase.
The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as documented by
the relevant patent and technical literature. The closest and apparently more relevant technical
developments in the patent literature can be gleaned by considering US 5,990,001(Oda) that
shows a process to lower the wiring delays by making the wire lines thicker in critical areas.

However, this process is complicated.
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1 US 5,960,309(Takano) shows a method wires devices formed on a
semiconductor integrated circuit. The method includes the steps of finding a
wiring path between the devices, determining whether or not a delay in
transmitting signals through the wiring path is within a predetermined range,

and if theydejais309t Pithe S ORSHRINMEM3AgINE IR MLk bsImed ¢iea, or
both of them of through-holes of a given via in the wiring path so that the

semicOfiR¥BIaBtSIRA AR MEnIRITEeaHaiT ndingNRY kS (Tt ABUSWIHTRE Jath between
capable of handling signals that require severe delay. However, these

the dePaig)igetamberiukinereneiaNad UBRY- iR SaumanOfithalnyesiantidwamg path is
object of the present invention to provide a method for fabricating conductive

withiliA@Scdiaé @iehHal ks SOIrel ifGBE Qe PRI LRAHTIHYIERBS:alinS @ ®RiectRl ibfber, or
present invention to provide a method for fabricating a conductive lines that

area, GBJINGFendar efiticalgh-maiardraths wirlngsnandarming supplemantal dicleg meets in
under the critical path areas of an overlying conductive lines. It is another

the tif@hjgebaitamprageninieyenbiovitounr avidevadneihagdee danHealing Agnals that
conductive lines that are thicker for critical or major paths wirings by forming

requir88608@ guRPlemental lines under the critical path areas of an overlying
second conductive lines. To accomplish the above objectives, the present
invention provides a method

However, these patents can be further improved upon.



of manufacturing a conductive lines that are thicker for critical or major paths
wirings which is characterized as follows. A semiconductor structure is
provided having a top surface comprised of a first dielectric layer. Next, we
form a plurality (e.g., spaced approximately parallel) of first level conductive

lines over the first dielectric Igyghntdi§ Bisieandieationlines preferably run in
a first direction during at least a portion of their length. The first level

conductive lines comprised of a first level first conductive line and a first level
second conductive line. We form a second dielectric layer over the first level

conductivg {inasayjeLthg fiisheiglactricdayes. (bl wie: o me Bodif PRANBE Y
the second dielectric layer over a portion of the first level first conductive line.

condubiRUchis faEmed Hiiathe viadepesingajdhpathivameaxel step, we form a
trench pattern in the second dielectric layer. The trench pattern is comprised

of trenchasithat abgprefarriyeabinuh dppioxip pioliar thegandl Bigdhectitsis a
level conductive lines. In a key step, we fill the trenches with a conductive

condudidteriabiahferie shipRliemenialisacanddjpepathhevatipp ey estialsecapsidingsal lines
act as additional (or supplemental) thickness for the second level conductive

underlinesienepitieyaie sralledveaypipesienialwenand lines”. We form second
level conductive lines over at least the supplemental second lines and the

plug. Thelsecandievebrondiciiverbnes are alignes pavalichta¢teaenches.
The trenches formed in critical path areas of the second level conductive

fabriclingg.aldoadlppiemeRtdasacand lingsaed ol rmgdripLrniactifetirsoieves
conductive lines where a contact is not
second supplemental lines under the critical path areas of an overlying second conductive lines.

To accomplish the above objectives, the present invention provides a method
of manufacturing a conductive lines that are thicker for critical or major paths wirings which is
characterized as follows. A semiconductor structure is provided having a top surface comprised
of a first dielectric layer. Next, we form a plurality (e.g., spaced approximately parallel) of first
level conductive lines over the first dielectric layer. The first conductive lines preferably run in a
first direction during at least a portion of their length. The first level conductive lines comprised
of a first level first conductive line and a first level second conductive line. We form a second
dielectric layer over the first level conductive lines and the first dielectric layer. Next we form a
via opening in the second dielectric layer over a portion of the first level first conductive line. A
plug is formed filling the via opening.

Then, in a novel step, we form a trench pattern in the second dielectric layer.

