', e3e<: v$6ZTG , SEM CONDUCTOR DEVI CE AND A PROCESS FOR DESI GNI NG A MASK 5
F| eld of the ”I MM OCT 2002 This invention relates in general to
sem conduct or masks, and nore particularly, to sem conductor
devi ces and maskscda@wi ng durmy features. Related Art 10 Polishing is used
to planarize surfaces in form ng sem cordductor devices. Traditionally, no
tiling has been used in form ng sem conductor devices. Whett iR |2]q0r?g
used, polishing causes dishing or other problens rel at ed t o nonuni form
t hi ckness across a sem conductor device substrate. These probl ens include
‘exceedi ng the depth of focusggpichNbirarGDEVICESAD- el at ed concerns that
are 15 illustrated in FIG I IncT udes a su Strate that includes a
conductive layer 11. An i nAHRL} S FQR ININGf o Mydsand patte
openi ngs extending to the conductl ve Iayer 11. A conductive fi I Im@ﬁ "B&MBW
(e.g., tungsten or the like) is deposited into the openings and
form conductive plugs 13. The polishing can erode nore of the insul &84
| ayer 12 where the conductive plugs are closely 20 spaced. An insul ating
| ayer 16 §s then forned over t he ﬁaﬂmﬁm_m@mngs 13. The upper surface of
the insulating | sone
| ocati ons, openi ﬁ%‘@g nt!n?h %gengpa‘?l@de%gxﬁ)c/ dg@tro Fé‘l?‘%g aégn uct’l vd; pl ugs 13
because of timreepantmudmly, tdnenemndhcea\demgeamd maskis Abving dgmmylfeatives.ween an
opening 17 and its underlying conductive plug 13 as 25 shown in FIG 1. An
el ectrical open would be formed. If the etch is continued to renove gap 19,
the conductive plugs 13 that are expprgg@deat!ier are overetched typically
resulting in high contact resistance. Therefore, the nonuniformty in
t hi ck neslg0 caus edPdlishingiis usey toplanasize surfaces in fosmingisemisoafiectorrdeyiges. opens
hi gh resi st I g S
Dummy f eat u;}g%g %\8@ }ﬁ%ﬁlmgk%c%sehg%dé ?‘g‘?‘r{bxt%g %e%cﬁtd {géﬁ%e?o l-g:ﬁfsnr(’srel at ed
to dishing almhhgu‘s beed, pmimbmglmbesldtshingloneﬂsr p{bbbntsscla@dmmlmdbnnes used to
aid polishin rmed bec roma vi,ew of the
semi conduct of" esia%ﬂswn}éﬁwuﬁtgflﬁq%vécesf’ g at rgls%pr r‘}ﬂi}u eat ures | ooks
: ike til gsf &daeednrgxgeﬂsmﬁof fdcub i‘dﬂ@jtﬁdgmlphﬁbf MCh-MhtUdé@)c?fn@aﬁata@ a ci Ircui t
ayout, ef i ) er e (typica n.a rapge o proxwrateySlO
mi cr ons)!ar o Hﬂg“é%tlf‘ fleaﬁ‘?’e% ’\R{“ﬁfﬁ %s"h’ﬁ‘éatFéB?bH’FP“%ﬁ%ﬂc ¥fi AT tlhe
circuit |ayong 1ﬁéhﬁafir_1$ Bgern!ﬂ's fdted A& p it&Mﬁl&%ﬁ&l@@kﬂéﬂﬁﬂ a@as. S All
ot her areas are avai le for tili nqu Regar dl ess Ci rcw density) tiling

is used if tdeadentivedayeelbebwendictng il maierial (eg.f Wagtenedr thelike) ivr above a
m ni mum w dt&agos?aealuﬁah}eyopem@s Hihcﬁ% d#o%ﬂn héndﬁ&x@tg%st TR SR 1MiGE ONS)

and can be approxi nate ten-mcr ' es or at
can erode more of the insulating laycr 12 where the conductive plugs are closely

20  spaced. An insulating layer 16 is then formed over the conductive plugs 13. The
upper surface of the insulating layer 16 is planar.

Openings 17 are then formed. In some locations, openings do not extend
completely to all the conductive plugs 13 because of the erosion, thereby leaving an
insulating gap 19 between an opening 17 and its underlying conductive plug 13 as

25 shown in FIG. 1. An electrical open would be formed. If the etch is continued to
remove gap 19, the conductive plugs 13 that are exposed earlier are overetched,
typically resulting in high contact resistance. Therefore, the nonuniformity in
thickness, caused in part by polishing, can result in electrical opens, high resistance
contacts, electrical shorts, or other leakage paths.

30 Dummy features have been used as an attempt to solve the problems related
to dishing and other accumulated thickness effects. Dummy features used to aid

polishing are formed by "tiling" because, from a top view of the semiconductor



f

‘partial tiles are placed in available areas at |least five microns wde. The
tiling pattern 10 (i.e., size and density of tiles) is usually the sane
across a sem conductor device. See FIG 5 in each of United States Patent
Nunber 5,278, 105 and European Published Patent Application Nunber 0 712 156
(1996). Although portions of tiles are 12 ssing, the sane f&%é%[ﬁ c@r}mty S
-used. 15 Brief Description of the Drawi ngs The present invent 3
illustrated by way of exanple and not limtation in the acconpanyi ng
figures, in which Iike references indicate simlar elenents, and in 20
which: FIG cl ' : Livbew of a
portion of a&es‘{lj sthlrdgt tzelg%tf géﬁi@&%@%g)@ggﬁﬂﬁg@é(pr|7}%§rsfpﬂﬁ t1h}6% 2 includes
a process flwcdllyagnchldes creatpng acoidouicl layewtt ddfmimlmrffnrmenmﬂﬂmealkydh ashi ng dumy

features are to b | aced wi n as mco ctor devi ¢ i ncl udes
an illustrat an%e apgr atsliye{,\mﬁncaorﬁ ?‘rlo}"b o gaélgf‘ﬁ Wﬁﬁlgdﬁe( B:le.g’e %
substrate anam?olﬁﬁgfaférdi@duIla%f)éstrwnﬂh@nuﬂmm!zm-ag deerrhink €%&10add a@éhsOf a
cross-sectional view of the substrate of FIG 3 after depositing and

pol i shi nd a AHyther argay arpiamajlabledoptalinger ned | ayer; FIG 5 includes an
il lustration of ZR %g asfagﬁlgguéade%glp ﬁpeﬁiﬁ%gdlf%’dl ce?b%tv!/:écg‘ 82 ncl udes an

illustration of r’es i on of e SEm con or devi ce
of FIG 5; actiSe QhtupksTis 206:2abbvéa miniimoal wides Bypidalllyuké fradinim eidtais no

conpl enent ar e of the topographical representati FIG 6; FIG 8
i ncl udes an ‘%P‘l’eggg"rtﬁf‘ FEFroBs: aﬁgfﬂ‘pbe\ﬁPBWxHPatﬁl%ﬁ’r‘[‘q°6?f‘so%n 1lep @t &dedst onduct or

partial tiles are placed in available areas at least five microns wide. The tiling pattern

10  (i.e., size and density of tiles) is usually the same across a semiconductor device. See
FIG. 5 in each of United States Patent Number 5,278,105 and European Published
Patent Application Number 0 712 156 (1996). Although portions of tiles are

missing, the same feature density is used.

15
Brief Description of the Drawings

The present invention is illustrated by way of example and not limitation in
the accompanying figures, in which like references indicate similar elements, and in
20  which:
FIG. 1 includes an illustration of a cross-sectional view of a portion of a
substrate after forming openings (prior art).
FIG. 2 includes a process flow diagram for an embodiment to determine
where polishing dummy features are to be placed within a semiconductor device;
25 FIG. 3 includes an illustration of a top view of a portion of a semiconductor
device substrate and a patterned layer;
FIG. 4 includes an illustration of a cross-sectional view of the substrate of
FIG. 3 after depositing and polishing a layer overlying the patterned layer;
FIG. § includes an illustration of a top view of a semiconductor device;
30 FIG. 6 includes an illustration of a topographical representation of the

semiconductor device of FIG. §;



‘device |layout at a feature level for the sem conductor device of FIG 5; 5
FIG 9-includes an illustration of a cross-sectional view of a portion of a
Sem conduct or device showi ng active features and an overlying insul ating

| ayer without any polishing dummy features; FIG 10 includes an
illustration of a cross-sectional view 8f a portion of a substrate simlar
to the one shown in FIG 9 when polishing dummy features at® O4F & to

| ess dense areas; FIG 11 includes an illustration of a cross-sectional of
the substrate of FIG 10 after polishing the substrate; FIG 12 includes an

feature | evel forigig Safabsdh Rl @ ol Mgy aaR e ST 0,

an il ustr at represerftatiort Fig. 6§ ew of a portion of sem conductor devices near
scribe lines and ntrol features within the scribe, li . FI.G 14 includes
an illustration of'loc%l 8dpgjudes 2p dliysyatign ‘giaéw? ?S‘Fwa"fﬁcﬂof'il%&gée SIUERPEREUCt or

devi ce havi ”%rﬁ ghﬁqtHgaféawlemgﬂﬁees%naéoﬂh&wa@% Jreacus.e | evel s; FIGs.

15 and 16 in ustrations of cross-sectional views of portions of 20
subst r at € show ngFlbSiin¢lodes|an ilbistrationms hiqpessotctiongl xiew oéapartion ofad pol i shi ng

dummy features .at different feature |evels; and Fl 17 hhnel udes an
illustrati onseﬁlc%dglft&&vé%ecﬁhpgﬁlacwee‘\%atéﬁes3“@3? P Y%ﬁirﬁmﬁu@%ﬂggﬁduct or
devi ce subst waheutand poleshirg dufahy fe@fuddsj onshi ps bet ween conductors and
polishing dummy features at different feature |levels. 25 Skilled artisans

appreciate that eféhdRirclydss amillustrasionof agrassseqtigatlrvagveal 3 BTGP AR ci ty and
clarity and @Y@at@@iﬁiﬁ?&ﬁ‘ﬁé%é LhowhEE BIG ' PWRed Sol1RRR %um'legf feSsAARtL, the
of sone of-the b

di mensi ons elenents 1n the figures y exagger at ed
rel ativelQ o aideéto lebedemse reaso hel p to i nprove under st andi ng of enbodi nents

of the present | nﬁﬁ]tﬂ ?nrclﬂud%(s) an illustration of a cross-sectional of the substrate of FIG.
10 after polishing the substrate;
FIG. 12 includes an illustration of a top view of a portion of the
semiconductor device at a feature level for the semiconductor device of FIG. 5;

15 FIG. 13 includes an illustration of a top view of a portion of semiconductor
devices near scribe lines and control features within the scribe lines;

FIG. 14 includes an illustration of a cross-sectional view of a portion of a
semiconductor device having polishing dummy features at different feature levels;
FIGs. 15 and 16 include illustrations of cross-sectional views of portions of

20  substrate showing positional relationships of active features and polishing dummy

features at different feature levels; and

FIG. 17 includes an illustration of a cross-sectional view of a portion of a
semiconductor device substrate and positional relationships between conductors and
polishing dummy features at different feature levels.

