;e3e) )4RDb 6 T CE AND PROCESS THEREFOR 5 Field of
.the Invention The preseht |nvent|mm"MwWHMWWMMo sem ‘conduct or devi ces,
masks, and processes for formng t hem and, nore particularly,
to process assist features | ocated atxepznear via |ocations. 10 Rel ated
Ai-t In the sem conductor nmanufacture process, the various pug gg?&Bsteps
.and their sequence can yield non raphi cal features

sem conduct or device. The topogrﬁﬂ“ﬁ)@“Wﬁ@Hmlres are necess¥ey1020BPder to
provi de desired function in eV|q e topographi cal variation caused
-15 by the features, however, can preséﬁf certain problens in the

sem conduct or SEMI@&MDUQTQEMVI@EIAdﬂBoPRrOGEQSamIDEREFGRle final
product semni conductor device. These problens are particularly encountered
in via locations of the device during manufacture. For exanple, the
exposure energy and 20 procedures to print vias nmust account for the
greatest thicknesses of resist although resist thickness varies. This
probl e can result in overetch ggg %n%e&etch.of portions on the sane die
becaus lag problems that o 1 rates are slowed as the
aspect ratlo [ eases becau e of hi cker fesi,st sed _herein, ,aspect
rati o of an Opgﬁ}%%rqsgntalnrvgp 1gng¢ a’&?ﬁetod%eﬁ]?wo&?uﬁgorﬁ?é’l%ﬁem%& St he width

of the opeRLRGises for forming or designing them and, more particularly, to process-

assist features located at or near via locations.

10 Related Art
In the semiconductor manufacture process, the various process steps
and their sequence can yield non-planar topographical features of the
semiconductor device. The topographical features are necessary in order to
provide desired function in the device. The topographical variation caused
15 by the features, however, can present certain problems in the semiconductor
manufacturing process and also in operations of the final product
semiconductor device.
These problems are particularly encountered in via locations of the
device during manufacture. For example, the exposure energy and
20 procedures to print vias must account for the greatest thicknesses of resist
although resist thickness varies. This problem can result in overetch and
underetch of portions on the same die because of lag problems that occur in
that etch rates are slowed as the aspect ratio increases because of thicker
resist. As used herein, aspect ratio of an opening is a ratio of the depth of

25  the opening to the width of the opening.



14 July 2003 Anot her problemincludes "side | obing" when a phase-shifting
.mask is used. Wien radi ati on passes through a phase-shifting mask, a
secondary peak in radiation occurs near the edge of the feature being
printed in the resist. The resist requires higher levels of radiation to
expose the resist at 5 |ocations where the resist is thi ckermjlap\@ﬁ&er, i f
the radiation is too high, the secondary peak can exceed the | "eve f
energy needed to expose a pattern in the resist. Because these typically
occur near the Angthesprablsan trgludes tside lekinge when aphrspishiftingimasis
-m ni mum exposure requi red for the thicker resist, . .exceeds the Xi mum

exposur e befesk e shedl’el'aldéﬁﬁl%p%%??ﬁrtg{o% Pbaiﬁ'%@@%ﬁﬁ K, ROIECRBARLY The

P R

fS ﬁ(r) V\rrﬁd ge:«{;ﬁ&.ViEH%5%%?%{&&}4l.l‘ﬁﬁ.?@g%??&éfof{}ﬁglﬁlbog{ @[ e’f%‘?st?létrhgsrgsfgﬁeati on is
@65{‘?%%%‘(%8 e Rsidei EHPR%F. %Wévlégzﬁ\%ﬁ'e(‘r%pa‘h%glr fs {d8M;

wor kpi éce S ah'insurating 'l ayer ere-a narrow-t éﬁth 103

and a vi dewkl@ReRdQBydaeaPERURLBEYVERSE Sy theeTiaf 8 Qiibapduct or device

wor kpi ece i's conventional 1n that it includes a semc uctor device
substrate paredrnsRape resisf. UBEEauseubBsa sy fcaibnoctyshedd theeedrmdpnduct or 20
waf er, a sem conductor-on-insul ator substrate, or any other substrate

sui tabl e fpattaragittio chtled"seid lobnadgiE t Hithdeninimsim Aspbhneeaeglirededr iie t he art
know and appreci ate, the sem conductor device substrate can conprise
various | aéclerandist oxéeagisrtheimasimumexposwes before sidepladbing eccirssthet i ve,
conductive and other elenents, as desired in the particular case. 25 A
resi stl0 ayI@iOC%S!LWilﬂ 05 RIK- over the insul ati ng layer 102 and within the
trenches | and | 05. ,Due,t he shapes.and | ocations, of the.trenches,
viscosity epﬁ(gbl,eggﬁ éﬁscrwara%m& ?rWP@ﬁUE‘Béflé(oe)Rpaé‘ﬁat ‘@ttﬁ%‘?cr}? figstd ViRechani cal
14 July 2003 Kties,.the resi Layer: 104 is.n | apar_.at it

upper most o8 ¢ Lo reiRuabfe pEpore R Ehist S A TR ¥hs oS Bh el 105 anc
the narro : I Q4 | spond to
Lhe nart onhENGReA0S: (EshataL B Ehe 14, LpLRLRBd torsafyes

i ncreased KdfoRe Riabpgémingt A d egambldof tHeCkRRE ShickneBevarignen idskswases. For
exanpl e, the thickness A of the resist 104 in the narrow trench 103 is

gr eat &5 t harFite] t fn dkGeds aBationhef a sshriontiddtarndevhee wadkpigoenidt | 05.
Openings 106 arid 108 are forned within the resist |ayer 104 to correspond
t o t he vi ancbutesiamnsubsing kykod f2nghesenhagewienethd03cad 2 medeo resi st

I 104 i ignifi tly, thj i st [ 106 . g.
appr oxi matenyeIn B e S IS BN ForHEl S BA3ABEORGUGABAE Y dRe T esi st

[ 108 imately 1. 7. mcr ill be f d. . lr
ooy oo GetGitee JABRS2S5TRLEhlindat EOBF Rk erosiabBERR i oy
104 in f } ng: t i id
obi ng 15 SF e iRyl AR AEEE R riOndBYSHTHEREHORRAGE, 1. si o
openi ngs 1RAfeRNd sl ditfdesr-bALNBHatdOMbIMaYE, U iy AfleBbarAE buidbleer
form ng the resist openings 106 and 108, the’'insulating layer 102 1s etched

to form vifarepenb fesmideaiicondieal devieaness tHozewhilded ¥ e sandissy and (not
shown). The insulating |layer 102 wll etch nore quickly 20 under resist

openi ng 1GHpreciats ehe Berdsmaductontevicofsubssa et carpennpgisé GAricaisdaptiser t han
the aspect ratio_of resist opening | 06. The |ower aspect ratio allows

et chant arahdecemiiguisdivnssincbudimgerctivied presive, iniselatios, sondpeiveignd08 nor e
easily conpared to resist gpepning 106., The result is that the insulating

| ayer |02 Q{géﬁ§lf‘@%ntﬁ,f@r@¢ﬁlr%&1€ RATUEHIRE CB8€r enpve the insul ating |ayer

25 under resist, openj ngs .and 108. Prabl ens,can |ncl not clearing all

Che T aSul at i ng A dburt Ber RAds ToRESY oyph Mo Fomdigtt b oo o BHbEGHI R { ne

under | Y1 10 CORNGES' o5"Rld 108 Bud Mt 52eDhA oL oPRLTARS Even 3
viscosity of the resist layer 104 (when coated), and other fluid mechanical

2



if arelatively narrow opening is fornmed and the insulating layer 102 is
.Cleared fromit, the relatively w der openings nay becone too wide while
clearing the insulating |layer 102. 5 Brief Description of the Drawi ngs The

present invention is illustrated by way of exanple and not linmtation in
the acconpanying figures, in which like references indicate gipy, b@s
_elements, and in which: 10 FIG 1 includes an illustration of a

. cross-sectional view of a prior art sem conductor device substrate having
an | LD | apeopevties, theerestsedayank4aisreti danamsteits fippemdogirsurfeeeldnd hasyer and
-within the trenches; FIGs. 2-7 include illustrations of cross-sectional

vi ews of ﬂlﬁ@rqntdhlcﬁlease§emtb@mdcttrﬁnc@ew&@ndéhm@rrom seoohd&icelbgth an

embodi nent qf the resent vent ion; FIG 8.includes an. illustration of
a top vi eWFyst ]@b{eélﬁédﬁ lPéFfPr ?ﬁ%"c@@élda@sY@tloF%té@Waé”h@grarﬁ via | ocation

.f0|f st é't Al W, P Bsas L B fordedis Wit 3hershbeh e BRE vigHs, ptﬁse'sglét assi st
Lrood SonticRhets th 1HacRbh A ecleh e For SFAHBRS (B0 iAW sl ) o
3 WG SORUGHEG Fl G 19} 1lEsadi kb Ut Uk FheRyieme’ a

sem conduct or VI ce subs‘%n ate W'th process-assi skﬂggeg? aced near
certain ofinthe Wwika tdnchog®.i ons; 4 14 Jul'y 2003

Openings 106 and 108 are formed within the resist layer 104 to

correspond to the via locations. Before forming openings 106 and 108, the
10 resist layer 104 is significantly thicker where resist opening 106 (e.g.

approximately 2.5 microns) will be formed compared to where the resist

opening 108 (e.g., approximately 1.7 microns) will be formed. In some

technologies, the energy of radiation required to expose the resist layer 104

in forming the opening 106 exceeds the maximum energy before side lobing
15  will be seen when a phase-shift mask is used.

Even if the resist openings 106 and 108 can be formed, too much etch
lag may occur. After forming the resist openings 106 and 108, the insulating
layer 102 is etched to form via openings that typically connect to underlying
conductors (not shown). The insulating layer 102 will etch more quickly

20  under resist opening 108 because the aspect ratio of resist opening 108 is
smaller than the aspect ratio of resist opening 106. The lower aspect ratio
allows etchant and etch products to enter and leave the resist opening 108
more easily compared to resist opening 106. The result is that the insulating
layer 102 needs a different amount of time to remove the insulating layer

25  under resist openings 106 and 108. Problems can include not clearing all the
insulating layer 102 under the resist opening 106 or overetching the

underlying conductor (not shown) that lies below resist opening 108. Even

3



FIG 15 includes a flow di agram of a process for performng sizing and

. pl acenent of a process-assist feature according to enbodi nents of the
present invention; FIG 16 includes an enlarged illustration of a top view
of a 5 sem conductor device substrate with vias |ocated in w de trenches,
wherein various process-assist features are sized and pl aceqwﬁﬁooghe Vi as
.in accordance with the process of FIG 15; FIG 17 includes an
illustraation of a top view of process-assist features and a plurality of

wi ring st iflereladselynnamoexepqlingys feyned and the disudating 14y ernif@disment s of t he
- present invention; and FIGs. 18 and 19 include illustrations of

cr oss- sectleaned frams the relatizalycwindrrorpaniogy sy bedisne doe widhowlibg an
effect of addjng_a process assist feature during an insulating |ayer

f1 owi ng oplaesingothe isrulatiag layer $8As appreciate that elements in the figures
are illustrated 15 for sinplicity and clarity and have not necessarily been
drawn to scale. For exanple, the dinensions of sone of the elenents in the
figurgf may be exaggerated relative to other elenents to help inprove the
under st andi ng of the enbodi nents of the present invention. 20 5 14 July

