INTEGRATED CIRCUIT SYSTEM EMPLOYING MULTIPLE EXPOSURE
DUMMY PATTERNING TECHNOLOGY TECHNICAL FIELD [0001] The
present invention relates generally to integrated circuits, and more
particularly to an integrated circuit system employing multiple exposure
dummy patterning technology. BACKGROUND ART [0002] Integrated
CirCINFEG & AP @IRTUIM SYS O VdeyIPLONINGEVIR eQTPLES SRS BRE el
phones, video cameras, portable music players, printers, computers, etc.
Integrated circuits PayIMNURIS BEIFRMNINGHBRCHNOQILOG8Vices, passive
devices and their interconnections. These integrated circuits are commonly
formed by imaging multiple reticles and/or mask patterns on a wafer via a
process called photolithograplﬁééﬁggék%%@ﬁ%ly, the photolithography
process and its corresponding equipment consist of a light source
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The reticle or mask pattern produced by the Tight is then reduced (typically
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photoresist, wherein the desired integrated circuit pattern is then transferred
to the photoresist and subsequently to underlying layers. Unfortunately,
these integrated circuit patterR84&HaRO VAL nsity over the topography
of a wafer, consequently leading to loading effects during etching and
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Unfortunately, the allocation of a dummy pattern on a single mask with a

11903k Braeatly fayah UrhpioseB B PIRECBHRY HiLKHrmCed s tEPmgyconsist of a
liplansissiondniessityréa dheadifigrentsicte@asiiomasicld bisnurequel masiern. The

attern density distribytion, will result in different exposure .. dgses and a
B e S A S R G 4.or
ardasligibéreby affdetimg thedevited dahsitproftine phatmmeyifill pdkeain fdundetired
irf?&gmt%d/\@f&fﬂ ﬂat?é‘iiﬂ iionallva e mask H@tfﬁ{&cﬂ&ﬁkﬁi%@}%s@ﬁférﬁﬁﬁ&tlgﬂ&rlying

mask writing process registration, which can cause a significant mas
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[0004] Commonly, dummy fill patterns are generated on wafers to help reduce the density
variations across the topography of a wafer. For a dummy fill pattern formed by a multiple
exposure method, the dummy fill pattern will either be generated on a single mask with a
large blocking layer on the other mask or by using dummy patterns on both masks.
Unfortunately, the allocation of a dummy pattern on a single mask with a large blocking layer
employed on the other mask will cause the mask transmission intensity to be different for
each mask. This unequal mask pattern density distribution will result in different exposure

doses and a different contribution to the final photoresist critical dimension (CD) by each

mask, thereby affecting the desired density of the dummy fill pattern formed on the wafer.



affecting the desired density of the dummy fill pattern formed on the wafer.

For example, alignment offset in both the X and Y directions between the

first and second masks can produce a feature size that is either smaller or

larger than desired, depending on whether the data polarity of the mask is
Addisipardarke Mecbmiivgly deheialwentibre offect thnmyshattéing bewgseeregivoasion.
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density, thereby adversely impacting the etch rate for an etch process and
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DISCLOSURE OF THE INVENTION [0008] The present invention provides
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throulgh a first mask to forim a first.substrate feature and a second substrate
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embodiments of the invention have other aspects in addition to or in place of
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present

DISCLOSURE OF THE INVENTION

[0008] The present invention provides an integrated circuit system including: providing a
substrate coated with a photoresist material; exposing the photoresist material to an energy
source through a first mask to form a first substrate feature and a second substrate feature
therein; and exposing the photoresist material to the energy source through a second mask to
transform the second substrate feature into another one of the first substrate feature therein.

[0009] Certain embodiments of the invention have other aspects in addition to or in place of
those mentioned above. The aspects will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the accompanying

drawings.



invention; [0012] FIG. 3 is a top view of a second mask in accordance with an

embodiment of the present invention; [0013] FIG. 4 is a cross sectional view

of an integrated circuit system in an initial stage of manufacture in

accordance with an embodiment of the present invention; [0014] FIG. 5 is a

top view of a first nFSIEMRAETORIBAEANVIRH AR PRANHEAD of the present

invention; [0015] FIG. 6 is a top view of the structure of FIG. 4 after exposing
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7] FIG. .8 is a tap view aof the structure of FIG. 6 after expasing a
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mask in accordance with an embodiment of the present invention; [0020]
PEERNIVEIUOREp view of a second mask in accordance with an embodiment of
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[(PI3] FiGafics exposire o6 afirstmasisk) 4Q02BINE¢Githhisetihbostirnoiupd df PiSent
ir&%n@i%ﬁ,r exposure to a second mask; [0024] FIG. 15 is the structure of FIG.

14 after further processing; [0025] FIG. 16 is the structure of FIG. 15 after
[N Gidiectap metefbh o2 F(s 4 flsisReoNg portisigatedreircuit
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system to a second mask;

[0018] FIG. 9 is a top view of a portion of an integrated circuit system in accordance with
another embodiment of the present invention;

[0019] FIG. 10 is a top view of a first mask in accordance with an embodiment of the present
invention;

[0020] FIG. 11 is a top view of a second mask in accordance with an embodiment of the
present invention;

[0021] FIG. 12 is a cross sectional view of an integrated circuit system in an initial stage of
manufacture in accordance with an embodiment of the present invention;

[0022] FIG. 13 is the structure of FIG. 12 after exposure to a first mask;

[0023] FIG. 14 is the structure of FIG. 13 after exposure to a second mask;

[0024] FIG. 15 is the structure of FIG. 14 after further processing;

[0025] FIG. 16 is the structure of FIG. 15 after etching a dielectric material;

[0026] FIG. 17 is a top view of a portion of an integrated circuit system in accordance with
another embodiment of the present invention;

[0027] FIG. 18 is a top view of a first mask in accordance with an embodiment of the present

invention;



manufacture in accordance with an embodiment of the present invention;
[0030] FIG. 21 is the structure of FIG. 20 after exposure to a first mask;

[0031] FIG. 22 is the structure of FIG. 21 after exposure to a second mask;
[0032] FIG. 23 is the structure of FIG. 22 after further processing; [0033] FIG.
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[0042] FIG. 33 is a flow chart of an integrated circuit system for an integrated circuit system,

in accordance with an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0043] The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention. It is to be understood that other embodiments would be
evident based on the present disclosure, and that process or mechanical changes may be made
without departing from the scope of the present invention.

[0044] In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in

detail.



are disclosed and described having some features in common, for clarity and
ease of illustration, description, and comprehension thereof, similar and like
features one to another will ordinarily be described with like reference
numerals. [0046] The term "horizontal" as used herein is defined as a plane
[M0dfdlleikevibe Sondremtiograshprene onbediacatopHbesttsstratee reageirdiegigromatic

ali® QPN e deimaMGrical: wBieks dtndiscirnnaiRendigylsr fa:tBfation
horizontal as just defined. Terms, such as "on", "above", "below", "bottom",

anghge s esR A AP romige i Criobeditioppibe v hesg gpultigl empgdupents
a@reldebaen mhhd@sﬁsal tbathﬁg_hmiﬂe rfaltm@ﬂa [&Qﬁﬁbi{,h_eotemriipragessé@@"of
iR ssed herein }{‘o‘%l'“&’ne Seposition of maigtial 0{1£rh£r¥8'iﬁ§'§£fe ﬁ%@%@@g’ nother
exposure, development, tching, cleaning, anaror rémoval of tne material or
wphotdresitt bs desquiredivirfdimireéceeeiesunbaalstructure. [0048] The term "on"

(0846388 DeigindRmeantherads Alest i%%?ﬂ?éd?z@%&&!%ﬂéf td 4B ional
terms "example” or "exemplary” are used herein to mean serving as an
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[0051] As will be evident from context, the term “integrated circuit system” is defined to

mean the system of manufacturing an integrated circuit in accordance with the present
invention and the system of the integrated circuit manufactured by using the system of
manufacturing of the present invention.

[0052] Generally, the following embodiments relate to the formation of a patterned wafer
with a uniform pattern density dummy structure within an integrated circuit system. The
uniform pattern density dummy structure can be formed by a multiple exposure
photolithography process, wherein the dummy structure pattern density on each reticle or
mask (these terms are used interchangeably in this application) is substantially evenly split
between all of the masks. By splitting the dummy structure pattern density substantially

evenly among the masks, a substantially similar exposure dose and mask registration can be



offset problems associated with multiple exposure techniques. By employing
the method and apparatus of the following embodiments, the pattern density
across the topography of a wafer, or more specifically an integrated circuit
system, can be strategically controlled to reduce incidences of loading and
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that many modifications, additions, and/or omissions may be made to the
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100 in accordance with an embodiment of the present invention. In an aspect
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[0055] Generally, and by way of example, the mask image patterns of the present
embodiment, FIGs. 1-8, can be provided by projecting energy through a first mask having a
first radiation transmitting pattern, and then projecting energy through a second mask having
a second radiation transmitting pattern, wherein the second mask is configured by forming a
second mask feature of the second mask where a first mask feature of the first mask was
located and a first mask feature of the second mask where a second mask feature of the first
mask was located.

[0056] Referring now to FIG. 1 therein is shown a top view of a portion of an integrated

circuit system 100 in accordance with an embodiment of the present invention. In an aspect



represent a region strategically designated for dummy structure fabrication.
By way of example, the dummy structure may include a uniform density
dummy structure that helps to ameliorate loading and dishing effects due to
uneven densities across the topography of a substrate. The present
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a positive tone resist or a chemically amplified resist, for
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[07060] However, the examples provided for the substrate 102 are not to be construed as
limiting and the composition of the substrate 102 may include any material, configuration, or
thickness that physically and electrically enables the formation of active devices, passive
devices, interconnections and dummy structures.

[0061] A photoresist material 104 can be formed over or on the substrate 102 by spin coating
equipment, for example. It is to be understood that the photoresist material 104 may include
any type of energy sensitive film, such as a negative tone resist, a positive tone resist or a
chemically amplified resist, for example. Furthermore, it is to be understood that additional

layers, such as a primer, a top anti-reflective coating, a hard mask layer, and/or a bottom anti-



reflective coating may be employed to enhance the development of the

photoresist material 104. Moreover, it is to be understood that the

photoresist material 104 and the substrate 102 can be in direct contact or

that there can be one or more intervening layers between the photoresist
reflegeyRab a0 andyHee subsaae oRhauehths davdtonmant el Hirephmterasistamiterial

1RYEN1IO0R2] AR 1§ W@Hd@%&&ﬂﬂ%@bﬂ&&@ﬁ&tﬁﬁﬁ&% W%ﬂ@kﬂ@&ﬁﬁ&{éq 02
ex%osed to an energy source, such as actinic radiation, th{ou%h a mask with

FPahe pardrtchaupt qidhgiBee. SPRPaiGRT FAIEMG IR MR dsAvSsRR the
pheginuitahikei i ask axpaseshiiattnderlyittgaphotiasabistclayer andmlepénding:.

he phqgtgresist layer c osition, the exposed partigns of the
e S R R e R BT R R o am enery
saubsayaknat detveloprkatiQoaBlovehn aspkoridf thaypreserndmbatiiensatonke The
1iPRYNERISIHRAE! @k 1A AR RS RAYRIBEH MR LSRSRLING @9 R E%fﬁltoresist

Substrate feature 106 with a uniform density, wherein each one of the first
lagghafiddepsading YoBNi<hSuBRYUNEINY RIShTCIIRPSIIY M SRepaParsisany, the
phoersize afdhelfirot substiieteaiies A angasliiatabeuiseqefideveloper.

j eter to about twenty. (2 lncrometers, which is about to twen
S R SRRl (bl ET RO RO PD R HAlermea
ingo b st ifesuang 406 MayLibrtiaddeaturifilomiig h pattenn desgitywstreictaach one

oMRENEIR Q8RR ABRIRT AIEAY Qi ingl SHBRIEAIS ieatirmd AR ormettaly, the
within a region. [0064] It is to be understood that thrzé)attern produced by ghe
[

sifispisthpdifseUestitire e ds! (R pragsitati aReP A WS rhbli HuEr IRpEE (RS AN BIY
(mpbﬁﬁcs@ﬁaffatemﬁ&(%gwmhm famea@&iﬁdfeéﬂa@usl&i@m aeach f@t;]ﬁlﬂel §iest In some
S trate featur IS either dem ted b etter "A" or t etter "B" .
o e T B T e Mol Rt aF ey eyt
st imethdigrrasi attemlthat proguck th¢hiarshtegsated feronit Hsiedpaddl wohin a
nple, the integrated circuit system 100 can be formed by two separate
mask exposure steps, wherein the mask patterns are essentially identical to

[4Pedtdpéatibepitsrrieaciikatirhe sapsapectsedrey1the St Eiassdenaregdo is

réprERptinat eithesihgnlicst sphaieade feator endROsBparkednAkias Hefirstor ease of
substrate featyre 106 marked "B" has been enlarged on the mask.
YOS 1 e UGS S By MR A e s the
leexptBUreRagp e sprederinpnisbivg ohinharetf thet rasksie (00663 For Basedfip in
aflISERESIOR e JEAnder RL Ihe MRSEnL P BRAMenb WHLIRKUR IR, HISGIoSHIRa
upon the use of a positive tone resist (i.e., thé photoresist material 104) for
CistboxesBf (HAGER PoosEPreherfig Ewas MOk ZXaesrEiriershyificintds mask
pMiewMOiR isinmaskiddiiial acerrdpagenyithameambrdimenintthe feiasenie on

invention. Generally, the first mask 200
the substrate ?O{,I exce)[/)i that either ﬂle 1rst substrate feature 106 marked “A” or the first

T

substrate feature 106 marked “B” has been enlarged on the mask. Additionally, it is to be
understood that other features, not requiring multiple exposure may be present on one or
more of the masks.

[0065] For ease of discussion, the remainder of the present embodiment will focus its
disclosure upon the use of a positive tone resist (i.e., the photoresist material 104) for
purposes of clarity.

