CRITICAL DIMENSION FOR TRENCH AND VIAS FIELD OF THE INVENTION [0001]The present
invention relates generally to semiconductor devices, and more particularly to mitigating micro-loading
effects on holes and trenches in integrated circuits (ICs). BACKGROUND OF THE INVENTION

[0002]Metal guard rings are CRITIOKY AINHENSTONEORETRENERANB VA J he guard rings serves
as, for example, moisture barriers, crack stops or grounds. Different guard rings can be provided for

different purposes. Fig. 1 shows a die 106miih grardiimosvEe@ot140 formed at the periphery of a die
100. For example, the outer guard ring serves as a crack stop while the inner guard ring serves as a

moisture[Daoner. ATBEPYEerihE Qe O Ak SiREnis 1ROt Guad dRdRRanaiwhies thad inek gaaiduingyhas 45
angles 145 at the corner of the die, forming an octagon-shaped guard ring. Typically, each guard ring can

include agpldralityieg e absuby ETBs:t-oh BRNPE, eguasdinngdpayddaiGisulbaings. [0003]The guard
rings are formed in the via levels of the die. For example, as shown in Fig. 2a, trenches 228 are etched in

the interlevel dielectric layer 209 onpsOkstROE 203 @FtTeI panprENToOthe die along with vias 260. The
critical dimension CD for guard rings is the same as that for vias. Due to micro-loading effects, trench etch

rate is fapieo2pan aceithuzateril ficadifteianemin pioidates iaey ek peiphprandinedidomiasiadielectric
materials. This results in the trench punching through the barrier 265 below the interlevel dielectric. Fig.

2b showsiaeSEM evidengingainpleifiesBnae baeteh ratechstomadt giaab0 aiffdrenghesd2Bgsihid ttench
etch rate is about 10- 20% faster than the via etch, resulting in trench depth of about 1.8A deeper than the
vias. Pungbindethrouditfthenbatfigsday eFigaysupagsirdiblyoesuthipuRraiting v chdesdsfiomtdhdekects
such as particle and ball defects, negatively impacting yield.

periphery of a die 100. For example, the outer guard ring serves as a crack stop while the inner

guard ring serves as a moisture barrier. As shown, the outer guard ring is rectangular in shape while

the inner guard ring has 45° angles 145 at the corner of the die, forming an octagon-shaped guard

ring. Typically, each guard ring can include a plurality of rings or sub-rings. For example, a guard

ring may have 5 sub-rings.

[0003] The guard rings are formed in the via levels of the die. For example, as shown in Fig. 2a,

trenches 228 are etched in the interlevel dielectric layer 209 on a substrate 201 at the periphery of

the die along with vias 260. The critical dimension CD for guard rings is the same as that for vias.

Due to micro-loading effects, trench etch rate is faster than via etch rate. The difference in etch

rates is even more prominent for low-K dielectric materials. This results in the trench punching

through the barrier 265 below the interlevel dielectric. Fig. 2b shows a SEM evidencing the

difference in etch rate between vias 260 and trenches 228. The trench etch rate is about 10 — 20%

faster than the via etch, resulting in trench depth of about 1.8A deeper than the vias. Punching

through the barrier layer may undesirably result in p-arcing which leads to etch defects such as

particle and ball defects, negatively impacting yield.



[0004]From the foregoing, it is desirable to prevent the effects of micro-loading within ICs and improve
reliability during production of ICs so as to improve yield when improvising guard rings within the IC
design. SUMMARY OF THE INVENTION [0005]The present invention relates to ICs. More particularly,

the inverfou4Elatestanmtigatingmicioinadingeifiegiscommbale e ape dismahes-18dGag [WAAB]ACeshd
structure used to characterize trenches with respect to vias is provided. In one embodiment, the test

structurej gpmpEseR:diyralinngfgsomeaticaliCshanadconpriEgitRNCheSs WINGV BIR:SaRAIAIRE DY
spaces and is employed for the purposes of defining critical dimension of guard rings. The concentric
trencheswinynl@esiapeddn. various dimensions such as length and/or intersection angles in accordance
to desired guard ring purpose. [0007]In another embodiment, the invention relates to a method of forming
an IC. The method comprises definingsranvhA®icaFdMETSIMENDIO)Nf trenches in a via level of the IC
with test structures, wherein Tcp produces trenches and vias with substantially the same depth. A

dielectriqdmgsi on arpaiialynpiacesses suhsirateCwherain pheicielasiibdayesmrivesassayia level of the
IC. Trenches are formed in a periphery of the substrate having Tcp and vias in the via level followed by