2003 Detailed Description @-61}1@@&”%2@ BERSEPSaRsILst feature at or near a
via location of a wiring uctor device is used to
i nprove processt r; } e MY IR re¢essi ng. For
st | east some. oF ERE SR R S e

process- agighitdtidre i tHeegcdiphpar@ngakgures,f inowalihelik @ Yeferéiies iHAidats m over via
| ocations. Typically, this can hélp in the formation of via openings. \Wen

a resi st kaygar elenansethdirewhidle process-assist features, the resist will
have a nore uniformthickness over nost via |locations within the device.
When b i nsul aFl@g 1liagkwdes sinfiblustrdtion of\eecrossrsestiendlodaw ahs prionert
insulating layer will have a nore uniform .
semiconductor device substrate having an ILD layer with trenches, and a
resist layer formed on the ILD layer and within the trenches;
FIGs. 2-7 include illustrations of cross-sectional views of a portion of
a semiconductor device formed in accordance with an embodiment of the
15 present invention;
FIG. 8 includes an illustration of a top view of an embodiment of a
process-assist feature near a via location of a wiring structure as formed in
FI1Gs. 2-7;
FIGs. 9-12 include illustrations of top views of alternative
20 embodiments of process-assist feature(s) near via locations;
FIG. 13 includes an illustration of an embodiment of a process-assist
feature at a location of several vias along a wiring structure;
FIG. 14 includes an illustration of a top view of a semiconductor

device substrate with process-assist features placed near certain of the via

25 locations;



t hi ckness over nost via |locations within the device. Mre control during
.resi st exposure or via opening etching allows nore process margin. The
enbodi ments described herein illustrate the flexibility in placing
processassi st features. The present invention is defined by the clains and
is better 15 understood after reading the description that fghlipygs As used
.herein unl ess otherwi se stated, the terns "dense" and "density" refer to
the feature (e.g., wiring structures, plugs, gate el ectrodes, and other
active and pas¥iGe16linckuies )y flewslitgraot of agpecess forgreeforafing sszmgconduct or
-device or workpiece. For exanple, a nore dense area of a 20 sem conductor
devi ce wi Rhdipdeeementeofa procrsswssistfasyuiceancording tocymbedimentsied thar ti cul ar
area (such as, for exanple, wiring structures, vias, and so forth) than a
| ess dens®resesd IvYentidevi ce (such as, for exanple, a trench around which
.dual.-inlai.d wiging structure is

¥2?L§ﬂa%_§ iy 3%_?@2? éi%ﬁl&?@%@éﬁ%@ﬂ@%ﬁ Do %lﬁrgan erbodi rent, a
st ruot or e SSiicdieie FE e Vit subeer B RERS Togtlad i idf o Brs SRR 15 "
conduct Orl}tﬁti%ﬁ%#)g&esgpas'sﬁtt %actﬁfglea% sPitydtérﬁPBgﬂ%gd%e‘é WO viashp Jul'y 2003

portion. connect portionroutes a ential ofr a'signal laterally

Wi t hin thgcggﬂhﬁﬁgsyﬁéﬁﬁ? f)eS€of NG, 1 he via portion routes a potential or

a signal vertica the senlcondhctor device. As used herein, a via
location is thyiGeprasehidatiaanilliseation bfRa tvpemeRfofyhiotess Assistifeae@és i on of

the 5 wiring structure lies or wll be subsequently formed. Therefore, when
refering anda plupaliiyesf wirinpetravhses at en exemplagakayont accbrdieg porti on can
be used interchangeably. FIG 2 includes an illustration of a portion of

seni cbhduembrodimenteofibrekpicsert ipmentionj atd can i ncl ude a nonocrystal | ine
sem conduct or 10 _substrate,. a_seniconductor-on-insul ator substr ate, or any
ot her substrat E1Gsed® apd oincluds dBirabens &f srosfessctional piews of dol ati on

ot kpi ace SSTREOTNE N EOF SUPSA SNt WL b CLIF L hAGIELRIBRARRAL  agi ons
i . J ). el b G| 224 d
e1 cct r ode GBI Poi g e ey S5R8KIbE oBEMI 7S of *\ ne doped T egi ons

230 and a port e ahﬁ%nw@gpfe d§t€ tR20e [k s ﬁﬁweeﬁguféseareenﬁ%aﬁai ons 230.

Si dewal | spacers 228 ar a med al ong sides of the gate dielectric |ayer
224 andl gfsesiedgidityoaied SRaity/arid lidlte hol wddesyvailycthdredtawictd sddly, [Fayer 232
is formed over the 20 workpliece 220 and gate structure for the transistor

i 11 ustrat edampie therdmenkidnsayfesoniesoptitet denmeats in fher figaresapeyibeg 234 t hat

i ncl udes a conductive plug 236. A second insulating |layer 240 is faormed and
pat t er ned exaggeraiadieelative ie ofs slemenisdndslp amprove theiuederstandigg ofi s
deposited over the inSLHE%H ng |layer 240 and within the trenches 242. A

pl anari zath® 1Mo DIREIT Y HI¥EP UM chani cal pol i shing, is perforned
to renmove portions of the conductive |ayer lying outside the trenches 242
to formthe interconnects 244 and 246 as shown in FIG 2. The interconnects
244 246 make 7 14 July 2003 electrical connections to other portions
(not 'shown) of the sem conductor device. An etch-stop or capping |ayer 248
is formed over the interconnects 244 and 246. A second |ILD layer 202 is
formed over the etch-stop layer 248. S The first ILD | ayer 232, insul ating
| ayer 240, and second ILD | ayer 202 typically include at |east one film of
an oxide, nitride, oxynitride, or lowk material, which has a dielectric
constant no greater than approximately 3.8. The etch-stop or capping | ayer
248 typically includes a material different fromsecond |ILD | ayer 202 to

al | ow endpoi nt detection or 10 a copper diffusion block of a process used
when etching through second ILD | ayer 202. The conductive plug 236 and

i nterconnects 244 and 246 include nostly doped silicon, tungsten, alum num
copper, or the like. As used herein, nostly neans at |east half. Therefore,
at |east half of the conductive plug 236, and interconnects 244 and 246 are
one of the materials previously



1 Slisted. Typically, conductive plug 236 and interconnects 244 and 246
. nclude an adhesion or barrier film Layer 248 can be a capping |ayer to
reduce the |ikelihood that copper within interconnects 244 and 246 w ||
mgrate into the workpi ece 220. The process to formthe sem conductor
device to this point in the process is conventional. 20 The ﬁelcup;@ 3l LD
layer 202 is patterned in conventional manner and incl udes trend % 203 and

20S as shown in FIG 3. The trepnche 3 and.20S correspond to regions
where interconnect portions of ﬁﬁﬂi@ﬂ&?ﬂé@-‘é@%s will be forned. The length
Trench 205 has AREA APRAIESIR R (A e AL A58 Radedectiien REa Wil dt h of
pon- 11 m ¢ 1 Pttt arsdff OBt Beult R ant RS DR &K pRRGS N o i cr os.
and trench, 208435 rthilllO Bbsk sk rRoledling Lot il 120031 gaS-

Clearly, the nches e w der or narrower.
For  exapl §nbbABndhtdloT tBE phéRNE h 3072 Bhd Brdtss 2WEIst féki‘ﬁre%ﬁfé”lg)fb mately 0.3
mcrons, and the wi dth of ‘'the trench 20S can be wi der than apptoxi mately
11.0 mcr QﬁakeaﬁmBhelayaﬂ&oaadm%’q‘amawersvimlbaati@r@s.tmgptdaﬂryt;lnlei% kg3 and
10S as discussed with respect to FIG 1. However, unlike the prior art, a
processassdielp ifieht foeniéh bavidepmiadsledhen avesiklaget is fdrmen esamnbe of the
processassist feature ? 10 does not significantly affect the processing
(pri nting prodess-gssistfeproes dhesysistswill gave armore enidhes thidkmans o20S. I n this
specific 10 enbodi nent, the process-assist feature 210 includes a trench
near an erfBO8t Vigrlepationpwithia thadeyigel y@ﬁﬂr@u‘rﬁé@le{tﬁ@l@wem}gf@mﬁfb t hree of

its si ges. I\/brE details. on the. sh%jp]e nd di ”ﬁ sions of the.process-assi st
feat urd wiTYETHAE ¥R ordiods) Hseinsulghingpay Shai I JWNES BOTF PeiOTfhot shown in

ggt :i :;1 I) o&ggfcﬁu{'*% ﬁ\%gﬁg&# &}%@ a i;f‘) g%%iﬁljéi%%/tﬁé ui S{Alcl:erigf 1 :aiyeérO%é@ pda@lglé/\né ﬁ?ﬁt e:
. . - i [ I 4. T
pr ocass. asst St TeGtar S ro1B BT ARt Al ERbG pRetS BRgth. Tnp i

process- assi st fo retduce the t e resist

layer 204 athbhditmentd des&ibdd Beteig MidhistZ8 theMekibili iﬁ\/@ilé?dlng(}’irb@éﬁonds to
via location 84. Phantomline 212 illustrates 20 the resist layer 204 if

t he processsas$eattirdsedlhe predbt imention isrdesert, byathdelaihsandtibdetege i n the
prior art illustrated in FIG 1. The resist |ayer 204 is patterned using a
mask $6 t haderstobdddteracadingsthardescriptipatthat ®16ays.such as quartz or the

li ke as shown in FI@%4 S. .In one enbodi nent, tge el engnts $4 are nol ybdenum
silicide. Elenehtys haﬁeénﬁn%%tqt eruse stated i Ftsm%mﬂawr o@é?q[mtely S-10

t of.the. radiati i pt ensi to.r.each th ist | 204.. Th K
e o ey A0b ek PR e BBl EBS PR e
I Ve ; Jul ;
| cast some ey FotvE ah B e leRefin) Al o e B oL 55T s e
to expose seplieshinaby doiRe Gisiatkdidvar FaPexabera fieb ethseandl of gns, no

significant radiation passes through the elenents 54 and near the phase

shi ft0g rsegiiossdeéior Beviiehetl] Baeandrdrdrbe beéupedtbiefaanases slichtddig 5
regions 56, radiation 59 passes and exposes regions 51 within the

under | yi nghe eaits¢ulbayera 304h afhforeexunyed, negngrsusiuresy viaspamdisbo vi a

| ocations, under which via portions of the wiring structures w ||
subsequentfpith éhdmadess dansetaies oé the de visat(sughoes.tiovexanmlaga tigsicbt i s used.
I n anot her enbodi ment, negative-acting resist can be used, and the mask 50
will need aﬁ%ﬂ%@&@npﬁéhm %fﬁtQQaWhrlﬁgjsﬂ'g‘PE‘He? 8F Vi#- negat i ve-acting resi st.

}Qikpéh?ﬁLELSﬁA%aﬂﬂlHﬂd?@iﬁééis ge Crieifs‘3@@8@%3&%%%%33@%225?haaa‘e’si st
ayer §04tasa.rmeu' rm t.hj Esf't'_rll = . @_2 ete
amountSor PRSI sodbedniitos SEAERTHAL nlb fas GRFIEGUA D08 ¥ ket ne
trenches 203430% A0k SvitiniS&Fudilfe. SATRBATH s sHRRification, a wiring

structure, which is a conductor, includes an interconnect portion and a via

6



nmore uni formthickness increases processing margin in that the m ni num
.radi ati on needed to expose the resist layer 204 within trench 203 is | ower
than it would be for trench 103 in FIG 1. The likelihood of side |obing,
whi ch may occur with higher radiation |evels when using a phase-shifting 20
mask, is significantly reduced. The resist layer 204 is devqhggg%ngter
.exposure to renove the exposed portions 51 of the resist |ayer 4. The

he r osi SPORHRR e REFEOBHPF GP B 9SS A OUSY T B s CRALFRTONR, the

T educed’ 28V e hecAti0R I GF asFlcE a4} e BOREVERB:S ol Qé{iélfss‘?‘é'%', o
iati [ ' ‘ ' ' 4 2003 T

Sacond 1L oFFOEYR it shP SRR ARel SelBE PR uae e A HlA i e T

! and o ! _ 6
exposed algsa T R EBreseatn B8 8 P05 Vi I R R iR ot 8 e
the |eyel \pfidd@rh@htOmeobr Witk @sbsdfeainy fdRhed MR foé r ¢8BRND 5 to the

border between the interconnect and via portions of the subsequently forned
Wiring strefdrtiheso alted viess of tHeaydstiaed via lotation endwed poAion eagtbeone
conductive filmis formed over the insulating |ayer 202 and conpletely
fills theuspénntegshd@peabtenches 203 and 205, and processassist feature 210.
A planarization_act, such as chem cal -nmechani cal 10 polishing, is perfornmed
to renove port Fés 2oimctudesamidlustrationfaf] aperntiany phsemicanidietethdeipeni ngs 62,
trenches 203 and 2§) and _proces ssist feature 210 as shown in FIG 7.