25 Skilled artisans appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present
invention.

30



4 04 .0CCT 2002 Detailed Description Physical proximty effects, electrical
proxi m'ty effects, or both are taken into account when determ ning where to
pl ace polishing dumy features. Polishing 5 dunmy features can be inserted,
renoved, noved, or otherw se nodified at one or nore feature |level |evels
to achi eve sufficient planarity wthout 4dversely affecting the performnce
of the sem conductor device. |In essence, nore selective pl g%e%rﬁt‘?%z

pol i shing dumry feature patterns, rather than sonmewhat indiscrimnate

pl acement of polishing dummy feature patterns, is used. Both |ow frequency
(hundreds of 10 microns and | arger) P&dildd Descfiptemuency ( 10 m crons and

| ess) of topography changes are exam ned. Wen inplenented to its greatest
extent, enbodi nents of the present invention allow for sufficient

planarity, while BV S| | Ik dkimi i | S
defined by the cl ?IB ﬁ&éﬁﬁagg%%%@gf élg‘?\t 8{1 %%kggﬁgﬁfﬁ&?gggﬁhrﬁgy ? %ﬂ 1(r?lgbst of

t he det ai | ed ademat wién derermiriing@wherrbeplacs pdlishing damenydedtireePdishimg to aid in
t he under st andi n he specjfication. 1. Actiye features agre features that
correspong tgu{”ﬁg’ tfﬂ%tgﬁeéﬁ@bbedf‘f‘ﬁfltrre?of’% rrgwg%rﬁr 8§‘ﬁﬂﬂé‘? Bpglf@gia&B?e %he active
features i nchierdarid lePal3ewis th @St Shuffictent pRARSHY MAdUL ARIsehdffebisy t he

i ke. Active features include power supply featlures, which are 20 designed
to operate athepesiohsangnof thielsymisondicsanideyioe. ekitessence, ginge s¢leptive plasamentes,

whi ch are desj - ' f tronic
condi t; ons. g PaireRufER AurRiRlF. SRECRE RmdifindiRBnithe Blhofhdif

condi ti ons. 2f pdishingaumieafieatoespattemsfie atedr Soth loat fréyplepcyc(hnndreds efhe

pr ocessi of .a substrate. ntr.ol featyres incluyde alignnmen rks

B ruotur B 7 oictadsaii g sad Riharancns (i SRat grd o R Er Py RanB 1 ca
test structupRexamh@d!Waed inflemdiifd ©ARtgrédtest &aEM] &BbcHiRenty Bf #Rlprésehtocat ed
within scribe Iines between dice on a sem conductor device substrate. 3.

Envi r onment ainvprtianadiowdar sufficigntelanarity, Pste areservingsigng! iategrnmalle (nost
i nportant) f P&géﬁ‘lt ggveﬂtiorﬂﬁ AL Ak H;'%@Cﬁ%mm alfhﬁ ri‘%{&ﬁﬁré Eb&Farler %Qding the

post -fabricati envi ronnmental con ons. ge ring seal "around the
die is the mestofghedesmledmigscription.

15 A number of terms are defined below to aid in the understanding the

specification.

1. Active features are features that correspond to the designed circuitry for a

semiconductor device. The active features include portions of transistors, capacitors,
resistors, or the like. Active features include power supply features, which are
20  designed to operate at a substantially constant potential, and signal features, which
are designed to operate at one potential under one set of electronic conditions and a
different potential at another set of electronic conditions.
2. Control features are features that help control the processing of a
substrate. Control features include alignment marks, structures for measuring
25 dimensions of features ("CD bars"), electrical test structures, and the like. The
control features are typically located within scribe lines between dice on a
semiconductor device substrate.
3. Environmental protection features are features having a primary (most
important) function of protecting a semiconductor device from post-fabrication
30 environmental conditions. An edge ring seal around the die is the most common and
about the only example of an environmental protection device. The edge ring seal

provides mobile ion protection during dicing and packaging operations.



about the only exanple of an environnental protection device. The edge ring
seal provides nobile ion protection during dicing and packagi ng operations.
5 04:OCT 2002 4. Integrated circuit area is the portiaon of the die with the
active features. Typically, the integrated circuit area is bounded by bond
pads near the edge of the die. 5. Peripleral area is the portion of a die
that |lies between the integrated 5 circuit area and the scB?b@cTi%%%z. I n
many integrated circuits, the peripheral area is the portion of the die

| ying between the bond pads and the scribe line. d. Resolution-assist
features axe 5Ub'J.ESEIte_!gEdtéﬁ‘ciEcﬁﬁta}Ha%thfeI?)@Ptid'f\%?'tl-?etdié Rith % 490 ksbires) Of
active features that are to be printed onto a sem conductor device
substrate. Thypicalyothatntegratad siratit dremis boessied by bpnd palsmeanthe edgesif thait are not
printed as 1Q separate features onto a substrate. Phase shifters are

exanpl es of $&sol ution-assist features. Fox the purposes of this

speci fication, fentuPg@phafiiaea{sahe pitibEaf a diedbdt Ned Yetwedn tBe int@frated e

consi dered resol ution-assist features. 7. Dummy features_ include features
printed ont cFiEcularfacnd dhrcscebe linssi dnmanpinteasated Ciggyits.dhe pasipheel afeads thee not
any of the Qidiskn bMRESicHink BBMELTeBhA PAS ARMSscriboufL T Ferent types of
dunmy features are UEed 1 hosem conductof devi ces Fof VArious reasons. Dumry
bit lines are useil iResohitioniassist fenmesnire ngh-tdzelution Faatunsstthadhgsist ih theal | ow all

the active bit lines. in the array tao be uniform atterned, Unlike dunmmy
bi't 1 nes.  FErILHES ac e e (oA ek ta BE PHOi P s ROSOUUGIPRE & eat ur &
level of a rmskradd. PheSRE0IGRIN0ASTECleatd Y lafefprént IR AR bROAeSdt Pdnted as
characteristics at the current or 20 a subsequently formed |evel. A

pol i shi i@ duepdratedeatireeonte asgbstiateg Rhatcshifiars amexppRIpeef replvtian-gaisbf a
device. 8. GLaalel OPhCndIBHbBGks /o fiSeibifichint foaliks 2Bl B BpSPAGIAGicy ' 28 Of
features, or overlap be en features wthin an integrat circuirt? The
el ectroni ¢ desegionran esnsilereddetodutionrassistifeatpeest by processing nmargi ns and

device perfor manGe ( ummny Iféahfur%so include features printed onto a semiconductor device

substrate, where the features are not any of the other types of features defined above.

15  Different types of dummy features are used in semiconductor devices for various
reasons. Dummy bit lines are used in memory arrays along the outermost edges to
allow all the active bit lines in the array to be uniformly patterned. Unlike dummy
bit lines, polishing dummy features are dummy features added at a feature level of a
mask of a semiconductor device to improve polishing characteristics at the current or

20  asubsequently formed level. A polishing dummy feature is not required for the
proper operation of a device.

8. Electronic design rules are rules for minimum spacing, size of features,

or overlap between features within an integrated circuit. The electronic design rules
are determined in part by processing margins and device performance (immunity to
25  latch up, leakage current, etc.)

9. Polishing dummy feature design rules are a subset of the electronic
design rules but are specific to polishing dummy features. Traditionally, the
minimum spacing between a polishing dummy feature and an active feature or
another polishing dummy feature is at least five microns and typically is no more

30  than approximately ten microns.



|
25 latch up, |eakage current, etc.) 9. Polishing dummy feature design rules
are a subset of the electronic design rules but are specific to polishing
.dummy features. Traditionalily, the m nimum spaci ng between a polishing
dunmy feature and an active feature or another polishing durmmy feature is
at least five microns and typically is rfo nore 30 than apprOX|nate ten
-m crons, 6 04 OCT 2002 10. Differential exclusion zone % Fﬁg'appéerence,
at the same feature | evel, between the m ni num spaci ng between a polishing
dummy features and an active feature and the m ni mrum spaci ng between two

‘active features. 19 abffdrdhtial SRhisonl26nOfs thd\@rfeRASs, i MBAhME fQturk el deas
di scl osed herein, 5 specific, non-Trmting exanples are described. The

exanpl es wi | befwees thefraininsuro spacing W@nf‘dmilsmeg ey feaivngs anrban activeent i on
will be dire ﬁi to,tLhe.inte ratlog)f‘)}s{3 mtlw ‘E}I eff ature layers. A pattern
of conduct or $CARF AIG, e AIPHENT sRagine between fwQ aglive, ?‘ﬂ W§%1 ayer that is

approxi mat el y 0.8 T4 £d ensitnpliiky ofARe Gideci€andigaT tefideliidsB@héredn, 1. 5 m crons
i s subsequently formed over the pattern_of conductors and is pollshed The

focus of 10 sPRSifif, Berrlisiitng gxamples aradescritgd g Ehe exampies wikldfinstioews ¢n af
conduct ors agﬂg{é%dtéﬁa' %HH‘% E]Héﬁﬂf&&neéteh% Eﬂéﬁn&gfa@ EPHIER
e |n I'ncl udes a

pol i shed oxi ayer evation varl ationsS.

process fl| owfdditueiayensl® pdttlensdsfrcandumg)rawnt befesmed fmmdae:heuahwntmgm‘g/rhwee

pol i shing du features are to be gced out.. rocess
P arts. (bl oo B PP TR OR PHgomiek) atoxdh B of BEFOximalely A guBias rni s
point in ting dupsgG@ityforied Vet ihéPafidifl of Btiduetorsl@atisipéifshed. t TRt have
any pol i shing dunmy features The layout is then optionally processed for

adj ust neh@s ql&?éssvfayé@trectqm@&eﬁm%rbe@mpfgpnﬂé@wra@épﬁiai}u% resized to
account for g&%ﬁl&lf%u ;mlam @hggon%?%&&ﬁw@aé’ yée ng E&f&&”es ar e

typically ad | S speC| I ment um"ry features
are not preseanatlomvahmdnayout at this tine. However, polishing dumy

features could be S i n ot her odi ne I n. block 1 a decision is
made whet her a tog’g%?a{ F%es aepﬁ?ceeg%ﬂ?g?fagfffmi‘ 26 ﬁ%‘ﬁtéa"\%fa 1?{8939??% oxi de
gol i shing prgaexsxsnihg mﬁ&rmismmﬁaeﬁhmyrfedﬁhm krﬁldBc phRoed iaro ﬁlhtyelﬂtaqghon

i stance,is determ ned .i 114. This c a sation can_be 25
per f or me usPWﬁesﬁé@f‘Saﬁ?‘g? Edo?§y§ne§aqnlg@| El’é?é‘éa‘é °§‘o‘f§’25f '&}916%’0 ikt rate 20
and a | ayer é&m lﬁwgg]chlnehmemxﬂr@nw f@ﬁuxfeQVHHGesaﬁcﬁ havPaiygonshigg y 0.8
mcrons thic | ayer shoul d al so be approxi mately 8 m crons thick.

Typi cal |y, t hammy featyras. sTheclayout iy thery eption kprggeswor a%wn@gtsa@ éhenot _
I mportant. %.y/@l{t 33e st g&éxﬁégr[y f@ﬁﬁ'ﬂe?Ha?ge LRYye4 t@&b%?ﬂ‘t gHP;%I‘ﬁ{% m crons

thick instea using a ¢ ive laye However relatively nore
conpr essi ve biageplsogheresolutignrassist Fenpures ate eipiaatly a@dqqlatlethlmgecnfnderl ies the

CONAUCt Oi | bbb AR IEHE 1ol IS RLRTLEALS 12 DTSR igheioe L he

same or sim r| a accura har acr eri'se the poI i shing
process. HdéweXet, polifRing dummy features could be present in other embodiments.

In block 104, a decision is made whether a topographic representation is
made. If not, the oxide polishing process is characterised in block 112, and an
interaction distance is determined in block 114. This characterisation can be

25  performed using test wafers. FIG. 3 includes a top view of a substrate 20 and a layer
22. Because the conductors to be formed are approximately 0.8 microns thick, layer
22 should also be approximately 0.8 microns thick. Typically, the materials used for
substrate 20 and layer 22 are not important. Layer 22 could be an insulating layer
approximately 0.8 microns thick instead of using a conductive layer. However, if a

30 relatively more compressive layer (e.g., organic low-k dielectric material) underlies
the conductors in the finished device, the substrate 20 may need to use the same or a

similar material to more accurately characterise the polishing process.