filling of thaiFencheasandodas yvillleatcondiatéy endataiiabsRroassing of the substrate is continued to

complete forming the IC. [0008]In another embodiment, an integrated circuit (IC) having one or more

trenches[(004d]ich A test structure used to characterize trenches with respect to vias is provided. In one
embodiment, the test structure comprises a plurality of geometrically shaped concentric trenches
which are separated by spaces and is employed for the purposes of defining critical dimension of
guard rings. The concentric trenches may be shaped in various dimensions such as length and/or
intersection angles in accordance to desired guard ring purpose.
[0007] In another embodiment, the invention relates to a method of forming an IC. The method
comprises defining trench critical dimension (Tcp) of trenches in a via level of the IC with test
structures, wherein Tcp produces trenches and vias with substantially the same depth. A dielectric
layer on a partially processed substrate, wherein the dielectric layer serves as a via level of the IC.
Trenches are formed in a periphery of the substrate having Tcp and vias in the via level followed by
filling of the trenches and vias with a conductive material. Processing of the substrate is continued
to complete forming the IC.
[0008] In another embodiment, an integrated circuit (IC) having one or more trenches in which
the trench critical dimension has been defined by trench and via test structures wherein the trench
and via produced have substantially matching depths. Preferably, the depths of the via and the
trench are the same. A conductive material, provided within the trenches, serves as a guard ring.
[0009] In one aspect of the invention, a method of forming an IC is provided. The method

comprises providing a test wafer having test structures, using the test wafer to define trench CD such
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the trench critical dimension has been defined by trench and via test structures wherein the trench and via
produced have substantially matching depths. Preferably, the depths of the via and the trench are the
same. A conductive material, provided within the trenches, serves as a guard ring. [0009]In one aspect of

the inventignrenthethad eiformingumathatisi Bravideashe pimeihod aemietsempi@fidinDtRiestaraige having
test structures, using the test wafer to define trench CD such that trenches and vias with substantially the

same depiéhcasde defnee: he defined trench CD are then used to form the IC. [0010]These and other
objects, along with advantages and features of the present invention herein disclosed, will become

apparenfooim]gh refesenagitotbe dpjlewingodescrintian andtieat campanyfiBediRsdngmveditermore, it
is to be understood that the features of the various embodiments described herein are not mutually

exclusive,@lth CRst XL, v VEbdsneaipiinatiohs aglel paindato ik BRIGMP ESGPRH N @E THE
DRAWINGS [0011]In the drawings, like reference characters generally refer to the same parts throughout

the differgitovigws,iAds@athie gy amings aiero ol eeebsarlictassdlbaemphasisdnstand gengially being
placed upon illustrating the principles of the invention. In the following description, various embodiments
of the presgnidimventidesarbelbsertvedravitbt iplarangetelinevtollaniag ekrMngaribuwti@ibinations and
permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0011] In the drawings, like reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention. In the following description, various
embodiments of the present invention are described with reference to the following drawings, in
which:
[0012] Fig. 1 shows a die with guard rings;
[0013] Figs. 2a-b show micro-loading effects of etching trenches and vias;
[0014] Fig. 3 shows a trench test structure in accordance with one embodiment of the invention;
[0015] Fig. 4 shows trench test structures in accordance with one embodiment of the invention;
[0016] Figs. 5a-b show via test structures in accordance with various embodiments of the
invention;
[0017] Figs. 6a-b show a cross-sectional view of processed wafers with test structures in
accordance with embodiments of the invention; and
[0018] Fig. 7 shows a process for forming an IC in accordance with one embodiment of the

invention.



[0012]Fig. 1 shows a die with guard rings; [0013]Figs. 2a-b show micro-loading effects of etching trenches
and vias; [0014]Fig. 3 shows a trench test structure in accordance with one embodiment of the invention;
[0015]Fig. 4 shows trench test structures in accordance with one embodiment of the invention;