The trench pattern is comprised of trenches that are preferably about approximately orthogonal



desired. In the critical path areas of the second level conductive lines, the
supplemental second lines underlie the second level conductive lines
thereby increasing the effective overall wiring Thickness in the critical path
area thereby improving performance. Furthermore, once the trenches are

to theetFhedv¥R sinindar aesSuPRRRp! weqpnehlinemand thenseeonshieMe! material to

conductive lines with one metal deposition and one metal etch step. This is a

form RUHPIHBHRAE E RIQEEERed M PEABBRINRYEN BRI IR detadmathaefar (or
fabricating a conductive lines that are thicker for critical or major paths

suppliigs P fameiRg sesendsuanismeal lnes (ees Bacd iy ki anddnder

the critical path areas of an overlying second conductive lines. The present
“suppleNRAtiaRRNEVassthese benefits in the context of known process
technology. However, a further understanding of the nature and advantages
of the present invention may be realized by reference to the latter portions of
the specification and attached drawings. 4 Brief Description of the Drawings

The featwesahdsaghaniagasofduserpitapductehdrviteracapisitgeiadhecond
present invention and further details of a process of fabricating such a

lines S8MNIEOPHLCIDREIQd6cRINe\a coiiRbae NI heepiesent Havandiao wilde cneyeThe
clearly understood from the following description taken in conjunction with

trenchigs fREGRMAROYIRGIPawigssioicRdikel lefelencrlubtedias. dB& g0pemental

similar or corresponding elements, regions and portions and in which:
seconfdi gtk Aodridéd46 cnthbéiiar € iiree dicoaasionallinews erdliusinadiigsanot
desired. In the critical path areas of the second level conductive lines, the supplemental second
lines underlie the second level conductive lines thereby increasing the effective overall wiring
Thickness in the critical path area thereby improving performance. Furthermore, once the
trenches are etched, we can form the supplemental second lines and the second level conductive
lines with one metal deposition and one metal etch step. This is a much simpler process.

The present invention to provide a method for fabricating a conductive lines

that are thicker for critical or major paths wirings by forming second supplemental lines (e.g., 38

40 in FIG 5A) under the critical path areas of an overlying second conductive lines.

The present invention achieves these benefits in the context of known process
technology. However, a further understanding of the nature and advantages of the present
invention may be realized by reference to the latter portions of the specification and attached

drawings.



preferred embodiment of the invention's structure and method for forming
conductive lines. Figures 1B, 2B, 3B, 4B and 5B are a top plan views for
illustrating a preferred embodiment of the invention's structure and method
for forming conductive lines. 5 Detailed Description of the Preferred
Embodiments A. OverviegétiprdoMpaién of BeeMyeafimgvention provides a
method of manufacturing a conductive lines that are thicker in critical (or
major) wirings paths (See FIGS SA and SB). The invention forms
supplemental lines 38 43 (See FIG 5A) under a wiring layer (e.g., 50) in the
critical pate afdhge NHDAdxea eo LEX AR Hhe-ERCRAGWHBREEHE AN

FIG 5A) has the overall thickness the in the critical path areas of the

presefilifknessehseconideyahline (apranddbe tuskagss afdhe seaRREductor device in

supplemental line (38). The invention's supplement lines increase the
accor®ffRetivRICIRSpresstianaéaiea Wil wiokalayey, wilbRuw Iagreasing tHigowiiiag
line width. The invention's supplemental lines are formed after the via plugs
descriffign, tdB{iIetcpmnerss valk ik nedipandipleattis layem Wekehase 3éfedchce
(FIG 3A) are formed in the dielectric layer (20) where the supplement lines
numeRIE @esiede singilar dafdasspordpioetsadatiseditadomnn foersupRiemertalch:
lines. For example, as shown in FIGS 5A and 5B, the supplemental second
lines act as additional (or supplemental) thickness for the second level
conductive line (50) hence they are called "supplemental second lines" 38 42.
The majeigieps of tha invennomadnhesstinesdiizac iasfolRws for illustrating a

preferred embodiment of the invention’s structure and method for forming conductive lines.

Figures 1B, 2B, 3B, 4B and 5B are a top plan views for illustrating a preferred

embodiment of the invention’s structure and method for forming conductive lines.



As shown in FIGS 1A and 1B, a semiconductor structure 10 is provided
having a top surface comprised of a first dielectric layer 12. Next we form a
plurality (e.g., spaced parallel) of first level conductive lines 14 16 over the
first dielectric layer 12. The first level conductive lines comprised of a first

level first condugsigiliteiésanptprdtend Prerdeval sanpbdiivedise 16. 6 We
form a second dielectric layer 20 over the first level conductive lines 14 16

and the first dielectric layer 12. Next, we form a via opening 24 in the second
dielectric layer 20 over a portion of the first level first conductive line 14. As