El ect ri calYQrkpiens: ??.ijgmlh%arbmc § 8 ORI SIA ARG serpy I@¥ssi st feature

t 210, Wri t t 75 77 f d wwthin t h 203
nd 208 asHOYEER: AGErueon BB BRCATRY I HG IS U Pea nES SO ARE CP o a

dual -i nl ai R . and 4: : ' t [ 72
dual -1 2l RESMNSENE QRGUEL U618 FiBR HBRRANTbRY s9RneBLagLt O

|1 ustrat ol i3y SleridedByRRINGE ROl BoHb A 6PREGLrRRELE 008, Fhand the
via portions 74. A passivation layer 79°is fornmed over ‘the insulating | ayer

202 and widoped regioxtareedurée, Adin/ 6r soufcey diain sewivhaituabhtycaeypiget ed 20
sem conduct or devi ce. Al though not shown, other electronic conponents are
formed, amrtectadss)i dapatodietactiio hsyeard? dnanid atgate kbartrosledicontrol he gat e

el ectrode 226 and ot her doped region 230. |If needed, other ILD |layers and

| evel $Sof elgatratg)A2tueveniesparsionpof dbeidopednegionst2sdy and ppogtienofdhe | evel s

SLSZ“}{ L23v$®<%§$fﬁeciié§%§%{tﬁ%%%éﬁ?éﬁe Eé‘pgiﬁfééx%ﬁéi " sSidievall sorss a3 .
14 J 2003 Fl G ' . i ! By 75

el ec'tJ r iyca%W fqrp'%%q g}?a{g%ﬁgg%f gl?et %ﬁkﬁﬁ&ﬂ“? ia)ger%éq gg@ tﬁigfg@t&g{‘rgg?ur Znt h;t ©
laterally,9yrrounds the via portion 74 (shown by the boxed "X' within the

wWiring structure 75) along three of its sides. The interconnect portion 74

is 5 formed wi hiRst iteSR1MBElkciIEED 2RJer 289 it Fermé@oper tHeon 74 is
formed within the opening 62 that were ‘préviously described. The inter

conne2® pevdrkpiece2mand date stroetase (exthendamgdstontbustretedadeheofirdtIGD 8) and
a mnimumw dth 86, as seen in the top view. The thickness corresponds to

t he dept hlayertingatteemaxht@fdm bn opeainm? 84 dhttainchrdesd eemdyctiveepliig ckness is
10 approximately 0.6 mcron and the mnimumw dth 86 is approximately 0.8
mi cron. CRS&r 14, seeondinspinrg daxesL4this tormediandwpeiteraedte peksien e. An

ext er nal I.en?th and w dggsgf t he col,l ar-shaped feature 70 can each be such

that an olfREFCYHIRTHAFERC fé. orPRAuCHYR LAY e dsdgPestiRs PYeIStHE di stance from

appr oxi gt 2t fayeir A aga AngRr FRTENSS 283 PR HLSHi R ddhsuor the

Feat ure 76° DBy BrAse e ireRBEARIAG, ;B8 ol Red fo PRy ARt BT UG ng

T hes, 30Cpraudve Bl i Bl e B T ot R e o the
244 and 246 as shown in FIG. 2. The interconnects 244 and 246 make

7



20 interconnect portion 72 near the collar-shaped feature 70. The external,
.lateral dinensions of the collar-shaped feature 70 are typically no smaller
than approximately 3 microns. Internal dinensions of the coll ar-shaped
feature 70 adjacent the via portion 74 are such that the coll ar-shaped
feature 70 is spaced apart fromthe 25 wiring structure 75 bMJ@ly‘ihc%t ance no
.greater than approximtely 10 m crons or approximately 15 tinmes-“the

t hi ckness qr the m ninmumw dth_86 of ,the, interconnect portion_ 72 near the
col | ar - shaﬁg@@rm@begn@ecﬁmnsgiolﬁths? PeBiane(nps showa) nfitne soutcendestanl

-di nensi ons, nany .ot he alues may b S f.or. the,i nternal dinensions
el ol oo deirey AR PenStap OF capRing GueT 248 IS TobMFd OVFE IR ol y o

times, 4 tines i nes._or times e t-hickmess qgr th i ni,num wi dt h 86
of "the i niidbanhedd phaerond orelE 2ha e srard Bt e aRRBD R T his
particul ar, odi ment, the collar-shaped feature 70 is an exanple of a
singl e process-assist feature. At |east one side of the coll arshaped

featurs 70 has mheoreg yliwr%z,mﬁ&ﬁﬂ%%y& 240 afidWeoh AL D faylekp! Cal LY

at | east approxinat m-crons "but no ater than approximately 10 100

mcrons. 307 haicaldy ifdugt heleA8BAE THNPHI bR XS GRGIdaHiitri@atosr e, ot her
di nensi ons may "be used. For exanple, in other designs, the side dinmension

can be in law-kngeteofal aphicixhans eislebtrR0canistamtnso greatemthagpeci fic

enbodi nent, the side dinension is 20 mcrons. Attention is now directed to
t he thi ckreggsorimatesy 3t8.1 Aheret@D4tqFoappingIayert 248 egpieallytincludeati ons of
the col | ar-shaped feature 70 as illustrated in FIG 8. To aid in

under st andhaigriahdifferentiforssegond dlbelayer 282 ta adlegv gndpaintdstectionspaped

feature 70 corres ds tp trench 210, and, the interconnect porti 2
corre%éon&cqwqrrﬁg&ﬁl%glo 3 BEACsss Pasvhssctphmgdhrongh S@‘Fﬁ%ﬁ s at

2 via |ocatVoh0e 4ol e PR £ el ieRR s, a4 24 Rty 533??
50 i or ona PP S P RE nEA e PR St B, eV s P ARt e ety

correspondidigir, ‘?n(!étﬁl/ BRSNS O 1kt h@ffhal“l%r@%rei at }%ra§t?1@élg%tf-tha_ Q%nﬁhét?‘&eé e

thi ckness is typically no greater than approxi nately percent o

second 25 ﬁlh' Q@@%ﬁd&ﬁ%r@bhﬂ@ct@s 49l 246 are bha@f@ﬂ@@h@téﬁ&k%lﬁv%swr cent
of the second thickness. In still other enbodi ments, the first thickness

may béSno [tptedt diypicaty,ammdoxctivatpdhy 286 el peertconoectsvad app2dsi mat el y 85
percent, of 13 14 July 2003 the _secaond thickness. The di stance between
t he nmeasurinpijidscamadhesion vs bhagder filingdrayes 248 caippe 8 qaprieg 18Y®0 tai cr ons

near obi XYrtaﬁpé%iﬁ’qeﬁke@ﬁﬁ&%@%ﬁ&%%@?ﬁﬁ@i&cpﬁﬁw&@é@‘ SRR °F‘otxif}m el y
50 5 ni . : e

Che 111t Al ATE R nBRR R ThE Pralrs I R bs ey ChhdRgEPee oo meen
Process- asglste fc‘?ﬂ{i's,'rp??gﬁn%h@%%gé%ﬁ@%n%ﬁtibﬁ&'.at ed vias (no nore than a

few vias approxi nat el 0 mcron rom ot her vias and interconnects), and

are | egst neederhd gecond iD!1gyat 26 {sOpatkitfed iRcoRQ¥RliofMPRbYn¥t shdgs. 10
Al ternative enbodi mrents can be used. Referring to FIG 9, a wiring
struct ur e ifOidesatarbbes 203i aid2CHapshowpont FIh. 70T henderecheis (3oad on 704
simlar to the wiring structure 75 previously described. An arc-shaped
pr ocess- asilscorfrespandeto7g@ions whede (nfsresadest porieonseet witing atructures
process-assj st feature 2 Z in FIG 8. The arc-shape

process- as%ilzbe fernede Th%legaglsqgt enfé%r#ﬁféi‘s 205 and QQé&Xé%Fl%flptﬁide QWi a
bort i on 704G DAy Tveked; datnchas s the ifisfun) Wit dieraDAdeS

ot e pr SoedeskaRis Vidh o AP FRacn PR 1S S 158 Vi redels ol et
ad; acent o i 2Pudil BOBEETER: SAAPIS EruR i BB IR "W Tl g
The col | ar RGO R A B H B el S Lort ron

804. The adjacent wiring feature 808 i%, for exanple, grounded, at another
power supply potential, or



25 electrically connected to active circuitry. The border of the
.process-assist feature 806 is illustrated by the dashed |ine shown in FIG
10. In effect, the process-assist feature 806 includes a | ateral extension
fromthe interconnect 14 14 July 2003 portion of the wiring structure
808. There are no contacts or other conductive or intentiongl gl egisrical
.pur poses for the process-assist feature 806. Di nensions of the

col | ar-shaped strugcture 806 a upst antj al th as those of other
enbod rrentrgggfm?)r Sdeadye i\afttﬁgittﬁ@ ?@Pcb%éé@ af@a?)aggirhgegmeag;shap_ed t
-structure can yary so i.n..a eas e ouf er bounda i mension to
t he expentn%‘@%a]\"?r ¥mmp : tE%IVYIQPh Qﬁgﬁgﬁﬁgﬁguﬁmb%nﬁgowrftég%d as an
o b PR B bl o S PR BB M B o
opposite si 4L t e 500 near a via 10 portion 504 of the
vmplroi ng stﬁhgﬁépgp%)ggﬂt%%@a&ggw%'on 504 is | ocated at lOan i nternedi ate

|ocati’gn of therkALRECONDREH P dieQmdag to hé RhchBa0dlund (ihal end as

descri in the previous Ti1gures. dual structures 506 are ated on

each si de dikcldied Writh pespict WFEGEWH@V&%r,h@VBk@'tE@ngﬁb@@ﬁ, aqitbeessdi mensi on
and spacing fromthe via portion 504) simlar to enbodi ments 15 previously
descri bed.as8ist éatats 20 nas been ddded $6 thetayoss. ik mesete a@ithextrensson of
the wiring structure 500 (simlar to that described with respect to FIG 12
bel ow) or aasishftatofe 2H) doesnonisignifjcdrshy affest heoproshssing (peintingesitdensi on.

if another wiring structure (not shown) would lie near the a side of wiring

st ruct ur e S3OWINGINOCEsses LiBR@IGHBT ferghed 40 anAat05%s bethiagpewifiche 20 needed

of h?f‘iﬂ?eﬁgﬁt?%&%@ark?ﬂ?q SO gasaa trebirg 2 1P o b ek P 28 [%Seicf?t’i”‘éSo,
iri - i . 506, R i