[0016]Figs. 5a-b show via test BEIRUr &I MHESCRIPNEENIIF T D US eapiyRents of the invention;
[0017]Figs. 6a-b show a cross-sectional view of processed wafers with test structures in accordance with

embodinjgpi9 pf therievesiian; s (R8I 6 shewpagioeessforferningtas Hatibraceosdance with one

embodiment of the invention.
embodiment, is used to characterize trenches with respect to vias. For example, the trenches serve
as guard rings on via levels of an IC. The test pattern can also be used to characterize features in
which microloading causes process issues. Fig. 3 shows a trench test pattern 370 in accordance
with one embodiment. The trench test structure comprises a plurality of trenches 380. The number
of trenches should be sufficient to check etch depth. In one embodiment, the trench test structure
comprises five trenches. Other number of trenches is also useful. As shown, the trenches comprise
geometric patterns. The pattern comprises open-ended concentric trenches having first and second
ends 381 and 382. Providing closed ended concentric trenches are also useful. The trenches are
separated by spaces 390.
[0020] The geometric shape of the trench test pattern should include elements that are in the
guard rings for characterization. For example, if guard rings have straight portions, right angled
portions and 45° portions, the test pattern should also contain straight portions 385, right angled
portions 386 and 45° portions 387. Other elements can also be included in the trench test structure.
The additional elements can reflect elements used in the guard rings or for consideration to optimize
trench or guard ring design. The inner trench comprises, for example, a first straight portion 385a of
5 um in length, a second straight portion 385b of 5 um which is 90° with respect to the first straight
portion, a third straight portion 385c¢ of 2 um which is 45° with respect to the second straight portion
and a fourth straight portion 385d of 3.5 um which is 45° with respect to the third straight portion.
Other dimensions are also useful. The trench test pattern comprises trench width W with a pitch P.
[0021] One or more trench test structures are provided. Typically the test structures are
provided on a test wafer. Providing test structures on production wafers are also useful, for

example, at kerf areas. The trench test structures, for example, are formed on a dielectric material.
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DETAILED DESCRIPTION OF THE INVENTION [0019]The present invention relates to a test pattern or
structure. The test pattern, in one embodiment, is used to characterize trenches with respect to vias. For
example, the trenches serve as guard rings on via levels of an IC. The test pattern can also be used to

charactepzgdealyrescewhishcriskalRafingcaais ek RracesrISSR S igkial sheusadaenahdest rajtern 370
in accordance with one embodiment. The trench test structure comprises a plurality of trenches 380. The

number ekiiaprhesshentdriensatficiesbispelectoatahdiaptiidmanaiemiondingpbstbe dieaehitest structure
comprises five trenches. Other number of trenches is also useful. As shown, the trenches comprise

geometrig patiels:e e patiein comprises open-ended concentric trenches having first and second ends
381 and 382. Providing closed ended concentric trenches are also useful. The trenches are separated by

spaces 3902§]020]fike gevdptic shapadat thatienshidestpatiacs showdahinelibene/omestmtkatianse in the
guard rings for characterization. For example, if guard rings have straight portions, right angled portions

and 45 preienmdhe Fastpatiess shavldrakee £8miaikhsivaigithpestioompdsrighluangleds pekiiwnes386 and
45 portions 387. Other elements can also be included in the trench test structure. The additional elements

can reflegiredamants USERkiBethe aipaid 3 ngscrhiasl e oihsedaraticn: &0t apiintizestremahcorPgodidining Wesign.
The inner trench comprises, for example, a first straight portion 385a of 5 um in length, a second straight

portion 3&okngf GHemnwiniek: isf dxveitiucaspent Axdshadiigl shiaighhphtionstathitdsstralghigpatdientassc of 2
um which is 45 with respect to the second straight portion and a fourth straight portion 385d of 3.5 um
which is dbmyith s8spéiat i@ dhe:thu disisaight pardabodihendimetsiohswiehaiB o igriwsilhadenshhiest
pattern comprises trench width W with a pitch P. [0021]One or more trench test structures are provided.
Typicallytiles dagt wtiletiieesi @tcaps ovided etva¢asinvafes] Hirokiding: tBstosirtiatiljgschvgiredrction wafers
are also useful, for example, at kerf areas. The trench test structures, for example, are formed on a
dielectridimatasdilatd test structures Py have a pitch value between Py and Pr. In one embodiment, the pitch

of the intermediate test structures is varied equally. For example, the variance is determined by Pr —

Pi/n, where n is equal to the number of intermediate trench test structures. Pj, for example, is equal

to 140 nm and Pr is equal to 1040 nm, with the intermediate test structure having Py of 590 nm.

Providing test structures with other pitch range is also useful, depending on the technology of

interest. For example, test structures with a pitch range from 140 — 1040 nm are useful for 45 to 130

nm. Other configurations of pitch variances are also useful. For example, the pitch of the trench

test structures can be varied unequally.