A. showvemidwasT Bheandamianrlug 28 is formed filling the via opening 24. As
shown in FIGS 3A and 3B, we form a trench pattern 34 32 in the second

dielectricriaygredéhAsvehavmpro filde S Adefibavet filhileatiafslaescwiftuative lines

conductive material to form supplemental second lines 38 42. As shown in

that ard@heckéy BRI sRFGN/evek GanEEerizssS0 £ 8B Theinvention forms

supplemental second lines 38 42 and the plug 28. The supplemental second

supplénes 38 1 {agdi IrerelTas) Sameddn culicabpaibrateas 3v)thelseeancaleyeh of the
conductive lines. B. Preferred embodiment Referring to FIGS 1A and IB we
wirinprayide rosexaiepnd uet Qe SHHCiLiieng0varv39 in FIG 5A) has the overall thickness the
in the critical path areas of the thickness of second level line (50) and the thickness of the second
supplemental line (38).
The invention’s supplement lines increase the effective cross sectional area of

the wiring layer, without increasing the wiring line width. The invention’s supplemental lines are
formed after the via plugs (e.g., 28) (interconnects) are formed in a dielectric layer. Trenches 34
32 (FIG 3A) are formed in the dielectric layer (20) where the supplement lines are desired, and a
damascene process is used to form the supplemental lines. For example, as shown in FIGS 5A

and 5B, the supplemental second lines act as additional (or supplemental) thickness for the

second level conductive line (50) hence they are called “supplemental second lines” 38 42.

The major steps of the invention can be summarized as follows:
As shown in FIGS 1A and 1B, a semiconductor structure 10 is provided
having a top surface comprised of a first dielectric layer 12.
Next we form a plurality (e.g., spaced parallel) of first level conductive lines
14 16 over the first dielectric layer 12. The first level conductive lines comprised of a first level

first conductive line 14 and a second first level conductive line 16.



a top surface comprised of a first dielectric layer 12. The semiconductor
structure 10 can also comprise a top surface of a first dielectric layer 12 and
conductive lines (not shown) (e.g., Polysilicon or Cu or aluminum alloy lines).
C. Semiconductor structure Semiconductor structure 10 is understood to

possibly welisit a servicnmdieiol: RyesreteyoF iNaferstastivec8RuUBASSINRes 14
devices formed within the wafer; and insulating and conductive layers

16 andatPegspaign wafRisurface. 7 The term “structure” refers generally to a
wafer or die having an intermediate integrated circuit structure formed

thereon, NyRically fiiehgling apeiliegrnonPthekseimicaipieaier dpyeraving

transistor or other semiconductor devices formed therein, a passivating field

portio®¥€dehd@ner 1ever g senaicandusierilayer, metal or other conductive contacts
extending down and through the oxide layer to the semiconductor layer and

interconpgcihewiandingdaaraly sBen f1eg 8rfacerpkihaInagsheiing [Ryeig 24.
Within the present invention, the substrate may be a substrate employed
within a picRSlecthanics faRrieatty, selastad fiemdin g @iy B ingiucing: Reddiet
limited to integrated circuit microelectronics fabrications, solar cell
dielectriciggdeconics fabrications, ceramic substrate microelectronics fabrications
and flat panel display microelectronics fabrications. Although not specifically

illustrateg ywkoiwihie BrbhematiBerossiBent aratBis gramafdniguctivibaterial to
substrate 10 may be the substrate itself employed within the midroelectronics

form Jappleationaldesond lines 38 42.
As shown in FIGS 5A 5B, we form second level conductive lines 50 52 over
the supplemental second lines 38 42 and the plug 28. The supplemental second lines 38 42 (and

trenches) formed in critical path areas of the second level conductive lines.

B. Preferred embodiment

Referring to FIGS 1A and IB we provide a semiconductor structure 10 having
a top surface comprised of a first dielectric layer 12. The semiconductor structure 10 can also
comprise a top surface of a first dielectric layer 12 and conductive lines (not shown) (e.g.,
Polysilicon or Cu or aluminum alloy lines).
C. Semiconductor structure
Semiconductor structure 10 is understood to possibly include a semiconductor
substrate or wafer, active and passive devices formed within the wafer; and insulating and

conductive layers formed on the wafer surface.



the alternative, the substrate may be the substrate employed within tile
microelectronics fabrication, where the substrate has formed thereupon or
thereover any of several additional microelectronics layers as are
conventionally employed within the microelectronics fabrication, Such

additiongtipieracleationits lryers Ry NGlude Wi ase OhMHediGntermediate
microelectronics conductor layers, microelectronics semiconductor layers

integAINEH MiiAe RRIFAME SodiedacHiGday afgpibhl r shdaush inesiddbd 6ranBeliigimiconductor
dielectric layer Next, we form a plurality (e.g., spaced parallel) of first level

layer GRNEHICHYRsINIBS 0L 4tHG avmaidhrificss ielactigdayien trordine dipat dilestiGeld oxide

layer can be an interlevel dielectric layer (ILD) or and inter metal dielectric

layer OMEPIHaYemidhRificst cRpEy chvallinesa @ Rations dhaheredetatinbudoiand
first direction. The first level conductive lines are preferably comprised of a

throufifsteveldir sh gandusd entine it & andyasarpiteiitshifve casadichvatingBver the