[0066] Referring now to FIG. 2, therein is shown a top view of a first mask 200 in

accordance with an embodiment of the present invention. Generally, the first mask 200



8 includes a first radiation transmitting pattern defined by alternately

configuring a first mask feature 202 and a second mask feature 204

substantially equally spaced apart, wherein the second mask feature 204

can act as a blocking pattern. In an aspect of the present embodiment, the
infglgten askr0pdintigrbadenitibedasa ddmefldil MHagkiglbienesifigihendatdirst mask

fRAlR DI Aark E@hthisLmRAdIFens E'El@sf!ﬁ%ﬁzm?% [RAWe&2.808 Wkerein the

secaond mask feature 204 may represent areas with chrome an a clear

SEEUIOPOE May e prEs&At fiftans WA ECRASHTR: [dB6% &éﬂ%“b\ﬂ’aé]?ﬁ fPETEnt
eift® diselosuie fike paikePpo®milebl raémasdd 20 |318mbﬁmmﬁdlsyt {dlentiealHo data
}Pa Patt n fO I’etgll Iﬁ? jﬁ?etn ubst ?gF reu}r% UbSCtra e 10 Teature
béth’or excep t'each o? h fl}s% bstra ea ure jgf)
2%tmahéelmeqn®rdaa§vbb@hrcemaﬂgbd Rer ttgsoerﬂ%mmenpr@h@ﬁ@tarea WIthout
Suhstrate feature 106 marked with the letter "A" represents where the first
mask feature 202 is formed on the first mask 200 and the first substrate

(G001 s 106 idapkdepWithedbsriteuroBhe aptssR At WhEre! thasketShis midsientially

ideatteo20d pataintetnen et simask 200 f{QaS] BemnatalyyHhasizeNbthe of
cndm featur 4 aylclu e.an length .m

R A e MBS AT Mt PR T B Bl becn

emiemelenpga@rrs shthedfirsnin sk fiedteores20R. fmtarc déjpervadicthe jtheberittter “A

répRROAIMEHLe thie 3SR ALI0G AGROPHMARKICAYE AP4HINCIAES 7 %%aﬂtl'aaﬁrst

permits fast, reﬁeatable accurate and/or _precise alignment of the first mask
syBsitiiiee eyt Rfh e e e lsiy (Y JeRsHENthadiersehuteroshmpsk feature
Z%chﬁﬁﬁamqh@fﬁhﬂrp{m embodiment, the area of the second mask

204 bout 1. t2ti t the
O e S B0 e e L AR s Tl e
midiggestes width)ebathiatisistubstentidilty egoratiedinhé bartba @ézthe:gwcst ibbetatesn
J@ﬁ%&fﬂé%ﬁ}ﬂ%ﬁ%&\{m 51 lefielnAs &’Htom%'ﬁlje‘%ﬁﬁttgﬁﬂoﬁ]ﬁlé}f??h@&@ of the

second mask feature 204. By way of example, the area of the first mask

sqeenthrmp2laHEsF iRtidRe eCsran ApserdxmBRET T4k JRgRtY D OWS BRI ehdor

pﬂs@seeﬂp@{matt&rﬂ@dﬁmsamqgawwtmamMOAEMwa@hMeﬂp@am%caﬁcamask
% fth[e prese ent embodfmgnt the first m sk featHre 202 mclud
fe at t n

ano T_aspect .0 esent mbo rea, O secon mask
Arex ranges 8 ASUCONE (XSG Uare Micrd etef Andu
fdgureiiddreg (4G0) sguateumitmeters. aboweévencthiergee thof thle drestahdskfirst
Jeathre, 20)4s not limited to the preceding examples and may include any

area that suits the design specifications of the integrated circuit system 100.

[QBePAoT e dtesb RpaskHeri e dA2dseVEr QB tReapraisa idhivenhsrntdl tdual to the
afQr oY e Se8aRde feature 106 marked with the letter “A”, but that is less than the area

of the second mask feature 204. By way of example, the area of the first mask feature 202
may include an area approximately at, or slightly above or below the reliably patterned
resolution limit of a photolithography apparatus. In an aspect of the present embodiment, the
first mask feature 202 may include an area that ranges from about one (1) square micrometer
to about four-hundred (400) square micrometers. However, the area of the first mask feature
202 is not limited to the preceding examples and may include any area that suits the design
specifications of the integrated circuit system 100.

[0070] Notably, it has been discovered by the present inventors that by forming the second

mask feature 204 such that the first mask feature 202 may be reliably patterned within an area



mask feature 204 such that the first mask feature 202 may be reliably
patterned within an area 9 defined by the second mask feature 204 during a
subsequent and separate mask exposure that a much larger process latitude
may be employed when forming the uniform density pattern of the first

defiisstrtehfespened 1OB kRIS, 204 doTng Alttoagiethenfirstndraskiestgr@ @0 that
a%ﬂf&ﬂhﬁg&g@&&@&%ﬁ@&%ﬁ%%@[@y@@WE&QQ&&@QHﬁfﬁnh@o%%%ﬁsﬁty'ﬁé@egﬁof

understood that the first mask feature 202 and the second mask feature 204
e B isthsga s fp it P rdctilinear design, such as a circular, a
[0eTIhngihlarghaha el yrsidted sha 2[R 2leRedotid ngaElO‘NztmlE |ﬁ)4?aré|’tﬁj’1ﬁhﬁei$ as
SGoun ailo view of a.scaand mask, 200 i agcardance wih an, smbodiment,

Othe present invention. enerally, the second mas Inc udes a second.
featuiaflOm mansivlittingnyatweyHiokfive debiylalterdetly emifwmgmﬂm firstctangglar,
ofGIEZRA angldhe second mask feature 204 substantially equally spaced

apart, wherein the second mask feature 204 can act as a blockln% pattern for
o ARt rap v i itShe Te diETin b6 oM@, 18P fSlMellbY piektyBask 300 in
aw@mmmee&um @rbaﬁj@aﬁhafttbmpéq&emntambﬂdmer@eﬁheﬂssgqthedmrﬁ&@ 300
ma X escr gat ear fn%ld mask w gre ata Iarlt is dark. Per
1 uaes 10 nsmitt atte 11 gﬁﬁ’ alterna Uurl the Tirst
IS embodiment, Prs Mask fedture e secon mas gr attre
ek fmatyrce@@ésem dheasovitd chargmiszid t?@cﬁ@hﬁﬁegkﬂm Zﬂgeaﬁhaypaced apart,

WIRRLRSE AR HE MMM RUYENHOM S, {ORT 3| ASUR QYIRS PAILRM NG HHSCIASHIE first

the pattern on the second mask 300 is substantially “identical to the pattern
SYBHHG (Bt it S tr At FEREdr BY 1076 ViR S R E  at i P2 sPRth Rhfthe psesent

ethbeXeepi that @ashdahie Sustisupsl ate deaddre 2Qmm &f&ﬂdﬂ&émm&é@itﬂfe data

has enI ed P rthls nkbodlm n‘F[ thef trate fe turel 6
P Oﬁr% e %vart% e Ie mEQ FepTesEnts WhEPS e uﬁr mas Spea%cr%n g1k feature
2fdrmedremdive tseconditn ablo 30 Quahdidivé: fir stgsubXifate Yeapure 06 mexkechout
cMithdhe letter "A" represents where the second mask feature 204 is formed

on the second mask 300. [0074] Generally, the size of the second mask
[GRA}, s 2DaviAesf fremide érfylafé@ (ths. RAEHBPR MTIRFERBY BIstvitiP tresipeally
ideatiexaserk:tharegiomiaflined oy thetierid ¢gien-208 betnesaibsaaeh 0f 1B6th of
t mask fe ture n an asp ect of the pr m the e
3 oghEestiindt o B gt R R
ethedist Sebshiatemfedture Qb nfiarkedbyuitke thatettel0tAhdrkahwiteraspect 6B

rdERIESGAERBROFINGNkIRE. AT B H‘{%ﬁﬁ&? 0 MASKLGAHRICOG0TAY the first
range from about 1.2 times to about 2 times larger than the area of the first
syhsisperdente 200 marked with the letter “A” represents where the second mask feature

204 is formed on the second mask 300.

[0074] Generally, the size of the second mask feature 204 may include any area (i.e. - length
multiplied by width) that does not exceed the region defined by the clear region 206 between
each of the first mask feature 202. In an aspect of the present embodiment, the area of the
second mask feature 204 includes an area that is larger than the area of the first substrate
feature 106 marked with the letter “A”. In another aspect of the present embodiment, the area
of the second mask feature 204 may range from about 1.2 times to about 2 times larger than
the area of the first mask feature 202.

[0075] By way of example, the first mask feature 202 may possess an area that is

substantially equal to the area of the first substrate feature 106 marked with the letter “B”, but
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[0075] By way of example, the first mask feature 202 may possess an area

that is substantially equal to the area of the first substrate feature 106

marked with the letter "B", but 10 that is less than the area of the second

mask feature 204. In an aspect of the present embodiment, the area of the
thatstsmessktheattire 202 nfathenetoeisl anaskefeaipisr@linatalyatasnecs|ighthe present

cABOYEORPRIOW NG T Elickiv RAKRTREA FLSPUHIN ileHie 3 PRAISRAGHARAY at, or

apparatus. In another aspect of the present embodiment, the first mask
sHehiyrer2RYS RayPIAUdR aff RN (RHTRRGSTPEHICRL ST bRE @ )RgiRiHGosraphy
appichametar td@bauidesdt-bringl gaetdRO} ntidare iidiofiaiensask fpatian Qe may
i TRRCLOL e present embos bmueé“eg??sa{]%?‘e ofthe st mask’ ga&%%l%% (400)

may include an ar that permi Sta , ré’peatg]b(fe, accurate andror precise
s@lignmemeofite filstyriasiofecataspeo0of withimeasnbrarelbifivat] ty theaselctadfirst

nR@skfealusg, %Qa?r {IQ,QIY@ Nosablyndt B@&P@%Sgiﬁﬁ%\éﬁﬁﬁg Ry thep E@ﬁ%}tprecise

inventors that by ormlntg the second mask feature 204 such that the first
ahigaaietbatuis 203 may beruradly patheriertin RRdabedaafiiad mthdeature

268&£cond mask feature 204 during a subsequent and separate mask exposure

much larger, process latityde may be employed forming the
R S S R AR B econd
mAhtrathict Aedfinathniizes khfehitsiren 28 ZcahdetRe2seep he miabky feaitenee @ O4tlanean area
AGERITEH S SHETRIL SRR DA VORS00
m

202 and the second mask feature 20 aéglclude any curvilinear or
a FRt R EFTdRergts St @may bmploxerorbsRdararngGhs waforaldlensippgacm of
tHOB Bk idefers ngiew t8,biG1d. therein is shown a cross sectional view of the

' rated cirguit syste 0 in an initial stage of manufacture jn accqrdanc
s e e S B R S R SRR e
sqiafeinckides, tihesSubstratdel0®dribhthbe pinttoresistanatc R 18U HFHeqoodtimask

QRS BHSATAR RICH SYSIBMLAO0 AeRisied Hé@i%nf@{%ﬁ%? QLA JAAOD WG,

a uniform dénsity dummy structure is to be formed. [0079] Referring now to
OREOI5; tefeRE-shown a top view of the first mask 200 in accordance with

[(W7TSRRAgHNE S tberpreseMetbuentigbwine BrstsmagtorQ0vieclugasdhetefirsied
mask feature 202, the second mask feature.204, and the clear region 206.

; , a |
ST e e RO
pﬁ@tﬁni&:ﬁi@mé&@oiﬂ@@sd mgk 208 ena KO én@r@yssﬁmrsebamdqo idduoes the
DA PRIEIAIS ARHSIT A2 CORISIAIN,FIB . 1AQBOLRSIEEIDG AV Gflrca may

therein is shown a top view of the structure of FIG. 4 aftef exposing

TqPRSGPARE SRR TP SRR TR e i U B R OO T8 FIeS OmIask exposing
[0079] Referring now to FIG. 5, therein is shown a top view of the first mask 200 in
accordance with an embodiment of the present invention. The first mask 200 includes the
first mask feature 202, the second mask feature 204, and the clear region 206. In an aspect of
the present embodiment, the integrated circuit system 100, of FIG. 4, is exposed to the first
mask 200 via an energy source and produces the image pattern as depicted in FIG. 6.

[0080] Referring now to FIG. 6, therein is shown a top view of the structure of FIG. 4 after
exposing the integrated circuit system 100 to the first mask 200, of FIG. 5. After exposing
the integrated circuit system 100 to an energy source through the first mask 200, the exposed
portions of the photoresist material 104 can be developed and stripped by processes well

known in the art and not repeated herein. The integrated circuit system 100 now includes the
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the integrated circuit system 100 to an energy source through the first mask
200, the exposed portions of the photoresist material 104 can be developed
and stripped by processes well known in the art and not repeated herein.

The integrated circuit system 100 now includes the 11 substrate 102, the first
sewbstrateXedrurest oeatvicaleesn 8 dtratectadtavbseaB. fraguo @Y. 1t is to be

ubREGEPad thRiRe fifsksubRKALR RRIN fokR& 6 farned: X iR difatdnaskor FIG.

feature 202, of FIG. 5, and the second substrate feature 600 is formed b the
5 Kb Sre00d b Sep UGS Sormsd ey heeteson st 3 IR0, hdrCin
[mlmwﬂeaet@mgnﬁuwofdhﬁcseaomhbmasmwa if tap:oﬁed\alacehmt{mmd mask 300 in

a co ggcgn vevﬁﬁ of the n‘gjg Sent I?\{l?entl%gen-{he Se‘t&%ndglgeasse% 20 &%% 1npludes the
|rs mask fea ure e secon mask eature 2 ear region

fipandsksteative Zﬂidélvstsﬁmlmametﬁ@fset@mwa%a@wfémal@lzmgleﬁth%sebosndo be

uhaestos@his fRcmed Rvendbefifst subsirate J&%M%&Q@BM E'fénﬁe@&%mﬁ‘e first
first mask feature 202 of the second mask 300 is ali 2%Zed within the area

sePstrad e e S8cBhHSuss Atk he ditver b, BiEies 2% f Hif seprad: Bestha0o is
apgﬁaewﬁtﬁm edireeat ing titegssteonaisauitiaysiemM06HE. 6, ismexnoped of
to the second mask 00 via an.ener urce.an ces the im
R I T o005 BeTebig Mo I O Reray e second
n@hbﬁm) azimm@fsmecsmt;d:mw@feﬂ@ igitaratexposityithedintédfratbd

[GIE2Y REHFIRID 4RO {0 ihe SearRd Masko300a R Haw orAfIEGRIGASIBE FIRE 6 after

integrated circuit system 100 to an energy source through the second mask
eIk e s ETATF IO Mo S BN tHY phSte resrad etk 301 0 Gw eXpEdeaRsH!E

tti@elﬂlegﬁk@aadrand sHHHPad0PIRGeSses wettknpwigt the @ioamthiadk 300, the
% eated herein. Th |nt c?)rated CII’CUIt y% m 100 now ch %s tg
remail (Y