[0023] Referring to Fig. 4b, a trench test structure set 451 is shown. The set comprises a

plurality of trench test structures 472. As shown, three test structures 472a-c are provided. Sets

having other number of test structures are also useful. The trench test structures of the set have the

same or a similar geometric shape. In one embodiment, the trench width W of the trench test

structures are varied between an initial width value Wy to a final pitch value Wk while the pitch is

the same. Intermediate trench test structures have a width Wy, value between Wi and Wg. In one

embodiment, the width of the intermediate test structures is varied equally. For example, the
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Preferably, the test structures are formed on the same dielectric material as that used in the IC. For
example, the dielectric material comprises low-k dielectric material. Other types of dielectric materials are
also useful. [0022]Figs. 4a-b show trench test structures in accordance with embodiments of the

inventionyRefRy RUéeMgndbb{ vest Syatuiaeendd@ds8he\we niiebeebeamphirasat piefaliteqf trench
test structures 471. The set comprises, for example, three trench test structures 471a-c. Providing sets

having otheiciuebay piseskahipriuses inalsadaaiuhd g ikeaghtestoruaiuesohmeehbavethesame
or a similar geometric shape. In one embodiment, the trench width W of the test structures are the same
while thespitetuarBavasieWheswesmman. imdal pitcdvalueifidoa finalipitehvalyeRkldpieenadiate test
structures Pm have a pitch value between Pl and PF. In one embodiment, the pitch of the intermediate
test struciesesdis yatiedeaguaiblogpoexaatpie, therataite, edistarairacih RidtiPiizevharedo is equal
to the number of intermediate trench test structures. PI, for example, is equal to 140 nm and PF is equal
to 1040 a0 withiihadetarroedmie 186tEiUCUe BavingiRmoa 5P jm. \RravicisarestsstudetureFayith other
pitch range is also useful, depending on the technology of interest. For example, test structures with a
pitch rangeafripie, IHOw1QR G Nearendbebyt faudtutes 130 bumaetaemequdigurations of pitch variances are
also useful. For example, the pitch of the trench test structures can be varied unequally. [0023]Referring
to Fig. 4ippeeuenchiteshstmbibiemeat 4ndtisnshetndldees sEtteartprisesta glukal ity @4 enahstestisirictures
472. As shown, three test structures 472a-c are provided. Sets having other number of test structures are
also useteilgsT he-tenelpiesidsttuctosestaictne: sekhapeothigingmanaisimilal geametioshapeh tasone
embodiment, the trench width W of the trench test structures are varied between an initial width value Wi
to a finalgpiteiuvabses Whalvshilkethie pisciiartipdesamendntesnediatie-drenchébstesireaatbeesvitavens/ividth Wm
value between WI and WF. In one embodiment, the width of the intermediate test structures is varied
equally. kadtaxanppescties. vatanesisteleiaiosioad tayiNfaded/ o, aharsh neis equabio tbehaumpar of
intermediate trench test structures. WI, for example is equal to 40 nm and WF is equal to 400 nm, with the
intermedjfibealést cftreatsiiedardng Thigrooie? 2@ il teke strattuatures aith@therewidip lvatiiddas are also
useful, depending on the technology of interest. For example, test structures with width range from 40 -
400 nm arenbsedtibfowdh fost Adwec@thesconfiguratiens Ofiwidibnfaiantes afaelah usefiuboraexample,
the width of the trench test structures can be varied unequally. [0024]Iin one embodiment, first and second
sets of trenchnigstestructicres: 466-ddhlaswshiikn in Figs. 4a-b, are provided at test structure sites.
Providing other trench test structures or trench test structure sets is also useful. For example, a trench
test strudg025¢an it dstreaehaebwiticlvdeying weidthiscan#ipittheboGueintest stucturesslspnsbe included
into a trench test structure set having a plurality of test structures. The other trench test structure sets can
be, for exampiesitsen brcadicatiot with dinbiod ndese od ek testeatiostufhseis tEthenconfigukations of
trench test structures or trench test structure sets are also useful. [0025]The test wafer also includes via
test sitestolrigebansthewsnvial testestayetusethaispaded snsuactestssilesoie aodordanoeg, fitht ané eminddiment
of the invention. The via test structures are formed on the same device layer as the trench test structures.
In one enebodimengtfirst aidthseaonpriesiadarsiiutture sesd84d-b ares prossddetininsttantusecoethdtaate st
sites. Test via structures include a plurality of contact vias or holes 587 of the same size or width W. The
width W pbnrdgparidsitcontactvi@l& 8h aitbeesmino dizvent wWiksh Wé taiestiddiuve dvene montact holes with
a first pitch Pa and the second via test structure have contact holes with a second pitch Pb. The first pitch,
for exampletacomespbnds tmedendedomtacithelesadtettinetsechna pitctaddrodspert s torispliacbdPcontact
holes. Providing additional via test structures having other pitches is also useful.

and the second via test structure have contact holes with a second pitch Py. The first pitch, for

example, corresponds to dense contact holes while the second pitch corresponds to isolated contact
holes. Providing additional via test structures having other pitches is also useful.
[0026] As described, the contact holes of a via test structure have fixed width and fixed pitch.

