WD 02/ 099865 PCT/ US02/ 13884 METHOD OF FORM NG AN | NTEGRATED ClI RCUI T DEVI CE
USI NG DUMW FEATURES AND STRUCTURE THERECF 5 Field of Qhggl- y@plbon Thi s

i nvention relates in general to integrated circuit devices and nore

parti cul ayp2/49986snt egrated circuit devi ces havi ng dummy PCEAISA¥&3§84
Background 10 Polishing is used to planarize surfaces in formng
integrated circuit devices. Traditionally, no tiling has been used in
formng integrated circuit devices. Wien no tiling is used, polishing
causes dishing or other problens related to non-uniformthickness across
an integrated circuit device substrate. These probl ens include, exceedi ng
the depth of focus 15 for lithography or etch rel ated concerns. Dummy
features have been used in an attenﬁé to solve the rohl ens r%j?&ﬁg Lo
di shi METHARIOBRORMINGANINFRGRATER FTRCHITORNIEE HSTIE PR TTA PRI s 1sed t o
aid polishing are formed by "tiling" because, froma top view of the
integrated circuit device, the pattern of dummy 20 features | ooks |ike
tiles. The process for tiling typically includes creating a circuit

| ayout,_ defining a buffer zone #1 i? | ange of approximately 1-10
m crons@ around active features—ﬁ@-&ﬁl@&%t, and conbi ning the
circuit |ayout 1N ) Al

other areas ar e*ﬁ%gppgﬁpgh? g@%ﬁﬁ%ﬁﬁgpﬁggggﬁgggﬁfé %‘???lﬁé%ggﬂgl ty,
tiling s hasé paricifar] tbdfrayrarsdvenuitaivviets hhwireg tunerryefgaturss.i s at or

above a m ninu cept for

Background - -
10 Polishing is used to planarize surfaces in forming integrated circuit

devices. Traditionally, no tiling has been used in forming integrated
circuit devices. When no tiling is used, polishing causes dishing or other
problems related to non-uniform thickness across an integrated circuit
device substrate. These problems include exceeding the depth of focus

15 for lithography or etch related concerns. ,

Dummy features have been used in'an attempt to solve the

problems related to dishing and other accumulated thickness effects.
Dummy features used to aid polishihg are formed by “tiling” because,
from a top view of the integrated circuit device, the pattern of dummy

20 features looks like tiles. The process for tiling typically includes creating
a circuit layout, defining a buffer zone (typically in a range of |
approximately 1-10 microns) around active features within the layout,
and combining the circuit layout with the minimum zone to determine
excluded areas. All other areas are available for tiling.

25 Regardless of circuit density, tiling is used if the distance between
any of the active features is at or above a minimum width except for
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* 166166* *ACTI ON* WD 02/ 099865 PCT/ US02/ 13884 certain exclusion zones.
Typically, the mnimumw dth is no nore than 10 m crons, and can be
approximately 10 microns. Tiles or at least partial tiles are placed in
avai |l abl ewsgep®ss | east 5 microns wide. The tiling pat tRETVOS/13884 si ze and
density of tiles) is usually the sane across the integrated circuit
device. See FIG 5 in each of United States patent application nunber
5,278,105 and European published patent application nunber 0 712 156
(1996). Although portions of tiles are mssing, the sane feature density

present 1 RoHH SRCHESIOITzdhog, TORRAING NGBk MR B oM RRad 10 fon

in the ac { i ! i 7 r cE€Tilegor adl@astsi mi | ar
qmﬁ?wﬁ%ﬁlﬁéhﬁb& 'app_wxmﬁatblykﬁo IPRGTORRC €Tilés ot atleas

el enent s, |.ncl udes an illustration of a
cr oss- secipagtial tilgscareplacarbint availahle areasndtieast & micronsswide.eThed
patterned | ayers; FIG 2 includes an illustration of a cross-sectiognal

view of tiling pattern{icareizetand dansity £f dilesispisualinthe same acegasihe

el udss. Integratad cicuiderice. GoR EIGed rosarn o LA StaREbfietnduct or

1T ust r at O IGAtonchOGtha 278, 708 SndRUioHREH pUBiishel pateritdes an
application number 0 712 156 (1996). Although portions of tiles are
missing, the same feature density is used.
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15 sem conduct or substrate after renoving the patterned layers; FIG 5
include s an illustration of a cross-sectional view of a portion of the
sem conductor substrate after form ng a conductive Iayer;ﬁjﬂ%&/%agpcl udes
an illustrabioenessés a cross-sectional view of a portion ki e

sem conductor substrate after renoving a portion of the 20 conductive

| ayer; FIG 7 includes an illustration of a cross-sectional view of a
portion of the sem conductor substrate with dunmy features, patterned

| ayers and a first dielectric layer in accordance wi th an enbodi nent of

- the invention; 25 FIG 8 includes an illustration of a cross-sectional

view of a portion of A sem conductor substrate after renoving a portion of
the first -3 WD 02/ 099865 mwﬂmayer in accordance

wi th an enbodi nent of the present invention; FIG 9 includes an

il lustration of a cross-sectional view of a portion of a sem conductor

substrate after_renoving,th ' d
dielectric | ayeﬂ-hérmqa?&té%ﬁ%‘ﬁ@é'{' \%mlﬁgng?gdf!ﬁ @gggfﬁgpﬁ?ﬂé%ﬁﬂ%gdi ment
of the present . jon: ' i lilke references indicate
cross- sect ﬁ@ﬂ'&@f'é}?{m%@ggcgh&%@ggq?fmgg'?g%nggﬁductor substrate after

r enovi ng aﬁﬁﬂ%w@ﬂg’%ngmwmchye | ayer in accordance with the present

i nventi on; 11 includes an illustrati on of | a | f one
enbodi ment of t iEGHMeineudésaeritlustration of a cross-sectional vieW 6f a portion

of a semiconductor substrate and pattemed layers;
| FIG. 2 includes an illustration of a cross-sectional view.of the
10 semiconductor substrate and patterned layers after depositing a first

dielectric layer over the patterned layers;
FIG. 3 includes an illustration of a cross-sectional view of the

semiconductor substrate and patterned layers after polishing;
FIG. 4 includes an illustration of & cross-sectional view of the