A5 EYH95 %Fthe AT OB AP R U fe L BB MW 58" st S BSRated
Sﬁaaltdéﬁl@@h@seﬁewlébmbm isciborudk substoatefentdrec800, dhF i@esraledsdiocuit

sPeerings rﬁ&%ﬂa&ﬂﬁfe&%@%B%Eﬂu%r?QﬁeﬂaE’Xh%%t%@%ﬁzﬂﬁeﬁkﬂ?é%%e mﬁlé{f? the

106 is produced the combined exposure of the first mask 200, o

flé%ﬁﬁﬂﬁfféf@éé@fﬁﬂf Sty PERRIGherseqomBaIhe B Fey it breidait .ﬁvéﬂﬁoﬁ%be

uh@yasisepyenedphatbyspliting theniorage ﬂﬂ@ﬂﬁ[ﬂsi&t@fbmﬁguosds%}dﬁl&ed by
|nte cwcwt Sy 00 on ore separate m skst
%3r1nn§y p sossgrsesoéﬁl qﬂ%lnﬁaaf’ er er%s 5,eb\ccctl?r"f(‘\ﬁﬁngf ﬁarl?alt.;% It %1 7
[OﬂSég 1@teerdinculie swmmnl_\(eﬁtwstﬂmqum’.qoamemmﬂvs@phﬁa@&hethea;gae[sﬂntn to

bé B}BQQJQ&GJH e R s%ﬁi‘én@%b@%@@%? APOSPEAOSELES gha?‘each

similar mask transmission for both horizontal and vertical masks) that will

DRSINDUPRRIPAY efep@ie) Pritterricitiih Apiosdodnsiive tiatarzahe AdestopdRicuit

syyefRringigacaf ghe masks it an, equslpattervdemsihi, cmﬁpﬂs@m uniform
bodiment achleves similar mask registratjon (e . ther q,‘_@glh rror vaILie d
a%“{nﬂ‘?Beﬁgtl? S BPARETIERT dfeemArc NG tSHRE 5 §1P§y RerAgra, an

viyiériorykinghthevalteimater uniform density pattern w1th1n a photosensitive material.
Additionally, by forming each of the masks with an equal pattern density, the present
embodiment achieves similar mask registration (e.g., the residue error value of the pattern
placement are matching to the previous layer). Furthermore, by performing the alternate
mask feature enlargement technique of the present embodiment, the final image pattern
produced on the integrated circuit system 100 is not affected by alignment offset and the

concomitant CD variations associated with alignment offset.
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mask feature enlargement technique of the present embodiment, the final

image pattern produced on the integrated circuit system 100 is not affected

by alignment offset and the concomitant CD variations associated with

alignment offset. 12 [0084] FIGs. 9-16, which follow, depict by way of
[(WBinesarid ittty dimitdlvon, damicixempraryoproxissldlewdfarothbyfdimigism.ofin
ei@ﬁﬁ%ﬂf@&@&§ﬁ6wt{é¥%@%ﬁ@&i@ﬂ%ﬂ@ﬁé’iﬁf@grﬁl@& Q.PEICORRIYEHRSd they are

limiting. It is to be understood that a plurality of conventional Erocesses that
Nl ARSI AR itAIHTHE St dhdSniSt Psp‘aﬁ%at%éhﬁl} i Y5rabedt crrsisiRnal
plokcsie 4. M&ﬂ\d&fg\i&tﬂSwﬁmbﬂhmdereﬁi@(ﬁdttﬁ@bmmemadﬁi@ﬁmde or follow
FREAILONS. qpdior, amission @‘%‘XJ%%%‘%‘?‘%ET? e DO b B OeeSS nd/or
withou depar{lng rom the scope or spirit 0 the claime subjeét matter. For

omxsmpiantidbalole tederibbemplostdrdrrpiydes|nddonclepafengefro dthegope or
st dhddifipnallysslermmey dePeraimedin aysHiabiardete WithaUinclude

departing from the scope of the present invention. [0085] Generally, and

1€ and by
MRty BrekafptEeh e iPaskK LR PR SIFRS JRthe b reEmetnBodin SHtedlh pder
wiiddeg By ajeating saoperergy mesuedatiraugh a first mask having a first
jation trgnsmitting pattern, and then projecting an energy source. through a
e T P Pl L Rle PRI T I ERC e 8 H R B
embodmeemagk feattmra @ddhyopréi iGN anehd ghasuree hreyabvelrtonasédoiyiog a

fim@rg(‘l@ﬁkﬁr [&g%glt%% %'%ﬂ{%gnp Q}M & Cér eU?ﬁ%e iy '%?@Nﬁlﬁ‘é@ %Y&%@hoj &cond

portion of the integrated circuit system 100 in accordance with another
MaskHBIRsht P IdE PHadan HANTEITES. RS- RE6EdR Stanes phddettk feature 204, of
FERbDahineHaiedpatins af thenieteprted sisckit System 100 depicted may
ent a region strategjcally designated for dummy structure fabrication.
L e S R SRl R R
ciderm s strutilren thabhbips taithmalibeatarbediingnant thispierg e ffectstgue to an

2 JAEVENASPRILGR BRIRRRIDR: [AROSSARIV P SHOSURIECITNR RIEREM 00 depicted

embodiments achieve the uniform density dummy structure by emplogng
MPEIESHRTN AN SBSEFRINIJestsnns FamEn HBIEHY (Rbgcaipn. By way of
ediffprense inpaitesidarsithbRNRRMN MASKMCRM AN FeirM @RAe280 KOs to

to boyt {iv %%) fP%r erﬂt}l. %?8@ HOV\{ever, it is dto bte underst(%odtthat th% ¢
Mgt LIRS HERTE 60 cdh BE Jar P E" ISFBEP HHSIS th AR et @
s@tfienstrutharess suclrabalttivettevites; phssivéaevidas)@ndurtieyr structure by

e%ﬁ{ﬁﬂg NeRHONSHMOtRQY ?ﬁbi&iﬁéﬁ%?%d{ﬂ%%ﬁ?%ﬁeﬂlﬁa&e%‘?y%. I &?e‘%éffé‘?ence in

egrated circuit system 100 can be prepared at one time on the substrate

PAtEPn Gty ASEG thEH 156 Cab HIa sl S METFGIaUA! B aPRItiENS $ehRrEsFHHUCtor

[UBTeMbliesl i ki bstagr olrbieatirNnlOREE] dihaitnipgeatedciebe part of a
1a?§§}t %v 0 eo t il% L?g}m 1%9:11(1) ee ro’t}(l)erg’s(t)rlilg\tlliltrréisr] ggghszysbasc‘:[tri%teed:lé\g%és? passive devices, and
their interconnections. Moreover, it is to be understood that one or more of the integrated
circuit system 100 can be prepared at one time on the substrate 102, which could then be
separated into individual or multiple semiconductor assemblies at a later stage of fabrication.

[0088] The integrated circuit system 100 is formed over, on, or within the substrate 102. By
way of example, the substrate 102 may include any semiconducting material, such as, Si,
SiC, SiGe, Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other III/V or II/VI compound

semiconductors, as well as silicon-on-insulator configurations.  Additionally, the substrate

102 may also include doped and undoped configurations, strained configurations, and one or
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way of example, the substrate 102 may include any semiconducting material,

such as, Si, SiC, SiGe, Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other HI/V or

[I/VI compound semiconductors, as well as silicon-on-insulator

configurations. Additionally, the substrate 102 may also include doped and
merdlopethlconsitjaiations 2 straiHéth cohfurandns <dhbPorrecoti Smordichy sray be

sﬂf@@ﬁ%ﬂ?%ﬁﬁ(ﬂed 3 0P m%l&?mérlqéﬂlﬁ}%ﬁlﬁ”ﬁfﬁqﬂ% piiticRVRAY BB an

strategically employed to optimize carrier mobility within nFET and pFET
LEGH st PR s FREPOIMARL pRs RS B Tt Hﬁéeéﬁﬁéh‘ﬁi@%za\%?g from
apassashanthick106s ranging i ambaiiaut @aechinbndiedi (160) fasomelers to

everal hundred |crons fo owever, the exam
O e T30 S P L ONE it M XRRER as
ligpimgasididre opthrositibswhthel0Dstraty 102Iods malpda@rimktconfigontitiontion, or
tﬂﬁmgﬁﬁa@“@ﬁﬂﬁxﬁ'ﬁ!}bﬂ %‘i&tﬁ'&ﬁf&'%Ll)ﬂl@é‘ﬂ@%ﬁ%&%@ﬁﬁ@@v@f&é@ﬂ}é% O;iasswe

devices, passive devices, interconnections and dummy structures. [009
Aygscth &M SFEQRRRCHARS ABSHLRM YT BRYERric material 900, such as an oxide, a
[0V907l @ Othe/précsis etttedineihkaevaiiosttik ﬁfamgh%dle,l&ﬁiﬂ@ aeomstwqh nitride, or

Vrﬁ%t%rl s ha en%rvlv ?tte ed moa epe%gtm {3 al‘tt ] strate tterned
eature 106 Wi h a uniform densfy wherein each one of the ?irsfl atr3ie

id@a&uﬁ@@@@%@@@bbgfahqéﬂyt|déxanewlﬁp®med%@vl$hapmoiﬁypicmiw e sinecach
ofd Hrenirateubsiiaie featiea doR @ﬁ%Xt&M% fRmiaRRLGAne. () MIGEAMEISIialy,

about twenty (20) micrometers, which is about ten to twené/ times larger
thin siHe0f i TR A Ee featien iR e sRes SR hituslt dirBISARRENSE, thabout

tiistys@ostiateokaaise vilGhnaybing| uga@tvaife timbighr- gatiein densityeature size.
struct ure Whetreltntﬁ 3x3 or lar er arre % t[lt fltrst sub§tr tet fe:it{%re 106 IS d
SRS RIS & FeG IR Tt RS e U AErS oocfrﬁ1 the'va odticéd
uiniotine lﬁii@t satb@tratalﬁetatut@qm@ iwhrepresenthiivd wfa @umbnfe@ieeﬁp@wmtcﬁte
fJXY&@[d@?J?oﬁ%Q&“{%ttﬁlmg ng steps. For ease of discussion, each of the

first substrate feature 106 is either demarcated by the letter "A" or the letter

(0891} suipdsedseicoth RASHIRPIRTBHPEIdE iRt displtrhreistisréeameeid 00 is
rdpreshaean chyf thecsapraiepoasking Sieps. ek @xpméemﬁgaﬂgtegp@teﬁ&l EQW of

S ggglrc])‘ln]'%%hc tp t}?eeffr%{rpeb%trg% %‘%?u%e ateetl asge x gast E ?tter eé?‘ or the
kS patterns are essentally Ilaen |cal e repea ing pa erno

ldulfst SBJ bﬁtra;taﬁemuné dieGngnithie substhadé the 2irgxcdptrikatesitmer] (hés finstduced
b§ ‘&?esé@ﬁ?a‘@%ﬁﬁu}go Q%@rﬁg e)ém [ethﬁefllliﬁggﬁg%ﬁlt& ?@HE%%%@ Erdﬂ"i_l)%eﬂ)rmed

has been removed. Additionally, it is to be understood that other

bYe%l‘tﬁﬁ%?W& FRieRY TR TS evtiseinrdsriagsbengrestnte s B ialnideatisal to
tHO e-peasks plRREZbRetatringubaiio tFlareldRarain dsoshawnea ter-viewaleither
htg ?urfsl{sstu stafgbe le(l)ré 106 marked “A” or the first substrate feature 106 marked “B” has
been removed. Additionally, it is to be understood that other features, not requiring multiple
exposure may be present on one or more of the masks.

[0092] Referring now to FIG. 10, therein is shown a top view of the first mask 1000 in
accordance with an embodiment of the present invention. Generally, the first mask 1000
includes a first radiation transmitting pattern defined by an array of the first mask feature 202

substantially equally spaced apart. In an aspect of the present embodiment, the first mask

1000 may be described as a dark field mask wherein the data polarity is clear. Per this
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accordance with an embodiment of the present invention. Generally, the first

mask 1000 includes a first radiation transmitting pattern defined by an array

of the first mask feature 202 substantially equally spaced apart. In an aspect

of the present embodiment, the first mask 1000 may be described as a dark
efbrilimank thhareimehle GatarpddrinpygarecaenpPay atfis Wiherhdvdineent shepaque

rgéqghwrﬁg%éfgeggg TRay-repiesenah area without chrome and an opaque
[ qr{t)e{gsion 1002 may represent an area with chrome. [0093] As is evident from

bidtissurdemh &rpm el o girdtenRalkm 68che Srberarifif0iertieantipily
id&eiae_.tte thefprneen foynibe by shstibstratefaatisaui Mimmimmdﬁémtﬁ'ie material
9(1‘%3 %ﬂ?'oé%& g%%%%}eftt'the%rt gﬂﬁ?ﬁ;@% that each of ?Sté'rfeskéé‘f?%{?éﬁ’ \]:\E%tg%%letter

marked Wi een removed from the mas
“PehihiseemisaatinedrirothelfirStrsumstiatd) fdaiee thoe: mizadieet vyitihehierfe tebstrate

fefturteRIEseRMS M hRreHb R itst Raieahi & ROR IRJeANGh RINGHrMaR  med

1000 and the first substrate feature 106 marked with the letter "B" represents
o Sifubiistetshe! e b Liihsuhiietit gratuesiig shapee Mthdspistitie B
rdiegients k0RR @nréhe FissbmaskdA0MbsSjatatpaaikacweay, (e fitst magkc Qn

IS th the fi 00, of FIG. t th . d ,
D O i SRt vafReve o] okl TRt o
(2P, 20 P60 sensms tn sre actond HsniytieatkSlie @GR s theanigsmoved.
[ddRsapa eaHal AR theareR el o di Slosulsitels igelure. 106, markreipity by

the letter "A". By way of example, the size of the first mask feature 202 ma
widd et stestansisHysanahterhatrer it Ssbersie betbie tH rangisy with the
ldpRtteredpesalytigretimiprl ehephintaitieormahyapparatds20n anyasprEeQintita
l?resent einbcgdime%ié, tt e figst masE tleatutLe 2 .2br1na include an area qnatt ¢
R E ot An U BEE NG AP n e rBaterS t5 BB dut 46 A dreoiution timit of a
phoiotdhogtepby ldowevey., theaarempat et strenaslefelaidime202ts fiot limide detoure

2&%}?%&%8& 2 XADRIGS AN MAHNGUIAS 3 AR RUER S EHSKFA00 square
specitications of the integrated circuit system 100. 50095] Although the firs

MHSERIRYE BT depicial AReddfiiaretk &ispe 21T Bdinideistbearasating

eibgplest snaskdeaidrede Qaymayanehddeianneuddiine ascorieeidinesr Besigbgrated
such as a cjrcular, a rectangular, or a poly-sided shape. [0096] Referring now

C]trénﬁéy.sﬁff !Ig?g]rein is shown a top view of a second mask 1100 in

[0S rlbinaezhvithe afirgmbodinfrantrof 202 prebpntiédventigmrG énetalby, thes to be

ur?b&e“r%gc{@ﬁeﬁ‘&?e@& lﬂ&!ﬂ%&&eSW%d@QéﬂI&“aH 0SIHRG RAtEHElnGion,

y an array of the first mask feature 202 substanfially equally spaced apart.
syahal aspedebRtts pregehtos bttt shAesecond mask 1100 may be

[00B¢NREL A5 8RO fiElG Masknwbrreiniae fatapalaiityols £iRabn P @ikSI 100 in
accordance with an embodiment of the present invention. Generally, the second mask 1100
includes a second radiation transmitting pattern defined by an array of the first mask feature
202 substantially equally spaced apart. In an aspect of the present embodiment, the second
mask 1100 may be described as a dark field mask wherein the data polarity is clear. Per this
embodiment, the first mask feature 202 may represent an area without chrome and the opaque
region 1002 may represent an area with chrome.