The first level conductive lines 14 16 are preferably comprised of an Al alloy,

surfacdoPiHeplinesalfasmgdafter a damascene process, then removing the mold).
The first level conductive lines 14 16 are preferably formed by blanket

depositingigfia teopetidetivenlayeivanthPaitiringniag soadustiverdayeplasig a
conventional resist pattern and metal etch process. The first conductive lines

withipreferablideavaiasthiblidassrofdieiwe € Mooy tf@dPiard SO B A nbs] shvd N
FIGS 2A and 2B, we form a second dielectric layer 20 over the first level
integrated circuit microelectronics fabrications, solar cell microelectronics fabrications, ceramic
substrate microelectronics fabrications and flat panel display microelectronics fabrications.
Although not specifically illustrated within the schematic cross-sectional diagram of Fig. 1, the
substrate 10 may be the substrate itself employed within the midroelectronics fabrication, or in
the alternative, the substrate may be the substrate employed within tile microelectronics
fabrication, where the substrate has formed thereupon or thereover any of several additional
microelectronics layers as are conventionally employed within the microelectronics fabrication,
Such additional microelectronics layers may include, but are not limited to, microelectronics
conductor layers, microelectronics semiconductor layers and microelectronics dielectric layers.
D. first level lines 14 16 and first dielectric layer
Next, we form a plurality (e.g., spaced parallel) of first level conductive lines

14 16 over the first dielectric layer 12. The first dielectric layer can be an interlevel dielectric
layer (ILD) or and inter metal dielectric (IMD) layer.

The first conductive lines have portions that preferably run in a first direction.

The first level conductive lines are preferably comprised of a first level first conductive line 14



conductive lines 14 16 and the first dielectric layer 12. The second dielectric
layer preferably is comprised of silicon oxide, or low k materials such as
HSQ, MSq, Flare, SiLK, etc.. The second dielectric layer preferably has a
thickness of between about 10,000 and 14,000 E. Via openings 24 Still

and a KSIRHINGR BV SAI@AA < Bnéa 0T YR 10PaNiIDEd4 4Rt NBeSeLPNE are preferably
dielectric layer 20 over a portion of the first level first conductive line 14. As

compB T ih AIGHRA wnel 8B, Imesfoisma: 0 g2 8 dling dbge\iroorNthendemdiag the

plug 28 is preferably comprised of a barrier layer and an inner tungsten (W)

mold)PiPeh @R Usesthe A4 a5t pRIEMBINILIRRA DY Blititat iRESsVhg of a

plugs have better EM reliability as compared to Al plug, but resistance is

condubigheiyRanlirpnedtnaliens &HlieipEing e ieSa3tmrdiRalvesiorphftern and

trench pattern 34 32 in the second dielectric layer 20. The trench pattern is
metal RtefhgFRfscomprised of trenches that are approximately orthogonal (e.g.,
about perpendicular but in a different plane) to the first level conductive lines.

We placeieehehesnith 3R €liiastlpleatewiganductiveclayss 90 behickisaBosiitioad
layer that will affect the RC delay. The trench 34 exposes the first level first

and 500@ A4 because layer 50 has to be connected to layer 14. The via is replaced
by trench 34. As such the RC delay is improved. Preferably we form the
trenches 32 34 first and then form the via openings 24.

As shown in FIGS 2A and 2B, we form a second dielectric layer 20 over the first level
conductive lines 14 16 and the first dielectric layer 12. The second dielectric layer preferably is
comprised of silicon oxide, or low k materials such as HSQ, MSq, Flare, SiLK, etc.. The second
dielectric layer preferably has a thickness of between about 10,000 and 14,000 A

E. Via openings 24

Still referring to FIGS 2A and 2B we form a via opening 24 in the second

dielectric layer 20 over a portion of the first level first conductive line 14.

As shown in FIGS 3A and 3B, we form a plug 28 filling the via opening 24.
The plug 28 is preferably comprised of a barrier layer and an inner tungsten (W) plug.
Preferably we only use the Al “supplemental line” for critical lines. W plugs

have better EM reliability as compared to Al plug, but resistance is higher.