‘After forming layer 22, it is patterned to sinulate an edge simlar to the
edge of ‘the conductors that are pan of the circuit |ayout. Al though hal f of
sthe ‘wafer is patterned in FIG 3, other patterns, such as checkerboards,
stripes, etc., can be used. The |l ayer to be polished is then formed over

t he patter ned surface. The material and?5 thickness of the | a er shoul d be
substantially the same as the layer that will be polished 06n 2

sem conductor device. In this specific exanple, the |ayer incl udes silicon
dioxide and has a thickness of about 1.5 microns. If the layer to be

pol i shed i ncl Ude%f?erl%ﬂd’ﬁ? la}'éi' 21 it & fakemeato &imulRe A ediBgindRPNINR edpdie | ayer
for the test wafer shoul so Include the different filns or dopants. 10
The | ayer 32fthe conductersithias hrepan of tlewimuit }ayﬁllltGAlmougThhzalf)Qﬂ the Wlafﬁglscondl tions

for the test wafe tc t he oI| |t|on for
seni conduct @P“‘HB%E Elzﬁgyhs‘tt %ftpé t%fgs 5? @eﬁcfg% 1 RS %‘6? fag‘h‘?e l8%ar anmet er s
that can af fipellayehsd wdlﬁmngtmh%maeweﬂhe 9atdrﬁsalsuﬁfecest1r}fefmsxsaleﬁdt he
pol i shi ng pad (hardness of the materials) and its (their) thickness(es)),
e

down forée pHeknsss ef the faypishionld beisubsipnéighy disiseme as thsﬂetcettlattw }og ati onal

d, t
relatively @%ﬁ%‘tﬁﬁ’t’ o e Rl et Wl TpOKRERaAL heBedHihge” | ©
mllineters Sﬂm ):hob(rdemntiﬂms e thigkneds of aly@rt 152micférar & the layettodepolished di st ance

34 where the of .t | ayer 3 he S|t|o di stance 34,
which is a ﬁlarl? r%éh"&é?éﬁ“é?ﬁ’&%or%? p%ﬂ%&amejayﬂ %qré ﬁrppr oxi matel y
0.3 mm and sﬁﬁlﬂ@ﬁlsbﬁtcﬁde'tﬁ’@@iffci&ﬂpﬁlﬁi@dfﬂbﬁirﬁts 1.0 mm For SOfTE oxi des t hat
are polished for interlevel dielectric layers or trench field isolation,

the trad@ition dilyetaveedis tlaeézrpotséhqdr@sahqmg?eﬂ& 4 5Be BRlshNECOPdiEoND nm  The
sensi tivi tyf&fthé{} Mt@f‘ lobildBarch ?h% Q?é%“ coMaRbns REEH & ﬂg&ﬂtdh&t}t 8&ice

par aneters |I's unknown. vvever | he transition | stance on pl’ oduct
substrat es eculfsfratess bloselyps posibiet. EROJASEOB parapBterhigatcas taffeetfthy palishingi t i on

an' i it or act T HE1 B SHEbEF o E BT Rp AR LB TS

typically aits (tBas)tthi&&héss@ﬁ))tdm/ntfbﬁtﬁ%késstﬁa pblishiap flaid daﬁiposlhbﬂ,g)mtexﬁmy
features_npl aced thin t(t!}ew interaction distance froman active feature
shoul d fRverqi@an ?Pﬁ%%tor ISt i shing and 30 planarization. As one exanpl e,
the transition diA$leApSIBhing, aae%emegr@éﬁhw@mme&hew d¥nSamCdn ¥ di st ance

I s appr oxi nat?eﬁl)%rthree nm 8 i s used, polishing durmi/ features

(til es) wi | §id ﬁ%}d@par%enqwlaée 10D s limeters fmaphireRithtasdee 9f fayee?2- nm t o t he
8 04 OCT 200g.8¢a4 ﬁ%sx@&ttdlétgnée%at»ﬂfc?éth@%legattorg&fttﬁe ﬁ&&%brcﬂgﬁg%s fpe 1ines,
interconnects, etc.) for at [east portions of the circuit yout .

Typi cal | y, transitignedistande 34nwhivhdka mhsdimc@erant&vstmgmtmcalhrragé@st density of
active a red l. f i h g dummy
Foat ur et - riEFEyled BITh fod SR 1e P b AR, (85 B0 R UMD TV
three nm fr that hlagohﬁmdés:tm&ﬂﬂeldxeﬂ&&taﬂaycmbt hémchtfietd idelad@s theatednsivienf eat ur e
pattern w t hout S} ni f.i cant| affectln oI| h|n f a subsequent | ayer.
Conpar e t hi 4S{P¢H ‘g‘éﬁ?\;&dt’lad IHBHQ%E) Wﬁ&ﬁ@sﬁ’é’ﬂw\?g eat ure

density is fadsitibhtBsthycet3aketien cRbikiRE félishing ;Jafhxztetf@§e uBRAYGML HeWaVer/TEt hods)
tiles are placed into open areas that are at |east 5-10 microns wde and at

| east 5-10 $HeBAbE trapsifipndisiapererpraduct splestnaies diffpas t»p@rvrcaﬁa@atcw%ar t he

hi ghestyqct

Ther of oro. - e test RATe HapAEEEkdi Bl e el Y SR maRg 1 RN es ot
t he edge ofdlampmlfw&lhmmg dummy feature pattern that are | ocated no nore than

10 mcrons from the nearest. acti eat u or o r du features. Note
that  the i nt er achh GHOARLiadteaY SreeRnpd By Bl Bk rviFi bR LAY 10
rragnl tude hitghRet hdlhafntht handdiicd mmtdeaw:ahxngumﬂﬁlf@ﬂﬁrey?ﬁsed‘ Wwithia@Rw ent i onal
tiling of open areas. Enbodinents of the present invention can have open

areas with wemqﬁ@nalrﬁaanceﬁ@trh@ amvafeaneaéhO%b@veitmmoyoeoohﬁt@rraml. Usi ng

the intgya a |§Sh%§;g e

pl aced aﬁfnt gﬁl%'ﬂaglzgdﬂ%u{gggﬁl ayou{I tﬂ cnsﬁ?@bd 9 S%Ilégmﬁ gIB ?1 5’%5/)@?’#??1;‘15? ion

(bl ock 134)iniesac?ion tdigparceald gpppcemmm}yaurebmndetfettlmgneuseﬁ pd’mhmgsluhim)ng surface
after the subse t. depositipn and p |sh anar en If so,
t he processfuf“él e@t{g@ )Wﬁﬁ%‘t‘ to bep cﬁg}qsgt‘h amwategpt#t é?f rn wi thin
the | ayout, which now includes active and polishing dummy feat ures, is
nodi fi ed. The process can be iterated until the predicted pl anarity i's
accept abl e. 25 Another process can be used in conjunction with or as an
alternative to the process previously described. Returning to FIG 2,

t opographi cal representations can be used (block 104). For this exanple, it
Wi II be assurred that the poI | shi ng process |s not gm ng to be charact er| sed

» A A M~ £ 1 R e ¥




04 OCT 2002 shapes. Although the representati on would have virtually all
the active features (would show virtually all the gate el ectrodes, word
.lines, bit lines, interconmects, and the |like), a block diagram of the

| ayout is used to sinplify understanding. In this exanple, the rrermry
arrays 42 and 44 are static random acce8s 5 nenory (SRAM Ierra and the
-logic region 46 includes a central processing unit, arith t P& IB Pé unit,
conbi nations thereof) or the like. Different types of nenory arrays may be
used (dynam c random access nenory (DRAM arrays, floating gate nmenory
‘arrays, ferr a gg&gg )
Addi ti onal | y&%hegﬁ%:py&fa{a@g%g%zg 3&2 can E)l fegwcrogﬁé&%/gge)ggg?t I%Fmr y
arrays. As 1;6brumscbf|the ditebis laypetc i Typically, ol aredsof theanastfor devieerbavingtheay i s

defined by the edges of the outerno of th array and
does not i ncPEgE chWycﬂf a tb‘ietfﬁﬂu‘&éetc?d%?té‘reqo\é%g tgﬁ;qqusf@ gf%ﬁ’nq?ﬁ]@gl i ke.
Referring togdphdsy feamurdsh erhe}%mé AREKiAY aurﬁ%y%rés‘lmﬂiﬁge bﬁge@aﬁpe&mateﬁﬁ
typically lie in a range of approximately’1 m crons from one anot her.
Al t hough 515 thesee nesh dsom the nearnsé ra@tu\ya faatmay)gthmthardanssmt actve featireipiteienor y

bl ocks (SUb \9{%0@!?1 nltflggl’}tl dfﬁct?ﬁr%%)?%ﬁlkégﬁgsﬂgs %&Sla%.art from other memory

bl ock within ays and 44 have dense

circuitry (cl osel@ompmmth@kxpﬁﬂn&@vdmmrﬁcﬂhbm tilifig twlerenutiste Fdanee, and bi t
lines). Although |ogic region 46 wl| hﬁgﬁ some 20 | qcaljzed dense circuit
regions, i ¢ Jeguappt wprl kendfaipsacegnnt. a%%.cpv‘efaﬂpv%? meshids: WlRaret he
circuit dens;ll&déd@rftob H@eﬁ%z}fa?erz{t‘?éﬁ%tﬁgo?fﬁ&oﬁs‘lwxdg%&'ﬁﬂhMSII‘Oxﬁicﬁﬁ% 122 in
FIG 2, the Tirst topographic representation is nmade and can be in a

spat i al 16r flongegerdiessiwhether. the epentageadp aear she highest active frature gensgor thei on i s
simlar to Y r i di fference
conpared 25 ?\ggggtﬁa%ggﬁ&e cﬂﬁé@% eIrhef‘eE’org Q%%nhgﬁafl n%léﬁ%frs \zgfq %gfy%ﬁﬁes type of
repr esent at ipolishisg &Iﬁnmylfmm’ds sirthe edge@ﬁla pﬁhm@'ddvhmy faaomt patrers dfat war e (al so

known as Her. cuI Hi er cal De of t war de by Avant!
Cor por at i on ]8‘1" ’E’rFB?FFa}r“’(‘EQ:QWF‘?ﬂS rog'h ."ﬁafegﬁ‘&“ efgt“?:eoﬁr” éﬁa‘é‘myon will be
much nore detfineedNbldakat iieihtesREBA distintd SslifhtlyAessRigdn thteeloe@iresent at i on can
be converted to,the frequency domain, 30 and vice versa) usi ng a. Fourl er

t ransf odfh f greEnitade higherthagthe mmimym lpeea! dimensioas pseddpr ¢anyerfionghi

represent at i Bpdiarb e ERIBRHRLO BE pRbdit ifnd 6h LATNCORALANA mmoogr aphi c
representatlonlnFG he hi ghest poi nt 002 is a location
52, which |sVldEbSéndleagmyofﬁée%bamomwmmnory arrays 42 and 44, and

the I owest poi nt %sﬂg%r%ﬂft%&?uoﬁ%st%k?&oﬁﬁxoﬁr&%§hﬂghﬁhgr§' t%&tuﬂ:@%n bhe edges

of the logic regio ocusin urri di fferent
ways. A si mp[laeedxﬂyo Gle@ircniefatyomib}wgk 132)t Astols aomt azenﬁ¢am|0n$lpiack 934)map of the

det ai | ed.t opogr and defocus. e t.0 _achjeve | ower
osol ut 8n P8 RérrBRSe IS e rBint Bibe FeGine APRAC ALY plBpAEBHC ut on and
8I ace it on dapbsﬂ?blardﬂsﬁdhﬂﬁ@g @ﬂ%}l@dplaﬂhleﬂcélﬁﬁﬁhréf dojeheipieugss ils$loﬁ<ut 01;] focus to
eterm ne geperally whe i gher and | o poi nts ar Anot her way to
obtain the §£§ et@ﬁ@@ﬁg‘ﬂl‘ﬁ ’?@ﬁ?@é"éﬁ?é‘fqrﬁwltf"é‘ ‘gﬁpadg\ét &'Eﬁhé‘&l‘)’ency domai n
10 repr esenwémdagla&fvetahe pf)hih% QRRAY FRRRES 1srrﬁ@dlﬁ§@”1‘l?éﬂnﬁ&s§@&h&rocess it
through a low pass filter. The low pass filter ignores the m croscopic

changes ( hi iferafadamtibie\prediciedjplonirity isseeptaldhy) but keeps the macroscopic
changesZ€I ow frequeney g:%ggsr@rggrfp% Qﬁeﬁ?@?&g@ﬁjﬁ?ﬂ 1tjhforta£'§xt1 %fte?ﬂ&lﬁr’gqg gdomai n

representation i s tran
repr esent at iprovessquevdoustyodtestibed. tFtwumingus FiGit2, axpopraphic . refresentaGonScahd

i ncludes an_illus after defo c Si Poi nt 52
represents PRES ﬁ‘b{?a%t@%oﬁ!ﬁfah‘%gﬁf“}?g‘?ﬁ JSb-Fats%ﬁ‘?eéistE ‘rélgslhﬁ\ﬁé’&ceﬁ%l nts. A
conpl ement aggyndt rf:aﬁg,to Bécﬂdrédt@{seattﬁgcxa nsﬁb%m& mes"Nd)epatﬁpmds as listed in
optional block I26 he conplenmentary image is essentially the

i nver se |n'ag@1llﬂes emdtustr@tlosrmf{»damtpﬂ Gengconmetor denitectfbhaving twiormagyaotyn FI G 7

and poi 11 o2hmnarand e R ot ety FRERTRne BRUN BB S aRE R AR 275 1

be avoi ded. afllagst SOMitreAEBY 80 yhitroRgend ofted i$ filedt SCMRNIGRIDYG0SEE®aeNt at i on,

whi ch can be in the spatial or frequency domain
The arrays and region can be any shape and are not lumted to square or rectilinear