15 semiconductor substrate after removing the patterned layers;
FIG.5 includes an illustration of a cross-sectional view of a portion

of the semiconductor substrate after forming a conductive layer;
FIG. 6 includes an illustration of a cross-sectional view of a portsqn

of the semiconductor substrate after removing a portion of the

20 conductive layer;
FIG. 7 includes an illustration of a cross-sectional view of a portion

of the semiconductor substrate with dummy features, patterned layers
and a first dielectric layer in accordance with an embodiment of the

invention; |
25 FIG. 8 includes an illustration of 2 cross-sectional view of a portion

of a semiconductor substrate after removing a portion of the first
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Skilled artisans appreciate that elenents in the figures are illustrated
for sinplicity and clarity and have not necessarily been drawn to scale.
For exanpl e, the dinmensions of sone of the elenents in the 15 figures may
be exaggerwbetiosvsdsati ve to other el ements to hel p i nproveCTiUse2/13884
under st andi ng of the enbodi nents of the present invention. -4 W 02/099865
PCT/ US02/ 13884 Detail ed Description of the Drawi ngs Physical proximty
effects, electrical proximty effects, or both are taken into account when
determ ning where to place polishing dumry features. Polishing dumy
features ¢ i v i ! y{ti ed at one or
nore feat ﬁ%‘é@vgpéﬁﬁﬁg%%@@%‘?’@lﬁ?ﬁp éﬁ%’f"% w t géljgtbﬁz;dversel y
af f ecti ng jhygnBient or mance of the integrated circuit device. In essence,
nore sel ective placenent of polishing dummy feature patterns, rather than
sonewhat i ndi sdFlGt Sinclugesaentiustrationmofla stossgsectional view of agporttioms, i s
~used. Wien inplenented to its 10 greatest extent, enbodi pents of the
present i rofeatsesnicondustarsubsiratecaiier remo&m,tha/paﬁemﬁﬁay%ﬁs aRds are

defi ned be] ow,to

id in the.understandin LflGgat] 1. Active
feat ur &s Pén?'ﬂgttﬁﬁée?%& d&éjﬁpﬁ'% @rt%ﬁi ﬂgggéﬁﬁﬁﬁ)ﬁéqﬁéﬁﬁ cuitr y for an
I ntegrate ' ' | | fioat ' Jportions of
transi st o?@eéé%etd@pg(ﬁr Q%Qﬂ%ﬁlt&f tﬁ%epﬂel%%g‘ “i@i“@%"'f eatures include
power supply f qa@Ir {3 incMiiies am flustationast 4 erosesettional vievs bt antial |y
constant potential, and signal features, which are designed

portion of a semiconductor substrate after removing a portion of the
conductive layer in accordance with the present invention; and

10 FIG. 11 includes an illustration of a planar view of one
embodiment of the present invention.

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

15 figures may be exaggerated relative to other elements to help improve

the understanding of the embodiments of the present invention.



to operate at one potential under one set of electronic conditions and a 20
different potential at another set of electronic conditions. 2. Control
features are features that help control the processing of a sem conductor
subst r at ewcomnvssss features include alignment marks, stR$GTURESSBor
nmeasuring di mensions of features ("CD bars"), electrical test structures
and the Iike. The control features are typically 25 [ocated within scribe1

| i nes between dice on an integrated circuit device substrate. -5 WO

02/ 099865 PCT/ US02/13884 3. Environnental protection features are features

having a primry (nost ipEanedDesdriptivr ohties Drawingsi ng an integrat ed
circuit device frompost-Tabrication environmental conditions. An edge
ring seal aroppysided @o&imﬁytéiﬁeois,seleoMMrpmxﬁmﬁycﬁﬁthﬁeObbD;h &k@npl e of
5 an environnental protection device. The edge rin se?J provi des nobile
1: ion pr ?t etaken into aegountwhgn-detesayRing whes épeﬁlagﬁspo ishing, ALFAWe
rcuit area is the portion of the, di Lth t '
'el'épi ca:c I {ﬁeaﬂgeﬁn%gﬁlﬁg‘ﬂ'& (&m@tyi 935'1"@% q\?én E’&ﬁ%&ﬁﬁzv@%‘g@@%ﬁgm t he
ge o e e. ﬁ; ? r.isphe I ' ' i [ [
Pﬁ: \évgcragt t I8 thﬂ\%‘?eo\ @Fbc Iéﬁép@éﬁé&%f@#@?@@é\? %ngpi %@év?;@%ﬁ?ht' e
o _ o ) , : I b i
bet ween tﬂ%&géﬁ(w %@ggl}t%iﬁﬁg scCri té ?Eee.mgdrgéas}g?%ﬁm?ggsi sttbf(ﬁat ﬁlr gg

Fesi oo’ SEL davsesnossency mifessiecie plasoment o polshing act ve
dummy feature patterns, rather than somewhat indiscriminate placement
of polishing dummy feature patterns, is used. When implemented to its

10 greatest extent, embodiments of the present invention allow for sufficient
planarity. _

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

1. Active. features are features that correspond to the designed

15 circuitry for an integrated circuit device. The active features include
portions of transistors, capacitors, resistors, or the like. Active features
include power supply features, which are 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

20 different potential at another set of electronic conditions.