[0097] As is evident from the disclosure, the pattern on the second mask 1100 is substantially
identical to the pattern formed by the first substrate feature 106 on the substrate 102, both of

FIG. 9, except that each of the first substrate feature 106 marked with the letter “A” has been
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embodiment, the first mask feature 202 may represent an area without
chrome and the opaque region 1002 may represent an area with chrome.
[0097] As is evident from the disclosure, the pattern on the second mask

1100 is substantially identical to the pattern formed by the first substrate
rdigatite 106 ba teeosdbsutd 02, Buthsf emigdmmankcht fiFtsebynisf itneufigsk06

mRiRSITRien farturad OB marked itk iReclelierié ' hak 18Rl e RYRAM AR the

the second mask 1100. Per this embodiment, the first substrate feature 106

sofiofk kit ennetths Sisst ryBruaisia el Coumatiegt Wshseatisfe S0 zeRresents a
staonedppsvihelsegand (haskthd 0PagisHaeofi rmmtl’ﬂt&é@ﬁﬂﬂﬁd@ﬁ ooarisegled

the letter "A" represent ;Stoucture p iousl me
BBl oot DA T W S Sl AP 2 TR e
thﬁabksriﬁ)@ilm%ﬁefsatme%pﬁmélﬁé?cénhaﬁm B80MGfIFIG. 3, except that the

[6“??%?@1‘{@%?1 Teptuse 2 Qs RiElGre32 M3 REGREmONES - [R0OR] o g Mied by
efi

tl rst mask feature 202 all[:)tossesses an area (i.e., length multiplied by width
Wit itha s stivtany Dotrntd ke area drtsd frst bl dratsse kb
ldtliaﬁh thre IBiterayBof prawm ahexam pbthmﬁrsuzea@lt taerdicsL02aslfaatlie: 202area

mc{ FI n ar xmate%/ sI| t11 abo e orCf:)eIon tthe r I|a b o
a%pa erned ?"esélufl Ove Siith ograp y a pgr nan 3518%(; ?1{
plmééelm&mbmdmtuih étﬁast sk $€ hanereK0OR emdppdnutudietanfasemablateature
263N985 HARaARO M- B AHASE RISHPIBEIE B RARRUL A RAURRS about 400 s1uare

micrometers. However, the area of the first mask feature 202 is not limited to
IHGE B HG e EmiBReaShef thayINCItR S @QAHnp e twiiee @dbfgpreceding
espapificaions9f thaumniegipteda cirauiuaystemiddeh [(PRODL-Altughibefitsiated

mask featur &02 is depicted as square in shape, it is to be understood that
Cltlﬁmhrgf maseé feature 202 may include any curvilinear or rectilinear design,
[(09%h astmegtcular fastectahgidanror2dbaty dkiplettShapeufad 00] Referringsnowbe

uhddr{Bod- hANIE R IF SNOWRAFLORS SREfaNAl ey Oc,fuﬁ%li{%tﬁ%ﬁ@&ﬂﬁiéﬁy tesign,

system 100 in an initial stage of manufacture in accordance with an
s BbfTEH Rt p RS neT ARINOHCT At iStegrated circuit system 100

[omodl}d&ﬁe&lﬂﬁgﬂbaxr@tﬂt@a,zthpeﬁaﬁilegmw@tezf@s%@@m@lmammasmﬁ{@gmted
1200 such SJllcon nltrde and the otoreS|st m%terla 04. Th 0polgltlon

I
eIl e b A RS pTaRs AN ah Pl e
prenéiormveensity themmeyrsted ciorei i s toce fiodrmethd3 104 pibeirdteel fPedendielectric
m%@HﬁdéUbthhﬁPc?let%%%ﬁh%SQ%}Q s‘fﬂ‘ébFP%JﬁE{é‘eﬂc?M%r oPd?eéﬁFrHQE%al

mask material 1200 by spin coating equipment, for example. It is to be

19thdetstopertivmrthéphprirasidt fiateriaiioa Weyderitiek BAY fypewneeiggon
wheRSHIY 8rfioImSUGRiBSI@mmy structure is to be formed.

[0101] Per the present embodiment, the photoresist material 104 can be formed over or on
the hard mask material 1200 by spin coating equipment, for example. It is to be understood
that the photoresist material 104 may include any type of energy sensitive film, such as a
negative tone resist, a positive tone resist or a chemically amplified resist, for example.
Further, it is to be understood that additional layers, such as a primer, a top anti-reflective
coating, and/or a bottom anti-reflective coating may be employed to enhance the
development of the photoresist material 104.

[0102] As is well known in the art, the photoresist material 104 can be exposed to an energy

source, such as actinic radiation, through a mask with transparent and opaque regions. The
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negative tone resist, a positive tone resist or a chemically amplified resist, for
example. Further, it is to be understood that additional layers, such as a
primer, a top anti-reflective coating, and/or a bottom anti-reflective coating
may be employed to enhance the development of the photoresist material
liglpp4oraihroy s el inenrein eoast ofHbephato repistemiie Hader Dang angseresist

15¥PRRE HIBRRiEDRRBI Wb%%to?b'ﬁﬁ @&y@ﬁ%iﬁﬁ'&%@ﬁoﬂaéfy@d@&%m%ﬂhe
transparent and opaque regions. The 16 light passm%)garough the

PRUAEHiSHERRITER IAS GILREN SRR ULBR S HrRIBPliHy pHBtBTRER axslaper-
[E0d]dependn@upBoukphoio resiaidaye bt anppeiion, dhdodpose o PorHons its
dlsctgs%r Nolorepist material 104.¢3 Qn%“r%%{sf O 50'?} 18, 200SOIUBIS 03 o
seque?ﬂ evefloper OI?L(E)%L]‘ YFor ease of discussior, the remainder of Re)
pmm@%@ﬂlment will focus its disclosure upon the use of a positive tone

[dﬁﬂ?tlﬂﬂ%mﬁg ﬂ&b%cﬁﬁf"ﬁ% mﬁéﬁ‘eﬁ@sl&%\xfﬁ hPYHRERES Af Blarify :[@[379431posure to

Referring now to FIG. 13, therein is shown the structure of FIG. 12 after
tbéxfpragmaélidoﬁﬁ)eﬁrg{%éék ool ot mesriendthetdp Eanaarsisauhatngl FIG.
16y s mnaﬁg‘emmmlﬂoa peﬁa@ndbao af filke Bpsmgaaskobwﬁ uwnaspanﬁ&zt@ Beature

st 1300 rs bat at ure 10 emarcated
1élvglth ft)ll?ﬁ%~| %ﬁ n}?.rc le ehm Bie ménte'ifﬁ ]ﬁo oJEr)e(cs?% em I%I? 4g IStfnlq'—alt&rlal
10, HddGeth é&ﬁpb@édeamb@tévedoqbefdlqmeketbyrdiboWlnglt‘r&thamrma@kk material

1508 K A48 10 BELIFDEA LR JA M S0 SheRPPINENE3AR. IR &I IRGe AP 104

photoresist material 104 can be removed by processes well known in the art
c %Fﬁ@?%ﬁ%éYeH%é?é%“{@hb‘%ﬂ"R’éféWﬁﬁ%&?ﬁ%t E9psated hgiglein is shown

[0hesPREESHTRGT W @ Eﬁ}aﬁwrtﬁmﬁsm@tﬁvrth@emﬁﬂemasm 18Qifek Ekﬁosilﬂe to

Per thls em o i nt ther layer fthe tore5|st terial 104 ha
gese(%%nteén g?po{sagd @n e\fclelopgd a‘ﬁ”l flngaélP %‘: E &rd 7 n?as ﬁchomresm

HatoHADL200 incF GpiS 1t s tovbalundalotdorkhat et askifdtbre mask
P Sl SNe FERONAMRRE LHAR.FRILERRANAS RANG WS, %flﬁhﬁa‘iq of

feature 106, of FIG. 9, demarcated with the letter "B". [0106] Referrin now
the serend Ragkek 409 ROBRRIA NS <hbfsreOPtHs featusd PhuthEFGord
witgkibistent®diment, the hard mask material 1200 has been etched to form a

d en| 1500 withi hard. mask m terlal 1200 lace t the first
[()Sl?%ri{efo rgmgt ﬁfl % ereimn 1s O‘f)vélnlng Si%’ﬁB‘r‘Fhe ph§[ r\4 a% %urther

&7 formi hE"SELEhE"S oresis
pmaml@ 104; dfis-t@bddincan e herdoved. MdstalbEdhdesdiendethbt¢dhie form a
setord %é%%%o{ﬁgﬁﬁ?&‘%%%m%%& aégﬁ“d{@ A2 Sleie 1300.
secon mas , both of FIG. 11. [0107] Referring now G. 16, therein is

%%m%@gsﬂpgcﬁﬁ@éfqp@mggé%r ?Cﬁlﬂ‘?@fﬁ%“ matenal 104 of FIG. 14, can be

removed. It is to be understood that the second opening 1500 corresponds with the first mask
feature 202 of the second mask, both of FIG. 11.

[0107] Referring now to FIG. 16, therein is shown the structure of FIG. 15 after etching the
dielectric material 900. The hard mask material 1200, of FIG. 15, can be used to etch the first
substrate feature 106 within the dielectric material 900. After etching each of the first
substrate feature 106, the hard mask material 1200 can be removed by processes well known
within the art.

[0108] Generally, it is to be understood that by splitting the image pattern to be produced on
the integrated circuit system 100 onto two or more separate masks that each mask may

possess an equal pattern density. More specifically, it has been discovered by the present

17



dielectric material 900. The hard mask material 1200, of FIG. 15, can be used
to etch the first substrate feature 106 within the dielectric material 900. After
etching each of the first substrate feature 106, the hard mask material 1200
can be removed by processes well known within the art. [0108] Generally, it

ingerydse thaidersvog thasdspuplittifgitheinideqdditern 2o skdp o dbeth oh thhéirst

iR IGRILd ey §YSIE ML AR IO PHENOr eIBLARI Ale: MASKS AL RAGD pattern
mask may possess an equal pattern density. Mare .specifjcal(le?é%i_t has been

ffiSevared by thedprb8atit ™ femint oYt RmbBYiHE s Be e irraaied circuit
sy n®@04thalqalGsat2 rantd 3 fr amskatihopibie dirsh bod ste QA0 pod dukés .albhiform

2Sg.the sgcond Tu"’}ék?%sleo y 0T FIG 11 }hﬂ‘}ﬁs‘g.‘%rr%“its‘{}%n oﬁ%&ﬁtk%frﬁ‘zoﬁ% and
each mask’is cﬁ‘oequa pat 6T density. Accor mélfyl/,%y irradiating the
véntiegraresloirctlint syate nfoli0 avitmigepal prattarn dhsity nidckesethdipre seattrial.

ABEIROSIMEH,CARIRIGER AR AR RREAARIE. SHRASHEIHRSS, (Br8- ptent

similar mask transmission for both horizontal and Vvertical masks) that wi
SR eI ifTHT YartdPr Hithi e prOYGYERSRive hafsHidre Adpitivhay! g pattern
plaseniag erRch:atiihe maskpwitoanseual Patieimoensiyicihevpiesantecond mask
Cath posimentagieves,similar mask fegqistation, (-GN g Eﬁb‘?@% HrNAle
of the pattern p?acement are mactchlng fo the previous’layer). urthermore.
naykré Ovid the Se tontindasiegteptiieen 204wk @<hQ iawdraeftonreaasysem 100

isthe firgtdneskol OQRRidnlGorkQ: and 1he 65t MaeHl 1R RLE ' FsdtadtdCwith

final image paftern produced on the integrated circuit system 100 is not
aligrupsatobyilignment offset and the concomitant CD variations associated

[ovud) Blgnmenofiaath A0S Fiesicl B2 daywhich falp, depissdyywayiefion, an
example and not by limitation, an ex lary process flow for the formation of
CERDAREH e ot At 1) 30 ALy e B NG e e
n{ifiding. migmmdgie_aa nh'letétxgod lthast & pha raﬁdpr@foodnu}rehtaoplataljmcésseyehabnal
pRIGWEIKROWNVIINIRADE SHEAPhOLTGREABNEKENIRGY. RISCERLQE I IRow

FIGs. 17-24. Moreover, it is to be understood that many modifications,
FHRIitidrs: afEso6idsivis Praperastaadidhed thenpeansiidesiaipetigidrssgnd/or
oMvithiout depasting dom teoskapaEispirihotibevdaibned-pubiectMatieg . Eefe or

example, the below described process may include more, fewer, or other
B BN LESr S IEy 8 eI T S AR b Tl
noepaiting. fraonottize seppe dlitheopadsentepventidre. [@HLOHhSenenaltysanatibyrder

WANLHEXRMB . R IRSK BAge RAUGAR, QDR present embodiment can be

rovided by projecting an energy source through a first mask having a first
[HsHM A fisherdhsnitgn§patietnoasgamels pibfedtitity aiPagferbyiEBiircd tHioLRjRsaNt

eSB6aMeknt can be provided by projecting an energy source through a first mask having a
first radiation transmitting pattern, and then projecting an energy source through a second
mask having a second radiation transmitting pattern, wherein the second mask feature 204, of
FIGs. 2 and 3, has been removed from each of the masks.