‘At this point, polishing dumry features can be placed into the circuit

| ayout- 25 (block 132 in FIG 2), and the resulting layout is verified to
determne if the resultingisurface after the subsequent deposition and
polishing will be planar enough. If so, the process is done. Qtherwi se, the
polishing dumy feature pattern within he |ayout) which now incl udes
-active and polishing dumry features, is nodified. The modi%4 &Y #¥92can 30
add or renove polishing dumy features or alter their density or shape. The
process can be iterated until the predicted planarity is acceptable. The

| teration camaga baplontduflisi&efidliol #6aknals iRl Pl hBdcRGEabAR bl ock 142
in FIG 2, 04 OCT72002 e shortest 1teration loop returns to

pl acenment of (ymild stownygirtdaiiyna)l the gateielestrqdos, omrdhﬁas). bit lines) eersbmmects| arwk 144,

the iteratiop bl ock 2, where the u owmcl udes active and
pol i shi ng du%ifnkgglﬂﬁgglagﬁq%é &t aly%lliluseflﬁ%smﬁi{}?ﬁh eRandiigng active and
pol i shing dummy fﬁ&hﬂ%ﬁﬁﬁéﬂh@ﬁeﬁ%ﬁ%ﬂ?@@ ﬁxm M!t’re 3ef1e randomRBEKI Ng and

adj ust rent of the @osmlon of a pol’i sh ing d feature is illustrated in

FIG 8. The mamamt BfAM}e@aquﬁd&A&glemn@n& desrrosntrplrprpgessing usitoul d be

related o thanhl At ShAREE el SP e R BRGNS RY Y

characteristics descfi be ar ea exam ne smal
t he i nt er actarvays diaythames] (dmnnptainttmh apeess BieiTogy @MM)hﬁaysuﬂeatmgga&r n nay

not be 10 achieved. Th ow ccp be virtually X | t hough a
O o ar s haBEmGe frays deiiebaia o e e aor PR R A58%. 6o o Tl kol y to
be_used: compaasidoddyohBRbaries A BE ottt ybet o AERIORY ks Oer of

the two planar directions) is normally east approxi mately tenth of
t he i nt eflactusedinthisspecificasionghe areagfamsmomamlerﬂgtp 1eddy ke edgqs ﬁﬁ'ﬂ??

i nst ances, | I r of the
w dth and | engtrﬁ4 ?ﬂﬂ%éﬁ\‘]‘ylchgg@;éﬁ? ﬁleg’ rang éég%g{rogﬁé?r@f)é?‘g oéggﬁgl "0 tines

t he i nt er actdeoodens, strsn@mpbfiers, oraherléege of approximately 1.0-10.0 mm If the
W ndow i s | ess tﬂﬂg the re reticle f|elt1 an ad%l]olonal exam nati on
shoul d be nade 80%%%%/5?%&‘ I AP PSS HEOBAO re reticle
field. Acti \tseplf:ﬁgtlwm& rZﬂg} of dpproxiaiutely Zd-10@vitcrogeomnloae afothél QAltHdagh ayout .
On the ég first pass O|IShI n? ngrﬁrgéy feature are agfcg t a11 Iocatlons
except TPABOR AT A2 felydg memon Stocks (s @R¥Df i ¢
embodi nent, tﬁaqie awatt&ar aq:r@tumn 1@t vitRr Méflory bl6clewithiAaRd sdmd/Refbsy ONS
away an active feature. In FIG 8, a polishing dumy feature is bei'ng added
at this featdid¥ | evel between active features 710, 712, and 714.
Oiginally, the 730.
g y %\hﬁrﬂ&g‘%ﬁr ?"mﬁ 4451{3i'vggcds§ clrt:tluu’zgcrl@steﬁﬂspg d %—E% word-

25 When this polishi ture 1s insert |ntot of the
t opogr aphy, links mksslovard dides; elpimhmsat Ahhoughdpgiatr@ort‘tﬁawﬂtlmyeebm@atr on for

h . of h
e P90, IR By ARTENRT S ty 8 ERcid By bt PR el 1 e
feature is nbﬁdmddemﬁyhﬁtl&tr&amwldmgﬂhﬁ@@y 30 dashed Iline 732 This

shape of poli shi r t he sha corres nd| o dashed
1 neC790. PRot ot AR to hioEk D67 r10, 268 il opagap e AeprERep RN iBeds, o
features 71Qn@Bsh Belth Apatidl QFR¥QEncy HorhiihS IS h3RBatiab dGaSiRPHB RéReschiatioAn 12

04 OCT 2002 be used. If the shrinking overconpensated for the adjustnent
needed) shapesimslar pecontos map, owsyer ¥ shovst the plativedsight differspee Aorpared ween

active hHeat e necessary, in
whi ch cgge %sﬁrg%‘?&% W%rﬁéé%@gﬁggﬁ m%lg\%i? pg%fo esﬁﬂp J%;%Z 5 As an

al t er nat i ve HeradesdSieraoatidal Dhsgpb’lenﬁbatwg softmam(a]so ksewn anHéfohlzsks 112 and
114) and the.to hIC S C b or ned cks 122) 124,
126) . 1t o TRBATE B BRI STEre S SR an Tty AHEH CRERRG! BorFShnhg. dunmy
f eatures i niQalifdifiaCiAgais, thelreal%ﬁres{emaaeﬂm@@é mub® nofd¥tRled thah@at opogr aphi ¢
representations can be used to deternm ne |ocations where polishing dunmmy
features, seedwminKIG. ésA spatalirepra@ningiop car beiconvagedyslthesfiequgncy domain,

charact ggi s e m ni mum di stance between the
active ? dgat g@%g&g%%'g? t?ﬁmglsa?g)e%? QS]tS%rﬁzﬂﬁthﬁ% umry features. In one

enbodi nent, the rhﬂblroslhrlztgofcmar a;:merﬁrrssadspotgraphﬁ: rdpmsenatien ts thien defistudelde

t opographic r at| ons enent of oI| n nmy_ features can
be iterated® 5ﬁ1§ Fnd‘fsefc? QP 5&?& ‘rrCPEf’rsF‘ft ﬁ:ﬂgtg ﬂ@?ﬂﬁ@éﬁ‘é‘r’ﬁ of the
pol i shi ng dunmy features 15 is proper, a rrask can be generated. FIG 9
includes an illustration of a portion of a sem conductor device substrate
70 where nenory arrays 42 and 44 and |logic region 46 (see FIG 5) are
formed. In this exanple, the substrate 70 includes an insulating |ayer, and
conductors 72 are forned over substrate 70. Wthin nmenory arrays 42 and 44,
the 20 conductors 72 are bi t Iines t hat make electric contact to drain

o o Y . o .y L, [T ¥ YA"7 2 1 T e A~ M Y T



"13 04 OCT 2002 In accordance with an enbodi nent of the present invention,
pol i shing dummy features 82 are inserted into the nmask at the same feature
.l evel as the conductors 72! The resulting pattern is seen in a

sem conductor device in FIG 10. Note that no polishing dummy features are
pl aced in the gap 84 between the nenoryl® arrays 42 and 4%. The gap_is in a
-range of approximately 20-100 m crons wi de. Also, simlar éaﬁgT( %Ssthown)
may |ie between nmenory blocks within either or both nmenory arrays 42 and
44. Typically, the polishing dumy features 82 are at |east approxinmately
0.3 mMm away ; : . S : ' iub Bi he area
havi ng t he f%%%@shgkggﬂgﬁ{l?\?/% e?%g?ﬁﬁgﬁggr%gti t'ge?}\?éég\rﬁe i:')n]fcfﬁg?y %}%W%ghgﬁﬁ,l east 1
mm away. | n anditise opesipbints awipothitsnieh whidhiree geds aitsidrorheanthe dgasiof g 82

cl osest to the active features within the area having the highest active
feature dendPEGT¥8 % in a range of approxi mately 3-5 nm away from each ot her
(poli shing dumy figafefbcsih@oPbliiR chf 8Edtk th MBACAHFBIent AAR. A sibdpléwh
approximately three orders of magnitude higher that what skilled 1

art i sans Scurdf@afocysingis t¢ phi@inscedlen spatiad ITE*IP@% eheedstailgd tapogeaphy pndhdefo@isen ar eas
greater tha 1.Cl, Tl . i f L.Shipg dunmy
Peatures oS helyr Aok uf b FRRIRRa, B0 TR BEA B e st Bl P b

char act er i sahé first pepesseratidriyandqiave iifxathn Akthend piogecton Mide ane tH&insagd is

pol i shing du eatures 82 are forned gver. the bstrate 70, . th

P Psulat g 108 B foats © dleppine deny Bober dieTletsn and s PRI A0 ABHR 20 11 1 s
over the congichebfin/the 3tdnd WpogRbhid reheRMtalieRis\b @8 BEequbiey dotRiiATE

el evation of the upper surface of insulating |layer 74 for the |eft-hand
portion18f Femesenmtionpf thy first2opogeaphic) represeatabion and process ibthequghé lewevat i on of
t he upper s e 0 ] hat J - [ L,on 46.

A ter doposititiinany RS e iAthel B BhorkltChghp ool ol

subst ant i al Ichaiigss pl tapegrapghy) batlkeepfPtha mastoeoapic chakgds. (1wl frequeacye chradgdsi ons used

in polishin shoul d \b imlar tq those used .durin he act erjsation
deseri bed pibiRspty” Sk Beafhey oo ies ot is BelrRed (b gl

pol i shi ng fldehdin, &eGesondirbpresdpedtion Wonl lpoak dkethe ilfussanon th FIS, 8SEIG.¥ nce

t hese par ama%z&cf af f ect t_he?fool i shing characteri s%i,org, which at least in
part detlér miPfderes AR Ipsiraten of Paishmanaiten feopisHige Mot . zlr?PrFs_:?“ﬁ_d'Pe necessary
30 that a pegy h%ﬁtdoﬁntpina%h@%f@%eﬁ%éﬁ@eﬁ@%}ﬂti. of the polishing. The
amount of undul ation should be such that it does not significantly affect
the el ectronic Ascomplementay ipeea apdiwwatad G hos dheadormedds lisiedrins or

| eakage pat hs): Rgpfa r i . 0o i aphy or
et ch-rel at eg@;‘%’%@g?’gg??@ ny '%t' ﬁ&rg%é}r@gzgfe ﬂe&% Qna%%ég%gés@ag?éﬂe IHI%@ 12

i ncl udes an imageaofoduit isishowofin HK.i6c el'tGowiptemesRAp meagedy FIA. 7 included aced by
DRAM ar hay ; .arra r itars. ried bit
Cines. (B0 POReso] et Rt g ehuli Bt PERER UG 00 el spisRBY ke o

| ocat i on sh@alishing dinisny fsAturss e acededehddlesst er are 0f bé&SAllaall IThy 42, DRAM arr ay
| 21, and | ogic e%ion A46. Alt&cl) h the borders of the arrays. apnd regions
are’ shown | AOBPIETERATY e s &y igaPRoSSRI TGPISraLioRrHBIcA GEN B not ~show i n
the mask or ;587 6fEHEAG dokeah.ce bei ng designed or formed. In this

enbodi nent, 10 one level” of conductors has active features (bit lines 123
for SRAM array 424 thinpeingpelighing duramy feagregsagibe placeg intg gheicirguit bayowtver | ogi ¢

regi on ( S . .

non- oxi 28 en{ack RGOS sttty REMEC Bckpliie pRing

f eat ur es 128yrfac2a8er the Sihse@Rn8depmnition 27d palishingneiditeedananemugb. Iftse, | ayout .
Array 42 haiq?no (folishi ng dummy features shown in FIG 12. The portion of

t he seni condifdt 85y \51108% havi ng the hi ghest active feature density, such as
array 42, has noQgrvisb] the pelishig ity f@Sure Hhttel Bahini@e YayoltOwhichod ea

avai l abl e for polishing dumy features (regions outside the active features
and m ni numnshiies agjive and ppkinoduramy deateyes, iumedified.t Resmogiiceiansami t h t he

hi ghest ,Qct i Sj V. . r occupi ed by

ot sni 30" sy FRLYE PalF MR dubu R iREe] BB BT bR 268Be Genti £y o eas.
As used in this SThepioctéssahn baitefagdtuntibthd prsiidted plamariy isegteptable Thee
percentage of the region covered by any type of feature coq?ared to the
total area HEralipmeangohash todiffegrnt isatiensy \Refgigng degisipubloclpld2 inFlG ker terns,
the feature density is the percentage of 25 the area in the region occupied
features) divided by the total area in the region. The feature density of
menory array 121 is the hi ghest because the entire nenory array is covered
by polishing dummy feature 129. The feature density of logic region 46 is

t he | owest although, in this enbodinent, it does not have any polishing
dummy features. The feature density of nmenory array 42 is between the

. N Y



30 nenory arrays 42 and 121. Note that the feature density is not the sane
for any two of the three different regions of the sem conductor device.