Providing test structures in which contact holes have width variances is also useful. For example,
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[0026]As described, the contact holes of a via test structure have fixed width and fixed pitch. Providing
test structures in which contact holes have width variances is also useful. For example, contact holes with
nominal and sub-nominal widths can be included in the test structure. Sub-nominal width contact holes in

the test sisdeitrBAES WRATHLHDEamAle - tonRIMyWEREe s dRIndIhe HfZe e tREIROISEaN also be
included in the test structure. [0027]Fig. 5b shows a via test structure in accordance with another

embodimgntiahthadavestias: HdiesvintRstsiaitia o REsRS, fopkialiy ©ft6RIaGE Masew thivabing
pitches. In one embodiment, the via test structure comprises at least two different pitches. Preferably, the

via test sguciie corpiisasiat easiitoree idifedeat pitehesiRidcantact holes with different widths can be
included in the test structure. The via test sites of the test wafer can be provided with different via test

structuref (291 examplepthifoiesh siigsecastraerpromdrdordthstasihaxidehtixeshvidimdhad pitch test
structures, varying width/fixed pitch test structures, fixed width/varying pitch test structures, varying

width/vaiyivigh @deh Dhicneo ek vation iheseqri 09 2plniglibacshoms@ parivnto? aarcsissed tastokafer with
trench and via test structures 680 and 673. As shown, the test wafer includes a dielectric layer 609

formed osibedsmbstrate 6idkestRadbicknessgishealayessisabotdrthesans apiéfatdsedie feanwsg vias in
the IC to be formed. The test wafer is patterned to form trench structure 680 and via structure 673.
Patterningrafiiire tesipraisraislashidvaeddigirgnapiashisoropicCeiahcshsibsasiteddtiveiowaithiogn(BIE). By
having different via and trench test structures, the trench CD Gap and via CD VcD can be determined to

produce inencldd5k andsdasit’ Maving the sametihsuhstaatialbatheegaoieddepiit{eligiedhida). For
example, the difference between d1 and d2 is 5% or less. Preferably, the difference between d1 and d2 is
less thandg¥sufdcoviein@Fokleamasi2, whicks esgewithirboher priCentages aheagitiatiewidblsaddspiich
Alternatively, a plurality of test wafers are processed, employing different etch parameters such as CD
bias andtefchuaepttes-aaging widb/esidyafeisarstanalyzediie deikhnine the gasiiecs Gmuandeprocess

parameters for fabricating the IC. Once the desired Gap is determined, it is verified on a test wafer which
includes ettt dh sligieg picclayessconbianddmBdasiied on the test wafer substrate 601, as shown in
Fig. 6h. [0029]Fig. 7 shows a process 790 for forming an IC in accordance with one embodiment of the
inventior[0028] prodéigs @oshavenc sy preparingesstaskwaiafatvaidpréach Tk waskwaterdnctsdsd an etch
stop and dielectric layers formed thereon. Antireflective and photoresist layers are formed over the
dielectricalal/673Matestale antidhisknessesidiithe yvditeslayaysabe? forexdmplbe thé sanmecas thidse used
in forming the IC. For example, the etch stop layer comprises SiN/SiC and the dielectric layer comprises
F1EOS/ItbivkKemsatetial | Brovidingoathbe typesaetthtaisplandadielegtviadayehs Bradbudefuled. The

test wafer is patterned to form trench structure 680 and via structure 673. Patterning of the test

wafer is achieved using an anisotropic etch, such as reactive ion etching (RIE). By having different

via and trench test structures, the trench CD G¢p and via CD Vp can be determined to produce

trenches 685 and vias 687 having the same or substantially the same depth (e.g., d; = d;). For

example, the difference between d; and d; is 5% or less. Preferably, the difference between d; and

d; is less than 5%. Providing d; and d, which are within other percentages of each other is also

useful. Alternatively, a plurality of test wafers are processed, employing different etch parameters

such as CD bias and etch depth u-loading. The test wafers are analyzed to determine the desired

Gcp and process parameters for fabricating the IC. Once the desired G¢p is determined, it is verified



[0030]At step 794, the test wafer is processed. In one embodiment, the resist layer is exposed with an
exposure source with a pattern corresponding to trench and via test structures in accordance with various
embodiments of the invention. The resist is then developed, removing exposed or unexposed portions,

depending arestheihardhpasitivei@ssnedativg iesishisusadialbe gevealapetrasisaaniansdiepatiern of
the trench and via test structures. [0031]The dielectric layer is then patterned to form trench and via test

structuresasuanecembedimemtitiedigbectric layer is patterned using an anisotropic etch, such as RIE.
After patterning, the test structures are analyzed to determine the appropriate Gm and VcD for the IC.