[0111] Referring now to FIG. 17 therein is shown a top view of a portion of the integrated
circuit system 100 in accordance with another embodiment of the present invention. In an
aspect of the present embodiment, the portion of the integrated circuit system 100 depicted
may represent a region strategically designated for dummy structure fabrication. By way of
example, the dummy structure may include a uniform density dummy structure that helps to

ameliorate loading and dishing effects due to uneven densities across the topography of a
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mask having a second radiation transmitting pattern, wherein the second

mask feature 204, of FIGs. 2 and 3, has been removed from each of the

masks. [0111] Referring now to FIG. 17 therein is shown a top view of a

portion of the integrated circuit system 100 in accordance with another
sehsibsliméne afreenprasketimedptishidre ahe agpéunbiddnsiprespmmy structure by
e BPIBAHIMERRE R AL ‘é’ﬁﬁ%ﬂﬂ&ﬁ? rajed glayit eysiem QA depigtediri@yce in

represent a region strategically designated for dummy structure fabrication.
PH{ R 4GSO BEANTSR M RS OB AR ThAS OGS RP Uirfirts i) R
[ulumlwﬁtrm_tqr@ttmatdm{ﬂ&moamﬁﬁ diatactadiig aodtdigheng IOeaisiduaitiocof a
lalfI nee Vv(_&:/‘go?ee{l?llttlr%s aﬁlrc 3 et%ﬁqgogprg%%ﬂgs}: sol%% a%Sagtlil\peSHee}/ti%ésT h%s il;f%sggxgices, and

embodiments achieve the Uniform ensity dummy structure by employing
therasiisrattmerinoost SUbkstenstiallyietpubratederstaedrhaensitgr(mefe tHethe integrated
cAIIRTENRSN PG BIBRFIEPEIVRE Nt MASKSIRALIRRIE TOIM PROHIZEIR (Dn be

to about five (5) percent). [0112] However, it is to be understood that the
SGRtEYFAREP AL SR U B e A O A1 TV WO R ShsipeR QY frReiGefien-
[oxtiBrBieUatugRse G uctuas petivel 0@ Waefmpassireodeviceshiante Ha®btrate 102. By
inter onnecfiorgﬁ:. M%r over.. it is to be understood.that one or more,of thh
fi Ssu rate [(S)

e .
Wi%e(brg%élgjpc?fcw sys%em 100 ¢&n kl)lécglreepg%(f At one |ﬁt11él n eélgélﬂtggfrafles’ St

SE02 SihictSEsifie. tHERHe Sipafitsd inmtindividiuatior mliplesdiidondupomd
saRReMAlET AL AR Sage RlaRIGAIAN o bRk bhe intﬁ@&ﬁi%ﬁ%&%& substrate

system 100 is formed over, on, or within the substrate 102. By way o
1 & amprisaieclidsdpaed 00 HERPRITONESHHY QemIEAHAE CORG Fwatka 28d Gre or
nse StysRiGrdiatohi/Rige, SIGRC <GCO-GCanigord RAS] NG athesdil Mvaich/ May be

compound semiconductors, as well as silicon-gn-in tor copfigurations.
SO SRS 055y A3 I GRS RO CHADA e In an
agenafiglithtionsestramedioonfighratidngp@nd dmepparese erfsthhorentgtigngom

atbed oﬁéﬂ&%?ed;@ O nARHAE S 500N QUIANARGL G0 BRRY B Sitiegically

imize carrier mobility within nFET and pFET devices. In an

employed to o (
[@é&é{W%ﬁ,ﬁF@s@fﬁ%cﬂmﬁ@ﬁé RE SabRtbaiate 09y pessedy gonstrued as
lithickpass 1 @nRpJsamn abataparhendresh (1 QRN eLAESII0 eh@luration, or

th?@'neralt und etszilcrﬂ'cron? for exaltpple.}g?lltzlll]el—flowever, tlge examples

BrEviae e StDs tAle T SHE N 51HE Be Eo ARG B e AR SHE e 2ss1ve

dc@mpdstﬁmnmﬁﬂmemmmﬁﬂmmmclude any material, .configura}tion, or
[(Lﬂ%‘_f@%?%h%‘ﬁ%&&%séﬁﬂbéﬁ%%,e'éeﬁ%i‘é@&}(c %‘i‘ﬁ&%%? gB& fmatian 8LactYSiwide, or

evices, passive devices, intérconnections and dummy structures. [0115]
vpguthehsesehtenivodmientr digikle iateriinenasiotomaisetlashan kner @aderned
ifidrdep&iinanieas FthRr el nawe feak-orBightk digiesthicieassiaiherein each
o S S Spa R  LEP APLE Hc,
the size of the first substrate feature 106 ranges from about one (1) micrometer to about
twenty (20) micrometers, which is about ten to twenty times larger than a main feature size.
In some embodiments, the first substrate feature 106 may include a uniform high pattern
density structure wherein a 3x3 or larger array of the first substrate feature 106 is formed
within a region.

[0116] It is to be understood that the pattern produced by the first substrate feature 106 is
representative of a combined exposure of two or more separate masking steps. For ease of

discussion, each of the first substrate feature 106 is either demarcated by the letter “A” or the
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one of the first substrate feature 106 is substantially identically sized and
shaped. Typically, the size of the first substrate feature 106 ranges from
about one (1) micrometer to about twenty (20) micrometers, which is about
ten to twenty times larger than a main feature size. In some embodiments,

leites fiPst kulpsties fedtdistinOeshizg Whithdd e hifgrmbaigiefatters l0emsiyeduced
b IHCIFEMOEIRINR I6POrHar gt AR il MrlsuRsikatiR (8RS 1A®dSormed

formed within a region. [0116] It is to be understood that the pattern =
DY IQUEBATHY thE i SPONHSHHR redtefidn 8 TaTShusERtaeS B U RbmdRmegal
thexppsitiexgiatwen QIf thekraepasatee maskingostepshéamease 0d2discupsiba,either
each of the first substrate feature 106 ig either demarcated by the letier, "A".Qr
G o T DR At W P b s
bfentigreo106 idddtuebyl ibis tlecbsapderstoan dukindatéqasnFromekeaqplengmeultiple
ek@%ﬂf@?ﬁ%@éﬁ&f@sﬁ%ﬁ%@%@ 58 BedRMKH; by two separate mask exposure

steps, wherein the masks patterns are essentially identical to the repeating )
[‘Héé)la#%ﬁwg first da0srartSeRRira 166 ha Subifatel 6% SxdlePrthatolo in
a&ith@mdheviirshs Wasitadienfaaturend Qhesaarkecknfomr henfirglysuhstrate featngoo
inlcf%er?%r efl Hiafas heen removed. Additignally, Itis 1o g ynderstaod that 5o

other features, no requiring n%LﬁﬁpT’e exposur% may be presen? on one or
suhgretofithequriskspd@tl1 jaRefbrrimgasimnt tof RIS p8entherdindignshowhe ditgpmask

1001 1BE [iEstBaskL 90l ﬂ‘@l‘&oﬁ%ﬁ%\é{%ﬁlaﬂeeﬁ%o%ﬁ‘&ﬁ[%} Rf A Presetis
|

invention. Generally, the first mask 1000 includes a first radiation

ARt Pp i iNaSfiAGHUE 217 P TePEYiraR AA3KMEAIHODpAnd the clear
reépibistaatialy epteadyt spacedwapalit Jnr@neaspect of the present embodiment,

st ihask 1090 may he described asa dlear field mask whgrein the data,,
pofarity iS Gark Perthis embodiment. the firstmask featlife may
idapresentiarpatea Withahbyrtie éind thestigafcregio@ 06thmatheehebsemt amterial

oRCRMEIHECHOMR FPHHBLAS I MR HPMHRG BRI RralRERAHCIR Bk ter
the first mask 1000 is substantially identical to the pattern form%jﬂgy the first

“Blbstr Arsteratnrecd dsowithin g etk ctiOmieridis somadine s iy substrate

fxaenihahaaehehthe fikgtsulstaie daaturactOtharadkeshvit e Ieters tBmed
ha b?.er% remov romdtfgli fESttmafhkthO?' Per tﬁl's embo imetrflt, he fitrtst g
“8upstrate f&&ture 106 Marked With't Se“i‘e%te‘“ra‘}&mreé?eéneaﬁl% whére the first
raprasknfeatsnre 202 is m:nﬁme@rbstrvesﬁtsbqnamkpi()l@a@smgcbthe (fiest-stssttede region
2 RAHELRGHRKEHWIN é?ﬁ&?%&&ﬂ@f'“fsp RSN AN YEHY R BPGIRY ’J&e&ll(ebfi{rst

a subsequent processing step (i.e. - the Clear region 206 on the first mas

mpeBYOsthtdt-2hstsertiy tipacrredinask feaor idthelsBiHe2aahkefideprask
[(AQ9] ofchfal?, excaprk thatthe secontbmasiciaature 04 (of Flkagd, Magipean by

Wrig%ot\()ggis substantially equal to the area of the first substrate feature 106 marked with the
letter “A”. By way of example, the size of the first mask feature 202 may include an area
approximately at, or slightly above or below the reliably patterned resolution limit of a
photolithography apparatus. In an aspect of the present embodiment, the first mask feature
202 may include an area that ranges from about 0.5 square micrometers to about 400 square
micrometers. However, the area of the first mask feature 202 is not limited to the preceding
examples and may include any area that suits the design specifications of the integrated

circuit system 100.
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[0119] Generally, the first mask feature 202 possesses an area (i.e., length

multiplied by width) that is substantially equal to the area of the first

substrate feature 106 marked with the letter "A". By way of example, the size

of the first mask feature 202 may include an area approximately at, or
[ty dibugie BrebBownhek rédrinly Badtarndelieisdlaticuisit of shape, it is to be
uQc‘IB?&RJH@QM%@X@&MQN&M@ZD@%%PI&HH@a%ﬁ%hﬁf&f?%'f@&mnégﬁcﬁ@gn

mask feature 202 may include an area that ranges from about 0.5 square
SYERADATATE TP SRS Q5 Y ifsdHH&RErs. However, the area of the first
[om25kRefaitirg 202 it MaGlimietdeihe phesedingpeXam plasand sndyninkiudeo in
area that suns th desi eC|f|cat|ons f the rate cwcwt st
aié’\é V6 [Bvi%() ougﬁl‘?ﬁt%?r%t% 2ok tea urg:‘ %2(:% &g;ﬁ&g&e as sqﬂsaxrle %ﬂnhoo
auswqmdbed@hd@tgtmm m@eimgiqﬁnmﬁeammm thayiisicioeis fajure

@W‘GHQ%& &r&ﬂﬂﬂge%’f Egﬂrt SHCRARFCITGHIRE FIRAIVIBIFmO Athe second

poly-sided shape. [ erring now to FIG. 19, therein is shown a top
R &QW@%@E&?&CWHG@% B e BFA BB S Y S e or s

ciptRBantinvestint ﬁmeradt)ardr@seﬁgnebpﬂa@ml&ﬂaremwudaslla;ﬁemdthe clear

.. adl é‘l transmlet;uer;ll ag;t;teee{n Qeﬂ X]an array of the first mask feature
507 SuBStantis a‘fﬁ/ equa ly space apar n an aspect of the present

[(E2A otiimenvidtine fserndheldivrdesikit100 patisrberdbscribad amsk dIE# fielhynatklly

idVARAIR e fatd-palaba sy darks REliiFaE 'T%Q&E’ém%“o&@ﬁefbﬁﬁsméli@a%{ﬁ of

202 may represent an area with chrome and the clear region 20

Fidpidséritai SrEHRiuberiomene feade é%d@ﬁflﬁgﬁwhéfmé%gu«é has

bébe Rattewa eRthesecand mask MDO0 Fesubsiantialiyndaie micakiosthspastesnure
lﬁ%margelay t?ﬁ fhrs subs ate feature 106 o ?e subs te 10 oth Of |: G.

excep?vf eac r?#seis tbs‘?’réa'tre fea urrsé mar WI’[hS é)ln the

Séwhhwswéﬁ(}embhedlfmmhﬁmmmrt@fsma_lk@@ vPdritieiseden bédlmgmsents a
dﬁ&&@%ﬁé&’?&ﬂ@%ﬁﬁéﬁrﬁ 106 %'iE&‘ldr@%%htBGé RHEheRedGRISRAMS WOS & tated

the first mask féature 202 is formed on t second mask 1100 and the'first

anqiBetrafy fEsFECn0 8R4 k&I ehE IR Rt s eeprdsBAts A0&tRidHfre 3. except
tHareNdQWshhdarmedditere-dhe sfeacreging RRae pmtvedsecond mask 1100).

another w the second m 1100 is the same as the con
T e ARSI R R R TBhh 504 o1 pres 5 TLER Py
widthpiedis| QiR BinGalyeraibl, tthédinstané she fEetuned 202 fosses $06 marm@amh the
1ek&- 18Ny My iglied hy Opllé"'mbkl%%ﬂ%&uﬁé‘i%ﬁﬁlue%&‘@b@ tﬂﬁﬂ%ﬁé t!ll‘?area

first substrate feature 106 marked with the letter ' way of example, the

ARpFRXBR Y first ﬁlia%}glrélat@m‘@ozrnl?a&pméhfd&ela@bb(r@attﬁﬁsﬁiosﬁﬁﬁmw atmgr of a
pRI@NthoaReHe SypariR the Jelskly: RAtrsNreksRcORBIIMIANIL Bfdirst mask feature

202 may include an area that ranges from about 0.5 square micrometers to about 400 square
micrometers. However, the area of the first mask feature 202 is not limited to the preceding
examples and may include any area that suits the design specifications of the integrated
circuit system 100.

[0124] Although the first mask feature 202 is depicted as square in shape, it is to be
understood that the first mask feature 202 may include any curvilinear or rectilinear design,
such as a circular, a rectangular, or a poly-sided shape.

[0125] Referring now to FIG. 20 therein is shown a cross sectional view of the integrated

circuit system 100 in an initial stage of manufacture in accordance with an embodiment of the
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photolithography apparatus. In an aspect of the present embodiment, the first
mask feature 202 may include an area that ranges from about 0.5 square
micrometers to about 400 square micrometers. However, the area of the first
mask feature 202 is not limited to the preceding examples and may include
rergnareethansiies thegteisihairspicificetiond ofalhdeintegyrabetiteitOditty dielestric
nﬁ@taﬁ%h@%ﬁ%ﬁsﬂqﬁﬂ%méﬁb gﬁéﬁ%@sﬁggﬂ%ﬁ@&%ﬁg the ﬁﬁ’&@f&m material

shape, it is to be understood that the first mask feature 202 may include any .
18rbinRror e hfifias aisdighic L aneas WeHeRIsF I vacsRigiagr2 sreien wherein
apﬁiwﬁidwsbamenﬁ@;ﬁﬁjc%esrmgd@mwﬂG. 20 t_hereir_1 |s shown a cross
L R T R A T LS o

present invention.
thipHarihregriateaaicd U2 &Y btesnin Goaimd rde o thens s traapl © 2 [t ivetel fed ewidigstood
AR BhABRs e R M ASK M EHH d20R SYpD s5leIN RIS ARH BRh as a

photoresist material 104. The portion of the integrated circuit system 100
neRabivted I tpre SENE A6 T WEISIA SPEHGT ABRLF Gty O fefirale-
Fistebe formed. [0da6bbeihepiesent emboditernts therphetoresisimateriaive

1(3.4 can %(? form%d Qver or on ﬂth hard rrgask mate{)ial 120{) béé sPin cq}ating th
“Equipment, for'example. 1115t be Understod  that the photoresist materal
daGdomegning|thdelzoigregperoitendriffdsensitive film, such as a negative tone
[OEFI$AR RIRIMG SNSRIk R GeMicaly AR ad  esishe 0L LXAMB!E: energy

Further, it is to be understood that additional layers, such as a primer, a top
StEr e By aciBiatigiaH Aty St aUsbrioRt SnirifR ARCEIR Y AfiHP RadyFgesions. The

lighopleyed terenitamearthepAevelapone it aidhaphetpresishinalenilid@fhotoresist

0127 is well known . in the art, the photoresist material 104 can be
e 8 PR B P RS R e o i b aaus o he

phqmrmm H}faqmetirtégi(bngnﬂfhwlughtqmawmlﬂm)mgkbm@mmmt.
[dPHPRSOLINE Mhagk -fxRases R MAFALYINE RP %%&%F%Aﬁ%ﬂhﬁé?ﬂ dgReRdIN;ts

' IIl?/er composition, the exposed portions of the
4

upon the photoresist r _ '
disristuresispmiieiisr 12 cBITSIRP IR EBME E6lubBOPRASHRMIE Rytgrial 104) for

psyppseqeMdeveloper. [0128] For ease of discussion, the remainder of the
r t embodiment will focus its disclosure upon the use of a positive tone
[drieé:%it I.fg.rr_u}% A t(%tlé?ﬂgl LoD 1S &vvfr(lj the Structure ots ﬁgn? . Tgf;&?jposure to

photoresist NI I purposes of ¢
the Eife rnimgy kn 60000 KBG 2118 . therein bs shdanstothietlstr tict instohdsiGe&0rafle?, of FIG.