Lo Fia 13rehe 0 ol e PRy, Ry S B0000 uRNEE %P3 ARRE e LML i opac o'

enl arged pad,feghyne sﬁ%%agig‘%liﬁ@hé’%g%fﬁﬁé REggéngag‘sﬁi%?@edtﬁr@G«igﬁee”S' on 25

of a wring structure a via locatio e wring structure 400
has an i ntgR§GrR8&%4teporti on 402 and a via portion 404. The enl arged pad
feature 406 has external dinensions extending fromthe via |ocation 410)
The outer 15 A optibyaR@@Besiominerdnst skowhentdetaibpaed adithbgephdescri bed
with respect to FIG 8. The enlarged pad 406 is simlar to the

col | alsshapsidt fayat 204, which iFtypica8leseatpd astaaflovablesfilmg arepfareedgsapt from
the wiring structure 400. Dashed |li.ne 408 caorresponds to the shape of the

i nt er conngh@ nBeting lager 204 apgadthia trenches 209 ansk PP grdprocesnassstl ar ged

df 0615 f d_ of ial . h A 00,
Shch ac. mgRye 20 DATHRO R bEL 4r DIHBIoSret AFSio b oL AgARdP  conduct | ve
material . I enlAget aaddicatune H06: hoalasALeMINLIY Aclbeaarps| aver and

at the same Tev € sem conduct evi ce as nterconnect portion
402. 10 Rehesdd BOwWHRCITtGrredBonds M ViaNBcsti 64 |BUITE £ nsPo§HusRAEE from
another wiring structure 614 by a distance 616. The distance Is typically

at | ea@t ;%ll@@li‘@.@iétnlﬁg@f 204Qf thecprutess-hssiot featurertidinae mos prédeat dsshance nay
be approxi mtely 20, 30, 50, or 100 m crons or even nore. Wring structure

612 i ncl udesnahe icateirc trenprbr priritlustratkdoinafkG.al.vi a 15 portion 605. As seen
fromthe top viewin FIG 13, the via portion 605 has a |ateral width and a
| ateral | engt h Theoresist layer2Q isapasteahedusing a maski X0 graioncludes 2 t he | ateral
width is mninumlateral dinmensjon of the |ateral w dth,and |length for via
portion 6ORNSPAENt subtERte ThURN @S WvaEd Mythed o 28 SN if £16. B mPNEeast

e l,at eral.,.area 20 at_ .| east

O T PSSl A S BTS00 on
i i , al W i i v 0, 8 i cron,

RTINS e LR T A R A

oroces-a58hgioi UM 1040 S FEAY RebBn AR Kb BOEHL O 005

m crons Ofcoh}é‘§g¥fégs &ggédagg)n‘é\g?rdles'@vkﬂkﬁ%& 1R Q8B $ruct VR (RtQ$S8RcasSSi st

feature may |1 O mcrons or even nore fromthe nearest
process assist feature. 16 9



14 July 2003 Wring structure 6|4 includes an interconnect portion 602 and
via portions 603. Each of the via portions has a lateral width and a

| ateral |ength and occupies a lateral area. In this enbodinment, the | ateral
width and the lateral |length are approximtely the sane (e.g., 0.6 mcron),
and therefore, 5 each is an exanple of the m ninum/| ateral i4r}eln?b&n for
.the via portions 603. For each of via portions 603, the latera Y ength
divided by the lateral width is no greater than approximately five, and the
val ue of tdueursibecauseatdeastsonme tpdéatien passes thypighkthestlementeh4t i nes t he
-value of the |ateral m nimum di nensjion. Wth these dinensions, at |east one
process fddtdiatione)f iscusgdda exposeseleatively theggsisblyeprdde ddndestypicaleat ur es
608, which are parts of the wiring structure 614, lie within 10 m crons of
thei r nearcenditipas. e sieakicasadation pagses Hrgugh the shapwSsand Aear

the. di ot ardedaet shEHTBIPRITBogbc AN cap SUTREY HPTLIS BRI the
| I ar -sh d T [ f eat 70 51 int ti 74
25 o sdusoBR R foratin S peres 4R SptRtredtah 81 TR B WidrBihe W ng
Struct ur e B14, i iStgal he LBOBAY /501 WRERbIA] Y 95ER5: ARRsS hnfigat Ur es
r portion : ep

608 and the 1n connec rocessassi st features 8 can

have rel at\ivMRJthi'drb{ﬁﬁ%hs%ﬂ%H@%vi@iﬁg s%fdddlre%%l\{?sﬁ&%s&eﬂﬂgQfési%-rm‘éh.soﬁn simlar

to process-assist tTeature 806, process-assist features 20 608 serve no

i ntenti onahjet@bbuimaht, posRbeeactimetdsistriesssde [h anbther amabbdiendral

enbodi nent is to reduce the resist thickness near the via | ocations where
the via pardgative-&ahgdsist wanfter med, angphe azskad0 efilltieedusehofe thie
process-assi st features becones even nore apparent with the [ayout shown in
FIG 14, pawrhediaied dor thevnegatns-auiing resis. J0w priociplesionusing st ruct ures
908 and 910. ,Wring structure, 910 | ncludes at | east, one wide wring

struct ure,p%rrweﬁﬁgﬂgv@,n IPQ&%‘IV@‘%‘HH&@SWWP%@}“% 8 L\§F13§Ptsoﬁ%réh‘élﬂrﬁfpnati on
of these. Wring s rrq(::é(ure 910 has an 17 14 July Z003 interconnect wi dth
that is atkr}oe‘ﬁggoékﬂ AMREBPy four times the minimuminter connect width

for all other %ééagl%g tfx%?ﬁ%&%&g‘@& hasy ﬁ?%’eﬁ%gi_f@frb@ﬂ%e@?kviﬁﬂﬂm’ the

Wiring structures o ny via por en Vi Ew ng an area

bounded bytr&dhe8P3 Snd ZOHItHM AHbBn COPFAMATEH ﬁlaé’de"fptéc)gﬂgﬁeoﬂl‘é @kjsany one of

the via portions of wring structures, no process-assi feature i s needed
if thesf edhrﬁﬁZ@@Wﬂtﬁm thattrdrivdiek 208ramcloPO® ¢4 clogért thensaney emouns. Jthel east
approximately 10 percent. Because of each of the feature density and the

i nt er connenoresidifbrofthidkmess margasssmprotessasg akdgimpirothes shassnshufreat ur es
are not typically used for via Rorti_ons of wiring structures 910. If any
woul d | 0 TBElafkBinesdas tongxpasednasesistolgy st 484 voithiay tsergh 2H2 isdoweay

structures, 910 none ated wiring

St uot ur o (588 1t Woulk B8 Yan HeAEa oG i phr TG G0k ige 8bTigons 904,
str uot ur o5 685, ef &Rl MiREnFIRT -SR] 15V €8 Whdh AEME MoBis ARG i ¢ noue

a prooess-@sgl gk s@@g&_&ﬁt]%iréd&%cﬂr?ﬁé ?ésiéthﬁg%xﬁ@@{ ‘?{Eg@év\lll%:p}éd%?teﬁ’er cent at

the int er connéct he I nterconnect w of W Fing structure 908
i s no greah®oshfdfd ?é?ﬂé@étﬁ’@é;%d’se@%dﬂi@%lﬂfﬁltﬁb%%mdﬁﬁ'@mﬁ’mﬁét wi dt h

for all othér wirings fornmed at the sane | evel. Becausé of each of the

i nt er connenbdremdifbrrantidkdnes$ efithy restktiaydn2 0prmakes shaaspett ratatofrths 906 are
20 added to the layout at the interconnect portion |evel near the via
portions 908t apdngshmore tmidopn acusss-the svarkpieeat ubkerefa®, has selargysi ons as
previously discussed. Note that the process assist features 906 are added
only near afieichilag radathersichriglated problsmstissignficently sadueedf t he

i nterggnnect portion 902, Althouygh not |abeled, the other. solid, dark,
verti&dl  1GomBared tpébm@ﬂarb%ﬂ?ust%mregf : Si ylset vadetipeSthavi ng

i nt er connegt eﬁgrtio S,,Vvia Rorti.ons ar(ljd process-assist features simlar to
wiring st BRSO 1 'the openings is reduced.
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14 July 2003 The process-assist features 906 in the isolated areas of the
substrate 900 affect thickness of a resist (not shown in detail) when

fl owed over the substrate 900 in a trench of the substrate 900 in the
vicinity of via portions 904. It is to be understood that the term
“flowing," for purposes of the 5 description here of manufaqgh g Behs
.practices, includes all steps for placing nmaterial on the substrate 900,
including without limtation coating,, reflow ng, spin-on, or others.
Furthernore, allfiBsggand f%njgé’éf Qééia@ﬁl lﬁbéF"eS%% ehaseqYeTiidyeaished tasi st

-thickness ,apd resist flowi ng, the cgncepts of use of prpocess-assi st

f eat ures @SHQFW@P”%% %ﬁﬁéé@%&’ndgrﬁgge%n%PngW ?ﬁlné?rﬁgpn%t%c?g‘%t ads, for
exanpl e, Lp.increasin hi ckngs i f i f infe vel . dielectrics (ILD
and ot her 2A6BF CaposealaterE R ot ghntles' ¢ oSS RBF ng S i ng
at sel ect La.l I . I 1 } e, man
via | ocat ﬁgﬁs\sﬂ%‘a tﬁ%?é ‘}nege%zt{lég%ggbgfggﬁgg%%ugg ta hg;ﬁb asf’ &}ggﬁcoﬁésggggs or ay
hi gh cenc J Ny . I of the
Ui a1 Goat PO GoRitrerkecR e AP RO EVH BHIA o FEStaf D)
enmbodi MeNfgymaP Wi Sk bR YreQ0TRS régsciaptr 204 as thed erh@gat.i ons do not need
the process-assist Teatures. Therefore;, the nethod illustrated in FIG 15
i's typically ugedegnlonefa@ndueevedan issforateddoadr thbénsilatihgdayerohd?
(approximately 5-10 percent of all via 20 locations). Referring to FIG 15,
a net hod aAdeonspletedy dilésdthemdenteged2 sipernehesad( snd 80py ane psocesst st

features at or near Jocations of relatively isolated via |ocations of
Wi ring st asgistufeature B, pAdelasarizaians act suel e shemicalaneehsnrigahs t he shapes

previ pusly described or others as applj.cabl e.. Additional |y, e, 25
proce (i af8 1§§mfgeéﬁ DRESITEEA 1o AEIQYE POTTLRRS OtheaC thé hﬁﬁ(égymg es and

e oL oBk A B 36 s FE2bbERes b SEIOSTOEN ERLss BRI bl and ol
19 14 Jyhy a[%%?%g\'{rgﬁpﬂé! ‘7."’“]119&1'&%1lgafgcghﬂé{églc&?&%tpp'70615 fé‘ﬂh@& VAROr more

process-assi's ures are warrante red. For "each 'such via

l'ocati on, pidtesoRisERE fdLOR (therR) ROOMEWirinb&tiRhied 75000 73 Rerbons®d, for
exanpl e, In naking a database for a nasking |level, which masking |evel is
i nt ended wathdhlteenchet @03edridPD0HEndrpeaingwé?. Paohafthassirsiy ftea@dturess. | n
the nmethod 1000, a block 1002 includes a sizing up of the dinensions of a
via pbrti @h aad A7 seh eonbinlaid donduciive struntwe dad inoluttesianeintencionnact at er al
di mrensions for one or npre process-assjist features at or near the via

| ocat i on. PYHien 2 Ande His pGeR Hbodhe dasked Engpin WATIRE Stpetwnes v S1and
accordi ng the ex

| ..di i f th - i f eat
previ ousl QES{IHF@@F gwgﬂﬂiﬁ{i@%m&%ﬁ@%? &I’étr%r rrf)r%g %Qgég’!t“% %agapt%gl mat el y
3 m h i i i | 150
Cimes ¢he FHPRRRAEDTE, W RDHRAI VR dos 30tge S\ RE AR RS Y
associ at edoyigd y1eny buBORE 99.ankST] B forbh 9GKLIARkAIIY K rhBleRsponnect
portion associ at e fh the via portion is sized up atcording to the

intery@l dembitridRsof @vik®e process-assi st feature previously stated, for
exanple, so that the sized up interconnect portion dinmensions nmatch

internal di mengilthosighfndthshopvmasser essirehid eahponents dradormeerard ext endi ng
t he di nensions of the conductor no nore than 20 approximately 10 microns on
each si deelectmealrommectians appmoderatthem, such aeshe patetdipctirods 226rarnche

m ni mrum w dth of the i|nterconnpect portion_near the via portjon.or 4 tines a
m ni mum | ather dopgdreaianA36+ 1f needada otlrratlilday s andueyels athwiniagt i cul ar

df Pgd“gﬁt‘rﬁeﬁu?é%?e'u? Fie sgiletochosesiae Hodfieres T {%zéf’que%w%ﬁéSL:ﬂﬁif be.
or occks: atePERIREER e iRE RO AE ST BT WA 160l <% 0 2 mcn
smal ler eyl & ltLrﬁ']a%} PGk Jv%?%g dfuctures 75 and 77.