.15 04 OCT 2002 Sone itens are noted regardi ng the poljshing dunmy features
in FIG 12. Polishing dummy features are typically allowed electrically
float or are connected to a power suppll. In this enbodi nedwt, ol i gi ng
-dummy features 129, 1253, and 1255 are coupled or electri FA | cgrﬁf cted to
a Vss power supply termnal, and polishing 5 dunmmy features 1273 and 1275
are coupled or electrically connected to a VDD power supply term nal.

Pol i shing dupanhokteatiterfion 26bpTelirmaeo pladérent 8f pdlishingriRiningy featupes'(Blbdke t he
effects of al gha particles or radjation effects for array 121. Portions of
t he pol i shi ig§2Hulmdgcisioatblockd 44, 2bgiterpdomeas Bodp hlogkd0davhere thadayppbnowr e one

set of deco ' it OfS.: [ olii.shing: features
1273 and 1230 OH aEAROfS 8l find NituR SRS lerhitfcROlTseigElRe | 70
capaci tors. a8ivedrd poliskiag dehmyifeunats ¢andmdefdeasedablockil24)y (not shown) cause
potential on the_Vss, power bus 12 or VDD OV\R%ﬁ bus 1271 to vary, the

5 .
ot her el éct r odes I§§TtingeAndadwsimerhyf thepestingia léf_éf‘&ﬂ%@“lfzfs%“”&dﬂ 1255 or
features 1273, 3Akdlg Fror. d1eHR dhRuh€stuesd (WiRioRDeRhingh adliHorGh FIGCE ease the
time necessary for the power buses to get 15 closer to their proper
potential . Koowdbpaalatethto the indéragsiopslisianse, whieh isipsie of thggpolishingear est

Betive oat puttEds R Hestiuaf bt e s SOREY AN VAR ARLAEFD o7 ° oo

el ectroni c Ggasiagive dibesce @y optishl pbléshtngndumiyi featpepsitedi mappobe mately 0.5
m cron between active features. However, the lithographic |[imt for the
space may béctuevedyiThesyindop,gamies irually a5 shaperAlthouethd FIFIAT shaRe ohdy f eat ur es
and their CLtASRRRALOYARE WTard) UBsRs FRYe 1AG1Y b 1R Jsed\Einre PRI, MBL €1 Y
0.2-0.4 mcron fo increase the capacitive coupling. The polishing dumy
feat ure 129Thewimdaw hasrpewidiip@liameter op aemeivervdithe thip plangr direations)i®97, and

polishing d e : [ 25 spaced
apart by a g{;ﬁ?{aélf (;Qagﬁé%gtsa?z’?ogggﬂgg? Qﬂfﬂs,tB gtr}\]tggge’%%ofl %%g’?cf%%t ’%é%r esent the
cl osest poi apmokiatatede 0.3aamh Infnahpatstaness, the Yvipdmv vilbbavamdlisgthetebi t | i nes)
123. Notice,that \no acti or. .pol i shi d f.eatures. . ie wthin those
spaces. b s(ARAET B e Mk Bud e T tiees 18 A teS R apdirliialid 1257
coul d be appRox0 amieslthe ihtetactivh disiined brdh agnipedfl APPrLSIMAtdP$ - 1.6 manCcES coul d
be larger or snaller. 30 Excessive Iécg%f:r erosj on due to polishi ng is
typical |y sEEWVIRQY it ke hagye eptire geticlifield Hionglsxamination shopld B¢ i pe | ne.

FIG 13 incljddevnaR the WitklowAk eMArged «d Bludé B atirereQE kRN Of a
sem conduct or device substrate 139. The substrate includes four 16 04 OCT

2002 seni conduct Oftiveleawess 740, Havandy? j4aye beanarlaced int ithe layaus Onrdbtror v
arrays d LEoghs<r£gi ) J r ol
f eat ur egé,] sﬁ%ﬁbgasss’ ?‘ﬂgﬂﬁg%ﬂ@yﬁétﬁ%ﬁgﬁﬁg aaélglg'jr:éﬁfIB}B%degﬁS&g@n%ﬁig@%r k 1333,
and el ect ri thalelectrenicslesign tulese Hothis specidicembod3@ait telacht palisbingalvatmed wi t hi n
the scribe Lines between t semn cao r vice QG her. .control
features {n%gfi&é%la’\}\]/ﬁ[)henag)kaﬁgﬁ eorglﬁfoélaqgllléitgg Cenr%equ t%r%g ?ﬁfeb‘sgérapﬁfézs}\"?%es or
even with thenmgfeaaredsibding adizd iacthss fitureRovd]l dhjwegn detivefedtaras N1EB Y1235 are
added to the scribe lines to reduce the adverse effects of. locally higher
pol i shing r e 4né%ﬁ‘g1f‘_ g" thegbepe tl?%%oq’égwgé%ﬂlb‘ffé"itﬁlb)ﬂéﬂﬂ‘?fbé“%.@o'I nthis
embodi ment , wihg ttﬁ@bbﬁﬁﬁﬂkgdﬂ%v?eaﬁﬁé‘is%&&eé%ﬁo BRYsiRGlafiof sEdle i’cg)o%ﬁ%h ane
| evel as the conductors 10 72" and polishing dummy features 82 in"FIG 10
and over | i ethe defosuseidaeprasentasion indicages thaittla eleation fer thg wppepsurBicsofissed | at er,
the additio i shin hthin. er i reas of
serm conduct S SuEL BHrPE SRETHLITE0 W Ttk Rt RULRARE Bosl R 01
ot her enbodFIe®Bts, the polishing dummy feature placenent can occur 15 at

ot her levels. For, exanple, the, polishing dumy. feature placenent can affect

the | ocations ofT'%;"eng‘lerﬁE? “(gs‘iuln?fEbFF,%mé‘F }SirE‘H'WPé;B’r‘ll?ﬁﬁ "}H?]‘ﬁ‘&“@?eﬂ sas

f ormed ri : i: i i of the nesas
dShé Mﬁﬂ? fﬂlﬁérgﬁe ggé@fs?@g REHNPREGre (EPBCAIRE fabe

can be determ ned east m the polishing characteristics of
t he subsequmemtespordipgtoidagitddind 730 Notecthattthe pertiof iof the shaperi38llyifgxi de,

nitride, silicon, ar the |i . processes scri bed 20 ve can al so
be. appl | ed TG VR EATes D T AP RER i AL SR heoes abebaPRBat 88 o, o
depositing and polishing a conductive or netal -containing |ayer. Polishing
dummy features do not have to be present at every |level at which polishing
is used. The effect of omtted polishing dummy features accunmul ates with
nore |layers. Polishing dumy features may be added at only sone levels. In
one 25 enbodi nent, the SRAM arrays 42 and 44 in sem conductor device 40 are
replaced with DRAM arrays simlar to the DRAM array 121 previously

—— . - . o, A £ * .



17 04 OCT 2002 | ayer has average el evations over the DRAM arrays and the
Logic region 46 that are relatively close to one another (less then 100
.nanoneter difference betweén the two areas). A third level of interconnects
are formed that include buses, power rails (Vss 5 and VDD), and the Ilike.
The density interconnects for the thirdi2evel may be hi gh%r4 fg:& éﬁﬁ DRAM
.arrays conpared to the logic region 46. In this enbodi nent’, Sli ?lg dummy
features are added only to the third | evel of interconnects, although

pol i shing dummy features were not used at the first and second | evel of

I nt er connect [ j ' l'i shing
dunmy featurEguﬁdzﬁgkmﬁgﬁgﬁ%@gh%%gggtﬁg “%:%B mSé@Bgmgggt he two
types of feamayessultTh portiedefabelshapp@d4 exterals botwsen activedpataies G0 apkTlt i ng a

sem conduct ot device at very hi frequencies.with | ess adver effects. In
oo onboc mEIHEYSipBRL AL hprES A S s SRTE 1R BURTE AT ng 15
dummy feat ur gglargefl vértien ot $hapE 782.d i sol ation regions 1412 are formed over

portions of a sem conductor device substrate 1410. A gate dielectric layer
1416 and Hat e el edspndiéernativg ppeaesd, bethtthepqlishimg chargeterfisation ¢iflocksd 12 @hdt r at e

1410. Doped i.0 414 are fornmed within the substr irst
houl at i ng. 1| b DR e Ofee e deheSRita i bl RS R 1300001 Bl

i sol ati on r eyiforsatidbd fdm Bdtl paHsICdn Becuspd Wier?Pladif@ folishideadummdy featupse of t he
doped regi ons 1FAI114‘ An_int eélconneét 1451 is forned oyer the first

i nsul ati ng | Hy@Mefirgat layeylRierk 437 Ky Semple, the t9ROSIanhic epesetyians G2kt ¢ he
sane feat urepl gielio Adelnlfe I0BARINS WHeR Holiding dubmyFER R8s, SO haiied)Shdayer 1455
is formed over the interconnect 1451 and polishi'ng dummy feature 1453.

Conduct i M pbeiplaceria The pakishingschagacterisationeadn be nsadip sletepniagiteeaninimumn
conductive p I I eat it d f

el ectrical c%j;#%ﬂl&t%'z\ﬁ%et% t@gas&@ég‘?aguﬁé%%}dﬁ %Clt% ??egﬁg"z&hfé‘é.d”@é’ﬁ%?t“ ?e\?'eﬂgl ugs 1459
are pol i shi ngneckmbodirhen} the pslishgt chatab@tisdtion icdondwont tive, phtulstopdgrapldbut t he
pol i shing du feature 1453. Intercopnect 1471 and polishing dunmy feature
D375° ar ot notPSTTAIPT ud PR Tb AR PTRE SHRR108Ss B be 880 4Bb| | 2hi g

dummy feat ur gurdbef 3f BfhegbAfter veRiyif@ tHatGik ip¥Redbnt @S tHeAflishing deMnsy featates O
pol i shi n]gsadu_nny features. A passivation layer is forned to nake a

subst ant 17l | EREpIPRY caR R 8BMRIEt or device. 18 04 OCT 2002 Pol i shing
processes can be ﬂ@@gﬁ‘&u&q@ahﬁ‘iﬁfs%@oﬂ&f‘aﬁ&ﬂiérﬁ&é&nﬁ&ﬁaﬁé&%ﬁ&év%' cs to reduce
the need for inserti n% polishing dumy features. Stiffer pads, |ess down
force pressusubstraind0 whgieanemoreaays 42 andi4real legieregioredp (sercil@adkarehe
transitional iater ' ] . [ act jstance is

| ar ger than {0%29%efr;&ﬁt@lggg%&é@g’rtq?‘gg\{/}l&%zp "létghrléé3 ?g?r&h@?x@? yﬂyg)lg?'q%ven a

substrat e, painds¢tond2donfoymédavarselstratey70ndVithie nmeewtyg drrays 4ahd 4¥htheconcept s

of the foregoi are.extendible to.th ltiple lavers. As.can.be seen in
s 180 ongep 22 G Lol oy ecfle igh B ey P E ikt B bl oy
el ectrical clpar shova).i Blithirslogic ragibh 46, the adrduetdrsaire Ditdresnnkeaty elestricBf erring to

FIG 15, 10 conducjors 152, 154, and 156 are active f eaturss t hat supply

Vss, VDD, arfPrigse tPé’é‘_B%‘ést‘i%oy?mﬁ/ﬁf%ﬁﬁwf%éa&aé‘rtr‘i’ré’dﬁﬂﬁf@fso?tc evi ce. Layers
151, 158, and 1598 § shoWw ket H{e%veﬁyihgmﬁlaﬁﬁéia%ﬁéﬂW%Vtoﬁt%%ﬂ)ﬁyﬁ%gsm ng
dummy features within the area bel ow The conduCtors 152," 154, " and 156.