1§XBPSHECAR  NEH ST Lo G 3ndl ']fé(%héffﬁﬂstti%&ﬁ’s@%é‘ RAfERoAGk ‘151%}] 17,

first mask feature 202, of FIG. 18, of the first mask 1000 corresponds to the
dmsqrgzﬁggfyé_tﬂé taf@a}ﬂf@r j_‘@é’ ; d?qq@_s :E:y[}bodiment, the photoresist material 104, of FIG.

20, has been exposed and developed, thereby removing the portions of the photoresist
material 104 exposed to the energy source and allowing the hard mask material 1200 to be
etched. After etching the hard mask material 1200, the photoresist material 104 can be
removed leaving a portion of the hard mask material 1200, now representing the pattern
produced by the first mask 1000, intact over the dielectric material 900.

[0130] Referring now to FIG. 22, therein is shown the structure of FIG. 21 after exposure to
the second mask 1100, of FIG. 19. Per this embodiment, another layer of the photoresist
material 104 has been deposited and exposed to allow a portion of the photoresist material
104 now representing the pattern produced by the second mask 1100 to remain intact over the

dielectric material 900. It is to be understood that the first mask feature 202, of FIG. 19, of
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demarcated with the letter "A". Per this embodiment, the photoresist material
104, of FIG. 20, has been exposed and developed, thereby removing the
portions of the photoresist material 104 exposed to the energy source and
allowing the hard mask material 1200 to be etched. After etching the hard
theraestondamasiall 190 0ottsspohdidredisfimatebirital©faare JEoremded Tedemy ated
wharirn.atthrghard mask material 1200, now representing the pattern
roduced by the first mask 1000, intact over the dielectric material 900.

[(BAH 0T sstteinty W H 185 2BCHFRrisiThE Sl R efuFAbr 21 @lter further
pﬁf‘texsmgoowr&lioeﬂﬂﬁ)mmdm@sknbﬂ;% td Eﬁ&o&&spﬁﬁtﬁ’iﬁlambefbmemtp the

anotherl r of the hoto erlal 19{1 bee eposited
ot e T

neerppitteantipgcbel eetﬂebymélmédmhﬂa@mqwﬁe e a0h Fih€act9everetinein intact

O%g{gg(ﬁlglé@ﬁ\;@%@g@gﬁds to be understood that the first mask feature 202,
FIG. 19, of 22 the second mask 1100 corresponds to the first substrate

[%%&bPee%%%FWGO TG démiieisiads Wit b qetiartyse ook R evdsririghishe
digldete adtdharaimnisoshaen Be strectare afdskGnz2raftanforthe Figocesaingy the
p@%rﬁéﬁt% odiment, the.portign of the h‘%fogef'“ matetial 1 4{?5‘1% ff%%}é) 106
source Fias been refnove ereby eavmgt e po lon of th
thmfﬁremlﬁnmdatbnmcmmtendw(?@préfwfnnglﬁgélpaﬂremupmmde@ﬁby tR6, the hard

SRSt RASKbAOPIHE GrotrelR I GRRAINRAL QY eREHISLRCHIC RRRHA! well
900. [0132] Referring now to FIG. 24, therein is shown the structure of FIG.

kpepariitcingthe dielectric material 900, of FIG. 23. The hard mask

[oltaxpnah&aﬁg), @fiFHChe2inRAdothethphefaiaRisidnaienabd Pdueh kdGe 2rbdeabd on

2 1utsed to folrrm Ithg 1;|rest sH%?trate feature 106 S\éwgrlgrg/frorg th glleelec%tr & ma
ma er%a?tﬁe)cf Kiter orming the RO ARt ureel('%l ¥h thask y

pongterial ¢200 prigthdquhityorddist vrteficd 04t dan b@netmovedddybprdwemsnt

1nW8“[om\M}é%quliﬂ énﬁe%&({x%' ﬁﬁl;lgl%%@lbmlt& F&QGWSM ISG%t Qythe first

splitting the | |magﬁ§ pattern to be produced on the inte grated circuit system

mpgl) 9 thvBIer Motadsbparapehiarsks! 09 eabiPndskir A roskBssmsk pattern
f@aah PRIRTR deegidl. Mese spaGicallyciriiag esnichanaver eRe)iitated circuit

resent . iny tor that removing the second mask eacllture 204, of (ITIGs 2 .

e o o STt AR T dh o I T MR SU AR o
aﬂdL(ﬂQ)eafaF»]G ed®sthatdbre resultingimask Ipaikerranﬁmlmh foabktts nfreguoall and
v&%‘éﬁ”‘r&%{éﬁ%ﬁc%fj'@&% by iradiaing.leniniagrated r:féﬁ%%BEeﬁé‘ﬁR?emr&QQnal

with equal pattern density masks, the present embodiment can produce a

AGHlftﬂ?ﬁ“anré@%&ﬂa@@k@ésﬂ?ﬁe Hage (¥, 2 STHIArRHESR HardmisSommsent
chedaihiRfizatah@Bdimilar mask registration (e.g., the residue error value of the pattern

placement are matching to the previous layer). Furthermore, by removing the second mask
feature 204, of FIGs. 2 and 3, from each of the first mask 1000, of FIG. 18, and the second
mask 1100, of FIG. 19, the final image pattern produced on the integrated circuit system 100
is not affected by alignment offset and the concomitant CD variations associated with
alignment offset.

[0134] FIGs. 25-32, which follow, depict by way of example and not by limitation, an
exemplary process flow for the formation of the integrated circuit system 100 and they are
not to be construed as limiting. It is to be understood that a plurality of conventional

processes that are well known within the art and not repeated herein, may precede or follow
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vertical masks) that will form a uniform pattern within a photosensitive

material. Additionally, by forming each of the masks with an equal pattern

density, the present embodiment achieves similar mask registration (e.g., the

residue error value of the pattern placement are matching to the previous
Fl&geP>Rartdasorer.by retadvingdaestoeddhel mark medilicatog, asfdri®s, and/or
odisn "Ry RGH.AE theHirstImasletiBt pidclG: ABnANALPEEECA0Hh Maskpe or

1100, of FIG. 19, the final image pattern Produced on the integrated circuit

SRS RIPE G oo BIFSLIRYEY ATRjirHERR BGOSRV HESBRRbRARGGTE ey include

méatiationrs, assebatedwithAaliginment offpetnf] Bd]etbanad-d2nyhichatod aser
depict by way of example and not by limitation, an exemplary process flow

* B%Bt'#ed?g#nﬂa c%n0 %lf%ﬁegfﬂ gé%t ed {:#Sﬁtltugg/es técrirﬂl'loo and they are not to be

(U treadralylimitthdpylt eato ble exrderktoder thaasd plueglitypaficonvehtibhapresent

eﬁ%@l‘ﬁﬁéﬁcﬁ?@ﬂ@{ﬁo‘@’ﬁﬂd(BQ\gfbj‘é/&ﬂ{g theAtANGREL IBRRZIY RRIGIRWing a

precede or follow 23 FIGs. 25-32. Moreover, it is to be understood that many
Mo EfCAAB &SRR 2 UFE/ G b FFSS RIRS THAS H GhEAE% 18UIe BEmwh 2 second
nfieisanbag precassridtiaiit wepanting: fpamrthevicepeinr sspinl afdherelairaeds, of
bject er..For exam the below described process may include
Ffrr#g'rg, egv:/?étrl'tj,agrb S?Hé?rg?é’é)csﬁt&gld?ﬁégﬁ/g/ﬁ,jes%aﬁllésmay be performed in any
(e R eforer neitHo UtlGe artheeeinomstivevscope ofetmerhregativinoeHigontegrated

3R GERAR Y 200 RUNEY, R SXBIA' DI MRRKJMBIS RAFETISALIE In an

present embodiment can be provided by projecting an energy source _
atRreiughihe e AR SRPRAMAY S th RIAGREE NG AMERMEH G Fattetrs ted tRedepicted
nfaKOjEsiEsen AN RBRIYLSQIICA TN toLighat $ECONE MASK RAMING R SEEeNdBY way of

radia}tiotr}}1 trgnsmittipg Pattern, WhFr in the sec%nd ma k feature %O4,tgft Elps.t
IR 3RS PR YRRl RS Bach B TRETISAKY f%‘f&’a REIERG oW 15 ©
aiRkGoI2E tlveddig mehbshima tiscriedvofa pemiondoistiesintegratbd tepegritphy of a
sSHRLEE 19Qdnaceardanssimith@npinerembodiment AtHoR, PIRSFA IOYRANRAN by

In an aspect of the present embodiment, the portion of the integrated circuit
cRPLXIRS TR ke )yich ayiRsiraisdit cavbGisAt arHEsy et Ssigriftedifsrence in
paltTaYnSIiy gsaméghmggi@ah ﬁygwamfamﬁwdﬁo?hs zdidimmyle_s(tﬂlﬁ&wl@?@léﬁ ay

n a unifoarm density gummy structure that nelps to ameli te lgadin
e R e R R R ¥ o
laspbstratt:. hempreseritémbodinentsrechievesthectunifdenicdensityi dudeniyes, and

a%%&uf@ope{ec%mﬁ!qfnf&memikﬁ yith 9&”&9&%&%&%%%@5&16&% RAUNALEDE RRUG b rated

density (e.g., the difference in pattern density between masks can range
CHGh, atse 28kbce) ke Bisoaiethve (B pEreetTt)hsoBTT ol &y eYhiehsaRyisiethen be
sépacieeatoesitaatithel itagnaiee ekcihaysiamsidmtandee Rat i of fabrication.

[0138] The integrated circuit system 100 is formed over, on, or within the substrate 102. By
way of example, the substrate 102 may include any semiconducting material, such as, Si,
SiC, SiGe, Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other III/V or II/VI compound
semiconductors, as well as silicon-on-insulator configurations.  Additionally, the substrate
102 may also include doped and undoped configurations, strained configurations, and one or
more crystal orientations (e.g. - <100>, <110>, and/or <111> orientations), which may be
strategically employed to optimize carrier mobility within nFET and pFET devices. In an
aspect of the present embodiment, the substrate 102 may possess a thickness ranging from

about one hundred (100) nanometers to about several hundred microns, for example.
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larger whole that may include other structures, such as active devices,

passive devices, and their interconnections. Moreover, it is to be understood

that one or more of the integrated circuit system 100 can be prepared at one

time on the substrate 102, which could then be separated into individual or
[t plevsesivrictirdenstoplessemiiied tar dhateybsteaie BiXaseicaticn. bfodaB8] Ik as
hkﬁiﬁr‘%%ﬁﬂt&r@é’rﬁpﬁ%ﬁi@%% isifRrmed @/ﬁfaﬂﬂcﬁﬁwﬂy%ﬁl&éy%ﬁ{ﬁé%rl%n or

)g way of example, the substrate 102 may include any semiconducting
thikpesifhal RRYSSaSY, as‘?c?l%%alg.@@&sgt@éemé%%%\fA%chée‘ﬂfps dtrsve
dékll&égﬁﬂ{é\ﬂo@ﬁeapawmldsﬁmmrsduem as well as silicon-on-insulator
ERiens Addenal s ybstaie A0z manaise ndude dapedand. o
un ped coﬂ]fegura?lons Strained confi gura lons, and’one or more cfys]% f
variantathensvedl dnown 0ow; ke Brghdndidectiid tsnsrehtatiorials, ihidheenayttrened
il Qtﬁ@'&ﬁi% %W%Q%tﬁﬁpéﬁﬂéﬁﬁtg%ﬁ'ﬁ%ﬁ@@'WH"Q"M&@E&M Rftferkin each

devices. In an aspect of the present embodiment, the substrate 102 may
O’Ef'oggéfg‘sfﬁsﬂﬁ%‘kﬁ@é"sf%ﬂﬁ%boﬁ&ﬁ“%ﬁﬁiagﬁédﬁ%%ﬂ%S(i%b?Wa%%ﬁ?éteTé’E&fally
thabortt sevasaliRuURGEaehivicrQos, ﬁ@ﬁaxageplﬁoaﬁe{&iﬁginblqwan&moﬁhaer to about
SRS ROwed (or g subsliate 102 are Dot ia.g consliued a5, IiRize
e composetlon of thie su stra &102' A ny materia
Irt:@mﬁugmmhoqrhlnmntsnlthmé& iubstpity Srodling dﬁd electrichile enablesnhkigh pattern
ALAUMALOR REAGHNEALYIGES: RASRIVE 1HEY 6L hd HECAMEHIORS AR G M Wrmed
structures. [0140] Per the present embodiment, the dielectric material 900,
wilhinage€Pnoxide, a nitride, or various other well known low-k or high-k
[cligigatric coBstanicmaiarials, haspbean paltaceedyinte ﬂrﬁe@@@ﬂﬂ@&g@t’r@flﬂ(ﬁis
first Sl,tlthtl‘at? feature 106 with a urtllform densmh(é Wh%reln iach one (31._( € e of
"Het SUBEIate Heatia 106 R SUESh NI S icay Sz KhY SfiBped " <25 ©
difypigallycathetihe MthemratsMatwfeatuIEIG&ng@é brsotheelﬁ@nn ‘@eor the
ko P AERGld. B8P R AZQRICLTIRLGS: WRIEIS BABH 168 IO produced

twenty times | arg‘er than a main feature size. In some embodiments, the first

by (s tPRAEE ABAREIND B Ry FiftcRIABRICy Aol Sip s s Yals A A)0sAn e farmed
bwmaupaﬁa&@gﬂ@@agﬁéra&;@f tbleefeﬁﬁttﬁab&&gagqaﬁﬁafmgré%s@fﬁtme&ntmal to

o2 egion, [0141] L to,be ynierstogg ihat fhe pattern produced by he,
hf?rs?p ea urel ISu represen aFve ora combinead e pOSU epoF W(% or

the dirst sepﬂrammaasklm@ﬁstqnbed:m caséofidischssion feack d06hedikstl “B” has
béé‘fpi%%txeeﬁe aAW(ﬁtPOQlQlf? ?t”ilg &5 gg Hlﬁ&?t‘cﬁﬁ tayap%?n@tfge{tui‘aés %E*}%qé%% Hﬁlltlple

for purposes of distinglishing which of the first substrate feature 106 Is
cHoUiCERY Y fiessdparate Phaxkmef shepskdr example, the integrated circuit
[@@Pmé%gaﬁbae@mdz@mw&ﬁp@ﬁ@%naa@b XPOVITEnSIERS, MRRIGIDO0 in

aépgrcqg&%kﬁvp }?'tg?lrgﬁﬂ?g melgr?tecr)]tt ei)cy Iggeesg;[lltcglvtgntlon Generally, the first mask 1000
includes a first radiation transmitting pattern defined by an array of the first mask feature 202
substantially equally spaced apart. In an aspect of the present embodiment, the first mask
1000 may be described as a dark field mask wherein the data polarity is clear. Per this
embodiment, the first mask feature 202 may represent an area without chrome and the opaque
region 1002 may represent an area with chrome.