G. Key feature of the invention - Supplemental lines As shown in FIGS 4A
and 4B, we fill the trenches with a conductive material to form supplemental
second lines 38 42. The supplemental (second) lines act as additional (or
supplemental) thickness for the (yet to be formed) "second"” level conductive
lines hemce theyeath dfesHPPlemental "second" lines. There do not need
to be first supplementary lines to have "second" supplementary lines. As

shown irsFIG St 486 Shesunpasnent finm 3&easmcantast e first devel

first conductive line 14. This is a desired contact because more contact area

secon@Qebtheisidawesr ZONTactFasiftpReanASRRetB b i istppaRathdinN@ a8 re

does not contact the first level second conductive line 16. This is because

approXifh&le1 Nk NaRs il $he!t insul feryithdiralidbRupRlamenial ping S ithivstdOlevel
connect an upper & lower lines together. (E.g., 50 and 14). 10 The

conduSHppERRS WA liNes aleseleyably Gesnpyiserd af @ detminLATE ABOYwAR¢h is a critical

preferably not comprised of W. The supplemental lines comprised of Al alloy

layer @@ wigferabithiorueaitRy. GYUPRhIRBASpestR the Hsnkvamanings BRbddause
Alternatively, the Al can be blanket deposited and patterned to form the Al

layer $illings hebtrebshesediioSeganttlemal lines B)h2eAs $hRnehiBA- &S oA adRC delay
SB, we form second level conductive lines 50 52 over the supplemental

is impseeeand lines 38 42 and the plug 28. The second level conductive lines have
critical path areas. For example, FIG 5A, the line 50 has critical path areas at
least overrdii@ably we form the trenches 32 34 first and then form the via openings 24.
G. Key feature of the invention - Supplemental lines
As shown in FIGS 4A and 4B, we fill the trenches with a conductive material
to form supplemental second lines 38 42. The supplemental (second) lines act as additional (or
supplemental) thickness for the (yet to be formed) “second” level conductive lines hence they

are called supplemental “second” lines. There do not need to be first supplementary lines to

have ‘second” supplementary lines.

As shown in FIGS 4A and 4B, the supplement line 38 can contact the first
level first conductive line 14. This is a desired contact because more contact area and thus lower
contact resistance. Also, note that the supplement line 38 does not contact the first level second
conductive line 16. This is because we do not want to short line 16 with line 14. Supplemental

line 38 is just to connect an upper & lower lines together. (E.g., 50 and 14).
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supplemental lines 38 and 42. Critical path area are determined or identified
by the designer. A criteria the designers use to determine the critical path
lines are how frequently the lines are accessed. The second conductive lines
preferably have a thickness of between about 4000 and 5000 A. The

combinegHhigigprss i e runplemaiablinesndstios fer andiiignsfeaARHoy and
conductive line 50 is preferably between about 10,000 and 12,000 A. This is

prefef B AlRCHNGHNeaS thanTinessppRAERNtUEE @ layela0 alongickhe spegadbly

level conductive lines are aligned parallel to the trenches. The trenches

formetPHPENVD AliticpbpRif-areds abie speaindsleyebeontdaiine ineshd Ae &gcend
level conductive lines are not formed to contact the first level conductive

blankéin@pyénetE.adcpitaatds Rotodesikes] Rieferallyrtmatdeast portions of the
critical path areas of the second level conductive lines 50 52, the

supplegental see@itlilee® BBt Baleg e the second level conductive lines
50 52 thereby increasing the effective overall wiring thickness in the critical

path area sthieFeRMAMPGEVHY RRIBBMAE eernd dcthrigupglesantiine 13&ks 50 52
contacts the first level first line 14 to connect the first level line 14 to the

over thepRbplraialiinessébiR. Unsaerhnietal glicd)stonmetat dn(llid)cT bénductive lines
supplement line 38 42 contacts the first level second line 16. If line 38

have effitacisatingrd G Ao cihimpreans|IBe, Ieand ke dbowilcbepaktoniess at least over the

supplemental lines 38 and 42. Critical path area are determined or identified by the designer. A

criteria the designers use to determine the critical path lines are how frequently the lines are

accessed. The second conductive lines preferably have a thickness of between about

4000 and 5000 A.

The combined thickness of the supplemental lines 38 or 42 and the second
conductive line 50 is preferably between about 10,000 and 12,000 A. This is a greater thickness

than the second conductive layer 50 alone.

The second level conductive lines are aligned parallel to the trenches. The
trenches formed in critical path areas of the second level conductive lines. The second level
conductive lines are not formed to contact the first level conductive lines where a contact is not
desired.