Pol i shi ng duhepppes serfiace of tw3nsulgmg layed 74 §1at Maries faipelishisigsiymmmefca@rmsuct or s

152, 15 a 6. i Shi f . re
comduct (e agEP 16 §eHlshinialhafl W R M BRactnd W bR RUGUARERLE
term nal s, resaymeize thedhsnlating layee 74abethicknassi df ithecinaudatjrig lager Géowerahe t he

ol i shing du features and the power onductors.  This hel ps reduce
i oo 13 o GBS 70t B8 memoms B Hirana 34 VBl be FECKEE el e mibkndss OFuB5 o
156. Noti ce jh&iadting8yes 74 8va&dHE SutRiratt 16 i BRAYSGE Bigfonl £2. Cdntichakillimd are

cot er m nous withn%o the side edges of the pgl% shing dumy features 153,
155, and | 5methedswald placeipelshngidimmy featuresr{dotishewal i@ apen dgsatienst he same

potenti al,, i 8.p0el Lshin . feat pr . e ce the
Pol  shi g’ abyrERLES PLA et dr S icich®, Bhe slehdbestRf 184 pOier BPERE
pol i shing dunwy 4beagyse nay be coterminous with the | eft edge of conductor
152 and the right edge of conductor 156. 25 Although not shown, the sane
concept to sem conductor nesas that nay or nay not lie within and are part
of field isolation regions. A polishing dummy feature can be placed above
the mesa to forma capacitor to noise within the substrate or well regions
within the substrate. If the nmesa includes a p-type sem conductor material,
the overlying polishing dumry feature is typically coupled or electrically
30 connected to a Vss termnal. For n-type sem conductor material, the
overlying polishing duimy feature is typically coupled or electrically

. v o .



19 04 OCT 2002 kept high. In this particular instance, the polishing dumy
features' overlie, rather than underlie features at an adjacent |evel.
Unl i ke power supply conductiors, capacitive coupling te signal conductors
should be mnimze or at |east reduced. FIG 16 includes signal conductors
162, 164, 5 and 166, which are active féatures. Layers 161 éﬁﬁ? 169
are insulators. Polishing dummy features 163 and 165 are é%h iéﬁb nd
added at a |l ower feature level. Notice that the polishing dunmy features
163 and 165 are offset fromthe signal conductors 162, 164, and 166 and
under 1 e por t i onsypocblindepit dH driibal i of I BrihifABbiGRNsiRE Si onal
features. The offset hel ps to reduce capacitive coupling that 10 nmay

ot herwi se af flemmytfhgursp82drednseited g ihe ynask it the garhy feafursieyelak shet r ansmi t t ed

al ong conductors 16 4, and 166. I.n alternat. ve, enbqdi.men e

ol | ohi ng. duFAPEE 17 siespiiline Hetemaedth st b Reise ey BVFRB T Pe e power
supply and sNgpahat RAINEEAg dAhml Fédturey fe IplRedithe pLE4 betwtditthe eadedorpul |y
and signal features. Use o% the polishing dummy features will in part
depend ond pl amasi4yand dduThe gemis én atange ef appsaximately=20r Papicganswhdeh t hey are
to be forned . | [ [ | LD J: ' W th
FG 17y whi 0 SR e sh A el Sor ARGy B BB BN

sem conduct omenheyy &reaysd2and #he | i ne 1704, and anot her semni conductor device

al ong the other sjde he ribe line 1704, The figure illustrates how
conduct 1 ve por | shiHCalin PoRsNTE SUBRiEBe R EUF e AL an

i nt er connect pHCAAEfront'fhd Ae@fbsBdohiSARST @M RIEALR) Within thdfreh RABRE BRNECT
schene shown in FI'G 17 is neant to illustrate concepts used in the

embodi melft . IHghest peyeifedtarg demsitiyeand| ofien géll He 4y lepst A gnmaniay + hethisspegiic| i ne
1704 is not | ted. | ' j j scri bes what
is being for%%%#m%h@’ﬁgg?ggl%%&%%%Yg%ﬁkéesc@%%%gsHg%?%g?ﬁ%ﬁ?ﬁgﬁgﬁhny

f eat ur es ar etheareaduaving tiedd gleksoactive fmateeldénsity &k at 2 mngé of apphmimptehyt3-6ns  of

t he sem conduct or vices. Iln one, enbodiment. ite i Ll ustrated, by

ref erence nJHB’ear"%ay%e ,eao%ﬁlie:r (a@gb{ng%yglf}y @ﬁ&'tolaggf %eit-)agq)?pai}?g)_t, 1761, and
1770 are i nsp#ahQhS.is aipotiiatehy thidewsddrabRdagiitudehighanes wharblaned 1722, 1728,
1732, 1738, 1742, 1744, 1748, 1752, 1760, 1762, 1764, 1768, 1774, and 1776
30 are dondAHENS cumentlyuse (ndiserimiagieiplagpoppal tilss ip pil ppen algdsieraztesghts £ or med
and patterneg ﬁ]&r&lﬁ?.' The Ejﬁﬁﬁhﬂxgg%gé B spaBia¥or pofiiting ANHHG ikargreP s and
pol i shing dummy features (not 0 04 OCT 2002 shown) afe fornmed within the
openi ngs. A dstaminediat ipaptdp part fropythe golishingeehagasterisationgreisenstiodaseribhade

openings. An inte ‘] .@ﬂmﬂ f or med
mfth:ngfhe ppgniﬁ%@&qE§§%F$§£%B%Qﬁg'g¥§§§% |syggﬁﬁéﬁg%%%?%g%%égﬁg{gto
def i ne openisubgratedd, thehipsuiptinglaykr ddnsifocmed by gépogidingode pompeshnsigatiigd unmy

features,(n 0 are, for jthin t i.Ngs ourth ILD | ayer
1731 2o i B the Bpfauc i Thoaatiing dEmPR S 085 82 heebtbtect 1732 and
pol i shi ng dwilewitiéeaf the @pper §dFacerof idsalatag 1ayet T for thedefohand persion Af FiG.t h | LD
| ayer 1740 i s fornmed and patterned to define gpenipgs (not sho ) and
conduct i ve JOSBSERAE DO MGty Syt at o ok P RO e Of Blhed 10
within the Qﬁ&lﬂtﬁ%ﬁayeﬁ&biﬁéﬂhé loBid reyieh 48741 is formed and pattered to

defi ne openi ngs. bit lines 1742, bit lines 1744, and polishing dummy
features 1748 ar é\ffey itipg the leyemEh g Hien golishad seqckinvg 2)sebgtantigllgr 1750 i s
fornmed d ' nj - [ R :
Conduct Pae pas UtEe b2 af Bidsin FTLL Phe ABiBhs WhSH bt W B

f eat ur es ( neimitdraonhjosansedf dmring thexdhiatacterisdtionajesoribed previvuskyi Jhetrefork | ayer

1761 is forned,an tterned to define openings, Bond . pads 1760,

"t er connec gL 85 PRERRE . uRlat BOkPOIE RGO e ZOUPBY BHETFBBred wi ¢ hi n
t he openi ngghouid BaasddsitideQRest PiRimelefrs Bféct tHePolBkin®WRiracidiBatic Whidsdt | evel

of interconnects and is patterned to define openings over the bond pads

1760. Condudeashia metrdstermyned the polbingiurrsaly {gRturs plagement plé i noy secevisy
duct i inel ' i 4 d
Soni 11 ot PR RRedldn B KGR B HENERUPQL BRBbRING BUEarbblldr 00 % i ot s

that each ofunduletidd dhouRiey sich aaniidots v sfEnifirantly affet thertleztronienect s,

i nterconnects, bond pads, dummy bit lines, polishing dummy features,
adhesion/ barrier layer, and alloy |ayer can be fornmed using one or nore 25
different filnms. ILD |layers are typically deposited and include oxide,
nitride, or low k dielectric (dielectric constant no greater than
approximately 3.5), and conductors are typically deposited or plated and
include refractory netals, their nitrides, alum num copper, |lead, tin,

all oys of any of the foregoing, or the |ike. For the purposes of this
exanpl e, the sem conductor devices are formed using a 0.2 mcron 30 process

N ~ - " Y



=21 04 OCT 2002 Conventional polishing feature design rules wuld have a
pol i shirng dunmy feature exclusion of approximately 5-10 nmicrons. Attention
is nowdirected to the polishing dummy features and their relationship to
ot her parts of the sem conductor devices and scribe lines. As seen 5 froma
top view, the peripheral areas of the sé#n conductor devic%i ge? ggﬁbbe
_lines 1704 include many polishing dummy features. Sone of th e

pol i shing erosion occurs at and near the scribe |ines when no polishing
dummy features are placed in the scribe |ines because the exposed surface
‘lies at an e | Lt ' r circuit
arcas. 10 coRgiamnt PRkl FERPOALUALE pRRG oPhitbihent ok BLAHALRE
formed in thef fcud indithographyor ctokrelpbecaicemspas and are only formed w thin
the integrated cifguit _areas. The polishing | features in the sgribe
lines 1704 hel p t dlapyatheren ‘@W%E@@Oﬁtﬂ&cfﬁm’éﬁl? eéraéﬁP]aFg?éé’I‘e"bB{i shi ng
2t es, bet weereldd af hicd SRS 5%t fptibla Y ORAN SspeI el ik RAb g ur e
density areasglanéi éa eitﬂgreﬁr bof o% ?&e per?% eré? areas and scri be

| i nes. Al % hodighhgsatensihcapgeittusrand tsied bitllineeditdmes pe vithin thy sehisanductorbe

formed at interconnect Jeyels i.n FIG .1 l.i shi du es_can and
hre Tormed abeUsSRPRELAHE LRI ity 17 BRI fcks Wk o pL SRR B30 1765 s
el ectrical | y4z,qymam &fhyt1Q12and36git edgionn, , Aldiddgly e Hordees 6RO 8R4 ahd64 are
electrically connected to a VDD termnal. The |eft-nost pol.ishing dumy

feat ure 1748regHWeare Bewn ieFlpi2; thoserhosirrbe forroisrengs and would net gha% inc | | y

connected t oy R of Gk éithetol Hivicd MEHLRIERed ToAARE Inthik EmBOMRIcR Dot neer
the polishing dummy feature 1748 and the overlying VDD I nterconnects 1764.

| f many thnpomelavel of conductoschas activedeariies (hit lgres d 2% frtSR AMadray 4@) that are

si mul t aneousl,y _accessed,, the , capaci,tive cqupling b n the ] efi-nost

o e e sy PEESRAM g 42 RAT a6 PR ol bR 1270 e
amount of vohidg¥pzpowatbant2al), andmoa ik Benantyede ivedseRy bite DRRAMVATl ti ne
need to get Q?ck to VDb after accessing term nates. Dumry bit |ines 1742

and bit Iinet?t744 are formed at the same level with pol i shi ng dunmmy

features 1748. TheoidHimgulinly fehiiRS 1394258/ 258] EIBI dfpld78 a6PBRegRtot 0 @ Vss
terminal and helps all bit l'ines 1744 to have nore uniform 30 el ectrical

char act el st thedayosi tATy {2 has depolishingdyramy fearyrgs shopndnftiddl byThewo gr ounded
conduct or s rg&ﬂ&%ﬁ%é sHcGitRtdr dHiE@hdv%nfatﬁgﬁ%ﬁé‘s&')activU‘t@atQ}etdehéi%E&&7a‘&4 are
es. fe 2 764

signal featu Unl'i ke the power suppl atures 1762 and 1 , capacitive
coupling  2&rqy4200%8 mqelishieg demmydeagues. Abematively, fordhe ater ahdilabledarmy

bortion of " PGP AR CRLAS aEBioks ftoe Rl ARls'spb i Spacle ?, ¢
bounded by pfor elebiroric designrufeshthosepordidabwitl the higietioaedee faturedensithose

pol i shi du features is in a range,of approxinate 0.1t . 0

O e o T8y bk AR e pemaied BEBRuRimeE R R sl ere g oW s,
addi ti onal pgiive Rafige detidtty afegat ur es shoul d have been placed within the
portion of insulating layer 1731 |ying under the bit |ines 1744. However,
pol i shing dummy foRYGA& iy perifcatiibefratirgdnsity for enegirmisdheperenagsiddt ance
when pol i shi sk I IS o [ It2.5 to
BTl oy B regt oAbl by ufy Boe bF fhuutbedripafed B8EORT 1R %@@%‘?’q’ﬁ’és woul d
use pol i shi nepcupiadrpy priaficatness, Phuin other tdring, therfratiirerdentsity isibe peicesgeraf dunmmy