[0143] As is evident from the disclosure, the pattern on the first mask 1000 is substantially

identical to the pattern formed by the first substrate feature 106 within the dielectric material

900, both of FIG. 25, except that each of the first substrate feature 106 marked with the letter
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the repeating pattern of the first substrate feature 106 on the substrate 102,
except that either the first substrate feature 106 marked "A" or the first
substrate feature 106 marked "B" has been removed. Additionally, it is to be
understood that other features, not requiring multiple exposure may be

“Presnhasn emeovedrione dhehervhawks. (0002 PRefefrivighedimentFI. 6! substrate

rdhere i shuvAdemy e of he st Rasknl R0R 4T 8CERAN3BREWINNAR formed
embodiment of the gresent invention. Generally, the first mask 1000 includes

o e Mgk AR ARG AR UBeMe I Sn APPayratkek it Mgsletter BT
rdp@abane 202rustibstarieaftyeelinyiy Speegdeappirbcdssaiy aspeatt of the @repentgion
bodjment, the fi ask 1000 may be descrihed as rk field mas !
1PN R Toh Mo SRR RS BRI A0 AP AR ne i
nRee 2y f EliFe Seprcent dhettwithoutdonrckfeaand 20é. op . hugibre G0Ny

[ERIPERAL AN Yih FRIRMEIAL48) A8 s quidentiam; the PistORHIBpHRE by

pattern on the first mask 1000 is substantially identical to the pattern formed
Wik et SRS SRALfEAHA L0108 Withith TR RORE i ke [8b kA with the

lditks 25, axceplytbateasplafttefiststlestiatefeattisenkO@mansedivitiidha area
letter. 25 "B" has been removed from the first k 1000. Per this . -
SRR R BUe Bt 100 AP g i of
phem*@bem@hbhaveath@a‘irslnmlagkp@awfreh@(pzeﬁsrfbﬂmb@ﬂimmthéhﬁrﬁtshmgkkl@@@re
260 ¢hihe fighsuhstiate,featuses PG maned vl the lglem & s RPIESEUSPsquare

structure to be formed by a subsequent processing step (i.e. - the opaque =
MiSEBKTHOBVIFHE HstFrusk hodnyt Bisteldurrsthes wag! iHaiskinthsRaggne

elarifpgesame msytheclitst masdec0Maokhils e, excaptpaairing secontheaskgrated
feature 204 &{ FIG. 2, has been removed. [0144] Generally, the first mask

CHSAtLY Stfﬁlzlpo'ssesses an area (i.e., length multiplied by width) that is
[dbstantalighetiualitst therdrdaabfrth@(ir s stidpstredeafe agurec1 06 simaxked withtp be

ubldErsI5HE 'iﬁﬁi—h@&‘i%é’@%é%k%ﬂﬁi‘@'S@é'}ﬁa?i%‘?cﬁfdg‘ﬁlyréwiﬁ‘ﬁ&fe&%&ﬁf?%{%é’ign,

include an area approximately at, or slightly above or below the reliably
sysAtfsrhelc Yo U HIERIto P2 pRBtSIREbYIShY apparatus. In an aspect of the

[ARseRdfembodisnent Fite firstreask featidia 208pmayyvideludesaidaiedtRati00 in
ranges fronghabout](j).g.s uare | icrometers tot.abo 4001 quhere 100
FRTEPARTREID TSRS Bl TR PRI LK reSRSFR B0 B RaY At {3
iltﬁeqa.s.ems;stmgl mﬂmmpieaamnﬁmﬁm@udéeﬁnyddmanmmfshhéidesigsk' feature
LSPEGHIEANRNS & Jﬁi?y'%g&f&‘ IR SYSIRmLE AR IR Alerab e irehond

mask feature 202 is depicted as square in shape, it'is to be understood that
M AIORREIOredtsidbod 25 & in BRId @arky asrsiinaadaie e diine rodsigRer this
cHBEDI RS, GECHI nRAJSEAnUIaD, 5 PrER&SIdardashaRRhout chrome and the opaque

region 1002 may represent an area with chrome.

[0147] As is evident from the disclosure, the pattern on the second mask 1100 is substantially
identical to the pattern formed by the first substrate feature 106 on the substrate 102, both of
FIG. 25, except that each of the first substrate feature 106 marked with the letter “A” has
been removed from the second mask 1100. Per this embodiment, the first substrate feature
106 marked with the letter “B” represents where the first mask feature 202 is formed on the
second mask 1100 and the first substrate feature 106 marked with the letter “A” represents a

structure previously formed (i.e. — the opaque region 1002 on the second mask 1100). Stated
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[0146] Referring now to FIG. 27, therein is shown a top view of the second
mask 1100 in accordance with an embodiment of the present invention.
Generally, the second mask 1100 includes a second radiation transmitting
pattern defined by an array of the first mask feature 202 substantially equally

argiheed apdie. secardaspict Hitne theesarm entbosintad s 38¢opidFaagk except

bl B BavhhedesriRed s a piark field mrsk whgteln the data polarity is
clear. Per this embodiment, the first mask feature 202 may represent an

[UA8] Gt erfsniBshipete UG U T SRS I0Y AL fdprekustiamyligdied by
width) elvoinenbidria) 1A s (sat videa hicarst the Glisclobiuree thatpati@mmakbe with the
econd sk 1100 is substantially i tical to t atter rmed.by the first
e G e et T e RS B TR R e
apifrtenfirist s absorastigedyurboro o megleed théthrehablettmtteiehassddveen limit of a
pﬁ%mﬂﬁ%gr%im}? Jﬁ‘ﬁa&%&onﬂl W%kpéétqg tﬁ@ E)lt@csn? @MYR@HEJ ﬂt@ff%%tmask feature

ea

substrate ure 106 marked with the letter "B" represents where the first
2R BRrRYHs 902 BAERESH e SRUBHP LI O ER Lo E g
nieaii@eiQoHvaker] withihaeotetierid e esanits 2025t uekuie jpse \ots | yreceding
formed (i.e. - the.opaque region 1002 on the second mask 1100). Stated 26
S ol et S ST Mgt el R
ci@t sexcepl. that the second mask feature 204, of FIG. 3, has been

[dEPP YR [MHARLE GROCIAIY, g diSLmASK [RAILIR 2Q2HRSSCHSERAP, AteR 1o be

(i.e., length multiplied by width) that is substantially equal to the area of the
upgepsinssthatdhre it & a del FAlIKed i tHacIrdestmpeuilingay Sriexdkingie dasten:
swiBe0f thedisstanaskieattie 2031ayenchige an area approximately at, or

' bove or belo eliably patterned resolution limit of a :
Dk Cemtasiaosstpiin o L i Vsnie sttt SRR
cim_ai;l«ssfsaml @020 zmyahM®Mthhmimmemm Orbstmane C_>f the
pFICHPTRGIRES O FROHIAPAEU G, IDIGIAMBIAIHRH BNRY Lo tha eR QhiNe Ut

mask feature 202 is not limited to the preceding examples and may include
mafryiad30ae dbsrehnregEsigREpEEifitdtiorts ePtHeN Meltr@emird risydtaptem
1000 [RA4P Ak hepabethe fitst snasketeaturaRR2is Aapisted BmPGHALaIB is to be
shape, itis to be understood that the first mask feature 202 may include any
CUlitinear or rectilinear design, such as a circular, a rectangular, or a
[PSI} $leteidics hegsent[ €50 iRefer thegphoturtei ft | @aBahHi¢irais lshiwned ores®r on

tt%ecﬁgfégélcvﬂﬁé’ﬁéﬁﬁlt%‘oiBW&Eﬁtg&tﬂé%ﬁig}{r%‘l%frfo]r%Qa%ﬁé‘. A HR96 REstood that

manufacture in accordance with an embodiment of the present invention.

the b oitesgiam@dteiiduiPs s Mol o el iesof gl s6ie Rl nth e efictea thReative
natesial QRN laphoterasistinatensl Aaglheaatios ekingtagrakes it is
toC rg %gdse¥sst%e()g1 that additional layers, such as a primer, a top anti-reflective coating, a hard
mask layer, and/or a bottom anti-reflective coating may be employed to enhance the
development of the photoresist material 104.

[0152] As is well known in the art, the photoresist material 104 can be exposed to an energy
source, such as actinic radiation, through a mask with transparent and opaque regions. The
light passing through the transparent regions of the mask exposes the underlying photoresist

layer and depending upon the photoresist layer composition, the exposed portions of the

photoresist material 104 can either become soluble or insoluble to a subsequent developer.
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100 depicted may represent a region wherein a uniform density dummy

structure is to be formed. [0151] Per the present embodiment, the

photoresist material 104 can be formed over or on the dielectric material 900

by spin coating equipment, for example. It is to be understood that the
[(HiRdidresistsmate dicaotomapdnismdindayaly plee ofriepratg yrelepkiiticrs ikl doats its
dﬁélé‘sﬁ}%gé}%{? HONRI RIS, ;%s@@v%“b&é%%sﬁeﬁ'ét Qrtﬁecﬂ%wfé% ly amelifiedos) for

resist, for example. Further, itis to be understood that additional layers, such
P‘é@‘és??r%%lf‘“éytop anti-reflective coating, a hard mask layer, and/or a bottom
[Estredective coatinFroagdenersiployen ko etmgﬂmth of (Hmemnené;qfo@mee to
thDe {t?regﬁ)h 5&1%9%6[0&52 AR Sl iaewn i the art, (e RROIESSISE .

ateria can be

exposed %O an energy SOUI’CG SUC as actinic ra atlon
26hr@ﬁglkﬁafmaskaﬂhtﬁ@f&hspmemdﬁd@phqlfeategibﬁsatér Heatlightlpassihd1G. 25,

dLEBANG T ARSRALEPArePeNS QT HRE MARK € XPORES (A HIEREY MIdashed lines)

Ehotoresm layer and depending upon the photoresist layer composition, the

st sitioRa eIt V4 bstBrEQIStRASEE i BRE Hrs R B A9E dBRh @RI the
pBstirsabybledaa Huxbﬁ@qmmawaiwue&z b3t oy arIa @heiscuesions fheay
emalnfje[ of th (p ﬁ% bodmgen%wn SI'[S %lf&:(ﬁsureu on the use-_ th
LIRSS e Pedi PRt RS, 8?335 material 1 %%Sr%%% {1§;~ the
rﬁg@mwoi[@llfsnfjlmmﬂngamml tE0F |®u2®ctﬂvefrém st hawi ﬁmmrwm reagfteiGme

s AR LXRRRIY gmamgg\tﬁm%&;g QLF1G. 26. Itis to be understood
that the first mask feature 202, of FIG. 26, of the first mask 1000

[(M53LRsEHRR 8 %R s dBsthateteamhievnobe sirseresy Fifemdtaearpigire to
tHieeleti@rmask PmotMsfambzmlimem;auwﬁwidwnaaaata@ﬂyﬁ%&ﬁ@z of

t otoreS|st 4 has been ed to an energy sqyrce
o R e T Sl e T PR, 2.
dpreducativithtthe fitstriidisk Ro0Ds Byhwdimoftexanhpteyaitionaitiomraidthdy dashed

119&9@%%'818@{1'&'&8@%&%9@%‘2&8&@?& QY SUERAL so e, JRI1RAS REtion
the photoresist material 104 bounded b 14 e first mask féature 202) may

ohbeahriossition il dYaRIpEPRTSEY ﬂtlffﬂﬁ’@é%%ﬂwgt%%éscqeigﬁlrk 1100.

BBaf@frwgmm&o tﬁécboﬁﬁ)ntbﬁfﬂéfp}ﬁ)ﬁﬁ@i‘éﬂﬁﬁﬁ:ﬁﬂlum l@q&fs&l@o 2R afiteky source
sure.to th sec nd mask 11007? Zdlbls to e un toodt (?f

(ltﬁ %?s‘ie 13%%%31 RS Sos St ey EOME:

&'SECOoN mas correspoﬁd%ay
béodine §ivkitbdubstrate degture BOGpefdat. ﬁiﬁcesmngaﬂtemeﬂl withasgiretl eftére’ Bresent

eﬁ%dﬁ'l%lﬁ‘ Wf?@gﬁ&‘t%%lmg?eq{aﬁ’%h"@o@ q{lfi'taﬁﬁ&é?éjo bY A5 liNGE) 9 Nieween

photoresist material 104 has been exposed to an energé“éource and that

thsdttrs mask tHO Qb e siér mansHEs StOuARe T SpreRe M thd Yhetaerprotited
[MGT%&@%@@&S% 1H180.31, therein is shown the structure of FIG. 30 after further

processing. Per this embodiment, the photoresist material 104 has been developed to form a
photoresist opening 3100. It is to be understood that the photoresist opening 3100 is
representative of the first mask feature 202, of FIGs. 26 and 27, formed by the combined
exposure of the first mask 1000, of FIG. 26, and the second mask 1100, of FIG. 27.