Preferably in at least portions of the critical path areas of the second level
conductive lines 50 52, the supplemental second lines 38 42 underlie the second level conductive
lines 50 52 thereby increasing the effective overall wiring thickness in the critical path area

thereby improving performance.

11



together. Line 42 can contact to line 16 also if the designer decides so. If not,
the structure shown in FIGS 5A and 5B can be used. For this example, we
don't form a plug where line 38 contact the line 14 because with a trench, the
amount of Al alloy is more as such resistance is lower, thus RC is better

improveqhinsfplerén Atk 33, ARtAle8 the 38R RYBPIRRIgIRta ine WhRER(IR first

plug 28 contacts the first line because for this example, this is not a critical

level R@&th £psltHeByRehi8l BEOBOMIGA dormdepinstain 250e sitmetine (MYgntign’'s
second supplementary lines can be formed at any metal level (e.g., Ml, M2,

supplévidnelfmeanslds aaidionita oribr sacRuginaial Ievel as illustrated in the FIGS.
12 L Structure A preferred embodiment of the structure of the invention is

describeg hgtoys. cdeccongeichivadinashavamnicraasRdittideess b chisicad
path areas. The conductive lines comprise the following: As shown in FIGS

togethiék. anflel B2 a:3650iR0nduaiaE $EUYIE the haseadPRSEaEe. HOMORMRESRIcRIre shown
first dielectric layer 12. A plurality (e.g., spaced about parallel) of first level

in FIG®rBatds nes 14 d&are over the first dielectric layer 12. The first
conductive lines have at least portions that run in a first direction; The first
level corbiativeeltagprompidsad edmnfirplievehlirsticeBiucsivadingelthe 14
because with a trench, the amount of Al alloy is more as such resistance is lower, thus RC is
better improved.
In FIGS 5A and 5B, we don’t use a supplemental line where the plug 28
contacts the first line because for this example, this is not a critical path and it may not be
economical to adopt such a design.

The invention’s second supplementary lines can be formed at any metal level

(e.g., M1, M2, M3, etc) and is not limited to the second metal level as illustrated in the FIGS.

12



and a second first level conductive line 16. The first level conductive lines 14
16 are preferably comprised of Al alloy. As shown in FIGS 2A and 2B, a
second dielectric layer 20 is over the first level conductive lines 14 16 and
the first dielectric layer 12. As shown in FIGS 2A and 2B, a via opening 24 is
in.the segalstdiglectric layer 20 over a. portion of the first level first
conductive line 14. As shown in FIGS 3A and 3B, a plug 28 fills the via

opening Z4rdfieadluanB8dmRiaierahtyscacmpidsactiof mRatis 1auesainddbelow.
tungsten (W) plug. The plug is preferably formed by a deposition process

and chemigalon@ehaRIGALPALsh 46 Mbréesed @i damnasameiRN0saEkeAS The

shown in FIGS 3A and 3B, a trench pattern 34 32 is in the second dielectric

condul@yey 126bs daenpenchpasieswisgoreferably comprised of trenches that are
approximately orthogonal to the first level conductive lines. The trench

pattern ig prataratly Foopad\usiad B, Phatpbithagtanhic iReess (Rida, tipsisiface

expose, develop, etch, remove photoresist) 13 As shown in FIGS 4A and 4B,

compiiiedismches aradilad mydr axonductive material to form supplemental
second lines 38 42. The conductive material is preferably an Al alloy and is

preferably posrare) oy, @, GpHocAlBepopiiand sfdiAk depostingand lines 14 16
etch/patterning process using photoresist. As shown in FIGS 5A and 5B,
are oveegeNfra\etieondlrive IMemddib? @edaveie lines have at least portions that run in a
first direction; The first level conductive lines comprised of a first level first conductive line 14
and a second first level conductive line 16.
The first level conductive lines 14 16 are preferably comprised of Al alloy. As
shown in FIGS 2A and 2B, a second dielectric layer 20 is over the first level conductive lines 14 16
and the first dielectric layer 12.
As shown in FIGS 2A and 2B, a via opening 24 is in the second dielectric
layer 20 over a. portion of the first level first conductive line 14.
As shown in FIGS 3A and 3B, a plug 28 fills the via opening 24.
The plug 28 is preferably comprised of a barrier layer and a tungsten (W) plug. The plug is
preferably formed by a deposition process and chemical-mechanical polish (CMI) (e.g., a
damascene process).
As shown in FIGS 3A and 3B, a trench pattern 34 32 is in the second
dielectric layer 20. The trench pattern is preferably comprised of trenches that are approximately

orthogonal to the first level conductive lines. The trench pattern is preferably formed using a