14 July 2003 In a block 1006, the sized up interconnect portion fromthe
.block 1004 is subtracted in order that placenent of features will not be
made in the area of the sized up interconnect portion. This operation
corresponds to nmaki ng the space between a process-assist feature and the
i nterconnect portion. 5 Blocks 1004 and 1006 are opti onal iﬁ4§ﬂ§2mn
.process-assist feature is not spaced apart fromthe interconnect pot-tion

ol o "L Sl B e DS b 1 L0,
BT P, P T TR ML,
U2 18, SERATSGA S 0 G DS ONES LAOK mn f RehrpD
dovt .l sfechpE sibiduieotakshse MG s sdmaing Lovel

whi ch can, for-exanp sane data in formng

the prgcesiprasdiwithiaitecBnnbl tr&@HP2OIr ardd thet Vil frativaRIRS forhddd ng is 15
performed only where needed, and typically, this'is near isolated vias.

Ther ef or e, whhlrytieedgatihy &2t that nere prodotislyndsbcribbd. Thedntepcbhoede 1008 for
the tile ar ea is governed by design rules and specifications for the
product semirtiondikhas adekness @xtendihg ibt thegqrageanfdF[Gd8) shdad by t hose
skilled in the ai-t. 20 The second sized up interconnect portion fromthe
bl ock | 00/MminsmiuR twisltib8haas seen m eopckewo1bhe tipknpss eorzespangsttol e ar ea
of the block 10

08. I | qck 10l 2,, ' ' [ R h
Bl ock 100206 dePaNof e Feneh OAs1 e BALtIcHET Bhet sl I eaeiRds [
bt ted f t hzed. til 0f the black 1008. 25 Fingl]y, I
bl ock 1001 £PRREIBARlY it dicain R AR it S s areboraRehe0a N, |
ot _ . , - acai . - i he til
area are iicagRa e Riher FiBRERES R Ay PSR TEOHIDEY 217 T 1a°
Jul'y 2003 feat W gsyalmhlRng tHYE Hf 8b11ADsBihedteh OgeCAl c i 8gén 1014,

n{i‘%ﬁ ¢
The net hod 1000, i ncluding tgg ogi cal block 1014, is repeat edgi or all via

| ocati ons Hensucholhat af cuter bowmia¢wfths ebdbedhapeabfeohired @ 1ide\w diStancd or der
to obtain the database for the masking level. 5 Referring to FIG 16, an

exenpl ary fpomcthestageirson f/dawheseitethieglistahceons no greatbatlearand a maski ng
| evel fromthe nmethod 1000, is included in _a sem conductor device substrate
1 1 0015Theapprosissaiels $ 08 miccenuerepproximately 150dimes the thisknessaeithea 1106

and tiles 11Q8. An | sol at vi,a portion 1104 d an jnterconpect portion
1102 are pRIHIBIN Wigh 82@%@%@&6&?@@% B8TtIgMd2ieaT the collar-shaped

feature 70. Many other dimensions may be used for the distance including
approximately 50, 20, or 9 microns, or alternatively, approximately 50 times,
30 times, or 15 times the thickness or the minimum width 86 of the
20  interconnect portion 72 near the collar-shaped feature 70. The external,
lateral dimensions of the collar-shaped feature 70 are typically no smaller
than approximately 3 microns.
Internal dimensions of the collar-shaped feature 70 adjacent the via
portion 74 are such that the collar-shaped feature 70 is spaced apart from the
25  wiring structure 75 by a distance no greater than approximately 10 microns
or approximately 15 times the thickness or the minimum width 86 of the
interconnect portion 72 near the collar-shaped feature 70. Similar to the
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10 portion 1 104 is laterally sun-ounded by a collar-shaped process-assi st
.feature 1 106, according to the dinension and location criteria described
herein. Tiles 1108 lie within a tile area that is |ocated adj acent to the
process-assist feature 1 106. In the exanple, the interconnect portion 1
102 is distinct and spaced apart fromthe process-assist fealyhgode06, and
.the process-assist 15 feature 1106 is distinct and spaced apart” fromthe
tiles 1108 of.tra tile area. Althou not shown i FJ@ .1%6'%(1 e to the

scal e of tHER é‘PF’é%‘PB?r)mam’lé’tfﬁro UES oy RS UF ¢t spaced apar't

-fromthe rin struc e 1105  .T S b | evel to form
t hese str\@é g’é)%lflﬁ %%&pﬁf%lpﬁi?&a%gpé I%éérgéf @@5&&?1%’0 t he net hod
| 000 (sho 16 of the
process- a‘ﬁ%'p'r&ﬂ%t}/lé)nfn?% |ncF’ui€[:1 sgére?@ P{eelssg!%& t%%%ﬁgégognh%ot her sides
of the pr ) conduct or
1110 in aqﬁlﬁgﬁrﬁ ?/N lgf%gga&ﬂhgﬁ%&g&&nggiggg?lg? f%%?gpg%ﬁgﬁ%h%%h over | aps
with an ovpsgikded area for the tile area. Pursuant to the |ogical block

| 014 of the nethod 1000, 25 overl apping sized-up features are integrated

t hrough the ORIgpkisatdroibuRe @aisidithend, thesidfurrshapsd fogtudeyoriednr esul ts for
the masking level. The 22 14 July 2003 resul ts of the OR operation are

i ncl uded feaantgie odatsabgkeprfooesst—hmsmfskimg |Aetviehist dyse sildevef the delliar- 16, t he
pl acement of process-assist features,, including feature 1106 and tiles
1108, is fsharedleatumndlhearside dimensionnaggeen BM pepsyigikithatcisl | y pl aced

around a via. lqcation. Al so,. other_wirin ructures can bisect tiling
batterns fEpically ademit mpr@wgr@@f 3 fhiceats Rek 60 gieaicr frenARmossmately oy

the onrr 8 G midigRE: B30 Bl SR éisgﬁ%ﬁé h%?pslgﬁ%%%ﬁ B Jelerine o " "
overlie ”a%gvaﬂngfo@g ﬁ&%%‘étdé 08 BEAE, 16y Hef?'?ie?{ | fhe 300 AhREApSe

there are ssist f ures at oca ere 1s |1 ess

capact i V@G Pin £fadde % ‘o&'ﬁﬁhtél %63991%%ﬁﬂ hpoa e dguige that would have

process-assi st tlre | en eW|r|ng structure.
Less Capa@rﬁbd&ﬁn@iﬂpﬁhe@dé@h@bﬁﬁ@h 1bl2I®Q$u@©Iﬁ§ra| | y rrake the device open ate
faster. Referring to FIG 17, another exenplary process-assist feature 120b
is 15 shown i nAté&dratomrs mm@ilhﬂ:rted tmthe tsckiiess cfewsisblayec 264 G

substrate 1200. In the exanple plurality of wiring structures_1205
i ncl udie i mnéh ceRpest to bmafcmﬁsnfibgzoaﬁmhépﬁ rratare 70 as pllusteated yndilGii a
portlons ,ﬁ Because of ;ﬁ? Eose rox of t WI ri n structures
1205, the %si h§13C yANESFSFanngLag &gl 0§t3 lfpela tyeeny ,dsan B& adj acent

hat ;?esh%ﬁ%aaﬁae%@ﬁf“%{%”?o%toir‘éﬁaéf%&ftﬁﬁapé@?IQOE‘ng&fﬂ‘%ﬂrﬁ fccf"” res (not
shoun) . AgRIi6R'7! dorebsddd8 3o tER I 4311 ThE 1kLisPIAEB0A el HERYCT ad] acent

to the process- assi ure and t e W ring structure 205. This
exanpl e i fﬂhﬂakﬁesslit 1olcht4§hr8al §fhithes bliede ahd dmndediardp adhlcent &y eiehcBS
design for nultiple features on the substrate |200. Particul arly, the

met ho2l0 | 0Q03(afwm losatibf(vikOpomridnoW) dd habe seodvrdthickaassaadldeatibdi ng of
the database for the masking layer to formthe nultiple features. O
course, 282. lidcalidry82Go8utniderndsidjadent tiemgb (S, and ahleasti de variety of
possi bl e features, including, for exanple, praocess-assist features,
conductor@PPW‘é@iatﬂM 2Q mlarmmfrﬁmﬁie W%eﬁo%lgllap%h%(ur@wc}fggt\m acts of the
met hod 1000 and t he praci.i ces descrlbeg S“IEI‘EII’I 5.0n still ﬂ'é%

enbodi mentQCAHHTECOIERANIAEIP 12 POFHOR d4) REANOMHRIGTEBRAEd Fifafltftes may
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sem Condugé@andiaagbﬁﬁe%ut@ ifl 6tHe?Q:ml’96H insaltat e f@%ﬂ%@kﬁéssll%ﬂ%hl ke AQr med at

the sane tfiInme an e sane naterlas as word [ines 196 ch are al so
conduct or $ye6f tHA é)%xf[)ﬁﬁel 99?6‘?&&08515%19%15%1%&%15/@5 p@fcfénlt'@ies 196
include g&te el ectrodes for transistors that are not shown in FIG 18. The
i sol ated conductors 194 and word | nes;;



15 196 typically include silicon, a refractory netal, a refractory netal
nitride, or a conbination of any one or nore of those nmaterials. An oxide

| ayer 197 is formed over the field isolation region 192, the isol ated
conductor 194, and word lines |196. The oxide |ayer 197 is fornmed at |east
in part using a flow ng act including a coating operation (qgha-g&% or 20 a
.deposition and flowing (reflow) operation. Because no process-a§5|st
features or other  features the sa | evel .are present near the isolated
conduct or tilgzﬁ,ect)ﬂ@ tg&@ﬁ‘&@”-a@h? 1Y 2NFE CHVESH MESL&@@SW@%BQ@@ &ol at ed
-conduct or. Thﬁ area ,at the word %inga 196 have % hi gher feature density
conpar ed tBUERJALEEL L€ & apRyoxkugptely &0 MITANE 4PAhduct or |1 94. The oxi de

thy okness 195, - SIBSEARER Bt r b BicDeSk HhbRIhbEr 505 B pbeirLr 104

d th e . : D . L q
Ui cer ovar 195Rn FP Gates - e e o B P G 1o T he
wor d | isnesyidiping, firfdx@neilel 8bprBYmaRls © ( ecOne! feCdi FHaEBEELEQyddieiHes Ol at ed
conductor 194 or electrical o%ens at the word lines 196 (due to the thicker

oxi de) . | nfifsk @ndlRconddhickanssl shoatdast sigsiftartbathige0Prarat-dssiet at ed 5
conductor 194 helps to reduce the thickness variation problem Thickness

202 is cl ofeatures arhendshinekded forl38latdtheiasf @reemoet cdmg fewasiaso t he isol ated
conductor 194 and word lines 196 is nore uniformbetween the two types of

f eat ure stappouirastely §0t mécrbas i ghepeies fandaniarnpnnees), mnearedeasias been
described with 10 refer ence {o specific enbodi nents. However, one of

ordi nary sk§qded fos mukbiple viasaiostaises 08 HOWRASUPRIY BUIENESdi fi cati ons and

mvantifon as. SeATFGIAS FHPARTRFSSGAT R SEC: ALEBFORBAEYE I & HRANEi cat i on
ven PAPETE B AL ati

Cense, *anc i o, 2RO TpHERRE AR TolsRedect SURhbA OISR B8 ARBRRAN i n e
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probl ens have ed above with r 0 specific e i ments.