2. Control features are features that help control the processing
of a semiconductor substrate. Control features include alignment
marks, structures for measuring dimensions of features ("CD bars"),
electrical test structures, and the like. The control features are typically

25 located within scribe lines between dice on an integrated circuit device

substrate.



integrated circuit device substrate. The resolution-assist features are
present in a mask but are not printed as separate features onto a

sem conductor substrate. Phase shifters are exanples of resolution- assist
feat ures. wondssspur poses of this specification, featur8THIREISHO for
optical proximty correction are considered resolution-assist features. 7.
Dummy features include features printed onto an integrated circuit device
substrate, where the features are not any of the other types of features
defined above. Different types of dummy features are wused in integrated

circuit devi ces; foEnyironpiientat pretestiorfeaturestatd feztufss hawingad i n nenor
:rrays al ong thée OU'P'ET‘rTi gm feOW a the acti ler}[ﬁl I nes in thg
rra mwdrtanty fundtion beproteatingian irde CiEsIgb5
PCT/ USOZ/ @884 r?l nes poI i shing dunmmy fgat ur esgare dugm ur es added at
flongo AR ¢

SO}‘ eaL ure deﬁmelfrcgrh posbafsabrmat@:]n emvicopmestalaaongi Hdr ove

I shing characterijstics the current or ub | evel .
pol i shi ng geahgroung leslsnﬁﬂe cPBYMPP A fi‘iié%&'ig@ﬁg Cﬁ{%w‘édqf

devi ce. El ectr

foaturds, 8n Wéﬂniiﬁa@iiiiggﬂei@ifiﬁiis i N S b St Q@PQS‘PP“%“
el ectroni c &Bcﬁ?ﬁ%rﬁf d%gramd]ggckajgmgrd émﬂgng(;esm ng margins and

devi ce per nce y to latch up, Ieakgge current, etc. % 10 9.
Pol i shi ng dumw4fﬁﬂbgrateﬁeeir%ameass the pertiob obthe die with the.activei ¢ desi gn

rules but ?eraetuigse Cll';lpfcatll?/, I{t)i'ci)cla Iirftglgrrlgteddu&?gué S?éau iseisJounded by bond pads
near the edge of the die.
10 5. Peripheral area is the portion of a die that lies between the
integrated circuit area and the scribe lines. In many integrated circuits,

the peripheral area is the portion of the die lying between the bond pads

and the scribe line.
6. Resolution-assist features are sub-resolution features that
. 15 assist in the resolution of active features that are to be printed onto an
integrated circuit device substrate. The resolution-assist features are
present in a mask but are not printed as separate features onto a
semiconductor substrate. Phase shifters are examples of resolution-
assist features. For the purposes of this Specification; features added
20 for optical proximity correction are considered resolution-assist features.
7. Dummy features include features printed onto an integrated
circuit device substrate, where the features are not any of the other
types of features defined above. Different types of dummy features are
used in integrated circuit devices for various reasons. Dummy bit lines
25  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
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Traditionally, the m ni mum spaci ng between a polishing dunmy feature and
an active feature or another polishing dumy feature is at |east one

mcron and typically is no nore than approxi mately ten m crons, 10.

D fferenti aboeyebsssi on zone is the difference, at the san@CTﬂégyﬁg%‘level,
bet ween the m ni num spaci ng between a polishing dummy feature and an
active feature and the m ni num spaci ng between two active features. 11.
Dunmy avail able region is the portion of a die that can be 20 occupi ed by
dummy features. This portion is the difference between the area of the die

A g 1384, oliing Mrn Aty Reptatesrars afmrmy foatureseaadded @tenteatuse ur es

correspondi usion zones. In a preferred. enpodinent, .this area is
voi d of anyjeiel b’% freskusfean integrateak circuitideviceyta knproveupalising,
determning the fraction of an 25 area that is oiggﬁi g bé features. In
one enbodi neharadtbrsticeat the cuteat ©r & sybseauantly ﬁé evel, 02/ 099865
PCT/ US02/ 13884 13. Low |l ocal feature densit\.i | : f
feature denpolighingriemmay featuse s n %‘H‘é'r@qur ﬁ?épgsé%'l ﬁéé?%tlé\ﬁ{gﬁ hd)and a

hei ght of aperoxinately 5to 35 mcrons. Alowlocal feature density val ue
will ustual A$VIEE-found in the vicinity of a small active feature (less than

5 approximately g ieEARRiCAoERA T idIale WIS foreninimum spating sizenbr es
on any side of the ) ature for a distance of at Ieas%h
appr oxi mat ekyatlffel OofBvatiap etween features within an integrated circuit. 1he
electronic design rules are determined in part by processing margins
and device performance (immunity to latch up, leakage current, etc.)
10 9. Polishing dummy feature design rules are a subset of the
electronid 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 one
micron and typically is no more than approximately ten microns.
15 10. Differential exclusion zone is the difference, at the same
feature level, between the minimum spacing between a polishing
dummy feature and an active feature and the minimum spacing between

two active features. .
11. Dummy-available region is the portion of a die that can be
20 occupied by dummy features. This portion is the difference between the
area of the die and active control or environmental protection features
and the features corresponding exclusion zones. Ina preferred,
embodiment, this area is void of any active features.
12. Feature density is calculated by determining the fraction of an
25 area that is occupied by features. In one embodiment, the area is
square or circular in shape.