photolithographic process (e.g., resist, expose, develop, etch, remove photoresist)
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the supplemental second lines 38 42 and the plug 28. The second level
conductive lines are aligned parallel to the trenches. The trenches formed in
critical path areas of the second level conductive lines. The second level
conductive lines are not formed to contact the first level conductive lines

where a goRER&HSNPICELSKamINBeRbIANG articAleRaifREEamehdhee
second level conductive lines 50 52. The supplemental second lines 38 42

materkneerlientha sacenddavetsanustivs inesRO-5RHeIeON NEIAasiPEtably an Al

effective overall wiring thickness in the critical path area thereby improving
alloy REHF MRAGEDIN thim BN H @V YN HgPostidingthaaigpmpnitoiibeinga@ming
approximate terms and should be interpreted as such. For example, parallel
procedin@saphateanriines that are approximately parallel and deviations of
alignment from parallel (e.g., 150 to 230" as opposed to 1800). Also,

orthogongd inesmayieseprRradnsielcerhagenabasuthp dTiatsestion atthei
planes does not have to be 90" (e.g., 60 to 1200). The chip designer may

the suppihienuge Sighthinéifiereptalighegnis2d4 Although this invention has been
described relative to specific insulating materials, conductive materials and

apparatugesstebdepositioghanetietching theshanalerialseitis motlinited. toHbe
specific materials or apparatuses but only to their specific characteristics,

trenched Brrasdcardatival pited 2eis oo e ealnanseppakiliiase sneb. Theenosiiing cl
and etching, and other materials and apparatus can be substituted as is well
condudtidesieogrbydhasensitteddiibethe first level conductive lines where a contact is not
desired. Whereby in the critical path areas of the second level conductive lines 50 52. The
supplemental second lines 38 42 underlie the second level conductive lines 50 52 thereby

increasing the effective overall wiring thickness in the critical path area thereby improving

performance.

In this invention, words describing the alignment of the lines are approximate
terms and should be interpreted as such. For example, parallel lines can mean lines that are
approximately parallel and deviations of alignment from parallel (e.g., 150 to 230° as opposed
to 1800). Also, orthogonal lines may be approximately orthogonal as the intersection of their
planes does not have to be 90°(e.g., 60 to 1200). The chip designer may wish to use slightly

different alignments.
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microelectronics arts after appreciating the present invention. While the
invention has been particularly shown and described with reference to the
preferred embodiments thereof, it will be understood by those skilled in the
art that various changes in form and details may be made without departing

from the gpi#uaRdIESOPR Af Shalventignclibs dHaRCRIE FEMEIC VAL IAMENg materials,
modifications and similar arrangements and procedures, and the scope of

conduif @pnendad slaimpihensiore shepddheaseasaacththadioagdestals, it is

interpretation so as to encompass all such modifications and similar

not lilf@ngemesscand nesedWesppMaatds Haied to: theidsReapeandugiofics, such
device having conductive lines where the conductive lines have an increased

as cortfUEkBPSSdRsHiteatRathl JiR@SaFATIRISINGICH)a8 GGIHICONE EIQH  SRIHEAR] other
having a top surface comprised of a first dielectric layer; b) a plurality of first

materl@¥eleDipPacive inesovssaaietlirs diclegticdayrio ableaskapailiensOfhzaid

first conductive lines running in a first direction; said first level conductive

microiRR&&MALIELETOF apiistienet fikstrendiichiventing.and a second first level
conductive line; c) a second dielectric layer over said first level conductive

lines andigaid fitstslielgrsnitaloyasn ghdividadpenngnasbitsenaddiglagiience
layer over a portion of said first level first
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the
invention. It is intended to cover various modifications and similar arrangements and
procedures, and the scope of the appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and similar arrangements and

procedures.

What is claimed is:

15



conductive line; e) a plug filling said via opening; f) a trench pattern in said
second dielectric layer; said trench pattern comprised of trenches that are
approximately orthogonal to said first level conductive lines; g) said trenches
filled with a conductive material to form supplemental second lines; h)