However, t}5}%c@@ﬁﬁﬁéiéﬁfeaﬂﬁ%%@ﬁ%diﬁhﬂéﬁﬂQ:iﬁhé@eé’cﬁl@@éeﬁrﬁocéﬁdaﬁw el ement s)
that may cause any benefit, advantage, or solution to occur or becone nore

20 pronounfeatirerzl had séem beFIGN8! lhedarasshapedipgroceds-agseqydeatade 706 lessent i al
feature or elenment of any or all the clains. As used herein, the terns
" conmprliSsesa ceniepmpodnt ocatpd withimthe wiaheortivar 7G4 (amseenebeaftop ariew) andnded to
cover a nonexc‘usive i ncl USLOm such t?{at ai‘ process, . net hod, grti cle, or
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A sem condget.ar, Ziﬁyhfsg:sapm%?gl#%b%cegg_\é%gg%@t&&t gonnect portion and a

via | ocation, whéerern conne rt10n has a thickness and a

m ni mum wi dt h, RQ&rﬁnFitbquG‘:eltO,%fpr%keésegﬁist%ﬁt&é BOESS-LES AL sHgRHUr € near

the via location, wheFein: an out'er boundary of the first set Iies a first
di st ange fstpumathifethd iyha exoaation ol anhel gidnt Wieidg staictdieBaReRat 8 No greater

t han approxi mat el y:
wiring structure 800. The wiring structure 800 includes an interconnect
portion 802 and a via portion 804. The collar-shaped structure 806
surrounds three sides of the via portion 804. The adjacent wiring feature
808 is, for example, grounded, at another power supply potential, or
25 electrically connected to active circuitry. The border of the process-assist
feature 806 is illustrated by the dashed line shown in FIG. 10. In effect, the

process-assist feature 806 includes a lateral extension from the interconnect

14



100 microns; or 150 times the thickness or the mnimumw dth. 15 2. The
sem conduct or device of claim1, wherein the first distance is no greater

t han approximately 50 mcrons. 3. The sem conductor device of claim1l,
wherein the first distance is no gr eater than approximately 20 mcrons. 20
4. The sem conductor device of claim1, wherein the first dilgtﬁﬂgg@) i's no
greater than approximately 9 mcrons of the via |location. 26 4 july 2003
5. The sem conductor device of claim1l, wherein the first set of at |east
one procegortssiaftheeairingsirsctapa8el. dfre ate omadieactsndwther by a second
-di stance, wherein the second distance is no nore than approxi mately: 10

m crons; congluttveiorastartionahietdotiieal pirpokes frthmprooesst4ssis featuse

sem conduct or device, of claim5, wherein the secaond distance is no gr eater
t han appr SdrebPeamgnsionsfdhs collgr-shapabsttusiuse §86are substansallyithel ai m 5,

sherel 1 Lhe Secotdl SLaee Lo o reater Lhen spprox mmlely & mgrone 8
th [ ly,9 ti h i ck th I Ni idth. 15 9. Th
(hen agp QSL e NS48 TER L e R chness o g mAlmL ALl 1o O The
th ' . L t ' el idt h. 0. h

han 2PD" QB Vi LIRS L HSERAOL (R LR I AR e ser
appr oxi Ml g #2an ERR APk AR ol il ST RRe ot . 11 The

sem conduct or ﬁlew ce O%Q;Fe] alm erern th east o_ne' process assi st
feature incl udgeeferghg s 107 Q3 CpEoRESasEist %%&We@d()@“ﬁfe&hgﬂ stiRtisesgl e

process-assi st featuré has a side dinension |arger than

disposed on each of two opposite sides of a wiring structure 500 near a via

10 portion 504 of the wiring structure 500. The via portion 504 is located at an
intermediate location of the interconnect portion 502, rather than at a distal
end as described in the previous figures. The dual structures 506 are located
on each side of the wiring structure 500 and have dimensions (outer
dimension and spacing from the via portion 504) similar to embodiments

15 previously described. Alternatively, the dual structures 506 can be an
extension of the wiring structure 500 (similar to that described with respect
to FIG. 12 below) or a part of adjacent wiring features (not shown) as an
extension. If another wiring structure (not shown) would lie near the a side
of wiring structure 500, the structure 506 lying along that side may not be

20  needed or may be placed along that other wiring structure such that the
sequence of items would be a first process-assist feature 506, wiring
structure 500, other wiring structure, and a second process-assist feature 506.

Referring to FIG. 12, an alternative process-assist feature 400 is part

of an enlarged pad feature 406. The enlarged pad feature 406 is an extension

25 of a wiring structure 400 at a via location 404. The wiring structure 400 has

an interconnect portion 402 and a via portion 404. The enlarged pad feature

406 has external dimensions extending from the via location 410. The outer

15



?5 mcrons and no greater than approximately |00 m crons. 27 14 July 2003
.12. A sem conduct or device: a conductor having a via |location; and a single
process-assist feature near the via |location, wherein the single
process-assi st feature: 5 has a side dinension at |east approximtely 3

m crons and no greater than approximately 100 m crons; and ilﬁhﬁg?@%d apart
.fromthe conductor by a distance, wherein the distance is no greatér than
approximately four tinmes a mninmumlateral dinension of the via | ocation.
10 13. Theligmmstodatt be thkesdme apthedeadepctibedwhith eespdcheo F1aGglke The
-process-assist feature lies along only one side of the via |ocation. 14.
The seni camdargedrpatked6 és simitdraiorthe 2ollahsheped feesurs W0 lie FiGo Bessoept si st 15
feature lies along at |least two different sides of the via location. 15.
The seni cdhaubtisnoyepaces apart fromrihewinipng sgivgtug e ). nprshedt boe8assi st
feature lies along at |east three different sides of the via |location. 20
16, The scATESRANEE &0 thohare of e tSFapRCGURITEOR 4%e>stﬁﬁeﬁat9¢%%ésas-assist

The semi cdRBBPEA 0o couereripat Iadigaels inelobRaatnatamint o
& am 12, GRS SRRl A00ehEroR oSty Hunl s o St af "
M CronsS.  or of some other conductive material. The enlarged pad feature 406 is

located within the same layer and at the same level of the semiconductor

device as the interconnect portion 402.

10 Referring to FIG. 13, a wiring structure 612 is spaced apart from
another wiring structure 614 by a distance 616. The distance is typically at
least approximately 10 microns. In other embodiments, the distance may be
approximately 20, 30, 50, or 100 microns or even more.

Wiring structure 612 includes an interconnect portion 606 and a via

15  portion 605. As seen from the top view in FIG. 13, the via portion 605 has a
lateral width and a lateral length and occupies a lateral area. In this
embodiment, the lateral width is minimum lateral dimension of the lateral
width and length for via portion 605. The lateral length divided by the
lateral width is at least approximately two, and the value of the lateral area is

20  at least approximately five times the value of the minimum lateral
dimension. In one particular embodiment, the lateral width is approximately
0.8 micron, and the lateral length is approximately 4.0 microns. In this
embodiment, a process-assist feature is not required to be placed near via
portion 605, and therefore no process-assist feature lies within

25  approximately 10 microns of the via portion 605. In other embodiments, the
process-assist feature may lie 20, 30, 50, or 100 microns or even more from

the nearest process assist feature.

16



28 14 July 2003 19. The sem conductor device of claim12, wherein the

di stance is no greater than approximately two tinmes a m ninum | ateral

di mension of the via location. 5 20. The sem conductor device of claim12,
wherein the distance is no greater than approximtely 1.5 tinmes a m ninum
lateral dinension of the via location. 10 21. A sem conduct qj sdeypae: a
.first conductor has a first interconnect portion and a first via l[ocation,
wherein: the first interconnect portion has a first interconnect w dth near
the first via Noiraig structhbe 6é ificlusles wnantercannent guatioa 602 atd v er al
-length, a first lateral wdth, and a first lateral area, which is the
product ofportiens 603t Bazhefdhe vemgotticarschasheldterad wikdth endia latedthlengthii r st
feature density is nmeasured at a sanme | evel as the first interconnect
portion anaddiatcupitssa katetal azea. alnethihombedament, 2be patieralswidthregqudaihgr oxi mat el y

20 mcrons away fromthe first via portion; and a first process-assi st
feature | l@israiilengtses apprekIRAdiehbhie 5a3¢ (@8ndle rBICTaRN ANddacigiors.n

oD D e O e Sy 2Rl 0Ty B 25, Syecond
Wherein: 403, For each of via portions 603, the lateral length divided by the lateral
width is no greater than approximately five, and the value of the lateral area
is no greater than approximately ten times the value of the lateral minimum
dimension. With these dimensions, at least one process feature may be used
10 near a via location. Process-assist features 608, which are parts of the wiring
structure 614, lie within 10 microns of their nearest via portions 603.
Clearly, in other embodiments, the distances between the process-assist
features and the via portions can be the distances recited with respect to the
spacing dimensions between the collar-shaped process-assist feature 70 and
15 the interconnect portion 74 as discussed with respect to FIG. 8. In FIG. 13,
the dashed lines in wiring structure 614 illustrates the borders between the
process assist features 608 and the interconnect portion 602. The process-
assist features 608 can have relatively unusual shapes and still serve their
purpose. Also, similar to process-assist feature 806, process-assist features
20 608 serve no intentional electrical purpose; their presence in this particular
embodiment is to reduce the resist thickness near the via locations where the
via portions 603 will be formed.
Application of the use of the process-assist features becomes even
more apparent with the layout shown in FIG. 14. A semiconductor device
25  substrate 900 includes wiring structures 908 and 910. Wiring structure 910
includes at least one wide wiring structure, many narrow, closely spaced

wiring structures, or a combination of these. Wiring structure 910 has an

17



29 14 July 2003 the second interconnect portion has a second interconnect
.wi dth near the second via location; the second via |ocation has a second

| ateral length, a second lateral width, and a second |ateral area, which is
the 5 product of the second |ateral length and the second | ateral w dth;
and a second feature density is neasured at a sane |evel as jihg,s&gond
.interconnect portion and includes a second area bounded by poin¥s I yi ng
approxi mately 20 mcrons away 10 fromthe second via portion; and no

pr ocess- assfarconeeatovigith tas iawt deast epproNimatelydour iumesthenaicionduct or and
-wWi thin approximtely ten mcrons of,the second via portjon, wherein the
sen condudiisrcorned aviddl far elh othen wirirgs ’Eorgzeqde%tﬂé@ sergneyels Adihang
consisting}of' the first. | ateral I%ﬂ.th i yi ded by, the.firséyhateral wi dt h
i s no grediQrShordh the prswEtyresi ALY inglds RENyeHampIHgnsr aVheangt h

v 900, Di il SC0S LaLaal L ek Rl SPRb RO IRl EL Y o, 20,8
2 5l PO PUR e PO PR B BB SRERY  ar
;glto f{)i: n;itfg?f;&r@waé%d {fRe Fidtae HENSHLQRRRE IntdtHihelct pBRIGK RS istAlan
least approximately 10 percent. Because of each of the feature density and
the interconnect width of the wiring structures 910, process-assist features
are not typically used for via portions of wiring structures 910. If any would
10 be used, they may lie near outside corners of the wiring structures 910,
although none are illustrated in FIG. 14.
Isolated wiring structure 908 includes an interconnect portion 902 and
via portions 904. Using the same size of area examined for feature density
of wiring structures 910, the feature density isolated wiring structure,
15 without a process-assist feature, is no greater than approximately 50 percent
at the interconnect level. The interconnect width of the wiring structure 908
is no greater than approximately 20 times the minimum interconnect width
for all other wirings formed at the same level. Because of each of the
interconnect width and the feature density, process-assist features 906 are
20  added to the layout at the interconnect portion level near the via portions
904, and each of the process-assist features 906 has dimensions as
previously discussed. Note that the process assist features 906 are added
only near the via locations and not along the entire length of the interconnect
portion 902. Although not labeled, the other solid, dark, vertical lines
25 represent other isolated wiring structures having interconnect portions, via

portions, and process-assist features similar to wiring structure 908.