I n one enbodinent, the integrated circuit device has a first region at a
feature level having a first desirable dummy feature density of zero 10 a
first local area in the first region, a second region at the feature |evel
having a sge@pMdesdesi rabl e dummy feature density which is BERHBR1388an  t he
first desirable dummy feature density, a first active feature 25 in the
first local area, a second active feature 12 in the first Iocal area, a .
dummy-avai | abl e regi on between the first active feature and the second 15
active feature having a dummy-free region traversing a first distance, and

a first dummy f tggﬁu §i !Q I '@ﬂ riieuiay ' nsity
adj acent to Fhefg 6‘& | fedtu e de é sfgétpgt t he ?W%j{dfﬁ%%ﬁfg?e dur.my
feature denpid trirPIB8APatRANS thattite arbadiasatwidthantkaihaightotiensi ty

feature density Is calculated over an area greater than r oXi
: ‘ ( el 20
100 x 100 roxisnately Srta 85micronai rfelaw loed) fiaaﬁllé@aeeal pR’Pﬁlﬁ wi ev?/ce has

a first active feature r . f i shi ‘

p;)l i Ishi n? usually be-found uﬁ%@e&glhﬁﬁ@ft@?&l@w b nPeorS ggxgﬁ%ghabgjsaclzgnt at 0

a east a portjon of the polishi d ' j : [raki
Sy BobToxGRRTh L ok O R LHR T 1 B0l e £
b0 By s BF she(sthal dotive feafing Roredistancerbidtielifl 02/ 995895

pett S 1 - rl*abl'e regiron has a second polishing dummy feature
thafll %/.he Hb?gtggggﬁggqlo o Bomitroms. f eature density is substantially |ess

_ _ shing dumry feature density. In one enbogi t h
first active f momesemigidiment, the integratoaonirdijt 4evias BA8 Firsh region

Additiondl la% a ;ehaetu(;lcleJ Tg\}/élar\nlg\i/iln%bé firotgesratTeYaiRndy foatite detbityBido,

10 a first local area in the first region, a second region at the feature level
having a second desirable dummy feature density which is greater than
the first desirable dummy feature density, a first active feature 25 in the
first local area, a second active feature 12 in the first local area, a .
dummy-available region between the first active feature and the second

15 active feature having a dummy-free region traversing a first distance,
and a first dummy feature 14 in a portion of the dummy-available region
adjacent to the second active feature so that the first desirable dummy
feature density is exceeded. In one embodiment, the desirable density
feature density is calculated over an area greater than approximately

20 100 x 100 microns.

In another embodiment, the integrated circuit device has a first
active feature region free from polishing dummy features 14, a polishing
dummy feature region, and a dummy-available region adjacent to at
least a portion of the polishing dummy feature region. The polishing

25  dummy feature region has a first polishing dummy feature density
adjacent to and surrounding the first active feature region and the

-8-



m crons. The integrated circuit device may al so be partially popul ated
with active features. The polishing dumy feature regi on nay al so have at
| east rows of dumry features surroundi ng the first active feature region.
The presentwooyensdson i s defined by the clains and is bet PET/USOR/13B¥er st ood
after turning to the figures. FIG 1 is a cross-section of an area between
subsequently formed transistors before formation of gate el ectrodes of an
integrated circuit device of sem conductor device. The transistors are
formed on a sem conductor substrate 10. The sem conductor substrate 10

maybe 15 i hl ty-2Vdilaé r8pidm sk d SecoikPpbiistitid dummyteatute denditye |1 ke.

In a prefe nment , ¥ sem conduct or str I s nonocrystalline

si | con or Whevseceabllisting dummy Batirediersityissubsiantially bssitham active

feature 25 are Tormed from portions of the sem conductor substrate 10, a

pad oxide | tysfirgopelishipg tummydaatyre density.oln one emboglimens, thafitstes 20
12 and 25, the pad oxide |ayer 40 and t nitride,l ayer 60 are forned by
any sui t abl activedestureuegiers isiess &an@ﬁqlé@&)m'@ﬁ%ﬁ- (CvD), physi cal
R e oo 2P AVaABRRin WAy, /MR 400 Gabates 17
grown_ | n TG Tg FEQTAteR ot GRTICE ety ieg o pRrANROPRIAIER | -*1ic0
B Usoa 15 e fe e T o e e e | Ayt 60, and t he
seni conduct gt |eastrewsobdumraydeaturesrsurtounding:thedirst activerfeatweches 15
and 35 and region. The present invention is defined by the claims and is better
10 understood after turning to the figures.
FIG. 1 is a cross-section of an area between subsequently formed
transistors before formation of gate electrodes of an integrated circuit
device of semiconductor device. The transistors are formed on a
semiconductor substrate 10. The semiconductor substrate 10 may be
15 silicon, silicon on insulator (SOI), gallium arsenide or the like. In a
preferred embodiment, semiconductor substrate 10 is monocrystalline
silicon or polycrystalline silicon. Both an active feature 12 and an active
feature 25 are formed from portions of the semiconductor substrate 10,
a pad oxide layer 40 and a nitride layer 60. To form the active features
20 12 and 25, the pad oxide layer 40 and the nitride layer 60 are formed by
any suitable process such as chemical vapor deposition (CVD), physical
vapor deposition (PVD), a spin-on process, thermal growth, the like and
combinations of the above. In one embodiment, the pad oxide layer 40
is 140 Angstroms (in thickness) of silicon dioxide and is formed by
25 thermal growth. In the same or a different embodiment the nitride layer

60 is 1400 Angstroms (in thickness) and is deposited by CVD or PVD.

-9-



active features 12 and .25. The trenches 15 and 35 contain dummy-avail abl e
regions. 5 The trench 15, which is within sem conductor substrate 10,
separates the active features 12 and 25 by at | east approxinately 10

m crons or womzrogdsspeci fically at | east approxi mately 20 nPCr/USER/1358at i ve
feature 12 has a low |local feature density. In this enbodinment, the width
of active feature 12 is approximately 0.2 mcrons. The wi dth of active
features 25 10 and 12 is neasured at the top of the feature. In one

enbodi ment, active feature 12 is separated from another active feature by

trench 15, N@thfhe gac?xihéﬁyerl@ﬂ”ﬂlfé Aftde Vﬁnebﬁndmﬁa béﬁﬂ&ﬁﬁa ¢fgrand 35

contain dumry ava e redions n one e e active eat ure 25

is at | eagubstrate d9 are patterwed antusichéd.tol formnirehehes B ende3s anthe
active 15 feature 12 has a width substantially smaller than the w dth of