Preferabjpotisg optirial ke wnd pekeis detefsnioeshins ahthe anrlysis.ateneipr oaessasbiRaianede the

[0032]In another embodiment, a plurality of test wafers are processed with the same test patterns but

using diffarentisichroprss Rayamataies Yo pincassaddestyalersapertenmanabized ter deiridina the
appropriate GeD, VcD and process parameter for the IC at step 796. Preferably, the optimal Gm, VcD and

process patasngiars aieldgaiarnayed foyrnlee aeadyais AhtheRw@sessrRbpiasbyeaiarnales @erfamael oher
determined by the analysis are incorporated into the design of the IC at step 798. In another embodiment,

GcD, Vehhaoidlprace ss/parameieis datbmidRack iy bratanadyisissah e peQcesseshiphy, wafeirases
incorporated into the design of the IC. Production wafers are processed to form ICs with, in one
embodimesde guat dnrfiogsiandheds hivvingk Sibpiietinee by sesialygis odngsiSENSIE §0036d hedowantion
may be embodied in other specific forms without departing from the spirit or essential characteristics
thereof. Theforegnises dMBOdment tnarafiare Paseithipeotdasisigerectdh abpesdeatitsdtiuiinative eather than

limiting the invention described herein. Scope of the invention is thus indicated by the appended claims,

rather thagehyl.the foregoing description, and all changes that come within the meaning and range of

equivalency of the claims are intended to be embraced therein.
[0030] At step 794, the test wafer is processed. In one embodiment, the resist layer is exposed
with an exposure source with a pattern corresponding to trench and via test structures in accordance
with various embodiments of the invention. The resist is then developed, removing exposed or
unexposed portions, depending on whether a positive or negative resist is used. The developed
resist contains the pattern of the trench and via test structures.
[0031] The dielectric layer is then patterned to form trench and via test structures. In one
embodiment, the dielectric layer is patterned using an anisotropic etch, such as RIE. After
patterning, the test structures are analyzed to determine the appropriate Gcp and V¢p for the IC.
Preferably, the optimal G¢p and V¢p is determined form the analysis of the processed test wafer.
[0032] In another embodiment, a plurality of test wafers are processed with the same test
patterns but using different etch process parameters. The processed test wafers are then analyzed to
determine the appropriate Gep, Vep and process parameter for the IC at step 796. Preferably, the
optimal Gep, Vep and process parameters are determined by the analysis of the processed test wafer.

The Gep and Vp determined by the analysis are incorporated into the design of the IC at step 798.

In another embodiment, Gep, Vep and process parameters determined by the analysis of the
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What is claimed is: CLAIMS 1. A method of forming an integrated circuit (IC) comprising: providing a test
substrate; etching the test substrate using a first etch process to form a plurality of test structures on
the test substrate, wherein a test structure comprises trenches and spaces between the trenches, and

different fest stieictvses sbihedivraliprafdesistiheurashava diterens dast struciiie gieneosiens to
determining a trench critical dimension (Top) of trenches in a via level of the IC using the plurality of test

structureffn the vagh suksisaietommeshh ptheifisketehl piecassinytanadetied Hy s ¢avat tesa selected
test structure dimension of a selected test structure from the plurality of test structures on the test

substratgykrarein the selected test structure has trenches and vias having substantially the same depth
from the first etch process; providing a partially processed substrate of the IC; depositing a dielectric layer

on the pgoiRky progessadcsiidstiaig;be embodied in other specific forms without departing from the spirit
or essential characteristics thereof. The foregoing embodiments, therefore, are to be considered in
all respects illustrative rather than limiting the invention described herein. Scope of the invention is
thus indicated by the appended claims, rather than by the foregoing description, and all changes that
come within the meaning and range of equivalency of the claims are intended to be embraced

therein.