25 twenty tinmes a mninmuminterconnect width, and the second interconnect
wdth is at | east approximtely four tinmes the m ninuminterconnect w dth;
and 30 14 July 2003 a first feature density is no greater than
approximately 50 percent, and the second feature density is at | east
approxi mately 10 percent. 5 22. The sem conductor device of 1gkaj #9031,
_Wherein the first lateral length divided by the first lateral wdth is no
greater than approximately fiyve, and the second | ateral Iength di vi ded by
the second | at mpmcgﬁﬁas%staﬁve t@é&@oépprtgszuwg@@@ane%o f1le s@bstmaie

. sem conducg %%ew e .of cl |m2_’L wherein the first |lateral,area is no

gLeater tdl'? B LR Gtesh @ taerﬁS‘ts (REL SROThi FﬁalllatV}élP%ﬂ @W%@ﬁ?n@eon and
iﬁ? eral vi® ggg@%ﬁg@@gﬁgﬁgy ot LbRR T Mluiniatly e B sorivof ”: e
tenty ti 04 olt i ip RO HFIREPEE thlt eltelil TRl R sBF RE B Snect

wdth ks "%fesl:ﬁ ﬁbng‘%ﬂ’% ﬂ%ﬁ{aé(tufr?fg; ?rta'cﬁggﬁ ing m}ﬂd@e@'anpé‘fb?é"?f&r ff%ga t wdth.

20 25. "The se con vice O alm erein a first Ure
density i sna@rial eattde shfbé"ﬁa@m@)ihaﬁid%g/ “ﬁ@ldiﬁrlﬁﬁnhnoﬁ%ahhe second feature

density is at |east approximatel'y 10 pefcent.
flowing, spin-on, or others. Furthermore, although the description here
primarily addresses resist thickness and resist flowing, the same concepts of
use of process-assist features to affect thicknesses can be employed in other
10  contexts, for example, in increasing thickness uniformity of interlevel
dielectrics (ILD) and other materials.

FIG. 15 includes a process flow for performing sizing at selected via
locations. As discussed in relation to FIG. 14 above, many via locations do
not need to be sized because they are part of buses or a high concentration of

15 narrower wiring structures. At least half of the via locations do not need any
of the process-assist features. In many embodiments, approximately 90-95
percent of all via locations do not need the process-assist features.
Therefore, the method illustrated in FIG. 15 is typically used only for the
most isolated of the via locations (approximately 5-10 percent of all via

20  locations).

Referring to FIG. 15, a method 1000 is employed to locate, space, and
size process-assist features at or near locations of relatively isolated via
locations of wiring structures. The process-assist features can be formed as
the shapes previously described or others as applicable. Additionally, the

25 process-assist features can include tiles, or a combination of tiles and the

other process-assist features. In this embodiment, both tiles and other shapes

of process-assist features are used. The method 1000 commences with
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14 July 2003 26. A process for formng a seni conductor device conprising:
.formng interconnect features over a substrate, wherein: the interconnect
features include a f rst interconnect feature having a via location; and 5
the first interconnect feature near the via location is at |east 50 mcrons
away fromother interconnect features at a same |evel; and fihaw figsa film
.over the substrate and interconnect features, wherein: the filmhas a first

t hi ckness ,over, the first jnterconnect feature 10 at the via | gcation; the
11111 hasidgntficanianioficarhads loration MewniGhseng AT BIIGMHEEESST 2%l e

IS AT S o RS AT G NNV Bt
Crench and QWA PEREE, I8 TERRE BlAL Frbd TPl 1 53 a8 sddatcr

| ai m 26, ' ' t t 4.ncl ; d f d
beror e 1 daRGOPRe Y HESRUTE ReF RS e e R gt LR, 1 7 26,
The pracesg Bitiohdd M rSor Ymﬁr% IrBc -As%%%tfeﬁg%%r.t ion of the film permanently

remai ns over the substrate after tlow ng t film 25 30. The process of
cl ai m 26, wher ginrtheBasthiodMENl0, RObIdER 002 eeuddsrbsizaiglupesaned t hi cknesses

are at | east approximately 50 mcrons apart. 32
dimensions of a via portion at a selected via location, in order to derive
maximum lateral dimensions for one or more process-assist features at or
near the via location. This sizing up block 1002 can size up the via portion

10 according to the external dimensions for the process-assist feature previously
stated, for example, on the order of no less than approximately 3 microns
and no more than approximately 100 microns or approximately 150 times
the thickness or the minimum width of an interconnect portion associated
with the via portion.

15 In a block 1004, the interconnect portion associated with the via
portion is sized up according to the internal dimensions for the process-assist
feature previously stated, for example, so that the sized up interconnect
portion dimensions match internal dimensions of the process-assist feature
on the order of extending the dimensions of the conductor no more than

20  approximately 10 microns on each side or no more than approximately 4
times the thickness or the minimum width of the interconnect portion near
the via portion or 4 times a minimum lateral dimension of the via location.
Of course, the particular sizing up in the block 1004 will depend upon
design rules, tolerances and desired effects of the process-assist feature. The

25  block 1004 must be conformed, as necessary, to provide desired
determinations for the process-assist feature. Typically, the sizing up in

block 1004 is to a much smaller extent than in block 1002.
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14 July 2003 31. The process of claim 26, wherein measurenment points for
the first and second thicknesses are at |east approxinmately 90 m crons
apart. 5 32. The process of claim 26, wherein the first thickness is no
greater than approximately 92 percent of the second thickness. 33. The
process of claim 26, wherein the first thickness is no greaq;hﬂ§ﬂ%g
~approximately 89 percent of the second thickness. 10 34. The priocess of
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di stance is no
A tile area is then sized up in a block 1008. As previously mentioned,
dummy structures, such as tiles, are process-assist features. Similar to the
other process-assist features previously described, the tiles will be formed at

10  the same level and using the same materials as the interconnect portions of
the wiring structures. The tile area is, therefore, often a desired feature for
the device and will be included in the database and the desired masking
level, which can, for example, be the same database and level involved in
forming the process-assist feature. Unlike prior art tiling schemes, tiling is

15  performed only where needed, and typically, this is near isolated vias.
Therefore, only selective tiling is performed. The size up block 1008 for the
tile area is governed by design rules and specifications for the product
semiconductor device, and will be known and understood by those skilled in
the art.

20 The second sized up interconnect portion from the block 1004 is next
subtracted in a block 1010 from the sized up tile area of the block 1008. Ina
next block 1012, the sized up via portion from the block 1002, which is the
dimensions for the process-assist feature, is subtracted from the sized up tile
area of the block 1008.

25 Finally, in a block 1014, the particular result for the process-assist
feature, the interconnect portion, and the process-assist features including

the tile area are integrated with all results obtained for masking layer
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greater than approximately 50 m crons. 37. The sem conductor device of

-claim 35, wherein the first distance is no 5 greater than approximately 20

m crons. 38. The serniconductor device of claim35, wherein the first

di stance is no greater than approximately 9 mcrons of the via |location. 10

39. The semi conductor device of claim35, wherein the first ;g Hozat | east
. . 13 Rfly 2003

.one process-assist feature is spaced apart fromthe conduct or § a second
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14 July 2 € sem conductor device of claim39, wherein the second

distanse s noREFER IR EFGP BXAiBLEhpldty iriBess ARidiITbakinedssigh, Hid M NI um

width. "5 44. The sem Ttonduct or aim 39, whereint di stance is

no nore t hadatabRseoxhdBtehsking lévadrdhaht mhetkoesDD;, i heclqded i Wi dth. 45,
The sem conduct or device of claim35, wherein the at | east one process

assi st f eaetrieondwdtoddsvzesubatratept bites Thagabsesstasaistrfeatundeirrilinde 40 t he
singl e process-assist feature has a side dinension |larger than 3

process-assist feature 1106 and tiles 1108. An isolated via portion 1104 and
an interconnect portion 1102 are part of a wiring structure 1105. The via

10 portion 1104 is laterally surrounded by a collar-shaped process-assist feature
1106, according to the dimension and location criteria described herein,
Tiles 1108 lie within a tile area that is located adjacent to the process-assist
feature 1106. In the example, the interconnect portion 1102 is distinct and
spaced apart from the process-assist feature 1106, and the process-assist

15 feature 1106 is distinct énd spaced apart from the tiles 1108 of the tile area.
Although not shown in FIG. 16 (due to the scale of the illustration), the
process assist-feature 1106 is spaced apart from the wiring structure 1105.
The database for the masking level to form these structures with these
distinctions is created pursuant to the method 1000 (shown in FIG. 15).

20 The tile area on a right side in FIG. 16 of the process-assist feature
1106 includes fewer tiles 1108 than on other sides of the process-assist
feature 1106. This is the case because of a conductor 1110 in a vicinity
close to the process-assist feature 1104, which overlaps with an oversized
area for the tile area. Pursuant to the logical block 1014 of the method 1000,

25  overlapping sized-up features are integrated through the OR operation

according to design rules and desired results for the masking level. The
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20 1205 near the via portions 1204 that are not adjacent other wiring structures
1205 or other features (not shown). A plurality of tiles 1208 within a tile
area are located adjacent to the process-assist feature 1206 and the wiring
structures 12035.
This example in FIG. 17 illustrates the integration and possible layout
25  design for multiple features on the substrate 1200. Particularly, the method

1000 (shown in FIG. 10) allows for the integration and building of the

database for the masking layer to form the multiple features. Of course,
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y! X#109& ([pr geampisnmgocssseassist featurgs, condycterosing tibes, andotvas 3re 10m 10m
possible following the acts of the method 1000 and the practices described
herein.

5 In still other embodiments, the process-assist features near other
isolated features may allow more processing margin. In this embodiment, an
insulating layer is formed at least in part by performing a flowing act while
previously formed conductors underlie the insulating layer. FIG. 18
includes a semiconductor device substrate 190 with a field isolation region

10 192 overlying the semiconductor device substrate 190, An isolated
conductor 194 is formed at the same time and with the same materials as
word lines 196, which are also conductors. Portions of the isolated
conductor 194 and the word lines 196 include gate electrodes for transistors
that are not shown in FIG. 18. The isolated conductors 194 and word lines

15 196 typically include silicon, a refractory metal, a refractory metal nitride, or
a combination of any one or more of those materials.