t he acti veactivatfeatures. 12 and®b.enbodi nent , the active feature 25 is 10
mcrons in wdth. nanother,rgnbrgﬂérrent actlvefeture 25 is a group
of smaller activelhedfenehes tad 5I0@nt§tﬂ vnmy=avaiabledegins plurality
of  high: t, ng ..t W|dth of the
o oup oﬁ'ﬂ&{réoeﬁ 19,78 i85 ShrhohliCest sBfrate 46, aParaR s ach
active t t t tween each
e o S A P T
di el ect rl Crﬁ@neespéﬁﬂcallga@mst%bmmrmam rzfmu@nom nAbﬂvdefeatmz 60 and
Wi thin trenches 15 and as shown in FIG 2. Typical 25 processes for
deposi ti nghas& towdocakfeature densitp, Irrthis emhodtment;rtbe widthiof adlivee, and
the like are used. Typically, dllelectrlc | ayer 8Q .is -
feature 12 is apprommate y 0.2 microns. "The width of actlve features 25
10 and 12 is measured at the top of the feature. In one embodiment, active
feature 12 is separated from another active feature by trench 15, which
is at least 10 microns in length. The trenches 15 and 35 contain
dummy-available regions. In one embodiment, the active feature 25 is
at least as wide as active feature 12. In another embodiment, the active
15 feature 12 has a width substantially smaller than the width of the active
feature 25. In one embodiment, the active feature 25 is 10 microns in
width. In another embodiment, the active feature 25 is a group of
smaller active features. The smaller active features can be a plurality of
high-density active features. In this embodiment, the width of the group
20 of active features 25 would be the total of the width of each active
feature (at the top of the feature) plus the distance between each active
feature measured between the tops of the features.
A first dielectric layer 80 is deposited over the remaining nitride
layer 60 and within trenches 15 and 35, as shown in FIG. 2, Typical
25 processes for depositing a dielectric such as CVD, PVD, combinations

of the above, and the like are used. Typically, dielectric layer 80 is

-10-



WO 02/ 099865 PCTI US02/ 13884 3, 000- 10, 000 Angstrons of silicon dioxide. The
first dielectric layer 80 is planarized using a chem cal nechani cal
polishing (CVMP) process which results in a first substantially planar
surface 9@v@aomosasesecond substantially planar surface 95, BsU/SHaW8#n FI G
3. After planarization, 5 the first dielectric |ayer 80 primarily remains
only within the trenches 15 and 35. In addition, the nitride |layer 60 is
thinner resulting in a nitride I|ayer 62. The substantially planar surfaces
90 and 95 within the trench 15, however, are not substantially copl anar

the 11 rst SPDRE1 DR Ao R G R T o Rcsscs
et SR SR e eRl e B (e he. st
di el ect ri crelsaitering® firstesubstandially panaesudace 90 28t SeCoNEk ni tride | ayer
O sy siaer onviers- 95 a8 S Bice 3, A Pzl o' o0
o oad Pt FRRBS e B b B By VN Tor el . oTovs
o i RS "B NG ey S0 8 B Sty rasos 20,
5 13 BIRLER The sty pg satioso ane Soptintne ek =
grown si | i t§phdinevieteareyot sulistaniiatiyecoplanap witymach ather, ndhigh avas
combinat I'Ogisg];)vterr]gd etl)?/o%/hee Fr?\yert\)t%rslis r(ljI o%ﬁ)el]c v%%g,e t(i'\oenﬁrst dielectric layer 80
10 has substantially different thicknesses after planarization depending on
where within the trench 15 the thickness is measured. This is due to the
different polishing rates of the first dielectric layer 80 over the active
features 12 and 25.
The nitride layer 62 and the pad oxide layer 40 are removed using
15 awet etch, dry etch, combinations of the above or the like. in one
embodiment, a dry etch is performed using chemistries including
fluorine, such as CF, or NFs, remove the pad oxide layer 40 and
chemistries including carbon and fluorine, such as CF,4, remove the
nitride layer 62. The etch results in recesses 200 within the first
20 dielectric layer 80, as shown in FIG. 4.
Turning to FIG. 5, a second dielectric layer 100 is formed over
active features 25 and 12. In one embodiment, second dielectric layer
100 is a thermally grown silicon dioxide layer. Alternately, CVD, PVD,
the like and combination of the above may be used to form second
25  dielectric layer 100. If CVD or PVD is performed, patterning and etch

processing may be needed. In another embodiment, the second
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25 dielectric layer 100. If CVvD or PVD is performed, patterning and etch
processi ng may be needed. |In another enbodi nent, the second -11 WO

02/ 099865 PCT/ US02/ 13884 dielectric |ayer can be fornmed by CvD, PVD or
atom c | aywpodeypsei ti on (ALD) and can be a hi gh- K nat er iRIT/E0YM388& Zr O2
and Hf 02. The second dielectric layer 100 will be patterned and etched to
formthe gate oxide of a transistor fornmed in an adjacent area of the
sem conductor 5 device. A conductive layer 110 is deposited over substrate
10 by CvD, PVD, conbinations thereof, or the |like. The conductive |ayer

10,52 DB el ARPTR B 4t

conducti ve ucti v atterned and etched

to form a @REP) afideean btcadfigh-K matsridl sucheas ZrOganeliHiQsr Thee

sem conductor Substrate 10 10. After conductive layer 110 and dielectric

| ayer 100 seeondrdigledtiiy layentdO svill e patiemeachandretebedtodioranther gaiee

above, a stringer 120 can remaipn in the recess 20 as -shown,in FIG 6.