forming the trenches using the TCD in a periphery of the substrate in the dielectric layer and vias in the
dielectric layer, wherein the trenches and vias have substantially the same depth due to the TCD;
filling the trenches and vias with a conductive material; and continuing to process the substrate to
complete forming the IC. 2. The method of claim 1 wherein the trenches in the via level serve as
guard ringsatigetighiegithe periphery of the IC. other. 4. The method of claim 1 wherein determining
the Tcp comprises forming the plurality of test structures comprising test trenches having a geometric
pattern with components which are consistent witLthevi®nches in the periphery of the substrate,
wherein the plurality of test structures comprise the test trenches of varying widths and pitches. 5. The
method af claimdmetieseiof foergiegraetincepatiertiofur 1 Cpeahpsdimgudes straight and angled
components. 6. The method of claim 4 wherein the geometric pattern of test trenches includes
straight, 45 and@®6@ddiampassesibstratd;he method of claim 4 wherein the plurality of test structures
comprise a plurality of open ended test trenches with straight and angled components. 8. The method
of claim 4 wheretoHing fHerabityuiistestt sisirciaréisscortppseess to form a plurality of test structures on
the test substrate, wherein
a test structure comprises trenches and spaces between the trenches, and
different test structures of the plurality of test structures have different test
structure dimensions;
determining a trench critical dimension (Tcp) of trenches in a via level of the IC using the
plurality of test structures on the test substrate formed by the first etch process, wherein the Tco
is equal to a selected test structure dimension of a selected test structure from the plurality of test
structures on the test substrate, wherein the selected test structure has trenches and vias having
substantially the same depth from the first etch process;
providing a partially processed substrate of the IC;
depositing a dielectric layer on the partially processed substrate;
forming the trenches using the Tco in a periphery of the substrate in the dielectric layer
and vias in the dielectric layer, wherein the trenches and vias have substantially the same depth
due to the Tcp;

filling the trenches and vias with a conductive material; and

continuing to process the substrate to complete forming the IC.

2. The method of claim 1 wherein the trenches in the via level serve as guard rings

surrounding the periphery of the IC.
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a first set of first test structures, the first test structures each comprising a plurality of first test trenches
having a same width, wherein different first test structures have different pitches; and a second set
of second test structures, the second test structures each comprising a plurality of second test
trenches having a same pitch, wherein different second test structures have different widths. and

angled cempongntsméifod bednghodviEcrinhSdabercon Wik gre meitiseparewitiiesh ibeesttes
includes straight, 45 and 90 components. 11. The method of claim 8 wherein the plurality of test

structurestremmprise a plurality of open ended test trenches with straight and angled components. 12.
The method of claim 1 wherein the plurality of test structures comprises: a first set of first test
structures, the first test structures each comprising a plurality of first test trenches having a same
width, wherein different first test structures have different pitches; and a second set of second test

structures, the Sereomdttest sticlainr¢sidredircdetgrisimg ptiMurabityonfséssfdriagignesghesligviig a
same pitch, wherein different second test structures have different widths. 13. The method of claim 12

wherein thst geaeneticpaliesingfttsstraecialdnuicia gsosteiihpattatranwitie dovopopemns nikich 4rel he
method of claim 12 wherein the geometric pattern of test trenches includes straight, 45 and 90
componeaissistent with the trenches in the periphery of the substrate, wherein the plurality of test

structures comprise the test trenches of varying widths and pitches.

5. The method of claim 4 wherein the geometric pattern of test trenches includes straight

and angled components.

6. The method of claim 4 wherein the geometric pattern of test trenches includes straight,

45° and 90° components.

7. The method of claim 4 wherein the plurality of test structures comprise a plurality of

open ended test trenches with straight and angled components.

8. The method of claim 4 wherein the plurality of test structures comprise:

a first set of first test structures, the first test structures each comprising a plurality of first
test trenches having a same width, wherein different first test structures have different pitches;
and

a second set of second test structures, the second test structures each comprising a
plurality of second test trenches having a same pitch, wherein different second test structures

have different widths.
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15. The method of claim 12 wherein the plurality of test structures comprise a plurality of open ended
test trenches with straight and angled components. 12 16. A method of forming a device comprising:
providing a test substrate; etching the test substrate using a first etch process to form a plurality of
test structures on the test substrate, wherein a test structure comprises trenches and spaces

betweenghe tremhbessthod slitRienstaseriinchargsonidinie phttaiity blekestesicheturefubleyetdiatent test
structure dimensions; determining a trench critical dimension (Top) of trenches in a via level of the
device ugintativgigol eealipoeédrigst structures on the test substrate formed by the first etch process,
wherein the Tcp is equal to a selected test structure dimension of a selected test structure from the
plurality of test structures on the test substrate, wherein the selected test structure has trenches and
vias having substantially the same depth from the first etch process; providing a dielectric layer on a

substratel 0f theThevicethad df claifiorsinigetbin titengéwacaricl pagsrimdheestietaciis lmptudssheryhthe
trenches are formed using the TCD, wherein the trenches and vias are formed with substantially the

same depfi shi90P denpobents.