feature re,"remved” (.no sed).. . Near .t h enter of Fl 17.. i.shi ng
durmy 1 & ur 28 PET 35 rediPE0rcliedbeatliFB o B MsSbuel reb e iol v s,
Notice that feanfe drhsitysf meahoryhirag12Ligne highdstibeaust iBSerttire snendtry girfyect | y
underlie any of the biH,Ljnes | 744. The paqlishing dunmy 15 features 1728
are of fset fif6RYFFEDLPQlishingdumppigaturent2?. Hhe fratyrg densify 08 Iogigrcgionj4pds
coupl i ng betyeefvedi dithbi 1S $n thiddmBotEmbRci RO P hi\G ﬁywsﬁi@awﬁ 1728.
Enbodi nents descri bed hérein have nore flexibility in detefmning the

| ocati on of featuieshiChefedtmergensispnofimemonodrtay is batwsemthe feanage damsittiestof
differe feature | evel.s. venti gnal polishing du feat ure excl usions
my be (Ded TSR 1 indEly Ntk B3P ac ke Sehy & Fefd SRR i oc
near signal Jfend trRsdiffrener¥gons btBe RinAcamRBor 88vig! | shing dummy features
near power conductors may be as close as the m ni mum design rul e spacing
for that feature level, and therefore, polishing dummy features may lie
within the differential exclusion zone. The ideas described herein may be
extended to insulators. In general, lowk 25 dielectric materials are
relatively softer (nore conpressible, higher Young's nodul us of elasticity)
conpare to relatively higher dielectric constant materials (dielectric
constant higher than 3.5) including silicon dioxide) silicon nitride,
refractory netal oxides) and the like. The materials having a relatively

T - r a . o




i 23 04 OCT 2002 In the foregoing specification) the invention has been
described with reference to specific enbodi nents. However, one of ordinary
skil.l in the art appreciates that various nodifications and changes can be
made wi t hout departing fromthe scope of the present invention as set forth
in the clains below. 5 Accordingly, thel§pecification andchjggﬁea ?%e to be
.regarded in an illustrative rather than a restrictive sense, and g such
nodi fications are intended to be included within the scope of present
i nvention. Benefits, other advantages, and solutions to problens have been

‘descri bed above %Bﬂeﬁt@ﬂ@&éﬂo@bdﬁ@@?&ifxé thepBRRhgBRhSy (EAAWBYRIFIG g, benefits,

advant ages, 10 solutions to problens, "and any el enents) that nay cause any
benefit, advHalishifeg dummsy tagiresate typicoly atfownd aikstrinaly floateor greosrsnecseditoar e not
to be constr ri-tical ., required. . .or |.al t r ment of
any or at1 1 hEoRPyBeS” A VCum Rt onEt aBRE Tilien 1 2SS FRYRF TS g

or any ot her anéabupled onelediic Al fcondcRditd b 8¢ pewéraupsly tsrménah ind @ulishisg ve
i nclusion, such that a process, nethod, article, or apparatus_ 15 that
conpri ses® a Fr@mydeateles A2t addags aisseuplad prelectacally conprsiedde a nntPoWstit nay

I ncl ude ot he FIRH . b St ' t rocess,
net hod, arti é‘f@h or g’%lp%‘ﬁﬁégﬁm%ed&‘iﬂ%%"%ﬁ b%é@gglglﬁa%qggﬁ@conduct or
devi ce conpr reslueggthe affédts of alplegpanticlds46 radidtion cffears fioraartag\2l ., Podtiensofthe5 t he
first region_includes fipst actiye ur (1251, 1 and first dunmy
feat ur e (| oeclemppeliin sty End EASSIRE et pRYer g N wdes S o 11
f eat ure densgécpiplaiptapadies asd pgoof e pdIRhing Ak fe@uRk 12TNEKE1I2TS t he

second region includes second active features _and second dumry 10 features;
and 1 and Vpp power bus 1271 are another set of decoupling capacitors.

Should a load or signal from other circuitry (not shown) cause potential on
the Vgs power bus 1251 or Vpp power bus 1271 to vary, the other electrodes in the
decoupling capacitors (features 1253 and 1255 or features 1273 and 1275) help to
reduce the potential drop or decrease the time necessary for the power buses to get

15  closer to their proper potential. Note that the spacing between the buses and its
nearest polishing features may be less than the spacing used between the closest
active features at that feature (masking) level. For example, the electronic design
rules may require a minimum space of approximately 0.5 micron between active
features. However, the lithographic limit for the space may be 0.2 micron. The

20  space between the polishing dummy features and their corresponding power busses
may be in a range of approximately 0.2-0.4 micron to increase the capacitive
coupling.

The polishing dummy feature 129 and bit lines 123 are spaced apart by a
distance 1297, and polishing dummy feature 1255 and one of the bit lines 123 are

25  spaced apart by a distance 1257. Each of distances 1297 and 1257 represent the
closest points between each of features 129 and 1255 and the bit line(s) 123. Notice
that no active or polishing dummy features lie within those spaces. Distance 1297
could be approximately 0.3 mm, and distance 1257 could be approximately 1.0 mm.
In other embodiments, those distances could be larger or smaller.

30 Excessive layer erosion due to polishing is typically seen near the edges of a
semiconductor device near a scribe line. FIG. 13 includes an illustration of top view

of a portion of a semiconductor device substrate 139. The substrate inciudes four



"the second region has a second feature density that is different fromthe
first feature density. 2. A sem conductor device conprising: 15 a first
regi.on (46) at a feature |l ével, wherein the first region (46) includes a
polishing dumry feature {1257); a second region (42) at the feature |evel,
wherein: froma top view of the seni contfuctor device, theoie ﬁ%d2@8?ion
.(42) has an open area of at least 10 microns in |length by at “["ea$ 0 20
m cronsin width; and the second region (42) does not include a polishing
dummy feature. 3. A sem conductor device conprising: a polishing dunmmy

‘feature (129er@tofiut@plsvicesuOnsling fchraed &Pcu@tcatréa‘é‘?mﬁzﬁx%{'yiirﬁayﬁ lx?@pogﬁt the

feature level that is a closest active feature to the polishing

f eat ure (129jgionkdrabin not shownpl FiEhila gnadudesporftend faptusey, mcgl)asrtbgsdlmepmomt
closest to the active feature (123); a distance (1297) fromthe point
closest to tWeasyEng gegeerkilly alignmen| mark 1333 gand edasticahispt et &Y% 0.3 mm

and no ot her folV | osest
poi nt and threcglgcpl @e?)gftheagtg%r@gg(é%@at t Cﬁg% }efge?l};fte@e@ﬁ %ﬁ&)n&l@@t&ﬁ OCT 2002
4. A semi:ondhmteeﬂOdé)vhem eomtarhficansen@ot showe)rinap beliochied ebewhere alohg He

substrate; an e rated cifcuit are 40) overlyi t he, sem conduct or
devi ce substiH 'é ings ofeVeRY ﬂ?:f’aﬁefm‘iﬂng‘éc(t Vi5&s f‘éy oq%}l‘@f)dumhéa%‘fﬁsm de the

i ntegrated cjIx4 hdddee tHeddibe m@ téfedh@ARE a@vePééreTﬁe@tB oPfocally highér Pol i shing
dummy feature (135) lies within the scribe line (131) and overlies the

seni conduct opoligbing geiesngss the@siaeS(o_fslgg semjgpnguctay dexifies A dlicthisremhediment,
conpri si ng: iy pbpghﬁgé’cﬂltn%‘gy ?éaﬂﬁ‘gs' 1t35%£pbe fBrmiéd Atl?t?c Jah‘f&qe\(ejr £9 f}\)e ’coﬁtﬂ%tors

10 72 and polishing dummy features 82 in FIG. 10 and overlie the semiconductor device
substrate. As will be discussed later, the addition of polishing dummy features within
the peripheral areas of semiconductor devices also helps to reduce the amount of
erosion,

In still other embodiments, the polishing dummy feature placement can occur

15 atother levels. For example, the polishing dummy feature placement can affect the
locations of semiconductor (silicon, silicon-germanium, etc.) mesas formed during a
trench field isolation sequence. The pattern of the mesas can be determined at least
in part from the polishing characteristics of the subsequently deposited and polished
trench fill material (oxide, nitride, silicon, or the like). The processes described

20 above can also be applied to patterns within insulating layers that are formed before
depositing and polishing a conductive or metal-containing layer.

Polishing dummy features do not have to be present at every level at which
polishing is used. The effect of omitted polishing dummy features accumulates with
more layers. Polishing dummy features may be added at only some levels. In one

25 embodiment, the SRAM arrays 42 and 44 in semiconductor device 40 are replaced
with DRAM arrays similar to the DRAM array 121 previously described. The
semiconductor device still has the logic region 46. A first level of interconnects may
form metal word lines for the DRAM arrays and relatively fewer interconnects in
logic region 46. A second level of interconnects may form very few, if any,

30 interconnects in the DRAM array (because it has buried bit lines), and a relatively
larger number of interconnects in logic region 46. After the second interconnect

level is formed and covered by an insulating layer, the upper surface of an insulating



"a peripheral area |lying between the active circuit area; and a polishing
dummy feature lying within the peripheral area. 15 6. A sem conductor
devi.ce conprising: a firstractive feature; and a polishing dunmy feature,
wherein the sem conductor device has a configuration selected froma group
20 consisting of: (a) the first active 1®ature (1251, 1273% nd. gl ishi ng
.dummy feature (1253, 1255, 1273, 1275) lie at a sane feat ‘%%¥Ebglpzthe
first active feature (1251, 1271) is a power supply feature; and the first
active feature (1251, 1271) lies within approximately 1.0 25 mcron of the
‘pol i shing dunger Haeaverage didvitidns chidbthe DAL arded Bid thé Igid fegiohid6hataed | ve
feature (152, 154, |56) and poalishing dumy feature (153, 155, 157) lie at
different fetlaively chessite ong ansther Fless then j00anemaeter difference bepwaen thegyoi s a
power supplym%%ﬂture; and the first active feature (152, 154, 156) overlies
or underlies the 30 polishing dummy feature (153, 155, 157); (c) the first
active feature (1AZhird el dGfiprcamecypatd fohnedthduinmdé busesirpewed f3ls (Y6H) i e

at a sanme_ feature level; .. 26. 04 OCT 2002 the fiyst, active feature (162,
Toa” 166)5 | sendd Lol the ke B deRRORETORPES BEHVEH LSRR haBBhT6a  166)
lies at | easor aRIORAMBES)sXoRpaedtd thé BiEFegion48MIA s QRbdERERMI dumty
feature (163, 165); and éﬁd) the first active feature (162, 164, 166) and

pol i shi ng dupslishingsiummney Batutes 3re adged only ¢o the third feuel@fiintereonnects, dlthougk; t he
first active r ] ' S f a.and , the first
active feat U?Jelﬁﬁfngé@f&?bg%?w%gé‘ﬂer%rgogéwéndg%ﬁ%ev%@{]iﬁlg Sgg&tgﬁ%@r} f)lﬁe t he polishing
dummy f eat uriatepddndgctd65). 10 7. A sem conductor device conprising: a first
pol i shing dumy feature ( 1453, 1473) at a first feature leyel; and a
Second pid) i shi ng TREMGFEREY RIS CERLSP 15 ockive srd prlih g yFEnY 90K whi ch 11 es
at an el evatjeaiced ke parBitic dapivetBuplidgHetd&atihé vd §P& of f¥diee Mhishe second