The stri ngoxideof agramﬁiatoggfpm M’_&@Q@QQ“"@J@%‘P _ $€§1?¢9n@@&950t t he
gat e ©1£°UG30R% b SAnBllvElEyAF T9RS ebeRa o bibsttite i BipGias 0,
e 9o EADE RTINS Whofio] SP SO THREcorugEng tgr | focertlgy e
ompenear PP Trabiltya ity anotrercomeematgal o I
80, dummy Téw cordudtivaataydrot 1@ willbei pattemeds andwtcheddo fasmia gate
electrode of a transistor being formed over the semiconductor substrate
10 10.
After conductive layer 110 and dielectric layer 100 are removed by
a wet etch, dry etch, or combination of the above, a stringer 120 can
remain in the recess 200, as shown in FIG. 6. The stringer 120 is
undesirable because it can electrically connect the gate electrodes of
15 muitiple transistors on the die, which are formed on either side of the
area shown in the figures. In another embodiment, the stringer 120
causes a short or leakage of the integrated circuit device. The Inventors
have recognized that problems such as the stringer 120 are due to the
different polishing rates of active features 25 and 12.
20 To compensate for the varying polishing rates of the first dielectric
layer 80, dummy features 14 are formed during the formation of active
feature 12 within close proximity to either side of active feature 12 and
within dummy-available regions or trenches 15 and 35 as shown in FIG.
7. Like the active features 25 and 12, the dummy features 14 include
25 the pad oxide layer 40 and the nitride layer 60. In one embodiment, the
dummy features 14 are approximately 1-20 microns in width or more
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feature 12 within close proximty to either side of active feature 12 and
wi thin dumy-avail abl e regions or trenches 15 and 35 as shown in FIG 7.

Li ke the active features 25 and 12, the dunmy features 14 include 25 the
pad oxi dew@yx099868@ and the nitride layer 60. |In one enbodcwmstz/igde dumy
features 14 are approximately 1-20 mcrons in wdth or nore -12 WO

02/ 099865 PCTI US02/ 13884 preferably, 1-10 mcrons in wdth. In one

enbodi ment, they are wider than active feature 12. The wi dths of the dumy
features 14' are also neasured at the top of the feature. In one

Featur o 1rearail B0 HAGHSD WibE' AnSing SHPodaght Tnéy defwily /T,

width of UPBrrketie fdatatene: Frie Widis of e ehimiby feardred 14 dresalse W dth

of the dunmy ures 14. In one embodi nent, re 1s a dumy avail abl e

regi on beaneasuredatiheitop ofehedeati®. aindonéendoodimeénrtitheeddrmmyat i s void
of dummy features 14, which can also be referred to as a dummy-free 10
portion, deaturesi4iareat leashaswide as the activafeatse BdbdaioRt, the dumy

L oo ost T Ml Sl e VA B8 bl 5.
S L A O BB 10 A o B Yo
octi ve T EQAiro147 1 G BRISotinerty e ERATR Ty AVEIASB G v 12

enbodi nenthetwwere the astive featlireu2dandithe dainney fegiure bethekeis vdid afurmy
feature 14 and the active feature
dummy features 14, which can also be referred to as a dummy-free
10 portion, and is at least 20 microns wide. In another embodiment, the
dummy feature 14 is located in a first dummy-available region that

separates the active feature 12 and the active feature 25 by at least 20

microns. The dummy feature 14 is in close proximity to the active
feature 12. In one embodiment, the dummy feature 14 is within about 1
15 to 10 microns of the active feature 12. Furthermore, in one
embodiment, the active feature 12 is substantially smaller in width than
active feature 25. In this embodiment, there is a second dummy-
‘available region between the dummy feature 14 and the active feature
25, which is at least 20 microns wide and void of dummy features.
20 Additionally, there could also be another dummy feature in the first
dummy-available region.
The first dielectric layer 80 is deposited over the active features
~ 25and 12 and the dummy features 14, as is shown in FIG. 7. Any
materials or processes previously discussed in regards to the first
25 dielectric layer 80 can be used.




25, which is at least 20 mcrons wide and void of dumy features. 20
Additionally, there could al so be another dunmy feature in the first
dumy-avail abl e region. The first dielectric |ayer 80 is deposited over the
active fea@oze998685 and 12 and the dummy features 14, as pcr/edeomsssin FI G

7. Any materials or processes previously discussed in regards to the first
25 dielectric layer 80 can be used. -13 WO 02/099865 PCT/ US02/ 13884 After
the dielectric layer 80 and portions of nitride |layer 60 are renoved, a
surface 170 of the integrated circuit device is substantially planar, as

Gy 1 oat ur es TSN e dRASCHR 18v6F 80 e DUBHED ittt BYeF 60 BER 1T o' LaoH!
that di el gehioved 2 Surfdeam™y0 ot théﬁnﬁé@ﬁg@rid cieit\@vice (4! b&bgﬁa s é/s mpor t ant

to the functlonallty of the device If e are no active W t hin
thi s areaplanas, asishoxwein RIGH8. dt & possible ¢nabi thendumimy-andiilabhe, t he

variation of , thickness is over a smaller area than if the dummy features

14 were ndeg@@%ml&mmﬁﬁéfﬂawfe-ﬁ betweendhesdummyfeaturesttdandrthew t hout
e ST SRt 25 P Ber BBBE b b S e,
o o1 5 B8 OEHPRARE LT Bl Lindi OB LG PBReIA S Y 110,
L7 ou! BByETechurag Gt GoueR #5  Bhteth NUIEBIRY C0° o5 1o I
embodiment. In addition, the variation of thickness is over a smaller
area than if the dummy features 14 were not present and less than the
10  variation of the structure without the dummy features 14.
After polishing, the pad oxide layer 40 and the nitride layer 62 are
stripped using a wet etch chemistry as previously discussed. The
second dielectric layer 100 and the conductive layer 110 are formed
over semiconductor substrate 10, as shown in FIG..Q. The same
15 materials and processes as were previously discussed in regards to
FIG. 5 can be used. When the conductive layer 110 is removed the
stringers 120 are not present when the dummy features 14 are added,
as is shown in FIG. 10. This is due to the recess 200 being smaller and
more consistent than without the dummy features 14.
20 If desired or necessary, additional dummy features at the same or
a different feature level can be added to the integrated circuit device to
account for other problems, such as polishing issues.
FIG. 11 shows a planar view of active features 25 and 12
surrounded by dummy features 14 and 30. As was previously described -
25 in regards to FIGs. 7-10, the dummy features 14 were adjacent two
sides of the active feature 12. The active feature 12 was not necessarily
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stringers 120 are not present when the dummy features 14 are added, as is
shown in FIG 10. This is due to the recess 200 being snaller and nore
consi stent than without the dumry features 14. 20 If desired or necessary,
addi ti onal wipgngedesat ures at the same or a different feaPQr/Ese2a9e84 can be
added to the integrated circuit device to account for other problens, such
as polishing issues. FIG 11 shows a planar view of active features 25 and
12 surrounded by dummy features 14 and 30. As was previously described 25
in regards to FIGs. 7-10, the dummy features 14 were adjacent two sides of