11.  The method of claim 8 wherein the plurality of test structures comprise a plurality of

open ended test trenches with straight and angled components.

12.  The method of claim 1 wherein the plurality of test structures comprises:

a first set of first test structures, the first test structures each comprising a plurality of first
test trenches having a same width, wherein different first test structures have different pitches;
and

a second set of second test structures, the second test structures each comprising a
plurality of second test trenches having a same pitch, wherein different second test structures

have different widths.

13.  The method of claim 12 wherein the geometric pattern of test trenches includes straight

and angled components.

14.  The method of claim 12 wherein the geometric pattern of test trenches includes straight,

45° and 90° components.

15.  The method of claim 12 wherein the plurality of test structures comprise a plurality of
open ended test trenches with straight and angled components.
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17. The method of claim 16 wherein the trenches in the dielectric layer serve as guard rings
surrounding the periphery of the device. 18. The method of claim 16 wherein depths of vias and
trenches are within 5% of each other. 19. The method of claim 16 wherein determining the TCD
comprises forming the plurality of test structures comprising test trenches having a geometric pattern
with components which are 13 consistent with the trenches in the periphery of the substrate, wherein
the test structures comprise the test trenches of varying widths and pitches. 20. The method of claim

19 whereig. the geasktdopédieimghtdstiteochesisieiudes straight and angled components. 21. The
method of claim 19 wherein the geometric pattern of test trenches includes straight, 45 and 90
components. 2groAidietwttafidristiutg; a device comprising: providing a test substrate, etching the
test substrate using a first etch process to form a plurality of test structures on the test substrate,

wherein differerst¢asigstheatistasisiitite pinglityict tach pioosssrasfoavie pitieabtyt 6 stsststratioges on
dimensions;
the test substrate, wherein
a test structure comprises trenches and spaces between the trenches, and
different test structures of the plurality of test structures have different test
structure dimensions;
determining a trench critical dimension (Tcp) of trenches in a via level of the device
using the plurality of test structures on the test substrate formed by the first etch process, wherein
the Tcp is equal to a selected test structure dimension of a selected test structure from the
plurality of test structures on the test substrate, wherein the selected test structure has trenches
and vias having substantially the same depth from the first etch process;
providing a dielectric layer on a substrate of the device; and
forming the trenches and vias in the dielectric layer, wherein the trenches are formed

using the Tco, wherein the trenches and vias are formed with substantially the same depth due to

the Tco.

17.  The method of claim 16 wherein the trenches in the dielectric layer serve as guard rings

surrounding the periphery of the device.

18.  The method of claim 16 wherein depths of vias and trenches are within 5% of each other.

19.  The method of claim 16 wherein determining the Tco comprises forming the plurality of

test structures comprising test trenches having a geometric pattern with components which are
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determining a trench critical dimension (Top) of trenches in a via level of the device using the plurality
of test structures on the test substrate formed by the first etch process, wherein the Tcp is equal to a
selected test structure dimension of a selected test structure from the plurality of test structures on the
test substrate, wherein the selected test structure has trenches and vias having substantially the same

depth frogarttietéiisivetic fhereesssisdndnesied ghery GiRHeddistdtenehesiantdeies sracuidelessrhisridee
device.

the test trenches of varying widths and pitches.

20. The method of claim 19 wherein the geometric pattern of test trenches includes straight

and angled components.

21.  The method of claim 19 wherein the geometric pattern of test trenches includes straight,

45° and 90° components.

22. A method of forming a device comprising:

providing a test substrate;

etching the test substrate using a first etch process to form a plurality of test structures on
the test substrate, wherein different test structures of the plurality of test structures have different
test structure dimensions;

determining a trench critical dimension (Tcp) of trenches in a via level of the device
using the plurality of test structures on the test substrate formed by the first etch process, wherein
the Tcp is equal to a selected test structure dimension of a selected test structure from the
plurality of test structures on the test substrate, wherein the selected test structure has trenches
and vias having substantially the same depth from the first etch process; and

using the Tco to form trenches and vias in a via level in the device.
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