1. secondil@mleandusivetingsaugidatinasiRarionrsahsashauplemesidhve an increased

second lines and said plug; said second level conductive lines having critical

thickrnRg$hraéaasalpagideasonshipMsinzonductive lines are aligned parallel to said
trenches; said trenches formed in critical path areas of said second level

congluctivesbingsofhickseaandute Yol aandussiverinescangpiictdasmestiodielectric layer;
contact said first level conductive lines where a contact is not desired;

whgyeby inpileatifificdFpathcdeasnahic@id 5ae908ddeyal Fanddictveriinggersaideast
supplemental second lines underlie said second level conductive lines

thereby incigiasingrthedefiectvadavarallwiingihigknessintha @iticalsert first level
area thereby 16 improving performance. 2. The semiconductor device of

claim 1 whai@idtsaidifestciavpticemdatiugtlioes #etcmprisrd Bh&hadlaysedond first
The semiconductor device of claim 1 wherein said first level conductive lines

are formgevky dlamkcdepasiting of a conductive layer and patterning said
conductive layer. 4. The semiconductor device of claim 1 wherein said plug is
corpprised eé@hadieelayenard @ver said first level conductive lines and said first dielectric
layer;
d) a via opening in said second dielectric layer over a portion of said first level first
conductive line;
e) a plug filling said via opening;
f) a trench pattern in said second dielectric layer; said trench pattern comprised of
trenches that are approximately orthogonal to said first level conductive lines;
g) said trenches filled with a conductive material to form supplemental second lines;
h)  second level conductive lines over at least portions of said supplemental second
lines and said plug; said second level conductive lines having critical path areas;
1)  said second level conductive lines are aligned parallel to said trenches; said
trenches formed in critical path areas of said second level conductive lines, said second
level conductive lines are not formed to contact said first level conductive lines where a
contact is not desired; whereby in the critical path areas of said second level conductive

lines, said supplemental second lines underlie said second level conductive lines thereby

increasing the effective overall wiring thickness in the critical path area thereby
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tungsten (W) plug. 5. A semiconductor device having conductive lines where
the lines have an increased thickness in critical path areas; comprising: a) a
semiconductor structure having a top surface comprised of a first dielectric
layer; b) a plurality of first level conductive lines over said first dielectric
layer; atigaehvRe e ehaaid first conductive lines running in a first direction;
said first level conductive lines comprised of a first level first conductive line
and a second first level conductive line; (1) said first level conductive lines
are comprised of Al; (2) said first level conductive lines are formed by blank

2. depesitingehduflbiaiuce Allayisondueivia ke fiaideraliesningsaidines
conductive layer; 17 c) a second dielectric layer over said first level

are coatjgiietvst IN1egiand said first dielectric layer; d) a via opening in said

second dielectric layer over a portion of said first level first conductive line; e)
a plug filling said via opening; (1) said plug comprised of a barrier layer and a
tungsten (W) plug; f) a trench pattern in said second dielectric layer; said

3. tremehdaitenacacirises of drancheshikainnis @pproxventelydatiegpinél i formed by
said first level conductive lines;

blank depositing of a conductive layer and patterning said conductive layer.

4. The semiconductor device of claim 1 wherein said plug is comprised of a barrier layer and a
tungsten (W) plug.
5. A semiconductor device having conductive lines where the lines have an increased

thickness in critical path areas; comprising:

a) a semiconductor structure having a top surface comprised of a first dielectric layer;

b) a plurality of first level conductive lines over said first dielectric layer; at least
portions of said first conductive lines running in a first direction; said first level
conductive lines comprised of a first level first conductive line and a second first
level conductive line;

(1)  said first level conductive lines are comprised of Al;
(2)  said first level conductive lines are formed by blank depositing of a Aluminum

alloy conductive layer and patterning said conductive layer;
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g) said trenches filled with a conductive material to form supplemental
second lines; h) second level conductive lines over at least said
supplemental second lines and said plug; said second level conductive lines
have critical path areas; i) said second level conductive lines are aligned
pajallel tg saighiienclesicrivktiRReRSd NRIdNGHtiGatiPalimasead ofigaidst
second level conductive lines, said second level conductive lines are not
formed tQepniakt 15gig:first level conductive lines where a contact is not
desired; whereby in the critical path areas of said second level conductive
lings, said suppiemepial seeepchlinesunaetiazricvseagnstlerelf sandustivgel first
lines thereby increasing the effective overall wiring thickness in the critical
path areadheselydmgproving performance. 18

€)

2

h)

a plug filling said via opening;

(1) said plug comprised of a barrier layer and a tungsten (W) plug;
a trench pattern in said second dielectric layer; said trench pattern comprised of
trenches that are approximately orthogonal to said first level conductive lines;
said trenches filled with a conductive material to form supplemental second lines;
second level conductive lines over at least said supplemental second lines and said
plug; said second level conductive lines have critical path areas;
said second level conductive lines are aligned parallel to said trenches; said
trenches formed in critical path areas of said second level conductive lines, said
second level conductive lines are not formed to contact said first level conductive
lines where a contact is not desired; whereby in the critical path areas of said second
level conductive lines, said supplemental second lines underlie said second level
conductive lines thereby increasing the effective overall wiring thickness in the

critical path area thereby improving performance.
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