021 0ooss. SurRtidd DAl Sk by Quiriily ferired T difd i achpgToature B8 M2
the acti Vev@é‘é‘bﬁi %u?ﬁ)qﬂtﬁde bghar%dﬂmmy“fdahkesnm.dﬁ fesencecsr 14. The

presence or —absence o0 features 14 surroundi ng the active

features 13hsumteldf tvw dodwmyrfeaturesekt surrodmading gheactiveifeaturesgbe of the
active -5 features 12 and 25. In one enbodi nent, as S vi ousl -
descri bed, and125edepelédsmiheefeﬂlﬂﬂa€eﬁﬁlﬁy %N%M%s Bﬁ&%@&ﬁyéf eat ures -
o 1T ust r deatine 12 8ntidb. IR onesmEoE: Asas Previgsf| d8se g s
L] b bR AL TN 25 oy B7 A 0BEtny Tohaaeyc 20, 10 e
(R oo e PR oM torfiy o A RatdoTs dasypospebtuon i
di stance, vAd iilk@tratedtindFiGme, i sinother ewbodiment, thexactive feature 25
is fully surrounded by dummy features 30, because the active feature 25
10 has a low local feature density. Thus, the dummy features 14 are added
to increase the feature density. The plurality of dummy features 14
around the active feature 25 are separated from the active feature 25 by
a first distance, which can be the same distance that dummy features 14
are separated from active feature 12. In an alternate embodiment, if the
15 feature density is low at the corners of active feature 25 and not on the
edges, the dummy features 14 may only exist at the corners. The same
holds true for the active feature 12. For example, in the embodiment
previously described the active feature 12 was surrounded by the
dummy features 14 on two sides. In an alternate embodiment, the
20 active feature 12 can be surrounded on all sides by the dummy features
14, as shown in FIG. 11. Again, this is dependent on the feature density
at certain corners and edges of the active features 12 and 25. |
Generally, if the feature density is below 25 to 75 percent, dummy
features are added.
25 In the foregoing specification, the invention has been described
with reference to specific embodiments. However, one of ordinary skill
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are separated fromactive feature 12. In an alternate enbodinent, if the 15
feature density is low at the corners of active feature 25 and not on the
edges, the dummy features 14 may only exist at the corners. The sanme hol ds
true for tWO00998¢e feature 12. For exanple, in the enbodtamuso2/1gmsevi ously
described the active feature 12 was surrounded by the dummy features 14 on
two sides. In an alternate enbodi nent, the 20 active feature 12 can be
surrounded on all sides by the dummy features 14, as shown in FIG 11.
Again, this is dependent on the feature density at certain corners and

edges of t ' | Yaed | f e densit

i sgbel ow Z@Gtth? ég\'%eé@g@b@jﬂ%ﬁﬂggﬁﬁ&%@@gﬁgﬁgﬁ%bhgg@l%ﬁ (ﬁﬁaBP or egoi ngy
speci fi catinatle without dapartingfromiihescdpecof thasiprasént inobationass set speci fic.
enbodi mrents. However, one of ordinary skill -15 WD 02/ 099865 PCT/ US02/ 13884
in the artfodpirethexclaimshibelowar Fonexample; deping stepsithatemgyoceur ihe ' nade

. %é“gféi ebber aibas ! e RO AESED re?eeﬁbttb”mve”tﬁsé‘ﬁwse?énafe?f‘a?e;f;f
?E; t ?ﬁ?@%@ﬁ?ﬁéﬁh@ﬁﬁé HepBistde ity G iEndRiess ﬂ@%&;@g&.&é‘é\%cgfgi ?QFK?
Lhan o1 ecdiSCapead Rocoriidly, HesgdeiiCafih Hrittfloutds fe toobiddire "5 "
i ncl uded vintdn illugieativee pther tmar@afr@btriéhtiveegéhsé,- ahd dpseghts, ot her

advantages, and solutions to probl ems have been
modifications are intended to be included within the scope of present

invention.

10 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
pronounced are not to be construed as a critical, required, or essential

15 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 prbcess, method, article, or
apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent

20 to such process, method, article, or apparatus.
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descri bed above with regard to specific enbodi nents. However, the

benefits, advantages, solutions to problens, and any elenent(s) that nmay
cause any benefit, advantage, or solution to occur or becone nore
pronouncedvyas /d3986st 0 be construed as a critical, requiredcrusogsssnti al 15
feature or element of any or all the clains. As used herein, the terns
"conprises," "conprising," or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, nethod, article, or
apparatus that conprises a |list of elenents does not include only those

el ements but may include other el enents not expressly listed or inherent

20 to such process, nethod, article, or apparatus. WO 021099865

PCT/ US02/ 13884 CLAIMS What is clainmed is: 5 1 An integrated circuit device,
conprising: a sem conductor substrate; a first active feature in the

sen conductor substrate of a first WwWCHAIMS second active feature in the
sem conduct or substrate 10 having a second wi dth substantially smaller than

" the first Whatisclaimedds: a first dummy-available region in the

sem conduct or substrate separafing.the first.active feature fromthe
second &ctile fé’d’imt@%ﬂ%fclrﬁldgtd]egﬁc%QQ'BPE',S'%erei n 15 the first dumy

avail able-region is \é.oégrn?éoﬁ&éfcf?ﬁ’té.u\b%traft&at ures;

a first active feature in the semiconductor substrate of a first
width;

a second active feature in the semiconductor substrate

10 having a second width substantially smaller than the
first active feature;

‘a first dummy-available region in the semiconductor
substrate separating the first active feature from the
second active feature by at least 20 microns, wherein

15 the first dummy available-region is void of any active
features;

a first dummy feature in the first dummy-available region and
in close proximity to the second active feature; and
a second dummy-available region in the first dummy-

20 available region separating the first dummy feature
from the first active feature by at least 20 microns,
wherein the second dummy-available region is void of
dummy features.