An oxide layer 197 is formed over the field isolation region 192, the
isolated conductor 194, and word lines 196. The oxide layer 197 is formed
at least in part using a flowing act including a coating operation (spin-on) or

20  a deposition and flowing (reflow) operation. Because no process-assist
features or other features at the same level are present near the isolated
conductor 194, the oxide layer 197 has a thickness 198 over the isolated
conductor. The area at the word lines 196 have a higher feature density
compared to the area at and near the isolated conductor 194. The oxide layer

25 197 has a thickness 199 that is significantly thicker than thickness 198.
Subsequent formation of vias to the isolated conductor 194 and the word

lines 196 will be difficult because the oxide will be removed quicker over

24



10mB9s109m&: () - | D, f #100%1m&: () - !, f #10%&: () -) * &+y+, - - zX6{\: I D, f #10%pp& ()-z!,
CF#109%& ()-2z!, F#109& () - z- #109%&' () - ! S- #10%&!’ ()-IS%#lo%& ()--.:100000%)} r g\ =
| Df #yF109%Z& ()- 10 10
10, 9t 10%&' ()-!~y, "10%~& ()-'y, "109%& ()-, f#109%& ()-z%1L1p22324}[ <g\ =! D@10
°/<ZK& ()-fla@l0%& ()-f @10%& ()-!f@10% 14 July 2003

@ 109&b& ()-! @ 109K () - 24>55677777z[ PE: | 10Z 10Z

& ()
1OZf 9 10%¢ 5‘ g%&]z@dﬁ S r 1@4%%%{?%&& 6 te wolddfhes) FhikHitferential

109& () - f

- }L9PE: L1 @r0ni s WO datREFIOHE (1Rl 1L - S 310

W& ()-2;
10@s10%& "~ n@Mﬁ’v\%ﬂTﬁq&)wé [0 thickerfoRigdpv& () - ! T#y#10%& () -

0%& () ->7"

10@ F@ifloo/& ()'Ih"_f@?-ol%gt a@oht%rjr@?’ 1&&65&%3@1@%&32@1‘65#@@91% (s)oiat%@
10nBDCi DDEKFNFCOFz X9. -m

#3" 1098 ()co@fd%%td{OP@F&eIQs t@'x(eﬁ@*elQB@MIM&lds)s ﬁﬁ%"ﬁo@léﬂﬂ* |”ﬂﬂﬁckness
10, "10%&' ()-1\"10%)& ()-1a"10%.& ()-!a"10%.& ()-, #f GLO% ()- 10

10* | WJIKKNINI@ [soser to the thickness 199. Therefore, etching vias to the isolated

10PP! Yf #g#109%PP&' () - ! Yf #g#10%PP& ( %@Yf #g#loo/cm& () -1 Yf #g#10%JU&' () - 3 #10%&

()-! 3@#1mmzd@)ct Peed o] 98+ iomnee (i forer etvieen) thetwrotupes: of) -
"10% 11 &f( @ty310%m& ()- 10PP 10PPPQORST Uz X6B:

10PP' SHf #1@6/E&Ire)sir§lCN8#ﬁ#100/arrrr& ()-s! SH #109&' () -s! SHf #109&' () - S@10%& () - !

P@HLO%! () -

Ut US LRLB \Rﬂibeé@?ﬂg%%%f@%&ﬁ(:?t-lPRsS&Ifo‘d)@!&&“P?haétbfﬁ@@e@ffl@ﬂé/‘iléh/&' 0)-

10m 10g 1§ 691% &% gf)egf X b dikfeRs However, one of ordinary skill in the art

appreciates that various modifications and changes can be made without

departing from the scope of the present invention as set forth in the claims

below. Accordingly, the specification and figures are to be regarded in an

illustrative rather than a restrictive sense, and all such modifications are
15 intended to be included within the scope of present invention.

Benefits, other advantages, and solutions to problems have been
described above with regard to specific embodiments. However, the
benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more

20 pronounced are not to be construed as a critical, required, or essential feature
or element of any or all the claims. As used herein, the terms "comprises,"
"comprising," or any other variation thereof, are intended to cover a non-
exclusive inclusion, such that a process, method, article, or apparatus that
comprises a list of elements does not include only those elements but may

25 include other elements not expressly listed or inherent to such process,

method, article, or apparatus.
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wherein:
an outer boundary of the first set lies a first distance from the
10 via location, wherein the first distance is no greater than
approximately:
100 microns; or

150 times the thickness or the minimum width.

15 2. The semiconductor device of claim 1, wherein the first distance is no

greater than approximately 50 microns.

3. The semiconductor device of claim 1, wherein the first distance is no
greater than approximately 20 microns.
20
4. The semiconductor device of claim 1, wherein the first distance is no

greater than approximately 9 microns of the via location.
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10 microns; or

5 15 times the thickness or the minimum width.

6. The semiconductor device of claim 5, wherein the second distance is no

greater than approximately 5 microns.

10 7. The semiconductor device of claim 5, wherein the second distance is no

greater than approximately 2 microns.

8. The semiconductor device of claim 5, wherein the second distance is no
more than approximately 9 times the thickness or the minimum width.

15
9. The semiconductor device of claim S, wherein the second distance is no

more than approximately 4 times the thickness or the minimum width.

10. The semiconductor device of claim 5, wherein the second distance is
no more than approximately 2 times the thickness or the minimum
20 width.

11. The semiconductor device of claim 1, wherein the at least one process-
assist feature includes a single process-assist feature, wherein:

the single process-assist feature has a side dimension larger than 3

3]
W

microns and no greater than approximately 100 microns.

27



d @10'! 10@ 10% ()-!' @10% i & () -, #y410%& ()- 10m 10m
- 10MD10%T& () - 710%m& () - di }[<_ @ 10! !
SHF" 109&' ()-f! SHF" 109%& ()-f,"109%& ()-g!\, " 10%& ()- g#10%& ()-y!f#10%& () -y{\
. 10!113"109%n& () - @y3109%& ()- 10 10 109109%& ()-!, S#10%& ()-Z

L SH109%& ()-Z ; WUB{\ - 14 July 2003
~10'#S#10%& () L#SHI0% () -t!, - #109& ()-g!\ - #10% ()- gl X, - #1087 g1 3" 10%
& ()-+ /0Ll>r~\= 10!, 4" 109%&! L 4710% 1 & () - #y310%& () 10 10
10: 109& ()14 @%@&n jictar
- 10! yf #100& ()-2! f# 0% z'yf#:LOl;é& #1098 ()-z@#10%& ()-f!\ @ #10%&
PO -f{\: 1011 XPAAYYRICEST hesgu e Ca%n’l ‘i

101 tobee () - v Sk ol sl Wk s indogation, whessipbe 6jneleranons -
}-& ()51 = 101 30908 (i SHEHHNTE () -

S has a side dimension at least approximately 3 microns and no
greater than approximately 100 microns; and
is spaced apart from the conductor by a distance, wherein the
distance is no greater than approximately four times a

minimum lateral dimension of the via location.

10
13. The semiconductor device of claim 12, wherein the single process-assist
feature lies along only one side of the via location.
14. The semiconductor device of claim 12, wherein the single process-assist
1S feature lies along at least two different sides of the via location.

15. The semiconductor device of claim 12, wherein the single process-assist

feature lies along at least three different sides of the via location.

20 16. The semiconductor device of claim 12, wherein the single process-assist

feature lies along at least four different sides of the via location.

17. The semiconductor device of claim 12, wherein the side dimension is

no greater than approximately 20 microns.

18. The semiconductor device of claim 12, wherein the side dimension is no

less than approximately 6 microns.
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greater than approximately two times a minimum lateral dimension of

the via location.

20. The semiconductor device of claim 12, wherein the distance is no
greater than approximately 1.5 times a minimum lateral dimension of

the via location.

10 21. A semiconductor device:
a first conductor has a first interconnect portion and a first via
location, wherein:
the first interconnect portion has a first interconnect width near
the first via location;

15 the first via location has a first lateral length, a first lateral
width, and a first lateral area, which is the product of the
first lateral length and the first lateral width;

a first feature density is measured at a same level as the first
interconnect portion and includes a first area bounded by

20 points lying approximately 20 microns away from the first
via portion; and

a first process-assist feature lies at a same level as the first
conductor and lies within approximately ten microns of the
first via location; and

25 a second conductor has a second interconnect portion and a second via

location, wherein:
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near the second via location;
the second via location has a second lateral length, a second
lateral width, and a second lateral area, which is the
5 product of the second lateral length and the second lateral
width; and
a second feature density is measured at a same level as the
second interconnect portion and includes a second area
bounded by points lying approximately 20 microns away
10 from the second via portion; and
no process-assist feature lies at the same level as the second
conductor and within approximately ten microns of the
second via portion,
wherein the semiconductor device has a characteristic selected from a
15 group consisting of:
the first lateral length divided by the first lateral width is no
greater than approximately five, and the second lateral
length divided by the second lateral width is at least
approximately two;
20 a value of the first lateral area is no greater than approximately
ten times a value of a minimum lateral via dimension, and
a value of the second lateral area is at least approximately
five times the value of the minimum lateral via dimension;
the first interconnect width is no greater than approximately
25 twenty times a minimum interconnect width, and the
second interconnect width is at least approximately four

times the minimum interconnect width; and
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) percent, and the second feature density is at least

approximately 10 percent.

5  22. The semiconductor device of claim 21, wherein the first lateral length
divided by the first lateral width is no greater than approximately five,
and the second lateral length divided by the second lateral width is at

least approximately two.

10 23. The semiconductor device of claim 21, wherein the first lateral area is
no greater than approximately ten times a minimum lateral via
dimension, and the second lateral area is at least approximately five

times the minimum lateral via dimension.

15  24. The semiconductor device of claim 21, wherein the first interconnect
width is no greater than approximately twenty times a minimum
interconnect width, and the second interconnect width is at least

approximately four times the minimum interconnect width.

20 25. The semiconductor device of claim 21, wherein a first feature density is
no greater than approximately 50 percent, and the second feature

density is at least approximately 10 percent.
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” forming interconnect features over a substrate, wherein:
the interconnect features include a first interconnect feature
having a via location; and
5 the first interconnect feature near the via location is at least 50
microns away from other interconnect features at a same
level; and
flowing a film over the substrate and interconnect features, wherein:
the film has a first thickness over the first interconnect feature
10 at the via location;
the film has a second thickness over the first interconnect
feature spaced-apart from the via location; and
the first thickness is no greater than approximately 95 percent
of the second thickness.
15
27. The process of claim 26, wherein the interconnect feature includes an

interconnect trench and the film includes a lithographic resist.

28. The process of claim 26, wherein the interconnect feature includes a
20 conductor formed before flowing the film and the film includes an

insulating material.

29. The process of claim 28, wherein at least a portion of the film

permanently remains over the substrate after flowing the film.

30. The process of claim 26, wherein measurement points for the first and

second thicknesses are at least approximately 50 microns apart.
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31. The process of claim 26, wherein measurement points for the first and

second thicknesses are at [east approximately 90 microns apart.

W
v
o

. The process of claim 26, wherein the first thickness is no greater than

approximately 92 percent of the second thickness.

33. The process of claim 26, wherein the first thickness is no greater than
approximately 89 percent of the second thickness.
10
34. The process of claim 26, wherein the first thickness is no greater than

approximately 85 percent of the second thickness.

35. A process for making a database for a masking level comprising:

15 identifying locations of a conductor having an interconnect portion
and a via location, wherein the conductor includes an
interconnect portion has a thickness and a minimum width; and

inserting information into the database, wherein the information
corresponds to a first set of at least one process-assist feature near

20 the via location, wherein:

an outer boundary of the first set lies a first distance from the
via location, wherein the first distance is no greater than
approximately:
100 microns; or

25 150 times the thickness or the minimum width.
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greater than approximately 20 microns.

38. The semiconductor device of claim 35, wherein the first distance is no

greater than approximately 9 microns of the via location.

10 39, The semiconductor device of claim 35, wherein the first set of at least
one process-assist feature is spaced apart from the conductor by a
second distance, wherein the second distance is no more than
approximately:

10 microns; or

15 15 times the thickness or the minimum width.

40. The semiconductor device of claim 39, wherein the second distance is

no greater than approximately 5 microns.

20 41. The semiconductor device of claim 39, wherein the second distance is

no greater than approximately 2 microns.

42. The semiconductor device of claim 39, wherein the second distance is
no more than approximately 9 times the thickness or the minimum

25 width.
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43. The semiconductor device of claim 39, wherein the second distance 18

no more than approximately 4 times the thickness or the minimum

width.

5  44. The semiconductor device of claim 39, wherein the distance is no more

than approximately 2 times the thickness or the minimum width.

45. The semiconductor device of claim 35, wherein the at least one process-
assist feature includes a single process-assist feature, wherein:
10 the single process-assist feature has a side dimension larger than 3

microns and no greater than approximately 100 microns.
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