reduced capacitive coupling may allow operating a semiconductor device at very

high frequencies with less adverse effects.
In some embodiments, polishing dummy features can touch other polishing
15  dummy features. In FIG. 14, field isolation regions 1412 are formed over portions of
a semiconductor device substrate 1410. A gate dielectric layer 1416 and gate
electrode 1418 overlie the primary surface of the substrate 1410. Doped regions
1414 are formed within the substrate 1410. A first insulating layer 1432 is formed
over the transistor structure and field isolation regions 1412. A conductive plug
20 1434 is formed to one of the doped regions 1414. An interconnect 1451 is formed
over the first insulating layer 1432. Polishing dummy feature 1453 is also formed at
the same feature level as the interconnect 1451.
A second insulating layer 1455 is formed over the interconnect 1451 and
polishing dummy feature 1453. Conductive plugs 1457 and 1459 are formed. In this
25 embodiment, conductive plug 1457 is an active feature because it is part of an
electrical circuit that was designed into the device. Conductive plugs 1459 are
polishing dummy features. Note that the conductive plugs 1459 abut the polishing
dummy feature 1453. Interconnect 1471 and polishing dummy feature 1473 are then
formed over the conductive plugs 1457 and 1459. Polishing dummy feature 1473
30  abuts the conductive plugs 1459, which are also polishing dummy features. A

passivation layer is formed to make a substantially completed semiconductor device.
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()-1q polishing dummy features and the power supply conducto is helps reduc
swings in potential when loads are placed on the conductors 152, 154, and 156.
Notice that the side edges of the conductors 152, 154, and 156 are coterminous with
20  the side edges of the polishing dummy features 153, 155, and 157. If the conductors
152, 154, and 156 are at about the same potential, a single polishing dummy feature
(not shown) may replace the polishing dummy features 152, 154, and 156. The
edges of the single polishing dummy feature may be coterminous with the left edge
of conductor 152 and the right edge of conductor 156.
25 Although not shown, the same concept to semiconductor mesas that may or
may not lie within and are part of field isolation regions. A polishing dummy feature
can be placed above the mesa to form a capacitor to noise within the substrate or
well regions within the substrate. If the mesa includes a p-type semiconductor
material, the overlying polishing dummy feature is typically coupled or electrically
30 connected to a Vs terminal. For n-type semiconductor material, the overlying
polishing dummy feature is typically coupled or electrically connected to Vpp

terminal. Similar to the power supply conductors, capacitive coupling should be
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10  may otherwise affect the speed or integrity (strength) of signals transmitted along

conductors 162, 164, and 166. In alternative embodiments, the polishing dummy

features shown in FIGs. 15 and 16 could underlie the power supply and signal

features, or both overlie and underlie the power sully and signal features. Use of the

polishing dummy features will in part depend on planarity requirements at the feature
15 level at which they are to be formed.

A more global integration is described in conjunction with FIG. 17, which
includes a semiconductor substrate 1700 having one semiconductor device, a scribe
line 1704, and another semiconductor device along the other side of the scribe line
1704. The figure illustrates how conductive polishing dummy features can be

20  incorporated into an interconnect scheme. Skilled artisans appreciate that the
interconnect scheme shown in FIG. 17 is meant to illustrate concepts used in the
embodiment. For simplicity, a metal edge seal ring near the scribe line 1704 is not
illustrated.

The first portion of the discussion describes what is being formed, the latter

25  portion describes how polishing dummy features are or can be added or removed in
relation to other portions of the semiconductor devices. In one embodiment, items
illustrated by reference numbers 1720, 1721, 1730, 1731, 1740, 1741, 1750, 1751,
1761, and 1770 are insulators, and items illustrated by reference numbers 1722,
1728, 1732, 1738, 1742, 1744, 1748, 1752, 1760, 1762, 1764, 1768, 1774, and 1776

30  are conductors.

A first interlevel dielectric (ILD) layer 1720 is formed and patterned to define

openings (not shown), and conductive plugs and polishing dummy features (not
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1728 are formed within the openings. A third ILD layer 1730 is formed and
patterned to define openings (not shown), and conductive plugs and polishing

5 dummy features (not shown) are formed within the openings.

A fourth ILD layer 1731 is formed and patterned to define openings, and
interconnect 1732 and polishing dummy features 1738 are formed within the
openings. A fifth ILD layer 1740 is formed and patterned to define openings (not
shown), and conductive plugs and polishing dummy features (not shown) are formed

10 within the openings. A sixth ILD layer 1741 is formed and pattered to define
openings. Dummy bit lines 1742, bit lines 1744, and polishing dummy features 1748
are formed within the openings.

A seventh ILD layer 1750 is formed and patterned to define openings, one of
which is in FIG. 17. Conductive plugs, such as conductive plug 1752, and polishing

15  dummy features (not shown) are formed within the openings. An eighth ILD layer
1761 is formed and patterned to define openings. Bond pads 1760, interconnects
1762 and 1764, and polishing dummy features are formed within the openings. A
passivation layer 1770 is formed over the uppermost level of interconnects and is
patterned to define openings over the bond pads 1760. Conductive bumps 1772 are

20  formed within the openings. The conductive bumps 1772 include an
adhesion/barrier layer 1774, and a significantly thicker metal alloy layer 1776.

Skilled artisans appreciates that each of the ILD layers, conductive plugs,
local interconnects, interconnects, bond pads, dummy bit lines, polishing dummy
features, adhesion/barrier layer, and alloy layer can be formed using one or more

25  different films. ILD layers are typically deposited and include oxide, nitride, or low-
k dielectric (dielectric constant no greater than approximately 3.5), and conductors
are typically deposited or plated and include refractory metals, their nitrides,
aluminum, copper, lead, tin, alloys of any of the foregoing, or the like. For the
purposes of this example, the semiconductor devices are formed using a 0.2 micron

30  process technology with 0.5 micron minimum feature width and a 0.5 micron

minimum space (1.0 micron pitch) at all conductive plug and interconnect levels.
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Conventional polishing feature design rules would have a polishing dummy feature
exclusion of approximately 5-10 microns.

Attention is now directed to the polishing dummy features and their
relationship to other parts of the semiconductor devices and scribe lines. As seen

5 from a top view, the peripheral areas of the semiconductor devices and scribe lines
1704 include many polishing dummy features. Some of the least polishing erosion
occurs at and near the scribe lines when no polishing dummy features are placed in
the scribe lines because the exposed surface lies at an elevation than the exposed
surface within the integrated circuit areas. In conventional processes, polishing

10  dummy features are not formed in the scribe lines or peripheral areas and are only
formed within the integrated circuit areas. The polishing dummy features in the
scribe lines 1704 help to reduce the adverse effects of different local polishing rates
between (1) the integrated circuit areas (especially high feature density areas) and (2)
either or both of the peripheral areas and scribe lines. Although polishing dummy

15 features are primarily shown to be formed at interconnect levels in FIG. 17, polishing
dummy features can and are formed at all the conductive plug levels, too.

Vss interconnect 1762 is electrically connected to a Vg terminal, and Vpp
interconnects 1764 are electrically connected to a Vpp terminal. The left-most
polishing dummy feature 1748 underlies the Vpp interconnects 1764 and is

20  electrically connected to a Vpp terminal. This increases the capacitive couple
between the polishing dummy feature 1748 and the overlying Vpp interconnects
1764. If many components connected to the Vpp interconnects 1764 are
simultaneously accessed, the capacitive coupling between the left-most polishing
dummy feature 1748 and the Vpp interconnects 1764 reduces the amount of voltage

25 potential variation and decreases the recovery time need to get back to Vpp after
accessing terminates.

Dummy bit lines 1742 and bit lines 1744 are formed at the same level with
polishing dummy features 1748. The dummy bit lines 1742 are electrically
connected to a Vg terminal and helps all bit lines 1744 to have more uniform

30 electrical characteristics (bit line accessed is laterally surrounded by two grounded
conductors regardless which bit line is accessed). The bit lines 1744 are signal

features. Unlike the power supply features 1762 and 1764, capacitive coupling
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10hh 1Ohh5 10hh: Usi}lg conventional polishing dummy feature design rules, additional
polishing dummy features should have been placed within the portion of insulating
layer 1731 lying under the bit lines 1744. However, polishing dummy features are
not needed because the interaction distance when polishing insulating layer 1731 is
in a range of approximately 2.5 to 5.0 millimeters. This is an instance where
10  conventional techniques would use polishing dummy features, but in this
embodiment, the polishing dummy features are “removed” (not used).
Near the center of FIG. 17, polishing dummy features 1728 are formed at a
location under the bit lines 1744. Notice that each of the polishing dummy features
1728 does not directly underlie any of the bit lines 1744. The polishing dummy
15 features 1728 are offset from the bit lines 1744, This helps to reduce capacitive
coupling between bit lines 1744 and the polishing dummy features 1728.
Embodiments described herein have more flexibility in determining the
location of polishing dummy features both at the same level and at different feature
levels. Conventional polishing dummy feature exclusions may be used for
20  determining the placement of polishing dummy features near signal features,
however, the placement of polishing dummy features near power conductors may be
as close as the minimum design rule spacing for that feature level, and therefore,
polishing dummy features may lie within the differential exclusion zone.
The ideas described herein may be extended to insulators. In general, low-k
25  dielectric materials are relatively softer (more compressible, higher Young’s
modulus of elasticity) compare to relatively higher dielectric constant materials
(dielectric constant higher than 3.5) including silicon dioxide, silicon nitride,
refractory metal oxides, and the like. The materials having a relatively higher
dielectric constant may be used near features where more capacitive coupling is

30  desired (near power supply features), and low-k dielectric materials near features

(signal features) where capacitive coupling is to be reduced.
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reference to specific embodiments. 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.

5  Accordingly, the specification and figures are to be regarded in an illustrative rather
than a restrictive sense, and all such modifications are 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,

10  solutions to problems, and any element(s) that may cause any benefit, advantage, or
solution to occur or become more 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

15  that comprises a list of elements does not include only those elements but may
include other elements not expressly listed or inherent to such process, method,

article, or apparatus.
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features; and
the second region has a second feature density that is different from

the first feature density.

2. A semiconductor device comprising:
15 a first region (46) at a feature level, wherein the first region (46) includes a
polishing dummy feature (1257);
a second region (42) at the feature level, wherein:
from a top view of the semiconductor device, the second region (42)
has an open area of at least 10 microns in length by at least 10
20 microns in width; and

the second region (42) does not include a polishing dummy feature.

3. A semiconductor device comprising:
a polishing dummy feature (129) at a feature level; and
25 an active feature (123) at the feature level that is a closest active feature to the
polishing dummy feature (129), wherein: |
the polishing dummy feature (129) has a point closest to the active
feature (123); .

a distance (1297) from the point closest to the active feature (123) is
30 at least approximately 0.3 mm; and

no other active or polishing dummy feature lies between the closest

point and the active feature (123) at the feature level.
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4. A semiconductor device comprising:
a semiconductor device (139) substrate;
an integrated circuit area (40) overlying the semiconductor device substrate;
5 at least part of a scribe line (131) lying outside the integrated circuit area
(40); and
at least a portion of a first polishing dummy feature (135) lies within the

scribe line (131) and overlies the semiconductor device substrate (139).

10 5. A semiconductor device comprising:
an integrated circuit area;
a scribe line (1704); and
~ aperipheral area lying between the active circuit area; and

a polishing dummy feature lying within the peripheral area.

15
6. A semiconductor device comprising:
a first active feature; and
a polishing dummy feature,
wherein the semiconductor device has a configuration selected from a group
20 consisting of:
(a) the first active feature (1251, 1271) and polishing dummy feature
(1253, 1255, 1273, 1275) lie at a same feature level;
the first active feature (1251, 1271) is a power supply feature; and
the first active feature (1251, 1271) lies within approximately 1.0
25 micron of the polishing dummy feature (1253, 1255, 1273, 1275);

(b) the first active feature (152, 154, 156) and polishing dummy feature
(153, 155, 157) lie at different feature levels;
the first active feature (152, 154, 156) is a power supply feature; and
the first active feature (152, 154, 156) overlies or underlies the
30 polishing dummy feature (153, 155, 157);
(c) the first active feature (162, 164, 166) and polishing dummy feature

(163, 165) lie at a same feature level;
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the first active feature (162, 164, 166) is a signal feature; and
the first active feature (162, 164, 166) lies at least approximately 0.3
millimeters from the polishing dummy feature (163, 165); and
(d) the first active feature (162, 164, 166) and polishing dummy feature
5 (163, 165) lie at different feature levels;
the first active feature (162, 164, 166) is a signal feature; and |
the first active feature (162, 164, 166) does not overlie or underlie the

polishing dummy feature (163, 165).

10 7. A semiconductor device comprising:
a first polishing dummy feature (1453, 1473) at a first feature level; and
a second polishing dummy feature (1459) at a second feature level, which lies
at an elevation different from the first feature level, wherein the second
polishing dummy feature (1459) immediately abuts the first polishing
15 dummy feature (1453, 1473).