25
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a first dumy feature in the first dummy-avail able region and in close
proximty to the second active feature; and a second dunmy-avail abl e regi on
in the first dunmy 20 avail abl e region separating the first dumry feature
fromthe fwWOsK/09986% ve feature by at | east 20 mcrons, wWmEIRUSI21b884 Second
dummy-avail able region is void of dumry features. 25 -17 WD 02/ 099865

PCT/ US02/ 13884 2. The integrated circuit device of claiml, wherein the
second active feature and the first dumry feature are separated by a first
distance. 5 3. The integrated circuit device of claim?2, further

compr i singp a_piHeahidgratd et devits of BIai 1 Owrath Lﬂﬁggaﬁg%@w ve

feature and separate romthe second active feature:

di stance. 10 4.feHiare ahedha fixst dunsmytfedtirecarerbephrtaddby arfilger conpri sing

a second dummy feature in the first dumy-avail able regi'on and in close
proximty to thdistane®. active feature. 5. A nethod of making an integrated
circuit device on a 15 sem conductor substrate, conprising: simnultaneously
forming in the sem conductor substrate a first active feature of a first

wath. g S8condrAgthteratsl dkuittevicd BF Rim  UHAE! Eomphistig ™ 2t ed from
a plurality of dummy features surrounding the second active
feature and separated from the second active feature
by the first distance.

10 4. Theintegrated circuit device of claim 3 further comprising a
second dummy feature in the first dummy-availabie region and in
close proximity to the first active feature.

5. A method of making an integrated circuit device on a
15 semiconductor substrate, comprising:
simuitaneously forming in the semiconductor substrate a first
active feature of a first width, a second active feature
of a second width which is separated from the first
active feature by a dummy-available region void of
20 active features, and a first dummy feature of a third
width in the dummy available region; and
wherein the first dummy feature is in close proximity to the
second active feature and separated from the first
active feature by a dummy-free portion of the dummy-
25 available region traversing a distance of at least five
times the third width.

-18-



active feature by a dummy-avail able region void of 20 active features, and
a first dumy feature of a third wdth in the dumy avail able region; and
wherein the first dumry feature is in close proximty to the:- second active
feature anWoB@a88%ed fromthe first active feature by aPCimsn2ABssee
portion of the dummy 25 available region traversing a distance of at | east
five tinmes the third width. -18 WO 02/099865 PCT/ US02/ 13884 6. The net hod
of claimb5 further conprising formng in the dunmy available region a
second dummy feature in close proximty to the .first active feature. 5 7.
The met hod of claim6 wherein the third width is between approximtely one
to ten mcrons. 8. The nethod of claim7 wherein the first active feature

conprises 8. 10Theunettiod obtldimub-further tunprising forning fisthd dumiynt egr at ed
circuit device forned on a sem conductor substrate, conprising: a first
region at a feadvRilablevegiona second dummydeaiurslia clase proximity 4o tine
density of zero; ?ﬁ&brst | ocal area in the first region; a second region at
the feature | evi¥iS VeJeatwW:ond desirabl e dumy feature density which is
greatersthan '

7. The method of claim 6 wherein the third width is between
approximately one to ten microns.

8.  The method of claim 7 wherein the first active feature comprises a
10 plurality of high-density active features.

9.  Anintegrated circuit device formed on a semiconductor substrate,
comprising:

a first region at a feature level having a first desirable

15 dummy feature density of zero;
a first local area in the first region;

a second region at the feature level having a second
desirable dummy feature density which is greater than
the first desirable dummy feature density;

20 a first active feature in the first local area;
a second active feature in the first local area;
a dummy-available region between the first active feature
and the second active feature having a dummy-free
region traversing a first distance; and
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the first desirable dumry feature density; 20 a first active feature in the
first local area; a second active feature in the first local area; a
dumy-avai |l abl e regi on between the first active feature and the second
active feaMP®MPSng a dummy-free region traversing a fircarusdy/sisgnce; and
-19 WD 02/ 099865 PCT/US02/13884 a f.,. ,St dummy feature in a portion of
the dumy-avail able region adjacent to the second active feature so that
the first desirable dummy feature density is exceeded. 5 10. An integrated
circuit device, conprising: a first active feature region free from

pol i shing dumy feaélﬂmfgﬁdumrﬁ?'fb&'fdu@inda'w‘tiéﬁgﬁ%é d&ﬁ‘nﬁ-a%ﬂg(}ﬁ]a first

polishing dummy feature densify adjacent 'to and surroundihg e first

active feature region; armégion atjacenticatheasécond sictivedldiararsotRapthd east
a portion of the polishing dunmy feature region having a second pollshing

dummy feature density, wfirsbdesirable duonmy featurehdensityisnexteetade density
is substantially less 15 than the first polishing dumry feature density.

5 10. Anintegrated circuit device, comprising:

a first active feature region free from polishing dummy
features; |

a polishing dummy feature region having a first polishing
dummy feature density adjacent to and surrounding

10 the first active feature region; and .

a dummy-available region adjacent to at least a portion of
the polishing dummy feature region having a second
polishing dummy feature density, wherein the second
polishing dummy feature density is substantially less

15 | than the first polishing dummy feature density.
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