[0157] Referring now to FIG. 32, therein is shown the structure of FIG. 31 after etching the
dielectric material 900. The photoresist material 104, of FIG. 31, is used to etch the first
substrate feature 106 within the dielectric material 900. After etching each of the first
substrate feature 106, the photoresist material 104 can be removed by processes well known

within the art.
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By way of example, the portion of the photoresist material 104 exposed to the
energy source (i.e., the regions of the photoresist material 104 bounded by
the first mask feature 202) may become soluble to a developer in a
subsequent processing step. In an aspect of the present embodiment, the

[(PA8idresistiinaterdp Poseisasiandt thaidergplidide vedoprssrnatiesp in bepskiged on
HO8 it stPaskdA0Qy AL I G2 Bn@XRASWE RIRP and:the se0andinasknlHAtk may

exposure step. £0156 Referring now to FIG. 31, therein is shown the
PRIERFe H I EUSE A8 Hirt P roEE iy Pehdh Reehaunaeit bihihe present
irpentetesiatranaderigl thOdebasibesn tavetoped 60 FOBR) 2 ap o1 dresi Soopeingfirst

310 ' d d that the ph [ ' 100 is,..
A R U TR M oM
faheacbmbilias oéxgosupetiofitierfitst mesiotioady.dfFIGARGIngribetdesegonhdircuit
DRSO LG AT RS R SR I EES SRR

structure of FI after etching the dielectric material 900. The photoresist
W feRTAIPEA SR, 3355 U8ed t8 BN thahrSRsubE el 8ot ABE Witind
vihedlieteqixkig niateriall OGOrAfter @iabing pacthof heniirsh ghbsisateifeaturaterial.
the phptoresist material 104 can be removed by processes well known
AR o S OB G o RS 8 oS tb R T By e et
ciphadienpaitietnctebeiprbduced oreithetionegratedicivsidusstenyalo® ohtoetpatern

pRERIE ARG IPASKRDALGARNNATK MiEk-RASESS AMBIHR! RBUEEOnd mask

densig/%More S emfica!?, it has been discovered by the present inventors
d

. R
fepfate SHovinklthe SaB6d fHRasRafdath bt BrREid0% ShE1S: #6niNbithf oecond
nih fing, veBkG1 000he finkGineantdhepsatend mask ihkgthial Eitenidssthat 00
.thetrezyltin ash< attertn ﬁ rteac(rft ask is of egua Batter.ntdensits)é. ted with
Patofdingty, By ifradiating the“intégrated eircult System YO0 with &§0al™ ™'
alpattegnt d&fpgity masks, the present embodiment can produce a uniform and

[(ERAHBRIGFXARIHIG F9ES $8 IncRefiMUabAsK HROSTHZSIAR IAr Aated circuit

horizontal and vertical masks) that will form a uniform pattern within a

SYtoRo NIy éhpniatesralcdirgHib nats o\ fo i PR ERCoY theringiaRedimenapf the
prRE&AlipARISh densitndha piesanit eyskadivanirahieys sidilan Maskate coated

registration (e.qg., the residue errqr, yalue of the pattern placement are
RBAEHT 5 HCTHEDIIE i Pl Mool MBI e CHU thdere
sdeakubro(eh offFiGsask and@pfrofireachsohthéefirstermadla 36QMdofubi@Gat2 Geature

R INE SHERD 3 MFKALA0 Rk FCpifodlfd i&%léﬁ&?&?tf?@&ﬁ%&ﬂ%‘d@%ﬂﬁ&h a

the integrated circuit system 100 is not affected by alignment offset and the

SEOREdhaa i CO el icea b i ERghin eneBefsete [0 Ho e fatbiig e
fdaaue todrdia- in 3. tilbekessois shown a flow chart of an integrated circuit

[0160] It has been discovered that the present invention thus has numerous aspects. One
such aspect is that the present invention reduces the occurrence of loading and dishing by
forming a uniform density dummy structure via masks that transmit a substantially similar
exposure dose, due to their substantially equal pattern densities.

[0161] Another aspect of the present invention is that it reduces the occurrence of alignment
offset.

[0162] Another aspect of the present invention is that by enhancing the uniform density of a
dummy structure, the signal for end point detection during an etching process becomes easier

to detect.
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system 3300 for the integrated circuit system 100, in accordance with an
embodiment of the present invention. The integrated circuit system 3300
includes providing a substrate coated with a photoresist material in a block
3302; exposing the photoresist material to an energy source through a first
[HelkAaofbem aarkest Juthstirisdelaturenting & seaiohd sobstratéefstiund teepatierm

b%&l%&@%@ﬂi@ﬂﬁsﬁ%%&i@%@%&ﬁﬁ ?&&s@@%@%&%hﬁaﬁa%g% SPUICE the
through a second mask to transform the second substrate feature into

VARSREICEReCtAE firktcsBESHXtE euioh A thisreh T aoBiscikvs s on stihtof the
nhsls beskediscavereiththahtkeppiese at migNtidic thuBdwas thel Mark US e pidcess
A t%fg‘s’escﬁéﬁ ”s‘aejetc i aiec%%%%i”"%”g\% euces e QSGUrBnes of \nd no
Piod ing and dishing ﬁy orming a uni orm densi y dummy Structure via masks
furihertramsmix shs ostamntiatlys staiisgd éxpbssreotdseast e to dtebidsubstantially
(A4 RRIRINaRsIIE S d PHEELANRIMELASPeR At rRSERLIDVERiesHS Aakm

it reduces the occurrence of alignment offset. [0162] Another aspect of the
dpteibetft MR FLARGS HEEbiesarHY THE GrifGHFaarRsigr 6 aloatitmy
(68T Ve atldehsigmpbiame Rgaoiot detpelion dhdngoansatehing ptasBssipports and
Bseomes easier g detegt 2 (03031 Another aspeetof the present invention,
i5'that the uhirorm densi y of the pattérn betwee each of'the miadks hefps &
pefersteiing process in the mask masking as well as the wafer process
L) %eg_eh%ﬁr@éﬁf‘%ﬁiﬁ@&i@Qa@p%%'%ﬁﬁa%ﬁ%&ﬁl%%&t#%ﬁ%@ GARY AL the
masks possesses a similar mask pattern density, which allowsc{he mask
stateRirtgegrobrdlespp atletertbetiftyi vlich as electrical current, gas flow rate
[16d]tiTh@s, 1D he tiesdikievand aat tHethesduniogiafibeypRraoralerprisdaguietion
ffor. e secontd rtnasg 150 bte tched[q[0164z1 %nother.lagcrect o{.the pres tt. d
oI if AR P TS CrSat A oY PR H e RSy S8 as 1B A5 21
fugolated @pc-ddiose stilimiurdeGDydifferenddk muertohotliing. {08531 évading and

dRRGIET TRP QLA AS PRI RF SIARGIYEHO DS §H§I%‘E§t‘1’_&16é§1%'}’ PR Rive,

and “services the historical trend of reducing costs, simplifying systems, and

ufsereRliingd potebhm dpEatie 166 iy antbther tRlsasricds B ctd e known

teRFRSRIM dRVentiarconsagb@ntyflusthes ther state of iheteshniagy iaaiiRasing

. the neét level. 011<67J J’hus, it has been discovered that the integrated circuit
integrated ¢ 1t cKka CVICES, - . .
STRTERY 6 the Biedeh Mvehtion furnishes important and heretofore unknown

[H6d]uvavaithbliesolitions, sapalsiitids dandofjinctionalidspeptsifor esinifodenit is
todEQ%M&WXJw Hﬁﬁ?%ﬁ?ﬁ%h@h‘?%&’dﬁﬁ@é{ﬁ%!OﬁQ'%r?a@i@ns will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations, which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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dishing. The resulting processes and configurations are straightforward,
cost-effective, uncomplicated, highly versatile and effective, can be
implemented by adapting known technologies, and are thus readily suited for
efficiently and economically manufacturing integrated circuit package
Wiwisedaifoabss] While the invention has been described in conjunction with a
specific besh fwadeitds iR BieyRder stagdithat many alternatives,
modifications, an%variations will be apgare,nt to those skilled in the art in
light BFENE B0 SHOTHA GERLFDHAR ANk g At ntended to embrace all
such alfexativespimodificanons;dnd yarkatignsowhicthfaleiiHinstheasicopéoah a
the '”C'“deﬂrg!%é{ﬁ&ré?é'ﬂ?&%@%%é‘bt?%&%‘if’{&b%‘%}néo{éﬁ“ﬂ%rtﬁ'e L %ﬂg""” in the

accompanylng rawmgs_ aret 'e mterprete In an lllustrative an
non-limpesa s ek @hgOisatiaternedhs: aneagy inpEiatdePERE it §getshnask to

comprising: RRAING & SUBSIr aissaartechmithia P RatESistedat@ kit substrate

exposing the photaoresist material to an energy source through a first mask to
form a 5 firlfU5LBE R feature and a second substrate feature therein; and

exposing th%ﬂohsotS resist, @%gﬁl%l ! alirpl energy source through a second

mask to t(ans orm the secon substrate‘?eature into another one of the first
substeapesifeatig @Rttt narpreabisnsneseylaied thretainihe Wisemisk pod the

exposing the. phptaragistimatepialdd a 8asRMMSRYIGE through the first mask
and the second mask forms a pattern for a dummy region. 3. The system as

claimgd in claknykrahaseiniexposingdhevieetoresist material to an energy
source through the first mask includes providing the first mask with a , .
oo R R B R Rk e
The systempasvedaiendd firslaimk3witheretneainposifignine pHosorosiktipaaiterid a
to an energy.sQiicsthreugh.the second mask includes providing the second
mask with a repeating pattern of the first mask feature and the second mask
feature. 20 $hd b w)steas«lainoRehirs clabieih:further comprising: aligning
the first mask Iﬁat re of the secon rtnask within an area, efinﬁqht%y the d K
second SubStrate Featire produced by the Second Mask Teatdre of the first
includes providing the second mask with a repeating pattern of the first mask

feature and the second mask feature.

5. The system as claimed in claim 4 further comprising:
aligning the first mask feature of the second mask within an area defined by the
second substrate feature produced by the second mask feature of the first

mask.

6. An integrated circuit system comprising:

providing a substrate coated with a photoresist material;

exposing the photoresist material to an energy source through a first mask with a first
mask feature and a second mask feature;

configuring a second mask by forming the second mask feature of the second mask
where the first mask feature of the first mask was located and the first mask
feature of the second mask where the second mask feature of the first mask
was located; and

exposing the photoresist material to an energy source through the second mask.
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mask. 6. An integrated circuit system comprising: 25 providing a substrate
coated with a photoresist material; exposing the photoresist material to an
energy source through a first mask with a first mask feature and a second
mask feature; configuring a second mask by forming the second mask
feature of thEheersp makkmadharelahp firgherpark feature of the first mask

was lpgatadangd hrotisrimagtudthfedtue afihe 38cRadumaR WRET@ BRI mask

second mask feature of the first mask was located; and exposing the
photoresist SRS AEBR%E i S oliree bty Rt Sseaml misEividinzan area
The systemdasilaitnedcéooakiiberabeseinicexposing the photoresist material

to an energy source through the second mask includes aligning the first
mask3featurthofsiiee wesohdmed sk dithih aticaeen defined by a second

substraiei fGAlUR: uBsubie SYEaNyAR FRIPEIIR GlRIMBMNSIRIRGROYidiNgng a
the substrate coated with the photoresist material includes providing a

positive tonBPHIGSERABES st g e system as claimed in claim 6
furth? com&ﬂsisnﬁ;[ cogfigluring}t#ecﬂi&st g}%% and the second mask with an

equal pattern de sﬁr)? 1010 The system as claimed’in%laim 6 further

comprizinguromnfiguiisigntivd fingttheaskdiehurek avith hreegedandemadiofanture to
include a data polarity that is dark. 11. An integrated circuit system
comptising: Proweiey & stivasaia simdnyHaGARRYY8&ion coated with a
photaegisumatenalfild exposhgutoepinokeresishinaalalda s enaigide a data
source througp a firﬁ,ttm kkwith a first mask feature and a second mask
feature to fdrm a tirst subStrate feature and a second substrate feature

therein; conﬂgqﬁiﬂgg@&p&%q @%ﬁggm&g the second mask feature of

the second mask where the first mask feature of the first mask was located
and tRETHEPAREIOST0!FdBEIEHE A RBU0KEI MASRGhEHE theiesiy Mgkl
featuea pfthe diestHp@skiwaslacatedipad @xResiod theughatarasisismaterialfirst
to the energl}{asslgl%ggteurtg E%H%hséggnaerggs%dfggt?l?ek ttooform a first substrate feature and a
second substrate feature therein;
configuring a second mask by forming the second mask feature of the second mask
where the first mask feature of the first mask was located and the first mask
feature of the second mask where the second mask feature of the first mask
was located; and
exposing the photoresist material to the energy source through the second mask to

transform the second substrate feature into another one of the first substrate

feature therein.

12. The system as claimed in claim 11 wherein:
providing the substrate including the dummy region coated with the photoresist

material includes providing a positive tone photosensitive material.

13. The system as claimed in claim 11 wherein:
exposing the photoresist material to the energy source through the second mask
includes aligning the first mask feature of the second mask within an area

defined by the second substrate feature.
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transform the second substrate feature into another one of the first substrate
feature therein. 25 12. The system as claimed in claim 11 wherein: providing
the substrate including the dummy region coated with the photoresist

material includes providing a positive tone photosensitive material. 13. The
systeM-as clamseeidam efadtaimedvinelain:léxpesing the photoresist material to
the epgrgyROMECEhHRLER & SeCcENHBASKy I0uREHEES AR IRAMEAUSE forms

mask feature of the second mask within an area defined by the second

substrate fehfEREHE uayAhs BrURLRSiI RN claim 11 wherein:

exposing the,photoresist material to th ergy.source through the second
masitbrms | e repCatng Al oM A Pt SRS AN, 15. The system
as clairn&guinngl dimfist forthenédrapeisingnBssonfiy aninguid edilnrenskand the
second mask with an equal pattern density. 16. The system as claimed in
claim!®1 furlErs¥rpASHY iR glamg H%—:’W%‘E AREK t¥Sture to include an

area taatigutasstairihsalesalitheo sagond masd fieatusdedsithdhensystarss the

as claimed Ln%g&r&él&%gmrer comprising: 10 configuring the first mask
feature and the Second mMask feature to include a data polarity that is dark.

18. The sysiem s SiRMadin6 Ak (UrtherGemRFsing: configuring the first

mask feature and the second mask feature to include a curvilinear or
rectilifE4ic8HARENe 5ins) Mk Seaitimand dhsirfedn elamk FEatftfeinclude a data

comprising:pepaiiguringsthaisize of the second mask feature to include an
area that does not exceed the region defined by a clear region between each
of the 8irst Maskyiatureci2incihe dystent Astbtaicnaginictaim 11 further

COMPLRIA Qlix?r%%‘ﬁg't' Hnghe oz, o1 the Jrshmask aature doiRrlHIe @yiinear
area that is su sﬁntlallyha%gual to the area of the first substrate feature. 33
or rectiinear S .

19. The system as claimed in claim 11 further comprising:
configuring the size of the second mask feature to include an area that does not
exceed the region defined by a clear region between each of the first mask

feature.

20. The system as claimed in claim 11 further comprising:
configuring the size of the first mask feature to include an area that is substantially

equal to the area of the first substrate feature.
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